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Abstract: The paper presents the results of an analysis of ichthyofaunal variability throughout the section of the
Menilite-Krosno Series (MKS) in the Outer Carpathians of Poland. The studied tanathocoenoses were formed at
the bottom of a more than 2,000 m deep northern basin of the Tethys, being largely represented by the continental
rise and bottoms of its narrow furrows, and – to a lesser degree – the continental slope and slopes of a submarine
high. Lateral variability of statististically representative assemblages of tanathocoenoses hosted in thin, isochro-
nous horizons is interpreted as a result of both local changes of ichthyocoenoses and the influence of post-mortem
relocation of fishes that mainly dwelled the shelf and upper continental slope. Vertical variability, in turn, is
considered as a resulting from changeable conditions of the ecological environment, the input and outflow of taxa
whose evolution proceeded in the Indo-Pacific area, and the species extinction.

Changeability of ichthyofauna within a ca. 16-m.y.-long interval made it possible to document and formally
describe 9 zones and 4 subzones of ichthyofauna of ecostratigraphic character. These zones comprise index,
representative and accompanying taxa that belong to different ecological groups. Conceptual models of the origin
of ichthyofaunal assemblages of individual zones are presented. It is suggested that the origin of assemblage
differentiation resulted from the appearance and disappearance of the oxygen minimum zone in the water column,
global and local sea level changes, topography of the basin bottom, as well as final basin infilling by sediments of
submarine fans.

The described and preserved collection of fossil Carpathian fishes, housed at the Department of Palaeozoology
of the University of Wroc³aw, requires further specialized palaeontological studies in order to reconstruct a more
complete composition of the Oligocene–Early Miocene ichthyofauna.
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INTRODUCTION: A REVIEW
OF PALAEOICHTHYOLOGICAL STUDIES IN THE POLISH CARPATHIANS

Modern, large-scale studies of the Palaeogene and Neo-
gene ichthyofauna of the Polish Carpathians were initiated
at the turn of the 1950s by a palaeozoologist, Anna Jerz-
mañska (Jerzmañska, 1958, 1960), who in the successive
years closely cooperated with Carpathian geologists, S.
Jucha (Jerzmañska & Jucha, 1963) and J. Kotlarczyk (see
references). During the 35-years-long studies, the research
team included as well A. Jerzmañska’s disciples, palaeo-
zoologists Wies³awa Szymczyk and Jacek Œwidnicki, and –
starting from 1972 – Ewa Œwidnicka. Fish exploitation was
also aided by helpful participation of family members of

principal investigators, namely: Assoc. Prof. Jerzy Jerzmañ-
ski, geologist, Jan and Ewa Jerzmañski, Ewa Sztolcman-
Kotlarczyk, as well as friends, like Franciszek Ryzner, bota-
nist, and students of the University of Wroc³aw. Inde-
pendent studies of the Carpathian ichthyofauna were carried
out by Dr. Teresa Œmigielska (Œmigielska, 1962).

A close cooperation between palaeozoologists and ge-
ologists brought about important progress in research into
the Carpathian ichthyofauna. It was quickly found out that
the section of the Menilite Formation, abundant in fossil
fish, bears a succession of three, superimposed one upon an-



other, clearly different ecological assemblages of ichthyo-
fauna which were provisionally named as the lower bathy-
pelagic, neritic-sublittoral, and upper bathy-pelagic ones
(Jerzmañska & Kotlarczyk, 1968; Kotlarczyk & Jerzmañ-
ska, 1976); instead of previously described, chronologically
unordered, mixed assemblages composed of both shallow
and deep-water fish.

It was also documented that the characteristic assem-
blage of bathy-pelagic fish, described from the shaly Jas³o
Limestones forming intercalations within the Krosno For-
mation at Sobniów near Jas³o (Jerzmañska, 1960), is re-
peated in an exposure situated some 50 km away, at £ubno
near Dynów, although within shales of the Menilite Forma-
tion (Jerzmañska & Jucha, 1963). This finding led to a con-
clusion that ichthyofauna of the Outer Carpathians could be
used for stratigraphic purposes, and confirmed a concept of
facies interchanging between the two mentioned formations
(Jucha & Kotlarczyk, 1958, 1959; Shakin, 1958; Koszarski
& ¯ytko, 1961). The latter provided a basis for distinguish-
ing the Menilite-Krosno Series (Jucha & Kotlarczyk, 1961).
Both lithofacies of this series were deposited at the same
time in the Outer Carpathian flysch basin, namely between
the onset of the Oligocene (and in the southern part probably
from the Priabonian) through the mid-Burdigalian. The last
episode of deposition is represented in the Menilite lithofa-
cies by the Leszczawka Diatomite Horizon (Kotlarczyk,
1966).

The first summary of palaeontological studies of fish
comprised in the Menilite beds, based on some 2,000 speci-
mens collected at a dozen or so exposures, was published in
the Dr. Sc. thesis by A. Jerzmañska in 1968.

The following 25 years witnessed further intensive, sys-
tematic exploration of ca.150 exposures situated in the
Outer Carpathians east of the Wis³oka River. Field studies
resulted in collecting nearly 13,000 fish specimens which
were described by A. Jerzmañska usually up to the genus
(ca. 7,600 specimens), rarely species (ca. 3,100 specimens),
and sometimes only family (ca. 1,100 specimens) or order
(ca. 400 specimens) levels. It should be mentioned in this
place that determination up to the genus level is sufficient
for drawing ecological and ecostratigraphic conclusions
(Jerzmañska & Kotlarczyk, 1988; Gregorová, 1997).

A minor part of this collection, numbering ca. 4,000
specimens, was described in publications and catalogued,
while the remaining 9,000 specimens was accompanied by
field labels only and required detailed inventory.

Elaboration of this data set included different ap-
proaches. The main emphasis was put on palaeontological
identification of preserved skeletons, including the descrip-
tion of new taxa (5 genera and 9 species), as well as verifica-
tion of some earlier-distinguished taxa (cf., for instance,
Jerzmañska, 1967a, 1968, 1974, 1979; Œwidnicki, 1986,
1988a; Tyler et al., 1993).

Another approach consisted in looking for detailed vari-
ability of fish assemblages in the log of the Menilite-Krosno
Series. These studies resulted in identification of six ich-
thyofaunal zones of Oligocene (Kotlarczyk & Jerzmañska,
1976) and one of Early Miocene ages (Jerzmañska & Kot-
larczyk, 1981, 1988). These zones are of ecostratigraphic
character; they also comprise a component associated with

evolutionary changes of Teleostei (Jerzmañska & Kotlar-
czyk, 1981). Apart from bone fragments, the studies con-
centrated on the variability of fish scales of some common
genera (Szymczyk, 1978) in the entire section of the
Menilite-Krosno Series, as well as on occasionally occur-
ring crab ichthyofauna (Jerzmañska, 1967b) and fragments
of brown seaweeds. A spectacular finding was identification
in Zone 6 of a specific assemblage of deep-water fish, pipe-
fish, and air bladder-bearing algae, what justified calling
this assemblage a quasi-sargassum one (Jerzmañska & Kot-
larczyk, 1975, 1976), predating the recent sargassum assem-
blage.

The third approach included an analysis of lateral extent
of the distinguished zones and an attempt at showing corre-
lation possibilities of different sections of Menilite beds ex-
posed at different sites and situated in different tectonic
units throughout the Carpathian arc (Kotlarczyk & Jerz-
mañska, 1980). This attempt was also applied, basing on
published data pertaining to fish assemblages, to the Palaeo-
gene and Neogene sequences of the Caucasus (Jerzmañska
& Kotlarczyk, 1983), and – later – the Alpine Foredeep and
Rhine Graben (Kotlarczyk & Jerzmañska, 1988a).

Occasionally, attempts were made at determining the
range of variability of fish assemblages within stratigraphic
logs and between individual sites (Jerzmañska et al., 1973;
Kotlarczyk et al., 1975), and at explaining the nature of this
variability (Jerzmañska & Kotlarczyk, 1973, 1979; Jerz-
mañska & Kotlarczyk, 1991).

Due to a number of reasons, no currently-made full
lithological documentation was performed at every explo-
red site. Detailed lithological-sedimentological logs were
compiled for some more important sites only, like those at
Jamna Dolna (Jerzmañska & Kotlarczyk, 1968) or Bachów
(Jerzmañska & Kotlarczyk, 1975). For some of the expo-
sures, only rough sketches were drawn showing the position
of fish-bearing layers within distinguished lithological com-
plexes. In most cases, the reason for such an approach was
the lack of clear taxonomic and ecological differentiation of
fish assemblages among individual layers. At such expo-
sures, particularly small ones, exploitation of fish in succes-
sive seasons was frequently carried out “without determin-
ing stratigraphic position” (wdsp) in the section, and the
collected assemblage was treated as representing the entire
bed sequence of the exposure.

The collected specimens were labelled in the field by
the name and number of exposure and the layer’s number or
symbol. A complete inventory was only made for those
specimens which were later described in publications.

In the end of the 1990s, therefore, a large regional col-
lection of Palaeogene and Neogene fish, collected system-
atically and in such a way so as to make it possible to assign
the majority of specimens (including the oldest representa-
tives of many taxa) to the log of the Menilite-Krosno Series
and individual time slices within the Early Oligocene–Early
Miocene interval, did not possess full scientific value and
could not be thoroughly interpreted.

The final systematic studies and geological documenta-
tion, combined with verification of the proposed ichthyo-
faunal zonation scheme based on the entire Carpathian col-
lection, were originally planned for the second half of the

2 J. KOTLARCZYK ET AL.



1990s. Unfortunately, prolonged illness of Prof. A. Jerz-
mañska made these plans unrealistic. In 2000 it became evi-
dent that final studies including Prof. Jerzmañska’participa-
tion could not be realised. Therefore, it was decided to con-
tinue the work by the remaining members of the team and a
few invited collaborators. We also accepted that the names
of taxa either introduced or accepted by Prof. Jerzmañska in
papers by her disciples, should remain unchanged. It was
not our intention to emendate the name of taxa without Prof.
Jerzmañska’s approval. The extent and direction of these
possible changes are referred to in respective paragraphs of
the text. This approach will enable for showing the state of
recognition of the collection at the level achieved by this un-
tiring researcher of fossil ichthyofauna.

Aim of study

To achieve the principal aim of this study, mentioned in
its title, it was necessary to realize several tasks, including:

1. compilation of an integrated computer catalogue of
all specimens of the collection, including their affiliation to
the respective exposures and layers;

2. geological-lithological documentation of ichthyo-
fauna-bearing exposures;

3. constraining the temporal array of exposures within:
partial stratigraphic sections, complete synthetic sections of
individual formations (constructed for closely-spaced sec-
tions), and composite sections, characteristic of larger zones
(areas) composed of several synthetic sections;

4. description of taxonomic composition of specimens
comprising the collection, using the current systematic sub-
division;

5. reconstructing palaeoecology of fish assemblages
within the distinguished ichthyofaunal zones, basing on lit-
erature data pertaining to palaeoecology of relevant families
and genera.

The above data provided solution to the following final
tasks, namely:

6. verification of the earlier distinguished ichthyofaunal
zones, including attempts at their supplementing;

7. elaboration of a new standard of ecostratigraphic
subdivision of the Menilite-Krosno Series in the Polish Car-
pathians, based on ichthyofauna;

8. elaboration of a scheme of ecological changes in the
Polish segment of the Tethyan basin during 17–34 Ma inter-
val;

9. deciphering the origin of variability of ichthyofaunal
assemblages.

The following people took place in realisation of indi-
vidual tasks:

Re. 1. Ewa Œwidnicka (chairman), Krzysztof Stefaniak,
Pawe³ Socha;

Re. 2. Janusz Kotlarczyk (chairman), Tadeusz Leœniak,
Andrzej Joniec, Ma³gorzata Bieñkowska, E. Œwidnicka;

Re. 3. J. Kotlarczyk, accompanied by T. Leœniak, A.
Joniec, and M. Bieñkowska;

Re. 4. E. Œwidnicka;
Re. 5. Teresa Wiszniowska, accompanied by K. Ste-

faniak;
Re. 6–9. J. Kotlarczyk.

General supervision was taken care of by Janusz Kot-
larczyk.

Research into Oligocene–Miocene fish:
a state-of-the-art

Older, i.e. pre-dating the 1960s, collections of Palaeo-
gene and Neogene fish from the Moravian, Polish, Ukrain-
ian and Romanian Carpathians, Switzerland, France, Ger-
many, Hungary, Italy, and California (see, for instance,
Cosmovici, 1887; Simionescu, 1905; Rychlicki, 1909;
Arambourg, 1925; Leriche, 1927; Erasmo, 1930; Paucã,
1933; Weiler, 1933; Theobald, 1934; David, 1943; Kalabis,
1948; Horbatsh, 1956;) are poorer in the number of speci-
mens, were usually assembled without applying stra-
tonomic methods, and can be used – after necessary verifi-
cation – in an analysis of the age of appearance of individual
taxa of Teleostei, their palaeozoogeography, and – first of
all – in osteological and phylogenetic studies. In some
cases, collection descriptions took only into account eco-
logical questions and the importance of fish for palaeo-
bathymetric reconstructions (e.g., Arambourg, 1927, 1929;
Paucã, 1933; David, 1957). Only more recent collections of
fossil fish, collected mainly from the Upper Miocene strata
of the Mediterranean (Tethys) were thoroughly investigated
(Gaudant, 1978, 1989; Bradley & Landini, 1984; Bedini et

al., 1986). Such studies included stratigraphic position of
fish-bearing layers in sedimentary sequences, bathymetric
and ecological aspects, as well as modelling of formation of
particular fish assemblages. However, these collections are
not very rich, usually numbering ca. 100 specimens per sec-
tion, poor in taxa, and derived from either solitary layers or
thin packets of sediments, representing a narrow time inter-
val. They cannot, therefore, serve as a basis for tracing
changes in the Tethyan ichthyofauna in a longer period of
time. Of comparable importance is the collection from
Froidfontaine (Pharisat, 1991), restricted to a portion of the
Rupelian, although very rich in specimens (ca. 12,000
specimens, including more than 5,000 of Clupea sardinites,
5,000 of Aeoliscus heinrichi, and 1,300 of Cethorinus par-

vus).
Collections derived from the Romanian Carpathians

and Caucasus (Russia, Osetia, Azarbaijan), although com-
parable as to the age and number of specimens, are in many
aspects inferior to the Polish collection. The Romanian col-
lections (the older one housed in Bucharest, the younger
ones derived from Piatra Neamt; e.g., Ciobanu, 1977 or
Homorîciu-Jonet, 1958) were usually assembled by differ-
ent investigators who seldom paid attention to detailed stra-
tigraphic position and sedimentological context. These col-
lections require thorough taxonomical revision. The most
complete and best described Caucasian collections, in turn,
represent sets of data of differentiated value. They were as-
sembled by different authors in different times, at broadly-
spaced, distant sites. Moreover, these authors applied differ-
ent lithostratigraphic subdivisions to the fish-bearing strata
of the Khadum and Maikop beds (cf. Danilchenko, 1960,
1980). The stratigraphic position of some of these collec-
tions is not certain, although a few of them were described
using the stratonomic principles (e.g., Hecker & Merklin,
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1946). The temporal and spatial distributions of these col-
lections are, therefore, not reliable. That is why the recently
published inventory of fish assemblages in question (Ban-
nikov & Parin, 1997) applies very broad time intervals to in-
dividual taxa: (1) Early Oligocene, (2) Late Oligocene, (3)
lower Early Miocene, and (4) upper Early and Middle Mio-
cene. The main drawback of the Caucasian collections,
however, is the lack of distinctly individualised bathy-
pelagic assemblage in the upper Oligocene and lower Mio-
cene strata. There usually prevail epipelagic and, in part, de-
mersal assemblages. In other words, this ichthyofaunisti-
cally well described area is not typical of the northern Te-
thyan basin (cf. the presence of endemic fauna) and its
changes which, in turn, are observed in the Carpathians.

New descriptions of a collection derived from the Mo-
ravian Carpathians (e.g., Kalabis & Schultz, 1974; Brzobo-
hatý et al., 1975), supplemented by findings of new sites
(e.g., Gregorová, 1989, 1993, 1997) do not provide com-
plete record of ichthyofaunal changes in the Oligocene–
Early Miocene. The rich in fish Menilite Formation is here
represented by Rupelian strata only, while the overlying
�danice – Hustopeèe strata, a facies of the Krosno Forma-
tion, Chattian–Aquitanian (Egerian) in age, bear only three
sites providing infrequent specimens.

The above review clearly shows that only the collection
from the Polish Carpathians can help in thorough analysis of
marine environments of the northern Tethyan basin in Oli-
gocene–Early Miocene times. This worldwide unique col-
lection was completed by one team of geologists and pala-
eozoologists using the stratonomic method in close relation
to the local lithostratigraphy, and described by one of the
most famous Polish palaeoichthyologists and her disciples.

It seems likely that only this collection can serve as a
basis for establishing a standard of ichthyofaunal changes in
the Oligocene–Early Miocene, necessary for future research
and comparative studies of the Palaeogene–Neogene ich-
thyofauna.

METHODS

Realisation of the first three indirect goals required ap-
plication of well-known routine methods.

1. Construction of a digital catalogue of the collection,
CollFishCarpathZPALWr, including different assemblages
distinguished according to the degree of taxa description (A,
B, C, D, H, £, N, Os, PB, R), required unification of the
mode of archiving of all specimens. Each specimen was
properly secured against destruction (glueing together,
sometimes conservation), given inventory number, new la-
bel, and a set of archival and descriptive files, wrapped in
string-tied plastic bags, and put into a properly labelled box.
Boxes bearing classified specimens were stored in num-
bered chests of drawers, specially manufactured for this col-
lection, and housed in a separate room of the Department of
Palaeozoology.

Inventory work was associated with verification of
specimens basing on analysis of different archival docu-
ments. For each specimen, its taxonomical documentation,
both archival and published one, was assembled and its po-

sition in the relevant exposure was verified by confronting
label description with archival documentation of the site.

Specimens derived from sets described in publications
(A, B, H. £, Os) or manuscripts (C) were given relevant bib-
liographic descriptions on the labels.

The entire data base was prepared with the help of MS
ACCESS 2002 program. The data base is characterised by
an unified record of information stored in three systematic
catalogues, including: (1) taxa of fossil fish (alphabetical
catalogue); (2) sites (alphabetical catalogue); and (3) fish
specimens. These catalogues bear the following data: (1)
number of specimen, (2) name of taxon, (3) name of the site,
(4) specimen description, (5) accompanying taxon, (6) ar-
chival number, (7) place of storage, (8) taxonomical rank,
and (9) bibliographic information.

2. Geological documentation of exposures was a long-
lasting process. Out of 213 exposures from which fossil fish
of the collection were assembled, only 28 were logged in
detail in the years of 1965–1991. After commencement of
this work and field inspection it turned out that 29 expo-
sures, sampled at the incipient stage of ichthyofaunal inves-
tigation, could not be identified without participation of A.
Jerzmañska, and that further 16 exposures could not be lo-
calised in the field. Moreover, it became evident that 23
exposures (including very important ones of the Jas³o Lime-
stones at Sobniów and £ubno-£azek) had been either com-
pletely destroyed or dumped. Fortunately, from 2/3 of these
68 lost exposures only solitary specimens or not numerous
(up to 10 specimens) fish assemblages were collected. Out
of the remaining 117 exposures, already 42 supplied simi-
larly insignificant number of specimens (35 exposures num-
bering 5 specimens each) of poorly informative composi-
tion. In addition, these exposures represented very short in-
tervals of the stratigraphic section and that is why it was de-
cided not to log them. Finally, 75 exposures were logged in
detail.

The principal goals of logging were to reconstruct sedi-
mentary environment of the studied strata, favourable for
the formation of taphocoenoses in the analysed segments of
a formation, as well as to correlate the exploited fish-bear-
ing horizons with the record of depositional events.

Fish skeletons occur exclusively within pelitic sedi-
ments (claystones, siliceous-clayey or marly shales, lami-
nated limestones, bedded marls) which are principal compo-
nents of the Menilite Formation. Therefore, quick and une-
quivocal discrimination between the end members of the
Bouma sequence and pelagic sediments and other clayey
and silty depositional events raised certain difficulties. In
such situations, traditional way of notation (e.g., Ghibaudo,
1992) was replaced by lithological description. Experience
gathered during many years of study had already helped to
decide that, for instance, sheet-like shales represented sedi-
ments of frequently recurring diluted turbidity currents, and
that shales of sliver-like fissility were in fact clayey unifites.
Such a form of lithological description was also applied to
the previously-performed logging of 28 exposures, in order
to maintain this way of notation. In many cases, recurrent
logging was impossible due to destruction of exposures.

Analysis of large exposures required their graphic rep-
resentation at a scale smaller than 1:20, resulting in syn-
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thetic and generalised pictures. Lithological sections bear
data pertaining to CaCO3 and silt contents, presence of iso-
lated ripplemarks, and secondary silification of sediment. A
set of sections of 103 exposures makes up geological-
factographic part of the collection. Apart from exposure
logging, photographic documentation was made in the years
of 2002–2004.

3. Locating of exposures (except for sites unknown to
authors) in respect to the distinct lower boundary of the
Menilite Formation and, when possible, versus well-defined
chronohorizons, was performed in the course of detailed
geological mapping. As a result, it was possible to prepare
cross-sections through outcrops of the Menilite Formation
and to reconstruct lithological sections, commonly drawn at
scales of 1:1,000 or 1:2,000, rarely 1:500 or 1:3,000.

Standard methods of geological correlation aided by
lithostratigraphic subdivision of the formations and marker
horizons were used in construction of synthetic and com-
posite sections. Detailed 1:5,000 and 1:10,000 maps of B³a-
¿owa-Borek Nowy, Krêpak-Brzuska, and Leszczawa-Huta
Porêba regions, prepared by the senior author for other pur-
poses, were also helpful (Kotlarczyk, 1966, 1999; archival
materials) along with papers dealing with lithostratigraphy
and sedimentary environment of the Menilite Formation
(Kotlarczyk, 1988; Kotlarczyk & Leœniak, 1990).

Detailed geological mapping of tectonically-compli-
cated Przysietnica and H³udno regions was performed spe-
cially for the purpose of this work to reconstruct genuine
bed sequence of the Menilite Formation. During reconstruc-
tion of four sections, some data published by other authors
(Koszarski & Szymakowska, 1961; Jucha, 1969; Gucik,
1988) were used. These will be referred to in subsequent
chapters.

Descriptions of sections of the Menilite Formation paid
particular attention to possible tectonic duplications or re-
ductions (that was, e.g. the case of the Przysietnica section),
as well as to bed distortion resulting from submarine mass
movements. The latter observation helped to identify olisto-
liths of older members within younger strata like, for in-
stance, at Hermanowa.

When reconstructing sections of the Krosno Formation,
necessary to constrain stratigraphic position of infrequent
ichthyofaunal sites of this formation and to understand lat-
eral interfingering of the two discussed formations, both
published (Kotlarczyk, 1966; Jucha, 1969; Rajchel, 1989)
and archival data of the senior author were used.

Specialized methods used in realisation of the remain-
ing tasks will be discussed in respective chapters when nec-
essary.

MATERIAL

The presented collection of fossil fish comes from ex-
posures of variable size, 1 m to several tens of metres large,
and type. In most cases, these exposures are situated in river
beds and their undermined slopes or road cuts, rarely in pits
(poorly cemented sandstones), brickyards (claystones),
quarries (sandstones, hard marls, cherts), and landslide
scars. Exceptionally, solitary specimens have been derived

from logs of £odygowice (IG-1) and Borek Nowy (IX-11)
boreholes.

More numerous ichthyofauna-bearing exposures of the
same locality were consecutively numbered or labelled by
letters. Each exposure was given a code name, including
place name-derived acronym and serial number, e.g. D,
BR6, Bm, PS5a, BNIX-11 (borehole). Different ecological
assemblages occurring within one exposure were discrimi-
nated by code names of lithological complexes, like: KTBD
and KTEF, or abbreviations: WEbp (bottom part) and WEup (up-

per part).
All the localities and exposures are listed in Table 1 in

an alphabetical order based on place name acronyms. Such
ordering should help in identification of ichthyofaunistic
sites, marked by their acronyms on the geological map (Fig.
1). The table includes the total number of specimens col-
lected at every exposure of a given locality, taking into ac-
count specimens found on dump heaps. As already men-
tioned, not every sampled exposure was found, and some of
them turned out to be destroyed. It means that not every
ichthyofaunistically-exploited exposure posses lithological
description. Therefore, Table 1 lists the total length of sam-
pled sections of exposures, separated into fully documented
and undocumented ones.

Altogether, 1,366 m of sections were sampled, mostly
of the Menilite Formation (the Krosno Fm. is represented by
20 m only), from which ca. 1,170 m bear lithological docu-
mentation. The real length of the sampled section was in
fact greater, but numerous destroyed or unfound exposures
lack proper data. The total number of exploited specimens is
13,011. Some of them (namely 259 specimens of Teleostei),
however, have not been due to a number of reasons included
into taxonomical composition of the collection which num-
bers 12,752 specimens. The number of specimens per expo-
sure changes from 1 to 1,435.

This scatter results mainly from the time allocated to
fish exploitation in an exposure, and less from the genuine
frequency of occurrence. All exposures can be subdivided
into three groups. The first group includes those exposures
where exploitation was restricted to prospection purposes,
i.e. identification of “fish-bearing” strata and estimating
topographic and geological perspectives for further exploi-
tation of more numerous assemblages. At such exposures,
few specimens were collected only. The second group em-
braces exposures, at which exploitation for ecostratigraphic
purposes was conducted. The collected assemblages usually
numbered ten to twenty or a few tens of specimens. The
third group, in turn, is represented by exposures rich in fish,
exploited mainly for palaeontological material, and where
the obtained assemblages were composed of hundreds of
specimens.

The statistical distribution of the collected material is as
follows (number of specimens per one exposure versus the
number of relevant exposures): 1 to 2 specimens – 47 expo-
sures, 3 to 10 vs. 71, 11 to 30 vs. 40, 31 to 70 vs. 28, 71 to
250 vs. 25, and more than 250 vs. 11. Fourty-two exposures
supplied more than 50 specimens each, and twenty-eight ex-
posures numbered more than 100 specimens. The following
exposures provided especially numerous specimens (the
number of specimens per 1 m of sediment section is given in
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Table 1
List of ichthyofauna-bearing localities and exposures (for location on geological map – see Fig. 1)

Acronym Locality Exposures
Number of
specimens

Length of sampled sections (m)

Geologically
documented

Geologically
undocumented

Total

B B³a¿owa B1, B2, B3, B4, B5, B6, B15, Ba, Bc, Bk, Bm, Bs 982* 47.7 10 57.7

BB Bóbrka BB104, BB118 10 9.5

BE Brzezówka/
Hy¿ne

BE1, BE2 18 12.8 2 14.8

BG B³a¿owa - Ostra Góra BG 1 ~1.0

BH Bachów BH1, BH2, BH3 1,903* 22.9 3 25.9

BK Bandrów-Królówka BK1, BK2 6 ? ?

BN Borek Nowy BN3, BN4, BN5, BN7, BN7a, BNIX-11 58 9.0 3.5 12.5

BO Brzozówka/Jedlicze BO 9 ~5.0

BP Babice-Po³anki BP1, BP2 211 8.15

BR Brzuska BR1, BR2, BR4, BR5, BR6, BR10, BR11, BR19,
BR21, BR22, BR22a, BR34, BR39, BR43, BR45

278* 27.9 29 56.9

BW B³a¿owa - Walant BW 36 ~3.0

BZ Bachów- Zadworze BZ 8 ~4.0

C Czerwonki C 6 8.5

CH Chocnia CH 30 12.5

D Dobra D, Da 84 30.6

DG Dobra Góra DG 169 21.6

DU Dubnik DU1, DU2, DU3, DU4 31 6

F Futoma F 23 3

G Górki G 1 ?

H H³udno H1, H2, H3, H4, H5, H6, H7, H119, H132 111 109.48

HB Huta Brzuska HB1, HB2, HB3, HB5, HB6, HB8 109* 22.8 6.5 29.3

HD H³udno HD1, HD2, HD3, HDs 260* 27.85 1.5 29.35

HDK H³udno HDK 15 20.5

HE Hermanowa HE 16 ~5.0

HK Hermanowa -
Kamieniec

HK1, HK2 55 ~1.0

HP Huta Porêby HPa, HPb 26* 13.1

HT Harta HT 171 3.2

J Jamna Dolna JAC, JDG, J1, J2, J3, J4 925* 14.4

JZ Jazowa/Frysztak JZa, JZb 10 ?

K Krêpak KI, KI1, KI1a, KI2, KI3, KII, KII1, KII2, KII3,
KIIb, KIIc, KIIe, KIIh, KIII, KIV1-3, KIV2a,
KIV4-5, KI-g, K

1,314* 153.2 4 157.2

KC Kroœcienko/Strwi¹¿ KC1, KC2 3 ~5

KD Krzemyk - Dynów KD 13 2.4

KK K¹kolówka KK1, KK2 61 51.3

KL Klarowiec KL 16 30.5
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Table 1 (continued)

Acronym Locality Exposures
Number of
specimens

Length of sampled sections (m)

Geologically
documented

Geologically
undocumented

Total

KN Knia¿yce KN1, KN4 59 5.44

KR Krosno KR, KRO 9 13.0

KS Koñskie KS1, KS3 16 ~3.5

KT Kotów KTBD, KTEF 23 12.0

KW Krakowica - Inwa³d KW 1 ~1.0

L Leszczawa L, L1, L4, L7, L10, LS 203 16.6

LA Laskówka LA 27 ~10.0

£ £odzinka Dolna £1,£1a, £2, £3 17 4.0

£H £ubno/H³udno £H1, £H2 27 ~3.0

££ £ubno-£azek ££1, ££2 143 ~4.0

£W £odygowice £W 3 ?

M Malawa M1, M1a, M2bp, M2up 45 19.1 0.5 19.6

MR Mrzyg³ód MR1, MR2, MR3, MR4 8 7.0

N Nozdrzec N 2 ~1.0

ND Nowosió³ki Dydyñskie ND 4 ~3.0

NS Nowe Sady NS 20 ~3.0

O Obarzym O1, O2, O3 123 18.2 3.0 21.2

P Przymiarki P1, P2bp, P2up, P3, P4, P6 257 30.6

PB Przedmieœcie Babickie PB 27 11.5

P£ Przysietnica-£azek P£ 9 ~3.0

PP Pi¹tkowa Polska-£êg PP 1 ?

PR Pererowce - Dobra PR 2 1.0

PS Przysietnica PS0, PS1, PS2, PS3,PS3a, PS4, PS5, PS5a, PS6,
PS6a, PS7, PS7a, PS8, PS8a, PS8b, PS9, PS10, PSII

2,548* 35.3 14.5 49.8

PT Pi¹tkowa PT1-3 35* 2.45

PW Paw³okoma PW 1 0.5

R Równe R1, R4bp, R4up 133* 23.75

RB Rudawka (Birczañska) RB, RB1bp, RB1up, RB2, RB3, RB4 87 31.8 5 36.8

RO Rogi RO1, RO2 537* 22.6 2.0 24.6

RR Rudawka Rymanowska RR1-3, RR4, RR4a, RR4b, RR03 122* 79.5

RT Ratny Potok - Dobra RT 4 2.0

S Straszydle S1, S1a, S1b, S2, S3, S4 232 53.3 3.0 56.3

SE Siemowica SEI2, SEI3, SEII 53 9.7 6.0 15.7

SK Skopów SK 251* 5.95

SO Sobniów SO 351 ~3.0

SR Œrednia SR 12 5.0

ST Stebnik ST 10 ~5.0

T Temeszów T1, T2, T3, T4 64 29.4 5.0 34.4



brackets): Przysietnica – PS5, 5a : 1,435 (174); Bachów –
BH1: 1,291 (538); Jamna Dolna – JAC + JDG: 909 (68.3)
[JAC: 303 (47) and JDG: 571 (83)]; Krêpak – KII3: 575 (42);
B³a¿owa – B4: 545 (22); Rogi – RO1: 497 (22); Bachów –
BH3: 488 (24); Przysietnica – PS7: 397 (256) and PS8a: 326
(163); as well as Sobniów – SO: 351 (117).

High specimen frequency per 1 m of sediment section
was also obtained at some of those localities which provided
smaller number of specimens, like, for instance: Skopów –
SK: 251 (42); Babice – Po³anki – BP2: 207 (46); Harta
(Krosno Formation) – HT: 171 (53); B³a¿owa – Ba: 169
(43); Przymiarki – P4: 159 (40); £ubno-£azek – ££1: 139
(139); Hermanowa – Kamieniec – HK: 55 (55); Przysietnica
– PS3: 45 (45), as well as Brzuska – BR4: 67 (32) and BR5:
65 (27); PS2: 30 (30); Leszczawa – L: 73 (24); and B³a¿owa
– B1: 126 (21).

Numerous specimens were supplied owing to pro-
longed exploitation of the Jas³o Limestones at ££1, SO,
PS3, and PS2, basal cherts of the Menilite Formation at SK,
JAC, and WEbp: 185 (66), as well as the upper part of this
formation, including younger portion of the upper bathype-
lagic assemblages, at exposures: BH1, Ba, KII3, BR4, BR5,
BH3, BP2, and B4. Exploitation of sediments bearing the
neritic-sublittoral assemblage, in turn, seldom provided
high specimen frequency, like, e.g. at Jamna Dolna – JDG,
Rogi – RO1, Przymiarki – P4 and Leszczawa – L: 73 (24).
Usually, the specimen frequency did not exceed ten to
twenty specimens per 1 m, even at exposures bearing more
numerous assemblages, like: Winnica – W: 139 (17), Wola
Wêgierska – WEup: 140 (5), Równe –R1: 91 (7), Dobra
Góra – DG: 169 (8), Dobra – D: 79 (3), and Rudawka Ry-
manowska – RR1: 104 (2). One can infer, therefore, that fish
of the neritic-sublittoral assemblage were less numerous in
the basin, because the state of skeleton preservation was
more or less the same. It should also be mentioned that the
highest number of specimens per 1 m of sediment, both in
the neritic-sublittoral (JDG) and bathypelagic (PS5, 5a) as-
semblages, results from the presence at the two exposures of

a thin layer rich in ichthyofauna, pointing to the occurrence
of isolated ecological events. Excluding these layers from
further calculations, the number of specimens per 1 m of
sediment decreases to 42 and 98 at exposures JDG and
PS5, 5a, respectively. Of particular importance is high fre-
quency of specimens representing the upper bathypelagic
assemblage in the Subsilesian Unit, like at Przysietnica:
PS5, 5a, PS7, PS8.

In most cases, the number of specimens per 1 m of sedi-
ment does not exceed 10. High frequency observed at the
above-mentioned 20–30 exposures influences the average
number of specimens per 1 m, calculated for all the sampled
sections at more than 9.

The Dukla Unit is represented by 1 exposure only
(WW, with 35 specimens); the Silesian Unit – by 20 expo-
sures at localities: BB, BO, G, KL, KR, £W, R, RO, RR, SO
and W, with 1,330 specimens; the Subsilesian Unit – by 21
(23) exposures at localities: JZ, PS, WZ, Z, and – probably –
CH and KW, with 2,645 specimens; whereas the Bo-
rys³aw-Pokuttya Unit includes 8 exposures at localities:
DU, KN, NS, ND, supplying 114 specimens. The remaining
171 exposures, supplying in total 8,887 specimens, are situ-
ated in the Skole Unit.

OUTLINE OF STRATIGRAPHY
OF THE MENILITE-KROSNO SERIES

Lateral interfingering of a facies of brown-black, usu-
ally noncalcareous shales of the Menilite Formation (MFm)
with that of ash-grey, strongly calcareous and micaceous
sandstones and shales of the Krosno Formation (KFm),
documented nearly half a century ago (Jucha & Kotlarczyk,
1958, 1959, 1961; Shakin, 1958; Koszarski & ¯ytko, 1959,
1961), is of fundamental importance for the stratigraphy of
the Menilite-Krosno Series (MKS). Further stratigraphic
details were described at large by Jucha (1969), Kotlarczyk
(1966, 1980), and Korab and Kotlarczyk (1977), whereas

8 J. KOTLARCZYK ET AL.

Table 1 (continued)

Acronym Locality Exposures
Number of
specimens

Length of sampled sections (m)

Geologically
documented

Geologically
undocumented

Total

U Ulanica U 2 ~2.0

W Winnica W 139 8

WE Wola Wêgierska WEbp, WEup, WEO 333* 32.3 2.0 34.3

WJ Wojtkowa WJ1-1a, WJ2 12 ~4.0

WW Wis³ok Wielki WW1, WW2 35 39.0

WZ Wujskie/Za³u¿ WZ, WZ3, WZ6, WZ9, WZjup 44 8.0

Z Za³u¿ Z 3 ?

ZH Zahuty/Huta Porêby ZH 9 ~1.0

Total 13,011 1168.37 197.5 1365.87

bp – bottom part of exposure, up – upper part of exposure, * – including specimens collected from dump heaps at some exposures
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synthetic overviews were presented by
Kotlarczyk (1985, 1988a, 1988b) and
Koszarski (1985).

Stratigraphic terminology of both
these formations includes numerous in-
formal names. Some of them have pro-
ved useful and require formalisation,
while others do not meet lithostratigra-
phic requirements and should be aban-
doned.

Some of old, informal lithostra-
tigraphic names like, for instance, the
lower, middle and upper Krosno beds
have been used in a different sense, i.e.
indicating temporal subdivision of the
formation irrespectively of its lithostra-
tigraphy (Koszarski & ¯ytko, 1961).
Moreover, it was practically impossible
to mark the boundaries of such defined
subdivisions over a large area occupied
by the formation.

A collection of Oligocene–Early
Miocene fish has been assembled from
the two described formations within sev-
eral tectonic units of the Outer Carpathi-
ans, i.e. the Dukla (DU), Silesian (SU),
Subsilesian (SSU), Skole (SKU), and
Boryslav-Pokuttya (BPU) units (Fig. 1).

Lithostratigraphy

A lithostratigraphic scheme of the
Menilite-Krosno Series within the above
tectonic and facies units will be presen-
ted below. The scheme was established
owing to many years of studies (Kotlar-
czyk, 1966, 1988a, 1988b; Kotlarczyk &
Leœniak, 1990) and became supple-
mented for the purpose of this work.
This scheme (Fig. 2) shows spatial-
temporal relationships between the two
formations and distinguished members,
irrespectively of their thicknesses. These
relationships are referred to the discov-
ered chronohorizons, represented by the
laminated Jas³o Limestones, tuff hori-
zons, and other features (Kotlarczyk,
1980).

The MKS is commonly considered
to begin with the so-called sub-chert
beds which are underlain by a horizon of
the Globigerina Marls (cf. Leszczyñski,
1997), ubiquitous throughout the Carpa-
thians. However, in the innermost part
of the basin (DU), the Globigerina Marls
are replaced by a sequence of calcareous
and micaceous sandstones and shales of
the Krosno facies including intercala-
tions of the Menilite-type shales, distin-
guished as the so-called Papin beds (cf.

Korab & Kotlarczyk, 1977). These represent the oldest ele-
ment of MKS. Deposition of the Menilite-Krosno facies
sediments was the shortest in DU and the longest in the
outer part of the basin (the lack of the youngest portion of
MKS within BPU in Poland results from tectonic reduc-
tion). The most detailed lithostratigraphic scheme is charac-
teristic of the Skole Unit, where different development of
MKS in different parts of this unit was taken into account.

The oldest horizon of the Menilite Fm. from which fish
were exploited are the sub-chert beds. These are clayey, al-
ternately green and brown, frequently marly shales, rich
sometimes in Planorbella detritus. In the Skole Unit, these
beds are called the Jamna Dolna Member. In an area limited
to channel zones of submarine fans there occur sequences of
sandstones and conglomerates, intercalated by brown,
clayey and marly Menilite shales, distinguished as the Sied-
liska Member, or thick-bedded, noncalcareous, whitish
quartz arenites representing grainflows, distinguished as the
Boryslav Member. The lower part of the sub-chert beds are
replaced by the sandstone-dominated Mszanka Member in
DU, and by the Popiele Member of olistostrome character in
BPU (D¿u³yñski & Kotlarczyk, 1965).

These lithologically differentiated members are over-
lain by a thin, although extensive sequence of diagenetic
cherts (originally diatomites), called the Kotów Member.
Higher up there occurs a vast and thin packet of bedded tur-
biditic marls, called the Dynów Member, which in DU is
known as the sub-Cergowa Marls or Jawornik Member
(Œl¹czka, 1970).

In DU and the southern part of SU, the upper part of the
Dynów Marls and the lowermost portion of the overlying
Menilite shales become replaced by a sandstone-shaly se-
quence of the Krosno facies, distinguished as the Cergowa
Member. The overlying shales, mudstones and less frequent
thin-bedded sandstones are informally called the upper
Menilite beds/shales. These are replaced in the southern part
of DU by the Krosno Formation. In the remaining part of
SU, the Menilite Formation overlying the marly horizon has
not been subdivided into members.

This part of the Menilite Fm. is replaced in more outer
units by the widespread Rudawka Tractionite and Borek
Nowy Sheet-like Shale members, along with locally occur-
ring: Huwniki Quartzarenite, Futoma Diatomite, and Nowo-
sió³ki Dydyñskie Mudstone members. Shortly above the
Dynów Mbr and within deposition area of the Cergowa
Mbr, in transitional beds of the latter member and the upper
Menilite beds, a mega-horizon (numbering between ten and
twenty layers) of the laminated Tylawa Limestone occurs.

In SSU, a sequence of alternately brown and greenish-
grey, clayey-cherty, banded shales occurs above the Borek
Nowy Mbr. An analogous sequence was described from the
Subsilesian-�danice Unit of the Moravian Carpathians as
the Šitboøice Member (Stranik, 1981). This name has been
used in this paper in a sense applied by Krhovský (1991),
i.e. excluding the lower, 4-m-thick sequence of slumped
beds which are probably equivalent to the Rudawka and
Borek Nowy members.

The lower part of the Šitboøice Member includes sev-
eral layers of laminated limestones of the Jas³o Limestone
type, although occurring ca. 40 m below the Jas³o Lime-
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stone Horizon. It is proposed to call these limestones the
Wujskie Limestone Horizon.

In SKU, the Borek Nowy Mbr is overlain by strongly
differentiated sediments. This facies differentiation results
from the presence of different sedimentary environments
(e.g., basin slope and bottom, channel and interchannel
zones, distal parts of a few submarine fans) and different
source areas. Such conditions prevent distinguishing mem-
bers of a broader extent and result in incomplete subdivision
of the Menilite Formation. Correlation of individual
members within so differentiated lithostratigraphic subdivi-
sion is only possible due to the presence of the Jas³o Lime-
stone and upper chert horizons, and a sequence of light-
green shales.

The Jas³o Limestone megahorizon is understood in this
paper as an assemblage of all limestone layers separated by
other lithotypes, irrespectively of the fact that sometimes
three clusters of limestones can be distinguished. All lime-
stone layers were deposited in a very short time and their pa-
laeontological discrimination is not possible. Therefore, dis-
tinguishing the upper cluster as the Zagórze Limestone
(Haczewski, 1989) appears redundant, as far as stratigraphic
purposes are concerned.

The upper chert horizon, less clearly marked in Poland,
can easily be traced in the Eastern Carpathians (cf. Jucha,
1969).

A sequence of green shales distinguished as the Krêpak
Member (Kotlarczyk, 1988a) appears in different parts of
the study area, also in the form of thin layers which separate
beds of white quartzarenites (grain flows) that are litholo-
gically similar to the Kliwa Sandstones, known from the
Eastern Carpathians (Kotlarczyk & Leœniak, 1990). The
Kliwa Sandstones occur below the Jas³o Limestone in their
stratotype area on the Prut River. To maintain this name, al-
though in its lithostratigraphic sense, it was decided to sepa-
rate the Kliwa Member from the Krêpak Member (sensu

Kotlarczyk & Leœniak, 1990), as a local substitute of the lat-
ter (Fig. 2).

In the NW part of the area, the Krêpak and Kliwa mem-
bers are replaced by the Mak³uczka Member (Kotlarczyk &
Leœniak, 1990), composed of brown shales bearing interca-
lations of green shales.

The Kliwa Member is overlain by the Huta Brzuska
Member (black shales, cohesive mud-sandy flows of the Ja-
wornik Ruski Sandstone-type), introduced first in this pa-
per, the Lopyanka Member (calcareous flysch of the Krosno
facies, intercalations of brown shales), and the Korze-
niówka Member (brown, noncalcareous and calcareous
shales, thin-bedded quartz arenites, rare intercalations of
Kliwa-Krosno and Krosno sandstones, subordinate cherts),
also first introduced in this paper.

In a more inner part of the SE area, the upper part of the
Huta Brzuska Member is replaced by the lower part of the
Lopyanka Member, whereas the upper part of the Korze-
niówka Member is replaced by the Jutna Member, which is
composed of thick-bedded sandstones and shales of the
Krosno facies with rare intercalations of frequently marly
Menilite shales.

In the NW area, the Krosno facies is absent from the
Menilite Fm. until the very top of the latter; hence, the

above-mentioned lithostratigraphic members cannot be dis-
tinguished. An unnamed portion of the Menilite Fm. overly-
ing the Przylasek Mbr olistostrome is composed of brown
shales intercalated by the Kliwa-type sandstones. Higher
up, the upper chert horizon is to be found. In a fragment of
this area, the increasing amount of sandstones has been dis-
tinguished as the B³a¿owa Member.

In BPU, the Menilite Fm. overlying the Nowosió³ki Dy-
dyñskie Mbr is strongly lithologically differentiated, pre-
venting further detailed subdivision into members. A char-
acteristic feature is a large amount of green, greenish-grey
and grey shales which intercalate brown shales. Individual
segments of the Menilite Fm. section resemble, in this re-
spect, those of SSU. The lower intercalation of green shales
is equivalent to the Krêpak Mbr; the topmost one has been
distinguished as the Oliwna Góra Member. In the medial
segment of the section, both below and above the Jas³o
Limestone Horizon, frequent intercalations of grey, calcare-
ous and micaceous shales are accompanied by the Krosno-
type sandstones. These strata have been named the Lopy-
anka Member. The Krosno facies sediments appear here
earlier than in SKU. The upper segment of the Menilite Fm.
reveals properties of the Korzeniówka Mbr, including, i.a.
the upper chert horizon which is accompanied by thin layers
of the laminated Jas³o-type limestone.

Another characteristic feature of the Menilite Fm.
within BPU is ubiquitous occurrence – at different stratigra-
phic levels – of submarine slumps, cohesive mudflows bear-
ing exotic rocks, and conglomerates which are indicative of
deposition on the upper basin slope. Tectonic contacts be-
tween exposures of the Menilite Fm. prevent reconstruction
of the section of younger sediments which, in turn, occur
farther southeastwards in this unit.

In the studied portion of the Skole Unit, the base of the
Krosno Fm. is marked by the Niebylec Shale Member.
These strata include the ubiquitously occurring Koñskie
Tuff Horizon (Sikora et al., 1959), and the not so extensive
Pi¹tkowa Diatomite Horizon (Kotlarczyk & Kaczmarska,
1987). The higher part of the Krosno Fm. is composed of
normal flysch strata, including intercalations of thick-
bedded sandstones. This sequence, previously called the
middle Krosno beds, are proposed to be distinguished as the
Capor Member. In the central part of the study area, this
member is overlain by a shaly sequence (previously known
as the upper Krosno beds) which are now distinguished as
the Dydnia Member. Both these members are linked by a
1–3-m-thick tuff layer (V horizon of Sikora et al., 1959),
also described as the Main Tuff Horizon by Kotlarczyk
(1966). It is proposed to call this horizon in the present pa-
per as the Dobrzanka Tuff Horizon. In the inner portion of
the SE area, the higher-situated (VI) Bandrów Tuff Horizon
was found in one of the sections (Sikora et al., 1959).

The Leszczawka Diatomite Member, mostly of olis-
tostrome type (Kotlarczyk, 1983), overlies either Dydnia or
Capor members. Among numerous (up to 8) tuff intercala-
tions in this member, the basal Kiczera Tuff Horizon (3.8 m
thick) and the topmost Krzywe Tuff Horizon (2–3 m thick),
together representing the VII tuff horizon of Sikora et al.

(1959), should be mentioned. In the Leszczawka Syncline
(Fig.1), the lower part of this member is replaced by a se-
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quence of noncalcareous sandstones deposited by cohesive
sandy-mud flows, and called the Jawornik Ruski Member.

The Krosno Fm. section in SKU terminates with a
20–40-m-thick sequence of shales, called the Polyanytsya
Member (Kotlarczyk, 1988a).

The contact between the Menilite and Krosno forma-
tions in the studied portion of SSU is of tectonic character.
Neither the Niebylec Mbr, nor equivalents of shaly mem-
bers nor diatomites have been found.

In the marginal, northern part of SU the most probable
equivalent of the Niebylec Mbr appears to be one of the top-
most shale sequences of the Krosno Fm. (Koszarski, 1985;
Koszarski et al., 1995); although bearing no traces of the IV
tuff horizon. It is likely that this position is occupied by a
tuff layer found at Radziszów south of Kraków (Fig. 1), in
the Krosno Fm. strata that build the marginal part of SU
(Ksi¹¿kiewicz & Wieser, 1954).

Bio- and chronostratigraphy
of the Menilite-Krosno Series

Biostratigraphical studies of the Menilite-Krosno Series
have raised serious difficulties, mostly due to: (1) limited
occurrence of calcareous plankton and nannoplankton; (2)
rare appearance of index taxa of the former, necessitating
determination of substitute taxa; (3) frequently observed
first appearances of stratigraphically important taxa in un-
doubtedly different positions, in nearby sections; (4) very
intensive redeposition of fossils, preventing the use of
LADs and limiting reliability of FADs of individual taxa.

Such situation has led to selective, detailed elaboration
of some of lithostratigraphic members and limestone hori-
zons. Up to now, most of these members have only been
given preliminary zonal characteristics.

One of well described horizons is that of the Globi-
gerina Marl (Strwi¹¿ Mbr sensu Rajchel, 1990), assigned to
NP19–20, NP21 and the lower part of NP22 zones (Osz-
czypko-Clowes, 1998; cf. also references in: Leszczyñski,
1997), which are equivalent to P15(upper part), P16, P17 and
P18 lower part foraminiferal zones (according to Berggren et

al., 1995). Therefore, the base of the Oligocene, situated be-
tween P17 and P18 zones, is placed within the Strwi¹¿ Mbr.
The age of this boundary, previously determined at 33.7 Ma
(Berggren et al., 1995), has recently been corrected to 33.9
(±0.1) Ma (Gradstein et al., 2004). An Oligocene age has
also been indicated for the Siedliska Mbr (Blaicher &
Nowak, 1963a).

Another calcareous member, the Dynów Marl Mbr, is
mainly composed of coccolith turbidites and contains as-
semblages of NP23 zone (Krhovský, 1981), as has been
later confirmed in the Moravian Carpathians (Krhovský,
1998). A slightly older age, referring to the upper part of
NP22 zone, was determined by Dudziak (in: Smoleñska &
Dudziak, 1989) for the Jawornik Mbr in DU. The determi-
nation appears probable, because this member is equivalent
to the lower part of the Dynów Mbr, although not a decisive
one since it is based on LAD of Reticulofenestra umbilica.

Determination of the age of the Jas³o Limestone Hori-
zon for NP24 zone(Krhovský, 1981; GaŸdzicka, in: Kot-

larczyk, 1988a; Jugowiec, 1996) is a very important finding.
This determination is based on the presence of a substitute
taxon Cyclicargolithus abisectus, the FAD of which was as-
signed to the beginning of NP24 zone. The dating has been
confirmed by the results of studies of the Jas³o Limestones
in the Moravian Carpathians (Bubik, 1987), although later
determinations appear to indicate the top of NP23 zone (Bu-
bik, 1992).

The presence of NP23 and lower part of NP24 zones, as
well as the corresponding foraminiferal biozones P20 and
P21, has been documented in the Šitboøice Mbr, in SSU of
the Moravian Carpathians (Bubik, 1987; Krhovský, 1998).

Two assemblages have been found above the Jas³o
Limestone Horizon in the Lopyanka Member of the Eastern
Carpathians. The lower assemblage with Globigerina am-

pliapertura, and the upper one with G. ciperoensis and
Paragloborotalia opima opima have been assigned to zones
NP24 and NP25, respectively (Gruzman, 1984). In SU
south of Lesko (Fig.1), within the Krosno Fm. situated
above the Jas³o Limestone, Garecka et al. (1999) found nan-
noplankton assemblages which could indicate the presence
of NP24 (and NP25?) zones, whereas the uppermost se-
quences of this formation in the same area turned out to bear
taxa indicative of NN1 (Helicosphaera scissura) and, per-
haps, NN2 (H. ampliaperta) zones, provided that their
FADs in this area were not older.

Dating of the Niebylec Mbr is a very important issue.
Nowak et al. (1985) and Gasiñski et al. (1986) found out
that the age of this member should be referred to foramini-
feral subzones N4b and N4c with Globigerinoides immatu-

rus and Globoquadrina dehiscens, which are coeval with
the lower part of NN2 biozone (sensu Berggren et al.,
1995). The Pi¹tkowa Diatomite Horizon includes, apart
from Oligocene taxa, also Early Miocene diatoms (Kotlar-
czyk & Kaczmarska, 1987). Thus, the Oligocene/Miocene
boundary occurs at the base of the Niebylec Mbr or, more
probably, lower.

Subsequent works on calcareous nannoplankton of this
member led Œlêzak et al. (1995a) to conclude about its you-
nger age. The stratotype section of the member was placed
within NN2upper part and NN3lower part biozones, although at
Koñskie section the Niebylec Mbr was dated to NN2 zone
only (Œlêzak et al., 1995b). Detailed discussion on this dis-
crepancy and unconvincing reasoning in favour of the pres-
ence of NN3 zone goes beyond the scope of this paper.

It should be taken into account, however, that speci-
mens of Sphenolithus belemnos, reported from the Niebylec
Mbr stratotype section and allegedly indicating the presence
of NN3 zone (or the topmost part of zone NN2), could in
fact represent a form transitional between S. dissimilis and
S. belemnos, described as S. disbelemnos (Fornaciari & Rio,
1996) after the authors’ paper was published. FAD of this
taxon marks the beginning of NN2 zone (cf. Young, 1998).
In addition, the presence of Helicospharea walbersdorfien-

sis in this assemblage does not prove the existence of zone
NN3, since the authors themselves shifted FAD of this
taxon from zone NN5 to NN3. Therefore, it can easily be
lowered to zone NN2. All these facts appear to suggest that
age estimations of the Niebylec Mbr based on calcareous
plankton and nannoplankton can lead to comparable results.
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Dating of higher-situated sequence of the Krosno Fm.
(“middle Krosno beds”) gave no unequivocal results. These
were assigned to NN3 zone (Œlêzak et al., 1995b), although
it cannot be excluded that they also represent a part of – last-
ing more than 4 Ma – biozone NN2. Only the lower part of a
shaly sequence of the “upper Krosno beds”, i.e. the Dydnia
Mbr, can most probably be linked with NN3 biozone, due to
appearance in the upper part of this member of Sphenolithus

heteromorphus, indicating the lower part of NN4 zone. A
relationship between the lower part of this member and zone
NN3 is additionally supported by radiometric age of the
Bandrów Tuff (VI horizon) which occurs in that part of the
sequence.

Samples collected close to the Leszczawka Mbr yielded
Globoquadrina dehiscens, G. langhiana, Turborotalia

obesa and other foraminifers which indicated a Burdigalian
age (Gucik & Strzêpka, 1986). A similar assemblage was
also found within the Polyanytsya Fm. in the Eastern Carpa-
thians, and in the uppermost part of the “upper Krosno
beds” in the internal part of SKU, close to the gypsum hori-
zon (Gruzman, 1984). Its age was determined to the Eggen-
burgian. The presence of dispersed gypsum detritus in the
Polyanytsya Mbr (Kotlarczyk, 1962, 1980), most probably
redeposited from littoral lagoons, links this member with
the above-mentioned gypsum horizon and gypsum deposits
of the lower Vorotyshcha Fm., dated to the Late Eggenbur-
gian (Bobrinskaya et al., 1998).

In the internal part of SKU in Poland, the uppermost se-
quence of the “upper Krosno beds”, composed of the upper
Dydnia Mbr, Leszczawka Mbr, and Polyanytsya Mbr, in-
cludes an assemblage of nannoflora with Sphenolithus het-

eromorphus and Discoaster variabilis (co-existing every-
where in zones NN4 and NN5), although devoid of Heli-

cosphaera ampliaperta (Œlêzak et al., 1995b). The absence
of the latter taxon, whose LAD refers to the top of NN4
zone, led Œlêzak et al. (1995b) to conclude that the studied
sediments already represented NN5 zone of Late Langhian
age. This conclusion is in contrast to the authors’ promise
that they would use “the first appearance of stratigraphic
markers as the only reliable criterion for zonal assignment”
(op. cit., p. 270). Proper interpretation, therefore, should
lead to a conclusion that there is hardly any evidence for the
presence of zone NN5 and that deposition of the discussed
sediments terminated in zone NN4, most probably in the
Late Ottnangian or Early Karpatian. A supporting piece of
evidence is the presence within the Pavlovice Formation
(Moravian Carpathians), dated to the Ottnangian (Krhov-
ský, 1998), of a diatomite horizon which is correlatable with
the Leszczawka Mbr.

An attempt at tephrostratigraphy

Stratigraphic applicability of numerous tuff horizons
within the Menilite-Krosno Series have raised great expec-
tations. The importance of some widespread and easily
field-traceable tuff chronohorizons has already been men-
tioned above. Attempts were made to identify individual ho-
rizons basing on their mineralogical properties (heavy min-
eral composition, chemistry of plagioclases, morphometry
of zircons, etc.), and to correlate tuff occurrences represent-
ing the same horizon (Wieser; in: Sikora et al., 1959). At the

beginning, seven tuff horizons (I–VII) were distinguished
and characterised; later studies, including also older forma-
tions, helped to distinguish 31 horizons, including 12 (num-
bered 19 through 31) within the Menilite-Krosno Series
(Wieser, 1985).

This tephrostratigraphy was based on isotopic age de-
terminations made by Ch. Naeser on zircons separated from
tuffs of selected horizons. The results published by Van
Couvering et al. (1981) and Wieser (1979, 1985) are listed
in Table 2.

A normal stratigraphic succession is disturbed by the
Kiczera and Krzywe 36 tuffs. That is why Koszarski (1985)
and Wieser (1985) decided to eliminate these tuffs from the
list of tuff horizons. On the other hand, the age of the young-
est tuff (Krzywe 37) is estimated at the earliest Langhian
what, taking into account the Carpathian tectogenesis and
development of the foredeep, is hardly possible and calls for
rejection of this date (Kotlarczyk, 1988a). Nowak et al.

(1985) and Vass and Balogh (1986), in turn, accepted the
discussed age estimation, although considering the lower
age limit only. The age of the latter makes it possible to as-
sign tuff deposition to the Karpatian. Following this way of
reasoning, Kotlarczyk (1988a) considered acceptance of
modified dates of the Kiczera and Krzywe 36 tuffs.

Taking into account the upper age limits, necessetating
thereby shifting the age of the Bandrów Tuff towards the
lower age limit of its interval, we obtain the following ages
of successive tuff horizons: 19 Ma – Bandrów, 18.9 Ma –
Kiczera, and 18.7 Ma Krzywe 36, all of them indicating the
Ottnangian.

Such a procedure is justified by an example of the
Znamirowice-G¹siory Tuff (lower layer) in the sub-chert
beds of the Menilite Fm. in SU. Precise age estimation of
the top and bottom of the Globigerina Marl, obtained due to
dating of calcareous nannoplankton biozones (see above) at
32.7 Ma and 36.0 Ma, respectively, implies that the 34.6 Ma
tuff should occur within the marls, and not in the centre of
the overlying member (see also Leszczyñski, 1997, table 3).
It is only after the upper age limit is taken into account,
when the tuff position resulting from its age approaches that
it really occupies. Unfortunately, this approach is not suffi-
cient enough in case of the higher-situated tuff layer
(Znamirowice) in the same member. The lower age limit
places this tuff at the boundary of zones NP23/24, i.e. close
to the Jas³o Limestone Horizon which – in SU – is situated
fairly high, within the Krosno Fm. That is why the tuff was
also eliminated from the list of tuff horizons (Wieser, 1985).

Another question requiring explanation is identification
of the V tuff horizon in the studied SKU area with the
Radziszów Tuff, which was found in a stratigraphically un-
certain position within the Krosno Fm. of SU, near Kraków
(Ksi¹¿kiewicz & Wieser, 1954). Even the age of the V tuff
horizon, i.e. 20.5 Ma, raises a question of a wide time-gap
(2.1 Ma) in respect to the age of the Bandrów Tuff, which is
situated 100 m higher. If that is so, the rates of sedimenta-
tion of flysch sediments, quickly infilling the basin at that
time, should have attained 0.05 mm/year only. Other doubts
can be raised as well.

1. The chemical composition and structure of plagio-
clases of both tuff horizons are different. The Radziszów
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Tuff contains 53 to 54% of An which, in the inner part of
crystals, increases up to 76% (Ksi¹¿kiewicz & Wieser,
1954). Analogous figures for the V horizon are between 30
and 40% (Sikora et al., 1959).

2. T. Wieser considered oxyhornblende (lamprobolite)
as an index mineral of the V tuff horizon, and basing on this
finding assigned tuff occurrence at KuŸmina to this horizon.
However, the KuŸmina locality bears only one tuff layer of
the VII horizon (tuffs of this horizon at Kiczera also include
hornblende among components of the “crystalline phase”;
cf. Kotlarczyk, 1966). This mineral was found in tuffs be-
longing to two different horizons; hence, it is likely that it
can also be found in another horizon, like the Radziszów
Tuff.

In light of these remarks one should not correlate the
Radziszów Tuff with that of the V horizon. The latter is pro-
posed to be called the Dobrzanka Tuff in this paper (previ-
ous name “Main Tuff Horizon”, cf. Kotlarczyk, 1966,
1988a). This most extensive tuff horizon lacks radiometric
dating. If age determination of the Bandrów Tuff horizon is
correct, the age of the V horizon, which occurs ca. 100 m
below (K. ¯ytko, pers. comm. 2005), can be estimated at ca.
18.6 Ma, given that the rate of flysch deposition was 0.5
mm/year.

Therefore, radiometric age determinations are of little
value in the Carpathian conditions (redeposited tuffs were
likely to have been contaminated by detrital zircons) and
should not be relied upon, unless confronted with biostra-
tigraphic data.

The age of the Radziszów Tuff is placed within the in-
terval occupied by NN2 zone which, as shown above, oc-
curs in SU within the youngest strata of the Krosno Fm. It is
worth to note that the emended to the lower boundary of the
uncertainty interval age of the Radziszów Tuff (21.4 Ma) is
close to that of the IV tuff horizon, interpreted from the age
of the Niebylec Mbr and – more precisely – 4Nc plankton
zone, dated at ca. 21.6 Ma.

The most difficult task is to tune radiometric ages with
biostratigraphic data pertaining to the uppermost part of the
Krosno Fm. within SKU. Two options can be considered:
including all radiometric ages, and eliminating some of
them.

1. Corrected isotopic age determinations of the Kiczera
(18.9 Ma) and Krzywe 36 (18.7 Ma) tuffs fall within the
limits of NN3, zone, i.e. the turn of the Late Eggenburgian
and Ottnangian (Rögl, 1998). The emended age of the Ban-
drów Tuff (min. 19.0 Ma; max. 19.5 Ma), occurring ca. 400
m below the Krzywe 37 Tuff, is situated in the upper part of
NN2 zone (Late Eggenburgian), like unknown, although
older by ca. 0.2 Ma, age of the Dobrzanka Tuff. The cor-
rected age of the youngest Krzywe 37 Tuff (16.7 Ma) refers
to the mid-NN4 zone, i.e. the Karpatian (cf. Rögl et al.,
2003). The age of the youngest Carpathian strata inferred
from these corrected determinations does not differ from
that of analogous strata of the Moravian and Eastern Carpa-
thians.

2. Elimination of the Kiczera and Krzywe 36 tuffs from
further considerations results in rejuvenation of the upper
part of the Krosno Fm. Accepting that – following Œlêzak et

al. (1995b) – the lower part of the Dydnia Mbr, together
with Bandrów and Dobrzanka tuffs, refers to NN3 zone
(18.3 to 19.0 Ma), we obtain ages compatible with uncor-
rected age of the Bandrów Tuff (18.4 Ma) and extrapolated
age of the Dobrzanka Tuff (18.6 Ma). Sedimentation of
higher-situated beds (top of the Capor Mbr, middle and up-
per portion of the Dydnia Mbr, Leszczawka Mbr, Polyanyt-
sya Mbr) could have occurred in the lower part of NN4 zone
(Œlêzak et al., 1995b). The presence of NN5 zone has not
been documented; therefore, one can only accept a cor-
rected age of the Krzywe 37 tuff (16.7 Ma).

Zonal affinities of the Menilite-Krosno Series mem-
bers, according to the two options, are shown on Fig. 2.
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Table 2

Radiometric ages of some tuff horizons in the Menilite-Krosno Series
(based on T. Wieser’s papers cited in the text)

Name of horizon Sample number Number of horizon
Radiometric

age
Ma

Age brackects
Biozones marking

boundaries of the age
interval

1959 1985

Krzywe 37 VII 31 15.6 ± 1.1 16.7 - 14.5 NN4 - NN5

Krzywe 36 VII - 19.8 ± 1.1 20.9 - 18.7 NN2 - NN3

Kiczera - VII - 22.3 ± 3.4 25.7 - 18.9 NN25 - NN3

Bandrów 34/5 VI 30 18.4 ± 1.1 19.5 - 17.3 NN2 - NN4

(Dobrzanka)* - V ?

Radziszów 33 V(?) 29 20.5 ± 0.9 21.4 - 19.6 NN2

Znamirowice upper layer - 28.9 ± 1.2 30.0 - 27.8 NP23/24 - NP24

Znamirowice-G¹siory lower lyer - 19 34.6 ± 1.4 36.0 - 33.2 NP18/19 - NP21

* name introduced in this paper for horizon V



EXAMINED SECTIONS

Eastern part of the Polish Carpathians

Real thickness relationships between the two facies of
the Menilite-Krosno Series are shown on Fig. 3. Each col-
umn represents one or two neighbouring sections, from
which ichthyofauna was collected. The latter was mainly
confined to exposures of the Menilite Fm.; nevertheless, the
Krosno Fm. was also taken into account to explain stra-
tigraphic relationships and the importance of key horizons
for palaeofacies reconstructions. Columns shown on Fig. 3
usually represent complete sections of MKS. In three cases
(RR, W, MR-KS), the youngest strata of the Krosno Fm., ir-
relevant for the studied problem, were omitted except for
giving the length of the missing sections. In two cases (T-D,
H), in turn, few segments of one of the two formations were
not drawn. The logs were assembled following the succes-
sion of tectonic units of the Carpathians, i.e. DU, SU, SSU,
SKU, BPU, and their second-order structures (cf. Fig. 1).

On the right-hand side of each column, thick lines mark
those segments of the Menilite-Krosno Series which were
logged in detail and shown at a larger scale on synthetic and
composite sections (Fig. 4). The succession of individual
sections differs slightly from that on Fig. 3; section T-D is
succeeded by an assemblage of columns arranged at a con-
tinuation of the studied line farther to the NE: L-HP, K-HB,
BR-BH, i.e. representing the SE part of the area. These are
succeeded by an assemblage of similarly arranged columns:
H, B, BN-HT, BP, although representing the NW part of the
studied region. Finally, columns illustrating development of
the Menilite Fm. in the outer part of the basin have been
drawn. On Fig. 4, different colours mark dominant litho-
logical types of both formations, linking sometimes a few
similarly developed lithologies into one unit; like, for in-
stance, clayey-siliceous shales (mudstones) differing in fis-
sility. On both figures, the base of each column marks the
lower boundary of the Menilite Fm. in a given section.

All sections of the Menilite Fm., as well as sections: PS,
WZ, MR-KS, T-D, L-HP, B, K and BR of the Krosno Fm.
were reconstructed and logged by J. Kotlarczyk. Recon-
struction of the remaining sections was based on data pub-
lished by: Jucha (1969), Rajchel (1989) – at HT, and
Wdowiarz (1948) – at BP.

To the left of each column on Fig. 4 the position and ex-
tent of the most important sampled exposures are shown
(some of them are marked in detail on Fig. 6). In case of ex-
posures situated far from a section, their projected position
should be treated as approximate one, as marked by a
dashed line.

Description of sections shown on Figs 3 and 4

1. Wis³ok Wielki – WW. The section includes: (1) a few lower
members of the Menilite Fm., called the “lower Menilite beds” or
“sub-Cergowa beds”; (2) the Cergowa Member; (3) the “upper
Menilite beds”; as well as the Krosno Fm. composed of: (4) “tran-
sitional” and “lower”, (5) “middle”, and (6) “upper Krosno beds”
(auct.). The succession of beds can be traced in sections of the
right and left (Cylowa) tributaries of the Wis³ok River at WW
(Marginal Fold of DU). The sampled segment represents the tran-
sition between the Cergowa Mbr and “upper Menilite beds”, in-

cluding a sequence bearing the upper cluster of TLH layers. It is
exposed in a forest road leading to Bukowsko.

2. Rudawka Rymanowska – RR. Section reconstructed along
the Wis³ok River includes the following units: (1) “sub-chert
beds”; (2) cherts of the thinned Kotów Mbr; (3) the Cergowa Mbr,
thinner that at WW; (4) the “upper Menilite beds”, 140 m thick,
bearing TLH at the base; (5) the “transitional beds” (shales and
sandstones of the Krosno facies intercalated by shales of the
Menilite facies); and (6) complexes of the Krosno Fm. bearing dif-
ferent names. These beds build the imbricated SW limb of the Ru-
dawka Rymanowska Fold. Fish assemblages were collected in the
lower slice from the Kotów Chert Mbr (RR4, 4a), and in the upper
slice from the “upper Menilite beds” (RR1-3). A. Jerzmañska did
not manage to describe the assemblage from RR03 exposure, while
another assemblage, collected at a similar position from the se-
quence bearing a cluster of TLH of other exposures in the Wis³ok
River bed, was published by Bieñkowska (2004).

3. Równe – R. Section exposed in the right bank of the Ja-
sio³ka River is composed of: (1) a sequence of sub-chert beds; (2)
the Kotów Mbr; (3) the Dynów Mbr; (4) the overlying sequence,
ca. 110 m thick, of Menilite Fm. undivided into members; and (5)
the lower part of “transitional beds”. Younger elements of the bed
sequence from the same, SW limb of the Bóbrka Anticline, were
logged (Jucha, 1969) in a more distant, western part of this limb.
Fish assemblages were collected at exposures R1, R4, BB118, and
BB104 situated in the SW limb, as well as at those from roadcuts in
the NE limb of this anticline: RO1, KL, and in the Jasio³ka River
bed – RO2 (basal cherts).

4. Winnica – W. Section of the southern limb of the Potok An-
ticline includes strata exposed in the right-hand bank of the Jasio³-
ka River (high escarpment) and in the higher-situated road, which
belong to: (1) the Kotów Mbr, (2) Dynów Mbr, and (3) upper part
of the undivided Menilite Fm., whereas other sections include:
complexes (1) and (2) at BO, and (1), (2), and (3) at KR, as well as
(4) “transitional” and “lower”, (5) “middle” with JLH and “upper
Krosno beds”. A fish assemblage occurring in JLH was collected
in £apiguz brickyard at Sobniów (SO) near Jas³o. Section SO (Fig.
4) is situated ca. 6 km to the west of Winnica section (Fig. 1).

5. Przysietnica – PS. A reconstructed section of the several
times imbricated MKS is represented by exposures distributed
along country roads on a hill that is situated north of the road at
Przysietnica. The lower slice is composed of the (1) “sub-chert
beds”, (2) Kotów Mbr, (3) Dynów Mbr, (4) lithologically differen-
tiated sequences which are equivalent to the Rudawka and Borek
Nowy members, and (5) the Šitboøice Mbr together with WLH and
JLH horizons. The upper slice, in turn, is mainly composed of the
last member and the lower sequence of the “Krosno transitional
beds”, probably representing a fragment of the Jutna Mbr. The up-
permost slice is built up of the Krosno Fm. only, subdivided by
Jucha (1969) into three, not so distinct lithological complexes.
Fish assemblages were collected from a dozen or so exposures of
the Šitboøice Mbr.

6. Wujskie – WZ. This strongly tectonically reduced section
represents MFm. within SSU, starting probably from TLH through
JLH. Its strata belong mainly to the Šitboøice Mbr, including a well
developed WLH in the middle part. A fragment of KFm which is
in tectonic contact with MFm. in the eastern part of the exposure
probably belongs to SKU.

7. Mrzyg³ód – MR, Koñskie – KS. Sections of MKS located
between these two localities, representing the SW limb of the
Mrzyg³ód - Tyrawa Solna Anticline, display a comparable facies
development, enabling for a construction of one, composite sec-
tion. Partial sections are situated on the right and left banks of the
San River at Mrzyg³ód, in a left-hand tributary of the San River at
Jutna, and in streams flowing through Koñskie. The lower portion
of MFm. includes the Jamna Dolna, Kotów, Rudawka, Borek
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Nowy (including cherts), and Kliwa members. The upper portion
of MFm. displays interfingering of two facies: noncalcareous
Menilite shales bear intercalations of calcareous varieties accom-
panied by calcareous Kliwa-Krosno-type sandstones. The lower
part of this complex, ca. 100 m thick, probably comprises two dif-
ferent levels of JLH: within Menilite shales (the thickest limestone
beds being ca. 1 m thick) on the right bank of the San River (MR1),
and within green and grey calcareous shales of the base of the Lop-
yanka Mbr (total thickness of limestone layers amounting to 30
cm) on the left bank (Jutna). The Lopyanka Mbr is here more than
400 m thick. It is composed of sandstones and shales of the Krosno
facies which include three intercalations of Menilite shales, 20 to
60 m thick (MR3). Another, higher-situated intercalation (30 m)
with chert layers (MR4) belongs to the Korzeniówka Mbr, and the
overlying complex of thick-bedded sandstones of the Krosno fa-
cies represents the Jutna Mbr, ca. 300 m thick. Previous papers as-
signed the Lopyanka and Jutna members to the “lower Krosno
beds”, partim to the “transitional beds”, whereas the Capor and
Dydnia members overlying the Niebylec Mbr used to be included
into the ”middle” and “upper Krosno beds” (Koszarski & Szy-
makowska, 1961; Œlêzak et al., 1995a). Introductory sampling of
MFm. exposures provided either very rare assemblages (MR1,
KS3) or solitary specimens of ichthyofauna.

8. Temeszów – T, Dobra – D. The column represents a com-
posite section. The main section across MKS in the SW limb of the
Witry³ów Anticline extends between Temeszów and Krzywe (T2 –
T4), whereas supplementary data are derived from Dobra (D) in
the NW limb of this structure, where fish assemblages were col-
lected. Another section extends between Dobra Góra (DG), Ratny
(RT) and Siemowica (SE) exposures, and includes the lower part
of MFm., which occurs in the SE limb of the Wara Anticline. This
section is supplemented by exposures at Temeszów (T1) and
Obarzym (O2). The Menilite Fm. comprises Jamna Dolna, Kotów,
Dynów, and Rudawka members, being overlain by a ca. 100 m
thick complex of the Kliwa-type sandstones bearing intercalations
of green shales at the top. This complex represents either the Kliwa
Mbr or a complex which is older than the Krêpak Mbr. The higher
part of this section, following a gap in exposures, contains calcare-
ous Kliwa-Krosno-type sandstones and marly Menilite shales. The
upper portion of the ca. 100-m-thick segment includes JLH, and 70
m above the latter and above T2 exposure there occur thick-bedded
Krosno sandstones, already representing the base of the Lopyanka
Mbr. This member extends as high as exposure SE. The lower
boundary of the Jutna Mbr cannot be distingusihed due to the lack
of the Korzeniówka Mbr. The upper part of the former is marked
on the main section shortly below the Niebylec Mbr (cf. Fig. 3),
which, in turn, is overlain by the Capor and Dydnia (including
Dobrzanka Tuff Horizon) members. The section terminates by the
Leszczawka (ca. 25 m thick) and Polyanytsya (ca. 75 m thick)
members.

9. H³udno – H. In this section, MFm. builds the NE limb of the
Wara Anticline which is refolded and thrust upon the Leszczawka-
Nozdrzec Syncline. Reconstruction of stratigraphic succession in
this area was a very difficult task. The section was reconstructed
on the basis of numerous partial sections; and the synthetic section
comprises segments which are separated by gaps, the size of which
is hardly defineable or roughly estimated. Estimating the thickness
of MFm. in the undisturbed SW limb of the Wara Anticline, situ-
ated at the same longitude, proved very helpful. For instance, the
portion of MFm located above JLH amounts to 400 m (Jucha,
1969), whereas the total thickness of MFm. approaches that at Te-
meszów. The reconstructed section includes: the Boryslav (H132),
Kotów (H6), Dynów, Rudawka (H5-1), and Borek Nowy (H5-2)
members. Approximately 80 m above JLH (H119), there occur ele-
ments of the mixed Menilite-Krosno facies (H7, H1) which, how-
ever, do not deserve to be distinguished as the Lopyanka Mbr. The

higher-situated, ca. 150-m-thick segment of MFm. (H2, HD3,
HDK1, HD1) comprises alternating sequences of either Kliwa-type
sandstones or Menilite shales with frequent intercalations of thin-
bedded sandstones. This segment can be compared to the periph-
eral zone of occurrence of the B³a¿owa Mbr. Detailed reconstruc-
tion of stratigraphic succession of the younger portion of MFm.
has proved unsuccessful. This portion is most probably composed
of a complex of the Kliwa-Krosno sandstones, including intercala-
tions of thick-bedded Krosno sandstones at the top (Jutna Mbr?).
In front of the imbricated, NE limb of the Wara Anticline, only the
upper part, 300 m thick, of the Capor Mbr with the Dobrzanka Tuff
Horizon does expose. The older portion of KFm. is hidden under
the overthrust (cf. Fig. 3).

10. Leszczawa – L, Huta – Porêby – HP. The section of MFm.
was reconstructed on the basis of a transect across a left-hand
tributary of the Stupnica River, near Bziany Hill. The section of
KFm., in turn, was constructed basing on a detailed geological map
of the Leszczawka Syncline (Kotlarczyk, 1966). The MFm. in-
cludes the following members: Jamna Dolna, Kotów, Dynów, Ru-
dawka, Borek Nowy, Krêpak, and Kliwa, the last one bearing JLH
at the top. The upper part of MFm. section is composed of alternat-
ing strata that represent Menilite, Krosno, and mixed facies. The
presence of the reduced Korzeniówka Mbr, comprising the upper
chert horizon (Fig. 4), makes it possible to subdivide the above se-
quence into the £opyanka and poorly marked Jutna members. The
Capor Mbr, overlying that of Niebylec, is up to 1,150 m thick, and
contains in its upper part the Dobrzanka Tuff Horizon. The
younger Leszczawka Mbr is 275 m thick in Huta-Porêby section,
whereas the youngest Polyanytsya Mbr is only a dozen or so me-
tres thick. Fairly numerous fish assemblages were collected at ex-
posures L and L1.

11. B³a¿owa – B. The section of MFm. was established in a
periclinal part of the Futoma Fold, between Futoma and Trzech
Krzy¿y hill at B³a¿owa; whereas the section of KFm. is exposed at
the continuation of this section into the Harta Syncline at B³a¿owa.
The lower segments of MFm. section (Fig. 6) are presented by bet-
ter exposed partial sections at K¹kolówka (KK1) – Siedliska Mbr,
and Straszydle (S1, S2, S3) – Kotów, Dynów, and – in part – Ru-
dawka members. The Futoma (stratotype) and Borek Nowy (Bm)
members are well developed in this section, whereas the upper part
is occupied by the B³a¿owa Mbr (from Ba to B6). Certain influence
of the Krosno facies can be recognised in the upper part of MFm.
in the form of calcareous Kliwa-Krosno sandstones. There also oc-
cur intercalations of green shales. Shales of the Niebylec Mbr at
Pi¹tkowa Polska bear the most fully developed Pi¹tkowa Diato-
mite Horizon (stratotype), as well as the IV tuff level (Koñskie
Tuff Horizon). The most numerous fish assemblages were col-
lected from the lower members (S1, S2), JLH (££1), B³a¿owa Mbr
(Ba, B4), and shortly from beneath the last one (B1).

12. Borek Nowy – BN. This synthetic section of MFm. was
constructed basing on exposures situated in the northern limb of
the Czerwonki brachyanticline, namely: Borek Nowy (BN), Cze-
wonki (C), Przymiarki (P), Hermanowa (HE, HK), and B³a¿owa
Dolna (BW), as well as on an unpublished map by J. Kotlarczyk
(1999). A sequence of KFm. lithological complexes at the Harta
section, including Harta (HT) exposure (SW limb of the Bachórzec
Anticline) is, in turn, based on Rajchel (1989). The section in-
cludes: Jamna Dolna, Kotów (P1-3), Dynów (P6, BW, C), Rudawka
(P4, HE), Futoma (BN3-5, BE), Borek Nowy (HK), and Mak³uczka
members, as well as Przylasek olistostrome, shortly below JLH.
The upper, not sampled part of the section is composed of sand-
stones of the B³a¿owa Mbr, including intercalations of calcareous
sandstones in the upper portion (Fig. 4). The Niebylec Mbr is over-
lain by strata of the Capor Mbr, ca. 675 m thick, with the
Dobrzanka Tuff Horizon at the very top (Fig. 3). The most numer-
ous fish assemblages were collected at P4 and HT.
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13. Krêpak – K. This stratotype section of MFm., exposed in
the eastern limb of the Brzuska Syncline, was established basing
on exposures which are situated in road-cuts of the winding Prze-
myœl – Sanok road, and in streams flowing both to the south (Ko-
rzeniówka Stream) and to the north (right-hand tributary of Korze-
niówka Stream) of this road. It is this section, to which exposures
of the Huta Brzuska, located 3.5 km away, were referred.

The base of this section includes well-developed Boryslav
Mbr strata which replace in part the lower portion of the Kotów
Mbr (KI3) and, above the latter (HB1), Dynów Mbr. Both the Ru-
dawka Mbr (KIV1) with TLH at the base (KIG), and Borek Nowy
Mbr (KIV2-3) are lithologically similar. Well-visible members in-
clude those of: Krêpak (KIV4-5); Kliwa; Huta Brzuska (KI1, KIII,
HB5, HB6) with JLH at the base (KI); Lopyanka, and Korzeniówka
(KIIh – KII) which bears the upper chert horizon. Numerous inter-
calations of the Kliwa-Krosno-type sandstones are to be noted in
the latter.

The Krosno Formation is represented by the Niebylec Mbr
which also includes the poorly developed Pi¹tkowa Diatomite Ho-
rizon and the lower part of Capor Mbr. The most numerous fish as-
semblages were collected at exposures: KI1, KII, KII3, KIV4-5 and
HB6.

14. Brzuska – BR. A section of MFm. in the NE limb of the
Brzuska Syncline was constructed along the right-hand tributary of
the Stupnica River (north of the road leading to Huta Brzuska), at
Brzuska. Exposures of the section of a right-hand tributary of this
river at Bachów, located 1 km to the north, were projected onto the
Brzuska section. The log of KFm. is shown according to Kotlar-
czyk (1966). The section of MFm. comprises the same members as
those occurring at Krêpak, namely: Boryslav, Kotów (BR22 in the
lower part of this member), Dynów, Rudawka, Borek Nowy (BR43
in the lower part of this member), Krêpak (BR39), Kliwa, and Huta
Brzuska (BR11, BR34, BH3) members. The Lopyanka Mbr is
strongly reduced, being represented by isolated Krosno-type sand-
stone beds in the Bachów section, while the Korzeniówka Mbr
(BR1 – BR10) is more lithologically homogeneous. Rocks of the
Niebylec Mbr are overlain by the Capor Mbr bearing Dobrzanka
Tuff Horizon in its upper part (Fig. 3). The reduced (?) Lesz-
czawka Mbr and Polyanytsya Mbr terminate the section of KFm.

15. Babice Po³anki – BP. A synthetic section of MFm., occur-
ring in the NE limb of the Huta Drohobycka Syncline, was assem-
bled in the Œwinka Stream, a left-hand tributary of the San River,
between Po³anki and Dubiecko-Babice road, and supplemented by
observations gathered in partial sections at Przedmieœcie Babickie
(PB), Bachów – Zadworze (BZ), and more distant localities of
Skopów (SK) and Œrednia (SR). This section was compared with
that of the lower part of MFm. which is exposed at Wola Wêgier-
ska (WE). A section of KFm. of the Œwinka Stream (Fig. 3) is pre-
sented after Wdowiarz (1948).

16. £odzinka – £, Jamna Dolna – J. A section of MFm. is ex-
posed best in a stream flowing north of Bircza-£odzinka road, at
£odzinka (Fig. 4). Fish-bearing exposures, in turn, are situated in a
stream flowing south of this road. The lower part of the MFm. sec-
tion is shown according to the sequence exposed at Jamna Dolna
which is situated in the same tectonic structure, although 4 km
more due south. The section is incomplete due to tectonic reduc-
tion of its upper segment; and its character is different from that
observed at Krêpak owing to the lack of sandstones. There occur
Jamna Dolna, Kotów and Dynów members, as well as tectonically
reduced and hardly discernible Rudawka, Borek Nowy, and
Krêpak members. These are overlain by a 35-m-thick complex of
shales bearing chert layers, the lower part of which contains two
clusters of laminated JLH limestones, ca. 10 m apart. The upper
part of this complex, i.e. that situated above JHL, should be re-
ferred to the Huta Brzuska Mbr. The latter underlies not very thick
(ca. 15 m) strata of the Lopyanka Mbr and the basal part of the

Korzeniówka Mbr. Rich ichthyofaunal assemblages were ex-
ploited from Jamna Dolna exposure only.

17. Knia¿yce – KN. A section of the Menilite Fm. is discon-
tinuously exposed in the marginal slice of BPU, in a stream flow-
ing SE of a forester’s house. The lower part, not visible at present,
was constructed basing on Gucik’s (1988) data. This part repre-
sents the Kotów and Rudawka members. The Krosno Fm. was tec-
tonically reduced.

A shale complex occurring above the olistostrome (Fig. 4)
bears intercalations of green shales (KN4) which can represent an
equivalent of either Krêpak or Mak³uczka members. A large por-
tion of the Menilite Fm. below JLH, obscured at present, is com-
posed (according to Gucik, 1988) of brown Menilite shales, grey
shales, and Kliwa sandstones. The latter can be related to the pres-
ence of the Kliwa Mbr, although the occurrence of grey shales can
point to an early appearance of the Lopyanka Mbr. This member
undoubtedly occurs shortly below and above JLH (KN1), and is
composed of typical lithologies. The top of the section exposes a
thin sequence of Menilite shales bearing chert intercalations,
probably representing the Korzeniówka Mbr. Contact zone be-
tween the Menilite Fm. and deposits of the overthrust slice is not
exposed.

18. Dubnik – DU, Berendowice. The second section of the
Menilite Fm. in the first marginal slice was constructed basing on
exposures in a country road between Dubnik and Oliwna Góra
Hill, i.e. 8 km south of the previous section. Data lacking from the
lowermost part were supplied on the basis of a partial section near
Berendowice (Fig. 1). The Menilite Fm. at Dubnik is also tectoni-
cally cut at the top; tectonic contacts occurring within the slice as
well. Section at Berendowice exposes the Kotów, Dynów, and Ru-
dawka members. Up the section, there occur: (1) calcareous shales
of the Krosno type, (2) cherts, and (3) Menilite shales with thin-
bedded sandtone intercalations. It is likely that they still belong the
the Rudawka Mbr.

In the Dubnik section, the lower shale complex resembles the
Mak³uczka Mbr, probably with the Przylasek olistostrome at the
top (DU4); although the lowermost, thick intercalation of green
shales could also be an equivalent of the Krêpak Mbr. The middle
part of the section is composed of strata known from the Lopyanka
Mbr, and its central portion (DU3) comprises the lower cluster of
JLH layers. The upper part, in turn, includes three different shale
complexes: (1) brown siliceous-clayey shales with chert intercala-
tions (DU2), (2) green shales, and (3) brown shales bearing sphero-
ankerites (DU1). The first complex is most probably an equivalent
of the Korzeniówka Mbr; its bottom part comprising laminated
layers of the JHL type. The second complex represents the Oliwna
Góra Mbr.

Western part of the Polish Carpathians

Assigning the Chocznia (CH) and Krakowica (KW)
sections to one of the main Carpathian tectonic units raises
serious difficulties. According to Ksi¹¿kiewicz (1951; see
also Nowak 1966), both sections represent the so-called
Outer Flysch Unit which is situated north of SSU. Some
authors, starting from Koszarski (1985), considered this unit
a continuation of SKU. It was also suggested that the area
comprising the Chocznia section belongs to SSU (Golonka
1979). One should also take into account a possibility that
the Outer Flysch represents a lower digitation of SSU only.
Farther to the west, it is this unit which builds the outermost
element of the Carpathians. Given this uncertainty, both the
discussed sections have not been assigned to any particular
tectonic unit and are described separately. Detailed identifi-
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cation of tectonic units is not necessary for the purpose of
this study, since fish assemblages are derived from lower
members of the Menilite Fm. which occur throughout all the
units in question.

Description of sections shown on Fig. 4
1. Chocznia – CH. The section is exposed on the right bank of

the Konówka Stream, dissected by a few gullies. There occur:
sub-chert beds with intercalations glauconitic sandstones, Kotów
and Dynów members, and a complex of shales and thin-bedded
sandstones which resemble those of the Rudawka Mbr (CH). In a
side gully, south of CH exposure, one can find ca. 85-m-long expo-
sure of weathered Menilite shales and thin-bedded sandstones,
bearing intercalations of hornstones in the lower part.

2. Krakowica – KW (Inwa³d). The area is obscured by tec-
tonic outliers, regoliths, and vegetation, making reconstruction of
the MKS section difficult. The described synthetic section is based
on two partial sections: of the upper reach of a right-hand tributary
of the Wieprzówka Stream, and of a right-hand gully of the Fry-
drychówka Stream, situated ca. 1 km to the north. Both these sec-
tions are probably situated within limbs of a syncline which is built
up of the Krosno Fm. The Menilite Fm. at Krakowica is much
more thinner(~45 m) than at Chocznia, although distinctly tecton-
ised, resulting in apparent shortening of the section. The following
units can be distinguished: sub-chert beds, Kotów Mbr, Dynów
Mbr, and a complex of siliceous-clayey shales bearing TLH at the
top. The higher part of the section includes shale complexes with
intercalations of cherts and thick-bedded Kliwa-Krosno sand-
stones, sometimes of the Jawornik sandstone-type.

LITHOLOGY OF THE
MENILITE-KROSNO SERIES

Analysis of the environment of ichthyofaunal taphocoe-
noses requires in-depth determination of lithology of the
Menilite-Krosno Series, i.e. different types of rocks and
their sequence. These will be presented on examples of a
number of sampled sections.

For the purpose of this work, 18 exposures out of 75
studied have been chosen taking into account the following
criteria, from which at least two should be fulfilled: (1) the
exposure represents either stratotype or hypostratotype of a
lithostratigraphic member; (2) ichthyofaunal assemblages
were collected from marked layers; and (3) the exposure
bears a boundary between ecological assemblages, or con-
tains characteristic assemblages which helped to define stra-
totypes of ichthyofaunal zones and their boundaries. The
last criterion resulted in chosing those exposures which rep-
resent SKU and SSU only.

The list of chosen exposures includes of course those,
for which tables of respective fish assemblages collected
from individual layers were constructed and will be pre-
sented in farther chapters.

Affiliation of the chosen exposures to lithostratigraphic
members is shown on Fig. 5. In case of those few members,
wherefrom infrequent fish assemblages were collected at in-
dividual exposures, their position is marked on Fig. 5 by
dashed lines and italics.

All lithological types distinguished in the sections of
exposures (Fig. 6) will be briefly characterised below.
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Fig. 5. Affiliation of exposures (columns accompanied by acro-
nyms) shown on Fig. 6 to lithostratigraphic members. Dashed lines
mark those members (columns bearing symbols of member names
shown in italics) or their fragments which have not been taken into
account in the set of selected detailed sections of exposures pre-
sented on Fig. 6



Each of the two facies, Menilite and Krosno, is typified
by a set of different lithological types. General properties of
the Menilite facies are as follows: (1) dark-brown or black
colour of the majority of shales, diagenetic cherts, and some
sandstones bearing a large proportion of muddy cement due
to increased amount of organic matter; (2) bright, white,
creamy, yellowish or beige colours of the majority of sand-
stones, hard marls, platy limestones, diatomites, and tuffs;
(3) nearly complete lack of carbonates within shales and
usually poorly-cemented sandstones; (4) predominance of
pelitic rocks over psammitic ones; and (5) a marked propor-
tion of free silica derived from diatoms and sponge spicules,
resulting in frequently occurring silification of different
rocks.

Properties of the Krosno facies, in turn, include: (1)
bright, grey, blue-ash-grey colours of all rock types; (2) sig-
nificant amount of muscovite; (3) ubiquituous presence of
carbonates; and (4) large amount of psammitic rocks.

It is important to note that the Menilite facies includes
lithological types showing properties of both facies. These
are brown and black, strongly marly shales, and the Kliwa-
type sandstones bearing a minor admixture of mica and
poorly-calcareous cement. Different types of rocks occur-
ring in MFm. have been described in numerous papers (cf.
Kotlarczyk & Leœniak, 1990). The following characteristics
concern only those rocks which compose sections of the
sampled exposures (see Figs 5, 6).

Menilite facies

1. Leaf-like (clayey-siliceous) and scale-like shales
(mudstones) differ from each other by the percentage of
principal components as well as thickness and shape of
weathered rock fragments, i.e., resp. flakes and plates, up to
two centimeters thick, which thin out in different directions.
These rocks occur most frequently.

2. Platy and sheet-like (siliceous-clayey) shales tend to
disintegrate along parallel surfaces into 2 cm or 1–2 mm
thick fragments, respectively. These shales are frequently
interlaminated by quartz silt which also occurs in dispersed
form. The shales are usually confined to the lower part of
MFm.

3. Lump-like shales (mudstones) disintegrate when
weathered along conchoidal surfaces. This variety is mainly
associated with the upper part of MFm.

4. Shales (mudstones) of crude and sliver-like fissility
disintegrate into irregular fragments or – due to cleavage –
elongated chunks that resemble slivers of wood. The shales
are abundant in the Nowosió³ki Dydyñskie Mbr and in the
upper part of MFm. in SKU. In SU, in turn, they appear
above TLH.

5. Marly shales tend to reveal scale- or lump-like fissil-
ity. These rocks occur rarely in those parts of the basin
which show either traces of the Krosno facies or interfinger-
ing of the two facies. The shales are mainly confined to the
Lopyanka, Jutna, and Niebylec members.

6. Green and greenish-grey, clayey-siliceous shales
tend to reveal leaf-like fissility. They occur sporadically in
different parts of the MFm. section, particularly in the Šit-

boøice and Krêpak members, subordinately in the Kliwa and
Mak³uczka members.

7. Grey, clayey-siliceous, mica-free and usually noncal-
careous shales show leaf- or scale-like fissility. Thin inter-
layers subordinately occur in the Korzeniówka and Leszc-
zawka members, whereas calcareous varieties are to be
found close to JLH in SSU.

8. Hard siliceous marls are usually thin-bedded, lami-
nated or graded, light-brown, beige when weathered. Marl
layers, alternating with very thin beds of marly shales, build
the Dynów Mbr, the upper part of which contains in places
flint concretions. When decalcified, porous rocks of sili-
ceous framework are formed, and can easily be mistaken for
diatomites.

9. Hard marls, thin and rarely medium-bedded, mas-
sive, showing either creamy-whitish or like above colours,
sometimes siliceous and bearing flint concretions, occur in
the Dynów and Jawornik members.

10. Brown marls of crude fissility, yellow, creamy or
white when weathered, are in places intercalated by a few
millimetres thick sets of fine laminae which bear abundant
detritus of Planorbella. This variety occurs mainly in the
Siedliska Mbr.

11. Diatomaceous rocks of light-brown, beige and
creamy colour are mainly represented by diatomaceous
mudstones (showing fissility comparable to that of Menilite
shales), rarely diatomites, and in exceptional cases tuffo-
diatomites. Laminated varieties of these rocks occur in the
Futoma Mbr along with non-laminated ones. The latter,
however, are usually found in the Leszczawka Mbr. Pure
diatomites frequently become silicified; some layers turn
during early diagenesis into either cherts or porcelanites.
Detailed characteristics of these rocks can be found, i.a. in
Kotlarczyk (1966) or Kotlarczyk et al. (1986, 1991).

12. Brittle, light-brown, brown and black glassy cherts
build either a few millimetres thick laminae or one to a
dozen or so centimetres thick layers. In some cases, diage-
netic processes were not completed, and cleavage surfaces
of cherts are lustreless. Individual chert layers are separated
by brown silicified shales of leaf-like fissility and variable
thickness. A continuous sequence of cherts is to be found in
the Kotów Mbr, while single layers or their clusters appear
in the Rudawka, Borek Nowy, Korzeniówka (Upper Chert
Horizon) and Leszczawka members.

13. White and beige porcelanites, lustreless and rela-
tively light, build isolated thin layers, a few millimetres or a
few centimetres, rarely a dozen or so centimetres thick.
These occur mainly within diatomaceous beds of the Fu-
toma and Leszczawka members, being sometimes associ-
ated with pyroclastic strata in the latter member. Dark-beige
varieties appear in the Kotów and Rudawka members.

Psammitic rocks build numerous varieties and types (cf.
¯giet, 1963a ; Kotlarczyk, 1966, 1976a; Kotlarczyk &
Leœniak, 1990), the common feature of which is a very large
amount of quartz (quartzarenites) accompanied by minor
percentage of clayey or siliceous cement and the absence of
mica. These rocks are poor in sole marks (load-casts, drag
marks, and deltoidal ones).

14. Ripple-cross laminated sandstones are thin-bedded,
fine-grained, and interlaminated with brown silt which un-
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derlines, i.a. ubiquitous occurrence of ripplemarks. Some
sandstone beds, particularly in the Rudawka Mbr, origi-
nated due to traction currents (contourites, tractionites; cf.
D¿u³yñski & Kotlarczyk, 1962; Unrug, 1980), while other
beds represent Tcd Bouma members.

15. Medium- and thick-bedded (up to 6 m), vari-grained
quartzarenites are composed of grains up to granule and
gravel size. Top parts of beds frequently comprise large
clasts of Menilite shales, and laminae build up of brown silt.
In places, large-scale cross bedding occurs within the beds.
These sandstones originated due to grainflows and fluxotur-
biditic currents, and are typical Kliwa sandstones which oc-
cur within the Kliwa and B³a¿owa members, and in the in-
ner part of SKU also within the Rudawka Mbr.

16. The Kliwa-Krosno-type sandstones (i.a. at Vama in
Bukovina, Romania; Paul, 1876) represent that sedimentary
environment of MFm. in which influences of the Krosno fa-
cies mark their appearance. The Kliwa sandstones tend to
become poorly marly and their grain composition becomes
enriched in muscovite. Sandstone varieties bearing a minor
amount of both components were distinguished as the Ma-
gierów sandstones by Kotlarczyk and Leœniak (1990).

17. Greywacke-like sandstones and massive mudsto-
nes, brown or black-grey, bearing unsorted grains of vari-
able size (quartz, feldspars, muscovite, sometimes glau-
cony, numerous small-scale lithoclasts of Carpathian and
exotic rocks, including metamorphic and sedimentary
ones). The amount of muddy cement is considerable, some-
times very high, resulting in a sequence of different rocks
that range from sandstones (e.g., Jawornik Ruski Sand-
stones) to sandy mudstones. These rocks originated due to
slow, mud-sandy cohesive flows (Kotlarczyk, 1966, p.31;
Leszczyñski, 1987). They occur more frequently within the
Siedliska, Huta Brzuska and Korzeniówka members, and
are principal components of the Jawornik Ruski Mbr.

18. Greywacke-like conglomerates and vari-grained
sandstones, brown-grey or brown-green, build beds of vari-
able thickness. These rocks are usually calcareous, compact,
and bear abundant glaucony, along with frequent clasts of
Carpathian and exotic rocks, as well as detritus or entire
shells of molluscs. Structures typical of turbidites are com-
mon. The rocks are characteristic for the Siedliska Mbr, and
calcareous sandstones with glaucony and bearing ripple-
mark structures build thin interlayers in the Dynów Mbr.

Aleurites are ubiquitous in MKS, usually forming sin-
gle laminae within shales and diatomites and building upper
parts of sandstone beds, instead of separate layers. More
abundant proportion of silt accompanied by clays is ob-
served in commonly occurring mudstones.

19. Light-grey, quartzose, thin-bedded, noncalcareous
siltstones occur within the Rudawka and Leszczawka mem-
bers.

20. Chaotic deposits are represented by submarine
slumps and olistostromes. These structures comprise dis-
torted, bent, sometimes rolled-over fragments of sandstone,
shale, siliceous marl, chert, diatomaceous siltstone, and
other beds. The matrix is composed of sandy mud or does
not occur at all. The thickness of such deposits ranges from
a few metres to several tens of metres (fragments of the
Leszczawka Mbr, Przylasek olistostrome, Popiele olis-

tostrome). Single slumped packets of siliceous marls (olis-
toliths) may resemble normal elements of the sequences of
either Rudawka or Borek Nowy members.

Krosno facies

1. Ash-grey, clayey-marly, sometimes silty shales bear-
ing fine flakes of muscovite. In places, they represent a sin-
gle Te member preceded sometimes by a silty lamina (Tde),
although they usually build the uppermost member of the
Bouma sequence which cannot be discriminated from
clayey hemipelagic sediments.

2. Convolute, thin-bedded, ash-grey, strongly calcare-
ous and mica-rich, typically turbiditic sandstones.

3. Medium- and thick-bedded, fine- to coarse-grained,
ash-grey or bluish-grey, calcareous sandstones.

These principal, and also other types of rocks, all of
them turbiditic, have been described many times (cf.
D¿u³yñski & Œl¹czka, 1959; Koszarski & ¯ytko, 1961;
Jucha & Kotlarczyk, 1966). These rocks occur throughout
the Krosno Formation, as well as in a few members of the
Menilite Formation, namely: Papin, Cergowa, Lopyanka,
and Jutna members.

Marker horizons

1. Finely laminated, whitish-creamy, sometimes beige-
brown, platy limestones tend to build layers which range in
thickness between a few millimetres to a few centimetres.
Darker laminae bear an admixture of clay minerals. Apart
from laminated rocks, there occur alternating, usually
thicker layers of non-laminated limestones or bearing single
laminae only. It is this variety, the upper cluster of limestone
layers of JLH is composed of. Both varieties within JLH and
TLH are commonly stuck together. Particularly thick and
slightly marly beds, up to 70 cm thick, occur in TJH. Lami-
nated limestones represent pelagic (or hemipelagic) sedi-
ments, while thick beds of non-laminated limestones may
belong to turbiditic unifites. Certain types of dark-
coloroured limestones like, for instance, those in WLH, tend
to weather easily and become brittle, porous and yellow.
More detailed descriptions are comprised in papers by
Koszarski and ¯ytko (1961), Jucha (1969), Haczewski
(1989) and Bubik (1992).

2. Tuffs, tuffites and bentonites. Pyroclastic rocks of vi-
troclastic or ash structure are ash-grey, frequently of green-
ish hue, or white-yellow. Certain, slightly silicified varieties
tend to disintegrate into lumps. Tuffites are sometimes
finely laminated. Individual beds are from a few centimetres
to a few metres thick. Bentonites, in turn, frequently build
single layers that are composed of soft rocks, green or
yellow-green, which easily disintegrate in water. Those
bentonites which build upper members of tuffaceous
rhythms are silicified, grey-greenish, and tend to disinte-
grate into angular fragments.
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SEDIMENTATION OF THE MENILITE
FORMATION

Any reconstruction of the environment of ichthyofaunal
taphocoenoses in a sedimentary basin requires careful
analysis of depositional processes. The hitherto-conducted
studies in SU and DU are not sufficient enough to explain
such processes in detail, in contrast to SKU and SSU which
have been in-depth investigated. Beneath, we shall repeat
the results of those previous studies which helped to con-
struct a model of deposition of the lower part of MFm.
within SKU (Kotlarczyk & Leœniak, 1990; Kotlarczyk,
1991).

The described fragment of the Tethys basin consisted in
Oligocene times of the following elements: (1) shelf, (2)
continental slope of the East-European Platform, (3) conti-
nental rise, (4) bottom of the Skole Trough, subdivided in its
eastern part into (4a) narrow, outer furrow of BPU, and (4b)
broad furrow of SKU, (5) submarine rise (ridge) accompa-
nied by an island arc (Sanok “cordillera”) which separated
SKU from (6) a broad trough of SU-DU (Fig. 7). Sediments
deposited upon this ridge build now SSU (in the western
part of the Polish Carpathians, near Wadowice – see Fig.1,
sediments of SSU were deposited on the bottom of the outer
furrow of the Menilite basin). The southern slope of the
SU-DU Trough and the entire basin was represented by the
intrabasinal ridge – remnants of the Silesian “cordillera”.
Judging from ichthyofaunal composition, the initial mini-
mum depth of the basin was either 1,500 m or 2,500 m.

The MFm. sediments in SKU and BPU are represented
exclusively by deposits of both the slopes, continental rise,
and basin bottom. Shelf sediments have only been preserved
as olistoliths and clasts. These must have been derived in
gross part from a carbonate platform surrounded by reefs.
The continental slope was probably cut by fault zones which
led to disintegration of rocks and supplied detrital material
to olistostroms, debrites, and turbidity currents (D¿u³yñski
& Kotlarczyk, 1988). Mobilization of gravitational mass
movements affecting material deposited close to the shelf

break and upon slope was triggered by earthquakes, tsuna-
mis, or due to overloading of the slope. Density bottom cur-
rents flowing down the slope facilitated tractional transport,
leading to deposition of tractionites.

However, detrital material of variable size used to be
supplied into the basin mainly by channels of elongated sub-
marine fans. The smallest grains could have also been sup-
plied in clouds of suspended load, detached from the slope
and prograding towards the trough’s axis along the pycno-
cline surface (cf. Stanley, 1983); within muddy turbidites;
from nepheloidal layer; and owing to aeolian transport. The
amount of biogenic material, originating in the euphotic
zone, is difficult to estimate within pelitic sediments except
for such deposits as the coccolith Jas³o, Tylawa, and Wuj-
skie limestones.

Senkovsky et al. (2004) link the origin of black shales
of the Menilite Fm., rich in organic matter, with permanent
activity of upwelling along continental slope of the northern
Tethys basin. This upwelling is supposed to have led to the
formation of the oxygen-minimum layer at depths between
ca. 500 and 1,500 m, providing anaerobic conditions also
within sediments deposited at these depths. The presented
model (op. cit., fig. 42) is, however, hardly compatible with
the presence of deep-water fishes which dwelled, except for
a short episode, this zone during deposition of the Menilite
Fm.

Field examination made it possible to conclude that (1)
sandy lithosomes composed of the Kliwa-type sandstones
are elongated in shape, and (2) maintain comparable posi-
tion on the bottom, irrespectively of age. Orientation of
these lithosomes is compatible with that of the axes of
swells of intervening members that are composed of pelitic-
aleuritic facies, such as the Kotów, Dynów, Rudawka, and
Borek Nowy members. These observations enable one to
distinguish four submarine fans in the study area: Dêbica
SF, Rzeszów SF, £añcut SF, and Przemyœl SF (Fig. 8). The
fans are up to a dozen or so kilometres wide, and – without
taking into account folding-induced shortening – up to 75
km long (Kotlarczyk & Leœniak, 1990). These fans com-
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Fig. 7. A model of deposition of Menilite facies sediments in the basin of the eastern portion of the Polish Carpathians (based on Kot-
larczyk, 1991a; supplemented). Symbols: SK – Skole Trough; SS – Subsilesian High (Ridge) including Sanok Cordillera; S – Silesian
Trough; C – submarine canyon; £SF – £añcut submarine fan; RSF – Rzeszów submarne fan; DSF – Dêbica submarine fan; PB – perched
basin; D – eolian dunes; B – barrier reef; OL – olistostrome; TC – turbidity current; MF – cohesive mudflow; TR – tractionites; NL –
nepheloidal layer; P – pycnocline, TL – broken layer of suspended load



prise structures typical of the channel facies, like: large-
scale cross bedding, amalgamated beds, erosional furrows,
as well as sediments of cohesive, debris, and grain flows.
The Dêbica and Rzeszów submarine fans include turbiditic
conglomerates and sandstones of the Siedliska Mbr, and
beds of the Kliwa-type sandstones which occur in lower
parts of the main fan and its side distributary channels. The
above-mentioned members composed of finer fractions al-
low one to suppose that also fines must have been trans-
ported through distributary channels of submarine fans. The
material was transported above the levées (particularly left-
hand side, lower ones) and filled inter-channel zones. The
same was also applied to biogenic material which was origi-
nally deposited upon shelf, sometimes close to estuaries,
like calcareous coccolith muds that build the Dynów Mbr,
and diatom muds that compose the Futoma Mbr. This
mechanism explains well the presence of brackish or even
fresh-water taxa of the two groups of organisms (Krhovský
1981; Kotlarczyk & Kaczmarska, 1987), as well as the find-
ing of a scale of a fresh-water fish Barbus sp. in the Dynów
Mbr.

The longest distribution of the Kliwa-type quartza-
renites, lasting until the end of deposition of MFm., charac-
terised the Rzeszów channel (B³a¿owa Mbr). This northern

fan became then considerably shortened (Fig. 8), since the
SE part of the basin bottom started to be filled with sand-
stone-dominated flysch of the Krosno facies. The lobes of
this fan, supplying material from the SE, originated first in
the axial part of the basin and then expanded towards the
NE, upon continental rise, i.e. up to the Brzuska Syncline.
The lobe’s head reached as far north as the Brzuska-Dydnia
line. The Lopyanka Mbr was deposited at that time. Some-
what earlier, pelitic sediments of the Krosno facies reached
Knia¿yce area through the BPU furrow.

The second phase of expansion of the Krosno facies fan
took place after distribution of this material had terminated
and the Lopyanka Mbr strata had become covered by pelitic
sediments of the Korzeniówka Mbr. It was this phase when
fan lobes infilled the narrow, axial part of the SKU Trough
and reached farther north. Near H³udno, sediments of this
lobe became alternated with those of lobe sediments of the
Rzeszów fan. Sediments of the SE fan compose the Jutna
Mbr.

Deposition in the innermost part of SKU, proceeding
upon a submarine rise, took place outside the extent of lobes
of both the northern and south-eastern fans. Only pelitic
sediments did accumulate in this zone.

As far as SU is concerned, deposition of MFm. upon the
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Fig. 8. Development of submarine fans in the Skole Trough during deposition of younger MFm. members. Outline of the trough shown
before sigmoidal bending of the Carpathians near Przemyœl



Dynów Marl Mbr proceeded in a different way. The forma-
tion is mainly composed of mudstones and shales interbed-
ded with rare layers of cherts and thin- or medium-bedded,
noncalcareous sandstones. Judging from geological maps of
sheets Jedlicze and Rymanów, the thick-bedded Kliwa
sandstones occur in the outermost, northern part of SU at
£¹czki Jagielloñskie (Szymakowska & Wójcik, 1992),
Korczyna (Jucha, 1969), Trzeœniów (Wdowiarz et al.,
1991), and in the Wrocanka Fold, SSE of Jas³o. These sand-
stones are also exposed at Rudawka Rymanowska, occupy-
ing the position of the Boryslav sandstones. It is worth to
note that Jucha (1969) distinguished in MFm. an additional,
narrow zone of increased sand content between Brzostek
and £¹czki Jagielloñskie (the so-called Gogo³ów-type of the
Menilite Series, i.e. shale-sandstone facies of Jucha and
Krach, 1962), in which common components are “clayey
sandstones”, rarely “pebbly mudstones” with exotic rocks
and rich molluscan fauna, that represent cohesive sand-
muddy flows. At several places of this zone, the base of
MFm. includes the Siedliska conglomerates (see also Szy-
makowska & Wójcik, 1992). The origin of increased pro-
portion of clastic material used to be associated with the
presence of the emerged “Sanok cordillera” (Jucha &
Krach, 1962). However, the provenance of these rocks, in-
cluding thick-bedded Kliwa sandstones, can be explained in
a different way. All the above-listed sites form a narrow
zone that extends NE–SW at a continuation of the Dêbica
fan (Fig. 8). Given that, one can assume that a submarine
ridge separating the Skole and Silesian troughs must have
been lowered in this area, forming a gate between Brzostek
and £¹czki Jagielloñskie. Clastic material of the Dêbica fan
was transported through this gate into the Silesian-Dukla
Trough. Thick-bedded sandstones and cohesive flows
which mark channel zones of the fan approached in the first,
“sub-chert” phase as far as Rudawka Rymanowska, and in
the following, “supra-chert” phase their extent reached the
latitude of Krosno only. According to this hypothesis, thin-
and medium-bedded turbiditic sandstones and mudstones
(unifites) must have been deposited all over the discussed
area of SU, i.e. also beyond the extent of channel zones of
lobes of the lower fan. Similar reasoning should also be ap-
plied when explaining the origin of both the coccolith Ja-
wornik Marl (i.e. sub-Cergowa Marl), which build much
more thicker layers than those of the Dynów Marl and re-
semble unifites (Œl¹czka, 1990), and massive marly lime-
stones which occur in the Tylawa Limestone Horizon. Bio-
geneic components of these rocks would have been derived
from a carbonate platform situated on the northern basin
margin, and distributed via the Dêbica fan.

From the very beginning, the activity of the Dêbica fan
(or another one situated farther to the west) was hampered
several times in the innermost part of the Menilite basin:
first during deposition of the Papin Mbr, then the Cergowa
Mbr, and finally during sedimentation of the “upper Menil-
ite beds”, due to expansion of fans composed of sediments
of the Krosno facies. These fans were supplied from sources
situated in the SE and, sometimes, in the NW (Œl¹czka &
Unrug, 1976). Finally, deposition of the Menilite Fm. within
the SU-DU Trough became completely replaced by sedi-
ments of the Krosno facies, which were shed from the SE

and WNW (D¿u³yñski & Œl¹czka, 1959). Basin infilling
proceeded through expansion of several submarine fans
(Wendorff, 1979, 1986a, 1986b).

Likewise, very quick infilling of the SKU Trough oc-
curred in a phase that succeeded deposition of the Niebylec
Mbr. At the same time, in the Eastern Carpathians, deposi-
tion of the Menilite facies alternated with that of the Krosno
facies in the marginal part of SKU and in BPU (“upper
Menilite beds”).

In the study area, the Menilite facies marked its appear-
ance for the last time in the basin in the Leszczawka Mbr,
during temporary slowing down of flysch deposition of the
Krosno facies. The SKU Trough was then largely infilled by
MKS sediments, the thickness of which ranged, after com-
paction, between 1,600 m to ca. 2,200 m in the axial zone.

Diatomaceous rocks bearing a large proportion of
fresh-water diatoms (Kaczmarska & Kotlarczyk, 1979) are
usually represented by massive mudflows. It is at the base of
the member only, where beds tend to reveal poorly devel-
oped lamination. Isolated samples include either exclu-
sively qualitatively poor assemblages of fresh-water taxa, or
similar assemblages bearing an admixture of marine taxa.
This points to migration of diatom material from the littoral
zone through successive depth intervals to the basin bottom,
which was then situated at shallower depths of the order of a
few hundred metres (cf. further comments regarding basin
bathymetry).

The presence of sand-muddy cohesive flows and thick-
bedded Kliwa-type sandstones within the Leszczawka Mbr
and, first of all, Jawornik Ruski Mbr points to a possibility
that both these members originated due to activity of a sub-
marine fan, whose channel could have supplied detrital and
biogenic material, typical of MFm. (cf. Kotlarczyk, 1966),
from the northern basin margin.

The most complete development of both members pro-
ceeded between the channels of the Rzeszów and £añcut
fans. Formation of a new fan after a long break in sediment
delivery from the northern land and upon fans that build
KFm. need not had to be related with the former-existing
fans, although it cannot be excluded that the material was
transported through the £añcut fan’s canyon. An alternative
explanation is that all types of material were shed from the
shelf break directly along the continental slope, down to an
elevated level of the continental rise.

The Leszczawka Mbr includes an olistostrome (Kot-
larczyk, 1983) which is composed of large blocks, and ear-
lier diagenised and even silicified at places diatomaceous
mudflow sediments.These deposits indicate that the mem-
ber must have been formed at the base of an inclined surface
of either submarine fan or continental slope.

SEDIMENTARY ENVIRONMENT OF
ICHTHYOFAUNAL TAPHOCOENOSES

Isolated fragments of fish skeletons and scales can be
found in nearly all varieties of MFm. rocks and thin-bedded
sandstones of KFm., while entire skeletons or their frag-
ments are confined exclusively to dark pelitic rocks, usually
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more or less distinctly laminated, and to pelagic limestones
showing brown-coloured lamination. Fish assemblages de-
rived from light-coloured mudstones of the Krosno Fm.
have been found within brown shales or in dark-beige lami-
nae, whose colour markedly differs from that of the Krosno
mudstones (cf. section HT on Fig. 6). In all these cases, fos-
sils occur on the surfaces of laminae. The described sedi-
ments represent E.2.2, E.2.1 and G.1.2 facies of Pickering et

al. (1986).
Fish skeletons are frequently met on those surfaces

which separate different episodes of deposition, i.e. at the
top or bottom of clay and mudstone strata of different types,
as well as bedded limestones, cherts, and even sandstones.
In such cases, the skeleton is associated with one type of
sediment, and its imprint with another type. It is probable,
although not sufficiently documented, that those skeletons
which occur below sediments of a single depositional event
are closely linked with hemipelagic sediments of G.2.1 fa-
cies which separate this episode from the preceding one.

Separation of the terminal member of the Bouma se-
quence, Te, or sediments of diluted turbidity current, and
even pelitic sediment delivered into the basin by another
way in one depositional event (e.g., mudflow) from inor-
ganic hemipelagic sediments originated, for instance, from
a layer of detached suspended load or nepheloidal layer, is
very difficult and even impossible during routine fish ex-
ploitation. Fossil fish reveal hardly any relationship with
transport by turbidity currents. This is apparently indicated
by the lack of observed current-controlled orientation of
elongated fish bodies, as well as the occurrence of skeletons
within one mud layer, although at different levels; a feature
pointing to long-lasting burial and hemipelagic type of
deposition. An important example is fish occurrence in
banded, brown-green shales that show leaf-like, scale-like,
and even conchoidal fissility (facies E1.2). These must have
been deposited on a submarine ridge of SSU, where no
traces of turbidity currents were found. Within these hemi-
pelagic muds, fish tend to occupy different positions within
sections of each brown layer.

In some places, fish skeletons appear within thick shale
(mudstone) beds of crude, scale- or lump-like fissility, of
turbiditic or flow origin. In such cases we are usually con-
fronted with a bed composed of several depositional events,
and the occurrence of fish is confined to the surfaces sepa-
rating these events, i.e. single laminae of hemipelagic mud.

It cannot be excluded that in some cases the fish have
been brought together with the material of a turbidity cur-
rent or a flow. The latter case appears to be supported by
rarely observed (E. Œwidnicka), abnormal arrangement of
skeleton fragments, i.e. across sedimentary surface of the
layer.

The hitherto-gathered experience enables one to put
forward an hypothesis that relocation of dead fish by mud-
flows must have played a negligible role in post-mortem
transport. However, floating of these fish within mud tur-
bidity currents and their deposition before the final sedi-
mentation remains an open question.

COMPOSITION OF ICHTHYOFAUNA
OF THE COLLECTION HOUSED

AT THE DEPARTMENT OF
PALAEOZOOLOGY, INSTITUTE OF

ZOOLOGY, UNIVERSITY OF WROC£AW

The collection of fossil fish housed at the Departament
of Palaeozoology, Institute of Zoology of the University of
Wroc³aw, comprises ca. 13,000 specimens, including ca.
12,930 specimens of Teleostei, and ca. 70 specimens of
Chondrichthyes. The subject of this work is a set numbering
12,752 specimens, from which 10,705 (ca. 84 %) have been
determined by A. Jerzmañska or her collaborators to the
rank of either species or genus. Some of the specimens de-
termined to the genus rank bear generalized names, whereas
the term species includes sometimes a group of unidentified
taxa. 1,105 specimens (ca. 8.7%) have been assigned to
families, 408 specimens (ca 3.2%) to orders, and 82 speci-
mens (ca. 0.6 %) to other, higher-ranking systematic units
(subclasses, suborders, subfamilies). For 452 specimens
(3.5%), no taxonomic position rank has been established,
whereas for a certain number of specimens distinguished
within families, suborders, and orders A. Jerzmañska deter-
mined new types, called by informal names only: Bathylagi-
dae, of type (Melania); Myctophidae, of type (Giant II);
Sternoptychidae, of type (xz); Stromateidae, of type (Giant
III); Salmoniformes (?), of type (xx); Perciformes, of type (à
la, à la). Informal names of the taxa (given in brackets) as
well as taxa of only inferred position in the classification
scheme have been marked by asterisks (*).

The list of taxa presented in this chapter reflects the
state of elaboration of ichthyofauna up to 1994. In 1998, in-
troductory works aiming at detailed osteological description
began. Future studies will include a revision of types deter-
mined on the basis of currently made revisions of holotypes
housed at other collections of the world. It cannot be ex-
cluded that new descriptions will enable for a transfer of
some forms into different families and orders.

The collection bears a systematic catalogue, Coll Fish-
Carpath ZPalWr, prepared in the programme ACCESS
2002. The catalogue includes 61 species, 75 genera, and ca.
60 unidentified taxa that belong to 57 families and 21 orders
of Teleostei, as well as 3 genera belonging to 3 families and
2 orders of Chondrichthyes. It comprises 15 holotypes and
designated paratypes. The catalogue is of great scientific
value, documenting palaeobiostratigraphical studies con-
ducted on ichthyofaunal assemblages described from the
Menilite-Krosno series of the Polish Carpathians.

The lists of taxa collected in the Polish Carpathians in
the years 1954–2003 have been currently published in bio-
stratigraphical and statistical papers, as well as in geological
guidebooks. The complete lists of taxa have been published
by Kotlarczyk (1985), and Jerzmañska and Kotlarczyk
(1988).

The collection includes as well a number of taxa from
the Polish Carpathians that have not been mentioned in pre-
vious lists or publications: Acanthocybium sp.; Ammodytes

sp.; Apostasis sp.; Barbus sp.; Bathyprion sp.; Bregmaceros

sp.; Caprovesposus sp.; Caranx petrodavae Simionescu
1905; Caranx sp.; Centriscus sp. A; Diaphus sp.; Forcipi-
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ger sp.; Holosteus mariae (Menner 1948); Holosteus sp.; Id-

rissia sp.; Mugil sp.; Nessorhamphus sp.; Oligobalistes sp.;
Oligolactoria bubiki Tyler et Gregorova 1991; Onobros-

mius sp.; Palaeogadus carpathicus Œwidnicki 1991; Palae-

ogadus distinctus Œwidnicki 1990; Palaeogadus intergeri-

nus Daniltshenko 1947; Palaeomolva monstrata Fedotov
1974; Palimphyes lanceolata (Simionescu 1905); Para-

beryx bachoviensis Jerzmañska 1975; Paraberyx sp.; Para-

hollardia ? sp.; Parasteindachneria oligocaenica Œwidnicki
1990; Pinichthys sp.; Polyipnus cf. anteasteroides Ciobanu
1977; Polyipnus sp.; Priacanthus sp.; Propercarina sp.;
Properca sp.; Propteridium sp.; Protomyctophum sp.;
Psenicubiceps sp.; Scorpaena sp.; Scorpaenoides popovicii

Priem 1899; Serranus sp.; Solenorhynchus sp.; Sphyraena

sp.; Syngnathus sp. A; Syngnathus sp. B; Vinciguerria mer-

klini Daniltshenko 1946; and Vinciguerria talgiensis

Daniltshenko 1946.
Specimens comprised in the collection have been de-

scribed at different levels of precision. Nearly 30% of speci-
mens bear full description and diagnosis. These specimens
have been mainly determined up to the species, rarely genus
level, and most of them have already been described in pre-
vious publications. The remaining 70% of specimens were
only taxonomically identified by experienced palaeoichthy-
ologists, usually up to the genus level. One should remem-
ber that for ecostratigraphic purposes identifications at the
genus level are very useful and, in many cases, sufficient to
indicate either ecozone (for instance, identification of
Scopeloides, Eophycis, Trachinus, Kotlarczykia, Carpa-

thichthys) or ecological assemblage (e.g. assemblages bear-
ing Vinciguerria and Eomyctophum, Palaeogadus and
Glossanodon, Merluccius or Holocentroides). These facts,
however, do not contradict the necessity of future, detailed
studies pertaining to all specimens. Taking into account dif-
ferentiated degree of elaboration of individual specimens,
the latter have been subdivided into different categories and
assigned to one of the four distinguished groups (1–4), la-
belled by appropriate symbols:

1. specimens described according to the obligatory
rules of zoological nomenclature [group: A, C, £, Os];

2. specimens referred to in publications in the form of
either quotation or illustration [group: B, H, PB];

3. specimens described in part or undescribed [group:
R, N];

4. specimens under elaboration and revision [group: D,
N].

All the described and elaborated specimens have under-
gone standard taxonomic verification basing on diagnostic
features, descriptions, and diagnoses. The identified, al-
though elaborated only in part, specimens (incomplete de-
scription, lack of description) have been verified on the ba-
sis of descriptions comprised in monographs and palaeonto-
logical papers by the authors of other collections. Pieces of
information given in specimen labels (number of specimen,
locality, exposure, level, layer, comments) have been com-
pared with comments comprised in inventory notes and
field notebooks. In case of doubtful determination, the
taxon has been transferred to a higher-ranking systematic
unit, and specimens unidentified to the level of taxon have
been included into the group of Teleostei: Genus indet.

The catalogued material includes: complete and incom-
plete fish skeletons, imprints, and isolated bones and teeth,
the state of preservation of which is shown in Table 3.

Apart from adult specimens, comprising the principal
part of the collection, young adult (252), juveniles (444),
and forms at larval stage (2) have been found as well.

The systematic catalogue of the collection Coll Fish-
Carpath ZPalWr has been prepared by E. Œwidnicka, basing
on Nelson’s (1994) classification. Minor modifications and
taxon transfers to the level of another systematic unit have
been made following Patterson (1993), Weitzman (1997),
and Eschmeyer (1998), as well as an updated on-line ver-
sion of the last paper (Froese & Pauly, 2003). Systematic
terminology has been adapted from Mayr (1969).

The list of taxa has been compiled according to the fol-
lowing scheme:

1. taxon rank: order, suborder, family, subfamily, spe-
cies, genus, *unidentified taxon;

2. material: the number of specimens falling into indi-
vidual groups (given in brackets),
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Table 3

State of preservation and the number of specimens within individual categories

State of preservation Number of specimens %

Complete skeletons 3,314 25.5

Incomplete skeletons (the head part of the spine) 2,720 20.9

Incomplete skeletons (the caudal part of the spine) 1,727 13.3

Middle parts of the spine 1,935 14.9

Isolated heads 1,583 12.1

Minor parts of the skeleton, isolated bones, and fin skeletons 1,471 11.3

Teeth, sucking discs, otolithes, scales 250 1.9

TOTAL 13,000 100%



3. comments related to the taxa; information about the
change of taxonomic name given in justified cases;

4. comments – characteristic features of the taxa given
after order’s description (the number of specimens in brack-
ets); description of suborders presented for Perciformes.

The names of taxa listed below have been proposed by
A. Jerzmañska and her collaborators.

Taxonomic review

Grade CHONDRICHTHIOMORPHI
Class Chondrichthyes Goodrich, 1909

Subclass Elasmobranchii Bonaparte, 1832
Superorder Euselachii Hay, 1902

*Ordo et familia indet.

Material: 4 teeth, determined as Elasmobranchii.

Order LAMNIFORMES Berg, 1940
Family ALOPIIDAE Bonaparte, 1938

Genus Alopecias Rafinesque, 1810

Alopecias sp.

Material: 1 tooth; described as Alopecias sp. (Jerzmañska & Jucha,
1963; p. 166).

Family CETORHINIDAE Gill, 1862
Genus Cetorhinus Blainville, 1816

Cetorhinus sp.

Material: 65 isolated filtrative processes; determined as genus Ce-

torhinus; specimens mentioned by Jerzmañska and Kotlarczyk
(1988, p. 104–105).

*Familia et genus indet.

Material: 1 isolated tooth; determined as order Lamniformes.

Order HEXANCHIFORMES Berg, 1940
Family HEXANCHIDAE Gray, 1851
Genus Hexanchus Rafinesque, 1810

Notidanus sp.

Material: 1 isolated tooth; determined as genus Notidanus; change
of name: Hexanchus.
Comments – Chondrichthyes: 3 families: Alopiidae (1), Cetorhini-
dae (65), Hexanchidae (1); 3 genera, 2 unidentified forms. Number
of specimens in the collection: 70.

Grade TELEOSTOMI
Class Actinopterygii (Cope, 1880)

Division TELEOSTEI Müller, 1846
Order ANGUILLIFORMES Regan, 1909

Family DERICHTHYIDAE Gill, 1884 (incl. Nessoramphidae
Schmidt, 1931)

Genus Nessorhamphus Schmidt, 1931

Nessorhamphus sp.

Material: 4 specimens; determined as genus Nessorhamphus; un-
described.

*Genus et species indet.

Material: 2 specimens; determined as family Nessorhamphidae;
specimens mentioned in the lists of taxa.

*Familia et genus indet.

Material: 33 specimens; determined as order Anguilliformes.
Comments – Anguilliformes: 1 family: Derichthyidae (6), Familia
indet. (33); 1 genus, 2 unidentified forms. Number of specimens in
the collection: 39.

Order CLUPEIFORMES Bleeker, 1859
Family CLUPEIDAE Bonaparte, 1831

Genus Clupea Linnaeus, 1758

Clupea sardinites Heckel, 1850

Material: 537 specimens, including: described (399) (Jerzmañska,
1960; p. 371; 1968, p. 390; Jerzmañska & Jucha, 1963; p. 166;
Szymczyk, 1978; p. 394); undescribed (138). Species Clupea sar-

dinites Heckel, 1850 has been acknowledged as a synonym of Sar-

dinella sardinites (Heckel, 1850) (Daniltshenko, 1980a; p. 9;
Bannikov & Parin, 1997; p. 154).

Clupea sp.

Material: 1,610 specimens, including: described in part (140)
(Jerzmañska & Kotlarczyk, 1975; p. 880; Jerzmañska et al., 2001),
undescribed (1,470). Some specimens display properties of genus
Clupea (Jerzmañska, 1960, 1968; Jerzmañska & Jucha, 1963;
Szymczyk, 1978).

Genus Alosa Linck, 1790

Alosa cf. sagorensis Steindachner, 1863

Material: 7 specimens, described. A revision of fossil representa-
tives of Clupeidae from the Polish Carpathians, performed on le-
pidological material (Szymczyk, 1978; p. 397, 401), indicated the
presence of two species belonging to Alosa.

Alosa sp.

Material: 66 specimens, including: described (9) (Szymczyk,
1978), undescribed (57); showing properties of genus Alosa.

Genus Pomolobus Rafinesque, 1820

Pomolobus sp.

Material: 3 specimens, including: described (2) (Jerzmañska,
1968; p. 393), undescribed (1); showing properties of genus Po-

molobus.

*Genus et species indet.

Material: 98 specimens; classified with the joint group Clupeidae;
some forms display properties of genera: Clupea and Alosa (Jerz-
mañska, 1960, 1968; Szymczyk, 1978).

*Familia et genus indet.

Material: 1 specimen classified as the order Clupeiformes.
Comments – Clupeiformes: 1 family: Clupeidae (2321); Familia et
genus indet. (1); 2 species, 3 genera, 2 unidentified forms. Number
of specimens in the collection: 2,322.

Order CYPRINIFORMES Bleeker, 1859
Family CYPRINIDAE Cuvier, 1817

Genus Barbus Cuvier, 1817

Barbus sp.

Material: 1 scale; identified as genus Barbus.
Comments – Cypriniformes: 1 family: Cyprinidae; 1 form named
Barbus.
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Order OSMERIFORMES (sensu Nolf et Dockery, 1990)
Family ARGENTINIDAE Bonaparte, 1846

Genus Glossanodon Guichenot, 1867

Glossanodon musceli (Paucã, 1929)

Material: 329 specimens, including: described (294) (Jerzmañska,
1967a; p. 200; Jerzmañska, 1968; p. 394), undescribed (35); show-
ing properties of species G. musceli (Paucã, 1929a)

Glossanodon sp.

Material: 148 specimens, including: described (24) (Jerzmañska,
1967a; p. 200), undescribed (124); showing properties of genus
Glossanodon and species G. musceli.

*Genus et species indet.

Material: 14 specimens, classified with the joint group Argentini-
dae; some specimens display properties of genus Glossanodon.

Family BATHYLAGIDAE Gill, 1884
Genus Idrissia Arambourg, 1954

Idrissia carpathica Jerzmañska, 1960

Material: 51 specimens. Holotype: ZPALWr Os/164; Sobniów
[SO].
1960. Idrissia carpathica nov. sp.; A. Jerzmañska, p. 372, pl. I,
Fig. 1.
Including: specimens described (46) (Jerzmañska, 1960; p. 371),
undescribed (5). Contribution about transferring Idrissia carpa-

thica to the family Bathylagidae (Jerzmañska & Kotlarczyk, 1981;
p. 70). There are no data that would justify, following Weitzman’s
(1974) suggestion, classification of I. carpathica to the family
Photichthyidae.

Idrissia sp.

Material: 211 specimens, classified with the joint group Idrissia.
Including: specimens mentioned (31) (Jerzmañska, 1960; p. 371),
undescribed (180); showing properties of the genus Idrissia.

*Genus et species indet. (Melania)

Material: 34 specimens; classified as a new form; informal name
(Melania) proposed by A. Jerzmañska in the years 1989–1991 for
the form Bathylagidae. In the index of taxa (Kotlarczyk, 1985; p.
56–57), the form called Melania was erroneously classified among
Chondrichthyes.

*Genus et species indet.

Material: 26 specimens; classified with the joint group Bathylagi-
dae.

Family ALEPOCEPHALIDAE Richardson, 1856
Genus Carpathichthys Jerzmañska, 1979

Carpathichthys polonicus Jerzmañska, 1979

Material: 27 specimens, described. Holotype: ZPALWr A/2004;
Krêpak [KIII].

1979. Carpathichthys polonicus nov. sp.; A. Jerzmañska, p. 65,
pls.15, 16, text figs.1, 5B, 6.

Carpathichthys sp.

Material: 15 specimens; identified to the level of genus Carpa-

thichthys; showing properties of species C. polonicus (Jerzmañska,
1979; p. 65).

Genus Bathyprion Marshall, 1966

Bathyprion sp.

Material: 1 specimen; identified to the level of genus Bathyprion;
undescribed.

*Genus et species indet.

Material: 9 specimens; classified with the joint group Alepo-
cephalidae.
Comments – Osmeriformes: 2 holotypes; 3 families: Argentinidae
(491), Bathylagidae (322), Alepocephalidae (52); 3 species, 4 gen-
era, 4 unidentified forms. Synonymy given in papers by: Jerz-
mañska (1960, p. 7; 1967a, p. 200; 1979, p. 66). Number of
specimens in the collection: 865.

Order SALMONIFORMES (sensu Berg, 1940)
*Familia et genus indet.

Material: 2 specimens; identified to the level of order Salmonifor-
mes.

Familia Incertae sedis
*Genus et species indet. (xx)

Material: 20 specimens; classified as a new form Salmoniformes ?
(xx); informal name proposed by A. Jerzmañska in the years
1989–1993.
Comments – Salmoniformes: 2 families: Familia Incertae sedis
(20), Familia indet. (2); 2 unidentified forms. Number of speci-
mens in the collection: 22.

Order STOMIIFORMES (sensu Harold et Weitzman, 1996)
Family GONOSTOMATIDAE Gill, 1893

Genus Scopeloides Wettstein, 1886

Scopeloides glarisianus (Agassiz, 1844)

Material: 39 specimens, including: described (33) (Jerzmañska,
1968; p. 395), undescribed (6); showing properties of species S.

glarisianus.

Scopeloides sp.

Material: 178 specimens; classified with the joint group Scopeloi-

des; including: described (1) (Jerzmañska, 1968; p. 395), unde-
scribed (177).

Genus Kotlarczykia Jerzmañska, 1974

Kotlarczykia bathybia Jerzmañska, 1974

Material: 29 specimens. Typical species (holotype): ZPALWr
A/1998; Krêpak [KIV4].
1974. Kotlarczykia bathybia nov. sp.; A. Jerzmañska, p. 285, pl.
XXIII, dimensions: p. 258.
Including: specimens described (5) (Jerzmañska, 1974; p. 284);
described in part (24) (Kotlarczyk & Jerzmañska, 1976).

Kotlarczykia sp.

Material: 11 specimens; identified to the level of genus Kotlar-

czykia; showing properties of species K. bathybia (Jerzmañska,
1974; p. 285).

*Genus et species indet.

Material: 84 specimens; classified with the joint group Gonosto-
matidae.

Family STERNOPTYCHIDAE Duméril, 1806
Genus Polyipnus Günther, 1887

Polyipnus brevis Horbatsh, 1961

Material: 77 specimens; identified to the level of species P. brevis;
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including: mentioned specimens (77) (Jerzmañska & Kotlarczyk,
1979; p. 47; 1981, p. 71). Description and diagnosis (Horbatsh,
1961b; p. 168). Archival data bear descriptions made by A. Jerz-
mañska, and a note suggesting to change the generic name
Polyipnus for a species derived from the Polish Carpathians: Hor-

batshia brevis (Horbatsh, 1961). Change of name introduced by
Prokofiev (2002a, p. 28).

Polyipnus anteasteroides Ciobanu, 1977

Material: 14 specimens; identified to the rank of species P. cf.
anteasteroides by A. Jerzmañska.

Polyipnus sobnioviensis Jerzmañska, 1960

Material: 128 specimens. Holotype: ZPALWr Os/49; Sobniów
[SO].
1960. Polyipnus sobnioviensis nov. sp.; A. Jerzmañska, p. 379,
380, pl. II, Fig. 1.
Including: specimens described (111) (Jerzmañska, 1960; p. 379;
Jerzmañska & Jucha, 1963; p. 166–167), undescribed (17). P.

sobnioviensis from the Polish Carpathians (Jerzmañska, 1960) and
P. oligocenicus from the Romanian Carpathians (Ciobanu, 1977)
belong, according to Prokofiev, to an hitherto-undescribed genus
(Prokofiev, 2002a; p. 30).

Polyipnus cf. sobnioviensis Jerzmañska, 1960

Material: 16 specimens; mentioned.

Polyipnus sp.

Material: 104 specimens; classified with the joint group Polyipnus.
Some of the forms display species’ properties (Jerzmañska, 1960;
Jerzmañska & Jucha, 1963; Ciobanu, 1977; Prokofiev, 2002a).

Genus Argyropelecus Cocco, 1829

Argyropelecus cosmovicii Cosmovici et Paucã, 1943

Material: 24 specimens, including: described (21) (Jerzmañska,
1968; p. 401), undescribed (3); showing properties of species A.

cosmovicii.

Argyropelecus sp.

Material: 304 specimens; classified with the joint group Argyrope-

lecus. Some of the forms display properties of species A. cosmovi-

cii (Jerzmañska, 1968; p. 401).

*Genus et species indet. (xz)

Material: 151 specimens; classified as a new form; informal name
Sternoptychidae (xz) proposed by A. Jerzmañska in the years
1986–1990. Archival records bear partial descriptions and hand-
made drawings of this group of specimens.

*Genus et species indet.

Material: 59 specimens; classified with the joint group Sternop-
tychidae.

Family PHOTICHTHYIDAE Weitzman, 1974
Genus Vinciguerria Jordan et Evermann, 1896

Vinciguerria talgiensis Daniltshenko, 1946

Material: 3 specimens; identified to the level of species V. talgien-

sis; showing properties compatible with those described by
Daniltshenko (1946; p. 641; 1980a, p. 38).

Vinciguerria obscura Daniltshenko, 1946

Material: 44 specimens; including: described (36) (Jerzmañska,

1968; p. 398); diagnosis (Daniltshenko, 1946, p. 641; 1960, p. 21;
1980a, p. 39), undescribed (8); showing properties compatible
with species’ description.

Vinciguerria distincta Daniltshenko, 1962

Material: 36 specimens; including: described (19) (Jerzmañska,
1968; p. 399); diagnosis (Daniltshenko 1962, p. 112), undescribed
(17); showing properties compatible with species’ description. R.
Gregorová, described the above three species as V. obscura (Gre-
gorová, 2000; p. 160).

Vinciguerria merklini Daniltshenko, 1946

Material: 2 specimens; identified to the level of species; showing
species’ properties (Daniltshenko, 1946, p. 641; 1980a, p. 40).

Vinciguerria sp.

Material: 179 specimens; classified with the joint group Vinciguer-

ria; including: specimens described as Vinciguerria sp. (61) (Jerz-
mañska, 1968; p. 399); undescribed (118) identified to the level of
genus Vinciguerria. Basing on a revision of fossil forms Vin-

ciguerria Jordan et Everman, 1896 from the Moravian Carpathi-
ans, the Oligocene species of genus Vinciguerria Goode et Bean,
1895 from the Polish Carpathians (Jerzmañska, 1960, 1968) have
been transferred from family Gonostomatidae to family
Phothichtyidae (Gregorová, 1989; p. 87–100).

*Familia et genus indet.

Material: 13 specimens; identified to the order Stomiiformes.
Comments – Stomiiformes: 2 holotypes; 3 families: Gonostomati-
dae (341), Sternoptychidae (877), Phothichthyidae (264), Familia
indet. (13); 10 species; 5 genera, 5 unidentified forms. Number of
specimens in the collection: 1,495.

Order AULOPIFORMES Rosen, 1973
Family PARALEPIDIDAE Gill, 1872

Genus Holosteus Agassiz, 1839

Holosteus mariae (Menner, 1948)

Material: 1 specimen; identified to the level of species H. mariae;
description (Menner, 1948; p. 52). This taxon has been quoted
from Rudawka Rymanowska site by Bieñkowska (2004, p.
188–189).

Holosteus sp.

Material: 51 specimens; identified to the level of genus Holosteus;
archival records include incomplete descriptions of specimens
made by A. Jerzmañska.

*Genus et species indet.

Material: 6 specimens; classified with the family Paralepididae.
Comments – Aulopiformes: 1 family: Paralepididae; 1 species, 1
genus, 1 unidentified form. Number of specimens in the collection:
58.

Order MYCTOPHIFORMES Regan, 1911
Family MYCTOPHIDAE Gill, 1893

Subfamily MYCTOPHINAE Gill, 1893
Genus Eomyctophum Daniltshenko, 1947

Eomyctophum limicola Daniltshenko, 1960

Material: 105 specimens; including: described (39) (Jerzmañska,
1968; p. 406), undescribed (66); showing properties of the species
E. limicola.

Eomyctophum cf. koraense Daniltshenko, 1947

Material: 124 specimens; including: described (109) (Jerzmañska,
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1960, p. 398; 1968, p. 409; Jerzmañska & Jucha, 1963), unde-
scribed (15).

Eomyctophum menneri Daniltshenko, 1947

Material: 85 specimens; including: described (17) (Jerzmañska,
1960, p. 396; 1968, p. 408); undescribed (68); showing properties
of the species E. menneri (Danilshenko, 1947b)

Eomyctophum sp.

Material: 1,331 specimens; classified with the joint group Eomyc-

tophum. Including: specimens described as Eomyctophum sp.
(207) (Jerzmañska, 1960; Jerzmañska & Jucha, 1963; Jerzmañska
& Kotlarczyk, 1975); undescribed (1,124); identified as Eomycto-

phum; some specimens display properties of the above-mentioned
species.

Genus Protomyctophum Fraser-Brunner, 1949

Protomyctophum sp.

Material: 4 specimens; identified to the level of genus Protomycto-

phum.

Subfamily LAMPANYCTINAE Gill, 1893
Genus Diaphus Eigenmann et Eigenmann, 1890

Diaphus sp.

Material: 1 specimen; identified to the level of genus Diaphus.
Gregorová (2000) acknowledged one species described from Mo-
ravia as Diaphus moravicus Kalabis, 1948 as a synonym of Oligo-

phus moravicus.

*Genus et species indet. (Giant II)

Material: 16 specimens; classified as a new form; informal name
Myctophidae (Giant II) proposed by A. Jerzmañska in the years
1989–1990.

*Genus et species indet.

Material: 16 specimens; classified with the joint group Myctophi-
dae.

*Familia et genus indet.

Material: 1 specimen; included into the order Myctophiformes (?).
Comments – Myctophiformes: 1 family: Myctophidae (1682), Fa-
milia indet. (1); 3 species, 3 genera, 3 unidentified forms. Number
of specimens in the collection: 1683.

Order GADIFORMES Goodrich, 1909 (Cohen, 1989)
Family MORIDAE Goode et Bean, 1896

*Genus et species indet.

Material: 1 specimen; identified to the level of family Moridae.

Family BREGMACEROTIDAE Gill, 1872
Genus Bregmaceros Thompson, 1840

Bregmaceros filamentosus (Priem, 1908)

Material: 29 specimens; identified and described as B. filamento-

sus (Œwidnicki, 1990; p. 14).

Bregmaceros sp.

Material: 8 specimens; including: described (7); undescribed (1);
showing properties of the species B. filamentosus.

Family PHYCIDAE Swainson, 1838
Genus Eophycis Jerzmañska, 1968

Eophycis jamnensis Jerzmañska, 1968

Material: 15 specimens, described (Jerzmañska, 1968; Œwidnicki,

1990); diagnosis and description (Jerzmañska, 1968; p. 413).
Holotype: ZPALWr A/839; Jamna [J].
1968. Eophycis jamnensis nov. gen. et sp.; A. Jerzmañska, p. 413,
pl. III, Fig. 3, text-Fig. 8.

Eophycis sp.

Material: 4 specimens; undescribed; showing properties of a genus
(Jerzmañska, 1968; p. 413).

Genus Onobrosmius Bogatshov, 1938

Onobrosmius sp.

Material: 4 specimens; identified to the level of genus Onobros-

mius. Owing to a revision of the Caucasian representatives of Mo-
ridae, Onobrosmius has been transferred to the subfamily Phycinae
(Œwidnicki et al., 1990; p. 503).

Genus Pseudoraniceps Fedotov, 1974

Pseudoraniceps sp.

Material: 1 specimen; undescribed; showing properties of the ge-
nus Pseudoraniceps (Fedotov, 1974; p. 84). Owing to a revision of
Caucasian holotypes, Pseudoraniceps has been acknowledged as a
younger synonym of Onobrosmius (Œwidnicki et al., 1990; p.
503–504).

Family MERLUCCIIDAE Adams, 1864 (sensu Cohen, 1973)
Subfamily MERLUCCIINAE Jordan et Gilbert, 1883

Genus Palaeogadus Rath, 1859

Palaeogadus abbreviatus (Bogatshov, 1933)

Material: 1 specimen; identified to the level of species; described
(Jerzmañska, 1968; p. 421).

Palaeogadus simionescui (Simionescu, 1905)

Material: 238 specimens; including: described (192) (Jerzmañska,
1968; Œwidnicki, 1990; p. 31–36); diagnosis and synonymy (Jerz-
mañska, 1968; p. 417); undescribed (46); showing properties of
the species P. simionescui.

Palaeogadus carpathicus sp. nov. Œwidnicki, 1991

Material: 2 specimens; identified in 1991 by J. Œwidnicki to the
level of a new species; archival records bear no description of this
form.

Palaeogadus distinctus sp. nov. Œwidnicki, 1990

Material: 53 specimens, described (Œwidnicki, 1990; p. 23).
Holotype: ZPALWr C/37; B³a¿owa [B4]. 1990. Palaeogadus dis-

tinctus sp. nov.; J. Œwidnicki, p. 23–31, fot. 1, Fig. 19. [syn.1968.
Merluccius inferus Daniltshenko, 1947a: A. Jerzmañska, p. 424,
text-Fig. 11].

Palaeogadus intergerinus Daniltshenko, 1947a

Material: 15 specimens; identified to the level of species P.

intergerinus; showing properties of a species (Daniltshenko, 1947;
p. 660).

Palaeogadus sp.

Material: 100 specimens; classified with the joint group Palaeo-

gadus. Including: specimens described as Palaeogadus sp. (2) be-
longing to the oldest representative of Gadiformes (Œwidnicki,
1990; p. 38–41); undescribed (98); some specimens display prop-
erties of the above species (Jerzmañska, 1968; Œwidnicki, 1990).
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Genus Merluccius Rafinesque, 1810

Merluccius errans (Smirnov, 1935)

Material: 6 specimens; described (Œwidnicki, 1990; p. 43–44); di-
agnosis for a typical species (Smirnov, 1935; p. 67).

Merluccius hartensis sp. nov. Œwidnicki, 1990

Material: 4 specimens; described (Œwidnicki, 1990; p. 44). Holo-
type: ZPALWr H/80; Harta [HT].
1990. Merluccius hartensis sp. nov.; J. Œwidnicki, p. 44–52.

Merluccius sp.

Material: 145 specimens; classified with the joint group Merluc-

cius; including: mentioned as Merluccius sp. (10); undescribed
(135); this group of specimens includes representatives of the de-
scribed species (Jerzmañska, 1968; Œwidnicki, 1990).

Subfamily STEINDACHNERIINAE Marshall et Cohen, 1973
Genus Parasteindachneria genus nov. Œwidnicki, 1990

Parasteindachneria oligocaenica sp. nov. Œwidnicki, 1990

Material: 6 specimens, described (Œwidnicki, 1990; p. 53). Holo-
type: ZPALWr C/117; Przysietnica [PS8a]. 1990. Parastein-

dachneria oligocaenica sp. nov.; J. Œwidnicki, p. 53–57.
[syn.1968. Merluccius macroactus (Kramberger, 1879); A. Jerz-
mañska, p. 422, Fig. 10]

Family GADIDAE Rafinesque, 1810
Subfamily LOTINAE Jordan et Evermann, 1898

Genus Palaeomolva Daniltshenko, 1947

Palaeomolva monstrata Fedotov, 1974

Material: 2 specimens; identified to the level of species P. mon-

strata; showing species’ properties (Fedotov, 1974, p. 87; 1976, p.
48).

Palaeomolva sp.

Material: 6 specimens; identified to the level of genus; showing
properties of a genus Palaeomolva (Daniltshenko, 1947a, p. 2053;
1960, p. 42).

*Genus et species indet.

Material: 54 specimens; undescribed; classified with the joint
group Gadidae.

*Familia et genus indet.

Material: 100 specimens; classified with the order Gadiformes. In-
cluding: specimens described (1) (Œwidnicki, 1990; p. 64–66);
mentioned (11) (Jerzmañska et al., 2001; p. 27); undescribed (88).
Comments – Gadiformes: 5 holotypes; 5 families: Moridae (1),
Bregmacerotidae (37), Phycidae (24), Merlucciidae (576), Gadi-
dae (62), Familia et genus indet. (100); 11 species, 6 genera, 3 uni-
dentified forms. Number of specimens in the collection: 800.

Order OPHIDIIFORMES Berg, 1937
Family OPHIDIIDAE Rafinesque, 1810
Genus Propteridium Arambourg, 1967

Propteridium sp.

Material: 1 specimen; identified to the genus Propteridium; show-
ing properties of a genus (Arambourg, 1967; p. 130).

Genus Glyptophidium Alcock, 1889

Glyptophidium sp.

Material: 8 specimens; including: described (1) (Œwidnicki,
1988b; p. 401–404); undescribed (7); showing properties of the ge-

nus Glyptophidium.
*Genus et species indet.

Material: 2 specimens; identified by A. Jerzmañska as Brotulidae.

*Familia et genus indet.

Material: 5 specimens; classified with the order Ophidiiformes.
Comments – Ophidiiformes: 1 family: Ophidiidae (11), Familia in-
det. (5); 2 genera of the species rank, 2 unidentified forms. Number
of specimens in the collection: 16.

Order LOPHIIFORMES Garman, 1899
Family ANTENNARIIDAE Gill, 1863

*Genus et species indet.

Material: 3 specimens; identified to the level of family Antennarii-
dae.

Family CERATIIDAE (sensu Berg, 1940)

*Genus et species indet.

Material: 4 specimens; identified to the level of family Ceratiidae.
Comments – Lophiiformes: 2 families: Antennariidae (3), Ceratii-
dae (4); 2 unidentified forms. Number of specimens in the collec-
tion: 7.

Order MUGILIFORMES (sensu Johnson et Patterson, 1993)
Family MUGILIDAE Cuvier, 1829

Genus Mugil Linnaeus, 1758

Mugil sp.

Material: 1 specimen; identified as Mugil sp.
Comments – Mugiliformes: 1 family: Mugilidae; 1 form Mugil.
Number of specimens in the collection: 1.

Order BELONIFORMES Berg, 1937
Family HEMIRAMPHIDAE Gill, 1861

Genus Hemiramphus Cuvier, 1817

Hemiramphus jerzyi Jerzmañska, 1968

Material: 3 specimens; described (Jerzmañska, 1968; p. 410).
Holotype: ZPALWr A/895; Rudawka Birczañska [RB3]. 1968.
Hemiramphus georgii nov. sp.; A. Jerzmañska, p. 410, pl. II, Fig.
1, text-Fig. 7A, C, dimensions: p. 410.; 1985. Hemiramphus jerzyi

nom. nov.; A. Jerzmañska, p. 110.
Comments – Beloniformes: 1 holotype; 1 family: Hemiramphidae;
1 species. Number of specimens in the collection: 3.

Order BERYCIFORMES Regan, 1909
Family TRACHICHTHYIDAE Bleeker, 1859

Genus Africentrum (sensu White E. I. et Moy-Thomas J. A.,
1941)

Africentrum sp.

Material: 173 specimens; classified with the joint group Africen-

trum. Authors are not sure whether all specimens identified by A.
Jerzmañska as Africentrum sp. can be transferred to the genus
Holocentroides without detailed osteological analysis. In this pa-
per, we use both he names: Africentrum (Trachichthyidae) and
Holocentroides (Holocentridae). The generic name Africentrum

was introduced into zoological nomenclature by White and Moy-
Thomas (1941).

*Genus et species indet.

Material: 1 specimen; identified to the level of family Trachich-
thyidae.
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Family BERYCIDAE Gill, 1862
Genus Paraberyx gen. nov. Jerzmañska, 1975

Paraberyx bachoviensis sp. nov. Jerzmañska, 1975

Material: 3 specimens, classified as a new species; unpublished.
Holotype: ZPALWr A/2002; Bachów [BH1]. 1975. Berycidae.;
Jerzmañska & Kotlarczyk, p. 881. The generic and species name
Paraberyx bachoviensis was proposed by A. Jerzmañska in 1975
(hand-written notes concerning description of the genus and spe-
cies). Information about a new form (Berycidae: Genus indet.)
present at site Bachów was published by Jerzmañska and Kotlar-
czyk (1975; p. 880). In 1989, A.F. Bannikov suggested that this
form is a representative of the family Holocentridae (note from ar-
chival label).

Paraberyx sp.

Material: 4 specimens; identified to the level of genus Paraberyx.

*Genus et species indet.

Material: 1 specimen; identified to the level of family Berycidae.

Family HOLOCENTRIDAE Richardson, 1846
Genus Holocentroides Paucã, 1931

Holocentroides moldavicus Paucã, 1931 (= Africentrum

moldavicum (Paucã 1931))

Material: 56 specimens; identified as A. moldavicum; including:
mentioned (49); incomplete descriptions made by A. Jerzmañska;
undescribed (7). A. moldavicum (Paucã, 1931) has been mentioned
in some biostratigraphical works (Jerzmañska & Kotlarczyk, 1975,
p. 880; 1981, p. 64; Kotlarczyk, 1985, p. 56–57), whereas H.

moldavicus Paucã, 1931 has been quoted by Kotlarczyk and Jerz-
mañska (1980, p. 108; 1988a, p. 349) and Jerzmañska and Kotlarc-
zyk (1988, p. 104–105). The form Holocentroides moldavicus

Paucã 1931 found at Beograd site was shifted by Andelkovitsh
(1969, 1989) from family Berycidae (cf. Paucã, 1931) to family
Holocentridae.

Holocentroides sp.

Material: 173 specimens; identified to the level of genus Holocen-

troides.

*Familia et genus indet.

Material: 55 specimens; classified with the order Beryciformes.
Comments – Beryciformes: 1 holotype; 3 families: Trachichthyi-
dae (174), Berycidae (8), Holocentridae (229), Familia indet. (55);
2 species, 3 genera, 3 unidentified forms. Number of specimens in
the collection: 466.

Order ZEIFORMES Regan, 1909 (sensu Greenwood et al., 1966)
Family ZEIDAE Bonaparte, 1831

Genus Zenopsis Gill, 1862

Zenopsis clarus Daniltshenko, 1960

Material: 3 specimens; including: described (2) (Œwidnicki, 1986;
p. 119); undescribed (1).

Zenopsis sp.

Material: 8 specimens; including: described (1) (Jerzmañska,
1968, p. 441; Œwidnicki, 1986); undescribed (7).

Genus Zeus Linnaeus, 1758

Zeus faber Linnaeus, 1758

Material: 11 specimens; including: described (9) (Œwidnicki,
1986; p. 114); undescribed (2).

Zeus sp.

Material: 27 specimens; identified to the level of genus Zeus;
showing properties of a genus.

*Genus et species indet.

Material: 4 specimens; identified to the level of family Zeidae.

*Familia et genus indet.

Material: 5 specimens; classified with the order Zeiformes.
Comments – Zeiformes: 1 family: Zeidae (53), Familia indet. (5);
2 species, 2 genera, 2 unidentified forms. Number of specimens in
the collection: 58.

Order CAPROIFORMES (sensu Santini et Tyler, 2003)
Family CAPROIDAE Lowe, 1844

Genus Antigonia Lowe, 1843

Antigonia sp.

Material: 53 specimens; including: described (14) (Œwidnicki,
1986, p. 130; 1988, p. 251); undescribed (39); showing properties
of a genus.

Genus Capros Lacépède, 1802

Capros radobojanus (Kramberger, 1882)

Material: 45 specimens; including: described (44) (Jerzmañska,
1968, p. 443; Œwidnicki, 1986, p. 123); undescribed (1).

Capros medianus Œwidnicki, 1986

Material: 4 specimens; identified to the level of species; including:
specimens described (3) (Œwidnicki, 1986; p. 124); undescribed
(1). Holotype: ZPALWr A/2059; B³a¿owa [Ba]. 1986. Capros me-

dianus nov. sp.; J. Œwidnicki, p. 124, 125, pl. 47, text figs.: 6C, 7,
8B, C, 10B.

Capros sp.

Material: 10 specimens; identified to the level of genus Capros;
undescribed.

*Genus et species indet.

Material: 3 specimens; identified to the level of family Caproidae.
Comments – Caproiformes: 1 holotype; 1 family: Caproidae; 2
species, 1 genus of the species rank, 1 unidentified form. Species
transferred to the order Caproiformes (Santini & Tyler, 2003, p.
610; Tyler et al., 2003). Number of specimens in the collection:
115.

Order GASTEROSTEIFORMES Goodrich, 1909
Family AULORHYNCHIDAE Gill, 1861

*Genus et species indet.

Material: 4 specimens; identified to the level of family Au-
lorhynchidae.

Family SOLENOSTOMIDAE Kaup, 1853
Genus Solenorhynchus Heckel, 1854

Solenorhynchus sp.

Material: 1 specimen; identified as Solenorhynchus; form consid-
ered extinct in the Eocene (Berg, 1955).

Family SYNGNATHIDAE Rafinesque, 1810
Subfamily SYNGNATHINAE Duncker, 1912

Genus Syngnathus Linnaeus, 1758

Syngnathus incompletus Cosmovici, 1887

Material: 50 specimens; including: described (17 specimens);
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diagnosis and description Cosmovici, 1887, p. 99; Jerzmañska,
1968, p. 440); undescribed (33); nearly 50% of the material shows
species’ properties.

Syngnathus sp. A

Material: 46 specimens; classified as a new form; informal name
Syngnathus sp. (A) proposed by A. Jerzmañska in order to distin-
guish a new species.

Syngnathus sp. B

Material: 2 specimens; classified as a new form; informal name
Syngnathus sp. (B) proposed by A. Jerzmañska in order to distin-
guish a new species.

Syngnathus sp.

Material: 627 specimens; classified with the joint group Syng-

nathus. Including: specimens described as Syngnathus sp. (6)
(Jerzmañska, 1968; p. 440); mentioned (143) (Jerzmañska & Ko-
larczyk, 1975, p. 883, 885; Jerzmañska et al., 2001); undescribed
(478); showing properties of the genus Syngnathus.

Subfamily EOGASTROPHINAE Jerzmañska, 1968
Genus Hipposyngnathus Daniltshenko, 1960

Hipposyngnathus neriticus Jerzmañska, 1968

Material: 50 specimens; described (50) (Jerzmañska, 1968; p.
437). Holotype: ZPALWr A/533; Jamna Dolna [J]. 1968. Hippo-

syngnathus neriticus nov. sp.; A. Jerzmañska, p. 437, pl. VII, Fig.
2, text-Fig. 16D.

*Genus et species indet.

Material: 3 specimens; identified to the level of family Syngnathi-
dae.

Family AULOSTOMIDAE Latreille, 1825

*Genus et species indet.

Material: 3 specimens; identified to the level of family Aulostomi-
dae; undescribed.

Family FISTULARIIDAE Bonaparte, 1832
Genus Fistularia Linnaeus, 1758

Fistularia sp.

Material: 12 specimens; identified to the level of genus Fistularia;
undescribed; showing properties of a genus (Daniltshenko, 1960;
p. 74).

*Genus et species indet.

Material: 1 specimen; identified to the level of family Fistularidae.

Family CENTRISCIDAE Rafinesque, 1826 (sensu Berg, 1955)
Genus Centriscus Linnaeus, 1758

Centriscus heinrichi (Heckel, 1850)

Material: 14 specimens; including: described (11), determined
gender: females (4); males (7) (Jerzmañska, 1968; p. 432); unde-
scribed (3); showing species’ properties.

Centriscus longispinus Rozhdestvenski, 1949

Material: 11 specimens; including: described (9) (Jerzmañska,
1968; p. 427); undescribed (2); showing species’ properties
(Rozhdestvenski 1949, p. 1167).

Centriscus teleajensis (Jonet, 1949)

Material: 9 specimens; including: described (8) (Jerzmañska,

1968; p. 431); diagnosis (Jonet, 1949; p. 360); undescribed (1);
showing species’ properties.

Centriscus sp. nov. (x)

Material: 28 specimens; classified as a new form; informal name
Centriscus sp. (x) proposed by A. Jerzmañska in the years
1984–1987 (archival manuscript of A. Jerzmañska, bearing de-
scriptions and drawings).

Centriscus sp.

Material: 533 specimens; classified with the joint group Centris-

cus; including: described (31) (Jerzmañska, 1968; p. 433); unde-
scribed (502); showing properties of the genus Centriscus. Nearly
25 % of specimens probably belong to a new form Centriscus (x).

*Familia et species indet.

Material: 9 specimens; classified with the order Syngnathiformes.
Comments – Gasterosteiformes: 1 holotype; 6 families: Au-
lorhynchidae (4), Solenostomidae (1), Syngnathidae (778), Aulo-
stomidae (3), Fistulariidae (13), Centriscidae (595), Familia indet.
(9); 5 species, 3 genera of the species rank, 4 genera, 4 unidentified
forms. Number of specimens in the collection: 1,403.

Order SCORPAENIFORMES Garman, 1899
Suborder SCORPAENOIDEI Garman, 1899

Family SCORPAENIDAE Risso, 1826
Genus Scorpaenoides Priem, 1899

Scorpaenoides popovicii Priem, 1899

Material: 1 specimen; identified to the level of species.

Scorpaenoides sp.

Material: 60 specimens; identified to the level of genus Scorpae-

noides; undescribed.

Genus Scorpaena Linnaeus, 1758

Scorpaena sp.

Material: 1 specimen; identified to the level of genus Scorpaena.

*Genus et species indet.

Material: 1 specimen; identified to the level of family Scorpaeni-
dae.

Suborder COTTOIDEI Bleeker, 1859
Family COTTIDAE Swainson, 1839

*Genus et species indet.

Comment: 7 specimens; identified to the level of family Cottidae
(Jerzmañska, 1960; p. 404, pl. IV, Fig. 2), as a result of a revision,
transferred by A. Jerzmañska to the family Gempylidae (Thyrsitoi-

des sp., Hemithyrsites sp.)

*Familia et genus indet.

Material: 1 specimen; classified with the order Scorpaeniformes.
Comments – Scorpeniformes: 1 family: Scorpaenidae (63), Fa-
milia indet. (1); 1 species, 2 genera, 2 unidentified forms. Number
of specimens in the collection: 64.

Order PERCIFORMES Bleeker, 1859
Suborder PERCOIDEI Bleeker, 1859

Family SERRANIDAE Richardson, 1846
Genus Properca Sauvage, 1880

Properca sabbai Paucã, 1929

Material: 11 specimens; including: described (7) (Jerzmañska,
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1968; p. 446); diagnosis (Paucã, 1929a; p. 117); undescribed (4);
showing properties of the species P. sabbai.

Properca sp.

Material: 7 specimens; undescribed; showing properties of the ge-
nus Properca.

Genus Serranus Cuvier, 1817

Serranus budensis (Heckel, 1856)

Material: 439 specimens; including: described (345) (Jerzmañska,
1968; p. 449); diagnosis (Weiler, 1933, p. 12–13; Daniltshenko,
1960, p. 101); mentioned or undescribed (94); showing properties
of the species S. budensis.

Serranus sp.

Material: 302 specimens; identified to the level of genus Serranus;
showing properties of a genus (Weiler, 1933; Daniltshenko, 1960;
Jerzmañska, 1968).

*Genus et species indet.

Material: 6 specimens; identified as Serranidae (?).

Family PERCIDAE Cuvier, 1817
Genus Propercarina Paucã, 1929

Propercarina sp.

Material: 7 specimens; identified as Propercarina; showing prop-
erties of a genus (Paucã, 1929b).

Family PRIACANTHIDAE Gill, 1872
Genus Priacanthus Oken, 1817

Priacanthus longispinus Lednev, 1914

Material: 4 specimens; identified to the level of species (Jerz-
mañska & Jucha, 1963; p. 170); diagnosis (Lednev, 1914, p. 16;
Daniltshenko, 1960, p. 107).

Priacanthus sp.

Material: 8 specimens; identified to the level of genus Priacan-

thus; specimens earlier identified as Apostasis sp. have been trans-
ferred by A. Jerzmañska to the genus Priacanthus.

Family APOGONIDAE Jordan et Gilbert, 1882

*Genus et species indet.

Material: 42 specimens; identified to the level of family Apogoni-
dae.

Family ECHENEIDAE Rafinesque, 1810
Genus Echeneis Linnaeus, 1758

Echeneis carpathica Szajnocha, 1926

Material: 20 specimens; cited (Jerzmañska & Kotlarczyk, 1981, p.
64), incl. 8 specimens described (Jerzmañska & Œwidnicka, 2003,
p. 254).

*Genus et species indet.

Material: 1 specimen; identified to the level of family Echeneidae.

Family CARANGIDAE Rafinesque, 1815
Genus Caranx Lacépède, 1802

Caranx petrodavae Simionescu, 1905

Material: 5 specimens; identified to the level of species; no de-
scription.

Caranx gracilis Kramberger, 1882

Material: 3 specimens; identified to the level of species; mentioned
(Jerzmañska et al., 2001).

Caranx sp.

Material: 3 specimens; identified as Caranx sp.; showing proper-
ties of a genus (Lacépède, 1802, p. 57; Günther, 1860, p. 422).

Genus Archaeus Agassiz, 1844

Archaeus sp.

Material: 2 specimens; identified to the level of genus Archaeus;
mentioned (Jerzmañska & Kotlarczyk, 1975; p. 880); genus de-
scription (Agassiz, 1833–1834, p. 49; Daniltshenko, 1960, p. 112).

*Genus et species indet.

Material: 7 specimens; identified to the level of family Carangidae
(5); Carangidae (?) (2).

Family LEIOGNATHIDAE Jordan, 1923
Genus Leiognathus Lacépède, 1803

Leiognathus cf. minutus Daniltshenko, 1980

Material: 22 specimens; described (Jerzmañska et al., 2001); spe-
cies description (Daniltshenko, 1980a; p. 133).

Leiognathus sp.

Material: 3 specimens; identified to the level of genus Leiog-

nathus.

Genus Equula Cuvier, 1815

Equula ? sp.

Material: 1 specimen; described (Jerzmañska, 1960; p. 401). Ge-
nus Equula is indicated in the family Leiognathidae (Eschmayer,
1998).

Family CHAETODONTIDAE Bonaparte, 1832
Genus Forcipiger Jordan et McGregor, 1898

Forcipiger sp.

Material: 2 specimens; identified to the level of genus; unde-
scribed.

*Familia et genus indet.

Material: 9 specimens; identified to the level of suborder Percoi-
dei.
Comments – Percoidei: 8 families: Serranidae (765), Percidae (7),
Priacanthidae (12), Apogonidae (42), Echeneidae (21), Carangidae
(20), Leiognathidae (26), Chaetodontidae (2), Familia indet. (9); 7
species, 9 genera, 5 unidentified forms. Number of specimens in
the collection: 904.

Suborder TRACHINOIDEI Bertin et Arambourg, 1958
Family AMMODYTIDAE Bonaparte, 1846

Genus Ammodytes Linnaeus, 1758

Ammodytes antipai Paucã, 1929

Material: 37 specimens; including: described (19) (Jerzmañska,
1968; p. 467); diagnosis (Paucã, 1929a; p. 115); undescribed (18);
showing properties of the species A. antipai.

Ammodytes sp.

Material: 18 specimens; identified to the level of genus Ammo-

dytes; undescribed.
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Family TRACHINIDAE Risso, 1826
Genus Trachinus Linnaeus, 1758

Trachinus minutus (Jonet, 1958)

Material: 158 specimens; described (Jerzmañska, 1968; p. 453);
diagnosis (Jonet, 1958; p. 55).

Trachinus sp.

Material: 12 specimens; identified to the level of genus Trachinus;
showing properties of a genus (Jerzmañska, 1968; p. 453).
Comments – Trachinoidei: 2 families: Ammodytidae (37); Tra-
chinidae (170); 2 species, 2 genera. Number of specimens in the
collection: 207.

Suborder GOBIOIDEI Jordan et Evermann, 1896
Family GOBIIDAE Bonaparte, 1831

Genus Gobius Linnaeus, 1758

Gobius sp.

Material: 1 specimen; identified to the level of genus Gobius (Jerz-
mañska et al., 2001); description (Arambourg, 1927; p. 193).
Comments – Gobioidei: 1 family: Gobiidae; 1 genus Gobius.

Suborder ACANTHUROIDEI s.s.(Tyler et al., 1989)
Family ACANTHURIDAE Bleeker, 1859
Genus Caprovesposus Daniltshenko, 1960

Caprovesposus sp.

Material: 1 specimen; identified to the level of genus Caprovespo-

sus; description (Daniltshenko, 1960; p. 96).

*Genus et species indet.

Material: 5 specimens; identified by A. Jerzmañska as Apostasis

sp. Specimens transferred to the family Acanthuridae (Genus et
species indet.) in 1989, following A. Bannikov’s suggestion.
Comments – Acanthuroidei: 1 family: Acanthuridae (6); 1 genus, 1
unidentified form. Number of specimens in the collection: 6.

Suborder SPHYRAENOIDEI Starks, 1899
Family SPHYRAENIDAE Rafinesque, 1815

Genus Sphyraena Röse, 1793

Sphyraena sp.

Material: 1 specimen; identified to the level of genus Sphyraena.
Comments – Sphyraenoidei: 1 family: Sphyraenidae, 1 genus
Sphyraena. Number of specimens in the collection: 1.

Suborder SCOMBROIDEI Bleeker, 1859
Family EUZAPHLEGIDAE Daniltshenko, 1960

Genus Palimphyes Agassiz, 1844

Palimphyes lanceolata (Simionescu, 1905)

Material: 1 specimen; identified to the level of species; unde-
scribed.

Palimphyes sp.

Material: 106 specimens; classified with the joint group Palim-

phyes; including: described as Palimphyes sp. (7) (Jerzmañska,
1968; p. 460); undescribed (99). Jerzmañska (1968; p. 461) sug-
gested that several species of the genus Palimphyes exist in the
Polish Carpathians.

Family GEMPYLIDAE Goode et Bean, 1895
Genus Hemithyrsites Sauvage, 1873

Hemithyrsites rumanus (Jonet, 1958)

Material: 2 specimens; identified to the level of species (Jerz-
mañska & Kotlarczyk, 1975; p. 881).

Hemithyrsites sp.

Material: 71 specimens; classified with the joint group Hemithyr-

sites; some specimens identified as Hemithyrsites sp.

Genus Thyrsitoides Fowler, 1929

Thyrsitoides sp.

Material: 39 specimens; classified with the joint group Thyrsitoi-

des; some specimens identified as Thyrsitoides sp.; in biostra-
tigraphical works indicated as Thyrsitoides zarathoustrae

Arambourg, 1967 (e.g., Jerzmañska & Kotlarczyk, 1975; p. 881).

*Genus et species indet.

Material: 356 specimens; identified to the level of family Gempyli-
dae; including: specimens described (22); undescribed (334).

Family TRICHIURIDAE Rafinesque, 1810
Genus Lepidopus Gouan, 1770

Lepidopus glarisianus (Blainville, 1818)

Material: 93 specimens; including: described as L. glarisianus (93)
(Jerzmañska, 1968; p. 463). Basing on osteological analysis of 70
specimens of Lepidopus, M. ¯abrowski changed the generic name
Lepidopus to Anenchelum (¯abrowski, unpublished Ph.D. thesis,
2004). Bannikov and Parin (1995; p. 183–192) provided reasons
for restoration of the genus Anenchelum.

Lepidopus isopleurus (Agassiz, 1834)

Material: 11 specimens; identified to the level of species; includ-
ing: specimens described as L. isopleurus (5) (Jerzmañska & Kot-
larczyk, 1975; p. 881); undescribed (6). Basing on osteological
revision of Lepidopus isopleurus (Agassiz, 1834), M. ¯abrowski
shifts these specimens to a created by himself species Lepidopus

jerzmanskae (¯abrowski, unpublished Ph.D. thesis, 2004).

Lepidopus sp.

Material: 800 specimens; classified with the joint group Lepi-

dopus; some specimens identified to the level of genus Lepidopus;
including: specimens described as Lepidopus sp. (16); mentioned
(7); undescribed (476).

*Genus et species indet.

Material: 10 specimens; identified to the level of family Trichiuri-
dae.

Family PALAEORHYNCHIDAE Günther, 1880
Genus Palaeorhynchus Blainville, 1818

Palaeorhynchus sp.

Material: 124 specimens; classified with the joint group Palae-

orhynchus; including: specimens described as Palaeorhynchus sp.
(1) (Jerzmañska, 1968; p. 466); undescribed (123); fragments of
skeletons; mostly isolated bones.

Genus Pseudotetrapturus Daniltshenko, 1960

*Pseudotetrapturus sp.

Comment: no specimens identified as Pseudotetrapturus sp. have
been found. This taxon was mentioned in the lists compiled for the
Polish Carpathians (Kotlarczyk, 1985, p. 56–57; Jerzmañska &
Kotlarczyk, 1988, p. 104–105).

Family SCOMBRIDAE Rafinesque, 1815
Subfamily SCOMBRINAE Rafinesque, 1815

Genus Scomber Linnaeus, 1758

Scomber voitestii Paucã, 1929

Material: 11 specimens; including: described (3) (Jerzmañska,
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1968; p. 466); undescribed (7); showing species’ properties
(Paucã, 1929a; p. 112).

Genus Acanthocybium Gill, 1862

Acanthocybium sp.

Material: 2 specimens; identified as Acanthocybium sp.

Genus Sarda Cuvier, 1829

Sarda sp.

Material: 10 specimens; including: described (3) (Jerzmañska,
1960, p. 404; Jerzmañska & Kotlarczyk, 1988, p. 104–105); unde-
scribed (7).

Subfamily THUNNINAE Starks, 1910
*Genus et species indet.

Material: 2 specimens; identified as Thunninae (2). Change of
name of the specimen identified as Thunnus sp. introduced by A.
Jerzmañska.

*Genus et species indet. A

Material: 105 specimens; identified to the level of family Scombri-
dae.

*Familia et genus indet.

Material: 52 specimens; identified to the level of suborder Scom-
broidei; including: specimens mentioned as Scombridae (2) (Jerz-
mañska et al., 2001); undescribed (50).
Comments – Scombroidei: 5 families: Euzaphlegidae (107), Gem-
pylidae (468), Trichiuridae (938), Palaeorhynchidae (124), Scom-
bridae (130), Familia et genus indet. (52); 5 species, 7 genera, 6
unidentified forms. Nearly 10% of forms determined as Scombroi-
dei bear descriptions, the remaining ones require revision. Number
of specimens in the collection: 1,824.

Suborder STROMATEOIDEI Regan, 1929
Family NOMEIDAE Günther, 1860

Genus Psenicubiceps Daniltshenko, 1980

Psenicubiceps sp.

Material: 4 specimens; identified to the level of genus Psenicubi-

ceps; description (Daniltshenko, 1980a; p. 167).

*Genus et species indet.

Material: 1 specimen; identified to the level of family Nomeidae.

Family STROMATEIDAE Rafinesque, 1810
Genus Pinichthys Bannikov, 1985

Pinichthys sp.

Material: 6 specimens; identified in 1989 by A. Bannikov as
Pinichthys (information derived from specimen’s label).

*Familia et genus indet.

Material: 9 specimens; determined as the suborder Stromateoidei.

*Familia et genus indet. (Giant III)

Material: 1 specimen; classified as a new form; informal name
Stromateoidei (?) (Giant III) proposed by A. Jerzmañska in 1989.
Comments – Stromateoidei: 2 families: Nomeidae (5), Stromatei-
dae (6), Familia indet. (9), Familia indet. (Giant III) (1); 2 genera, 3
unidentified forms. Number of specimens in the collection: 21.

* Genus et species indet. A

Material: 5 specimens; classified with the suborder Trichiuroidei
by A. Jerzmañska, are shifted to the suborder Scombroidei.

*Order PERCIFORMES Bleeker, 1859
*Suborder indet.

*Familia et genus indet A

Material: 91 specimens; classified with the order Perciformes.

*Familia Incertae sedis

*Genus et species indet. (à la, à la)

Material: 46 specimens; classified as a new form; informal name:
Perciformes (à la, à la) proposed by A. Jerzmañska in the years
1989–1991 (incomplete descriptions and hand-made drawings by
A. Jerzmañska).
Comments – Perciformes: 8/7 (?) suborders: Percoidei (904), Tra-
chinoidei (207), Gobioidei (1), Acanthuroidei (6), Sphyraenoidei
(1), Scombroidei (1824), Stromateoidei (21), ?Trichiuroidei (5);
20 families; 14 species, 23 genera, 17 unidentified forms. Number
of specimens in the collection: 3,101.

Order PLEURONECTIFORMES Bleeker, 1859
Family PSETTODIDAE Regan, 1910

*Genus et species indet.

Material: 1 specimen; identified to the level of family Psettodidae.

*Familia et genus indet.

Material: 33 specimens; classified with the order Pleuronectifor-
mes, mentioned in the lists of taxa since 1985.
Comments – Pleuronectiformes: 1 family: Psettotidae (1), Familia
indet. (33); 2 unidentified forms. Number of specimens in the col-
lection: 34.

Order TETRAODONTIFORMES Regan, 1929
Family TRIACANTHODIDAE Gill, 1862

Subfamily TRIACANTHODINAE Gill, 1862
Genus Carpathospinosus Tyler et Jerzmañska, Bannikov,

Œwidnicki, 1993

Carpathospinosus propheticus Tyler et Jerzmañska, Bannikov,
Œwidnicki, 1993

Material: 10 specimens, described (Tyler et al., 1993). Holotype:
ZPALWr A/3000; Przysietnica [PS5]. 1993. Carpathospinosus

propheticus nov. sp.; J. Tyler, A. Jerzmañska, A. Bannikov, J.
Œwidnicki, p. 12, figs: 11, 12, 13, 17, 18, 19.

Carpathospinosus sp.

Material: 13 specimens; identified to the level of genus Carpa-

thospinosus; including: mentioned (10); undescribed (3).

Subfamily HOLLARDIINAE Gill, 1862
Genus Prohollardia Tyler et Jerzmañska, Bannikov, Œwidnicki,

1993

Prohollardia avita Tyler et Jerzmañska, Bannikov, Œwidnicki,
1993

Material: 3 specimens, described (Tyler et al., 1993). Holotype:
ZPALWr A/2096; B³a¿owa [B1].
1993. Prohollardia avita nov. sp.; J. Tyler, A. Jerzmañska, A.
Bannikov, J. Œwidnicki, p. 3, figs.: 1–3, 7–10.
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Genus Parahollardia Fraser-Brunner, 1941

Parahollardia (?) sp.

Material: 4 specimens; identified as Parahollardia (?) sp. It cannot
be excluded that the name shown on specimen’s label has been er-
roneously given by A. Jerzmañska instead of Prohollardia.

*Genus et species indet.

Material: 4 specimens; identified to the level of family Triacantho-
didae.

Family BALISTIDAE Rafinesque, 1810
Genus Oligobalistes Daniltshenko, 1960

Oligobalistes sp.

Material: 1 specimen; identified to the level of genus Oligobalistes

(Daniltshenko, 1960; p.164).

Genus Apostasis Kramberger, 1891

Apostasis sp.

Material: 7 specimens; identified by A. Jerzmañska as Apostasis

sp.; identification requires revision.

*Genus et species indet.

Material: 6 specimens; identified to the level of family Balistidae.

Family OSTRACIIDAE Rafinesque, 1810
Genus Oligolactoria Tyler et Gregorová, 1991

Oligolactoria bubiki Tyler et Gregorová, 1991

Material: 1 specimen; mentioned (Tyler & Gregorová, 1991; p. 3)
as a paratype: ZPALWr Os/397; Knia¿yce [KN1]. 1991. Oligolac-

toria bubiki nov. sp.; J. Tyler et R. Gregorová, p. 3.

*Genus et species indet.

Material: 1 specimen; identified as Ostraciidae.

*Familia et genus indet.

Material: 6 specimens; classified with the order Tetraodontifor-
mes.
Comments – Tetraodontiformes: 2 holotypes; 3 families: Triacan-
thodidae (36), Balistidae (19), Ostraciidae (2), Familia indet. (6); 3
species, 4 genera, 3 unidentified forms. Number of specimens in
the collection: 58.

*Ordo et familia indet.
Teleostei: Genus indet.

Material: 440 specimens; included into the group: Teleostei: Ge-
nus indet.; no information about taxon’s name. Undescribed owing
to doubts related to determination of diagnostic features.

*Familia indet.
Teleostei: Genus indet. A

Material: 11 specimens; classified with the group.

*Familia indet.
Teleostei: Genus indet. P

Material: 1 specimen; described as: Teleostei: Genus indet. (P).
Comments – Teleostei: Genus indet.: (452) undescribed; grouped
under three names: Teleostei: Genus indet. (440); Genus indet. A
(11); Genus indet. P (1); no information about taxon name. This
group of specimens includes also representatives of orders: Clu-
peiformes; Beryciformes; Myctophiformes, and Gadiformes.

VARIABILITY OF FOSSIL
ASSEMBLAGES OF THE CARPATHIAN

ICHTHYOFAUNA

Long-lasting exploration of ichthyofauna along con-
tinuous sections of the Menilite Formation in the northern
segment of the Carpathians, ca. 400 km2 large, has supplied
abundant quantitative material that makes it possible to de-
termine variability of ichthyofaunistic assemblages both in
time and space. It is possible, of course, to consider only the
variability of fossil fish assemblages which record – to an
unknown degree – the variability of biocoenoses during a 20
million years-long interval in the Northern Tethys basin.
Apart from abundance of taphocoenoses and the ubiquity of
their occurrence within black, bituminous clayey-siliceous
shales, more or less complete fish skeletons occur only in
thin, frequently horizontally laminated shale layers, interca-
lated by much more thicker layers of not laminated shales of
similar colour, or other strata (grey and green shales, silt-
stones, mudstones, sandstones, cherts, marls, cohesive mud-
flow deposits). Such an observation has also been con-
firmed by other authors (Bieñkowska, 2004).

Range of the studied variability

The applied methodology allows one to study vertical
variability of the assemblages of taphocoenoses in the fol-
lowing cases:

1. inbetween neighbouring layers within one exposure,
2. among several exposures arranged stratigraphically

in the section of the Menilite Formation or the entire
Menilite-Krosno Series,

3. between stratigraphically successive sequences of
exposures that contain one homogeneous assemblage of
ichthyofauna and the sequences containing a different as-
semblage.

The horizontal variability can be analysed in case of:
1. assemblages occurring in characteristic chronohori-

zons (e.g., Jas³o Limestones),
2. assemblages associated with clearly marked and con-

tinuous lithostratigraphic divisions like, for instance, the
pair of the Dynów Marl and Kotów Chert members,

3. qualitatively similar fish assemblages among individ-
ual sections of the study area.

The shape of the studied portion of the Carpathians en-
ables one to characterise the last type of variability princi-
pally across the Oligocene Carpathian basin, and rarely
along its axis.

An analysis of the above-mentioned types of variability
will serve ecostratigraphic purposes and will be conducted
with a view to ichthyofaunistic zonation, reflecting its
present-day recognition. Purely taphonomic problems will
not be dealt with in this paper.

The lithology of fish-bearing strata, i.e., hard, compact
limestones and massive marls or brittle, easily disintegrat-
ing shales, as well as extremely rare occurrence of well-
exposed larger sedimentary surfaces prevent recognition of
the variability of fish assemblages among individual lami-
nae comprising one fish layer (such fine-scale temporal
variation in taphonomy of fishes found in laminated fresh-
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water diatomites was studied by Wilson, 1993). Taking into
account very low rates of sedimentation of laminated pe-
lagic sediments (a few millimetres per 1,000 years), it can
easily be concluded that we loose a possibility of estimating
the variability of ichthyofauna within time-intervals impor-
tant for living organisms. On the other hand, it cannot be ex-
cluded that some of the laminated layers represent the up-
permost divisions of turbiditic depositional sequences, or
that individual pairs of laminae belong to deposits of highly
diluted turbidity currents. In the first case, it is not possible
to conclude about any variability throughout the section of a
fish layer, whereas in the second one technical difficulties
make it impossible to study differences among fish assem-
blages that could have been supplied by successive turbidity
currents in unknown time intervals. Therefore, irrespec-
tively of the origin of fish-bearing deposits, temporal vari-
ability of individual assemblages within a fish layer of Car-
pathian sections cannot be reconstructed at this moment.
Perhaps future specialist studies will enable for such a re-
construction. For the time being, the highest level of resolu-
tion is provided by variability among individual fish layers.

Possible causes of variability of ichthyofaunistic
assemblages

The reasons for variability within Carpathian ichthyofauna
are diversified and frequently difficult to identify. A preliminary
discussion of these problems is given in a paper by Jerzmañska and
Kotlarczyk (1973). It should be mentioned at this place that the
variability of fossil ichthyofauna is controlled by: factors affecting
the biocoenosis, those influencing upon the taphocoenosis compo-
sition, as well as the number of specimens per sample.

From among the primary, life conditions one should take into
account: physico-chemical properties of the environment (water
temperature, salinity, gas content), geographic-geological condi-
tions (basin depth, presence of sea currents, including upwellings
and horizontal currents (incl. gyre currents), basin topography and
its changes, formation of natural barriers, rate of sedimentation,
density of suspended load), biological factors (breeding, mortality,
migrations), as well as factors controlling the origin of local domi-
nation of individual species and genera.

The post-mortem conditions include: the influence of sea cur-
rents, including turbidity currents transporting fish remains (rede-
position of not disintegrated skeletons can also occur after fossili-
zation, owing to submarine slumps, olistoliths, and other gravity
flows), the rate of decay and fossilization of organic material, and
the role of necrofags. The activity of the latter is controlled by: the
presence of anoxic conditions within sediments, mineral and che-
mical composition of both bottom sediments and those covering
the bodies, rates of formation of the overlying laminae, and others.

The occurrence of layers bearing nearly homogeneous assem-
blages can also result from abnormal causes of mortality, like epi-
sodic mass extinction of fish shoals. This type of mortality,
however, does not affect changes in biocoenosis composition in a
longer time interval, but brings about unexpected accumulation of
fish skeletons.

From a longer time perspective, the variability of assemblages
is largely stimulated by the course of evolutionary processes, like
natural disappearance of species and appearance of new ones, and
the rate of immigration of new forms from the Indo-Pacific area
into the studied fragment of the Tethys.

When analyzing the variability of assemblages occurring
within individual layers, one should take into account the influence

of statistical representativeness of the assemblage upon its qualita-
tive composition. A small number of exploited specimens can bias
the real composition of taphocoenosis of the studied layer. It hap-
pens all too often that such poorly representative samples bear –
first of all – the most numerous taxa of a given taphocoenosis, al-
though less numerous taxa can constitute a remarkable share as
well.

To estimate the reliability of the studied collection, an estima-
tion of representative samples had already been performed by Jerz-
mañska et al. (1973; p. 116). The calculations are based on an
assumption that sampling without return (relevant to exploitation
of the fauna) does not change the infinitely great population of fish
skeletons occurring in the Menilite Formation. Therefore, to calcu-
late the size of a representative sample, one can use a formula of
independent sampling (which does not require the knowledge of
the size of general population and its distribution parameters): n =
u�

2/4d2; where: uá is the respective value of distribution variable N
(0,1) for a given confidence level 1-�, and d is the maximum pos-
sible estimation error of the structure index. At the confidence
level equal to 0.95, one should exploit from the layer at least 96
specimens, so as the maximum possible estimation error will not
exceed 10% and, respectively, 394 specimens to reduce this error
to 5%. At the confidence level reduced to 0.90, one should extract
at least 67 specimens so as not to exceed 10% error, and 269 speci-
mens not to exceed 5% error level. Such numerous samples, how-
ever, could seldom be obtained due to both technical difficulties
and low frequency of skeletons. Therefore, the presented below
analyses of variability among individual layers are usually biased
by greater errors.

The reasoning applied to calculation of the representative
sample taken from a layer can be also applied to sampling of the
entire exposure. Also in this case, the number of exposures repre-
sentatively sampled at the known allowable error is lower than that
of all studied exposures (40/208).

Methodology of representation of ichthyofaunal
variability

For all types of the analysed variability, an uniform pat-
tern and graphic representation of tables has been applied.
The columns represent: individual layers (sometimes a few
successive ones), exposures (sometimes groups of neigh-
bouring exposures or maintaining similar position within
adjoining sections), logs within individual zones, as well as
ichthyofaunal zones arranged in a stratigraphic order. The
rows, in turn, contain taxa subdivided into groups including:
species and genera, families and subfamilies, orders and
suborders, as well as taxa labelled as genus indet. Sub-
classes (Elasmobranchii) appear sporadically. The succes-
sion of taxa within each group depends on the order of ap-
pearance within individual columns, starting from the first
one. In case of higher number of taxa occurring at the same
time, they are listed alphabetically (and not systematically),
so as to enable their easy location.

The number of taxa within individual columns are
shown by 10 classes, marked by either lines of different
thicknesses or other graphic symbols and hues of grey.

Variability of fish assemblages among individual
layers

Fish exploration by the stratonomic method, i.e. bed by
bed, enables for distinguishing profound changes in the as-

38 J. KOTLARCZYK ET AL.



semblages of Carpathian ichthyofauna. The first ever appli-
cation of such a method to Jamna Dolna (J) exposure made
it possible to distinguish two different ecological assem-
blages occurring one above another, and provisionally
called “bathypelagic” (below) and “neritic-sublittoral”
(above) (Jerzmañska & Kotlarczyk, 1968).

We shall start our description of the first type of vari-
ability from this site. During many years after publication of
the quoted paper, extensive exploration of the Jamna Dolna
site has been conducted. Among a few tens of ichthyofauna-
bearing layers, detailed exploration of 28 layers has been
performed (Fig. 6). A few lithological units (labelled A–G,
cf. Jerzmañska & Kotlarczyk, 1968) have been distin-
guished in the section. Individual layers have been num-
bered consecutively within every lithological unit. These
units represent the following lithostratigraphic members:
A-B – sub-Chert Shale Member including porcellanites, C –
Kotów Chert Member, D – Dynów Marl Member (in an ex-
posure situated within a cliff high above the stream bed, sili-
ceous marls undergoing long-term weathering were trans-
formed into soft, porous siliceous shales), E-G – Rudawka
Tractionite Member (see Fig. 4: £–J). Due to difficulties in
identification of particular layers after a few year-long
break in exploitation, newly exploited specimens have been
referred to easily indetifiable, separate lithological units A,
B, C, E, and F. Layers labelled as D1, D2, and D3, previ-
ously assigned to the Dynów Marl Member, should proba-
bly be included into unit E.

Table 4. (Jamna Dolna) portrays the occurrence of indi-
vidual taxa within both the explored layers and entire litho-
logical units. Three types of taxa can be distinguished. The
first one includes taxa occurring from the lowest to the up-
permost layers, like Lepidopus glarisianus and Clupea sar-

dinites. The second one represents taxa occurring in the
lower part of the exposure only and not passing into the lay-
ers present at the top of unit D. The third type, in turn, in-
cludes taxa occurring in the upper part of the exposure,
starting from the top of unit D or from the lower part of unit
E. Jerzmañska and Kotlarczyk (1968) documented that the
boundary between the second and third types separates the
“bathypelagic” and “neritic-sublittoral” fish assemblages.

The diagram shows that layers assigned to the top of
unit D represent, irrespective of original lithology, a higher,
i.e., “neritic-sublittoral” ecological assemblage, distin-
guished in the hitherto applied ecostratigraphic scheme as
the IPM2 Zone. Table 4. clearly indicates that within homo-
geneous bathypelagic assemblage (units A-C) some taxa be-
gin to appear at a certain height above the base of the expo-
sure, whereas others, commonly occurring throughout the
section, are absent from some layers. Such a picture can be
explained by either too small sample size, or local, unimpor-
tant variability. In case of some taxa like, for instance, those
of the genus Centriscus, the restriction of their occurrence
to unit B and the lower part of unit C only appears to suggest
that their range is shorter than that of the entire bathypelagic
assemblage. Another interesting phenomenon is the content
of layer E1. This layer, 10 mm thick, differs remarkably
from the other ones by unusual number of specimens
dominated by Trachinus minutus (with prevailing number
of juvenile forms), accompanied by Hipposygnathus neriti-

cus and Glossanodon musceli (also represented by a high
amount of juvenile forms).

Similarly detailed documentation of 24 exploited layers
enables one to distinguish a sharp boundary between the
“bathy-pelagic” and “neritic-sublittoral” assemblages at
Wola Wêgierska – WE (Fig. 4: BP). The taxa Scopeloides

sp. and Palimphyes sp. disappear in layers H7 and H8
(WEbp), whereas in higher situated layers H and H1(WEup),
Glossanodon sp., Trachinus sp., and Serranus sp. appear
(cf. Table 15). Also in this exposure, Centriscus sp. displays
a slightly narrower range than the entire “bathy-pelagic”
zone.

An analogous change of assemblages has been docu-
mented by the stratonomic method within single exposures
at Kotów – KT (Fig. 4: L), Malawa – M2 (Fig. 4: L),
Straszydle – S1-S1b (Fig. 4: B, Fig. 6), and – possibly –
Skopów – SK (Fig. 4: BP).

Variability of the neritic-sublittoral ichthyofaunal as-
semblage within a single exposure was already studied in
the 1970s at Rogi – RO1 (11 layers) and Równe – R1 (4 lay-
ers). At Rogi (Fig. 4: R), successive layers of the exposure
bear a similar assemblage of taxa of the neritic-sublittoral
assemblage, although one layer (No. 6) contains extremely
numerous specimens, and the successive layer No. 5 bears
the highest number of taxa. The studies of homogeneity of
the ichthyofaunal assemblage at this exposures were con-
ducted by Kotlarczyk et al. (1975) using the Rodionov’s cri-
terion, and revealed that statistically significant differences
exist between layer assemblages 1–5 and 6–11, less clearly
between layers 5 and 4. These boundaries reflect both the
presence of the above layers, as well as hiatuses in the conti-
nuity of taxa. On the other hand, the assemblage of Równe
proved to be homogeneous.

Another, very important boundary separating different
ecological assemblages has been identified at Krêpak IV
(Fig. 4: K-HB, Fig. 6). The Rudawka Tractionite and Borek
Nowy Sheet-like Shale (layers 1–3) members, as well as
Krêpak Green Shale Member (layers 4–5) have been sam-
pled. Table 5, similar to the previous one, clearly shows the
boundary between layers 1–3, including Glossonodon sp.
and Serranus sp. taxa (known from units D-G at Jamna),
and layer 4 which bears new taxa: Bregmaceros filamento-

sus and Polyipnus brevis. The overlying layers include: Kot-

larczykia bathybia, Idrissia sp., Bathyprion sp., Hemi-

thysites sp., and Eomyctophum sp. That part of the section
includes as well the taxa identified in units A-C at Jamna,
like: Vinciguerria sp., Vinciguerria distincta, and Thyrsitoi-

des sp. The above boundary separates the neritic-sublitttoral
assemblage from the overlying bathy-pelagic one, which is
called “the upper bathy-pelagic assemblage” (Jerzmañska,
1968). It should be noted that ecological differences be-
tween the assemblage known from layers 4–5 in respect to
the lower one are also underlined by the presence of deep-
water taxa that belong to families: Gonostomatidae and
Sternoptychidae, (in the hitherto-existing scheme, this as-
semblage is distinguished as the IPM3 Zone). The table also
shows that some of the taxa occur only in single layers of
the upper bathypelagic assemblage. This phenomenon can
be explained in a way similar to that applied to the Jamna
section. A slightly different assemblage comprised in layer
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5 probably represents another, younger assemblage of the
upper bathypelagic assemblage. This assemblage does not
contain taxa typical for the IPM3 Zone, but includes
Hemithyrsites sp. taxon, occurring for the first time above
the base of the Menilite Formation.

This younger assemblage has been sampled at Przysiet-
nica PS6-5 section (Fig. 4: PS. Fig. 6). The top part of this
exposure is composed of layers 1–50 (numbered from the
top downwards), called PS5 exposure, whereas the bottom
layers 52–60 belong to exposure PS6. The PS5-6 exposure is
composed of interbedded, a few centimetres thick layers of
clayey, greenish-grey and clayey brown shales. The top of
PS6 exposure bears three layers of laminated limestones of
the Wujskie Limestone Horizon (WL), very strongly weath-
ered and partly decalcified. The exposure represents a part
of the Menilite Formation member, belonging to the Sub-
silesian Unit. The sequence of similar lithofacies develop-
ment has been distinguished in Moravia (Czech Republic)
as the Štitboøice Member (Stranik, 1981). Fish assemblages
have only been found in brown shales and the above-
mentioned limestones. Numerous layers bear a wealth of
taxa (cf. Table 6.), including those present throughout the
entire exposure, and those that begin to appear only from
layers 46–42, like: Centriscus sp., Centriscus nov. sp., and
Syngnathus sp. – typus A, although individual taxa are ab-
sent from some of the layers. The subsequent occurrence of
a rich assemblage in layer 42 probably results from more
representative sampling of this layer (627 specimens) as
compared to the other ones. The presence of new taxa in
layers 46–40, including – apart from the above-mentioned
ones – such rare species, as Carpathospinosus sp., including
species protheticus, Forcipiger sp., Oligobalistes sp., Ono-

brosmius sp., Parahollardia? sp., and Caprovesposus sp.
marks the occurrence of a new, hitherto-unrecognised eco-
logical assemblage. A less numerous assemblage present at
the base of exposure PS6 reveals properties of a transitional
assemblage, because it includes both the taxon typical for
the IPM3 Zone, i.e. Bregmaceros filamentosus, and those
typical of the younger assemblage: Africentrum sp., Carpa-

thospinosus propheticus, and Idrissia sp. The entire assem-
blage from exposure PS6-5 is fairly homogeneous, and has
been distinguished in this paper as the IPM4A Zone. Simi-
larly as at Jamna, exposure PS5 bears a layer (no. 42) with
strongly dominating one taxon, i.e., Centriscus sp. Speci-
mens of this taxon, together with those of Centriscus nov.
sp. make up 78% of the entire assemblage exploited from
this layer.

A stratigraphically younger part of the Menilite Forma-
tion has been sampled, i.a., at Krêpak, in adjoining expo-
sures (from the base to the top): KI, KI1-1a, KIII (Fig. 4:
K-B, Fig. 6). KI represents a layer of the Jas³o Limestone
(JL), the remaining 8 layers are comprised in a shale-
sandstone complex.

Basing on the picture recognised at earlier-described
exposures, two important boundaries can be identified here,
despite the lack of representative sampling of all the layers
(cf. Table 7). The first boundary is marked by the upper
range of Polyipnus cf. sobnioviensis, typical for the Jas³o
Limestones and IPM4 Zone, the second one is documented
by the first appearance of Carpathichthys polonicus, consid-

ered by Jerzmañska and Kotlarczyk (1981) as the index
taxon of the IPM5 Zone.

Exposure at Bachów-3 (BH3) (Fig. 4: BR, Fig. 6) will
illustrate difficulties in distinguishing zone boundaries
within the upper bathy-pelagic assemblage. The lowermost
layer listed in Table 8 occurs ca. 15 m above the Jas³o Lime-
stone chronohorizon. One should expect at this position ich-
thyofauna typical for the IPM5 Zone. Instead, within 0.5 m
higher situated, well-sampled shale complex (A1), one
specimen of Argyropelecus sp., characteristic for the IPM6
Zone, has been found. On the other hand, Carpathichthys

sp., numbering 14 specimens, occurs only in a few layers of
a ca. 2-m-thick complex situated some 10 m higher. We are
confronted here with either early appearance of Argyropele-

cus sp. within the IPM5 Zone or even below, or late appear-
ance of Carpathichthys sp. already in the IPM6 Zone. Tak-
ing into account that the share of the most important taxa
within the assemblage exploited from the upper part of ex-
posure BH3 (from layer 17 to the uppermost one) is defi-
nitely compatible with the share of respective taxa within
the assemblage coming from the stratotype exposure of
Zone 5 (exposure KIII at Krêpak), the former option has to
be applied. In this case, the position of the lower boundary
of the IPM5 Zone at exposure BH3 will require further stud-
ies (cf. chapter “A new attempt…”).

An analysis of the number of individual taxa at expo-
sure BH3 clearly depicts horizon A1 that shows distinct
domination of Africentrum sp., Holocentroides sp., and
Lepidopus sp. over the remaining taxa.

Changes in ichthyofauna of the upper part of the Menil-
ite Formation have been documented at section Krêpak II.
This section includes six exposures, numbered from the bot-
tom upwards: KIIb, KIIe, KII1, KII3, KII2, and KII (Fig. 4:
K-HB, Fig. 5), wherefrom a few tens of layers have been
sampled (Fig. 6). Table 9 comprises selected layers of
exposure KII3 only. A few taxa are ubiquitous, although
with some gaps. These are: Argyropelecus sp., Eomycto-

phum sp., Thyrsitoides sp., and Merluccius sp. The distribu-
tion of taxa within layers of exposure KII3 at Krêpak clearly
shows that the higher number of taxa depends on the
number of exploited specimens. For instance, layer no. 40
includes 7 taxa per 8 specimens, whereas layer no. 30 com-
prises 45 taxa per 478 exploited individuals. A striking fea-
ture is the presence of Argyropelecus sp. at section Krêpak
II. This taxon appears in successive exposures up to the last
layer at KII2, being absent from the three sampled layers
and the entire, youngest exposure KII (15 taxa per 98 speci-
mens). Disappearance of this stratigraphically important
taxon, also observed at other sections, marks the boundary
between the IPM6 Zone and the newly established IPM7
Zone.

The changes in fish assemblages within the upper part
of the Menilite Formation can be reconstructed in one of the
most detailed sampled exposures, i.e. Bachów 1 (BH1). This
exposure, already described by Jerzmañska and Kotlarczyk
(1975, Fig. 3: cf. Fig. 6), bears a numerous (N = 1,273) ich-
thyofaunal assemblage comprised in 8 layers (Table 10).
Half of the layers (2a, 2, 2g, 1) have been sampled represen-
tatively enough to indicate the unexpected lack of taxa:
Hemithyrsites sp. in layers 2 and 2g, or Syngnathus sp. in

40 J. KOTLARCZYK ET AL.



the uppermost layer 1, despite the fact that the latter taxon
surivived until the final stage of the basin existence. This
lack can probably be explained by periodical changes in the
biocoenosis.

It is difficult to decide unequivocally whether the relia-
bly documented lack of Argyropelecus sp. in the topmost
layers of the exposure should be treated as the previously
mentioned periodical gaps, or should it be associated with
the final disappearance of this taxon from the basin, as
shown by an analysis of successive layers of the section at
Krêpak II. However, taking into account small thickness
(ca. 60 cm) of the complex devoid of Argyropelecus sp. and
lack of data coming from the overlying beds, it has been ac-
cepted that insufficient evidence exists to consider the ab-
sence of this taxon as a reflection of its complete removal
from the basin. Therefore, the entire ichthyofaunal assem-
blage collected from BH1 exposure has been included into
the Argyropelecus sp. assemblage, belonging to the IPM6
Zone.

Concluding remarks

A review of ichthyofaunal changes within the layers of
stratigraphically arranged exposures makes it possible to
draw several general conclusions and to determine prelimi-
narily the character of changes of fish assemblages during
the existence of the sedimentary basin.

1. Most of the taxa appear in the section in some layers
only.

2. The changeable spectrum of taxa in individual layers
is largely dependent on the number of exploited specimens.

3. The appearance of individual, stratigraphically im-
portant taxa within a layer does not depend on the number of
specimens it contains. Some taxa appear even in samples
numbering a few specimens only, whereas others do not oc-
cur even in samples embracing a few hundreds of speci-
mens, like, e.g., Palaeogadus simionescui in layer E1 at
Jamna Dolna (at confidence level equal to 0.95, and 5% er-
ror), or Carpathospinosus propheticus in layer 42 at Przysi-
etnica (PS6/5) (confidence level 0.90, error 5%). In such
cases, the presence of periodical disappearance of taxa
should be related to either life or post-mortem changes in
the assemblage; although accidental lack of a given taxon
cannot be excluded at the accepted error.

4. The changes of ecological assemblages are two-fold:
they proceed either rapidly between neighbouring layers, or
gradually through a number of layers. The first type in-
cludes changes between the lower bathy-pelagic and
neritic-sublittoral assemblages, and between the latter and
the upper bathy-pelagic one. The second type is represented
by changes occurring within the upper bathy-pelagic assem-
blage, e.g., between the IMP3 and IPM4A zones, or be-
tween IMP5 and IPM6 zones. These changes consist in
gradual rebuilding of the assemblage and co-existence of in-
frequent specimens of some of the taxa characteristic for the
neighbouring zones, like Carpathichthys sp., and Argyrope-

lecus sp. in the lower part of IPM6 Zone, or Bregmaceros

filamentosus and Carpathospinosus propheticus in the
lower part of IPM4A Zone.

Variability of ichthyofaunal assemblages among
exposures within a stratigraphic section

The most important problem of this paper is to charac-
terise the nature of variability of ichthyofaunal assemblages
in complete sequences of the Menilite Formation and, if at
all possible, in the younger Krosno Formation. To achieve
this task, it was necessary to collect and compare fish as-
semblages from stratigraphically arranged exposures for
every section. Due to a number of reasons, it was very diffi-
cult to find the sufficient number of such exposures for a
single section. Usually, the stratigraphic log was compiled
from exposures occurring at several neigbouring partial sec-
tions. Therefore, stratigraphic arrangement of individual ex-
posures required detailed geological mapping of the area, as
well as taking into account correlative horizons. The mode
of construction of such synthetic sections is described in
“Methods”, and the sections are shown on Fig. 4. Some-
times, palaeontological material comprised in synthetic sec-
tions appears to be insufficient, and their sampling incom-
plete. In such cases, data from two or more synthetic sec-
tions were combined into one composite section, being rep-
resentative for a larger area, i.e., a basin zone. These zones
are arranged chain-like, extending from marginal basin
parts towards central parts, and some of these zones coin-
cide – entirely or in part – with geological structures bearing
exposures of the Menilite Formation. The following zones
have been distinguished (cf. Fig. 9):

I – between exposures of the Menilite Formation on the
Carpathian margin up to Jamna Dolna and £odziñka;

II – between Wola Wêgierska (WE) and Œrednia up to
Babice (this zone overlaps in part the inner part of the previ-
ous zone);

III – the Menilite Formation stratotype area within the
Brzuska-Krêpak syncline (Krêpak-Bachów zone);

IV – between Borek Nowy - Brzezówka (BE) up to
Straszydle, B³a¿owa, K¹kolówka (KK), and £ubno - £azek
(££);

V – between Leszczawa Dolna up to H³udno, coincid-
ing in part with the inner segment of the previous zone;

VI – between Dobra and Temeszów up to Koñskie and
Mrzyg³ód;

VII – Przysietnica, Jazowa and Wujskie;
VIII – between Jas³o and Krosno, and Bóbrka and

Wis³ok Wielki.
In addition, a section in the West Carpathians has been

compiled basing on infrequent exposures close to
Wadowice (IX).

It has to be noted that when analyzing variability among
ichthyofaunal assemblages collected at exposures, we usu-
ally have at our disposal a greater number of individuals
than that resulting from summing the respective numbers
from individual layers. Some of these specimens could have
been extracted from the exposure without describing their
exact location in a given layer, or they could have been de-
rived from heaps at the base of exposures, particularly those
which have been exploited for many years. In some cases,
additional taxa have been found at such locations, like e.g.,
Eophycis at Jamna Dolna. Such a way of collecting the ma-
terial requires extreme care in case of exposures comprising
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two different ecological assemblages. This type of method-
ology is only accepted in stratigraphical works, and cannot
be applied either in detailed reconstructions of local
changes in ichthyofaunal assemblages, or in taphonomic
studies.

We shall start our description of assemblage variability
from the stratotype section, best documented and embracing
the entire sequence of the Menilite Formation in the
Brzuska syncline.

Composite section of the Krêpak - Bachów zone (III)

This composite section has been constructed from two
synthetic sections: Krêpak - Huta Brzuska (Fig. 4: K-HB)
and Brzuska - Bachów (Fig. 4: BR). This section includes
24 exposures selected from the following, continuous sec-
tions: Krêpak (3 partial sections), Huta Brzuska (1 section),
Brzuska (2 partial sections), Bachów (1 partial section).
Data collected at exposures are summarised in Table11 in
22 columns. In two cases, data from two exposures of small
number of specimens have been combined. Similarly as in
layer description, also in this case one can distinguish taxa
occurring nearly continuously throughout all the exposures
(these can be absent in case of poorly numerous samples), as
well as taxa present in some exposures only, being usually
represented by one specimen. The third group includes taxa
associated with only one or few neighbouring exposures,
and occurring only once in a section.

The first group embraces such common taxa, as: Clu-

pea sp., Eomyctophum sp., Lepidopus sp., Vinciguerria sp.,
or Serranus sp. Starting from exposure KIV4-5, ubiquitous
are: Hemithyrsites sp., Idrissia sp., and Thyrsitoides sp.,
whereas starting from exposure KI1 Africentrum sp., Mer-

luccius sp., and Syngnathus sp. are common. Beginning
from exposure BH3, Argyropelecus sp. begins to appear.

The second category includes Eomyctophum cf. ko-

raense, Priacanthus sp., and Scomber voitestii.
The taxa restricted to one or few neighbouring expo-

sures are represented by: Scopeloides sp. and Scopeloides

glarisianus at the lowermost exposure KI3; Glossanodon

musceli, Glossanodon sp., and Palaeogadus sp. at expo-
sures BR 43 and KIV1-3; Bregmaceros filamentosus, Kot-

larczykia bathybia, and Polyipnus brevis at exposure
KIV4-5; Polyipnus sobnioviensis at KI; Carpathichthys po-

lonicus and Carpathichthys sp. at KIII, HB6, and BH3;
Syngnathus sp.-typus A, Centriscus sp. and others at BH3.
Rare and only once occurring taxa include, i.a., Paraberyx

bachoviensis and Lepidopus isopleurus at exposure BH1,
Glyptophidium sp., Onobrosmius sp., Palaeogadus

intergerinus, Capros medianus at exposure KII3, and Eo-

myctophum menneri at KII. The presence of taxa occurring
exclusively in a given position of the section provides a
good opportunity for stratigraphic zonation, provided that
similar succession of taxa is repeated in other sections.

The described composite section is characterised by
domination of some of the taxa at individual exposures. For
instance, at exposure BH3 dominant are: Africentrum sp.,
Lepidopus sp., and Eomyctophum cf. koraense; exposure
BH1 is dominated by Syngnathus sp., Eomyctophum sp.,
Clupea sp., and Lepidopus sp., whereas exposure KII3 is
dominated by Argyropelecus sp., accompanied by Eomycto-

phum sp. and Clupea sp. It should be remarked at this place
that the unusual dominance of Argyropelecus sp. at expo-
sure KII3 is associated with exceptional large number of
specimens of this taxon in layer no. 30, and that strong
dominance of Syngnathus sp. at exposure BH1 is related to a
high percentage of this taxon in four neighbouring layers
(3–2g), situated within a 0.5 m thick complex.

Composite section of the B³a¿owa - Borek Nowy

zone (IV)

This area is shifted towards the NW in respect to the
axis of the main cross-section transecting the majority of
zones (Fig. 9).

Data listed in Table 12 have been derived from 41 expo-
sures (cf. two synthetic sections of this zone in Fig 4: B,
BN), and assemblages collected at some exposures of the
same lithostratigraphic member, particularly less numerous
ones, have been combined like, e.g., those of the Dynów
Marls at B³a¿owa -Walant (BW), and of an olistolith of the
latter at Hermanowa - Kamieniec (HK2). The data are pre-
sented in 24 columns. Column KK1 represents an exposure
of the sub-Chert beds at K¹kolówka (Fig. 6). The next 6 col-
umns portray fish assemblages from the Kotów Marl and
Dynów Marl members, whereas columns S3-S1b to Bm rep-
resent assemblages of the Rudawka Tractionite, Futoma Di-
atomite, and Borek Nowy Sheet-like Shale members. Col-
umns ££1 and BN7-BG represent the Jas³o Limestone Hori-
zon, and columns B1 through B15 illustrate the composition
of fish assemblages of the younger (supra-Jas³o) part of the
Menilite Formation, mainly the B³a¿owa Mbr. Column HT
portrays an assemblage of the Krosno Formation at Harta
exposure.

The first group of taxa listed in the table (species and
genera) clearly shows boundaries between those assem-
blages wherein new taxa appear and older ones disappear.
At exposures KK1 through ££2 there appear and commonly
occur such taxa, as: Scopeloides sp., Palimphyes sp., Eo-

myctophum limicola, and Cetorhinus sp., whereas Centris-

cus henrichi, Centriscus teleajensis, Vinciguerria talgien-

sis, Barbus sp. and others occur sporadically. These taxa do
not pass into higher-situated exposures (S3 through Bm), be-
ing replaced by: Holosteus sp., Ammodytes sp., and Capros

sp., whereas Glossanodon sp., found only at exposures S1
and S2 at the top of the Dynów Marl, maintains its ubiqui-
tous presence. These taxa do not occur in exposures repre-
senting a younger part of the Menilite Formation of this
zone.

Exposures of the Jas³o Limestones (here mainly at ££1)
bear, nearly exclusively, a new assemblage with Eomycto-

phum cf. koraense, Eomyctophum menneri, Idrissia carpa-

thica, Idrissia sp., and Holocentroides moldavicus. The taxa
of Polyipnus sobnioviensis, Polyipnus sp., and Priacanthus

longispinus, as well as a shark Alopecias are confined exclu-
sively to the limestones.

Another group of four exposures (B1 through B4) of the
Menilite shales intercalated by Kliwa sandstones, situated
one upon another in a continuous section at B³a¿owa, dis-
plays ubiquitous occurrence of Argyropelecus sp., as well as
the appearance and disappearance of: Palaeogadus distinc-

tus, Palaeogadus intergerinus, Prohollardia avita, Proto-
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myctophum sp., Psenicubiceps sp., Argyropelecus cosmovi-

cii, Capros medianus, Propteridium sp., Parahollardia?

sp., and others. Of special importance is the occurrence at
exposure B4, apart from Argyropelecus sp., of representa-
tives of deep-water families Ceratiidae and Alepocephali-
dae. Another group of exposures (BE2 to B15) of the highest
part of the Menilite Formation displays remarkable decrease
of the assemblages, where most of the previously described
taxa do not occur. This impoverished assemblage is domi-
nated by Eomyctophum sp., Vinciguerria sp., and Merluc-

cius sp., and – first of all – Syngnathus sp.
The last individualised group of taxa can be examined

at Harta. There occur for the first time: fairly numerous
Leiognathus cf. minutus, as well as Merluccius hartensis,
Merluccius errans, and Caranx gracilis, whereas Syng-

nathus sp. and Lepidopus sp. continue to exist, and Clupea

sp. flourishes.
The described zone does not contain numerous, clearly

dominating taxa. Infrequent exceptions are represented by
fairly numerous Scopeloides sp. at exposures S1 + S2 (55),
Eomyctophum sp. at B4 (136), and Clupea at Harta (75).

Assemblages with Polyipnus brevis and Carpathichthys

polonicus have not been found, despite extensive explora-
tion of numerous exposures in this zone.

Composite section of the Leszczawa - Kotów - H³udno

zone (V)

This section was constructed from synthetic Leszczawa
and H³udno sections (Fig. 4: L, H). Twenty-five exposures
(Fig. 9) are arranged into 15 columns by combining, as pre-
viously, less numerous fish assemblages from exposures be-
longing to the same lithostratigraphic member (Table 13).

The first two columns comprise data derived from ex-
posures that represent the Kotów Chert and Dynów Marl
members. Only these exposures do contain exclusively such
taxa, as: Centriscus sp., Centriscus longispinus, Centriscus

heinrichi, Cetorhinus sp., Eomyctophum limicola, Palim-

phyes sp., and Vinciguerria talgiensis. The next four col-
umns clearly show a group of exposures belonging to the
Rudawka Tractionite Member. There only occur: Glossano-

don sp., Glossanodon musceli, Palaeogadus sp., and Serra-

nus budensis, whereas some of exposures contain as well
single or infrequent specimens of Eophycis jamnensis, Eo-

phycis sp. and Trachinus minutus (at L), Holosteus sp.(at
M2), Hemiramphus jerzyi (at RB3), and others.

At exposure L 1, stratigraphically higher than exposure
L at Leszczawa, there occurs a pair of taxa: Kotlarczykia

bathybia and Polyipnus brevis, unknown from other expo-
sures, as well as a single Mugil sp., and others.

The next column (H119, KC1) represents the Jas³o
Limestone Horizon that was sampled at H³udno and, addi-
tionally, at Kroœcienko on the Strwi¹¿ River outside the de-
scribed zone, although in the same structure as H³udno (cf.
Fig. 1). Polyipnus sobnioviensis is a characteristic taxon for
these exposures.

The assemblage from the successive column (exposures
H1 – H7) is the only one within the entire section which
bears Argyropelecus sp.

The two next columns HD3-HD1 are characterised by
the presence of single specimens of rarely occurring taxa,
including that of a shark Notidanus, as well as the increased
amount of Syngnathus sp. and Merluccius sp., and excep-
tionally strong dominance (in HD1) of Eomyctophum sp.
and Clupea sp. It is worth noting that, despite the presence
of representative sample (217 specimens, including 127
within one layer), no traces of Argyropelecus sp. have been
found in exposure HD1 (Fig. 6).

Columns representing exposures HDK and £H1 - £H2
(their position in the section is, however, uncertain due to
tectonic complications) portray a composition partly similar
to the two previous ones, although both qualitatively and
quantitatively impoverished.

Exposures listed in the last two columns represent the
Krosno Formation, displaying even smaller number of taxa.
In such a case, of special importance is the occurrence at
Huta Porêba (HP) exposure only, i.e., in the lower part of
the Leszczawka Diatomite Member (cf. Fig. 6), of Merluc-

cius errans, apart from still persisting in the basin taxa of
Merluccius sp. and Syngnathus sp. It should also be men-
tioned that close to another exposure at this locality, in the
Zahuty (ZH) stream bed, one specimen of Caranx gracilis

(Kotlarczyk, 1966) has been found. This specimen, how-
ever, was not included into the collection under study.

The analysed set of exposures has not provided data
pertaining to the Carpathichthys polonicus assemblage.

Composite section of the Dobra - Temeszów - Mrzyg³ód

zone (VI)

Exposures of the Menilite and Krosno formations in
this zone represent the innermost part of the Skole Unit (cf.
Fig. 9). Its composite section has been compiled from the
Temeszów and Mrzyg³ód – Koñskie synthetic sections (Fig.
4: T, MR-KS). Ichthyofauna was exploited at 16 exposures,
but only four of them provided more numerous samples
(O2, T1, DG, D1). Therefore, some of the exposures which
were less representatively sampled but attained comparable
position in the log of the Menilite-Krosno Series in one or
two adjoining geological structures, were treated together
and presented in nine columns (Table 14).

At exposure Obarzym 2 (O2) representing the Kotów
Chert Member and the lower part of the Dynów Marl Mem-
ber there occur Scopeloides sp., Cetorhinus sp., and Vin-

ciguerria sp., which are absent from stratigraphically
higher-situated exposures. The three next columns (expo-
sures) represent the Rudawka Tractionite Member, and bear
– occurring exclusively herein – Glossanodon sp., Glossa-

nodon musceli, Palaeogadus sp., Palaeogadus simionescui,
and Serranus budensis (dominating at DG), as well as spo-
radically occurring Properca sp., Pinichtys sp., Sarda sp.,
and Caranx petrodavae.

The following column (MR1 – T4) represents the Jas³o
Limestone Horizon at two exposures. Polyipnus sobniovi-

ensis and Eomyctophum cf. koraense appear only here. Ex-
posures situated not high above the Jas³o Limestones (MR2,
MR3, T2) (cf. Fig. 4: MR-KS, T) bear a poor and not signifi-
cant assemblage.
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The next column combines assemblages derived from a
few exposures situated at a similar position within the log of
the Menilite Formation at Siemowica (SE1,2,3) and Te-
meszów (T3). Only in this assemblage (but exclusively at
SE3) does occur Carpathichthys polonicus, with important
share of more common taxa, such as Africentrum sp. and
Holocentroides moldavicus.

The second to last column includes exposures of the up-
per part of the Menilite Formation where, similarly as at
Bachów 1, intercalations of cherts within shales do appear
(cf. Fig. 4: MR-KS). The most characteristic taxon is Argy-

ropelecus sp.
The final column represents the uppermost intercalation

of Menilite shales, already within the Krosno Formation. A
solitary specimen of Syngnathus sp. has been found here.

In the composite section of this zone, the Polyipnus bre-

vis-bearing assemblage has not been found.
In the following part of this chapter, sections represent-

ing the zones situated outside the stratotype Krêpak area
will be discussed proceeding towards the Carpathian mar-
gin.

Section of the Babice, Wola Wêgierska - Œrednia

zone (II)

In this zone only 7 exposures have been sampled (cf.
Fig. 9, Fig. 4: BP), wherefrom one, at Wola Wêgierska, em-
braces two different ecological zones, similarly as at Jamna
Dolna. Therefore, it has been subdivided into two parts, the
lower and upper ones. On the other hand, assemblages de-
rived from closely-spaced exposures of the same outcrop of
Menilite strata: Babice – Po³anki 1 (BP1) and Bachów Zad-
worze (BZ) have been combined (Table15).

The lower part of Wola Wêgierska exposure (N = 175)
and well known historical exposure at Skopów (N = 257)
(Rychlicki, 1909), including the Kotów Chert Member and
poorly developed Dynów Marl Member, are characterised
by the occurrence of: Centriscus sp., Centriscus long-

ispinus, Palimphyes sp., and Palaeorhynchus sp., Scopeloi-

des sp. appears exclusively at Wola Wêgierska, whereas at
Skopów only there occur Scopeloides glarisianus, Centris-

cus heinrichi, and Centriscus teleajensis, as well as a rare
genus Diaphus sp. These taxa do not pass into the higher
situated group of exposures (columns: WE upper part, N =
140, BP1 + BZ and SR) that represent the Rudawka Trac-
tionite Member and, in part (at WE), the Futoma Diatomite
Member. Associated exclusively with this group are: Serra-

nus sp., Serranus budensis, Palaeogadus sp., and Palaeo-

gadus simionescui, whereas solitary specimens include Eo-

phycis sp., Capros sp., Palaeomolva sp., and Trachinus? sp.
A numerous assemblage (N = 207) at Babice - Po³anki

– 2 (BP2) is characterised by exclusive occurrence of Argy-

ropelecus cosmovicii, Argyropelecus sp., Eomyctophum cf.
koraense, Eomyctophum menneri, and Syngnathus incom-

pletus, as well as the appearance of rare taxa, like: Glypto-

phidium sp., Palaeogadus distinctus, Palaeogadus inter-

gerinus, Parasteindachneria oligocaenica, and Syngnathus

sp. typus A., apart from commonly occurring within the up-
per bathy-pelagic assemblage: Africentrum sp., Hemithyr-

sites sp., and Thyrsitoides sp.
The uppermost exposure of the Przedmieœcie Babickie

(PB) section, shortly below the Krosno Formation, reveals a
strongly impoverished assemblage at a lower number of
specimens (N = 27). The lack of Argyropelecus is impor-
tant. In the analysed zone no exposures representing assem-
blages of the IMP3 through IPM5 zones have been found.

Composite section of the Jamna Dolna, £odzinka -

Carpathian margin zone (I)

This zone includes both exposures at Jamna Dolna and
£odzinka (situated close to the Krêpak zone), and those situ-
ated in the outermost slice of the Flysch Carpathians at
Knia¿yce and Dubnik; totally numbering 11 exposures (cf.
Fig. 9, Fig. 4: £–J, KN, DU).

Exposure at Jamna Dolna has been subdivided into two
parts representing different ecological members. The lower
part (JA-C, N = 231) includes the sub-chert shales from
Jamna Dolna Member and the Kotów Chert Member. This
part of the section is characterised by exclusive occurrence
of Scopeloides sp., Scopeloides glarisianus, and Palim-

phyes sp.taxa, all species of the genus Centriscus sp., as well
as: Capros radobojanus, Eomyctophum limicola, Cetor-

hinus sp., Vinciguerria obscura, Vinciguerria distincta, and
other taxa (Table 16).

The upper part (JD-G, N = 571), including the Rudawka
Tractionite Member and the highest part of the Dynów Mbr,
is characterised best by taxa which do not reappear else-
where: Glossanodon musceli, Palaeogadus simionescui,

Hipposyngnathus neriticus, Trachinus minutus, Trachinus

sp., Eophycis jamnensis, and others.
Situated higher up in the section of the Menilite Forma-

tion three exposures: £2, KN4, and DU4 supplied infrequent
fossils, bearing taxa typical of the upper bathy-pelagic as-
semblage: Eomyctophum cf. koraense and Forcipiger sp.
(very rare species). Taking into account the position of these
exposures below the Jas³o Limestone Horizon, the above as-
semblage can represent the IPM4A Zone.

The next four exposures (KN1, DU3, £1, £1A) are asso-
ciated with the Jas³o Limestone Horizon. An important fea-
ture is the lack of Polyipnus sobnioviensis, a taxon charac-
teristic of this horizon. Among new taxa, one should list Eo-

myctophum menneri and rare Oligolactoria bubiki.
Two successive exposures of a higher part of the Menil-

ite Formation bear solitary specimens of poorly characteris-
tic taxa, whereas the uppermost exposure of his section
(DU1) includes the only taxon of Syngnathus sp., similarly
as in the Temeszów – Mrzyg³ód zone.

The composite section of this zone provides pieces of
unquestionable evidence only for the occurrence of three
basic ecological assemblages of ichthyofauna. The expo-
sure at Jamna Dolna represents the stratotype for the two
lower assemblages.

Section of the Przysietnica zone (VII)

The section at Przysietnica (Fig. 9) represents the Sub-
silesian Unit that shows a different facies development of
the Menilite Formation. The lower part of this formation in-
cludes thin and poorly marked Kotów Chert, Dynów Marl,
Rudawka Tractionite, and Borek Nowy Sheet-like Shale
members which, however, have not been sampled (Fig. 4:
PS).

ICHTHYOFAUNAL ECOSTRATIGRAPHY, POLISH OUTER CARPATHIANS 45



The upper part of the section is usually devoid of sand-
stones, being composed of intercalated brown and greenish-
grey shales. Eleven exposures bearing fish fossils are situ-
ated in this part of the formation which builds at least two
tectonic slices (Fig. 4: PS). The most important exposures
are arranged in a stratigraphic order in Table 17.

The position of exposure PS0 within the section has
been established in a rough way only. Its location was nei-
ther positioned precisely in an earlier paper (Jerzmañska,
1968), nor verified during subsequent stratigraphical works.

The exploited material is not always representative be-
cause only few exposures (PS6+5, PS7, PS8) provided a lar-
ger number of specimens (resp.: 1511, 402, and 437). Only
the lowermost exposure of this set (PS7) does include: Poly-

ipnus brevis, Kotlarczykia bathybia, Kotlarczykia sp., Breg-

maceros flilamentosus and Bregmaceros sp., and a few
poorly characteristic taxa represented by solitary speci-
mens.

Bregmaceros filamentosus and Bregmaceros sp. pass
into the higher situated exposure PS 6+5 which originated
due to linking by a ditch of exposures PS6 and PS5. This
exposure includes a differentiated set of taxa which appear
in large or significant numbers of specimens exclusively in
this position of the Przysietnica section. These are: Centris-

cus sp., Centriscus nov. sp., Carpathospinosus sp., Carpa-

thospinosus propheticus, as well as such rare taxa, like:
Caprovesposus sp., Forcipiger sp., Oligobalistes sp., Ono-

brosmius sp., and Parahollardia ? sp. There also occur
more common taxa, e.g., Holosteus sp., Fistularia sp., and
others. Dominance of Centriscus sp. is associated with the
“Centriscus layer”, already mentioned in the previous chap-
ter. Significantly frequent are also: Clupea sp., Lepidopus

sp., Palaeorhynchus sp., Syngnathus sp., Antigonia sp.,
Centriscus nov. sp., and Syngnathus sp. - typus A.

The PS6+5 ichthyofaunal assemblage, significantly dif-
ferent from all the above discussed assemblages of the
Skole Unit, should be distinguished as a separate Zone IP-
M4A.

The next two exposures PS3 and PS2, shown in one col-
umn in Table 17, represent the Jas³o Limestone Horizon. A
characteristic taxon, exclusive for this horizon, is Polyipnus

cf. sobnioviensis.
The next column shows composition of the ichthyofau-

nal assemblage of exposure PSO. A striking feature here is
the co-occurrence of Argyropelecus sp. (one specimen) and
Carpathichthys polonicus (1 specimen). Most probably, ex-
posure PSO represents that segment of the Menilite Fm.
which extends from the Jas³o Limestone Horizon (wherein
no index taxon has been found) up to the lower layers of
Zone IPM5. Hence, this segment would mainly embrace
strata coeval with those of exposure K I1+1a at Krêpak, and
the lower part of exposure BH3 at Bachów. The latter in-
clude a single specimen of Argylopelecus sp.

The two following columns, representing exposures
PS1 and higher situated PS10, supplied poor ichthyofauna.
Nevertheless, the clear presence (5 individuals per 7
specimens) of Argyropelecus sp. (at PS10), representatives
of the family Alepocephalidae, and the unknown from
elsewhere taxon Syngnathus sp. typus B (at PS1) is signifi-
cant.

Exposure PS8, belonging to the lower slice, maintains a
stratigraphic position similar to that of PS10. There occur
numerous specimens of such characteristic taxa, as: Argyro-

pelecus sp., Merluccius sp., and Syngnathus incompletus;
less frequent are: Palaeogadus distinctus and Parastei-

dachneria oligocenica, as well as rare Glyptophidium sp.
However, dominant components of the assemblage are
common taxa, like: Eomyctophum sp. and Clupea sp.; ac-
companied by a considerable amount of Lepidopus sp. The
sampled, higher part of the Menilite Fm. section at Przysiet-
nica does not reveal the IPM5 Zone only (perhaps it appears
at exposure PS1), whereas that part of the section which
contains exposures PS6,5 and PS4 (cf. Fig. 4: PS) has been
considered as the IPM4A Zone stratotype.

Composite section of the Jas³o - Krosno - Wis³ok Wielki

zone (VIII)

Only one section at Wis³ok Wielki (Fig. 4: WW) does
represent the Dukla Unit, the remaining exposures belong
the Silesian Unit (Fig. 9, Fig. 4: RR, R, W). Ichthyofauna
was collected at 18 exposures of the Menilite Formation and
at one exposure of the Jas³o Limestone (SO). The latter is al-
ready situated within the Krosno Formation (Fig. 4: W).

Exposures at Rudawka Rymanowska (RR), Rogi (RO),
Brzozówka (BO), and Krosno (KR) from the first four col-
umns of Table18 represent the lowermost part of the Menil-
ite Formation (the thin Kotów Chert and Dynów Marl mem-
bers; cf. Fig. 4). These exposures bear an uniform, although
poor assemblage of taxa, from which Scopeloides sp. and
Cetorhinus sp. do not appear up the section. To the same as-
semblage one can include specimens of Centriscus hein-

richi, found earlier at Bóbrka and Lubatówka, and described
by Böhm (1941).

The next group of exposures (from RR1-3 to W) repre-
sents the entire remaining, upper part of the Menilite For-
mation in Silesian Unit, undivided into members, and com-
posed mainly of shales, siltstones, and less frequent thin-
bedded sandstones. Variability of the qualitative spectrum
of ichthyofaunal assemblages, analysed among the expo-
sures, appears to depend on the number of exploited speci-
mens per exposure. The contrasting end-members are repre-
sented by exposures at Rogi (RO1 – 528 specimens, 17 taxa)
and Winnica (W – 139 specimens, 11 taxa), as well as Kla-
rowiec (KL – 16 specimens, 6 taxa) and Bóbrka (BB – 10
specimens, 4 taxa). Exclusively this group of exposures in-
cludes taxa: Serranus budensis, Serranus sp., Glossanodon

musceli, Glossanodon sp., Palaeogadus simionescui, and
rare: Scomber voitsetii, Capros radobojanus, Caranx petro-

davae, Eophycis jamnesis, Holosteus mariae, Hemiramphus

jerzyi, Synganthus incompletus, and Trachinus ? sp.
It is important to note that none of numerous taxa char-

acteristic of the upper bathypelagic assemblage, recognised
in the Skole and Subsilesian Units, have been found within
the Menilite Formation of the VIII zone. These taxa appear
in the Jas³o Limestone Horizon only. At Sobniów near Jas³o
(SO), a rich assemblage has been found, including typical
for the Jas³o Shales Polyipnus sobnioviensis, and known
from the upper bathy-pelagic assemblage: Eomyctophum cf.
koraense, Eomyctophum menneri, Idrissia carpathica, Afri-

centrum sp., Hemithyrsites sp., and others. The difference
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between this assemblage (column SO) and the lower,
neritic-sublittoral one (column IPM2/Ó2) is clearly marked
in Table 18.

Composite section of the Wadowice - ¯ywiec zone (IX)

In the Western Carpathians, data coming from several
exposures (Fig. 9) are available, including those of two sites
described in previous papers. It was possible to verify some
of the taxa (cf. Jerzmañska, 1968), particularly those from
Krakowica near Inwa³d, described by Heckel (1850), and
from Wola Radziszowska, described by Kramberger (1879)
(cf. Fig. 9).

Exposure at Krakowica (KW*), listed first in the Table
19 and well known from the existing literature, includes
Centriscus heinrichi, typical of the chert member, and Lepi-

dopus glarisianus (revision by Böhm, 1941). An exposure
of cherts, probably that exploited by Heckel, has been found
at a place called Krakowica (cf. Fig. 4: KW).

Two successive exposures at Chocznia (CH) and Kra-
kowica (KW) (Fig. 4: CH, KW) include, i.a., an important
taxon of Glossanodon musceli. These fossils have been
found at Chocznia at an exposure wherein the uppermost
part of the Dynów Marl and the lower part of shales of the
Rudawka Tractionite members occur. At Krakowica, a
specimen of Glossanodon musceli has been found in the Ty-
lawa Limestone.

From Wola Radziszowska (Wola R.*), i.a., Merluccius

macroactus (revision by Jerzmañska, 1968) has been re-
ported. Following osteological analysis of the illustration of
this specimen reproduced by Kramberger (1879), Œwidnicki
(1990 ms) concludes that this specimen is different from
other fossil Merluccidae, including that from Babice –
Po³anki 2 (BP2), described by Jerzmañska (1968) as Mer-

luccius macroactus.
The last column (£W) illustrates a poor set of taxa

found in borehole £odygowice IG-1 near ¯ywiec, within
the Krosno Formation of the Silesian Unit. Apart from three
taxa present in the collection, the table has been supple-
mented by additional taxa of Alosa sp., Clupea sardinites,
and Lepidopus sp., cited by Geroch and Nowak (1980) who
quote determination by Jerzmañska and Szymczyk (pers.

comm.). The occurrence of Holocentroides moldavicus in
this formation confirms observations made at Sobniów that
the Krosno Formation was deposited in the southern, i.e.,
Silesian and Dukla units at the time when the basin was oc-
cupied by the upper bathy-pelagic assemblage.

Concluding remarks

The above review of changes of ichthyofaunal assem-
blages at a number of studied sections leads to a few impor-
tant conclusions:

1. All the sections bear groups of taxa which are the per-
manent components of biocoenosis throughout the forma-
tion. Some taxa are absent from single exposures owing to
either changes in local life conditions, unfavourable for a
given taxon, or – usually – unrepresentative sampling, par-
ticularly in case of those taxa which constitute a minor com-
ponent of biocoenosis. It is usually due to these reasons why

a taxon appears and disappears several times when proceed-
ing up the section.

The second group embraces those taxa which occur ei-
ther solitary or in a more numerous assemblage at a certain
height above the base of the formation. These may appear
periodically towards the top of the section, or be confined to
a certain section segment. This feature, particularly when
repeated in different sections, can point to the genuine first
appearance of the taxa in question or to their final disappear-
ance from the entire basin or its part (one should also re-
member about local differentiation of ichthyofauna). Such
appearances and disappearances can result from evolution-
ary processes, although they usually stem from ecological
factors. Such a group of taxa is most useful for ecostra-
tigraphic purposes.

2. Another conclusion resulting from the analysis of in-
dividual sections is the appearance at successive exposures,
i.e., at defined parts of the section, of rapid and very signifi-
cant increase of the number of specimens of a given taxon.
Sometimes, this increase results from mass occurrence of
the taxon within one layer only (e.g., No. 42 at PS6-5), or
from a rapid increase in the number of specimens in a few
successive layers (e.g., at BH1). This feature can be inter-
preted as a result of either rapid reproduction of individual
taxa, or rapid appearance and disappearance of the reasons
for mass mortality. The latter option appears to be supported
by the presence of high number of juvenile individuals
within a few taxa simultaneously.

Lateral variability of fish assemblages among
exposures within the same lithostratigraphic member

A fully justified comparison can be made among as-
semblages derived from exposures of the Jas³o Limestone
chronohorizon (Table 20). Unfortunately, only three sites
provide representative samples including a sufficient
number of specimens: Sobniów (SO: 342), £ubno-£azek
(££1: 132), and Przysietnica (PS3+2: 70), although at differ-
ent confidence levels and maximum possible errors. A ques-
tion arises here of the relationship between the number of all
taxa (and genera) and the sample size, namely: SO – 20
(13), ££1 – 13 (8), and PS3+2+II – 11 (7). These figures usu-
ally result from the appearance of single specimens of dif-
ferent taxa within more numerous assemblages. The taxa
(and particularly genera) typical of the upper bathy-pelagic
assemblage comprise the main component of individual
asssemblages at different exposures.

A taxon characteristic of the Jas³o Limestone, i.e.,
Polyipnus sobnioviensis occurs at nine sites, including even
those exposures wherefrom only one fish specimen has been
extracted (for instance at KC and BK1), but it is absent from
several other sites (BG, BN7, G, JZb and KN1) that include
single (e.g., BN7, BG) or even 33 specimens (KN1). It
should be underlined that even such common taxa, as: Clu-

pea sp., Eomyctophum cf. koraense, Idrissia sp., Africen-

trum sp., or Holocentroides sp. do not occur in all less nu-
merous assemblages of the Jas³o Limestone exposures. A
striking feature is the lack of taxa belonging to Vinciguerria

genus, a typically mesopelagic fish, even in well-sampled
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exposures (e.g., SO) of the pelagic Jas³o Limestone. These
taxa occur at H119 only. In this respect, the frequency of oc-
currence of the index taxon Polyipnus sobnioviensis appears
to indicate its important, key share in the biocoenosis.

The discussed lateral variability of fish assemblages in
some other thin lithostratigraphic members can be analysed
in successive tables.

Variability within the Kotów Chert Member is illus-
trated by a comparison of exposures arranged linearly in
cross-sections through individual folds, and proceeding to-
wards the Carpathian margin (Table 21). Four representa-
tively sampled exposures (P1-3+6, JA-C, SK, WE lower part)
display a nearly comparable assemblage. In the least numer-
ous assemblage (P1-3+6), exploited from four closely-spaced
exposures of the same outcrop, as well as in a similarly large
assemblage from exposure WE lower part, most of the taxa
have been determined up to genus level. The number of the
latter is, hence, lower than in the most numerous species-
bearing assemblages (JA-C, SK). Nevertheless, the lack of
Palaeorhynchus sp. at P1-3+6 is evident. The basic set of
genera: Centriscus sp., Clupea sp., Eomyctophum sp., Lepi-

dopus sp., Palimphyes sp., Scopeloides sp., and Vinciguer-

ria sp. occurs at all four exposures, although not always
within other, less numerous, assemblages. The latter are
usually dominated by: Clupea sp., Lepidopus sp., and Pal-

imphyes sp.
It should be underlined that the presence of Glossano-

don sp., typical of the neritic-sublittoral assemblage, within
the assemblage coming from exposure at Skopów (SK) can
result from sampling of the youngest layers of this exposure,
representing the top of the Dynów Marl Member (where this
taxon appears exceptionally), or the base of the Rudawka
Tractionite Member (where it is common). Such a possibil-
ity cannot be excluded, because the fossils had been ex-
ploited before stratigraphical studies started, and without
geologist’s supervision.

Variability within the Dynów Marl Member can be ana-
lysed on the basis of assemblages collected at ten exposures,
wherefrom in three cases (for exposures of the same out-
crop) composite assemblages were formed (cf. Table 21). In
two cases, at representative numbers of specimens, i.e., at
O2 and S1 + S2, the two assemblages do not differ much.
Only at Straszydle, Scopeloides glarisianus was determined
(Scopeloides sp. occurs in both assemblages), and in the
topmost marl layers also Glossanodon sp., besides Scope-

loides sp., did appear. Hence, we are confronted here with
another transitional zone, wherein coexist taxa considered
typical of the two neighbouring zones. Less numerous as-
semblages lack, of course, some of the taxa; nevertheless
relatively common are: Clupea sp., Lepidopus sp., and
Palimhyes sp., accompanied by remains of a shark Cetor-

hinus sp.
The generic composition of assemblages of the Kotów

Chert and Dynów Marl members (at representatively sam-
pled exposures) is fairly similar, although the second mem-
ber lacks the important Centriscus sp. taxon.

Variability of fish assemblages of the younger portion
of the Menilite Formation is shown in Table 22. Within the
Dukla Unit, the assemblage of exposure WW is associated
with the Tylawa Limestone Horizon (Fig. 4: WW), whereas

in the Silesian Unit fish assemblages of exposures RO1,
R1, 4, and KL (Fig. 4) were collected from layers situated
not high (7–33 m) above this horizon; and those of expo-
sures RR1-3 and W – from slightly younger layers (30–90 m
higher). As far as the Skole Unit is concerned, fish assem-
blages were exploited from the Rudawka Tractionite
Member (whose lower part includes the Tylawa Limestone
Horizon), and at some exposures also from the younger
members, i.e., the Futoma Diatomite (BN3,4,5, BE1,
WE upper part) and Borek Nowy Sheet-like Shale (HK1, BP1,
WE upper part) (Fig. 4). In general, these assemblages origi-
nate from layers of comparable age and appear to be ecol-
ogically homogeneous.

This table, similarly as the previous one, contains expo-
sures arranged from the internal towards external structures,
proceeding towards the Carpathian margin. The first group
of exposures (from WW to W) is accompanied by exposure
CH from the Western Carpathians (Fig. 4), wherein the up-
per layers of the Dynów Marl Member and the overlying
shale-sandstone complex were sampled. The second group
(from T1 to DG and from L to WE upper part), became sepa-
rated by a row of exposures (from H3,4,5 to BE1), situated in
part within the same structures of the Skole Unit, although
in a cross-section shifted towards the NW (cf. Fig. 9).

Representative numbers were obtained at 8 exposures
only, in three cases due to combining assemblages derived
from neighbouring exposures (RR1-3, R1,4, RB1,2,3).

Table 22 clearly shows that ubiquitous genera are: Clu-

pea, Palaeogadus, and Serranus display increased fre-
quency.

It is interesting that Glossanodon, common in the ana-
lysed assemblages, does not occur in two well-sampled ex-
posures: RR1-3 (95 specimens) and DG (145 specimens).
Moreover, Eophycis is absent from fairly numerous assem-
blages of RR1-3, R1, 4, P4 and RB1,2,3. Ephemerical occur-
rence of rare taxa, even within relatively large assemblages,
is fully understandable and has been referred to before. The
lack of species taxa at some exposures, and simultaneous
occurrence of respective genera, like, for instance, Palaeo-

gadus simionescui, Serranus budensis, or Glossanodon

musceli at exposures H3,4,5 – BE1 can be explained by im-
precise determination, and not the genuine absence of these
species.

A comparison among fish assemblages derived from
the two most detailed sampled exposures, i.e., JD-G (644
specimens) and RO1 (521 specimens) brings unexpected re-
sults. The exposure situated farther away from the primary
basin margin (RO1) lacks shallow-water taxa of Hipposyg-

nathus neriticus, Trachinus minutus, Trachinus sp., but in-
cludes a solitary Sygnathus incompletus, which appears in
large numbers at an exposure situated close to this margin
(JD-G). One should remember, however, that these taxa oc-
cur only in one layer at Jamna Dolna which could have been
either overlooked at Rogi, or occurred below or above the
sampled part of the section. Hence, the above observation
does not lead to a definitive conclusion. Among other dif-
ferences, one should list the following: the assemblage of
JD-G lacks Capros taxa, whereas Capros radobojanus are
numerous at RO1; and the last exposure lacks Lepidopus

taxa which are numerous at JD-G.
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Concluding remarks

The above analysis of lateral variability of fish assem-
blages occurring in thin lithostratigraphic members leads to
the following conclusions:

1. The analysed type of variability is smaller than the
previously discussed vertical variability.

2. The taxa chosen in previous works as index ones dis-
play a fairly stable occurrence, appearing at numerous expo-
sures.

3. Frequently observed differences among less numer-
ous assemblages usually stem from unrepresentative sam-
pling, whereas the absence of some taxa within sufficiently
representative assemblages may result from the presence of
the accepted 10% error.

4. Solitary assemblages bearing numerous specimens
lack sometimes common taxa; and display at places a rapid
increase in the number of specimens of some taxa like, for
instance, Serranus budensis at RO1 or Glossanodon musceli

at JD-G. These important differences among assemblages
whose size guarantees estimation errors not exceeding 5%
should be explained by either life conditions or locally oc-
curring events of mass mortality.

However, one more reason should be taken into account. The
observed, statistically significant lateral variability can result from
a comparison of assemblages derived from the exposures which, in
fact, represent different time intervals of a given lithostratigraphic
member. This is particularly true when comparing assemblages de-
rived from either thick members, or undivided into members
thicker bed sequences of a formation. Such an origin of the ob-
served differences has already been pointed out by the results of
statistical studies conducted in the 1970s (Kotlarczyk et al., 1975).
An attempt at subdivision of the sections of individual exposures
into segments comprising homogeneous fish assemblages (up to
the genus level), and further comparison of such segments among
the exposures using the Rodionov’s technique pointed to the lack
of statistical similarity between the neritic-littoral assemblage
from Jamna Dolna (JD-G) and analogous assemblages from Równe
(R1-3), as well as those from all three homogeneous segments of
the Rogi exposure (RO1). Judging from geological setting of the
assemblages in question in respect to the top of the Dynów Marl
Member (cf. Fig. 4: £-J, R), the assemblage from Jamna Dolna is
older than those from Rogi and Równe. The discussed lateral vari-
ability within the same ecological assemblage could represent,
therefore, an apparent variability reflecting either general or local
vertical variability of the assemblage.

The above statistical studies have brought important results
when comparing assemblages derived from those exposures that
are situated close to each other and are nearly coeval. It has been
documented that homogeneous assemblage from Równe does not
differ statistically from homogeneous sub-assemblages derived
from the upper (layers 1–4) and lower (layers 6–11) portions of the
exposure at Rogi (which do not differ among themselves), but it
differs significantly from the sub-assemblage derived from the me-
dial layer no. 5, already described in chapter: Variability... among
....layers, from the same exposure. This means that in a small area,
within the existing homogeneous assemblage of a given age, one
can find episodically and locally occurring such a qualitative-
quantitative configuration of taxa which forms a sub-assemblage
differing statistically from the entire parent assemblage.

Hence, a methodical conclusion can be drawn that when
studying lateral variability among coeval exposures one cannot
compare assemblages exploited from one layer with those ob-
tained from a longer section.

The studies conducted with the help of Rodionov’s technique
gave also another unexpected result. The appearance of one layer
(E1) bearing three additional taxa within homogeneous and rela-
tively long-lasting (layers D1 to G3) assemblage from Jamna Dolna
was not treated by the applied technique as a break in homogene-
ity. This finding is compatible with the idea that changes of such
type within a fish assemblage do not reflect genuine biocoenose
changes (as in the case of the assemblage from layer 5 at Rogi), but
results from the activity of post-mortem factors.

A NEW ATTEMPT AT PRECISE
ICHTHYOFAUNAL ZONATION

It has been pointed out in previous chapters that ich-
thyofaunal assemblages tend to reveal rapid changes, ob-
served both at individual exposures and in synthetic and
composite sections. Some of these changes are accompa-
nied by either appearance or disappearance of characteristic
taxa, acknowledged in previous ecostratigraphic attempts as
index taxa for the distinguished zones. Therefore, one could
assign such changes to the boundaries of respective zones.
Nevertheless, there still remains a number of rapid appear-
ances of smaller or larger assemblages bearing new taxa
(and less distinct disappearances of some other assem-
blages) within previously established zones or within un-
studied intervals between the zones. The usefulness of such
changes for a more detailed zonation requires consideration.
This applies particularly to the boundaries between assem-
blages derived from exposures: KI and KI1+1a at Krêpak; B1
+ Bc and Ba, as well as Ba and B4 at B³a¿owa; H1+2+7 and
HD3+1 at H³udno; BP2 and PB at Babice; PS7 and PS6+5, as
well as PS6+5 and PS3+2 at Przysietnica. The existing zona-
tion was established at the time when the sections of the
Menilite Formation between zones 3 and 4, 4 and 6, and
above zone 6 were not studied in detail.

It should be mentioned in this place that the first subdi-
vision of the Menilite Formation into 6 ichthyofaunal zones
(Fig. 10) was mainly based on sections situated in the Skole
Unit, close to the town of Bircza. Exposures at Jamna Dolna
(JAC, JDG), Krêpak IV (KIV1-5), Krêpak III (KIII), and
Krêpak II (mainly: KII1, KII2, KII3, KII) were acknowl-
edged as the stratotypes of successive zones IPM1, 2, 3, 5,
and 6. The most distant exposure of the Jas³o Limestone at
£ubno - £azek (££1) near Dynów, in turn, was chosen as a
stratotype of the IPM4 Zone.

Any successful biostratigraphic subdivision, including
ecostratigraphic one, of any formation has a number of re-
quirements, namely:

1. precise location of fauna-bearing exposures in every
studied lithostratigraphic section;

2. proper correlation of exposures among the sections;
3. reconstruction of the succession of characteristic fau-

nal assemblages or individual taxa within a complete sec-
tion;

4. correlation of these assemblages and taxa among the
sections of the study area;

5. deciphering the origin of absence of some assem-
blages from individual sections (lack of exposures, incom-
plete sampling, tectonic reductions, facies changes, pa-
laeoenvironmental changes).
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Regarding this study, many years of fieldwork, detailed
geological mapping, reconstruction of facies changes of the
Menilite and Krosno formations, discovery of different cor-
relative horizons, as well as provisional lithostratigraphic
subdivision of the two formations enabled for successful re-
alisation of the first, second, and fifth tasks. More and more
detailed, over the years, sampling of successive sections and
extension of field studies into the Subsilesian and Boryslav-
Pokuttya units, in turn, made it possible to fulfill (although
not completely) the third requirement, whereas correlation
of the observed changes among assemblages within the
lithostratigraphic log contributed to the task number (4) and
helped in final ecostratigraphic subdivision.

The collected material enables one to verify previous
zonation schemes (see the latest proposal of Kotlarczyk and
Jerzmañska, 1988a), regarding both the creation of new
zones together with identification of their index taxa, and
more precise determination of the boundaries of previously
distinguished zones and supplementation of their index taxa
inventory.

Verification of the IPM5 Zone, identified in an limited
area only, can serve as an example of the applied procedure.
This zone was distinguished by Kotlarczyk and Jerzmañska
(1976) in its stratotype area, i.e. at Krêpak (exposure KIII)
and Huta Brzuska (exposure HB6), within a portion of the
Menilite Formation which is comprised between the Jas³o
Limestone Horizon and Lopyanka Member. The generic
composition of fish assemblages collected at these expo-
sures is shown in Fig. 11.

An analogous fish assemblage was found in the same
formation at Bachów section (upper part of exposure BH3),
maintaining comparable position in respect to the Jas³o
Limestone Horizon. This section does not include the entire
Lopyanka Member, but only solitary intercalations of cal-
careous sandstones of the Lopyanka type within the Menil-
ite shales.

Another locality bearing a similar fish assemblage was
found in two successive exposures of comparable age at
Siemowica (SE2, SE3), in the Dobra section (Fig. 9), situ-
ated farther to the W. There crops out the Lopyanka Mem-
ber including numerous intercalations of marly Menilite
shales that contain ichthyofauna. The Jas³o Limestone Hori-
zon, in turn, was identified in a nearby section of the Menil-
ite Formation on the left bank of the San River (Haczewski,
1989), as well as in more distant sections (e.g. Zawadka),
stratigraphically situated between 100 m and 200 m below
the fauna-bearing locality.

A similar assemblage was also found farther south-
westwards, in the Przysietnica section, at exposure PS1,
situated ca. 10 m above the Jas³o Limestone Horizon. Eleva-
tion differences of the studied localities versus the Jas³o
Limestone Horizon result from lithological properties of in-
dividual sections. The lower position is confined to shale se-
quences, the upper one characterizes sandstone-shale com-
plexes. A common feature of the studied sections is the oc-
currence of intercalations of grey and grey-greenish shales,
pointing to periodical oxidization of the sediment.

Figure 11 clearly shows that the assemblage assigned to
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the IPM5 Zone is largely composed of taxa occurring in all
zones, like: Clupea and Lepidopus, while some of them are
absent from solitary exposures (Paleorhynchus, Serranus,
Syngnathus, Alosa), and the remaining ones are typical of
the upper bathy-pelagic assemblage (Africentrum, Holocen-

troides, Idrissia, Scorpaenoides).
A characteristic taxon, showing a considerable share

within the assemblage, is Carpathichthys. Although expo-
sure PS1 contains only identifiable representatives of family
(Alepocephalidae), to which this taxon belongs, exposure
PSO in the same locality (unidentified, but most probably
including also the lower part of bed sequence known from
exposure PS1) does include a well-documented species of
Carpathichthys polonicus. Therefore, one can safely as-
sume that specimens of Alepocephalidae present at PS1 rep-
resent genus Carpathichthys.

Quantitative proportions of all important taxa are simi-
lar at every exposure. This fact, apart from the presence of

index taxon, appears to confirm the established correlation
among the exposures. On the other hand, it points to a cer-
tain stability of the assemblage of Zone IPM5. The question
of stability of the IPM1, IPM2, and IPM4 zones has already
been discussed in latter chapter.

A new attempt at ichthyofaunal zonation takes into ac-
count the necessity of introducing a greater number of zones
within the upper bathy-pelagic assemblage, including a sec-
tion of the Krosno Formation.

In order to maintain the commonly accepted zonal nota-
tion, the newly distinguished zones are marked by upper
case letters, supplementing the numbers of the existing
zones, in such a way that A denotes lower-situated, and B
(or – when necessary – succeeding letters) marks the overly-
ing zone(s).

Taking into account the earlier-described changes in
ichthyofaunal assemblages, the following zones have been
proposed: IPM4A, including a portion of the formation that
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Fig. 11. Generic composition of ichthyofaunal assemblages collected at exposures of zones III (Krêpak III, Huta Brzuska 6,
Bachów 3 upper part), VI (Siemowica I2-3), and VII (Przysietnica 1), assigned to IPM 5 Zone. Height of column – 100%



is comprised between the IPM3 Zone and the Jas³o Lime-
stone Horizon (represented, i.a. by exposures PS4,5,6);
IPM4B, including a segment of the section that is situated
immediately above the Jas³o Limestone Horizon (repre-
sented, i.a. by exposures KI1,1a); IPM6B, including the up-
per part of the IPM6 Zone where, apart from index taxon
Argyropelecus, there also appear representatives of family
Alepocephalidae (represented by exposures B4 and PS8, 8a,

8b); IPM6C, embracing the upper part of the Menilite For-
mation in the Skole Unit where, despite fish abundance, the
index taxon Argyropelecus has not been found (represented,
i.a. by exposures KII, HD1,3); IPM6D, embracing the upper-
most part of the Menilite Formation, shortly below the Nie-
bylec Shale Member, and bearing an impoverished ichthyo-
faunal assemblage (represented, i.a. by exposures PB,
BR1,2,3); and INM0A, embracing a segment of the Krosno
Formation close to the main tuff horizon (T. V) (represented
by an exposure at Harta). A short discussion of these pro-
posals will be given below.

IPM4A Zone

This portion of the Menilite Formation has not been
sampled at the Krêpak stratotype section, due to the pres-
ence of a packet of thick-bedded Kliwa sandstones bearing
only thin shale intercalations (Fig. 4). The other sections are
either of similar character (e.g. Leszczawa, H³udno) or are

represented by infrequent exposures bearing fish assem-
blages typical of the upper bathy-pelagic assemblage, with-
out characteristic taxa (e.g. £odzinka £2). In a few sections,
that portion of the formation either remains obscured (e.g.
near B³a¿owa), or unexploited (e.g. close to Straszydle and
Borek Nowy). The only one, exhaustively exploited section
at Przysietnica provides abundant fish material whose prop-
erties justify distinguishing a new zone. The collected ich-
thyofauna represents mainly the lower segment of a 35-m-
thick interval which is comprised between the upper and
lower horizons of laminated limestones (Fig. 4: PS). This
segment has already been described in previous chapters:
Variability... among ...layers and Variability... among... ex-
posures. Fish specimens have mainly been collected at ex-
posure PS5 and the uppermost part of exposure PS6, includ-
ing Wujskie Limestone Horizon. From the point of view of
generic composition (Fig. 12), both qualitative and quantita-
tive differences between these two exposures become ap-
parent: the assemblage of exposure PS5 is richer in genera,
although of negligible share (< 1%) except for genera Anti-

gonia and Syngnathus; while the assemblage of exposure
PS6 bears a higher amount of some of those taxa which are
common in the upper bathy-pelagic assemblage. The most
important differences consist in considerable proportion of
genus Bregmaceros at exposure PS6, and overwhelming
dominance of genus Centriscus (occurring mainly in layer
no. 42) at exposure PS5.
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Fig. 12. Percentage of fish genera in exposures PS6+6a and PS5+5a at Przysietnica, representing the newly-proposed IPM 4A Zone



The following taxa should be considered characteristic
of the newly distinguished zone: 1) a new species (and ge-
nus) – Carpathospinosus propheticus, discovered and de-
scribed in this zone (Tyler et al., 1993); 2) a new, not yet de-
scribed, species Centriscus sp. nov.; and 3) genus Antigo-

nia, whose climax occurs in this zone. Moreover, a marked
feature is the presence of genus Centriscus which appears
for the second time in the Menilite Formation and for the
first time in the upper bathy-pelagic assemblage. A new
species, Syngnathus typus A, occurs for the first time in the
formation, shortly above the lower boundary of the IPM4A
Zone.

The above assemblage has no equivalents among any of
the studied exposures, including those maintaining a similar
position in respect to the Jas³o Limestones. The only excep-
tion is exposure WZ-6 at Wujskie, also situated in the Sub-
silesian Unit, where a layer rich in Centriscus has been
found inbetween layers of laminated Wujskie Limestones.
This layer is an equivalent of layer no. 42 at Przysietnica.

IPM4B Zone

At the stratotype Krêpak section, a ca. 7-m-thick seg-
ment of the Menilite Formation (KI1,1a), starting ca. 8 m
above the Jas³o Limestone Horizon, has been sufficiently
sampled. The fish assemblage is composed of taxa common
for the upper bathy-pelagic assemblage: Africentrum sp.,
Alosa cf. sagorensis, Alosa sp., Apostasis sp., Echeneis car-

pathica, Eomyctophum cf. koraense, Holocentroides

moldavicus, Holocentroides sp., Idrissia sp., Merluccius

sp., Palaeorynchus sp., Polyipnus anteasteroides, Thyrsitoi-

des sp., Zeus faber, as well as of even more common taxa,
already known from the lower bathy-pelagic assemblage
(cf. Table 11). A portion of the Menilite Formation exposed
in the lower part of Bachów-3 (BH3bp) exposure (Fig. 4:
BR; Fig. 6) attains a similar stratigraphic position, i.e. 15 to
20 m above the Jas³o Limestone Horizon. Its fish assem-
blage is comparable, and – taking into account those taxa
whose share exceeds 1 per cent – even identical to that of
Krêpak (cf. Fig. 13). The dominant taxa are, however, dif-
ferent, being represented by Holocentroides (42.8%) and
Africentrum (11.7%) at Bachów, and by Eomyctophum

(18.2%) at Krêpak. Only one layer at Bachów (A1; Table 8)
does contain an unexpectedly appearing taxon characteristic
of the IPM6 Zone, i.e., one specimen of Argyropelecus.
This appearance should be treated, as already commented
upon in chapter: Variability... among ...layers, as FEAD
(first ecological appearance datum), and not as an indicator
of the IPM6 Zone.

It should be mentioned in this place that the studied fish
collection includes one specimen of Kotlarczykia sp., found
in a heap of one of exposures at Bachów. The attached ar-
chival label implies that A. Jerzmañska must have had
doubts as to the location of this specimen. Hence, it cannot
be excluded that this specimen could have been found at an
unexploited exposure situated farther upstream of exposure
BH3, where layers of the Jas³o Limestone Horizon and older
ones, i.e., representing the IPM3 Zone, do crop out. In such
a case, the position of the discussed taxon would be com-
patible with the zonal scheme. An alternative explanation is

that a specimen of Kotlarczykia could have been found at
one of exploited exposures like, for instance, BH3. There-
fore, its appearance in the basin should be treated as LEAD
(last ecological appearance datum), and not as a zonal
marker. If the last mentioned location of Kotlarczykia speci-
men were correct, an unprecedented in the Polish Carpathi-
ans coincidence of this taxon with that of Argyropelecus

would occur. Such a coincidence has been reported by Gre-
gorová (1997) from the Šitboøice Member in the Cieszyn
Silesia region.

The other exposures showing the layer sequences of
similar stratigraphic position in respect to the Jas³o Lime-
stone Horizon, namely: T2 at Temeszów, and MR2 and MR3
at Mrzyg³ód (Table 14), provided insignificant number (7)
of specimens, representing four common generic taxa.

It is likely that the sequence of layers at an unidentified
exposure PSO at Przysietnica included, judging from the
sampled rock material and assemblage composition, the
Jas³o Limestone Horizon, the base of the IPM5 Zone (one
specimen of Carpathichthys polonicus), and an intervening
packet of layers equivalent to those at exposures KI1 and
BH3lower part. The fish assemblage (cf. Fig. 13), dominated –
similarly as at KI1 – by Eomyctophum (42.5%), includes (al-
though not every one and showing different proportions)
common taxa known from exposures KI1 at Krêpak and
BH3bp at Bachów. Similarly to the latter exposure, exposure
PSO bears Syngnathus, typus A and one specimen of Argy-

lopelecus. If the inferred stratigraphic position of exposure
PSO (cf. Fig. 4: PS) is correct, we are confronted here with
another example of an early, signal appearance of Argylope-

lecus shortly above the Jas³o Limestone Horizon.
The differences between fish assemblages of the pro-

posed new IPM4B Zone and those of IPM4 Zone (cf. Table
23) consist in the lack in the former zone of species Polyi-

pnus sobnioviensis and very rare taxa, like: Equula (?) sp.,
Oligolactoria bubiki, Alopecias sp., as well as Hemithyr-

sites sp., which is common in the upper bathy-pelagic as-
semblage and rare in the IPM4 Zone. The lack of rare taxa
can be a result of sampling error. On the other hand, the
IPM4B Zone lacks such species taxa, like: Eomyctophum
menneri, Idrissia carpathica, Priacanthus longispinus, Vin-

ciguerria merklini, and Vinciguerria obscura, although
their generic counterparts are present. This suggests that the
studied specimens are devoid of diagnostic features.

On the other hand, the postulated IPM4B assemblage
includes those taxa which are absent from the IPM4 Zone,
namely: Alosa cf. sagorensis, Alosa sp., Apostasis sp., Ce-

torhinus sp., Echeneis carpathica, Nessoramphus sp.,
Palaeogadus distinctus, Palaeomolva monstrata, Scomber

voitestii, Scorpaenoides sp., Serranus sp., Syngnathus in-

completus, Syngnathus sp. – typus A, Syngnathus sp., and
Thyrsitoides sp. Some of them appear in the basin already
below the IPM4 Zone, whereas others pass into the zones
situated above the IPM4B. In other words, the proposed
zone does not contain representative taxa; the assemblage is
composed of taxa typical of the upper bathy-pelagic assem-
blage. Hence, there is hardly any ground to distinguish a
new zone. In this case, it has been decided to assign unchar-
acteristic fish assemblages derived from exposures situated
immediately above the Jas³o Limestone Horizon to either
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Fig. 13. Generic composition of ichthyofaunal assemblages collected at exposures of zones III (Krêpak 1+1a and Bachów 3 bottom part)
and VII (Przysietnica O), and treated as representatives of the newly-proposed IPM 4B Zone



IPM4 (KI1,1a, MR2,3, T2), or IPM5 (BH3) zones, or – taking
into account insufficient data – to the upper bathy-pelagic
assemblage (PSO) only.

Table 23 compares the share of taxa present at expo-
sures of the Jas³o Limestone Horizon (IPM4) to that identi-
fied at exposures situated below this horizon (IPM4A
Zone), and at exposure KI1,1a which is situated above
(IPM4B Zone). This comparison illustrates very well both
the necessity of distinguishing IPM4A Zone and, at the
same time, redundance of the IPM4B Zone.

IPM6B Zone

The idea of separating an additional IPM6B Zone from
the existing IPM6 Zone originated from an analysis of fish
assemblages collected at exposures B4 (Table 12) and PS8
(Table 17). These assemblages contain infrequent Alepo-
cephalidae, besides taxa characteristic of both the IPM6
Zone and upper bathy-pelagic assemblage. It should be me-
ntioned in this place that none of those exposures which rep-
resent the underlying portion of the Menilite Formation and
bear the fish assemblage characteristic of the IPM6 Zone
does contain representatives of this family. In some cases,
fish assemblages collected at these exposures are very large
(BH1 – 1,291, KII3 – 575, BP2 – 207, B1 – 126 specimens),
limiting a possibility of non-finding during exploitation.
This fact appears to indicate re-appearance of Alepocephali-
dae in the basin, although partially in new area (IV).

The only one characteristic taxon of this zone is repre-
sented by one specimen of Propteridium sp., found at expo-
sure B4. This fact hardly justifies identification of a new
zone IPM6B, therefore, assemblages bearing slickheads
have been assigned to the IPM6 Zone.

IPM6C and IPM6D Zones

A careful study of the upper part of the Menilite Forma-
tion at numerous exposures aligned (cf. Fig. 4) on the sec-
tions of B³a¿owa (B2, B3, B5, B6, B15, Bk; Table 12),
Brzuska (BR1, BR2; Table 11), H³udno (HD1, HD3; Table
13), and Krêpak (KII; Table 11), as well as at solitary expo-
sures of K¹kolówka (KK2; Table 12), Krzemyk-Dynów
(KD; Table 12), Przedmieœcie Babickie (PB; Table 15), and
others (DU1; Table 16, KS1; Table 14, PP) leads to a con-
clusion that the index taxon of the IPM6 Zone – Argyropele-

cus cosmovicii could have not survived until the final epi-
sodes of deposition of this sequence in the Carpathian basin.
Reliability of this statement can be enhanced in a few cases
by the large size of exploited fish assemblages (HD1 – 217,
HD3 – 36, KII – 98, KK2 – 42 specimens).

Therefore, there are good reasons to distinguish one or
even two (IPM6C and IPM6D) ichthyofaunal zones
younger than that of IPM6, within a few tens of metres thick
portion of the formation. The studied exposures enable one
to trace the lithostratigraphic boundary between the Menil-
ite and Krosno (Niebylec Member) formations, providing a
good opportunity for a comparison between the assem-
blages derived from younger and older strata.

A study of fish assemblages of the above exposures in-
dicates that nearly 30 taxa do not pass over the IPM6 Zone

in the Carpathian basin (see also Table 25). These taxa are
usually represented by infrequent specimens, therefore,
their absence can be a result of insufficient sample size.
Nevertheless, one should take notice of the fact of simulta-
neous absence of previously more numerous taxa, like: Zeus

faber sp., Zeus sp., Antigonia sp., Capros radobojanus,
Polyipnus sp., and Polyipnus cf. anteasteroides. One should
also add that all exposures of that part of the Menilite For-
mation are devoid of specimens of families Zeidae, Caproi-
dae, and Sternoptychidae, to which the above genera be-
long.

The fish assemblage collected from exposures (PB;
BR12; DU1; KS1; PP) of the above-proposed IPM6D Zone
is even more impoverished than that of the lower-situated
IPM6C Zone. Thirteen taxa of the latter zone, as well as
taxon Vinciguerria sp. do not pass into the IPM6D Zone.
Nevertheless, the preservation of V. distincta species in the
IPM6D Zone enables one to neglect this absence. On the
other hand, most of the above-mentioned 13 taxa are very
poorly marked in the IPM6C Zone, being represented by
one specimen only. More numerous are: Idrissia sp. (15
specimens), Africentrum sp. (3 specimens), Fistularia sp. (3
specimens), Holocentroides moldavicus (3 specimens), Ser-

ranus sp. (3 specimens) and Echeneis carpathica (2 speci-
mens). Taking into account the small number of specimens
within samples collected at exposures of the zone in ques-
tion (the most numerous one of which, i.e. PB, providing
only 25 specimens), the absence of some taxa can be ex-
plained by high sampling error, while the disappearance of
more numerous taxa, like: Idrissia sp. and Sternoptychidae
(typus-xz) appears to indicate a gradual, time-prograding
elimination of meso-bathypelagic fish taxa from the Carpa-
thian basin, until their complete disappearance in the Early
Miocene.

The occurrence of characteristic short-lived taxa is cru-
cial to ecostratigraphy. In this case, the postulated IPM6C
Zone bears only one such taxon, i.e. of a shark Notidanus (1
tooth), while Zone IPM6D is devoid of such taxa at all.

An analysis of fish assemblages leads to a conclusion
that, at the present state of recognition, there are no suffi-
cient data to distinguish two separate zones: IPM6C and
IPM6D, although the boundary between the two combined
assemblages of these zones and that of IPM6 Zone is fairly
well documented. This boundary is characterised by disap-
pearance of an index taxon Argyropelecus cosmovicii and
other characteristic taxa of the IPM6 Zone (Paraberyx

bachoviensis, Paraberyx sp., Capros medianus, Prohollar-

dia avita, Protomyctophum sp., Archaeus sp.), alongside
with numerous, although secondary taxa which have been
dealt with at the beginning. Therefore, a new IPM7 Zone
has been distinguished, including the two postulated zones
IPM6C and IPM6D.

Zones INM0 and INM0A

In the uppermost part of the Skole Unit sequence,
namely in the Leszczawka Diatomite Horizon which is
lithologically similar to the Menilite shales, one zone
(INM0; Jerzmañska & Kotlarczyk, 1981) bearing an index
taxon of Caranx gracilis has been distinguished up to now.
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This zone will not be numbered until complete description
of the fish assemblage from Harta (HT), found in a lower
stratigraphic position, is finished.

The INM0 assemblage includes fish specimens col-
lected at Huta Porêby (HP – 26 specimens) and Zahuty (ZH
– 10 specimens). Apart from such common taxa, like: Clu-

pea sp., Merluccius sp., and Syngnathus sp., this poor as-
semblage (Table 13) contains also Early Miocene species:
Caranx gracilis Kramberger and Merluccius errans (Smir-
nov).

The assemblage of Harta (171 specimens), belonging to
the postulated INM0A Zone, includes all the taxa of the
above-described assemblage, as well as a few taxa known
from previous zones, like: Alosa sp., Lepidopus sp., and
Leiognathus sp., and three taxa new to the Carpathian basin:
Merluccius hartensis Œwidnicki, Leiognathus cf. minutus

Daniltschenko, and Gobius sp.
The obtained results lead to a conclusion that it is not

necessary (although possible) to distinguish a new zone
INM0A. The small number of well-studied localities of the
two potential Miocene zones and the scarcity of their assem-
blages require great caution. Therefore, it has been decided
to distinguish only one zone of Miocene age, labelled as
INM1.

Finally, it has to be marked that in case of precise, fu-
ture documentation of an Early Miocene age of the entire se-
quence of layers, assigned to the newly-distinguished IPM7
Zone, a revision of zone numbering will be necessary. The
IPM7 Zone will then become the first Miocene zone, INM1,
while the present INM1 Zone will be renamed as INM2.

A SEQUENCE OF ICHTHYOFAUNAL
ASSEMBLAGES IN THE

MENILITE-KROSNO SERIES OF THE
POLISH CARPATHIANS

An analysis of the variability of fish assemblages in the
stratigraphic log has enabled for a construction of a modi-
fied standard ichthyofaunal zonation in the Palaeogene and
Neogene of the Polish Carpathians. This standard includes
now 9 zones: IPM: 1, 2, 3, 4A, 4, 5,6, 7, and INM1.

In order to reconstruct the most detailed quantitative
composition of the assemblages associated with each zone,
individual ichthyofauna-bearing exposures have been clas-
sified into respective zones (Table 24), using the metho-
todology described in the previous chapter. The core of
every assemblage in each zone is composed of fish collected
at stratigraphically important exposures, usually bearing nu-
merous specimens, comprising representative taxa (except
for zone IPM7), as well as other characteristic taxa. These
exposures are marked in the table by appropriate acronyms.
Such groups of exposures have been supplemented by those
exposures which bear infrequent specimens, although in-
cluding index taxa, and even by exposures devoid of such
taxa but showing precisely determined stratigraphic posi-
tion.

The next step consisted in the determination of zonal
assemblages and construction of a synthetic diagram por-
traying ichthyofaunal changes in the Palaeogene and Neo-
gene of the studied segment of the Carpathians (Table 25).
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Table 24

Basic and supplementary exposures classified into the distinguished ichthyofaunal zones.

Zone Basic exposures Supplementary exposures

INM-1 HP, HT, ZH

IPM-7 B2, B3, B5, B6, B15, Bk, BR1, BR2, DU1, HD1, HD2, HD3, KD, KII, KK2, KS1, PB, PP

IPM-6 B1, Ba, Bc, B4, BH1, BH2, BP2, BR4, BR5, BR6, H1, H2, H7, KII1, KII2, KII3, KS3,
MR4, PS8, PS8a, PS8b, PS10

Bs, BR10, KIIb, KIIc, KIIe, KIIh

IPM-5 BH3, BR11, BR34, HB6, KIII, PS1, SEI2, SEI3, T3 SEII

IPM-4 BN7, BG, DU3, H119, KI, KI1, KI1a, KC1, KN1, ££1, MR1, MR2, MR3, PS2, PS3, PS3a,
PSII, SO, T2, T4

BK1, JZb, £1, £1a, G

IPM-4A DU4, KN4, PS4, PS5, PS5a, PS6, PS6a, WZ6 £2, WZj

IPM-3 KIV4-5, L1, PS7, PS7a

IPM-2 Bm, BB104, BB118, BE1, BN3, BN4, BN5, BNIX-11, BP1, BR43, BR45, BZ, CH, D1, Da,
DG, H3, H4, H5, HDDS, HE, HK1, JDG, KIG, KIV1-3, KL, KR, KTE-F, KW, L, M2-up, P4,
R1, RB1bp, RB2, RB3, RO1, RR1-3, S1b, S3, SR, ST, T1, W, WEup, WW

J3, J4, R4up, RR03, Ls

IPM-1 BO, BR22, BR22a, BW, C, F, H132, H6, HB1, HK2, JA-C, KI3, KC2, KK1, KR0, KTB-D,
LA, L£2, M1, M2bp, O2, P1, P2, P3, P6, PT, RO2, RR4, RR4a, RR4b, S1, S1a, S2, SK, U,
WEbp

BK2, J1, J2, JZa, JPP, N, O1, R4bp, RT

IPM-3–7 BE2, BR39, HB2, HB3, HDK1, L4, £H1, £H2, £W, ND, P£, PS9, PSO, S4, WEO, WJ1,
WZ, WZ9

BR19, BR21, DU2, HB5, HB8, KIV2a,
L7, L10, NS, RB1up, RB4, WJ2, WZ3,
WZz

Acronyms in bold mark those exposures which are most important for ecostratigraphic purposes. The base of the table includes exposures assigned to the
upper bathy-pelagic assemblage only, without zone indication



The established groups do not include those exposures
which have not been identified in the field, although having
been known to A. Jerzmañska (e.g. J1, J2, Bs, Ls) and J.
Œwidnicki (e.g. BK1,2, WJ1,2), neither infrequent, less im-
portant exposures bearing small number of specimens (e.g.
RR03, KIIb), although of well-determined stratigraphic po-
sition. Such exposures have been classified into a group of
supplementary exposures (Table 24), and fish specimens
identified at the latter have been taken into account in a de-
scription of the composition of the entire collection (chap-
ter: Composition of ichthyofauna...), and referred to in ta-
bles showing lateral variability of zonal assemblages (see
the following chapter: Ecostratigraphy ...).

An analogous subdivision into two groups has been ap-
plied to those exposures which represent the upper bathy-
pelagic assemblage, i.e. devoid of index taxa of the zones
IPM3 through IPM7.

As a result, from a collection numbering 12,752 fish
specimens (including 10,705 classified into genera and spe-
cies), 12,289 specimens (including 10,363 classified into
genera and species) have been used for further analysis.
From the remaining 463 specimens (342 genera and spe-
cies), 232 (169 genera and species) have been assigned to
the upper bathy-pelagic assemblage.

The summarizing Table 25 has been constructed in the
same way as tables illustrating synthetic sections. The taxa
falling into respective taxonomic categories have been ar-
ranged according to their shrinking temporal extent, starting
from the first zone. In this way, the last taxa of every zone
are its representative taxa, i.e. those which do not occur
elsewhere.

The description presented below is based on highly
variable numbers of specimens. Zones 1, 2, 4A, and 6 bear
more than 1,000 specimens; zones 3, 4, 5, and 7 include be-
tween 450 and 1,000 specimens, whereas the youngest zone
lists only ca. 150 specimens.

Except for the last case, these are considerable numbers
which allow for reliable characteristics of quantitative com-
position of each zone. For obvious reasons, such a charac-
teristic is based on species-generic composition, and special
attention is given to both the representative taxa and those
numbering more than 20 specimens.

Many of those taxa which are described below have al-
ready been illustrated in previous publications (Jerzmañska,
1960, 1967a, 1968, 1974, 1979; Jerzmañska & Kotlarczyk,
1968, 1975; Œwidnicki 1986, 1988a, 1988b; Tyler et al.,
1993; Jerzmañska et al., 2001), but equally numerous ones
have only been casually mentioned and listed in summariz-
ing compilations. Some of the taxa comprised in the studied
collection are described for the first time in this paper. Tak-
ing into account monographic character of the latter, it was
decided to supplement photographic documentation of the
collection, particularly by those forms which had not been
published, although taxonomically described. Six figures il-
lustrate: some index taxa of the distinguished zones (Fig.
14); rare taxa, which are characteristic for the zones and
may become index ones in the future (Fig. 15); rare taxa
which are characteristic for neighbouring zones or different
zones of the upper bathy-pelagic assemblage (UBA; Fig.
16); taxa belonging to UBA (Figs 17, 18); as well as taxa

provisionally typified by A. Jerzmañska as types (Fig. 19).
The last figure also shows photographs of fish scales, teeth,
and filtrative processes of sharks.

IPM1 Zone

This zone includes, in the entire studied area, 37 taxa
belonging to the first two taxonomic categories. The
number of representative taxa amounts to 11, from the most
numerous, like: Eomyctophum limicola, Scopeloides sp., S.

glarisianus, Centriscus heinrichi, C. longispinus, C. telea-

jensis, through infrequent Vinciguerria talgiensis, up to
solitary ones: Barbus sp., Diaphus sp., Palimphyes lanceo-

lata, and Scorpaenoides popovicii.
The generic taxa of the last two species are quite fre-

quently represented in the assemblage, as are: Centriscus

sp., Cetorhinus sp., Eomyctophum sp., Clupea sp., C. sar-

dinites, Lepidopus sp., L. glarisianus, Paleorhynchus sp.,
and Vinciguerria sp. All of them pass into different, higher-
situated zones.

A single appearance of Thyrsitoides sp. (FEAD),
hitherto-found in the upper bathy-pelagic assemblage only,
is to be noted, alongside with fairly numerous presence of
Glossanodon sp., although exclusively in the uppermost
part of the zone and at two closely-spaced exposures (S1/S2)
situated in the axial part of the basin.

IPM2 Zone

This zone lists 41 taxa, including 11 (10?) representa-
tive ones. The latter are dominated by: Glossanodon mus-

celi, Trachinus minutus, and Hipposyngnathus neriticus.
The last two taxa appear frequently in one layer at Jamna
Dolna JDG only. This group includes as well Palaeogadus

simionescui. Although one specimen of this species has
been found at Przysietnica PS7A exposure at its contact with
exposure PS7, comprising the IPM3 Zone assemblage, in-
clusion into the latter of the fish assemblage derived from
exposure PS7A (bearing as well Serranus sp. and Antigonia

sp.) is one of possible options. Even though this option
holds true, one cannot neglect the fact that Palaeogadus

simionescui is a characteristic taxon of the IPM2 Zone.
The less frequently occurring representative taxa in-

clude: Eophycis jamnensis, Epohycis sp., Trachinus sp.,
Hemiramphus jerzyi, Pomolobus sp., Palaeogadus abbre-

viatus and Holosteus mariae.
The dominant taxa of this zone include: those which ap-

peared earlier, like Gossanodon sp., those present in
younger zones: Serranus budensis, Holosteus sp., and Am-

modytes sp., as well as those which both pre- and postdated
the IPM2 Zone, like: Clupea sp., Clupea sardinites, Lepi-

dopus sp., Lepidopus glarisianus, Serranus sp., Palaeo-

gadus sp., and Capros radobojanus. To the less frequently
represented taxa belong: Palimphyes sp., which survived
from the IPM1 Zone, and those which occur in younger
zones, like, for instance, Merluccius sp., Syngnathus incom-

pletus, Fistularia sp., Propercarina sp., Palaeomolva sp.,
Pinichthys sp., Properca sabbai, and Sarda sp., as well as
more long-lived ones, like, e.g. Caranx petrodavae or
Scomber voitestii.
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Fig. 14. Zo nal in dex taxa, not il lus trated in pre vi ous works: A – Pal im phyes lan ceo lata and B – Vin ciguer ria tal gi en sis (Zone IPM 1);
C – Holosteus mar iae (Zone IPM 2); D – (Polyipnus =) Hor bat schia bre vis and E – Breg mace ros fila men to sus (Zone IPM 3); F – Cen tris -
cus sp. nov. (Zone IPM 4A), G – Mer luc cius harten sis and H – M. er rans (Zone INM 1)

Fig. 15. Taxa char ac ter is tic for some ich thyo zones, not il lus trated pre vi ously. Due to their rare oc cur rence (1–4 speci mens), it is dif fi -
cult to de cide whether these taxa are as so ci ated ex clu sively with the zones listed be low: A – the old est rep re sen ta tive of Ga di for mes, uni -
den ti fied (Zone IPM 1); B – Ba thyprion sp. (Zone IPM 3); C – For cypi ger sp. and D – Oli go bal istes sp. (Zone IPM 4A); E – Oli go lac to ria 
bu biki (Zone IPM 4); F – Syng nathus sp., ty pus B (Zone IPM 5); G – Pa ra beryx bacho vi en sis and H – Proto myc to phum sp. (Zone IPM 6)
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It is worth noting that 11 taxa, including 8 deep-water
ones, disappear from the basin during the IPM2 Zone time
interval.

IPM3 Zone

The IPM3 Zone bears 38 (36?) taxa, including 6 (5?)
representative ones. The presence of Palaeogadus simi-

onescui and Antigonia sp. is not certain, since these taxa
could been derived from a layer of the IPM2 Zone (see
above). Dominating are: Polyipnus brevis, Kotlarczykia

bathybia, Kotlarczykia sp., as well as Bregmaceros filamen-

tosus and Bregmaceros sp.. Solitary occurrences of Ba-

thyprion sp., Mugil sp., and Solenorhynchus sp. are con-
fined to this zone only.

Besides these characteristic taxa there also occur those
which are typical of the entire upper bathy-pelagic assem-
blage, like: Apostasis sp., Echeneis carpathica, Hemithyr-

sites sp., Idrissia sp., Poyipnus cf. anteasteroides, Priacan-

thus sp., and Zeus sp. The IPM3 Zone is dominated by
long-lived taxa, like: Clupea sp., Lepidopus sp., Polyipnus

sp., Eomyctophum sp., Vinciguerria sp., and Serranus sp.,
which are accompanied by fairly frequently occurring Pa-

laeorhynchus sp. and Vinciguerria distincta. The remaining
taxa are subordinate ones. One should take notice of the
marked decline of Palaeogadus sp. and Syngnathus sp.

IPM4A Zone

The assemblage of this zone lists 40 taxa, including 8
representative ones. Among the latter, Carpathospinosus

sp., C. propheticus, and Centriscus nov. sp. attain a consid-
erable share, whereas Caprovesposus sp., Forcipiger sp.,
Oligobalistes sp., Scorpaena sp., and Pseudoraniceps sp.
occur less frequently.

Fairly numerous are Centriscus sp. and Antigonia sp.,
each of them marking its presence in the basin two times
only.

For the first time there occur, quite frequently, those
taxa which will become characteristic of the higher part of
the upper bathy-pelagic assemblage: Syngnathus sp. (typus
A) and Africentrum sp., together with less frequent: Eomyc-

tophum cf. koraense, Holocentroides sp. and Zeus faber.
Also important are earlier-appearing taxa, like: Hemithyr-

sites sp., Capros sp., and Syngnathus incompletus, as well
as common taxa.

IPM4 Zone

The assemblage of this zone includes 43 generic and
species taxa, including 7 representative ones. The latter are
dominated by Polyipnus sobnioviensis and Idrissia carpa-

thica, whereas Priacanthus longispinus, Oligolactoria bu-

biki, Equula? sp. and Alopecias sp. appear rarely.

For the first time in this zone there occur: abundant Eo-

myctophum menneri and Holocentroides moldavicus, to-
gether with solitary specimens of Alosa cf. sagorensis, Pa-

laeomolva monstrata, and Vinciguerria merklini. The domi-
nant taxa include as well those known from other zones of
the upper bathy-pelagic assemblage: Eomyctophum cf. ko-

raense, Africentrum sp., Idrissia sp., and Polyipnus cf.
anteasteroides, and the taxa occurring in many zones of the
discussed time interval: Eomyctophum sp., Polyipnus sp.,
Clupea sp., C. sardinites, Lepidopus sp.

Of special importance is the last appearance in the basin
of Holosteus sp. (1 specimen) and Vinciguerria obscura, al-
though one cannot exclude that the latter has not been recog-
nised among those specimens of Vinciguerria sp. which oc-
cur in higher-situated zones.

IPM5 Zone

This zone bears 38 (39?) taxa, including 4 representa-
tive ones: two dominant (Carpathichtys polonicus and Car-

pathichthys sp.) and two subordinate: Syngnathus sp. (typus
B) and Sphyraena sp.. Nessoramphus sp. and Acanthocy-

bium sp. appear for the first time in this zone, alongside with
signal appearance (FEAD) of Argyropelecus sp. and
Palaeogadus distinctus which are characteristic of the IPM6
Zone.

Among taxa belonging to the upper bathy-pelagic as-
semblage, the dominant are: Holocentroides moldavicus,
Holocentroides sp., Africentrum sp., Idrissia sp., Zeus sp.,
and Syngnathus sp. (typus A).

The assemblage bears a large amount of common taxa,
like: Clupea sp., Lepidopus sp., Eomyctophum sp., Palae-

orhynchus sp., and Serranus sp., whereas Scorpaenoides sp.
attains here its climax.

Doubts as to the presence of Kotlarczykia sp. have been
discussed at large in the preceding chapter: A new at-
tempt...– IPM4B Zone.

IPM6 Zone

The fish assemblage of this zone is the richest one, in-
cluding 3,276 specimens and 66 taxa. Eight taxa are con-
fined solely to this zone, the most numerous being Argyro-

pelecus sp. and the index taxon Argyropelecus cosmovicii,
whereas Paraberyx sp., P. bachoviensis, Archaeus sp.,
Capros medianus, Prohollardia avita, Protomyctophum
sp., and Propteridium sp. are less frequent.

The frequently occurring taxa include representatives
of the upper bathy-pelagic assemblage, like: Palaeogadus

distinctus, Holocentroides moldavicus, Africentrum sp., Id-

rissia sp., and Hemithyrsites sp., as well as those which can
be traced from the IPM2 Zone onwards: Merluccius sp. and
Syngnathus incompletus. The bulk of biocoenosis of this
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Fig. 16. Rarely occurring taxa, characteristic either for two neighbouring zones or for the upper bathypelagic assemblage: A – Nesso-

ramphus sp. and B – Acanthocybium sp. (zones IPM 5 and IPM 6); C – Palaeogadus intergerinus; D – P. carpathicus; E – Parastein-

dachneria oligocenica (zones IPM 6 and IPM 7); F – Onobrosmius sp. (zones IPM 4A and IPM 6) and G – Palaeomolva monstrata (zones
IPM 4 and IPM 6); H – representative of Psettodidae (Zone IPM 4)
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Fig. 17. Most rep re sen ta tive taxa of the up per ba thy pe la gic as sem blage, not il lus trated pre vi ously: A – Eche neis car pa thica; B – Id ris sia
sp.; C – Vin ciguer ria mer klini; D – Polyipnus cf. anteaster oi des; E – Hemithyr sites sp.; F – Thyr si toi des sp.; G – Zeus sp.; H – An ti go nia
sp.

Fig. 18. Con tin ued from Fig. 17: A – Alosa cf. sa goren sis; B – Syng nathus sp., ty pus A; C – Eo myc to phum men neri; D – Palaeo gadus dis -
tinc tus; E – Holo cen troi des moldavi cus; F – Af ri cen trum sp.; G – Apos ta sis sp.; H – Pria can thus sp.
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zone is composed of long-lived taxa which found here opti-
mal living conditions: Lepidopus sp., Clupea sp., Syng-

nathus sp., and – first of all – Eomyctophum sp. A marked
proportion attain as well Thyrsitoides sp., Serranus sp., and
Vinciguerria sp.

Besides representative taxa, numerous taxa known from
previous zones tend to disappear in this zone. These in-
clude: Antigonia sp., Zeus sp., Holocentroides sp., Alosa cf.
sagorensis, Apostasis sp., Priacanthus sp., Polyipnus cf.
anteasteroides, Syngnathus sp. (typus A), and many others.

IPM7 Zone

The fish assemblage of this zone is for the first time a
clearly impoverished one, including 29 taxa only. In previ-
ous zones, the number of taxa averaged around 40, except
for the IPM6 Zone. This impoverishment is, in part, a result
of the relatively small sample (452 specimens), although the
dominant factor appears to be genuine disappearance of nu-
merous taxa, including those very common in the IPM6
Zone, like Argyropelecus sp. and A. cosmovicii.

Exclusively in IPM7 Zone, a tooth of Notidanus sp. has
been found. The assemblage is dominated by such common
taxa, as: Clupea sp., Lepidopus sp., and Syngnathus sp.

The typical taxa of this zone include: dominating Eo-

myctophum sp. together with species E. menneri, as well as
Vinciguerria sp., Merluccius sp., and Idrissia sp..

This zone includes already 20 taxa, including 11 known
from the upper bathy-pelagic assemblage, which are repre-
sented by infrequent or solitary specimens. None of these
taxa passes into the last zone.

INM1 Zone

A still poorer assemblage of this zone (11 taxa) is com-
posed nearly in half of the representative taxa. These in-
clude: frequently represented Leiognathus cf. minutus, and
less frequently occurring: Caranx gracilis, Gobius sp., Mer-

luccius errans, and M. hartensis. No deep-water taxa have
been found, although the pelagic ones are fairly numerous:
Clupea sp., Lepidopus sp., and Syngnathus sp.

ECOSTRATIGRAPHY OF THE
MENILITE-KROSNO SERIES (GROUP)

IN THE POLISH CARPATHIANS

Classification of the collected material and determina-
tion of the extent of individual taxa presented in the previ-
ous chapter allows one to formally define the new ichthyo-
faunal zones and redefine previously-distinguished ones by
taking into account: the zone type, determination of index

taxa, precise positioning of zonal boundaries, and determi-
nation of stratotypes.

The established correlation among exposures (Table
26) makes it possible to trace spatial distribution of zonal as-
semblages between the zones of the study area, already dis-
cussed in chapter: Lateral variability... and illustrated in Ta-
bles 27–34. Unlike the synthetic table presented in the pre-
vious chapter, Tables 27–34 include fish derived from sup-
plementary exposures; hence, these two types of tables
show a slightly different extent of some of the taxa. The ab-
sence of taxa from some zones can result from the lack of
exposures bearing relevant fish specimens, whereas the lack
of many taxa in a zone can point to insufficient sampling.
Both these cases do not, however, testify to lateral disap-
pearance of taxa in a biozone.

Redefinition of the Scopeloides glarisianus and
Eomyctophum limicola (IPM1) Zone

An analysis of fish assemblages collected from new ex-
posures (i.a., S1, S2) indicates that the two index taxa dis-
play analogous extent and reach as high as the top of the
Dynów Marl Member. This zone is an assemblage zone.
Taking into account that the upper zone boundary, presently
situated at the top of the Dynów Marls, is poorly marked in
the stratotype Jamna Dolna section, and that it has not been
documented at Krêpak (KIV; Table 5), it is proposed to
chose exposure S1 (up to the base of S1b) at Straszydle (Fig.
6) as a stratotype of both the higher part of this zone (includ-
ing the Dynów Marl Member) and of its upper boundary,
which coincides with the lower boundary of the shale se-
quence of the Rudawka Tractionite Member.

The definition of the lower boundary of this zone re-
mains unchanged; it is marked by the occurrence of either of
the two index taxa. The formal boundary stratotype is lo-
cated within the shale packet A of the Jamna Dolna Member
(Fig. 6).

The lowermost portion of the Menilite Formation has
not been sampled sufficiently enough to decide whether the
lower boundary of the S. glarisianus Zone is confined to the
base of the formation. At a few exposures (e.g. K¹kolówka-
KK1, Ratny-RT), where the lowest layers of the Menilite
shales of the Jamna Dolna and Siedliska members have
been sampled, no index taxa have been found. There is,
however, little evidence in favour of distinguishing a new
zone like, for instance, Vinciguerria talgiensis. For practical
reasons, the lower boundary of the IPM1 Zone can be tem-
porarily associated with the first intercalation of brown
shales which appears within the Globigerina Marl horizon,
underlying the Menilite Formation. Therefore, the last men-
tioned taxon should be considered one of characteristic taxa
of the IPM1 Zone (Fig. 20), alongside with Palimphyes lan-

ceolata, Scorpaenoides popovici, and Diaphus sp. Taking
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Fig. 19. Fish specimens of the Carpathian collection, provisionally distinguished as types, as well as isolated fish remains: A – Bathyla-
gidae, typus Melania; B – Myctophidae, typus Giant II; C – Sternoptychidae, typus xz; D – Stromatoidei, typus Giant III; E – Salmonifor-
mes?, typus xx; F – Perciformes, typus à la, à la; G – Teleostei, Genus indet, typus A; H – Barbus sp. (scale); I – Alopecias sp. (tooth); J –
Cetorhinus sp. (filtrative process); K – Notidanus sp. (tooth)
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into account the small number of specimens, it is hardly
possible to decide whether these and other representative
taxa of the IPM1 Zone will maintain their exclusive status,
following the enlargement of fish collection derived from
higher-situated zones.

The lower and upper boundaries of the IPM1 Zone co-
incide with analogous boundaries of the lower bathy-
pelagic assemblage (LBA), typified by the presence of
deep-water taxa, like: Eomyctophum sp., Scopeloides sp.,
Vinciguerria sp., and others.

The IPM1 Zone as well as LBA include the Siedliska,
Jamna Dolna, Boryslav, Kotów, and Dynów members.

These members, except for the first and last one, fre-
quently bear representatives of three species of Centriscus,
what justifies distinguishing a concurrent-range-subzone
(IPM1-C.SUB.) bearing index taxa of Centriscus heinrichi,
C. longispinus, and C. teleajensis. Exposure at Jamna Dolna
is the stratotype of this sub-zone and its boundaries.

Most probably, the LEADs of taxa Scopeloides glari-

sianus and Scopeloides sp., as well as Eomyctophum limi-

cola represent genuine LADs of those extinct forms which
have never appeared within younger sediments.

The extent of index taxa is associated with five external
zones; whereas in three internal zones these taxa are re-
placed by a representative taxon Scopeloides sp. The ab-
sence of index taxa in internal zones, alongside with the lack
of common Eomyctophum sp. in zones VIII and VII can re-
sult from insufficient number of individuals within the col-
lected samples. That was also the reason for the absence of
index taxa of the Centriscus Subzone within internal zones.
However, it is a well known fact that Centriscus heinrichi

used to be found at Bóbrka and Lubatówka (zone VIII)
within basal cherts of the Menilite Formation (Böhm,
1941).

Redefinition of the Glossanodon musceli

and Palaeogadus simionescui (IPM2) Zone

This zone is characterised by frequent occurrence of the
two index taxa. Recently confirmed appearance of the first
taxon, also within the IPM1 Zone (A. Jerzmañska described
this taxon in the upper part of the Dynów Marl Mbr at S1
and S2 at Straszydle, as well as in a rock fragment derived
from the Dynów Marls, found in a submarine slump at ex-
posure BN7A) enables one to describe that variety of this
zone as a concurrent-range zone (Fig. 20). The accompany-
ing taxa, confined nearly exclusively to this zone, are repre-
sented by Eophycis jamnesis and Eophycis sp., and – occa-
sionally – Palaeogadus abbreviatus, Hemiramphus jerzyi

and Pomolobus sp. The stratotype is composed of a bed se-
quence of the Rudawka Member at exposure Jamna D-G
(counting from the layer D1 upwards) in the lower part, and
a sequence of the Borek Nowy Member at Krêpak IV (com-
prised between the layers IV1 and IV3) in the upper part
(Fig. 6).

The second ichthyofaunal zone is linked with the first
one; the lower boundary of the former coincides with the
upper boundary of the latter, whereas the boundary strato-
type is the same. The upper boundary of the IPM2 Zone is

marked by LEAD Glossanodon musceli and the termination
of massive occurrence of Palaeogadus simionescui, as well
as by disappearance of accompanying taxa. The upper
boundary stratotype of this zone can be traced at Krêpak IV
between layers KIV3 and KIV4 and coincides with the upper
boundary of the Borek Nowy Member. Therefore, within
the Skole, Boryslav-Pokuttya, and Subsilesian units, the
IPM2 Zone includes several lithostratigraphic units, like the
Rudawka, Futoma and Borek Nowy members, whereas in
the Silesian Unit it comprises the entire bed sequence over-
lying the Dynów Member.

The lower and upper boundaries of the IPM2 Zone co-
incide with analogous boundaries of the neritic-sublittoral
assemblage (NSLA) which is characterised by overwhelm-
ing presence of shallow-water fish.

It is proposed to distinguish a characteristic layer of the
lower part of the IPM2 Zone (E1 at Jamna Dolna D-G), in-
cluding Trachinus minutus and Hipposyngnathus neriticus,
as a sub-zone bearing index taxon T. minutus (IPM2-
T.SUB.) whose stratotype is situated at that exposure and
layer. The solitary occurrence of such a layer within the sec-
tion represents an event which left its trace (cf. Table 28),
apart from Jamna Dolna (zone I), also at Leszczawa – L
(zone V) and, probably, at Wola Wêgierska – WEup (zone
II), where a specimen of uncertain Trachinus? sp. has been
found.

It can be safely concluded that the LEADs of chara-
cteristic taxa Glossanodon musceli, Trachinus minutus,
Hipposyngnathus neriticus, and Eophycis jamnensis, and
perhaps some others mark the genuine extinction of these
forms at that time.

The distribution of index taxa Glossanodon musceli and
Palaeogadus simionescui shows this time gaps in the outer
zones (Table 28), although these forms are replaced by
Glossanodon sp. and Palaeogadus sp. Still broader gaps are
confined to Eophycis jamnensis, Eophycis sp., and Holo-

steus sp. Such a situation reflects the availability of expo-
sures in some zones and preferences of their explorators.

Redefinition of the Horbatshia brevis (= Polyipnus

brevis), Kotlarczykia bathybia, and Bregmaceros

filamentosus (IPM3) Zone

In this chapter, extending beyond the problems of docu-
mentation of collection’s description and characteristics of
taxa distribution, a new name of the first index taxon has
been used. This name was originally proposed by A. Jerz-
mañska and introduced by Prokofiev (2002a). This will pre-
vent further revision of the described stratigraphic unit.

The third ichthyozone was distinguished on the basis of
time-range of the first taxon and the two co-existing ones.
The IPM3 Zone is a concurrent-range zone (Fig. 20).

Its stratotype is represented by the upper part of expo-
sure KIV at Krêpak, composed of thin-bedded sandstones
intercalated by green and brown shales, and distinguished as
the Krêpak Member, overlying the Borek Nowy Member
(Fig. 6; layers: 4 – 4y).

The IPM3 Zone is linked with IPM2 Zone. The upper
boundary of the third zone has never been determined pre-
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cisely; most probably, it occurs already below layer IV5,
since the latter appears to be devoid of index taxa. The
lower boundary of this zone coincides with the lower
boundary of the upper bathy-pelagic assemblage (UBA).

LEAD Horbatshia brevis probably marks the extinction
of this taxon. The index taxa of this ichthyozone have also
been found at Leszczawa (exposure L1, without B. filamen-

tosus) in zone V, and at Przysietnica (exposure PS7) in zone
VII (Table 29). The first index taxon was originally found in
the Eastern Carpathians at Delatyn, in the Skole Unit (Hor-
batsh, 1961).

Definition of the Carpathospinosus propheticus

and Centriscus nov. sp. (IPM4A) Zone

The IPM4A assemblage zone is characterised, apart
from index taxa, by the accompanying ones: Carpathospi-

nosus sp., Centriscus sp., and Antigonia sp. (local acme for
the last taxon), as well as by the Centriscus event taxa. It is
hardy possibile to predict whether other, poorly represented,
characteristic taxa will maintain their status owing to further
exploitation and enlargement of fish collections derived
from older and younger zones.

The stratotype is located at Przysietnica in exposure
PS5+6, where a ca. 13-m-thick sequence of alternating
brown and grey shales, bearing a horizon of laminated lime-
stones of the Wujskie Limestone Horizon occurs.

The lower boundary of this ichthyozone should be asso-
ciated with the first appearance of C. propheticus in lime-
stone layers, while the upper boundary should be linked
with the uppermost occurrence of Centriscus nov. sp. in
layer 12 (cf. Table 6). Since the beds underlying and overly-
ing exposure PS5+6 have not been explored, it is impossible
to decide whether zonal boundaries are really located within
indicated layers or not.

The obtained results indicate that the zone IPM4A is the
first independent zone in the UBA (Fig. 20). The appear-
ance of Bregmaceros filamentosus in layer 58, shortly be-
low finely laminated limestones, is not accompanied by
main index taxa of the IPM 3 Zone. Most probably, a gap
occurs between zones IPM3 and IPM4A. On the other hand,
no coincidence between the above-defined upper boundary
of the IPM4A Zone and the lower boundary of the IPM4
Zone has been found.

Due to practical reasons, it is convenient to associate
the IPM4 Zone with a sequence of layers which is compri-
sed between the Wujskie Limestone Horizon and the Jas³o
Limestone Horizon. In such an approach, fish collected
from interzone intervals (lower layers of exposure PS6, ex-
posure PS4) are included into the IPM4A Zone’ assemblage.

It is highly probable that LEAD Carpathospinosus pro-

pheticus is associated with the extinction of this taxon. The
IPM4A Zone has been identified exclusively in zone VII
(Table 30), and only some taxa of its assemblage have been
found in zone I.

Redefinition of the Polyipnus sobnioviensis

(IPM4) Zone

This taxon-range zone is closely associated with the
Jas³o Limestone Horizon which, at Przysietnica, builds the

upper level of finely-laminated limestones. Exposure at
£ubno-£azek (££1; Jerzmañska & Jucha, 1963) was chosen
as the stratotype of this zone and its boundaries (Kotlarczyk
& Jerzmañska, 1976). Species Idrissia carpathica and Pria-

canthus longispinus display a similar extent (Fig. 20), al-
though widespread distribution of these two genera in the
UBA requires a great deal of caution when attempting at
their use as index taxa.

Both boundaries of this relatively narrow zone are
marked by FEAD and LEAD of the index taxon. The zone
shows a wide, well-documented distribution (Fig. 30), simi-
lar to that of a chronohorizon. The zone was also traced in
the stratotype area of the Brzuska syncline. The Jas³o Lime-
stone Horizon rarely lacks the index taxon; hence, its ab-
sence from the zone I is surprising. It is worth noting that the
described zone is the only one of the upper bathy-pelagic
assemblage which was documented in the Krosno Forma-
tion of the Silesian Unit.

The IPM4 Zone is not linked with the two neighbouring
ones. The index taxa-free fish assemblage of the IPM4A –
IPM4 interzone was included into the IPM4A Zone,
whereas that of the IPM4-IPM5 interzone became assigned
at individual exposures to either older (e.g. Krêpak KI1), or
younger (e.g. Bachów BH3) zones.

Redefinition of the Carpathichthys polonicus

(IPM5) Zone

This local taxon-range zone has its stratotype section
located at Krêpak (exposure KIII), while the presently ac-
cessible section (since the time of establishing a nature re-
serve at Krêpak), most suitable for detailed studies, occurs
in the upper part of exposure BH3 at Bachów. The fish as-
semblage of this zone is comprised in a sequence of brown
and sometimes green shales, and predominantly thin-
bedded sandstones. Some of these sandstones originated
due to cohesive sand-muddy flows (sandstones of the Ja-
wornik Ruski type), whereas others represent a facies of the
Krosno sandstones.

The upper and lower boundaries of the zone are
marked, respectively, by FEAD and LEAD of C. polonicus

(Fig. 20). In the stratotype section, these boundaries are as-
sociated with layers 2 and 6 (Fig. 6: KIII; Table 7), whereas
at exposure BH3 they are confined to layers Ja and Ju/Ja, as
well as – probably – layer E (bearing a representative of
Alepocephalidae; Table 8). Both these sections, however,
are devoid of characteristic lithological marker horizons
that would coincide with the boundaries. In the stratotype
section, the discussed zone can be easily identified behind a
road bend (cf. fig. A.32 in: Kotlarczyk & Jerzmañska,
1988b).

The first zonation scheme (Fig. 10) accepted families of
Alepocephalidae and Nessoramphidae as index taxa. Later,
it was found out that the latter family existed in the basin be-
tween the fourth and sixth ichthyozones, and that the mate-
rial representing both the IPM6 Zone and IPM4-IPM5 inter-
zone (included into the fifth zone) contains Nessoramphus

sp. (cf. Table 31). These circumstances and the lack of co-
existence in the same bed sequence of Nessoramphus sp.
and C. polonicus (the lower part of Table 31 represents the
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lower portions of exposure BH3) make the acknowledge-
ment of Nessoramphus sp. as the second index taxon of the
IPM5 Zone redundant.

The hitherto-recognised distribution of the IPM5 Zone
is restricted to three zones (Table 31) and 10 exposures (Ta-
ble 26).

Redefinition of the Argyropelecus cosmovicii (partim
Argyropelecus sp.) (IPM6) Zone

The index fossil of this taxon-range-zone, Argyropele-

cus comovicii, was unfortunately determined by A. Jerz-
mañska on the basis of infrequent specimens derived from
two exposures only: Babice-Po³anki (BP2 – 2 layers) and
Bachów (BH1 – 2 layers), situated in the Skole Unit, and at
an unidentified exposure at Przysietnica (PSO) in the Sub-
silesian Unit (cf. Table 32). On the other hand, exposures of
nearly all zones of this ichthyozone frequently bear fish
specimens labelled as Argyropelecus. This term typifies a
joint group in which some specimens tend to reveal proper-
ties of the species A. cosmovicii (see chapter: Composition
of ichthyofauna). Waiting for a revision of specimens of this
group, the extent of Argyropelecus sp. occurring in the stra-
totype Krêpak section has been acknowledged as equivalent
of the range of the IPM6 Zone.

This stratotype includes exposures extending between
KIIe – KIIb and KII2 (Fig. 4: K-HB, Table 9), in which the
lower part of the Korzeniówka Member, representing the
upper part of the Menilite Formation (the so-called upper
Menilite beds in SKU), is exposed. The stratotype expo-
sures display brown, sometimes marly Menilite shales in-
cluding sandstone intercalations of the Jawornik Ruski type,
Kliwa sandstones, calcareous sandstones of the Kliwa-
Krosno type, sometimes green shales, and rare thin-bedded
cherts (Fig. 6).

The accompanying taxa, occurring in minor quantities
and confined exclusively to zones III and IV of this Zone,
include: Paraberyx bachoviensis and Paraberyx sp. (III),
Capros medianus (III–IV), Prohollardia avita (IV), Ar-

cheus sp. (III), and Protomyctophum sp. (Table 32). The
lower boundary of this zone, marked by the onset of system-
atic, persistent appearance of Argyropelecus sp., is not
linked with the IPM5 Zone, whereas the upper boundary is
at the same time the lower boundary of the IPM7 Zone (Fig.
20).

Among the three observed occurrences of Syngnathus

incompletus in the basin (IPM2, IPM4A-4?, IPM6-7?
zones), the most important one is undoubtedly associated
with the IPM6 Zone (Tables 25, 32). This implies a possibil-
ity of using this taxon as the second index taxon (already
proposed by Kotlarczyk & Jerzmañska, 1988a), and defin-
ing the zone as an assemblage zone. However, the existing
data are not sufficient enough to determine the genuine po-
sition of the boundaries of the epibole taxon within the zone.
Geological setting of exposures at Babice-Po³anki (BP2),
Przysietnica (PS8) and Bachów (BH1) appears to indicate a
narrow range of epiboles. This fact was the basis of distin-
guishing of the S. incompletus sub-zone (IPM6-S.SUB.)
within the IPM6 Zone (Kotlarczyk & Jerzmañska, 1976),
with its stratotype at exposure BH1.

The reconstruction of the extent of taxon S. incompletus

and re-definition of the sub-zone comprising this taxon will
not be possible until a revision of fish collected at exposures
of the IPM6 Zone and classified into the joint group Syng-

nathus is performed.
It seems likely that the LEADs of Argyropelecus cos-

movicii, Paraberyx bachoviensis, Prohollardia avita, and
Archeus sp. mark the actual extinction of these forms.

Definition of the Eomyctophum menneri (IPM7) Zone

The definition of this zone, presented below, is some-
what biased due to relatively poor recognition of its fish as-
semblage. Apart from accidental appearance of Notidanus

sp., no representative taxa have been identified in the as-
semblage which is typical of the upper part of the upper
bathy-pelagic assemblage (UBA). The IPM7 Zone is the up-
permost one within this assemblage; therefore, selection of
an index taxon from the representatives of that ichthyocoe-
nosis appears to be fully justified.

Among deep-water fish, Eomyctophum sp. occurs
abundantly and commonly in all the zones, whereas Idrissia

sp. and Vinciguerria sp. are to be found in selected zones
only. On the other hand, numerous taxa are represented by
so small numbers of specimens that they cannot be consid-
ered index ones (Table 33).

In these circumstances, it was decided to define provi-
sionally the new zone as a successive last appearance zone,
bearing an index taxon Eomyctophum menneri (Fig. 20).
This taxon also occurs in the underlying IPM6 Zone, to-
gether with its index taxon Argyropelecus cosmovicii and
Argyropelecus sp., as well as other proper taxa of the IPM6
Zone. Hence, the lower boundary of the IPM7 Zone is
marked by the uppermost extent of A. cosmovicii and Argy-

ropelecus sp. The upper boundary, in turn, is defined by dis-
appearance of the index taxon and of other fossil fishes from
the stratigraphic section at the transition between the Menil-
ite and Krosno formations. Therefore, the described unit is
linked with the underlying zone only.

The characteristic taxa of this zone, despite negligible
proportions, include: Glyptophidium sp., Parasteindachne-

ria oligocenica, and three species of Palaeogadus which oc-
cur in the upper part of the Menilite Formation.

The stratotype of this zone is exposure KII at Krêpak
(Fig. 6, Table 9), which includes a portion of the Korze-
niówka Member, ca. 25 m thick, situated above a packet
representing the IPM6 Zone (exposures: KIIe – KII2; see
Fig. 4: K-HB).

This ichthyozone has been recognised in the Skole Unit
only.

Redefinition of the Caranx gracilis and Merluccius

errans (INM1) Zone

The only Miocene assemblage zone occurs in the up-
permost portion of the flysch sequence of the Polish Outer
Carpathians. It was determined basing on similar range of
the two taxa considered as index ones. The composite stra-
totype comprises exposures of a portion of the Krosno For-
mation situated close to the Dobrzanka Tuff Horizon (t. V)
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at Harta (HT) (Fig. 4: BN, Fig. 6), the lower part of the
Leszczawka Diatomite Member at Huta Porêby (HP) (Fig.
4: L, Fig. 6), and a layer of laminated Jas³o-type limestones,
occurring as dismembered fragments in a submarine slump
in the Zahuty Stream (ZH), at Huta Porêby.

A large portion of the Leszczawka Diatomite Member
represents an olistostrome. The submarine slump, including
laminated limestones, occurs within a sequence of marls
and calcareous shales of the Krosno type below the highest
packet of diatomaceous rocks (Fig. 4: L). The age of lime-
stones can be estimated, basing on different pieces of evi-
dence, as older than that of the slump, but not much older
than the Leszczawka Diatomite Horizon. This enables one
to include a specimen of Caranx gracilis, found in lime-
stones, to the ichthyo-thanatocoenosis that occurs in the
Leszczawka Member.

Stratigraphic separation between exposures HT and ZH
is fairly large, amounting to ca. 600 m. Most of this distance
spans a sequence of normal flysch, while olistostrome de-
posits are not so thick (Fig. 3:BN-HT, L-HP). Therefore, the
time interval necessary for the development of fish assem-
blage of this zone was not very long, probably lasting no
more than ca. 2 m.y..

Stratotype exposures are situated in closely-spaced
structures; therefore, the presently recognised extent of this
ichthyozone is restricted to the two distinguished zones: IV
and V (Table 34).

The IPM7 Zone represents an independent unit. The du-
ration of the barren interzone Eomyctophum menneri –
Caranx gracilis & Merluccius errans can be estimated at ca.
3–3.5 Ma.

Fairly numerous occurrences of Leiognathus cf. minu-

tus and the appearance of a new species Merluccius harten-

sis at Harta (HT) enables one to distinguish the Subzone
INM1-L.SUB., including both the above taxa as index fossils
(Fig. 20).

An alternative solution, consisting in creation of the
INM1 Assemblage Zone bearing index taxa of Leiognathus

cf. minutus and Merluccius hartensis, as well as the INM2
Partial-Range Zone with Caranx gracilis or Merluccius er-

rans, is not sufficiently justified by the presently available
number of assemblages and sites.

PALAEOECOLOGY OF PALAEOGENE
AND NEOGENE FISH IN THE POLISH

OUTER CARPATHIAN BASIN

The first part of this chapter summarizes literature data
pertaining to palaeoecology and palaeobathymetry of those
fish genera and species which are included in the collection
housed at the Department of Palaeozoology. The second
part, in turn, deals with ecological characteristics of those
fish assemblages which occur in the distinguished ecostra-
tigraphic zones.

Palaeoecological analysis does not always lead to une-
quivocal solutions. One should take into account that not all
families have their representatives living exclusively in one,
strictly defined ecological environment, like, for instance,
deep-water pelagic or deep-water bentho-pelagic ones. A

common feature is that some genera of the same family in-
habit one biotope, while the remaining ones are confined to
another biotope (cf. data concerning Myctophidae, in: Parin,
1988 – tables 3, 4). The same applies – to a certain degree –
to different species of one genus. For instance, most species
of the genus Syngnathus prefer near-shore environment, and
one species of this genus is a pelagic one. In such cases, fish
specimens identified to the level of family or genus do not
provide precise ecological constraints.

The ichthyocoenosis of the Oligocene ocean was lar-
gely comparable to that of recent oceans (Gaudant, 1979).
The collection studied includes only two families (Euza-
phlegidae, Palaeorhynchidae) known exclusively from fos-
sil material, and yet 27 extinct genera. Palaeoecological en-
vironment of the latter can only be inferred basing on their
proximity of blood to the present-day genera, although this
kind of reasoning requires a great deal of caution.

For the purpose of this work, the following ichthyocoe-
noses have been distinguished: pelagic, bentho-pelagic and
bottom (demersal), as well as shallow-water neritic, and
specific – reef ones. In many cases, it is also possible to ap-
ply a more detailed subdivision based on bathymetric zones.

The following ecological fish assemblages, marked by
appropriate acronyms, have been distinguished:

EP – epipelagic, dwelling ocean waters down to a depth
of 200 m (150 m);

MP – mesopelagic, dwelling a depth interval between
200 m and 1,100 m (or 150 m to 2,000 m);

BP – bathypelagic, dwelling still deeper waters, down
to 4,000 m (although some fish can occur at shallower
depths);

MB – meso-bathypelagic, dwelling both the above two
zones;

BEP – bentho-pelagic, dwelling near-bottom waters to
ca. 100 m above the bottom, and below the continental shelf
break (without subdivision into meso- and bathy-zones);

BD + D – benthic, occurring at and close to the bottom,
including:

D – demersal, buried, occurring at the bottom and
shortly above it in the shallow-water zone;

BD – bathy-demersal, dwelling as in D, although upon
continental slope or the slopes of submarine ridges and
mounts;

N – neritic, dwelling supra-shelf waters between the
surface and a depth of 200 m, including littoral ones;

R – associated with reef environment;
N + R – shallow-water, associated with the two previ-

ous environments.
These acronyms denote affiliation of individual fish

families and genera to an appropriate ecological assem-
blage. Sign † marks extinct taxa.

Palaeoecology of fish families and genera

Order: LAMNIFORMES (EP, MP) (IPM 1, 4A, 4, 5)
Family: ALOPIIDAE – tresher sharks (EP, MP) (IPM 4)
Genus: Alopecias (Alopias) Rafinesque, 1810 (EP, MP)
Alopecias sp. (Alopias, acc. to Nelson, 1994) (IPM 4).

These are oceanic sharks, dwelling a depth range of 0–550 m,
known from subtropical waters. The present-day forms include lit-
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toral, epipelagic, and those living far from the shoreline. Young in-
dividuals occur near shores or in bays (Parin, 1988; Weitzman,
1997; Froese & Pauly, 2004).

Family: CETORHINIDAE – basking sharks (EP) (IPM 1, 4, 5)
Genus: Cetorhinus Blainville, 1816 (EP)

Cetorhinus sp. (IPM 1, 4, 5).

Representatives of this genus are planktonivorous, migrating
oceanic sharks. Recent fauna includes only one species, second in
size among sharks. Depth range 0–570 m. These are epipelagic and
pelagic, oceanodromic sharks, preferring moderate climate; occur
close to continental or insular coasts. They usually move slowly
near the surface, in groups numbering 3–4 individuals, although
clusters exceeding 100 specimens have also been spotted. They are
to be found in deeper waters in winter times (Froese & Pauly,
2004).

Order: HEXANCHIFORMES – (BD + D,R) (IPM 7)
Family: HEXANCHIDAE – cow sharks (BD + D, R) (IPM 7)

Genus: Hexanchus Rafinesque, 1810 (= Notidanus Cuvier, 1816)
(BD + D)

Notidanus sp. (IPM 7).

Depth range 0–2,000 m. Recent representatives of this genus
include demersal, bathy-demersal, marine forms. These are oce-
anodromic sharks, most of them dwelling upon continental slope,
whereas other occur upon the shelf and shallower waters (coral
reefs), as well as near-shore places. They occur in deep waters of
the subtropical zone. Deep-water forms move at night into shal-
lower depths (Weitzman, 1997; Froese & Pauly, 2004).

Order: ANGUILLIFORMES (BP, BD + D)
(IPM 3, 4A, 4, 5, 6, 7)

Family: DERICHTHYIDAE (NESSORHAMPHIDAE)
– longneck eels (BP)(IPM 4, 5, 6)

Recent representatives of this family are exclusively marine,
bathypelagic forms, dwelling waters of deep-water climate of
depths between 500 m and 2,000 m (Parin, 1988; Weitzman, 1997;
Froese & Pauly, 2004).

Genus: Nessorhamphus Schmidt, 1931 (BP)
Nessorhamphus sp. (IPM 5, 6).

These are bathypelagic (0–1,800 m) marine fish, preferring
deep-water climate (Weitzman, 1997; Froese & Pauly, 2004).

Order: CLUPEIFORMES (EP) (IPM 1, 2, 3, 4A, 4, 5, 6, 7,
INM 1)

Family: CLUPEIDAE – herrings (EP) (IPM 1, 2, 3, 4A, 4, 5, 6, 7,
INM 1)

Genus: Clupea Linnaeus, 1758 (EP)
Clupea sardinites Heckel, 1850 (IPM 1, 2, 3, 4, 5, 6)

Clupea sp. (IPM 1, 2, 3, 4A, 4, 5, 6, 7, INM 1)

These oceanodromic, brackish and marine forms occur in pe-
lagic waters, up to 200 m deep, of moderate to subtropical climate.
They tend to form shoals in near-shore waters; during the daylight
they stay in deeper waters and come closer to the surface at night
(Froese & Pauly, 2004).

Genus: Alosa Linck, 1790 (EP)
†Alosa cf. sagorensis Steindachner, 1863 (IPM 4, 6)

Alosa sp. (IPM 1, 2, 3, 4A, 4, 5, 6, 7, INM 1)

Depth range: 0–145 m; climate: moderate to subtropical.
These are epipelagic, anadromic fish that dwell fresh, brackish,
and marine waters. They spend their spawning season either in riv-
ers or in brackish waters. Recent species can spend winter in open
waters, coming back to littoral waters in spring. They tend to form
shoals (Szymczyk, 1978, 1979; Froese & Pauly, 2004).

Genus: Pomolobus Rafinesque, 1820 (EP)
Pomolobus sp. (IPM 2)

Depth range: 0–145 m (epipelagial); occurrence: moderate to
subtropical climatic zones. These are pelagic, anadromic fish; can
dwell fresh, brackish, or marine waters. They spend their spawning
season either in rivers or in brackish waters. Recent species can
migrate in winter time into open waters, coming back to the littoral
ones at spring. They tend to form shoals (Froese & Pauly, 2004).

Order: CYPRINIFORMES (BEP) (IPM 1)
Family CYPRINIDAE – minnows (BEP) (IPM 1)

Genus: Barbus Cuvier, 1817 (BEP)
Barbus sp. (IPM 1).

Recent representatives of barbels are bentho-pelagic, fresh-
water, and brackish fish that can dwell in moderate through sub-
tropical climatic zones. They usually do not occur at depths ex-
ceeding 10 m, at a rocky bottom (Froese & Pauly, 2004).

Order: OSMERIFORMES (BEP, BP, BD) (IPM 1, 2, 3, 4A, 4, 5,
6, 7)

Family: ARGENTINIDAE – argentines (BP, BEP, BD, D)
(IPM 1, 2)

Genus: Glossanodon Guichenot, 1867 (BEP, BP, BD)
†Glossanodon musceli (Paucã, 1929), IPM 2 –index species

Glossanodon sp. (IPM 1, 2)

Depth range: 140–1,400 m (Froese & Pauly, 2004), or 70–
1,000 m (Weitzman, 1997) (bentho-pelagial). These are bentho-
pelagic, marine, deep-water fish, preferring moderate to tropical
climate, dwelling close to the substratum (also a stony one), or
within sandy or silty bottom. Frequently occur upon continental
slope or off the shelf break (Jerzmañska, 1967, 1968; Ciobanu,
1977; Parin, 1988; Weitzman, 1997; Froese & Pauly, 2004).

Family: BATHYLAGIDAE – deep-sea smelts (BP) (IPM 1, 2,
4A, 4, 5, 6, 7)

These are deep-water, bathypelagic fish of a wide depth range
(0–7,700 m; Froese & Pauly, 2004; or 0–3,600 m; Weitzman,
1997), exclusively marine, feeding on crustaceans and plankton;
living either in small shoals or as solitary individuals (Parin, 1988;
Froese & Pauly, 2004).

Genus: †Idrissia Arambourg, 1954 (BP)
†Idrissia carpathica Jerzmañska, 1960 (IPM 4)

†Idrissia sp. (IPM 3, 4A, 4, 5, 6, 7)

Photophores are absent. Bathypelagic, marine (0–5,000m; oc-
curring most frequently down to 2,000 m) forms, preferring deep-
water climate (Froese & Pauly, 2004). This genus resembles that
of contemporaneous Ichthyococcus Bonaparte, 1840 (Jerzmañska
1960).

Family: ALEPOCEPHALIDAE – slickheads (BEP) (IPM 5, 6)
Genus: †Carpathichthys Jerzmañska, 1979 (BEP)

†Carpathichthys polonicus Jerzmañska, 1979, IPM 5 – index
species

†Carpathichthys sp. (IPM 5)

Depth range: 500–2,100 m (bentho-pelagial), probably occur
also in deeper waters. These are bentho-pelagic, marine forms
known from deep-water and tropical climate (Jerzmañska, 1979;
Parin, 1988; Froese & Pauly, 2004).

Genus: Bathyprion Marshall, 1966 (BP)
Bathyprion sp. (IPM 3).

These are deep-water, bathypelagic, marine fish, living at
depths of 100 m to 3,200 m (Froese & Pauly, 2004; Parin 1988), or
1,100 m to 2,100 m (Weitzman, 1997).
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Order: SALMONIFORMES (EP, BEP) (IPM 1, 3, 4A, 4, 5, 6, 7)

Fishes of moderate climate, occurring in the Northern Hemi-
sphere. These are marine, epipelagic, bentho-pelagic, anadromic,
fresh-water or brackish forms (Froese & Pauly, 2004).

Order: STOMIIFORMES (MB) (IPM 1, 3, 4A, 4, 5, 6, 7)
Family: GONOSTOMATIDAE – bristlemouths (MB, EP)

(IPM 1, 3, 4A, 4, 5, 6, 7)
Genus: †Scopeloides Wettstein, 1886 (MB)

†Scopeloides glarisianus (Agassiz, 1844), IPM 1 – index species
†Scopeloides sp. (IPM 1)

Depth range: 25–3,385 m, usually 200–700 m. This is a ba-
thypelagic, marine species, whose related, recent genera are able to
migrate vertically throughout the day: dwelling shallow waters at
night, and deeper ones during the daylight. Larger specimens pre-
fer deeper waters. Deep-water climate (Jerzmañska, 1968; Parin,
1988; Froese & Pauly, 2004).

Genus: †Kotlarczykia Jerzmañska, 1974 (MP)
†Kotlarczykia bathybia Jerzmañska, 1974, IPM 3 – index species

†Kotlarczykia sp. (IPM 3, 5)

Compared to recent representatives (genera: Margrethia

Jespersen & Taning, 1919 and Bonapartia Goode & Bean, 1896),
this species probably occurred at depths of 100–700 m (mesopela-
gial). These are marine fish that dwell continental or insular slopes.
Recent related genera are able to migrate vertically throughout the
day; they dwell shallower waters at night, migrating deeper during
the daylight. Larger specimens prefer deeper waters. They occur in
deep-water, subtropical and tropical climates Jerzmañska, 1974,
Froese & Pauly, 2004).

Family: STERNOPTYCHIDAE – deep-sea hatchet fishes (MB)
(IPM 1, 3, 4A, 4, 5, 6, 7)

Genus: Polyipnus Günther, 1887 (MP)
†Polyipnus cf. anteasteroides Ciobanu, 1977 (IPM 3, 4, 5)
†Polyipnus brevis Horbatsch, 1961, IPM 3 – index species
†Polyipnus sobnioviensis Jerzmañska, 1960, IPM 4 – index

species
†Polyipnus cf. sobnoviensis Jerzmañska, 1960 (IPM 4)

Polyipnus sp. (IPM 1, 3, 4A, 4, 5, 6)

Depth range: 50–1,023 m (meso-pelagial). Exclusively ma-
rine species, bearing photophores. Prefer deep-water climate, but
can also be found upon continental slope (Jerzmañska, 1960; Cio-
banu, 1977; Parin, 1988; Weitzman, 1997; Froese & Pauly 2004).

Genus: Argyropelecus Cocco, 1829 (MB)
†Argyropelecus cosmovicii Cosmovici et Paucã, 1943, IPM 6 –

index species
Argyropelecus sp. (IPM 5, 6)

Depth range of recent forms: 100–2,960 m (Froese & Pauly,
2004), or 0–4,060 m (Weitzman, 1997). This is a marine, meso-
and bathypelagic species, capable of short-term migrations (both
adult and juvenile individuals); similarly as representatives of the
family Gonostomatidae capable of vertical migrations throughout
the day; some individuals come at night closer to the shoreline, at a
depth of 100 m (Jerzmañska, 1968; Ciobanu, 1977; Parin, 1988;
Froese & Pauly, 2004).

Family: PHOTICHTHYIDAE acc. to Nelson, 1994 (PHO-
SICHTHYIDAE) lightfishes (MB) (IPM 1, 3, 4, 6, 7)
Genus: Vinciguerria Jordan et Evermann, 1896 (MB)

†Vinciguerria distincta Daniltshenko, 1962 (IPM 1, 3, 6, 7)
†Vinciguerria merklini Daniltshenko, 1946 (IPM 4, 6)
†Vinciguerria obscura Daniltshenko, 1946 (IPM 1, 4)
†Vinciguerria talgiensis Daniltshenko, 1946 (IPM 1)

Vinciguerria sp. (IPM 1, 3, 4, 5, 6, 7)

Depth range: 20–5,000 m (Froese & Pauly, 2004) or down to
2,000 m (Weitzman, 1997). These are deep-water, meso- and ba-
thypelagic, marine forms, bearing photophores. Both juvenile and
adult individuals rest during the daylight in deeper waters
(200–600 m); coming to shallower depths at night (0–500 m).
They prefer subtropical, deep-water environments (Daniltshenko,
1960, 1980b; Jerzmañska, 1968; Ciobanu, 1977; Parin, 1988).

Order: AULOPIFORMES (EP, MB) (IPM 2, 4A, 4)
Family: PARALEPIDIDAE – barracudinas (EP, BP) (IPM 2, 4A)

Recent representatives of this family are pelagic or bathypela-
gic, marine, oceanodromic fish that dwell waters of depths be-
tween 0 and 3,000 m, in deep-water climate (Froese & Pauly,
2004).

Genus: †Holosteus Agassiz, 1839 (MB)
†Holosteus mariae (Menner, 1948) (IPM 2)

†Holosteus sp. (IPM 2, 4A, 4)

The present-day genera of this family are exclusively marine,
oceanodromic, meso-and bathypelagic fish (preferring deep-water
environment), occurring down to a depth of 3,000 m (Danil-
tshenko, 1960, 1980b; Weitzman, 1997; Froese & Pauly, 2004).

Order: MYCTOPHIFORMES – (BP) (IPM 1, 2, 3, 4A, 4, 5, 6, 7)
Family: MYCTOPHIDAE – lanternfishes (BP) (IPM 1, 2, 3, 4A,

4, 5, 6)
Genus: †Eomyctophum Daniltshenko, 1947 (BP)

†Eomyctophum cf. koraense Daniltshenko, 1947 (IPM 4A, 4, 6,
7)

†Eomyctophum limicola Daniltshenko, 1960, IPM 1 – index
species

†Eomyctophum menneri Daniltshenko, 1947, IPM 7 – index
species (IPM 4, 6)

†Eomyctophum sp. (IPM 1, 3, 4A, 4, 5, 6, 7)

These marine (bathypelagic, oceanodromic) species occur
down to a depth of 1,400 m. They come to the surface at night and
remain in near-surface waters to a depth not exceeding 450 m (nyc-
topelagial); during the daylight they tend to remain at depths be-
tween 200 and 900 m (Daniltshenko, 1960, 1980b; Jerzmañska,
1960, 1968; Parin, 1988; Weitzman, 1997; Froese & Pauly 2004).

Genus: Protomyctophum Fraser-Brunner, 1949 (BP)
Protomyctophum sp. (IPM 6).

These are marine, bathypelagic, pelagic, oceanodromic fishes,
dwelling a depth range of 0 to 1,500 m. They come to the surface at
night and remain in near-surface waters down to a depth of 426 m
(nycto-epipelagial); preferring deeper waters (600–700 m) during
the daylight (Weitzman, 1997; Froese & Pauly, 2004).

Genus: Diaphus Eigenmann et Eigenmann, 1890 (BP)
Diaphus sp. (IPM 1).

These are bathypelagic forms that dwell marine waters down
to depths exceeding 1,000 m. They tend to migrate vertically
throughout the day, similarly as other representatives of this fam-
ily. Vertical tiering consists in the fact that young and small-size
individuals occupy shallower waters, as opposed to adult and
larger specimens (Ciobanu, 1977; Weitzman, 1997; Froese &
Pauly, 2004).

Order: GADIFORMES (BEP, BD+D, EP, MB, N) (IPM 1, 2, 3,
4A, 6, 7, INM 1)

Family: MORIDAE – morid cods (MB) (IPM 6)

Deep-water fishes (Nelson, 1994)
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Family: BREGMACEROTIDAE – codlets (MB) (IPM 3, 4A)
Genus: Bregmaceros Thompson, 1840 (MB)

†Bregmaceros filamentosus (Priem, 1908), IPM 3 – index species
(IPM 4A)

Bregmaceros sp. (IPM 3, 4A)

Depth range: 0–2,000 m (meso- and bathypelagic, as well as
some neritic forms). These are marine, tropical and subtropical
fish; although brackish and oceanic forms occur as well. They
dwell littoral, continental shelf, and open waters. Some of them are
capable of migrating vertically, owing to changes in the oxygen
content (Daniltshenko, 1960; Parin, 1988; Froese & Pauly, 2004).

Family: PHYCIDAE – phycid hakes (BEP) (IPM 2, 4A, 6)
Genus: †Eophycis Jerzmañska, 1968 (BEP)

†Eophycis jamnensis Jerzmañska, 1968 (IPM 2)
†Eophycis sp. (IPM 2)

Depth range: 0–1,400 m (Froese & Pauly, 2004) (bentho-
pelagic). Representatives of the present-day genus Phycis do not
migrate, and are to be found upon shelf or continental slope. Adult
forms prefer the latter environment, while young ones dwell near-
shore waters and are able to survive even in river mouths. They oc-
cupy either hard or sand-muddy bottom. These are nocturnal forms
which hide between rocks during the daylight (Jerzmañska, 1968;
Œwidnicki, 1990; Œwidnicki et al., 1990; Weitzman, 1997).

Genus: †Onobrosmius Bogatshov, 1938 (BEP)
†Onobrosmius sp. (IPM 4A, 6)

Fishes of this family are bentho-pelagic fishes and dwell wa-
ters of moderate through subtropical and deep-water climate, oc-
curring in both littoral and deep-water basins (50–2,500 m); either
solitary or in groups exceeding 100 specimens (Daniltshenko,
1960; Weitzman, 1997; Froese & Pauly, 2004).

Genus: †Pseudoraniceps Fedotov, 1974 (D)
†Pseudoraniceps sp. (IPM 4A).

This form is comparable to the recent genus Raniceps. Recent
tadpole cods are demersal, not migrating (or only at short dis-
tances) fishes that occur in brackish and marine waters at depths
ranging from 0 to 100 m. They usually dwell littoral waters (depths
10–20 m), over a rocky bottom covered with algae (Daniltshenko,
1980b; Parin, 1988; Fedotov & Bannikov, 1989; Œwidnicki et al.,
1990; Froese & Pauly, 2004).

Family: MERLUCCIIDAE-merluccid hakes (BEP, BD+D) (IPM
1, 2, 3, 4, 5, 6, 7, INM 1)

Genus: †Palaeogadus Rath, 1859 (BEP)
†Palaeogadus abbreviatus (Bogatshov, 1935) (IPM 2)
†Palaeogadus carpathicus Œwidnicki, 1991 (IPM 6, 7)
†Palaeogadus distinctus Œwidnicki, 1990 (IPM 5, 6, 7)

†Palaeogadus intergerinus Daniltshenko, 1947 (IPM 6, 7)
†Palaeogadus simionescui (Simionescu, 1905), IPM 2 – index

species
†Palaeogadus sp. (IPM 1, 2, 3, 4, 6)

These fossil, bentho-pelagic, oceanodromic, brackish or ma-
rine fishes used to occur at depths not exceeding 875 m. Similarly
to their recent equivalents, they were able to inhabit different envi-
ronments: from the shoreline to deeper waters on the continental
shelf. They probably formed shoals (Daniltshenko, 1960, 1980b;
Jerzmañska, 1968; Fedotov & Bannikov, 1989; Weitzman, 1997;
Froese & Pauly, 2004).

Genus: Merluccius Rafinesque, 1810 – hake (BEP)
†Merluccius errans (Smirnov, 1935) INM 1 – index species
†Merluccius hartensis Œwidnicki, 1990 INM 1-L.SUB. – index

species

Merluccius sp. (IPM 2, 4, 5, 6, 7, INM 1)

Depth range: 50–1,000 m (usually150–555 m). Hakes are
bentho-pelagic, oceanodromic, marine fishes that dwell either
shelf or continental slope. They tend to keep close to the bottom
during the daylight, and migrate upwards at night (70 – 370 m).
These fishes are capable of seasonal migrations: towards southern,
shallower waters in winter times, and towards northern, deeper
waters in summers. They prefer deep-water, moderate through
subtropical environments, and usually form shoals (Daniltshenko,
1960, 1980b; Jerzmañska, 1968; Parin, 1988; Weitzman, 1997;
Froese & Pauly, 2004).

Genus: †Parasteindachneria Œwidnicki, 1990 (BD)
†Parasteindachneria oligocaenica Œwidnicki, 1990 (IPM 6, 7)

Depth range: 400–500 m (bathy-demersal). The present-day
genera are marine, deep-water fishes that dwell soft substratum of
the outer shelf and upper continental slope. They tend to bear pho-
tophores (Œwidnicki, 1990; Froese & Pauly, 2004).

Family: GADIDAE – cods (BEP, BD + D) (IPM 1, 2, 3, 6)
Genus: †Palaeomolva Daniltshenko, 1947 (BD + D)
†Palaeomolva monstrata Fedotov, 1974 (IPM 4, 6)

†Palaeomolva sp. (IPM 2, 3, 6)

Recent representatives of genus Molva dwell water depths of
30–1,500 m (usually not exceeding 1,000 m) and are demersal,
marine fishes. The present-day genera dwell close to the bottom,
upon either muddy or hard substratum of the continental slope
(Daniltshenko, 1960, 1980b; Fedotov & Bannikov, 1989; Œwid-
nicki, 1990; Weitzman, 1997; Froese & Pauly, 2004).

Order: OPHIDIIFORMES (BEP) (IPM 1, 2, 5, 6, 7)
Family: OPHIDIIDAE (BROTULIDAE) – cusk eels (BEP)

(IPM 1, 6, 7)
Genus: †Propteridium Arambourg, 1967 (BEP)

†Propteridium sp. (IPM 6).

These are probably bentho-pelagic fishes, whose contempo-
rary representatives inhabit subtropical and tropical waters, not ex-
ceeding a depth of 4,000 m (Ciobanu, 1977; Parin, 1988; Œwid-
nicki, 1988; Froese & Pauly, 2004).

Genus: Glyptophidium Alcock, 1889 (BEP) (IPM 6, 7)
Glyptophidium sp. (IPM 6, 7).

These are bentho-pelagic (40–825 m), marine fishes (Œwid-
nicki, 1988a; Froese & Pauly, 2004).

Order: LOPHIIFORMES – anglerfishes (MB, BD + D, EP) (IPM
3, 4A, 5, 6)

Family: ANTENNARIIDAE – frogfishes (BD + D, EP) (IPM 3,
4A, 6)

The representatives of this family dwell all tropical seas down
to a depth of 300 m, averaging at some 40 m or less (demersal
forms). They occupy reef, marine and brackish waters. Juveniles
are benthic forms, except for those of a pelagic genus Histrio,
which float among Sargassum seaweeds (Froese & Pauly, 2004).

Family: CERATIIDAE – seadevils (BP) (IPM 5, 6)

A characteristic feature of these fishes is the presence of a de-
coy organ (illicium), supplied with photophores. These are marine
fishes occurring at great depths, down to 2,090 m (Parin, 1988;
Froese & Pauly, 2004).

Order: MUGILIFORMES (N) (IPM 3)
Family: MUGILIDAE – mullets (N) (IPM 3)

These fishes are ubiquitous throughout the seas of tropical
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and temperate climate, and include predominantly marine (littoral)
and brackish forms, although some species dwell also fresh waters
and river mouths (Froese & Pauly, 2004).

Genus: Mugil Linnaeus, 1758 (N)
Mugil sp. (IPM 3).

These are cosmopolitan fishes that occur in different marine
subtropical and tropical basins. They are represented by bentho-
pelagic, kathadromic, marine, fresh-water, and brackish forms.
Their depth range does not exceed 120 m. The species is a littoral
one, being frequently spotted in river mouths. These fishes tend to
form shoals above sandy, muddy, and densely vegetated bottom,
and are active mainly during the daylight (Froese & Pauly, 2004).

Order: BELONIFORMES (EP, R + N) (IPM 2)
Family: HEMIRAMPHIDAE – halfbeaks (R + N, EP) (IPM 2)

Genus: Hemiramphus Cuvier, 1817 (R + N)
†Hemiramphus jerzyi Jerzmañska, 1968 (IPM 2)

Depth range: 0–5 m; marine forms dwelling reefs and open
ocean waters; some recent forms are capable of surviving in brack-
ish waters. These are ocean surface dwellers (Jerzmañska, 1968,
1985; Froese & Pauly, 2004).

Order: BERYCIFORMES (BD + D, BEP, MB, R+N) (IPM 1, 3,
4A, 4, 5, 6, 7)

Family: TRACHICHTHYIDAE – roughies (BP, BEP, R + N)
(IPM 4A, 4, 5, 6, 7)

The representatives of this family, typified by a confined
body, are bathy- and bentho-pelagic (10–1,800 m); oceanodromic;
marine forms which also dwell reef environments. They prefer
deep-water, subtropical to tropical climates; dwell close to the ei-
ther hard or muddy substratum of continental slope or reefs
(Weitzman, 1997; Froese & Pauly, 2004).

Genus: †Africentrum (Paucã, 1931) (R + N)
†Africentrum sp. (IPM 4A, 4, 5, 6, 7)

The present-day genera are reef, marine dwellers (0–180 m).
Most of them display nocturnal activity, hiding among corals and
in caves or depressions during the daylight (Froese & Pauly,
2004).

Family: BERYCIDAE – alfonsinos (BD + D, BEP) (IPM 3, 4A,
4, 5, 6)

Genus: †Paraberyx Jerzmañska, 1975 (BD + D)
†Paraberyx bachoviensis Jerzmañska, 1975 (IPM 6)

†Paraberyx sp. (IPM 6)

These are bathydemersal, demersal, bentho-pelagic, marine
fish that dwell a depth interval of 25–1,300 m (usually 200–600
m). Berycids are known from deep-water, subtropical climate, and
are to be found shortly above sandy and muddy substratum situ-
ated off the shelf, above continental slope. Adult specimens are de-
mersal forms, while the juveniles ones – pelagic ones. Some of
them migrate at night towards more shallower waters (Jerzmañska
& Kotlarczyk, 1975; Weitzman, 1997; Froese & Pauly, 2004).

Family: HOLOCENTRIDAE – squirrelfishes (R + N, BD + D)
(IPM 4A, 4, 5, 6, 7)

Genus: †Holocentroides Paucã, 1931 (R + N)
†Holocentroides moldavicus Paucã, 1931 (R + N) (IPM 4, 6, 7)

†Holocentroides sp. (IPM 4A, 4, 5, 6)

Recent representatives of this family from genera Holocen-

trus, Sargocentron, and Myripristis dwell mostly reef, marine en-
vironments (0–180 m). Most of them show nocturnal activity,
hiding during the daylight among corals and within caves or de-

pressions. Some of them tend to cluster into small groups. Adult
specimens represent demersal forms (Bannikov & Parin, 1997;
Froese & Pauly, 2004).

Order: ZEIFORMES (BEP, BD + D, R + N) (IPM 1, 2, 3, 4A, 4,
6)

Family: ZEIDAE – dories (BEP) (IPM 1, 3, 4A, 4, 6)
Genus: Zenopsis Gill, 1862 (BEP)

†Zenopsis clarus Daniltshenko, 1960 (IPM 1, 3)
Zenopsis sp. (IPM 3, 4A)

These are bentho-pelagic (30–800 m; usually 90–360 m), ma-
rine, deep-water fish that occur either close to the bottom, or within
water column, or upon muddy substratum. Some forms can also be
found in deeper parts of the shelf and continental slope
(Daniltshenko, 1960, 1980; Œwidnicki, 1986; Froese & Pauly,
2004).

Genus: Zeus Linnaeus, 1758 (BEP)
Zeus faber Linnaeus, 1758 (IPM 4A, 4, 6)

Zeus sp. (IPM 3, 4A, 5, 6)

These are bentho-pelagic (5–400 m), oceanodromic, marine
fishes that dwell temperate climate waters, and dwell near the
sandy or muddy bottom (Œwidnicki, 1986; Froese & Pauly, 2004).

Order: CAPROIFORMES (R + N, BD + D) (IPM 1, 2, 4A, 6)
Family: CAPROIDAE – boarfishes (BD + D, R + N) (IPM 1, 2,

4A, 6)
Genus: Antigonia Lowe, 1843 (BD + D)

Antigonia sp. (IPM 4A, 6). This genus is represented by de-
mersal, marine forms that occur in a depth interval of 50 to 900 m,
within subtropical, tropical, deep-water environments. They dwell
close to the bottom on either shelf or continental slope. Juveniles
tend to occur in the water column (Œwidnicki, 1986, 1988b; Froese
& Pauly, 2004).

Genus: Capros Lacépède, 1802 (BD + D, R + N)
†Capros medianus Œwidnicki, 1986 (IPM 6)

†Capros radobojanus (Kramberger, 1882) (IPM 1, 2, 4A, 6)
Capros sp. (IPM 2, 4A)

These are demersal (40–600 m), marine fishes of subtropical
climate which form shoals in a reef environment. They also occur
close to either sandy or rocky bottom (Jerzmañska, 1968; Œwid-
nicki, 1986; Parin, 1988; Froese & Pauly, 2004).

Order: GASTEROSTEIFORMES (EP, BEP, R + N, BD + D)
(IPM 1, 2, 3, 4A, 4, 5, 6, 7, INM 1)

Family: AULORHYNCHIDAE – tube-snouts (BEP) (IPM 4A, 6)

These bentho-pelagic, marine fishes, dwelling waters down to
a depth of 30 m, recently occur in different littoral waters of the
northern Pacific. They tend to form shoals close to the sea surface
(Froese & Pauly, 2004).

Family: SOLENOSTOMIDAE – ghost pipefishes (EP, R + N)
(IPM 3)

Genus: †Solenorhynchus Heckel, 1854 (EP, R + N)
†Solenorhynchus sp. (IPM 3).

Recent representatives of this family dwell tropical marine
waters. These are epipelagic, reefal fish which occur down to a
depth of 95 m, and close to hard or muddy bottom where they fre-
quently hide between corals, algal mats, or crinoids (Froese &
Pauly, 2004).
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Family: SYNGNATHIDAE – pipefishes and seahorses (EP, N)
(IPM 1, 2, 3, 4A, 4, 5, 6, 7, INM 1)

Genus: Syngnathus Linnaeus, 1758 (EP)
†Syngnathus incompletus Cosmovici, 1887(IPM 2, 4, 6, 7),

IPM 6-S.SUB. – index species
Syngnathus sp. (IPM 1, 2, 3, 4A, 4, 5, 6, 7, INM 1)

Syngnathus - typus A (IPM 4A, 5, 6)
Syngnathus - typus B (IPM 5)

Depth range: 0–300 m (epi-pelagial). These are predomi-
nantly marine forms; although some specimens are to be found in
brackish waters or in river mouths. They dwell differentiated wa-
ters of temperate, subtropical, and tropical climate. Recent repre-
sentatives tend to occur in littoral waters of either sandy or muddy
bottom, usually among algae (Sargassum) and seaweeds (Zostera

and Posidonia), which serve as their camouflage (Jerzmañska,
1968; Jerzmañska & Kotlarczyk, 1968, 1975; Ciobanu, 1977;
Froese & Pauly, 2004).

Genus: †Hipposyngnathus Daniltshenko, 1960 (EP, N)
†Hipposyngnathus neriticus Jerzmañska, 1968 (IPM 2)

This is an epipelagic (0–100 m), marine species. Some forms
are brackish or dwell river mouths. Prefer waters of temperate,
subtropical, and tropical climate. Recent genera dwell littoral wa-
ters of sandy or muddy bottom, occurring among algae (Sargas-

sum) and seaweeds (Zostera and Posidonia), which serve as their
camouflage (Daniltshenko, 1960, 1980b; Jerzmañska, 1968; Jerz-
mañska & Kotlarczyk, 1968; Froese & Pauly, 2004).

Family: AULOSTOMIDAE – trumpetfishes (R + N) (IPM 4A)

These fish occur in tropical seas, within reef environments of
the Atlantic and Indo-Pacific, at depths ranging between 3 and 122
m (Froese & Pauly, 2004).

Family: FISTULARIIDAE – cornetfishes (EP, R + N, D) (IPM 2,
3, 4A, 7)

The fistularids are marine, tropical and subtropical, epipela-
gic, reef, and demersal (0–200 m) fishes. They occur on continen-
tal, reef, and insular margins, except for places of intense wave
action, and dwell sandy, muddy or hard bottom covered with vege-
tation (Froese & Pauly, 2004).

Genus: Fistularia Linnaeus, 1758
Fistularia sp.(IPM 2, 4A, 7).

The representatives of this genus are characteristic of epipela-
gic and reef environments (depth range: 0–200 m) of both marine
and brackish waters of tropical climate. They occur either solitary
or in shoals, among reefs and algae, as well as at a soft bottom,
feeding on fish, small crustaceans, and cephalopods (Froese &
Pauly, 2004).

Family: CENTRISCIDAE – shrimpfishes (R + N, EP) (IPM 1,
4A, 6)

Genus: Centriscus Linnaeus, 1758 (R + N, EP)
†Centriscus heinrichi (Heckel, 1850), IPM 1-C.SUB. – index

species
†Centriscus longispinus Rozhdestvenski, 1949, IPM 1-C.SUB. –

index species
†Centriscus teleajensis Jonet, 1949 IPM 1-C.SUB. – index

species
†Centriscus nov.sp. IPM 4A – index species

Centriscus sp. (IPM 1, 4A, 6)

These are reefal, neritic, epipelagic (3–100 m), and also de-
mersal marine forms. Some individuals can also occur in brackish
waters. They dwell shallow, warm tropical waters, within sea-
grass, seaweeds, corals, and sea anemones, hiding in rocky fissures

and caves (Daniltshenko, 1960, 1980b; Jerzmañska, 1968; Jerz-
mañska & Kotlarczyk, 1968; Froese & Pauly, 2004).

Order: SCORPAENIFORMES (R + N, BD + D) (IPM 1, 2, 3,
4A, 4, 5, 6, 7)

Family: SCORPAENIDAE – scorpionfishes (R + N, BD + D)
(IPM 1, 2, 3, 4A, 4, 5, 6, 7)

Genus: Scorpaenoides Priem, 1899 (D, R + N)
†Scorpaenoides popovicii Priem, 1899 (IPM 1)

Scorpaenoides sp. (IPM 1, 3, 4A, 4, 5, 6, 7)

Recent demersal, reefal, marine forms occur at depths ranging
between 0 and 200 m in temperate through tropical climates. They
tend to occur in reef environments, on rocky substratum, close to
the bottom; and frequently hide among rubble in caves or fissures,
usually near the reef edge. They possess venomous spines (Parin,
1988; Froese & Pauly, 2004).

Genus: Scorpaena Linnaeus, 1758 (R + N, BD + D)
Scorpaena sp. (IPM 4A)

These fishes dwell reefal, demersal, marine environment
down to a depth of 800 m. They prefer either hard, or muddy and
sandy substratum, and dwell among seaweeds in tropical and sub-
tropical seas. They tend to bear spines with venom glands (Parin,
1988; Froese & Pauly, 2004).

Order: PERCIFORMES (EP, MB, D) (IPM 1, 2, 3, 4A, 4, 5, 6, 7,
INM 1)

Family: SERRANIDAE – sea basses (BD + D, R + N) (IPM 1, 2,
3, 4A, 4, 5, 6, 7)

Genus: †Properca Sauvage, 1880 (R + N)
†Properca sabbai Paucã, 1929 (IPM 2, 6)

†Properca sp. (IPM 2, 3)

This fossil species is related to the recent representatives of
family Serranidae which occur at depths ranging from 0 to 500 m,
and are reefal, demersal, marine forms. Some of them are capable
of surviving in brackish waters. They prefer subtropical to tropical,
deep-water climate (Jerzmañska, 1968; Froese & Pauly, 2004).

Genus: Serranus Cuvier, 1817 (BD + D, R + N)
†Serranus budensis (Heckel, 1856) (IPM 2, 6)

Serranus sp. (IPM 1, 2, 3, 4A, 4, 5, 6, 7)

Depth range: 0–500 m (demersal, reefal); marine forms. Some
forms are capable of surviving in brackish waters. They prefer sub-
tropical to tropical, deep-water climate; dwelling on either rocky,
semi-hard, or sandy and muddy substratum, frequently among sea-
weeds. They spend their spawning season in open waters of the pe-
lagic zone (Jerzmañska, 1968; Jerzmañska & Kotlarczyk, 1968;
Froese & Pauly, 2004)

Family: PERCIDAE – perches (EP, MB, BEP, D) (IPM 2, 3, 6)

The occurrence of these fish is restricted to the temperate zone
of the Northern Hemisphere. Most of them dwell fresh or brackish
waters, down to a depth of 60 m. These are pelagic, bentho-
pelagic, and demersal forms (Froese & Pauly, 2004).

Genus: †Propercarina Paucã, 1929 (BEP)
†Propercarina sp. (IPM 2, 3, 6).

Recent perches dwell brackish and fresh waters of temperate
climate, down to a depth of 60 m. Genus Propercarina is consid-
ered as a probably bentho-pelagic form (Froese & Pauly, 2004).

Family: PRIACANTHIDAE – bigeyes (R + N) (IPM 3, 4, 6)
Genus: Priacanthus Oken, 1817 (R + N)

†Priacanthus longispinus Lednev, 1914 (IPM 4)
Priacanthus sp. (IPM 3, 4, 5, 6)

Depth range: 10–400 m (reefal, demersal, marine forms).
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They are associated with coral reefs and rocky formations of sub-
tropical and tropical climate (Daniltshenko, 1960, 1980b; Jerz-
mañska & Jucha, 1963; Froese & Pauly, 2004).

Family: APOGONIDAE – cardinalfishes (R + N) (IPM 3, 4A, 6)

Cardinalfishes are mostly marine dwellers that prefer reefs,
mangrove forests, and bays covered with seaweeds; some forms
occur in brackish and fluvial waters. They prefer a depth range of
0–100 m (Froese & Pauly, 2004).

Family: ECHENEIDAE – remoras (EP) (IPM 2, 4, 5, 6, 7)
Genus: Echeneis Linnaeus, 1758 (EP)

†Echeneis carpathica Szajnocha, 1926 (IPM 2, 4, 5, 6, 7).

Remoras occur at depths ranging from 20 to 50 m (epipelagic,
reefal forms) or 0–100 m (marine forms), in subtropical and tropi-
cal waters. They can frequently be found in hot waters near the
shore, although being more numerous farther seaward. They also
occur around coral reefs. They tend to cling to different host organ-
isms, like sharks, rays, large teleosteans, sea turtles or cetaceans,
and travel at large distances together with their hosts. They feed on
small fish, remains, and skin parasites of their host organisms. Ju-
veniles are resident cleaners of coral reefs. The remoras’ spawning
season is a pelagic one (Jerzmañska & Œwidnicka, 2003; Froese &
Pauly, 2004).

Family: CARANGIDAE – jacks and pompanos (EP, BEP, R + N)
(IPM 1, 2, 4, 6, INM 1)

Genus: Caranx Lacépède, 1802 (R + N, EP)
†Caranx petrodavae Simionescu, 1905 (IPM 1, 2, 5, 6)

†Caranx gracilis Kramberger, 1882, INM 1 – index species
Caranx sp. (IPM 2, 6)

These fishes occur at present at depths ranging from 0 to 350
m, and represent reefal, epipelagic, and also bentho-pelagic forms;
some of them can survive in brackish waters. They are known from
subtropical and tropical seas. These are quickly swimming preda-
tors that dwell both coral reefs and open marine waters. They
spend their spawning season in littoral waters. Juveniles coexist
with seaweeds (Sargassum) and jelly fishes. Young individuals
penetrate river mouths (Froese & Pauly, 2004).

Genus: †Archaeus Agassiz, 1844 (EP)
†Archaeus sp. (IPM 6)

A fossil genus related to representatives of genus Caranx, oc-
curring at depths between 0 and 350 m. The present-day forms are
epipelagic, bentho-pelagic, and marine ones; some of them can
also be found in brackish waters. They tend to occur in subtropical
and tropical climate, both near coral reefs and in open sea; usually
solitary, occasionally forming shoals (during the dayligth) or small
groups. Juveniles frequently coexist with seaweeds (Sargassum)
and jelly fish (Jerzmañska & Kotlarczyk, 1975; Bannikov, 1990;
Froese & Pauly, 2004)

Family: LEIOGNATHIDAE – ponyfishes (BEP, D) (IPM 2, 4,
INM 1)

Genus: Leiognathus Lacépède, 1803 (BEP, D)
†Leiognathus cf. minutus Daniltshenko, 1980 INM 1-L.SUB. –

index species
Leiognathus sp. (IPM 2, 4)

Genus: Equula Cuvier, 1815 (BEP, D)
Equula? sp. (IPM 4)

Depth range: 10–110 m (bentho-pelagic, demersal forms).
These are marine and brackish fishes; some forms are able to pene-
trate fresh waters where they occur close to the shore and in tidal
bays, usually of muddy bottoms. They bear photophores (Jerz-
mañska, 1960; Daniltshenko, 1980b; Nelson, 1994; Jerzmañska et

al., 2001; Froese & Pauly, 2004).

Family: CHAETODONTIDAE – butterflyfishes (R + N)
(IPM 4A)

The fishes of this family presently occur in the Atlantic, In-
dian and Pacific oceans, within temperate through tropical waters,
mostly in reefal environments. They spend their spawning season
in the pelagial zone (Froese & Pauly, 2004).

Genus: Forcipiger Jordan et Mc Gregor, 1898 (R + N)
Forcipiger sp. (IPM 4A).

These are small, up to 22 cm long, tropical, reefal, not migrat-
ing, exclusively marine fishes which do not exceed 100 m depth.
They tend to occur in reefs and lagoons (Froese & Pauly, 2004).

Family: AMMODYTIDAE – sand lances (BEP) (IPM 1, 2, 6)
Genus: Ammodytes Linnaeus, 1758 (BEP)

†Ammodytes antipai Paucã, 1929 (IPM 1, 2)
Ammodytes sp. (IPM 2, 6)

Recent sand lances occur at depths between 0 and 100 m, rep-
resenting bentho-pelagic, demersal, marine, and brackich forms
that tolerate arctic through temperate climates. They include either
territorial forms, or those occurring in shoals near the coastline,
penetrating river mouths, bays, and beaches. They drill sand look-
ing for food (Jerzmañska, 1968; Jerzmañska & Kotlarczyk, 1968;
Froese & Pauly, 2004).

Family: TRACHINIDAE – weeverfishes (D) (IPM 2)
Genus: Trachinus Linnaeus, 1758 (D)

†Trachinus minutus (Jonet, 1958) IPM 2-T.SUB. – index
species

Trachinus sp. (IPM 2)

Depth range: 0–150 m (demersal; marine forms). They oc-
cupy waters of temperate through subtropical climate. Weever-
fishes dwell shallow waters close to the bottom, drilling the
substratum. At night, they tend to swim slowly in pelagial waters.
These fish bear venomous spines (Jerzmañska, 1968; Jerzmañska
& Kotlarczyk, 1968; Froese & Pauly, 2004).

Family: GOBIIDAE – gobies (D) (INM 1)
Genus: Gobius Linnaeus, 1758 (D)

Gobius sp. (INM 1).

These fishes occur at depths between 0 and 80 m, being repre-
sented by demersal, mostly marine forms, although some species
are brackish and also kathadromic. They are to be found in sub-
tropical and tropical climate, occurring frequently in fresh-water
and brackish basins on oceanic islands, and also in reef environ-
ments, within seaweeds, where they hide close to the bottom, com-
monly among rock rubble (Jerzmañska et al., 2001; Froese &
Pauly, 2004).

Family: ACANTHURIDAE – surgeonfishes (R + N, BEP)
(IPM 4A)

Genus: †Caprovesposus Daniltshenko, 1960 (BEP)
†Caprovesposus sp. (IPM 4A)

Recent representatives of this family are tropical fishes occur-
ring at depths of 0 to 90 m. These are bentho-pelagic, reefal, ma-
rine organisms which co-exist with Sargassum and Dictyota

seaweeds. They feed on algae, zooplankton and detritus, and re-
produce in pelagial waters (Daniltshenko, 1960, 1980b; Froese &
Pauly, 2004).

Family: SPHYRAENIDAE – barracudas (EP, R + N)
(IPM 5)

These predatory subtropical and tropical fishes occur through-
out the world ocean, and are represented by pelagic and reefal
forms that are to be found at depths of 0 to 100 m. They spend their
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spawning season in shoals in pelagial waters (Froese & Pauly,
2004).

Genus: Sphyraena Röse, 1793 (EP)
Sphyraena sp. (IPM 5).

This genus includes fishes occurring at depths not exceeding
100 m, although usually close to the surface, both in open ocean
and in reefs. Juveniles can be found in mangroves, estuaries, and
bays. These are marine, brackish, subtropical forms (Froese &
Pauly, 2004).

Family: †EUZAPHLEGIDAE (EP) (IPM 1, 2)
Genus: †Palimphyes Agassiz, 1844 (EP)

†Palimphyes lanceolata Simionescu, 1905 (IPM 1)
†Palimphyes sp. (IPM 1, 2)

This fossil genus is considered to be related to recent repre-
sentatives of genus Scomber, which are associated with pelagial
zone (0–300 m), and include oceanodromic fishes that occur in
temperate and subtropical waters and are capable of large-scale
migrations. They tend to form large shoals together with similar-
shaped specimens of their family, as well as Clupeiformes. These
fishes cluster below the surface during the daylight and migrate
into open waters at night (Jerzmañska, 1968; Jerzmañska & Ko-
tlarczyk, 1968; Parin, 1988; Froese & Pauly, 2004).

Family: GEMPYLIDAE – snake mackerels (BEP) (IPM 1, 3, 4A,
4, 5, 6, 7)

Genus: †Hemithyrsites Sauvage, 1873 (BEP)
†Hemithyrsites rumanus (Jonet, 1958) (IPM 3, 6)

†Hemithyrsites sp. (IPM 3, 4A, 4, 5, 6, 7)

These are bentho-pelagic, marine fish occurring at depths of 0
to 400 m in subtropical, deep-water climate. Recent genera tend to
come close to the surface at night. They dwell on slopes of subma-
rine mounts and ridges (Parin, 1988; Weitzman, 1997; Froese &
Pauly, 2004).

Genus: Thyrsitoides Fowler, 1929 (BEP)
†Thyrsitoides sp. (IPM 1, 3, 4A, 4, 6, 7)

These are exclusively marine, bentho-pelagic, deep-water
fishes occurring at depths of 0 to 400 m. They tend to come close
to the surface at night, and dwell on slopes of submarine mounts
and ridges (Parin, 1988; Weitzman, 1997; Froese & Pauly, 2004).

Family: TRICHIURIDAE – cutlassfishes (BEP, BD) (IPM 1, 2,
3, 4A, 4, 5, 6, 7, INM 1)

Genus: Lepidopus Gouan, 1770 (BEP)
†Lepidopus glarisianus (Blainville, 1818) (IPM 1, 2, 6)

†Lepidopus isopleurus (Agassiz, 1843) (IPM 3, 6, 7)
Lepidopus sp. (IPM 1, 2, 3, 4A, 4, 5, 6, 7, INM 1)

Depth range: 20–500 m (usually 200–400 m). These are ben-
tho-pelagic, bathy-demersal fishes that occur in subtropical and
tropical, deep-water climate. Juveniles prefer pelagic waters. They
are to be found on continental shelf, close to its edge and upper part
of slope; sometimes close to sandy and muddy bottom. At night,
they tend to migrate into open waters (Jerzmañska, 1968; Jerz-
mañska & Kotlarczyk, 1968; Ciobanu, 1977; Parin, 1988; Froese
& Pauly, 2004).

Family: †PALAEORHYNCHIDAE (EP)
(IPM 1, 2, 3, 4A, 4, 5, 6)

Genus: †Palaeorhynchus Blainville, 1818 (EP)
†Palaeorhynchus sp. (IPM 1, 2, 3, 4A, 4, 5, 6)

This fossil family, belonging to suborder Scombroidei, in-
cluded epipelagic forms (0–200 m) (Daniltshenko, 1960, 1980b;
Jerzmañska, 1968; Jerzmañska & Kotlarczyk, 1968; Froese &
Pauly, 2004).

Family: SCOMBRIDAE – mackerels and tunas (EP) (IPM 1, 2,
3, 4A, 4, 5, 6, 7)

Genus: Scomber Linnaeus, 1758 (EP)
†Scomber voitestii Paucã, 1929 (IPM 2, 4A, 4, 5, 6).

Recent mackerels occur at depths ranging between 0 and 300
m, and represent pelagic, oceanodromic, marine and brackish
forms dwelling in temperate and subtropical waters. They are ca-
pable of large-scale migrations; tend to form large shoals together
with similar-sized specimens of their family, as well as Clupeifor-
mes. They swim below the surface during the daylight and migrate
into open waters at night (Jerzmañska, 1968; Jerzmañska & Kot-
larczyk, 1975; Bannikov, 1985a; Parin, 1988; Froese & Pauly,
2004).

Genus: Acanthocybium Gill, 1862 (EP)
Acanthocybium sp. (IPM 5, 6).

This is an oceanic, oceanodromic, epipelagic fish which oc-
curs in tropical climate at depths not exceeding 12 m, either soli-
tary or in small groups (Parin, 1988; Froese & Pauly, 2004).

Genus: Sarda Cuvier, 1829 (EP, N)
Sarda sp. (IPM 2, 4, 5).

These are epipelagic, neritic, oceanodromic, marine fishes
(0–200 m), known from subtropical waters. They form large
shoals, and are capable of penetrating river mouths. Some of them
are littoral forms (Jerzmañska, 1960; Parin, 1988; Froese & Pauly,
2004).

Family: NOMEIDAE – driftfishes (EP, MB, D) (IPM 4A, 5, 6)
Genus: †Psenicubiceps Daniltshenko, 1980 (MP)

†Psenicubiceps sp. (IPM 4A, 5, 6)

Driftfishes are subtropical and tropical, mesopelagic and de-
mersal (both brackish and marine) forms that occur at depths rang-
ing between 50 and 1,000 m. They are accompanied by jelly fishes,
drifting vegetation, and Sargassum algae. Juveniles are pelagic
forms, while larger specimens occur close to the bottom and on
continental slope. They can migrate to the surface at night (Danil-
tshenko, 1980b; Weitzman, 1997; Froese & Pauly 2004).

Family: STROMATEIDAE – butterfishes (BEP) (IPM 2, 5, 6)
Genus: †Pinichthys Bannikov, 1985 (BEP)

†Pinichthys sp. (IPM 2, 5, 6)

These are subtropical and tropical fishes occurring close to
the coastline. Recent representatives of butterfishes are bentho-
pelagic (0–110 m) forms of both marine and brackish waters. They
occur on continental shelf in summer, migrating farther seaward in
winter. They tend to form shoals, are frequently accompanied by
representatives of genera Leiognathus and Nemipterus, as well as
jelly fishes and drifting vegetation (young forms), swimming
above muddy and sandy bottom (Froese & Pauly, 2004).

Order: PLEURONECTIFORMES (BD + D)
(IPM 1, 2, 4A, 4, 5, 6)

These demersal, brackish, fresh-water, kathadromic, and ma-
rine forms of confined bodies occur at depths of 0–1,000 m. They
usually occur close to the bottom. Their eyes are located on the
right side of the body. These fishes are capable of changing colour,
depending on the substratum. They occur upon either sandy, or
muddy or gravelly bottom, and spend their spawning season in pe-
lagic waters (Jerzmañska & Kotlarczyk, 1988; Froese & Pauly,
2004).

Family: PSETTODIDAE – psettodids (BD + D) (IPM 4)

The representatives of this family are demersal, marine, and
brackish forms known from tropical waters of Western Africa and
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the Indo-Pacific. They occur at depths not exceeding 150 m, upon
both sandy and muddy bottom (Froese & Pauly, 2004).

Order: TETRAODONTIFORMES (BP + D, BP, R + N)
(IPM 1, 3, 4A, 5, 6)

Family: TRIACANTHODIDAE – spikefishes (BP + D)
(IPM 4A, 6)

Genus: †Carpathospinosus Tyler et Jerzmañska, Bannikov, Œwid-
nicki, 1993 (BD + D)

†Carpathospinosus propheticus Tyler et Jerzmañska, Bannikov,
Œwidnicki, 1993, IPM 4A – index species

†Carpathospinosus sp. (IPM 4A)

This fossil genus is related to the recent genera Triacanthodes

Bleeker, 1858, Bathyphylax Myers, 1934, Mephisto Tyler, 1934
and Paratriacanthodes Fowler, 1934, which occur at depths of
50–615 m in the tropics. These were demersal, bathy-demersal,
marine fishes occurring on the shelf and its edge, close to the sandy
and muddy bottom (Tyler et al., 1993; Santini & Tyler, 2003;
Froese & Pauly, 2004).

Genus: †Prohollardia Tyler et Jerzmañska, Bannikov, Œwidnicki,
1993 (BP)

†Prohollardia avita Tyler et Jerzmañska, Bannikov, Œwidnicki,
1993 (IPM 6)

Recent, related genera occur at depths of 100–400 m (Para-

hollardia Fraser-Brunner 1941) and 50–915 m (Hollardia Poey,
1861). The fossil genera were probably represented by bathypela-
gic, exclusively marine forms which occurred in subtropical and
tropical, deep-water climate. They could have dwelled deeper
parts of coral reefs (Tyler et al., 1993; Santini & Tyler, 2003;
Froese & Pauly, 2004).

Genus: Parahollardia (Fraser-Brunner, 1941) (BD + D)
Parahollardia sp. (IPM 4A, 6).

This subtropical, demersal fish occurs at depths of 120–400
m, close to the bottom (Froese & Pauly, 2004).

Family: BALISTIDAE – triggerfishes (R + N, EP)
(IPM 3, 4A, 4, 5, 6)

Genus: †Oligobalistes Daniltshenko, 1960 (R + N)
†Oligobalistes sp. (IPM 4A)

Genus: †Apostasis Kramberger, 1891 (R + N)
†Apostasis sp. (IPM 3, 4, 5, 6)

Recent forms occur in subtropical and tropical reefs of the At-
lantic, Indian, and Pacific oceans, usually at depths ranging be-
tween 0 and 100 m (pelagic waters). They have a compressed
body, equipped with first spine in dorsal fin with a closing mecha-
nism. The eyes are located in characteristic box-like sockets which
are capable of independent movements. The tail fin is used at
quick, short movements (Daniltshenko, 1960, 1980b; Froese &
Pauly, 2004).

Family: OSTRACIIDAE – boxfishes (R + N) (IPM 4, 6)
Genus: †Oligolactoria Tyler et Gregorová, 1991 (R + N)
†Oligolactoria bubiki Tyler et Gregorová, 1991 (IPM 4).

Their trapezoidal-shaped body is covered by a bone armour,
except for the core of tail fin. These fishes bear characteristic,
cornet-shaped spines above their eyes. At present, they occur in
tropical and subtropical seas, in littoral waters, estuaries, and reefs,
at depths ranging between 0 and 110 m. Young forms prefer pe-
lagic environment. Some of them are poisonous (Tyler & Gre-
gorová, 1991; Gregorová, 1997; Froese & Pauly, 2004).

Palaeoecology of fish assemblages
within ichthyofaunal zones

Palaeoecological interpretation, concerning both envi-
ronment and bathymetry, is based on qualitative and quanti-
tative analysis of fish specimens included in the distin-
guished ichthyofaunal zones. Palaeobathymetry of fish gen-
era and their proportions at different depths in each zone are
illustrated by bar diagrams, while palaeoecology of respec-
tive assemblages is portrayed on circular diagrams. Ba-
thymetric diagrams were compiled basing on the Nolf &
Brzobohaty’s (1994) method.

Zone IPM 1

The ichthyofaunal assemblage of Zone IPM 1 (Fig. 21)
contains nearly 48% of fish dwelling below a depth of 200
m, including index taxa: Eomyctophum limicola and Scope-

loides glarisianus. These include numerous taxa capable of
surviving at great depths and bearing photophores (Scope-

loides, Polyipnus, Vinciguerria, Eomyctophum, Diaphus),
and those capable of vertical migrations depending on the
time of the day (e.g. Polyipnus, Vinciguerria). Apart from
deep-water taxa, the representatives of shallow-water ones
occur as well (Clupea, Alosa, Syngnathus, Palimphyes, Pa-

laeorhynchus, Cetorhinus), constituting ca. 29% of the to-
tal. Nearly 16.6% comprise bentho-pelagic fish (Ammo-

dytes, Glossanodon, Lepidopus, Palaeogadus, Thyrsitoides,
Zenopsis), while reefal and littoral forms, including subzone
index taxa of Centriscus heinrichi, Centriscus longispinus

and Centriscus teleajensis make up to 5.9%. The share of
fishes associated with the sea bottom, like genera Capros,
Scorpaenoides, Serranus, is insignificant (0.3%). The taxa
preferring both warm waters, presently occurring in tropical
(e.g. Centriscus, Caranx, Serranus, Capros) and subtropical
seas (Thyrsitoides, Lepidopus), and those of colder waters
(Ammodytes, Palaeogadus, Cetorhinus) are present within
the assemblage. The results of palaeoecological and palaeo-
bathymetric analyses point to an open, relatively deep, and
very warm basin.

Zone IPM 2

Compared to Zone IPM 1, the Menilite basin contains
(see Fig. 22) a surprisingly small number of deep-water taxa
(2%), including genus Holosteus, while shallow-water rep-
resentatives are quite frequent (24%). Apart from shallow-
water taxa known from Zone IPM 1, there occur new taxa,
like: Fistularia, Hipposyngnathus, Pomolobus, Sarda, and
Scomber. The most numerous are fish dwelling close to the
bottom, although at small depths (37.9%), including such
new taxa, as: Eophycis, Merluccius, Propercarina, Leiog-

nathus, and Pinichthys (together with the index species of
this zone, namely Glossanodon musceli and Palaeogadus

simionescui). Reefal and neritic taxa comprise 2.7% of the
assemblage, including new taxa: Hemiramphus and
Properca. The share of fish dwelling near sea bottom in-
creases to 33.4%, being represented by Capros and new
taxa, like: Palaeomolva, Serranus, and Trachinus. This as-
semblage suggests a shallowing of the basin. Similarly to
Zone IPM 1, there occur forms associated with both tropical
and subtropical (Hemiramphus, Pinichthys, Leiognathus,

ICHTHYOFAUNAL ECOSTRATIGRAPHY, POLISH OUTER CARPATHIANS 79



Fistularia, Properca), and temperate and cold climate (e.g.
Propercarina).

Zone IPM 3

Zone IPM 3 (Fig. 23) marks again the occurrence of
more numerous deep-water forms (54.4%). There appear
for the first time such taxa, as: Idrissia, Bathyprion, and
Kotlarczykia, including index species Kotlarczykia bathy-

bia; Bregmaceros, together with index species Bregmace-

ros filamentosus; and Polyipnus, bearing index species
Polyipnus brevis. Genus Solenorhynchus appears among
shallow-water fishes that constitute ca. 18% of the assem-
blage. Bentho-pelagic fish are relatively numerous (21.7%),
including mostly Lepidopus, as well as new genera: Mugil,
Zeus, and Hemithyrsites. The amount of reef taxa, including
new genera Priacanthus and Apostasis, diminishes to 1.1%.
Taxa dwelling close to the bottom comprise 5.1% (Palaeo-

molva. Scorpaenoides, Serranus) of the assemblage. The re-
sults of palaeoecological analysis enable one to conclude
about the presence of a deep-water basin. The assemblage is
dominated by subtropical and tropical forms.

Zone IPM 4A

This zone (Fig. 24) contains numerous shallow-water
taxa (27.3%). Bentho-pelagic fishes amount to 14.6%. In

this group, the genera Onobrosmius and Caprovesposus ap-
pear for the first time. Deep-water forms are scarce (5.9%),
including a new genus Psenicubiceps. Among fishes typical
of reefal environment, there appear new taxa: Africentrum,
Forcipiger, Holocentroides, Oligobalistes, and Scorpaena,
with dominating Centriscus which makes up ca. 45% of the
assemblage. The taxa dwelling close to the bottom, includ-
ing new genera Antigonia, Pseudoraniceps and Parahollar-

dia, as well as Carpathospinosus comprise 7.6%. Most of
the taxa characteristic of this zone represent forms whose
recent relatives occur in tropical and subtropical climate
(e.g. Caprovesposus, Centriscus, Fistularia, Africentrum,
Holocentroides, and others). This assemblage points to the
presence of a warm water basin which was shallower as
compared to that of Zone IPM 3.

Zone IPM 4

The dominant assemblage (65.6%) of this zone (Fig.
25) comprises deep-water fish, including an index species
Polyipnus sobnioviensis. Genus Alopecias appears for the
first time among shallow-water taxa, comprising 18.8% of
the assemblage, while genus Equula appears for the first
time among bentho-pelagic taxa (8.1%). Infrequent reef-
neritic fish (5.7%) include species Oligolactoria bubiki and
Priacanthus longispinus, which are known from this zone
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only. In this zone, the presence of Palaeomolva monstrata,
a species dwelling close to the bottom, was noted for the
first time. The climate was similar to that of Zone IPM 4A,
i.e. subtropical and tropical one, although characterised by
constant presence of both eurytopic taxa, and those capable
of surviving in a colder temperate climate (Cetorhinus,
Merluccius, Palaeogadus, Zeus). The marine basin was an
open one, and of depth comparable to that of Zone IPM 3.

Zone IPM 5

This zone (Fig. 26) is characterised by predominance of
epipelagic forms (35.7%), including genera of Sphyraena

and Acanthocybium which occur for the first time. Deep-
water taxa, including new genera of Nessorhamphus and
Argyropelecus, are not frequent (7.7%), similarly as those
of fishes living close to the bottom (5.1%). Bentho-pelagic
taxa (24.1%) comprise a new genus Carpathichthys, includ-
ing index species Carpathichthys polonicus. Reef and ner-
itic forms are represented by 27.4% of specimens. Domi-

nance of taxa preferring tropical and subtropical climate
(e.g. Holocentroides, Africentrum, Apostasis, Psenicubi-

ceps, Pinichthys) suggests climatic conditions comparable
to those of zones IPM 4A and IPM 4. The above-mentioned
insignificant proportion of deep-water forms is surprising
and requires detailed interpretation which will be presented
in the next chapter.

Zone IPM 6

The share of epipelagic fish in Zone IPM 6 (Fig. 27) is
comparable to that in Zone IPM 5. Genus Archaeus appears
for the first time among numerous taxa which include an in-
dex species Syngnathus incompletes. Deep-water forms
compose the dominant group (45.1%). Most of them bear
photophores and are capable of vertical migrations. There
appear for the first time such genera, as: Protomyctophum

and Prohollardia, and Argyropelecus cosmovicii, an index
species of this group. The bentho-pelagic fish assemblage
(15.8%) is taxonomically diversified. Forms associated with
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reefs and littoral environment are infrequent (1.2%), al-
though differentiated, similarly as the taxa associated with
the sea bottom (2.4%), including genus Paraberyx. Basing
on bathymetric preferences of the existing fishes, one can
reconstruct a relatively deep, vast basin. The presence of nu-
merous floating algal thalli and taxa belonging to families
Syngnathidae and Antennaridae, as well as a representative
of genus Ammodytes, occurring in this zone and presently
observed in the Sargasso Sea, enables one to distinguish a
new quasi-sargassum assemblage. Likewise in the previous
zones, the most numerous are taxa associated with a warm,
tropical and subtropical climate (e.g. Acanthocybium, Apos-

tasis, Echeneis, Psenicubiceps, Pinichnthys, Holocentroi-

des, Africentrum, Serranus, Capros, and others). There also
occur common eurytopic forms (representatives of families
Clupeidae and Scombridae), alongside with taxa capable of
surviving in a colder, temperate climate (Ammodytes, Pa-

laeorhynchus, Zeus, Palaeogadus, Merluccius). This may
point to a persisting warm climate, in which forms tolerant
to climatic oscillations could survive.

Zone IPM 7

Epipelagic fishes constitute nearly 50% of the assem-
blages of Zone IPM 7 (Fig. 28), being dominated by genera
Clupea and Syngnathus. Deep-water fish comprise 36.1%,
and bentho-pelagic ones include 11.3% of the entire set.
Reef and neritic forms are infrequent (2.2%), similarly as
those dwelling near the bottom (1.3%), including a new ge-
nus Notidanus. Basing on climatic preferences of the
present-day taxa, related to the fossil ones, one can infer that
compared to Zone IPM 6 the climate did not change, being
still warm (subtropical and tropical) and bearing fishes of
wide ecological tolerance.

Zone INM 1

The onset of the Miocene is represented by ichthyofau-
nal zone INM 1 (Fig. 29), whose deposits bearing a poor
fish assemblage have been identified at two localities. The
epipelagic forms are most common (68.9%), with dominant
taxa of the family Clupeidae. The deep-water forms are ab-
sent. The remaining ecological groups are represented by:
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bathy-demersal and demersal forms (0.7%), including ge-
nus Gobius, appearing for the first time, bentho-pelagic
forms (28.4%; Leiognathus, Lepidopus, Merluccius), and
those of reef and neritic environments, including an index
species Caranx gracilis (2%). This may point to a consider-
able shallowing of the basin, similarly as the presence of
such genera, as: Caranx, Gobius, and Leiognathus, which
constitute more than 18% of the entire assemblage. The cli-
mate was still subtropical or tropical.

General characteristic of the studied fish assemblage

The Carpathian basin of the Tethys includes more than
130 fish taxa, represented by both extinct and present-day
forms that belong to different ecological groups, associated
with the changes in basin bathymetry and surface water
temperature.

There occur epipelagic species, from which Clupeidae:
Clupea and Alosa have been noted in all ichthyofaunal

zones. In the majority of these zones, Syngnathus and Pa-

laeorhynchus are common genera. Deep-water species in-
clude, among others, photophores-bearing fishes (Gonosto-
matidae, Myctophidae) which are represented by genera oc-
curring in most zones: Polyipnus, Eomyctophum, and Vin-

ciguerria.
Bentho-pelagic fish occur throughout the section. Each

zone includes the representatives of genus Lepidopus, while
those of Merluccius, Hemithyrsites, Thyrsitoides, or
Palaeogadus are less common.

Fishes closely associated with the sea bottom occur as
solitary taxa in all the zones, the common genera being Ser-

ranus and Scorpaenoides.
All the zones include those fish which dwell reef envi-

ronments, including frequently occurring genera, like: Afri-

centrum, Holocentroides, and Caranx.
Special attention should be given to a shallow-water

fish assemblage of the IPM 6 Zone, bearing the family
Syngnathidae, Antennaridae, a representative of the genus
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Ammodytes, and deep-water taxa of families: Gonostomati-
dae, Myctophidae, Sternoptychidae, together with abundant
algal thalli, similar to those which occur in the Sargasso Sea.
This assemblage has been identified as a quasi-sargassum
one. According to Jerzmañska and Kotlarczyk (1975, 1976),
the Tethys basin was the original place wherefrom this asso-
ciation had migrated into the Atlantic before the end of the
Miocene.

The genera: Centriscus, Caranx, Serranus, Capros,
Acanthocybium, Apostasis, Echeneis, Psenicubiceps, Pini-

chthys, Holocentroides, and Africentrum are important indi-
cators of tropical and subtropical climate, while Ammo-

dytes, Palaeogadus, Cetorhinus, and Propercarina belong
to cold climate indicators.

Differences in species composition of the same genera
within individual zones have also been observed. The ex-
tinct species are replaced by new ones, including index spe-
cies which determine the extent of ichthyofaunal zones.

The ichthyofaunal assemblages of individual zones re-

flect environmental changes that proceeded in the Tethys
marine basin of the Polish Carpathians since the latest Eo-
cene to the beginning of Miocene times. These changes in-
cluded those in climate, bathymetric and thermal properties
of the basin, as well as migration and succession of ichthyo-
fauna.

CHANGES OF ECOLOGICAL
ASSEMBLAGES OF ICHTHYOFAUNA IN

THE MENILITE-KROSNO SERIES BASIN:
A MODEL

Detailed palaeoecological analysis of species, genera,
and families of fish housed in the Carpathian collection,
presented in the previous chapter, allows for ecological
characteristics of fish assemblages occurring in the distin-
guished zones. Careful scrutiny of the entire collection con-
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Fig. 25. Palaeobathymetry and palaeoecology of the IPM4 Zone fish assemblage. For explanations – see Fig. 21



firmed the sequence of assemblages: LBA, NSA and UBA,
already observed in the late 1960s, and helped to identify
strong differentiation within UBA, as well as to distinguish
another, i.e. the youngest one, neritic-sublittoral fish assem-
blage (UNSA). The enclosed diagrams (Figs 21–29), illus-
trating the ecology of every zone, are biased by a certain
portion of theoretical considerations.

Diagrams of group A portray, following published
sources, standard depth intervals within which contempo-
rary fish genera are being caught, as well as the alleged ex-
tents of fossil counterparts of the latter. Thin lines mark the
extents either inferred from solitary fishing campaigns, or
suggested by single authors. These depth intervals can indi-
cate, although without absolute certainty, the extent of Oli-
gocene taxa and indirectly point to basin palaeobathymetry.

Diagrams of group B, illustrating in detail the epi-
mesopelagial zone only, provide information about the per-
centage of taxa within individual 100-m-long depth inter-

vals, although following the extents marked in diagrams A.
If these extents were in fact shorter than those marked in
diagrams A, then percentages of the lower-situated intervals
should also be smaller.

Diagrams of group C show proportions of the distin-
guished ecological groups within assemblages of the re-
spective zones. However, one has to take into account abri-
trary way of classifying a taxon to a group in case of genera
occupying different environments. The following criteria
were used: taxa occurring both in the EP and MB zones
were included into group MB, taxa living in the MB and
BEP zones were assigned to group BEP, taxa occurring in
the BEP and BD+D zones were included in group BEP,
whereas those inhabiting the BD + D and R + N zones were
included into group BD + D. Moreover, diagrams con-
structed for zones IPM2 and IPM4A include also fishes ex-
ploited from individual layers: JE-1 and PS5-42, respectively,
representing exceptional events.
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Fig. 26. Palaeobathymetry and palaeoecology of the IPM5 Zone fish assemblage. For explanations – see Fig. 21
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Fig. 28. Palaeobathymetry and palaeoecology of the IPM7 Zone fish assemblage. For explanations – see Fig. 21

Fig. 29. Palaeobathymetry and palaeoecology of the INM1 Zone fish assemblage. For explanations – see Fig. 21



The abundant material presented on Figures 21–29 can-
not be easily interpreted. To clarify the picture of assem-
blage changes with time, a simplified diagram (Fig. 30) was
constructed showing those taxa whose percentage was at
least 1% in a given zone. Each taxon is marked by a differ-
ent colour: shades of blue denote epipelagic fishes (EP),
green – meso- and bathypelagic fishes (MB), purple – ben-
thopelagic fishes (BEP), brown – bathy-demersal and de-
mersal fishes, and yellow – reef and neritic fishes. All less
frequent taxa were shown in white. The latter represented
different ecological environments, but their omission did
not seriously affect the presented ecological spectrum of a
zone.

Vertical hatchure marks the share of index taxa within
the distinguished genera. The diagram shows the composi-
tion of zones IPM2 and IPM4A twice, both including and
excluding fishes associated with the Trachinus and the sec-
ond Centriscus events. In both cases it becomes evident how
taking into account single, mass occurrences of fish belong-
ing to one genus distorts ecological picture of the entire
zone. When applying the above-mentioned criterion of
showing more numerous (>1%) taxa only, less frequent
taxa, like: Eophycis in zone IPM2, or Africentrum, Capros

and Scorpaenoides in zone IPM4A, disappear from columns
portraying a given event.

The diagram also shows that all the zones bear a large
proportion of representatives of epipelagic (EP) and ben-
thopelagic (BEP) fishes only. Meso- and bathypelagic (MB)
fishes are frequent in zones IPM1, IPM3, IPM4, IPM6 and
IPM7; infrequent in zone IPM4A; sporadic in zone IPM2;
and absent from zone INM1. Bathy-demersal (BD) and de-
mersal (D) forms make up a large proportion in zones IPM2
and IPM4A; small proportion in zones IPM3 and IPM5; and
minor proportion in zones IPM4, IPM6 and IPM7 (not ex-
ceeding 1% in zones IPM1 and INM1). Reef and neritic
fishes constitute an important share (27.4%) in zone IPM5
only, whereas in zones IPM1, IPM4A (without specimens
associated with the 2nd Centriscus event), and IPM4 their
proportion is ca. 6%; and in zone INM1 does not exceed
2%.

A synoptic overview of ecological content of zonal as-
semblages allows one to distinguish three different compo-
sitional patterns. The zones of comparable ecological pat-
tern were grouped together (Fig. 31) to visualize the existing
constrasts.

The first pattern is represented by zones IPM1, IPM3,
IPM4, IPM6, and IPM7, i.e. those which belong to both ba-
thypelagic assemblages. Clearly dominant within these as-
semblages are fishes of open-ocean zones, including mostly
meso-bathypelagial ones, whereas a large amount (8.1–
16.6%) is attained by benthopelagic fishes.

The second, a little more differentiated, pattern occurs
in zones IPM2, IPM4A, and IPM5, i.e. in the neritic-
sublittoral one and the two UBA zones. Of particular impor-
tance is the dominance of benthopelagic, demersal, bathy-
demersal, reef, and neritic fishes (attaining nearly equal pro-
portions in zone IPM4A) compared to meso-bathypelagic
fishes. The latter compose 2 to 9.5% of the total.

The third pattern appeared in the youngest, INM1 zone
only. Epipelagic fish comprise here nearly 70%, and ben-

thopelagic ones attain ca. 30% of the total. This zone is
completely devoid of meso-bathypelagic fish; therefore, the
assemblage deserves to be distinguished as the upper
neritic-sublittoral one (UNSA).

Zonal assemblages of the first pattern

Both diagrams illustrate well an hypothesis that the ba-
sin filled with those Menilite Fm. deposits which bear as-
semblages of the first pattern was a deep-water basin, with
well-developed and rich meso-bathypelagic ichthyofauna.
A permanent component of the generic composition were
Eomyctophum and Vinciguerria, and in UBA also Idrissia

and Polyipnus (below IPM6 Zone). The remaining genera
of this ecological group occurred sporadically in individual
zones, providing suitable material for ecostratigraphy.

Depth intervals dwelled by such genera, as: Vinciguer-

ria, Idrissia, Argyropelecus, and Scopeloides, exceeding the
lower limit of the meso-bathypelagic zone (estimated by
different authors at either 1,100 m, 1,500 m or 2,000 m), en-
able one to suppose that the Menilite basin was deeper than
2,000 m. This conjecture is also supported by figures related
to the lower depth intervals dwelled by some benthopelagic
taxa.

Another permanent and important component of the
discussed zonal assemblages were: a benthopelagic Lepi-

dopus, usually dwelling above the slope and below the shelf
break to a depth of 400–500 m; and in UBA: infrequent
Hemithyrsites, preferring similar conditions, Merluccius,
whose importance increased in the sixth and seventh zones,
as well as Palaeogadus. The last two genera occurred to a
depth of 1,000 m. These benthopelagic fishes are to be
found all over the study area, implying that they must have
been transported upon the lower part of the continental rise
and bottoms of the SKU or SU trenches by currents flowing
from higher-situated biotopes.

In a similar way, one can explain why on a vast basin
bottom there occur demersal and bathy-demersal fishes
which dwell waters of the sublittoral zone and those of
higher parts of the slope to a depth of 500 m; as well as
fishes of the neritic zone, together with the reefal ones.
These represent a minor component (1 to 6%) of deep-water
tanathocoenoses. The pelagic Jas³o Limestones exposed at
sites located in the middle of SU (Sobniów – SO) and SKU
(£ubno-£azek – ££) trench bottoms include adult represen-
tatives of reefal environments, like, for instance, Holocen-

troides and Africentrum, the occurrence of which can be ex-
plained by the activity of marine currents of different types
(like presence of a frog skeleton in the Jas³o Limestone at
Sobniów; A. Jamróz coll.; M. Bieñkowska, pers. comm.).

The above presented formation of ichthyofaunal tana-
thocoenoses of the Menilite Fm. is complicated by the ap-
pearance of assemblages of the second type. This process
requires a more thorough explanation. On the other hand,
appearance of the third pattern (UNSA) is understandable
in the light of infilling of the SKU trench by deposits of the
Krosno Fm. This deposition could lead, at the final stages of
submarine fan development, to basin shallowing and elimi-
nation of deep-water fishes. A marked share of taxa tolerat-
ing brackish conditions (Gobius, Leiognathus, Caranx)
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Fig. 30. Percentage of fish genera of different ecological groups occurring most frequently within the zones (only genera exceeding 1%
are taken into account); height of zonal column denotes 100%. Symbols of ecological groups as on Fig. 21. Zonal symbols marked by as-
terisks indicate those generic spectra which include fishes derived from layers representing mass fish mortality. Vertical hatchure marks
the share of index taxa within each genus



within the third pattern assemblage is compatible with the
presence of fresh-water diatoms in the Leszczawka Mbr
(Kotlarczyk, 1982).

Zonal assemblages of the second pattern

Zone IPM2

Regarding fish assemblages of the second pattern, inter-
pretation of the IPM2 Zone assemblage raises the greatest
difficulty.

At the end of the 1960s, successive occurrence of sepa-

rate ecological assemblages composed of either shallow- or
deep-water taxa was recognised, and different possible
causes of their origin were discussed (Jerzmañska & Kot-
larczyk, 1968). Finally, the appearance of a shallow-water
assemblage between deep-water ones was interpreted as a
result of a shallowing of the Carpathian basin, the depth of
which was estimated at ca. 1,000 m. The inferred shallow-
ing by 200–300 m was considered responsible for the elimi-
nation of bathypelagic taxa from the basin.

It has to be remembered that at that time the presence of
deep-water fishes in the IPM2 Zone assemblage IPM2
(Holosteus) was not recognised, and the benthopelagic
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Fig. 31. Three patterns of ecological composition of ichthyofaunal zones in the Polish Carpathians: 1 – IPM1 – IPM7: zones dominated
by epipelagic and meso-bathypelagic fishes, 2 – IPM2 – IPM5: zones dominated by bottom, near-bottom, and neritic fishes, 3 – INM1:
zone bearing exclusively shallow-water fishes; MP – mesopelagic fishes; BP – bathypelagic fishes. Other explanations – see Fig. 30



Glossanodon was considered by Cohen (1958) as recently
dwelling in the near-shore zone (90–200 m) and migrating
into the mesopelagic zone in spawning season only.

The origin of this zonal assemblage has been dealt with
several times (Kotlarczyk, 1975; Jerzmañska & Kotlarczyk,
1979, 1991; Kotlarczyk & Jerzmañska, 1988a). Since 1968,
S. D¿u³yñski has been proposing a concept of elimination of
deep-water fish from the basin due to anoxic conditions pre-
vailing in deeper parts of the water column. This hypothesis
has been accepted since the 1920s to explain the origin of
similar fish assemblages in the Caucasian basin (see, for in-
stance, Daniltshenko, 1960). The presented arguments,
however, did not lead authors to change their views, and a
concept of basin shallowing appeared to have been sup-
ported by a global sea level fall in the Early Oligocene (Kot-
larczyk & Jerzmañska, 1988a). This fall was in fact docu-
mented for the boundary between the Early and Late Oligo-
cene (Vail et al., 1977), but the quoted authors (Kotlarczyk
& Jerzmañska, 1988a) inferred that it could have started
earlier in the studied basin, like in some other parts of the
world.

Nevertheless, important augmentation of the ichthyo-
logical material derived from all exposures of the IPM2
Zone (2,583 specimens, including 2,356 determined to the
level of either species or genus) necessitates re-evaluation
of previously suggested bathymetric intervals of this assem-
blage in the studied basin, and re-consideration of its origin.
A superficial comparison of diagrams showing depth inter-
vals dwelled by fishes comprised in the IPM1 (Fig. 21A)
and IPM2 (Fig. 22A) zonal assemblages may lead to a con-
clusion that the latter are similar and that there is no need to
distinguish a neritic-sublittoral assemblage.

It is important to note, however, that during this zone
only pelagic deep-sea fish genera Eomyctophum and Vin-

ciguerria disappeared. These genera, as marked on the dia-
gram (Fig. 21A), can also dwell shallow waters. Represen-
tatives of the two families, to which the above genera be-
long, namely: Myctophidae and Photichtyidae, require a
possibility of easy migration into lower parts of the mesope-
lagial, and when this migration is not possible, they disap-
pear from the water column.

Another question is the presence of a benthopelagic ge-
nus Glossanodon which prefers nearly identical depth inter-
vals as Eomyctophum. At present, family Argentynidae, to
which this genus belongs, is assigned to deep-sea fishes.
However, extremely important are comments by Weitzman
(1997; p. 57) regarding this family and genus: “Argentines.

These fishes have eggs and larvae that are pelagic. The

adults are commonly taken at the margins of the continental

shalves. There are two genera, Argentina and Glossanodon,

with a total of about 19 species. Some species of these large

– eyed fishes apparently reach depths of nearly 1000 m but

most usually occur at shallower depths” (all underlines by
J. K.). The comment implies that these fishes require the
first few hundreds of metres of water only.

The same applies to a few other representatives of ben-
thopelagic fishes. Nearly equally numerous is Palaeogadus,
a representative of the family described by Weitzman (op.

cit.; p. 64) as: ”The Merluccidae, or hakes, are mostly shal-

low to deep-water continental shelf and slope fishes, but a

few reach depths 1000 m.” This author similarly describes
the biotope of a recent representative of family Phycidae,
which in our fossil material is represented by Eophycis, and
at present includes 27 species, from which only three pene-
trate greater depths: ”... Urophycis tenuis is known from 980

m, although it is usually found around 180 m” (Weitzman,
op. cit.; p. 65).

A benthopelagic Lepidopus of Trichiuridae family,
fairly numerous in the IPM2 Zone, is most frequently found
close to the shelf break and upon upper slope, although may
occur in the epipelagial as well. Another genus of this
group, Ammodytes, does not exceed a depth of 100 m.

Another important component of the discussed zone,
i.e. demersal fishes, is represented first of all by genus Ser-

ranus and, to a lesser degree, by related to it extinct genus
Properca. The Serranidae family dwells mostly shelf and
the upper part of slope, like Caproidae family which is rep-
resented by fairly numerous Capros. These shelf and upper
slope genera are accompanied by Piscivores – Caranx,
dwelling waters to a depth of 350 m, and Holosteus which
can be found to a depth of 3,000 m. Given the lack of meso-
bathypelagic fish, this piscivorous predator must have oc-
curred together with the above-mentioned fishes of the up-
per part of the slope. It is not by accident that abdominal
cavities of two specimens of Holosteus contained swal-
lowed fishes, one belonging to Serranidae and the other one
to Argentynidae (Bieñkowska, 2004; p. 188, fig. 20).

Undoubtedly, the IPM2 Zone assemblage should be
considered a shallow-water one, and the lower boundary of
its occurrence should be placed at a depth of ca. 500 m. It is
worth to note that recent ichthyologists include to deep-sea
fish taxa those dwelling below 500–600 m depths, or only
those which penetrate waters below this boundary (see, for
instance, Weitzman, 1997; p. 43).

A question remains how this ecological assemblage was
formed. Two possibilities can be considered: 1. due to basin
shallowing, or 2. due to elimination of deep-water fish as a
result of periodical formation of anaerobic conditions at
depth.

Theoretically, the first option could have occurred ow-
ing to different factors: (1) tectonic movements uplifting ba-
sin bottom, (2) filling the basin by sediments, (3) eustatic
movements, and (4) basin dessication; while the second op-
tion may have resulted from short-term isolation of the ba-
sin.

According to A. Jerzmañska, the basic difficulty in ac-
cepting the second possibility consisted in a vast spread of
the tanathocoenosis of the IPM2 assemblage throughout the
bottom of the Menilite basin, i.e. at a distance of a few hun-
dred kilometres, necessitating a long-distance and, hence,
long-term transport of dead fish from the shelf break to the
deepest parts of the basin. Long-distance transport should
have led to dismembering (e.g. by boulders) and decompo-
sition of fish bodies, while a great deal of undestroyed
(more than 25%) skeletons in the collection appears to indi-
cate an autochthonous character of the assemblage (Jerz-
mañska & Kotlarczyk, 1973). Unfortunately, the content of
layer E1 at Jamna Dolna was not interpreted correctly. This
layer, only 1 cm thick, contains i.a. very numerous two
shallow-water taxa: the extinct Hipposyngnathus, associ-
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ated with near-shore waters like seahorses of the same fam-
ily Syngnathidae, and a demersal, sublittoral Trachinus, fre-
quently represented by young specimens. Such a composi-
tion calls for a comparison of layer E1 to the assemblages
described by Lo Bianco (1909) as “fragaglia” from the Bay
of Naples, and for using this similarity as another indicator
of basin shallowing. However, it has not been recognised
that solitary occurrence of this assemblage, presently inter-
preted as the Trachinus event, does not testify to extreme
basin shallowing, but rather to a possibility of long-distance
fish transport: from near-shore embayments at a distance of
at least 30 km towards open sea.

New facts and interpretations force us to re-discuss the
origin of the IPM2 Zone assemblage. Let us begin with a re-
view of the above-mentioned causes of the alleged basin
shallowing.

(1) Assigning formation of NSLA to the lower part of
biozone [NP23] at ca. 30–31 Ma enables one to conclude
that no important folding close to the study area took place
at that time.

(2) Detailed sedimentological observations point to sta-
ble, although not intensive development of deep-sea fans;
except for small-scale deposition of the Huwniki Sandstone.
This deposition could not lead to basin shallowing; and the
deposits bear no traces of structures typical of shallow ba-
sins (up to 100 m deep). Ubiquitous occurrence of ripple
cross-laminated sandstones bearing laminae composed of
heavy minerals (tractionites; sensu Unrug, 1980), indicating
palaeotransport direction parallel to inclination of the slope
and continental rise, points to the presence of a deep sea and
stable flow of heavy waters down the slope. Within DU and,
in part, SU intensive deposition of flysch sediments of the
Cergowa Mbr and Krosno Fm. took place at that time, al-
though not causing basin shallowing all over the area.

(3) A minor global sea level fall took place in the dis-
cussed interval, between cycles T4.4 and T4.5. The eustatic
curve of Haq et al. (1988) (cf. Fig. 33), combined with a
time-scale by Berggren et al. (1995) showing the ages of
boundaries between biozones and stages, places this sea
level fall at ca. 31 Ma and estimates its amplitude at 25–30
m only. This figure could not, of course, lead to the alleged
basin shallowing that would have replaced the deep-water
assemblage by a shallow-water one. However, the resulting
shelf narrowing could have affected a shift of near-shore
fish biocoenosis towards shelf break, wherefrom large
quantities of fishes could have been easily transported post

mortem into the basin.
(4) Separation of the Menilite basin from the remaining

Tethys in subtropical climate at that time should have re-
sulted in quicker evaporation, leading to basin shallowing.
This problem was already raised during a discussion on the
origin of the NSLA assemblage (Kotlarczyk, 1975).

Another likely scenario of formation of the NSLA as-
semblage should take into account a sequence of several
factors which will be presented below.

(1) Tectonic development of the Western Tethys during
the [NP23] biozone led to separation of a nearly isolated
northern basin, which extended from the Alps through the
Carpathians, Black Sea, Caucasus, up to the Aral Sea. A
likely palaeogeography of this area was presented by Rögl

(1999, fig. 3). The northern basin was most probably linked
with the principal, southern basin of the Western Tethys via
the Slovenian corridor (Sc) only, whereas a connection with
the North Sea was probably situated along the Rhine Gra-
ben. (2) The above mentioned sea level fall, although insig-
nificant, could have led, given shallow Sc bottom, to a re-
striction in water influx from the southern to the northern
Western Tethyan basins, and (3) accelerate dessication pro-
cesses in the northern basin. (4) Re-opening of the connec-
tion restored the deep-water character of the Menilite basin
and led to formation of the UBA.

An alternative scenario includes after event (1) forma-
tion of anaerobic conditions within the Menilite basin and
favours the second option.

One should bear in mind that the formation of black
sediments of the Menilite Fm. cannot be explained by per-
manent stagnation of basin waters, because the same black
shales comprise deep-water fish assemblages, including the
near-bottom ones. On the other hand, the basin was charac-
terized by deep-water circulation (tractionites, turbidity cur-
rents) and, probably, also upwelling (Jerzmañska & Kotlar-
czyk, 1973).

Formation of black shales should rather be explained by
insufficient amount of oxygen in sea water, the oxygen be-
ing quickly used to oxidize large quantities of organic mat-
ter hosted in sediments. These processes led to preservation
of anaerobic conditions both within the sediment and, peri-
odically, also in the lower part of the water column. Partly
isolation of the basin could have also caused a smaller in-
flux of oxygenated ocean waters via Sc. Possible excess of
evaporation over precipitation and reduced supply of oxy-
gen transported to the bottom with the material feeding sub-
marine fans could have extended the range of anaerobic
zone high above the bottom, despite still active quasi-
antiestuarine circulation in the basin. The shallow-water as-
semblage of IPM2 Zone bears exclusively marine fishes, in-
dicating that estuarine circulation which would have led to
water stagnation was not possible. It is worth to note that
observations of nannoplankton assemblages suggest a de-
creased salinity of near-shore waters of the Menilite basin.
These suggestions pertain to an episode of JLH formation
during NP24 biozone (Bubik, 1992), and to the area of
deposition of the coccolith Dynów Marls in the lower part
of biozone NP23 (Krhovský, 1981, 1985; Stranik et al.,
1991), i.e. during the time of occurrence of deep-water fish.

This discussion implies that both scenarios of formation
of the IPM2 assemblage are theoretically possible, although
the second option appears to be a more plausible one.

Zone IPM4A

Regarding zonal assemblages of the second pattern, the
easiest explainable is the origin of the generic-quantitative
spectrum of Zone IPM4A. The assemblage of this zone, first
described in this paper, was found exclusively in deposits of
SSU. As was already mentioned, green-grey and brown-
banded sediments of the Šitboøice Mbr were formed upon
slopes of a submarine ridge. According to Parin’s (1988)
terminology, biotopes of ichthyofauna of these ridges bear
names accompanied by a prefix “thalasso”. Hence, upon
slopes we have: thalasso-mesobenthopelagial (TMB) and
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thalasso-bathybenthopelagial (TBB), whereas upon ridge
shallows: thalasso-epipelagial (or pseudoneritic pelagial –
PNP) and thalasso-epibenthal (TEB). Following configura-
tion of the basin bottom, tanathocoenoses formed on the
slope of the Subsilesian Ridge (accessible to observation
now) could have included (and they did) fishes derived from
different biotopes of different depth intervals upon the
ridge: epipelagia³ EP (44%), PNP and reef environment
(6%), MB (9.5%), TMB and TBB (21%), as well as TEB
and bathy-demersal (13%) zones (Fig. 30).

A similar zonal assemblage should have occurred on
the other subcontinental slope, the upper part of which was
probably preserved in BPU. It is likely that a reflection of
such basin bottom configuration are infrequent fishes of the
reef-neritic and BEP zones, which were found in a section
of the Menilite Fm. at Knia¿yce (KN).

The above considerations lead to a conclusion that dis-
tinctness of the IPM4A zonal assemblage does not result
from changeable environmental conditions throughout the
Menilite basin, but from distinctness of conditions prevail-
ing on the slope of a submarine high, compared to those
upon the bottom and continental rise at the time of forma-
tion of zonal assemblages of the first pattern. Hence, one
should not expect this assemblage to occur on the SKU
trench bottom, although it cannot be excluded that speci-
mens of some representatives of the Zone IPM4A assem-
blage, including index taxa (not found up to now), could
have been transported there.

An exceptional event recorded in sediments of the IP-
M4A Zone is mass occurrence of fishes that belong to at
least two species of Centriscus in layer 42 of exposure PS5
at Przysietnica, and in one layer of exposure WZ6 at Wu-
jskie. This occurrence of Centriscus, as well as in five other
layers above and below layer 42 at Przysietnica, is not re-
lated to nannoplankton bloom, since the Wujskie coccolith
limestones occurring nearby do not contain these fishes.

The presence of fish population of Centriscidae family,
frequently dwelling reef-neritic environments like, for in-
stance, that surrounding the Seychelles, NE of Madagascar,
can be explained very well by their burial place on the slope
of the Sanok Cordillera submarine high; while exceptional
abundance of fishes in layer 42 should be related to a mass
mortality event.

Zone IPM5

The composition of the assemblage of the last, atypical
IPM5 Zone of the second pattern is very interesting. This as-
semblage includes fishes collected mainly at exposures rep-
resenting continental rise (Brzuska Syncline – KIII, HB6,
BR11, BR34, BH3) and the central part of the SKU trench
(Siemowica – SE I2,3), being supplemented by a not numer-
ous set of specimens from Przysietnica (PS1) exposure,
which represents the slope of a submarine high. This assem-
blage represents first of all a taphocoenosis formed at the
bottom of a deep basin (Figs 26, 30, 31).

Compared to Zone IPM4A (excluding fishes derived
from layer PS5-42), meso-bathypelagic fish are here less fre-
quent, whereas benthopelagic ones are somewhat more nu-
merous. The share of demersal fish is reduced by a factor of
three, while that of the neritic and reef fish is four times in-

creased. Particularly important is abundance of fishes de-
rived from the last environment, not encountered in the as-
semblages of other zones, as well as a large proportion of
representatives of a deep-water family Alepocephalidae
among benthopelagic fish. It is worth to add that in a similar
stratigraphic position (i.e., between the JLH and Lopyanka
Mbr) in the Eastern Carpathians, in the Czeczwa (Tshet-
shwa) River section, a representative of another deep-water
benthopelagic family – Macrouridae (Horbatsh, 1961) has
been found.

Meso-bathypelagic fish, mostly: Idrissia, Eomycto-

phum, Polyipnus, and few other genera, which form a back-
ground of the zonal assemblage, undoubtedly point to a
deep basin.

The assemblage of shallow-water fishes (near-shore,
neritic-sublittoral, and reefal ones) is composed of Holocen-

troides, Africentrum, Sarda, Apostasis, and other genera
(Fig. 26). A short comment deems necessary at this place.
A. Jerzmañska in her last papers (Jerzmañska & Kotlarczyk,
1988; Kotlarczyk & Jerzmañska, 1988a; Jerzmañska, in:
Kotlarczyk, 1991b) firmly maintained that forms deter-
mined by her as Africentrum moldavicum should be treated
as Holocentroides moldavicus, while the forms previously
determined to the level of genus as Africentrum represented
in fact this one species only. Therefore, lists of taxa pub-
lished in the above papers contain neither Africentrum nor
Holocentroides taxa. Unfortunately, this change of name
has not been marked on numerous name tags of Africentrum

specimens. Hence, observing the rule of exact representa-
tion of the state of the collection, its description maintains
the names of both generic taxa and the affinity of Africen-

trum to family Trachyichtyidae, earlier suggested by A.
Jerzmañska (Jerzmañska & Kotlarczyk, 1975). However,
taking into account that the creator of H. moldavicus consid-
ered it closely similar to recent Holocentrus (Paucã, 1931,
1933), and that Arambourg (1927), the creator of Microcen-

trum taxon, later renamed as Africentrum (White & Moy –
Thomas, 1941), assigned his new genus to family Holocen-

tridae, it can be accepted that specimens of Africentrum de-
rived from FishCarpathZPAL/WR collection do also repre-
sent this family. The same systematic position was sug-
gested by Nelson (1994). These comments should help in
understanding the apparent discrepancy in assigning Afri-

centrum specimens once to Trachyichtyidae, and another
time to Holocentridae families.

Returning to the origin of the IPM5 Zone assemblage, it
is worth to note that the entire family Holocentridae, includ-
ing also fossil taxa (Bannikov & Parin, 1997), is associated
with a biotope of coral reefs. Therefore, a large share of rep-
resentatives of this family in the zonal assemblage (27. 4%;
cf. Figs 26, 30, 31) is difficult to understand and provides a
research challenge. These two formally considered taxa pro-
vide only a background to a few other zones of UBA; hence,
their mass occurrence in the IPM5 Zone only is a particu-
larly striking feature. Taking into account a deep-water
character of one-third of fish in this assemblage, it would be
difficult to explained solely by a reflection of acme event of
these shallow-water form(s).

An analysis of this feature should be aided by a review
of the behaviour of other taxa during the existence of UBA
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in the Menilite basin. Figure 32 shows groups of taxa that
are characterised by comparable shape of curves represent-
ing the percentage of each taxon in zonal assemblages, irre-
spectively of their affinity to different ecological environ-
ments.

Genera representing the same biotope, although differ-
ing by the shape of curves, have also been classified into
groups. The diagram clearly shows that culminations simi-
lar to those of the two discussed taxa refer also to benthope-
lagic: Zeus and Lepidopus, demersal: Scorpaenoides and, to
a smaller degree, Serranus, and even epipelagic: Clupea and
Palaeorhynchus taxa. These are negatively correlated with
Eomyctophum and less clearly with Vinciguerria. A rapid
decrese in the share of Eomyctophum is notable: from a high
amount in zones IPM4, IPM6, and IPM7 to the level ob-
served in Zone IPM4A.

All these facts should have had one common origin.
However, the latter can be associated neither with a basin
shallowing, due to the presence of MB taxa, nor with filling
of the basin by gases preventing the development of life,
due to the occurrence of abundant deep-water, benthopela-
gic fishes. The last fact, together with coeval decrease in the
Eomyctophum population, implies that the latter could have
been induced by formation of the anaerobic layer, although
in a higher part of the water column only. This hypothesis
does not explain, however, a large proportion of fishes rep-
resenting the neritic-reefal environments within the tanatho-
coenosis. Within assemblages of other deep-water zones,
this proportion does not exceed ca. 6% (attaining maximum
values in zones IPM1, IPM4A, and IPM4).

It seems likely that the proper origin of formation of the
IPM5 Zone assemblage has been identified.

The IPM5 Zone assemblage was found a few tens of
metres above JLH, i.e. most probably still within the upper
part of a nannoplankton biozone NP24, whose boundaries
were dated by Berggren et al. (1995) at 27.6 Ma and 30 Ma,
respectively. In this biozone, at the boundary between the
Chattian and Rupelian, dated by Berggren et al. (1995) at
28.5 Ma and by Gradstein et al. (2004) at 28.4±0.1 Ma, the
greatest Palaeogene glacieustatic sea level fall occurred,
amounting to ca. 175 m (Haq et al., 1988) (Fig. 33). Nearly
the entire shelf bottom was exposed and the biotope of
near-shore fish became restricted to a narrow zone close to
the shelf break. The dying fishes could have been easily
transported in large quantities above the slope towards the
continental rise and axial parts of the trench. The sea level
fall lasted with some interruptions until the onset of the
Miocene.

This situation resulted not only in shaping of an atypical
assemblage of the IPM5 Zone, but also decisively con-
trolled the type and composition of assemblages of younger
zones which developed throughout NP25 – NN1 (?) bio-
zones. There occurred a decrease in percentage of benthope-
lagic fishes dwelling the upper part of the slope (Lepi-

dopus), being accompanied by an increase in fish penetrat-
ing greater depths (Merluccius, Palaeogadus) (Fig. 32).
First of all, a rapid increase in the share of Syngnathus, fol-
lowed by equally rapid increase in the number of thalli of
brown algae, was observed. In the latter, there occurred gen-
era bearing specifically branching thalli and air bladders

which are characteristic for genus Sargassum. This finding
led Jerzmañska and Kotlarczyk (1975) to distinguish a
quasi-Sargasso assemblage within Zone IPM6, being ecol-
ogically similar to an assemblage which can presently form
at the bottom of the Sea of Sargasso. In a fossil tanathocoe-
nosis, this assemblage is composed of meso-bathypelagic
fishes, like: Eomyctophum, Idrissia, Vinciguerria, Argyro-

pelecus, and others; shallow-water, littoral genera, and pe-
lagic forms: Syngnathus, Ammodytes, and Lepidopus

isopleurus of a very elongated body, probably adapted to
dwelling among algae; Clupea and others. It is worth to add
that the structure of armoring plates and the pattern of
pointed spine on the bodies of fossil specimens of Syng-

nathus incompletus are largely similar to those of a recent
species Syngnathus pelagicus, which dwells among algae of
the Sea of Sargasso (Doliñska, in: Jerzmañska & Kotlar-
czyk, 1975).

It can be concluded from the described assemblage
composition that the hardly interpretable origin of the spe-
cialised, recent Sargasso assemblage can only be explained
when turning back to the very beginning of the latter, i.e.
Oligocene time in the Western Tethys (Carpathians - Cau-
caus), migration of the assemblage to the Western Atlantic,
and its further evolution therein (Jerzmañska & Kotlarczyk,
1976).

It deems necessary to recall in this place the discovery
of typical Sargassum algae in slightly younger strata in the
foreland of Caucasus. The Sargassum maicopicum thalli,
found in sediments of the Upper Maikop Beds (Zuramakent
Horizon, Burdigalian), were described by a botanist named
Polibin, in 1941 (vide Hecker & Merklin, 1946). The ac-
companying fish assemblage was composed of mass-
occurring Sardinella, numerous Merluccius, and other spe-
cies. These components resemble, from the ecological point
of view, those comprised in the INM1 Zone assemblage in
the Carpathians.

The above hypothesis of the origin of the Sargasso Sea
assemblage is firmly confirmed by the reconstructed causes
that led to formation of the IPM5 Zone tanathocoenosis.
Namely, emergence of the nearly entire shelf bottom ca.
28.5 Ma resulted also in destruction of the algal biotope and
fostered its adaptation to dwelling in pelagial waters. This
gave rise to a long-term evolution of the Sargasso assem-
blage.

As shown above, each assemblage of the zones of the
second pattern was of different origin. The IPM4A Zone as-
semblage was formed on a peculiar morphological element
of the basin, i.e. the slope of a submarine ridge, while the
two remaining assemblages originated due to changes of en-
vironmental conditions that affected the entire basin.

SUMMARY AND CONCLUDING
REMARKS

1. A very important task of this study was to organize,
conservate, document and electronically catalogue a collec-
tion of fossil Carpathian fishes housed at the Department of
Palaeozoology of the Institute of Zoology, University of
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Fig. 32. Time-series graphs showing percentage of selected fish genera within assemblages of zonal taphocoenoses of Oligocene–Early

Miocene age in the Polish Carpathians



Wroc³aw, completed in the years of 1958–1996. The collec-

tion numbers ca. 13,000 specimens, including: 3,314 com-

plete skeletons, 6,382 incomplete skeletons, 1,583 fish

heads, and other remains. After verification of ca, 9,000

specimens undescribed in publications, and taking into ac-

count published data pertaining to ca. 4,000 specimens, sys-

tematic composition of the collection was established. Divi-

sio Teleostei includes representatives of 21 orders (plus 1

indet), 55 families (plus 19 indet. and 2 incertae sedis), and

73 genera (plus 64 indet.). As far as the basic taxonomic

level is concerned, 61 species were distinguished. Classis

Chondrichthyes bears representatives of 3 genera, 3 fami-

lies, 2 orders, and 1 Subclassis.

The state of description is not fully satisfactory. From

ca. 12,930 specimens of Teleostei, ca. 10,640 specimens

were identified to the level of genus (and – to a lesser degree

– species), while to higher-ranking taxonomic units ca.

1,600 specimens were identified. In case of ca. 450 speci-

mens, even identification to the level of order was not possi-

ble. Another group consisted of ca. 250 specimens which

were not included in this study due to doubts expressed by

the identifying palaeontologist, Prof. A. Jerzmañska, who

maintained question marks marked in archival labels. In

general, the share of specimens of Teleostei that require fur-

ther study to obtain data at least at the level of genus,

amounts to 18% of the total.

Nevertheless, further revisions of the already identified

taxa deem necessary. This is indicated by recent findings

within the collection of the Anencheleum and Horbatshia

taxa, as well as the results of a revision of a few Caucasian

taxa, identified by A. Jerzmañska in the Carpathian collec-

tion. According to the results of osteological analysis by

Prokofiev (2002b), Vinciguerria obscura and V. talgiensis

belong to the newly-created genus Eovinciguerria gen.nov.,
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whereas V. distincta – to the new taxon Sytchevskia gen.
nov.

The Carpathian fish collection, organized and made
available to scholars, will certainly contribute to the prog-
ress in palaeoichthyology.

2. The Carpathian fish collection was assembled at 222
exposures. Nearly half of them (118) contained up to 10
specimens, whereas 28 exposures provided more than 100
specimens. It was possible to re-identify in the field most of
the exposures, completing their missing lithological de-
scriptions. Altogether, 1,170 m of the geological section
was fully documented, compared to min. 1,370 m of palae-
ontologically sampled section (some of exposures were de-
stroyed). Numerous exposures enabled identification of the
exploited fauna-bearing layers, whereas at the remaining
ones only the extent of sampled fragments could be de-
tected. Ichthyofaunal assemblages of the latter fragments
were ecologically homogeneous.

3. The identified, sampled exposures were linked with
stratigraphic logs of the Menilite-Krosno Series. The latter
were reconstructed for either single, complete cross-
sections through an outcrop of MKS, or as synthetic sec-
tions combining a few neighbouring partial sections.

In the eastern part of the Polish Carpathians, 18 sections
were reconstructed to portray the arrangement of successive
structures from the inner to outer parts of the flysch Carpa-
thians. These structures represent the following tectonic
units: Dukla – 1 section, Silesian – 3 sections, Subsilesian –
2 sections, Skole – 10 sections, and Boryslav-Pokuttya – 2
sections. In the Western Carpathians, in turn, 2 sections as-
sociated with the outer units were reconstructed. Marker ho-
rizons, such as: the Tylawa Limestone (TL), Wujskie Lime-
stone (WL), Jas³o Limestone (JL), the V Tuff Horizon, the
Pi¹tkowa Diatomite Horizon (dP) and others helped to cor-
relate individual sections and to link the exposures with
their respective lithostratigraphic members.

For the purpose of this study, the lithostratigraphic
scheme of the Menilite-Krosno Series was supplemented,
and basing on new published data an attempt of correlating
the distinguished lithostratigraphic units with calcareous
nannoplankton biozones (NP22 to NN4; Fig.2) was made.
In addition, it was excluded that the highest strata of the
MKS would represent ages younger than the early Karpa-
tian.

It was also shown that the radiometrically dated
Radziszów Tuff is not equivalent to the V Tuff Horizon
(Sikora et al., 1959), for which the name Dobrzanka Tuff
was proposed.

4. A model of sedimentation of the Menilite Formation
in the eastern Carpathian basin of Poland was reconstructed.
The basin infilling was linked with the activity of submarine
fans which supplied clastic material both from the northern
land (Menilite facies) and from the south-east (Krosno fa-
cies of the Lopyanka and Jutna members).

Fossil fishes were found mainly in sediments of the
E.2.2, E.2.1, and G.1.2, sometimes E.1.2 and G.2.1 facies of
Pickering et al. (1986), usually within parallel laminated
sediments. Reconstruction of the sedimentary basin enables
one to pinpoint places of burial of individual ichthyo-
tanathocoenoses and to reconstruct some of mechanisms

and post mortem transport routes of fish bodies. It was
found out that most of the exploited tanathocoenoses were
formed at the bottoms of the Silesian and Skole troughs and
on the continental rise of the latter, and – to a lesser degreee
– on the continental slope (Boryslav-Pokuttya Unit) and
both slopes of the Sanok submarine high (Subsilesian Unit).

5. The collected abundant ichthyofaunal material made
it possible, in the first step of the analysis, to investigate the
range of variability of assemblages of tanathocoenoses in
the stratigraphic log, and their lateral variability within de-
fined time slices. This analysis concerned only those expo-
sures whose stratigraphic position was well constrained.

Analysis of assemblage variability at the lowest possi-
ble level, i.e. between neighbouring layers, helped to docu-
ment – at a dozen or so exposures – the position of sharp
boundaries between different ecological assemblages and
between assemblages bearing different spectra of taxa
within the distinguished ecological assemblages. Similar
boundaries were identified all over the study area when ana-
lyzing variability of ichthyofaunal assemblages among ex-
posures of individual stratigraphic sections. Taking into ac-
count hiatuses occurring sometimes in the sampled single
sections, composite sections based on several neighbouring
synthetic sections were constructed.

This type of analysis helped to indicate taxa dwelling
the basin throughout its existence (ca. 16 m.y.), as well as
those which either appeared or disappeared from the basin
in different times. These appearances and disappearances
usually reflect ecological changes of the environment, and
also result from the migration of taxa along the northern Te-
thys margin. The first and last appearances of taxa in the
study area are marked by acronyms: FEAD and LEAD.
Mass occurrences of single taxa or their assemblages num-
bering few elements, restricted to single layers or narrow
section fragments, were also identified. These occurrences
reflect such events, as periodical mass reproductiveness or,
more probably, mass mortality.

Analysis of lateral variability of assemblages among
exposures of the Jas³o Limestone chronohorizon or expo-
sures of thin members, such as the Kotów Chert or Dynów
Marl members, points to a much lesser variability, although
noticeable is the lack in some exposures of some usually
abundant taxa, or step-like increases in the number of speci-
mens of the given taxa in other exposures of the same hori-
zon. These changes appear to indicate local variability of
ichthyocoenoses.

The analyses of vertical and lateral ichthyofaunal vari-
ability show without doubt that the observed variability can
largely result from small representativeness of sampling of
individual layers or exposures. This calls for great caution in
interpreting the origin of variability.

6. Previous studies, based on a collection numbering ca.
4,000 specimens, resulted in a subdivision of the MKS into
7 ichthyofaunal zones (Kotlarczyk & Jerzmañska, 1988a).
Further analysis aimed at extending and more precise deter-
mination of this zonation, taking into account abundant ma-
terial gathered from the Subsilesian Unit and from previ-
ously unstudied segments of the MKS section comprised
between ichthyofaunal zones within the upper bathypelagic
assemblage.
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As a result, a new zone in the Subsilesian Unit was dis-
tinguished, i.e. the IPM4A Zone that overlies the simultane-
ously distinguished Wujskie horizon of laminated lime-
stones. Moreover, a new zone IPM7 was distingusihed in
the top part of the Menilite Formation of the Skole Unit. In
addition, new subzones in the lower part of the Miocene
zone and the lower part of the IPM2 Zone were defined.

It was also shown that between the IPM3, IPM4A,
IPM4, IPM5 and IPM6 zonal assemblages there occurred
uncharacteristic meso-bathypelagic assemblages, devoid of
either index or representative taxa. The IPM7 and INM1
zones, in turn, are separated by a barren interzone.

7. One of principal tasks of this study was to determine
temporal extents of individual taxa, and to reconstruct the
complete composition of zonal taxa. This task was fulfilled
basing on exposures bearing representative taxa, and those
devoid of such taxa but of well-constrained stratigraphic po-
sition.

The number of specimens of individual zonal assem-
blages changes between ca. 450 to 3,280 (IPM6), identified
to the level of either species or genus. In the majority of
zones, the number of taxa is constant and usually independ-
ent of the number of specimens. The former averages at 40,
increasing to 66 in the IPM6 Zone and falling to 29 in the
IPM7 Zone. The number of representative and index taxa
ranges between 4 and 11, except for the IPM7 Zone which
does not have any taxon (leaving aside one shark) occurring
exclusively in this zone. In the least documented INM1
Zone (150 specimens), the number of taxa is proportionally
lower (11), although representative taxa fall within the in-
terval typical for other zones. Changes in the number of in-
dividual taxa within the zones and their ranges, illustrating
the variability of 9 zonal assemblages, are synthetically por-
trayed in Table 25 which is of crucial importance for draw-
ing ecostratigraphic conclusions.

A single, short-lived (from a few hundred thousand to
less than two million years) appearance in the basin of taxa
occurring exclusively in a given zone usually points to mi-
gratory character of such assemblages. This is also indicated
by high specialization of some taxa (e.g. Argyropelecus),
which must have been formed outside the Carpathian basin,
i.e. in the Indo-Pacific Ocean (cf. Jerzmañska & Kotlarczyk,
1981) and, in some cases, in the Atlantic. Disappearance of
some taxa could have also been associated with their extinc-
tion (e.g., Eovinciguerria talgiensis (Dan.) – zone 1, Eophy-

cis jamnensis Jerz. – zone 2) or a drastic change of environ-
mental conditions (e.g., Scopeloides sp. – zone1).

8. An analysis of succession of ichthyofaunal assem-
blages enabled for correction of the previous zonation and
for a new formal description of the distinguished ecostra-
tigraphic zones and subzones. The zones IPM4A and IPM7
were defined, and the remaining ones were re-defined.
Three zones represent taxon-range zones (IPM4, IPM5,
IPM6), three are assemblage zones (IPM1, IPM4A, INM1),
two represent concurrent range zones (IPM2, IPM3), and
one (IPM7) – successive last appearance zone.

Two subzones (IPM2-T.SUB. and INM-L.SUB.) were
defined, and one subzone (IPM1-C.SUB.) was redefined.
Due to the lack of data pertaining to temporal extent of epi-
boles of Syngnathus incompletus, the IPM6-S was not rede-

fined. Both zonal and boundary stratotypes were determined
for all distinguished zones and subzones.

The collected material enabled us to distinguish mass
occurrences of the taxon Centriscus as: 1st Centriscus event
in the Early Rupelian (ca. 32.5 Ma) and the 2nd Centriscus
event in the Late Rupelian (ca. 29.3 Ma).

The IPM1, IPM2 and IPM4 zones are widespread
throughout the study area. In the Silesian Unit no assem-
blages of the zones IPM3, IPM5, IPM6 and IPM7 were
found, except for single specimens representing the upper
bathypelagic assemblage (£odygowice). It means that there
were no suitable conditions for burial and preservation of
dead fish bodies. The Silesian and Subsilesian units bear no
fishes of the INM1 Zone due to the lack of sediments of
such an age. The IPM4A Zone assemblage is restricted to
the Subsilesian Unit and, in traces, to the Boryslav-Pokuttya
Unit. This restriction is associated with specific ecological
conditions of the basin slopes. A slightly smaller extent of
zones 3 and 5 compared to zones 4, 6, and 7 in the Skole
Unit probably results from sedimentary facies of these
zones, not suitable for preservation of ichthyo-tanatho-
coenoses (oxidized sandstones and shales), and partly from
less intensive exploration of assemblages of these zones.

9. Palaeoecological analysis, using data pertaining to
environmental conditions of taxa living today or those clos-
est to extinct taxa, helped to distinguish in the fossil material
several ecological groups of ichthyofauna. These include:
the epipelagic (EP), mesopelagic (MP), bathypelagic (BP),
benthopelagic (BEP), demersal and bathydemersal (D +
BD), neritic (N) and reefal (R) groups.

In this respect, assemblages of the distinguished 9
zones were characterised. It was found out that: (1) the EP
and BEP fishes maintain a large share in all these assem-
blages; (2) the MP and BP fishes are numerous in the IPM1,
IPM3, IPM4, IPM6 and IPM7 zones only; (3) the D+BD
fishes make up important proportion in the IPM2 and IP-
M4A zones only; and (4) fishes of the N+R group are im-
portant solely in the IPM5 Zone.

Taking into account proportions of all ecological
groups within zonal assemblages, three patterns of zonal
composition can be observed. The first pattern occurs in
those zones where the EP+MP+BP fishes decisively domi-
nate over the BEP+D+BD+N+R ones; these zones were
mentioned above in paragraph (2). The second pattern is
characterised by a reverse proportion of these groups and
occurs in zones IPM2, IPM4A and IPM5. The third pattern
occurs in the INM1 Zone only, where the EP and BEP fishes
occur, the share of the former being 2.5 times greater.

10. The formation of so different ichthyofaunal assem-
blages resulted, first of all, from different factors affecting
their ecological environment, the rate of fish evolution, mi-
gration of new taxa, and configuration of the basin bottom.

Assemblages of the first pattern were formed though-
out the entire Oligocene. The ichthyofaunal composition
points to a relatively deep basin, exceeding a depth of
2,000 m. Ubiquitous occurrence of the EP-MP-BP fishes
within tanathocoenoses is fully understandable. These
fishes represent an autochthonous element. Likewise, wide-
spread occurrence of the BEP fishes dwelling waters down
to a depth of 400–500 m (sometimes even 1,000 m), and
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D+BD fishes dwelling down to 200 m and sometimes 500 m
depths, as well as neritic and reefal fishes testifies to intense
and rapid post mortem transport. All these fishes represent
an allochthonous element of the tanathocoenosis.

The origin of the assemblage of the third pattern at the
end of deposition in the Skole basin, devoid of MP and BP
forms but rich in taxa tolerating brackish conditions, could
have resulted from a marked basin shallowing due to its fill-
ing by ca. 1 km thick pile of sediments.

To explain the origin of assemblages of the second pat-
tern requires separate description of each of the three cases.
A large share of all ecological groups in the IPM4A Zone
assemblage can be well explained by the formation of a
tanathocoenosis on the slope of a submarine ridge, dwelled
by fishes of the thalasso-benthopelagial, and where to fishes
derived from the thalasso-epibenthal and thalasso-epipela-
gial could have easily been transported.

The most difficult task is to reconstruct the origin of
IPM2 Zone. A previous concept explaining elimination of
MP and BP fishes from the basin by a lowering of water
level in a dessication basin appears to be less probable as
compared to an option maintaining that the northern Tethys
basin was periodically characterised by anaerobic condi-
tions. The lack of oxygen resulting from a high TOC content
in sediments, existing nearly throughout deposition of the
Menilite Formation, was noticeable in the studied time in-
terval in the lower water column, up to an isobath of 500 m.
This situation helped to survive shelf-dwelling taxa, as well
as those associated with the shelf break and upper part of
slope, but forced elimination of deep-water fishes. The
mechanism of distribution of shallow-water taxa all over the
basin bottom probably resembled that of the already de-
scribed assemblages of the first pattern. An allochthonous
character of the IPM2 tanathocoenoses appears to be indi-
cated by smaller proportions of fossil fishes exploited from
1 m of section of this zone, compared to analogous propor-
tions of sections of bathypelagic zones, as well as by the oc-
currence of a layer rich in specimens of shallow-water taxa
(Trachinus event) in the middle of the basin. The appear-
ance of oxygen minimum in the basin can be associated
with a rapid decrease in the influx of oxygenated waters
from the ocean via the Rhine Graben and Slovenian Corri-
dor (SC), probably induced by a sea level fall at ca. 31.5 Ma.

The greatest Palaeogene glacieustatic sea level fall of
175 m, dated to ca. 28.5 Ma (Haq et al., 1988), was in turn
responsible for the formation of the IPM5 Zone assemblage.
The N and R (and also D) fish biocoenoses, shifted towards
the shelf break, could have easily supplied tanathocoenoses
of the continental slope and rise. In this manner, assem-
blages rich in deep-water taxa (Alepocephalidae) could
have been supplemented by a component typical of
shallow-water environments. On the other hand, the pres-
ence of very deep-water forms of benthopelagic fishes im-
plies a good connection between the Carpathian basin and
open ocean. This connection was not affected by the
above-mentioned sea level fall.
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Streszczenie

PODSTAWY EKOSTRATYGRAFII
ICHTIOFAUNISTYCZNEJ OSADÓW

OLIGOCENU–WCZESNEGO MIOCENU BASENU
ZEWNÊTRZNYCH KARPAT POLSKICH

Janusz Kotlarczyk, Anna Jerzmañska, Ewa Œwidnicka

& Teresa Wiszniowska

1. Jako bardzo wa¿ny rezultat przeprowadzonych prac nale¿y
uznaæ uporz¹dkowanie, zakonserwowanie, udokumentowanie
i skatalogowanie [na noœnikach elektronicznych] karpackiej
kolekcji ryb Zak³adu Paleozoologii Instytutu Zoologicznego, kom-
pletowanej w latach 1958 – 1996. Liczy ona ok. 13000 okazów,
w tym 3314 kompletnych szkieletów, 6382 – niekompletne szkie-
lety, 1583 g³owy i inne szcz¹tki (Tab. 3). Po przeprowadzeniu
weryfikacji oznaczeñ ok. 9000 okazów nie opisanych w publika-
cjach i uwzglêdnieniu danych publikowanych, dotycz¹cych ok.
4000 okazów, ustalono sk³ad systematyczny kolekcji. Dzia³ Tele-
ostei reprezentuj¹ przedstawiciele 21 rzêdów (plus 1 indet), 55
rodzin (plus 19 indet. i 2 incertae sedis) oraz 73 rodzaje (plus 64
indet.). Na podstawowym poziomie taksonomicznym wyró¿niono
w kolekcji 61 gatunków. Gromadê Chondrichthyes reprezentuj¹
przedstawiciele 3 rodzajów, 3 rodzin, 2 rzêdów i 1 podgromada.

Stan opracowania kolekcji nale¿y uznaæ za niezbyt zadowa-
laj¹cy. Na ok. 12930 okazów Teleostei do poziomu rodzaju
(i w mniejszym stopniu – gatunku) oznaczono ok. 10640 osobni-
ków, do wy¿szych jednostek taksonomicznych – ok. 1600 okazów.
W przypadku ok. 450 okazów nie uda³o siê zidentyfikowaæ ich
przynale¿noœci nawet do rzêdu. Odrêbn¹ grupê stanowi ok. 250
okazów, nie uwzglêdnionych w opracowaniu, z uwagi na w¹tpli-
woœæ oznaczaj¹cego paleontologa, wyra¿on¹ znakiem zapytania
pozostawionym przez prof. A. Jerzmañsk¹ na metryczkach archi-
walnych. Ogó³em mo¿na powiedzieæ, ¿e udzia³ okazów Teleostei
wymagaj¹cych dalszego opracowania, celem uzyskania danych
przynajmniej na poziomie rodzaju, wynosi ok. 18% sk³adu kolek-
cji.

Niezale¿nie od powy¿szego, konieczne bêd¹ dalsze rewizje
wyznaczonych ju¿ taksonów. Wskazuje na to, ujawniona w ostat-
nich latach, obecnoœæ w zbiorze taksonów Anencheleum i Horbat-

shia a tak¿e rezultaty rewizji kilku taksonów kaukaskich, wyró¿-
nionych w kolekcji karpackiej przez A. Jerzmañsk¹. Na podstawie
analizy osteologicznej Prokofiev (2002b) wykaza³, ¿e taksony Vin-

ciguerria obscura i V. talgiensis nale¿¹ do nowokreowanego
rodzaju Eovinciguerria gen. nov., zaœ V. distincta podobnie do no-
wego taksonu Sytchevskia gen. nov.

Uporz¹dkowana i udostêpniona badaczom kolekcja karpacka
przyczyni siê, jak mamy nadziejê, do postêpu prac w zakresie pa-
leoichtiologii kenozoiku.

2. Kolekcja karpacka zosta³a zebrana w 222 odkrywkach
(Tab. 1, Fig. 1, reprezentuj¹cych g³ównie formacjê menilitow¹,
w niewielkiej czêœci formacjê kroœnieñsk¹). W oko³o po³owie
(118) odkrywek iloœæ4. egzemplarzy nie przekracza³a 10; wiêcej
ni¿ 100 egzemplarzy zebrano w 28 odkrywkach. Zdecydowan¹
wiêkszoœæ odkrywek uda³o siê zidentyfikowaæ ponownie w terenie
i sporz¹dziæ brakuj¹ce dokumentacje litologiczne. £¹cznie udoku-
mentowano 1170 m zapisu geologicznego, na minimum 1370 m
opróbowanego paleontologicznie profilu (czêœæ odkrywek uleg³a
destrukcji). W du¿ej iloœci odkrywek uda³o siê zidentyfikowaæ
po³o¿enie eksploatowanych warstewek z faun¹, w pozosta³ych je-
dynie zasiêg opróbowanych fragmentów profilu (Fig. 6). W tych
ostatnich zebrane zespo³y ichtiofauny by³y jednorodne pod
wzglêdem ekologicznym.

3. Zidentyfikowane, opróbowane odkrywki powi¹zano z pro-
filami stratygraficznymi serii menilitowo-kroœnieñskiej (Fig. 3–5).
Te ostatnie zrekonstruowano b¹dŸ dla pojedynczych kompletnych
przekrojów przez wychodniê MKS (serii menilitowo-kroœnieñ-
skiej), b¹dŸ jako profile syntetyczne, z³o¿one z kilku s¹siednich
profili cz¹stkowych. W przypadkach, gdy materia³ paleontolo-
giczny w profilach syntetycznych by³ doœæ sk¹py, konstruowano
na podstawie kilku s¹siednich profili i dodatkowych rozproszo-
nych odkrywek profile zbiorcze, reprezentuj¹ce wiêksze frag-
menty (strefy) badanej powierzchni basenu (Fig. 9).

We wschodniej czêœci Karpat polskich zrekonstruowano 18
profili daj¹cych przekrój przez struktury uszeregowane od wnêtrza
Karpat ku ich brzegowi. Reprezentuj¹ one kolejne jednostki tek-
toniczne: dukielsk¹ – 1, œl¹sk¹ – 3, podœl¹sk¹ – 2, skolsk¹ – 10, bo-
rys³awsko-pokuck¹ – 2 profile. W Karpatach zachodnich zrekon-
struowano 2 profile, zwi¹zane z jednostkami zewnêtrznymi. Ho-
ryzonty przewodnie: wapienie z Tylawy (TL), wapienie z Wuj-
skiego (WZ), wapienie z Jas³a (JL), tuf z horyzontu V, poziom dia-
tomitów z Pi¹tkowej (dP) i inne u³atwi³y korelacje profili i powi¹-
zanie odkrywek z ogniwami litostratygraficznymi (Fig. 3, 4).

Dla potrzeb opracowania uzupe³niono schemat litostratygrafii
MKS, a w oparciu o dane literaturowe przeprowadzono próbê
powi¹zania wyró¿nionych jednostek litostratygraficznych z biozo-
nami nannoplanktonu wapiennego – od NP22 po NN4 (Fig. 2).
Wykluczono przy tym mo¿liwoœæ datowania najwy¿szych warstw
w profilu MKS na wiek m³odszy ni¿ dolny karpat.

W wyniku przeprowadzonej dyskusji zanegowano mo¿liwoœæ
identyfikacji tufu z Radziszowa, datowanego radiometrycznie,
z tufem poz. V (Sikora et al., 1959), dla którego wprowadzono
nazwê tufu z Dobrzanki (Tab. 2).

4. Zrekonstruowano model sedymentacji formacji menili-
towej w basenie wschodniej czêœci Karpat polskich (Fig. 7),
wi¹¿¹c zasypywanie basenu z dzia³alnoœci¹ sto¿ków podmorskich,
dostarczaj¹cych materia³ klastyczny z l¹du pó³nocnego (facja me-
nilitowa) b¹dŸ od strony SE (facja kroœnieñska w ogniwach z £o-
pianki i z Jutnej) (Fig. 8).

Stwierdzono wystêpowanie ryb kopalnych g³ównie w osa-
dach facji E.2.2, E.2.1, G.1.2, niekiedy w osadach facji E.1.2 i
G.2.1 Pickeringa et al. (1986), przewa¿nie (choæ nie tylko) w osa-
dach laminowanych p³asko-równolegle (Fig. 6).
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Rekonstrukcja basenu sedymentacyjnego pozwala na zdefi-
niowanie miejsc pogrzebania poszczególnych ichtiotanatocenoz
i odtworzenie niektórych mechanizmów i dróg transportu poœmier-
tnego cia³ ryb. Ustalono, ¿e zdecydowana wiêkszoœæ eksploato-
wanych tanatocenoz utworzy³a siê na dnach rynny œl¹skiej i rynny
skolskiej oraz na podniesieniu kontynentalnym tej ostatniej, a w
mniejszym stopniu na sk³onie kontynentalnym (jednostka bo-
rys³awsko-pokucka) i obu sk³onach sanockiego wyniesienia pod-
morskiego (jednostka podœl¹ska) (Fig. 7).

5. Zebrany obfity materia³ ichtiofaunistyczny pozwoli³
w pierwszym kroku analizy na zbadanie zakresu zmiennoœci ze-
spo³ów tanatocenoz, zarówno w profilu stratygraficznym, jak i
zmiennoœci lateralnej wewn¹trz okreœlonych poziomów czaso-
wych. W rozwa¿aniach uwzglêdniono tylko te odkrywki, których
pozycja w profilu zosta³a dobrze okreœlona.

Analiza zmiennoœci zespo³ów na najni¿szym mo¿liwym
poziomie, tj. miêdzy s¹siednimi warstewkami pozwoli³a na udoku-
mentowanie w kilkunastu odkrywkach (Tab. 4–10) po³o¿enia
ostrych granic miêdzy ró¿nymi zespo³ami ekologicznymi, b¹dŸ ze-
spo³ami zawieraj¹cymi ró¿ne spektra taksonów w obrêbie wy-
ró¿nionych zespo³ów ekologicznych. Podobne granice zosta³y
wykryte na ca³ym obszarze badañ podczas analizy zmiennoœci ze-
spo³ów ichtiofauny miêdzy odkrywkami w poszczególnych pro-
filach stratygraficznych. Z uwagi na wystêpuj¹ce niekiedy luki
w opróbowaniu pojedynczych profili, konstruowano profile zbior-
cze na podstawie kilku s¹siednich profili syntetycznych (Tab.
11–19).

Ten rodzaj analizy pozwoli³ na wskazanie taksonów ¿yj¹cych
w basenie w ca³ym okresie (ok. 16 mln lat) jego trwania, a tak¿e
tych, które pojawi³y siê w nim b¹dŸ znik³y w ró¿nych momentach
czasowych. Te pojawienia siê i zaniki s¹ przewa¿nie odzwiercie-
dleniem zmian ekologicznych w œrodowisku a tak¿e rezultatem
migracji taksonów wzd³u¿ pó³nocnego basenu Tetydy. Dla tego
typu pierwszych i ostatnich wyst¹pieñ taksonów na badanym
obszarze zastosowano akronimy: FEAD i LEAD. Wykryto tak¿e
wyst¹pienia masowych nagromadzeñ pojedynczych taksonów lub
ich kilkuelementowych zespo³ów, ograniczonych do pojedyn-
czych warstewek lub w¹skich odcinków profilu (Tab. 4, 6). S¹ one
przejawem takich zdarzeñ, jak czasowa gwa³towna rozrodczoœæ
b¹dŸ, co bardziej prawdopodobne, masowa œmiertelnoœæ.

Analiza lateralnej zmiennoœci zespo³ów miêdzy odkrywkami
chronohoryzontu wapieni jasielskich (Tab. 20) lub odkrywkami ci-
enkich ogniw, typu rogowców z Kotowa, czy margli z Dynowa
(Tab. 21) wykaza³a znacznie mniejsz¹ zmiennoœæ, choæ znamienne
s¹ braki w jednych odkrywkach niektórych, zwykle licznie poja-
wiaj¹cych siê taksonów, b¹dŸ skokowe przyrosty iloœci osobników
danych taksonów w innych odkrywkach tego samego poziomu.
Zdaj¹ siê one œwiadczyæ o lokalnej zmiennoœci ichtiocenoz.
W przypadku porównywania zespo³ów pochodz¹cych z odkrywek
grubszego pakietu ³upków menilitowych (Tab. 22), obserwowane
podobne lateralne zmiany sk³adu ryb mog¹ dodatkowo wynikaæ z
porównywania sk³adu ichtiofauny zebranej z warstw ró¿ni¹cych
siê nieco wiekiem. W tych sytuacjach pozorna zmiennoœæ lateralna
by³aby odbiciem zmiennoœci wertykalnej tanatocenoz.

Analiza pionowej i lateralnej zmiennoœci ichtiofauny wyka-
za³a ponadto niezbicie, i¿ obserwowana zmiennoœæ mo¿e w znacz-
nej mierze wynikaæ z ma³ej reprezentatywnoœci opróbowania po-
szczególnych warstewek lub odkrywek. Nakazuje to du¿¹ ostro¿-
noœæ w interpretacji przyczyn zmiennoœci.

6. Wczeœniejsze opracowania oparte o zbiór licz¹cy ok. 4000
egzemplarzy przynios³y podzia³ MKS na 6 zon (Fig. 10) a nastêp-
nie na 7 zon ichtiofaunistycznych (Kotlarczyk & Jerzmañska
1988a). Kolejny krok niniejszej analizy zmiennoœci ichtiofauny
zmierza³ do poszerzenia i uœciœlenia tej zonacji. Przes³ank¹ do tego
by³o zebranie obfitego materia³u w jednostce podœl¹skiej, a tak¿e
w niezbadanych wczeœniej odcinkach profilu MKS, wystêpuj¹-

cych miêdzy zonami ichtiofaunistycznymi w obrêbie górnego ze-
spo³u batypelagicznego (Fig. 14–19).

Efektem tego etapu analizy zmiennoœci by³o uœciœlenie sk³adu
i zmiennoœci zespo³u ryb zony IPM5 (Fig. 11) oraz uzasadnienie
wyodrêbnienia w jednostce podœl¹skiej nowej zony IPM4A (Tab.
23 i Fig. 12), wystêpuj¹cej nad równoczeœnie wyró¿nionym pozio-
mem wapieni laminowanych z Wujskiego, a tak¿e uzasadnienie
wyodrêbnienia nowej zony IPM7 w stropowej czêœci formacji
menilitowej jednostki skolskiej (Fig. 20).

Ponadto wyodrêbniono nowe podzony w obrêbie dolnej
czêœci zony mioceñskiej i dolnej czêœci zony IPM2.

Wykazano tak¿e, i¿ miêdzy zespo³ami zonalymi IPM3, IP-
M4A, IPM4, IPM5 i IPM6 wystêpuj¹ niecharakterystyczne ze-
spo³y mezo-batypelagiczne pozbawione taksonów indeksowych
b¹dŸ reprezentatywnych. Przyk³adem takiego zespo³u jest sk³ad
ryb (Fig. 13), pojawiaj¹cy siê w odkrywkach wystêpuj¹cych
powy¿ej poziomu wapieni jasielskich, typowany wstêpnie w ana-
lizie do wyodrêbnienia nowej zony IPM4B. Zony IPM7 i INM1
rozdziela natomiast miêdzyzona ja³owa (Fig. 20).

7. Jednym z g³ównych celów opracowania by³o ustalenie za-
siêgów czasowych poszczególnych taksonów a tak¿e okreœlenie
pe³nego sk³adu taksonów zonalnych. Dokonano tego w oparciu
o odkrywki zawieraj¹ce taksony reprezentatywne, a tak¿e o odkry-
wki ich pozbawione ale posiadaj¹ce dobrze okreœlon¹ pozycjê
stratygraficzn¹ (odkrywki podstawowe zestawiono na Tab. 24).

Liczebnoœæ poszczególnych zespo³ów zonalnych waha siê od
ok. 450 do ok. 3280 (IPM6) egzemplarzy oznaczonych do po-
ziomu gatunku lub rodzaju. Liczba taksonów jest w wiêkszoœci
zon sta³a, w zasadzie niezale¿na od iloœci egzemplarzy i waha siê
ok. 40, jedynie w zonie IPM6 iloœæ ta wzros³a do 66 a w zonie
IPM7 jest trochê ni¿sza – 29 egz. Iloœæ taksonów reprezentaty-
wnych, ³¹cznie z indeksowymi waha siê od 4 do 11. Wyj¹tek
stanowi zona IPM7, która nie posiada ¿adnego taksonu (poza 1 re-
kinem) wystêpuj¹cego wy³¹cznie w tej zonie. W najmniej udoku-
mentowanej zonie INM1 (150 egz.) iloœæ taksonów jest odpo
wiednio ni¿sza (11), choæ iloœæ taksonów reprezentatywnych
mieœci siê w podanym wy¿ej przedziale dla innych zon. Zmiany
liczebnoœci poszczególnych taksonów w zonach i ich zasiêg,
ilustruj¹ce zmiennoœæ 9 zespo³ów zonalnych, syntetycznie ujêto
w Tab. 25, która ma kluczowe znaczenie dla formu³owania
wniosków ekostratygraficznych.

Jednorazowe pojawienie siê w basenie na krótki przeci¹g
czasu – od kilkuset do miliona kilkuset tysiêcy lat – taksonów
wystêpuj¹cych wy³¹cznie w danej zonie przemawia w wiêkszoœci
przypadków za migracyjnym charakterem tych zespo³ów. Wska-
zuje na to tak¿e wysoka specjalizacja niektórych taksonów (np.
Argyropelecus), która musia³a dokonaæ siê poza basenem kar-
packim – w Indo-Pacyfiku (por. Jerzmañska & Kotlarczyk 1981).
Zanik pewnych taksonów móg³ byæ te¿ zwi¹zany z wymieraniem
(np. Eovinciguerria talgiensis (Dan.) zona 1, Eophycis jamnensis

Jerz. – zona 2) lub radykaln¹ zmian¹ warunków œrodowiska (np.
Scopeloides sp. – zona 1).

8. Analiza nastêpstwa zespo³ów ichtiofauny umo¿liwi³a sko-
rygowanie poprzednio przeprowadzonej zonacji i sformalizowanie
na nowo wszystkich wyró¿nionych zon i subzon ekostratygraficz-
nych (Fig. 20). Zdefiniowano zony IPM4A i IPM7 oraz prze-
prowadzono redefinicje pozosta³ych zon. Trzy zony maj¹ charak-
ter zon zasiêgu taksonu (IPM4, IPM5, IPM6), trzy dalsze – zon
zespo³owych (IPM1, IPM4A, INM1), dwie kolejne – zon wspó³-
wystêpowania (IPM2, IPM3), a jedna (IPM7) – zony niesamoist-
nej lub tzw. zony kolejnych ostatnich pojawieñ.

Zdefiniowano dwie subzony: IPM2 – T.SUB. i INM – L.SUB.,
oraz zredefiniowano subzonê IPM1 – C.SUB.. Z uwagi na brak
danych co do czasowego zasiêgu epiboli Syngnathus incompletus

nie redefiniowano subzony IPM6 – S.SUB.. Dla wszystkich wyró¿-
nionych zon i subzon okreœlono ich stratotypy i stratotypy granic.
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Zebrany materia³ pozwoli³ na wyró¿nienie masowych poja-
wieñ siê taksonu Centriscus jako: pierwsze zdarzenie centris-
kusowe w dolnym rupelu (ok. 32,5 mln lat) i drugie zdarzenie cen-
triskusowe w górnym rupelu (ok. 29,3 mln lat) (Fig. 20).

Celem zbadania zmiennoœci lateralnej zespo³ów ichtiofauny
w obrêbie zaproponowanych 9 ichtiozon utworzono podzespo³y,
z³o¿one z ryb zebranych w odkrywkach podstawowych i uzupe³-
niaj¹cych (Tab. 26), oddzielnie dla ka¿dej z wyró¿nionych 8 stref
powierzchniowych (por. Fig. 9).

Okaza³o siê, ¿e powszechne rozprzestrzenienie maj¹ w ba-
danym obszarze zespo³y zon: IPM1, IPM2 i IPM4 (Tab. 27, Tab.
28, Tab. 30). W jednostce œl¹skiej nie stwierdzono zespo³ów zon:
IPM3, IPM5, IPM6 i IPM7 (Tab. 29, Tab. 31–33), jedynie poje-
dyncze egzemplarze taksonów reprezentuj¹cych górny zespó³
batypelagiczny (£odygowice, Tab. 19). Jest to rezultat niezaistnie-
nia w tej jednostce odpowiednich warunków pogrzebania i zakon-
serwowania trupów rybich. Nieobecnoœæ w jednostce œl¹skiej
i podœl¹skiej ryb zony INM1 (Tab. 34) wynika przede wszystkim
z braku osadów odpowiedniego wieku. Ograniczenie wystêpowa-
nia zespo³u zony IPM4A (Tab. 30) do jednostki podœl¹skiej i œla-
dowo do jednostki borys³awsko-pokuckiej zwi¹zane jest ze specy-
ficznymi warunkami ekologicznymi panuj¹cymi na sk³onach ba-
senu. Nieco mniejszy zasiêg rozprzestrzenienia zon IPM3. i IPM5.
w porównaniu do zon: IPM4., IPM6. i IPM7. w obszarze jednostki
skolskiej zapewne wynika z wykszta³cenia facjalnego osadów tych
zon, niesprzyjaj¹cego zachowaniu ichtiotanatocenoz – utlenione
osady piaskowców i ³upków, a po czêœci z mniej intensywnych
poszukiwañ zespo³ów tych zon.

9. Przeprowadzona analiza paleoekologiczna, przy wykorzy-
staniu informacji o œrodowiskach bytowania ¿yj¹cych do dziœ
taksonów, b¹dŸ form najbli¿szych taksonom wymar³ym, pozwo-
li³a wyró¿niæ w materiale kopalnym kilka grup ekologicznych
ichtiofauny: epipelagiczn¹ (EP), mezopelagiczn¹ (MP), batype-
lagiczn¹ (BP), bentopelagiczn¹ (BEP), demersaln¹ i batydemer-
saln¹ (D + BD), nerytyczn¹ (N) i zwi¹zan¹ ze œrodowiskiem
rafowym (R).

W tym aspekcie zosta³y scharakteryzowane zespo³y 9 wyró¿-
nionych zon (Fig. 21–29). Okaza³o siê, ¿e: 1. we wszystkich tych
zespo³ach du¿y udzia³ maj¹ ryby EP i BEP; 2. ryby z grup MP i BP
wystêpuj¹ licznie jedynie w zonach IPM1, IPM3, IPM4, IPM6
i IPM7; 3. ryby D+BD stanowi¹ istotny procent jedynie w zonach
IPM2 i IPM4A; 4. ryby z grupy N+R w znacz¹cej iloœci wystêpuj¹
jedynie w zonie IPM5.

Uwzglêdniaj¹c udzia³y wszystkich grup ekologicznych w ze-
spo³ach zonalnych mo¿na zaobserwowaæ wyst¹pienie 3 wzorów
sk³adu zon (Fig. 30, 31). Pierwszy wzór pojawia siê w zonach,
w których zdecydowan¹ przewagê maja ryby EP+MP+BP nad ry-
bami BEP+D+BD+N+R (s¹ to zony wym. wy¿ej w pkt. 2). Wzór
drugi charakteryzuje siê odwrotnym stosunkiem udzia³u tych grup
(wystêpuje on w zonach IPM2, IPM4A i IPM5). Wzór trzeci po-
jawia siê tylko w zonie INM1, gdzie bez ma³a wy³¹cznie mamy
ryby EP i BEP z 2,5 krotn¹ przewag¹ pierwszych.

10. Powstanie tak ró¿nych zespo³ów ichtiofauny wynika
przede wszystkim z oddzia³ywania rozmaitych czynników na ich
œrodowisko ekologiczne, tempa ewolucji ryb i migracji nowych
taksonów, a tak¿e jest rezultatem konfiguracji dna basenu.

Zespo³y wzoru pierwszego tworzy³y siê od pocz¹tku do koñca
oligocenu. Sk³ad ichtiofauny wskazuje na doœæ g³êboki basen –
siêgaj¹cy poni¿ej 2000 m. Powszechne rozprzestrzenienie ryb
EP-MP-BP w tanacenozach jest w pe³ni zrozumia³e; stanowi¹ one
element autochtoniczny. Równie szerokie rozprzestrzenienie ryb
BEP, ¿yj¹cych tylko do g³êbokoœci 400–500 m (niekiedy 1000 m)
i ryb D+BD, bytuj¹cych do g³êbokoœci 200 m (niekiedy do 500 m),
a tak¿e ryb ze œrodowiska nerytycznego i rafowego dowodzi inten-
sywnie i szybko dzia³aj¹cego transportu poœmiertnego. Wszystkie
te ryby stanowi¹ element allochtoniczny tanatocenozy.

Powstanie pod koniec sedymentacji osadów w basenie skol-
skim zespo³u wzoru trzeciego, pozbawionego form MP i BP, a ob-
fituj¹cego w taksony toleruj¹ce œrodowisko brakiczne, mo¿na wy-
jaœniæ znacznym sp³yceniem zbiornika w wyniku jego zasypania
przez licz¹c¹ ok. 1 km pryzmê osadów.

Wyjaœnienie przyczyn powstania zespo³ów wzoru drugiego,
wymaga odrêbnego omówienia ka¿dego z 3 przypadków. Obec-
noœæ w zespole IPM4A wszystkich grup ekologicznych, i to w
znacz¹cej iloœci, mo¿na dobrze wyjaœniæ tworzeniem siê tanatoce-
nozy na sk³onie grzbietu podmorskiego, gdzie ¿y³y ryby thalasso-
bentopelagia³u i dok¹d mog³y ³atwo byæ znoszone ryby z tha-
lasso-epibentalu i thalasso-epipelagia³u.

Najwiêksz¹ trudnoœæ stwarza wyjaœnienie powstania zony
IPM2. Poprzednia wersja t³umacz¹ca eliminacjê ryb MP i BP ze
zbiornika obni¿eniem lustra wody w wysychaj¹cym basenie (des-

sication basin), wydaje siê obecnie mniej prawdopodobna od
opcji, w myœl której w N basenie Tetydy (Paratetyda) zaistnia³y
okresowo warunki anaerobowe. Utrzymuj¹ce siê w osadzie, bez
ma³a przez ca³y czas sedymentacji formacji menilitowej, warunki
beztlenowe spowodowane wysok¹ zawartoœci¹ TOC, w omawia-
nym okresie objê³y tak¿e doln¹ czêœæ toni wody po izobatê
500 m.Sytuacja ta umo¿liwi³a prze¿ycie taksonom ¿yj¹cym na
szelfie, a tak¿e zwi¹zanym z krawêdzi¹ szelfu i górna czêœci¹
sk³onu, natomiast wymusi³a eliminacjê ryb g³êbokomorskich. Me-
chanizm roznoszenia taksonów p³ytkowodnych na ca³e dno basenu
by³ zapewne podobny jak w przypadku opisywanych wy¿ej ze-
spo³ów wzoru pierwszego. Na allochtoniczny charakter pow-
sta³ych w IPM2 tanatocenoz zdaje siê wskazywaæ tak¿e mniejsza
iloœæ kopalnych ryb wydobytych z 1m profilu tej zony, w po-
równaniu z iloœci¹ ryb wydobytych z podobnego odcinka profili
zon batypelagicznych, a z drugiej strony wyst¹pienie w œrodku
basenu warstewki przepe³nionej osobnikami gatunków p³ytko-
wodnych (zdarzenie trachinusowe). Zaistnienie w toni basenu
strefy minimum tlenowego mo¿na wi¹zaæ z gwa³townym zmniej-
szeniem dop³ywu wód utlenionych z oceanu przez rów Renu i ko-
rytarz s³oweñski (Rögl, 1999), na co z kolei mog³o wp³yn¹æ ob-
ni¿enie poziomu morza o ok. 25–30 m datowane na ok. 31,5 mln
lat BP.

Najwiêksze w paleogenie, ok. 28,5 mln lat BP, obni¿enie
poziomu morza szacowane na 175 m (Fig. 33) jest odpowiedzialne
natomiast za uformowanie siê zony zespo³u IPM5. Zepchniête
wówczas w pobli¿e krawêdzi szelfu zespo³y ryb N i R (tak¿e D),
mog³y ³atwo zasilaæ tanatocenozy, tworz¹ce siê na sk³onie i pod-
niesieniu kontynentalnym. Dziêki temu zespo³y autochtoniczne
obfituj¹ce w bentopelagiczne taksony g³êbokowodne (Alepoce-
phalidae) zosta³y uzupe³nione o obfit¹ komponentê, typow¹ dla
œrodowisk p³ytkowodnych (Tab. 32). Obserwowanemu wzbogace-
niu tanatocenozy w taksony bentopelagiczne (m.in. Lepidopus,
Carpathichthys, Zeus) towarzyszy gwa³towny spadek udzia³u ryb
mezo- i batypelagicznych (Eomyctophum, Idrissia, Vinciguerria)
(Fig. 30, 32). Móg³ on byæ spowodowany utworzeniem siê strefy
minimum tlenowego w górnej czêœci mezobatia³u. Z drugiej strony
obecnoœæ bardzo g³êbokowodnych Alepocephalidae wskazuje na
dobre po³¹czenie karpackiego basenu Tetydy z otwartym oceanem
(typu g³êbokiej cieœniny Gibraltaru), które nie zosta³o przerwane
podczas najwiêkszego w paleogenie obni¿enia poziomu morza.

Syntezê powi¹zania zaproponowanej zonacji ichtiofaunisty-
cznej z lito-, bio- i chronostratygrafi¹ serii menilitowo-kroœnieñ-
skiej, a tak¿e z przebiegiem krzywej eustatycznej (dostosowanej
do geochronologii i chronostratygrafii Berggrena et al., 1995)
przedstawiono na Fig. 33.
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Tables
4–23, 25, 27–34



Assemblages derived from those levels which are marked by letters devoid of numbers were collected from the entire lithological complex 
labelled by this letter, without taking into account individual layers. Tables 4 through 10 bear a unified scale of taxa frequency classes. Ranks 
of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100;  6 = 101-200; 7 = 
201-400; 8 = 401-800
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Table 4

 Variability of ichthyofaunal assemblages among stratigraphically arranged fish levels at exposure Jamna Dolna (J)



Assemblages derived from those levels which are marked by letters devoid of numbers were collected from the 
entire lithological complex labelled by this letter, without taking into account individual layers. Ranks of taxa 
frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100;  
6 = 101-200; 7 = 201-400; 8 = 401-800
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Table 5

Variability of ichthyofaunal assemblages among stratigraphically arranged fish levels at exposure
Krêpak IV

The KIV level assemblage is derived from unidentified layers situated close to layer 5



Assemblages derived from those levels which are marked by letters devoid of numbers were collected from the entire lithological complex labelled by this letter, without taking into account 
individual layers. Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100;  6 = 101-200; 7 = 201-400; 8 = 401-800
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Variability of ichthyofaunal assemblages among stratigraphically arranged fish levels at exposure Przysietnica 6 + 5 (PS , PS )6 5
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Assemblages derived from those levels which are marked by letters devoid of numbers were collected from the 
entire lithological complex labelled by this letter, without taking into account individual layers. Ranks of taxa 
frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100;  
6 = 101-200; 7 = 201-400; 8 = 401-800
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Table 7
Variability of ichthyofaunal assemblages among stratigraphically arranged fish levels
at exposures Krêpak I, I , and III (KI, KI , KIII)1+1a 1+1a
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Assemblages derived from those levels which are marked by letters devoid of numbers were collected from the entire 
lithological complex labelled by this letter, without taking into account individual layers. Ranks of taxa frequency 
refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100;  6 = 101-
200; 7 = 201-400; 8 = 401-800

Table 8

Variability of ichthyofaunal assemblages among stratigraphically arranged fish levels at exposure Bachów 3 (BH )3
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Assemblages derived from those levels which are marked by letters devoid of numbers were collected from the entire lithological complex labelled by this 
letter, without taking into account individual layers. Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-
20; 4 = 21-50; 5 = 51-100;  6 = 101-200; 7 = 201-400; 8 = 401-800

Table 9

Variability of ichthyofaunal assemblages among stratigraphically arranged fish levels at exposures Krêpak II (KII , KII , KII , KII , KII , KII)b e 1 2 3
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Assemblages derived from those levels which are marked by letters devoid of numbers were collected from the entire lithological 
complex labelled by this letter, without taking into account individual layers. Ranks of taxa frequency refer to the following numbers of 
specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100;  6 = 101-200; 7 = 201-400; 8 = 401-800

Table 10

Variability of ichthyofaunal assemblages among stratigraphically arranged fish levels at exposure Bachów 1 (BH )1

C
lu

p
e

a
 s

p
.

E
o

m
y
c
to

p
h

u
m

 s
p

.

M
e

rl
u

c
ci

u
s 

s
p

.

Id
ri
ss

ia
 s

p
.

E
ch

e
n

e
is

 c
a

rp
a

th
ic

a

H
e

m
it
h

yr
si

te
s
 s

p
.

P
in

ic
h

th
ys

 s
p

.

S
co

m
b

e
r 

vo
ite

st
ii

P
a

la
e

o
g

a
d

u
s
 d

is
tin

ct
u

s
 n

.s
p

.

A
rg

y
ro

p
e

le
cu

s
 c

o
s
m

o
v
ic

ii

A
rg

y
ro

p
e

le
cu

s
 s

p
.

L
e

p
id

o
p

u
s 

s
p

.

L
e

p
id

o
p

u
s 

is
o

p
le

u
ru

s

P
a

ra
b

e
ry

x 
g

e
n

. 
n

o
v.

P
a

ra
b

e
ry

x 
b

a
ch

o
v
ie

n
si

s
 s

p
.n

.

S
yn

g
n

a
th

u
s 

in
c
o

m
p

le
tu

s

C
a

ra
n

x 
p

e
tr

o
d

a
va

e

V
in

ci
g

u
e

rr
ia

 s
p

.

A
fr

ic
e

n
tr

u
m

 s
p

.

H
o

lo
ce

n
tr

o
id

e
s
 m

o
ld

a
v
ic

u
s

A
lo

s
a

 c
f.
 s

a
g

o
re

n
s
is

A
lo

s
a

 s
p

.

T
h

yr
si

to
id

e
s 

s
p

.

S
yn

g
n

a
th

u
s 

s
p

.

B
a

th
yl

a
g

id
a

e
 (

ty
p

u
s-

“M
e

la
n

ia
”)

S
co

m
b

ro
id

e
i

T
ri
ch

iu
ro

id
e

i

G
e

n
u

s 
in

d
e

t.

N
u

m
b

e
r 

o
f 
in

d
iv

id
u

a
ls

B
e

ry
c
ifo

rm
e

s

P
e

rc
ifo

rm
e

s
 (

ty
p

u
s-

“à
 la

, 
à

 la
”)

P
e

rc
ifo

rm
e

s

P
le

u
ro

n
e

ct
ifo

rm
e

s

S
yn

g
n

a
tif

o
rm

e
s

G
a

d
if
o

rm
e

s

G
e

m
p

y
lid

a
e

G
o

n
o

st
o

m
a

tid
a

e

A
u

lo
rh

y
n

c
h

id
a

e

B
e

ry
c
id

a
e

S
co

m
b

ri
d

a
e

A
m

m
o

d
yt

e
s 

sp
.

1

1a

2g

2

2a

3

3a

4

508

12

109

444

92

63

18

27

S =1273

L
e

v
e

l

3 4 5 6 72 80 1



Table 11

Variability of ichthyofaunal assemblages among stratigraphically arranged exposures in the composite section of the stratotype Zone III: Krêpak  Brzuska

KI3 KIG BR43 BR34 BR11
KIV (1-3) KIV(4-5) KI KI(1+1a) KIII HB6 BH3 BR10 BR1,2BH1 BR5 BR4

KIIb

KIIe

KII1 KII3 KII2

Clupea sardinites

Clupea sp.

Eomyctophum limicola

Eomyctophum sp.

Lepidopus glarisianus

Lepidopus sp.

Scopeloides glarisianus

Scopeloides sp.

Vinciguerria distincta

Vinciguerria sp.

Properca sp.

Glossanodon sp.

Glossanodon musceli

Palaeogadus sp.

Palaeorhynchus sp.

Serranus sp.

Bathyprion sp.

Bregmaceros filamentosus

Hemithyrsites rumanus

Hemithyrsites sp.

Idrissia sp.

Kotlarczykia bathybia

Polyipnus brevis

Polyipnus cf. anteasteroides

Scorpaenoides sp.

Solenorhynchus sp.

Thyrsitoides sp.

Zenopsis sp.

Polyipnus cf. sobnioviensis

Zeus faber

Holocentroides moldavicus

Africentrum sp.

Alosa cf. sagorensis

Alosa sp.

Apostasis sp.

Cetorhinus sp.

Echeneis carpathica

Eomyctophum cf. koraense

Holocentroides sp.

Merluccius sp.

Palaeomolva monstrata

Priacanthus sp.

Scomber voitestii

Syngnathus incompletus

Syngnathus sp.

Carpathichthys polonicus

Carpathichthys sp.

Pinichthys sp.

Sarda sp.

Acanthocybium sp.

Argyropelecus sp.

Caranx petrodavae

Centriscus sp.

Nessorhamphus sp.

Palaeogadus distinctus n.sp.

Polyipnus sp.

Sphyraena sp.

Syngnathus sp. (typus A)

Ammodytes sp.

Argyropelecus cosmovicii

Lepidopus isopleurus

Paraberyx bachoviensis n.sp.

Paraberyx gen. nov.

Archaeus sp.

Antigonia sp.

Capros medianus

Glyptophidium sp.

Onobrosmius sp.

Palaeogadus carpathicus n.sp.

Palaeogadus intergerinus

Palaeomolva sp.

Parasteindachneria oligocaenica n.sp.

Propercarina sp.

Vinciguerria merklini

Caranx sp.

Eomyctophum menneri

Bathylagidae (typus-“Melania”)

Antennariidae

Apogonidae

Fistulariidae

Gempylidae

Gonostomatidae

Myctophidae (typus-“Giant II”)

Scombridae

Sternoptychidae

Carangidae

Myctophidae

Nessoramphidae

Sternoptychidae (typus-“xz”)

Ceratiidae

Alepocephalidae

Clupeidae

Echeneidae

Moridae

Syngnathidae

Triacanthodidae

Trichiuridae

Zeidae

Aulorhynchidae

Berycidae

Ostraciidae

Brotulidae

Beryciformes

Gadiformes

Perciformes (typus-“à la, à la”)

Salmoniformes ? (typus-“xx”)

Anguilliformes

Pleuronectiformes

Syngnathiformes

Perciformes

Ophidiiformes

KII

Zeus sp.

Scombroidei

Stromateoidei ? (typus- “Giant III”)

Percoidei

Stromateoidei

Trichiuroidei

Genus indet.

Taxon Exposure

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 



Table 12

Variability of ichthyofaunal assemblages among stratigraphically arranged exposures in the composite section of Zone IV: B³a¿owa - Borek Nowy

Clupea sardinites

Clupea sp.

Eomyctophum limicola

Eomyctophum sp.

Lepidopus sp.

Leiognathus cf. minutus

Leiognathus sp.

Scopeloides glarisianus

Scopeloides sp.

Vinciguerria distincta

Vinciguerria talgiensis

Vinciguerria sp.

Propteridium sp.

Glossanodon sp.

Palaeogadus sp.

Palimphyes sp.

Palaeorhynchus sp.

Serranus sp.

Serranus budensis

Hemithyrsites sp.

Idrissia sp.

Idrissia carpathica

Scorpaenoides sp.

Barbus sp.

Thyrsitoides sp.

Gobius sp.

Holosteus sp.

Polyipnus sobnioviensis

Holocentroides moldavicus

Africentrum sp.

Alopecias sp.

Alosa sp.

Apostasis sp.

Cetorhinus sp.

Echeneis carpathica

Eomyctophum cf. koraense

Merluccius sp.

Merluccius hartensis n.sp.

Merluccius errans

Palaeomolva monstrata

Syngnathus incompletus

Syngnathus sp.

Zeus sp.

Sarda sp.

Acanthocybium sp.

Argyropelecus sp.

Caranx gracilis

Centriscus heinrichi

Centriscus teleajensis

Palaeogadus distinctus n.sp.

Polyipnus sp.

Priacanthus longispinus

Ammodytes sp.

Argyropelecus cosmovicii

Lepidopus isopleurus

Antigonia sp.

Capros medianus

Capros sp.

Psenicubiceps sp.

Parahollardia ? sp.

Palaeogadus intergerinus

Palaeomolva sp.

Prohollardia avita

Protomyctophum sp.

Propercarina sp.

Caranx sp.

Eomyctophum menneri

Bathylagidae (typus-“Melania”)

Bathylagidae

Gonostomatidae

Antennariidae

Balistidae

Gadidae

Gempylidae

Myctophidae (typus-“Giant II”)

Scombridae

Myctophidae

Sternoptychidae (typus-“xz”)

Ceratiidae

Alepocephalidae

Clupeidae

Paralepididae

Argentinidae

Thunninae

Serranidae

Trachichthyidae

Trichiuridae

Zeidae

Brotulidae

Beryciformes

Gadiformes

Perciformes (typus-“à la, à la”)

Salmoniformes ? (typus-“xx”)

Anguilliformes

Pleuronectiformes

Stomiiformes

Perciformes

Tetraodontiformes

Ophidiiformes

Scombroidei

Percoidei

Stromateoidei

Genus indet.

KK1 P1,2,3,6 C LA
BW
HK2

S1,2
U, F,
££2

S ,3

S1b

P4

HE
HK1

BN3-5

BE1

Bm ££1
BN7

BG
B1 Bc Ba B4 BE2 KK2

B2,3,5,6

Bk

KD B15 HTTaxon Exposure

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 



3 4 5 6 7 8 920 1

Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 
9 = >800 

Table 13
Variability of ichthyofaunal assemblages among stratigraphically arranged exposures in the composite section of Zone V:
Leszczawa - H³udno. 

Clupea sardinites

Clupea sp.

Eomyctophum limicola

Eomyctophum sp.

Lepidopus glarisianus

Lepidopus sp.

Scopeloides sp.

Vinciguerria distincta

Vinciguerria merklinii

Vinciguerria talgiensis

Capros radobojanus

Eophycis jamnensis

Eophycis sp.

Vinciguerria obscura

Vinciguerria sp.

Glossanodon sp.

Glossanodon musceli

Palimphyes sp.

Palaeorhynchus sp.

Serranus sp.

Trachinus minutus

Serranus budensis

Hemithyrsites sp.

Idrissia sp.

Kotlarczykia bathybia

Polyipnus brevis

Zenopsis clarus

Scorpaenoides sp.

Thyrsitoides sp.

Fistularia sp.

Hemiramphus jerzyi

Holosteus sp.

Properca sp.

Sarda sp.

Pomolobus sp.

Ammodytes antipai

Polyipnus sobnioviensis

Holocentroides moldavicus

Africentrum sp.

Alosa sp.

Mugil sp.

Cetorhinus sp.

Echeneis carpathica

Eomyctophum cf. koraense

Merluccius sp.

Merluccius errans

Caranx gracilis

Priacanthus sp.

Syngnathus sp.

Argyropelecus sp.

Centriscus heinrichi

Centriscus sp.

Centriscus longispinus

Palaeogadus distinctus n.sp.

Palaeogadus simionescui

Palaeogadus sp.

Syngnathus sp.  (typus A)

Lepidopus isopleurus

Glyptophidium sp.

Notidanus sp.

Palaeogadus intergerinus

Parasteindachneria oligocaenica n. sp.

Caranx sp.

Bathylagidae

Bathylagidae (typus-“Melania”)

Apogonidae

Gadidae

Gempylidae

Gonostomatidae

Myctophidae (typus-“Giant-II”)

Scombridae

Sternoptychidae (typus-“xz”)

Clupeidae

Gadiformes

Perciformes (typus-“à la, à la”)

Salmoniformes ? (typus-“xx”)

Anguilliformes

Beryciformes

Pleuronectiformes

Stomiiformes

Perciformes

Percoidei

Genus indet.

Aulorhynchidae

KTB,C,D

KC ,2

M ,1

PT,
M2bp

H132

H6
L M2up RB1,2,3

H ,3

H ,4

H ,5

HDS

L1

KC1

H119

H ,7

H ,1

H2

HD3

HD ,1

HD2

HDK1 £H1, 2 HP ZHTaxon Exposure

Indices bp or up which accompany exposure acronyms mark either the lower or upper part of bed sequence of this exposure



3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 
4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 

Table 14
Variability of ichthyofaunal assemblages among stratigraphically arranged
exposures in the composite section of Zone VI: Temeszów - Mrzyg³ód

KS1O2 T1

T2

MR2

MR3

D1

MR4

KS3

T3

SE1-3

Clupea sardinites

Clupea sp.

Cetorhinus sp.

Eomyctophum sp.

Lepidopus sp.

Scopeloides sp.

Vinciguerria sp.

Glossanodon sp.

Properca sp.

Glossanodon musceli

Eomyctophum cf. koraense

Palaeogadus simionescui

Pinichthys sp.

Sarda sp.

Palaeogadus sp.

Palaeorhynchus sp.

Serranus budensis

Caranx petrodavae

Serranus sp.

Idrissia sp.

Merluccius sp.

Polyipnus cf. sobnioviensis

Polyipnus sobnioviensis

Holocentroides moldavicus

Argyropelecus sp.

Africentrum sp.

Alosa sp.

Syngnathus incompletus

Syngnathus sp.

Carpathichthys polonicus

Bathylagidae (typus “Melania”)

Gempylidae

Gadidae

Gonostomatidae

Sternoptychidae

Myctophidae

Sternoptychidae (typus “xz“)

Clupeidae

Argentinidae

Gadiformes

Perciformes (typus “à la, à la”)

Perciformes

Salmoniformes ?(typus “-xx”)

Pleuronectiformes

Stomiiformes

Percoidei

Genus indet.

DG
MR1

+T4
Taxon Exposure



Table 15
Variability of ichthyofaunal assemblages among stratigraphically arranged
exposures in the composite section of Zone II: Babice - Wola Wêgierska.
For other explanations see Table 13 

Clupea sardinites

Clupea sp.

Eomyctophum limicola

Eomyctophum sp.

Lepidopus glarisianus

Lepidopus isopleurus

Merluccius sp.

Lepidopus sp.

Scopeloides glarisianus

Scopeloides sp.

Vinciguerria distincta

Vinciguerria obscura

Vinciguerria sp.

Diaphus sp.

Glossanodon sp.

Palaeogadus sp.

Palaeomolva sp.

Palaeorhynchus sp.

Palimphyes sp.

Serranus budensis

Serranus sp.

Trachinus ? sp.

Hemithyrsites sp.

Idrissia sp.

Scorpaenoides sp.

Scorpaenoides popovicii

Thyrsitoides sp.

Holocentroides moldavicus

Alosa sp.

Centriscus longispinus

Centriscus sp.

Glyptophidium sp.

Eomyctophum cf. koraense

Eomyctophum menneri

Scomber voitestii

Serranus budensis

Syngnathus sp.

Argyropelecus sp.

Argyropelecus cosmovicii

Centriscus heinrichi

Centriscus heinrichi

Centriscus teleajensis

Palaeogadus distinctus n.sp.

Palaeogadus intergerinus

Palaeogadus simionescui

Polyipnus sp.

Syngnathus sp. (typus A)

Syngnathus incompletus

Capros radobojanus

Capros sp.

Eophycis sp.

Parasteindachneria oligocaenica n.sp.

Properca sabbai

Bathylagidae (typus “Melania”)

Gempylidae

Gonostomatidae

Myctophidae (typus “Giant-II”)

Scombridae

Sternoptychidae

Bathylagidae

Gadidae

Myctophidae

Clupeidae

Trichiuridae

Tetraodontiformes

Clupeiformes

Beryciformes

Gadiformes

Salmoniformes ? (typus “xx”)

Anguilliformes

Pleuronectiformes

Syngnathiformes

Genus indet.

Perciformes

WEbp WEupSK
BZ
BP1

SR BP2 PBTaxon Exposure

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens:
0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 



Table 16
Variability of ichthyofaunal assemblages among stratigraphically arranged exposures
in the composite section of Zone I: Jamna Dolna - £odzinka - Knia¿yce - Dubnik

Eomyctophum sp.

Scopeloides glarisianus

Scopeloides sp.

Vinciguerria distincta

Eophycis jamnensis

Eophycis sp.

Vinciguerria obscura

Vinciguerria sp.

Glossanodon sp.

Hipposyngnathus neriticus

Glossanodon musceli

Serranus sp.

Trachinus minutus

Trachinus sp.

Serranus budensis

Idrissia sp.

Zenopsis clarus

Thyrsitoides sp.

Zenopsis sp.

Forcipiger sp.

Holosteus sp.

Holocentroides moldavicus

Alosa sp.

Cetorhinus sp.

Eomyctophum cf. koraense

Holocentroides sp.

Oligolactoria bubiki

Scomber voitestii

Syngnathus incompletus

Syngnathus sp.

Palaeogadus abbreviatus

Palaeogadus simionescui

Propercarina sp.

Eomyctophum menneri

Bathylagidae

Gempylidae

Gonostomatidae

Myctophidae (typus-“Giant-II”)

Scombridae

Scorpaenidae

Sternoptychidae (typus “xz”)

Clupeidae

Beryciformes

Pleuronectiformes

Perciformes

Scombroidei

Genus indet.

JA-C JD-G DU4 DU3 DU2 DU1KN4 KN1£2 £3£1,1A

Clupea sardinites

Clupea sp.

Eomyctophum limicola

Lepidopus glarisianus

Lepidopus sp.

Capros radobojanus

Palimphyes sp.

Palimphyes lanceolata

Palaeorhynchus sp.

Ammodytes antipai

Caranx petrodavae

Centriscus sp.

Centriscus heinrichi

Centriscus heinrichi

Centriscus longispinus

Centriscus teleajensis

Taxon Exposure

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens:
0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 



Table 17
Variability of ichthyofaunal assemblages among stratigraphically arranged
exposures in the Przysietnica synthetic section, Zone VII

Clupea sp.

Eomyctophum sp.

Lepidopus sp.

Capros radobojanus

Vinciguerria sp.

Properca sp.

Palaeogadus sp.

Palaeorhynchus sp.

Serranus sp.

Bregmaceros filamentosus

Bregmaceros sp.

Hemithyrsites sp.

Idrissia sp.

Kotlarczykia bathybia

Kotlarczykia sp.

Polyipnus brevis

Polyipnus cf. anteasteroides

Scorpaena sp.

Thyrsitoides sp.

Zenopsis sp.

Fistularia sp.

Forcipiger sp.

Holosteus sp.

Oligobalistes sp.

Polyipnus cf. sobnioviensis

Zeus faber

Africentrum sp.

Alosa sp.

Apostasis sp.

Echeneis carpathica

Eomyctophum cf. koraense

Holocentroides sp.

Merluccius sp.

Priacanthus sp.

Scomber voitestii

Scorpaenoides sp.

Syngnathus incompletus

Syngnathus sp.

Zeus sp.

Carpathichthys polonicus

Argyropelecus sp.

Centriscus sp.

Centriscus nov. sp.

Palaeogadus distinctus n.sp.

Polyipnus sp.

Syngnathus sp. (typus B)

Syngnathus sp. (typus A)

Antigonia sp.

Capros sp.

Caprovesposus sp.

Carpathospinosus propheticus

Carpathospinosus sp.

Glyptophidium sp.

Onobrosmius sp.

Psenicubiceps sp.

Parahollardia ? sp.

Palaeomolva sp.

Parasteindachneria oligocaenica n.sp.

Propercarina sp.

Eomyctophum menneri

Bathylagidae (typus “Melania”)

Antennariidae

Thunninae

Apogonidae

Balistidae

Gempylidae

Gonostomatidae

Myctophidae (typus “Giant-II”)

Scombridae

Sternoptychidae

Myctophidae

Sternoptychidae (typus “xz”)

Alepocephalidae

Clupeidae

Nomeidae

Paralepididae

Triacanthodidae

Trichiuridae

Zeidae

Psettodidae

Aulorhynchidae

Aulostomidae

Caproidae

Beryciformes

Gadiformes

Perciformes (typus-“à la, à la”)

Salmoniformes

Anguilliformes

Pleuronectiformes

Stomiiformes

Syngnathiformes

Perciformes

Tetraodontiformes

Zeiformes

Scombroidei

Percoidei

Stromateoidei

Genus indet.

Genus indet.-typus A

Genus indet.-typus P

Elasmobranchii

PS7 PS3+2 PS0 PS1 PS10 PS8PS6+5Taxon Exposure

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens:
0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 



Table 18

Variability of ichthyofaunal assemblages among stratigraphically arranged exposures in the composite section of Zone VIII:
Rudawka Rymanowska, Równe, Wis³ok W, Winnica. The second to last column shows a composite fish assemblage of the
first four columns; whereas the last column portrays the assemblage of the remaining outcrops, except for SO

Clupea sardinites

Clupea sp.

Eomyctophum sp.

Equula ? sp.

Lepidopus glarisianus

Leiognathus sp.

Lepidopus sp.

Scopeloides sp.

Capros radobojanus

Eophycis jamnesis

Eophycis sp.

Properca sabbai

Glossanodon sp.

Glossanodon musceli

Palaeogadus sp.

Palimphyes sp.

Palaeorhynchus sp.

Serranus sp.

Trachinus ? sp.

Serranus budensis

Hemithyrsites sp.

Idrissia sp.

Idrissia carpathica

Polyipnus cf. anteasteroides

Fistularia sp.

Hemiramphus jerzyi

Holosteus sp.

Holosteus mariae

Ammodytes antipai

Polyipnus sobnioviensis

Polyipnus cf. sobnioviensis

Africentrum sp.

Alosa sp.

Cetorhinus sp.

Eomyctophum cf. koraense

Merluccius sp.

Priacanthus sp.

Scomber voitestii

Syngnathus incompletus

Sarda sp.

Caranx petrodavae

Palaeogadus simionescui

Polyipnus sp.

Propercarina sp.

Eomyctophum menneri

Bathylagidae

Gadidae

Gempylidae

Myctophidae (typus-“Giant II”)

Scombridae

Gadiformes

Perciformes (typus-“à la, à la”)

Perciformes

Scorpaenoiformes

Scombroidei

Genus indet.

Percoidei

RR4

RR4a

RR4b

RO2 RO1 R1,4BO KRo

RR1-3

RR03
KL BB WW KR W SO

IPM1
S1

IPM2
S2

Taxon
Exposure

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100; 6 = 101-200; 7 = 201-400;
8 = 401-800; 9 = >800 



3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20;
4 = 21-50; 5 = 51-100; 6 = 101-200; 7 = 201-400; 8 = 401-800; 9 = >800 

Table 19

Variability of ichthyofaunal assemblages among
stratigraphically arranged exposures in the
composite section of Zone IX: Chocznia - Krakowica -
£odygowice; assemblages known from literature only
are marked by asterisks

Clupea sardinites

Lepidopus glarisianus

Lepidopus sp.

Glossanodon musceli

Palaeorhynchus sp.

Serranus sp.

Alosa sp.

Holocentroides moldavicus

Centriscus heinrichi

Merluccius macroactus

Sternoptychidae (typus-“xz“)

KW* CH KW
Wola
R.*

£WTaxon
Exposure



3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20;
4 = 21-50; 5 = 51-100; 6 = 101-200; 7 = 201-400; 8 = 401-800; 9 = >800 

Table 20

Ichthyofaunal assemblages in exposures (or their groups) of the Jas³o Limestone Chronohorizon

SO
PS2,3

PSII

H119££1 T4 KI KN1 DU3 BN7 KC1 BK1MR1

Clupea sardinites

Clupea sp.

Eomyctophum sp.

Lepidopus sp.

Equula? sp.

Vinciguerria obscura

Vinciguerria sp.

Hemithyrsites sp.

Idrissia sp.

Idrissia carpathica

Polyipnus cf. anteasteroides

Holosteus sp.

Oligolactoria bubiki

Polyipnus sobnioviensis

Polyipnus cf. sobnioviensis

Zeus faber

Alopecias sp.

Number of individuals

Africentrum sp.

Eomyctophum cf. koraense

Holocentroides sp.

Holocentroides moldavicus

Merluccius sp.

Priacanthus longispinus

Priacanthus sp.

Sarda sp.

Polyipnus sp.

Palaeogadus sp.

Vinciguerria merklini

Eomyctophum menneri

342 70 132 13 10 5 2 12 4 1 1 1

Taxon Exposure

S = 593



3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens
 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100; 6 = 101-200; 7 = 201-400; 8 = 401-800; 9 = >800 

Table 21

Ichthyofaunal assemblages in exposures (or their groups) of the Kotów and Dynów members

WESKLA BO
U, F,
££2

PTJA-CKI3P1-3,6KTB-DRR4 H6

S1

S2

BW
HK2

O2

DYNÓW MARL MEMBERKOTÓW CHERT MEMBER

Clupea sardinites

Diaphus sp.

Clupea sp.

Eomyctophum limicola

Eomyctophum sp.

Lepidopus glarisianus

Lepidopus sp.

Scopeloides glarisianus

Scopeloides sp.

Vinciguerria sp.

Vinciguerria distincta

Vinciguerria talgiensis

Capros radobojanus

Vinciguerria obscura

Glossanodon sp.

Palaeogadus sp.

Palimphyes sp.

Palimphyes lanceolata

Palaeorhynchus sp.

Serranus sp.

Zenopsis clarus

Scorpaenoides popovicii

Scorpaenoides sp.

Thyrsitoides sp.

Zenopsis sp.

Ammodytes antipai

Barbus sp.

Alosa sp.

Cetorhinus sp.

Scomber voitestii

Syngnathus sp.

Caranx petrodavae

Centriscus sp.

Centriscus heinrichi

Centriscus teleajensis

Centriscus longispinus

Polyipnus sp.

Number of individuals 13 7 17 93 18 40 258 202 143 7 72 26 13 167 39

ExposureTaxon
bp



3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens
 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100; 6 = 101-200; 7 = 201-400; 8 = 401-800; 9 = >800 

CH WW KL BB W ŒR WEupL JD-GDGRO1 R1,4RR1-3 P4T1 M2
H3-5

HDS

S3

S1b

HE
HK1

D1

BN3-5

BE1

RB1-3

BZ
BP1

Clupea sardinites

Clupea sp.

Lepidopus glarisianus

Leiognathus sp.

Lepidopus sp.

Capros radobojanus

Eophycis jamnensis

Eophycis sp.

Properca sabbai

Properca sp.

Glossanodon sp.

Glossanodon musceli

Palaeogadus sp.

Palimphyes sp.

Palaeorhynchus sp.

Serranus sp.

Trachinus minutus

Number of individuals

Trachinus sp.

Serranus budensis

Hipposyngnathus neriticus

Fistularia sp.

Hemiramphus jerzyi

Holosteus mariae

Holosteus sp.

Pomolobus sp.

Ammodytes antipai

Alosa sp.

Merluccius sp.

Scomber voitestii

Syngnathus incompletus

Syngnathus sp.

Pinichthys sp.

Sarda sp.

Caranx petrodavae

Palaeogadus simionescui

Ammodytes sp.

Capros sp.

Palaeogadus abbreviatus

Palaeomolva sp.

Propercarina sp.

Caranx sp.

30 30 95 16 521 116 10 137 23 84 145 23 28 24 128 11 73 41 77 644 9 10 98

Taxon Exposure

? ?

Table 22

Ichthyofaunal assemblages in exposures of the upper part of the Menilite Formation (above the Dynów Mbr) of inner tectonic units of the study area
(columns: CH - W) and within the combined Rudawka, Futoma, and Borek Nowy members of the Skole Unit 



Table 23

Ichthyofaunal assemblages in exposures of the Jas³o Limestone Chronohorizon, as well as the underlying (IPM 4A Zone) and overlying (IPM 4B Zone) strata

4
4+4B

4B 4A
4A

SO ££1 MR1 T4 H119
PS2
PS3

KN1 KC BN7 BG BK1DU3 KI
KI1
KI1a

PS6
PS5

WZ6 KN4

Holocentroides moldavicus

Africentrum sp.

Alopecias sp.

Alosa cf. sagorensis

Alosa sp.

Apostasis sp.

Cetorhinus sp.

Clupea sardinites

Clupea sp.

Echeneis carpathica

Eomyctophum cf. koraense

Eomyctophum menneri

Eomyctophum sp.

Equula ? sp.

Hemithyrsites sp.

Holocentroides sp.

Holosteus sp.

Idrissia carpathica

Idrissia sp.

Lepidopus sp.

Merluccius sp.

Oligolactoria bubiki

Palaeogadus sp.

Palaeomolva monstrata

Palaeorhynchus sp.

Polyipnus cf. anteasteroides

Polyipnus cf. sobnioviensis

Polyipnus sobnioviensis

Polyipnus sp.

Priacanthus longispinus

Priacanthus sp.

Sarda sp.

Scomber voitestii

Scorpaenoides sp.

Serranus sp.

Syngnathus incompletus

Syngnathus sp.

Thyrsitoides sp.

Vinciguerria merklini

Vinciguerria obscura

Vinciguerria sp.

Zeus faber

Zeus sp.

Antigonia sp.

Bregmaceros filamentosus

Bregmaceros sp.

Capros radobojanus

Capros sp.

Caprovesposus sp.

Carpathospinosus propheticus

Carpathospinosus sp.

Centriscus nov. sp.

Centriscus sp.

Fistularia sp.

Forcipiger sp.

Oligobalistes sp.

Onobrosmius sp.

Parahollardia ? sp.

Psenicubiceps sp.

Scorpaena sp.

Syngnathus sp. (typus A)

Zenopsis sp.

Bathylagidae (typus-“Melania”)

Carangidae

Clupeidae

Gempylidae

Gonostomatidae

Myctophidae

Nessoramphidae

Psettodidae

Scombridae

Sternoptychidae

Sternoptychidae (typus-“xz”)

Antennariidae

Apogonidae

Balistidae

Myctophidae (typus “Giant II”)

Paralepididae

Nomeidae

Triacanthodidae

Trichiuridae

Zeidae

Aulorhynchidae

Caproidae

Aulostomidae

Beryciformes

Gadiformes

Lamniformes

Perciformes (typus-“à la, à la”)

Salmoniformes ? (typus-“xx”)

Salmoniformes

Anguilliformes

Pleuronectiformes

Syngnathiformes

Perciformes

Tetraodontiformes

Zeiformes

Scombroidei

Stromateoidei ? (typus- “Giant III”)

Percoidei

Stromateoidei

Genus indet.

Genus indet. (typus P)

Number of individuals

S

Number of individuals

Number of individuals

Number of individuals

Number of individuals

Elasmobranchii

342 132 5 10 13 65 12 4 2 1 1 1 1 193 1209 23 1 782 1230

6 3 2 4 14 7 35 183 23 71 206

2 1 1 1 16 54 4 1 21 59

2 1 1 8 1 4 9

2 4 6 21 54 7 15 61

350 139 5 10 15 75 33 12 2 1 1 1 2 247 1508 34 26 893 1565

Taxon

Zone

Exposure

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100; 6 = 101-200; 7 = 201-400; 8 = 401-800; 9 = >800 



Table 25

Variability of ichthyofaunal assemblages among the distinguished Palaeogene (IPM)
and Neogene (INM) zones in the studied portion of the Carpathians

IMP1 IMP2 IMP3 IMP4A IMP4 IMP5 IMP6 IMP7 INM1
Alosa sp.
Clupea sp.
Lepidopus sp.
Syngnathus sp.
Eomyctophum sp.
Thyrsitoides sp.
Vinciguerria distincta

Vinciguerria sp.

Vinciguerria obscura

Vinciguerria talgiensis

Serranus sp.
Scorpaenoides sp.

Palaeogadus sp.
Palaeorhynchus sp.

Polyipnus sp.
Clupea sardinites
Lepidopus glarisianus
Capros radobojanus
Caranx petrodavae

Scomber voitestii
Cetorhinus sp.
Centriscus sp.

Zenopsis sp.
Zenopsis clarus
Ammodytes antipai
Palimphyes sp.
Glossanodon sp.

Centriscus heinrichi
Centriscus longispinus
Centriscus teleajensis
Diaphus sp.
Eomyctophum limicola
Palimphyes lanceolata
Scopeloides sp.
Scopeloides glarisianus
Scorpaenoides popovicii
Barbus sp.

Leiognathus sp.
Merluccius sp.
Syngnathus incompletus
Fistularia sp.
Caranx sp.
Propercarina sp.
Ammodytes sp.
Palaeomolva sp.
Pinichthys sp.
Properca sabbai

Serranus budensis
Sarda sp.
Holosteus sp.
Capros sp.
Properca sp.

Eophycis sp.
Eophycis jamnensis

Glossanodon musceli
Hemiramphus jerzyi
Hipposyngnathus neriticus

Holosteus mariae

Palaeogadus simionescui

Pomolobus sp.
Trachinus sp.

Trachinus minutus
Palaeogadus abbreviatus
Hemithyrsites sp.
Echeneis carpathica
Idrissia sp.
Lepidopus isopleurus
Apostasis sp.
Priacanthus sp.
Zeus sp.
Hemithyrsites rumanus
Polyipnus cf. anteasteroides

Bregmaceros sp.
Bregmaceros filamentosus
Bathyprion sp.
Kotlarczykia sp.
Kotlarczykia bathybia
Mugil sp.
Polyipnus brevis
Solenorhynchus sp.
Eomyctophum cf. koraense
Africentrum sp.
Holocentroides sp.

Antigonia sp.

Psenicubiceps sp.
Zeus faber
Parahollardia ? sp.
Syngnathus sp. (typus A)
Onobrosmius sp.
Carpathospinosus sp.
Carpathospinosus propheticus
 Caprovesposus sp.
Centriscus nov. sp.
Forcipiger sp.
Oligobalistes sp.
Scorpaena sp.

Holocentroides moldavicus
Pseudoraniceps sp.

Vinciguerria merklini
Eomyctophum menneri

Alopecias sp.
Equula ? sp.
Idrissia carpathica
Oligolactoria bubiki
Polyipnus sobnioviensis
Polyipnus cf. sobnioviensis
Priacanthus longispinus

Alosa cf. sagorensis

Palaeomolva monstrata

Carpathichthys sp.
Carpathichthys polonicus
Syngnathus sp. (typus B)

Palaoegadus distinctus n.sp.

Glyptophidium sp.
Palaeogadus intergerinus
Parasteindachneria oligocaenica n.sp.

Argyropelecus cosmovicii

Acanthocybium sp.
Argyropelecus sp.
Nessorhamphus sp.

Sphyraena sp.

Paraberyx bachoviensis n. sp.
Paraberyx gen. nov.

Palaeogadus carpathicus n.sp.

Archaeus sp.
Capros medianus

Prohollardia avita
Protomyctophum sp.
Propteridium sp.
Notidanus sp.
Caranx gracilis
Leiognathus cf. minutus

Merluccius errans
Merluccius hartensis n.sp.
Gobius sp.

Clupeidae

Scombridae
Bathylagidae
Bathylagidae (typus-“Melania”)
Gempylidae

Gonostomatidae
Sternoptychidae (typus-“xz”)

Brotulidae
Gadidae
Myctophidae
Myctophidae (typus-“Giant-II”)
Sternoptychidae

Argentinidae

Carangidae

Trichiuridae

Paralepididae
Scorpaenidae

Antennariidae
Apogonidae

Balistidae

Fistulariidae
Aulorhynchidae

Triacanthodidae
Zeidae

Aulostomidae
Caproidae

Nomeidae
Nessoramphidae
Psettodidae

Alepocephalidae

Ceratiidae

Berycidae

Echeneidae
Moridae

Ostraciidae

Syngnathidae

Trachichthyidae

Thunninae

Gadiformes
Perciformes
Beryciformes
Salmoniformes? (typus-“xx”)

Pleuronectiformes
Tetraodontiformes
Clupeiformes
Perciformes (typus-“ à la, à la”)
Ophidiiformes
Scorpaeniformes
Anguilliformes

Zeiformes
Syngnathiformes

Lamniformes
Salmoniformes
Stomiiformes

Scombroidei
Percoidei

Stromateoidei ? (typus-“Giant III”)
Stromateoidei

Trichiuroidei

Genus indet.
Genus indet. (typus A)
Genus indet. (typus P)

Number of individuals

Number of individuals

Number of individuals

Number of individuals

Number of individuals
Elasmobranchii
S individuals

1096 2312 452 1234 792 601 3276 452 148

?

?

?

117 46 98 210 71 94 371 45 4

26 65 35 56 21 43 102 11 20

2 7 8 10 4 10 31 1 2

97 89 56 59 14 18 50 5 28

1338 2519 649 1569 902 766 3830 514 202

ZoneTaxon

3 4 5 6 7 8 920 1
 Ranks of taxa frequency refer to the following numbers of specimens:
0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 4 = 21-50; 5 = 51-100; 6 = 101-200; 7 = 201-400; 8 = 401-800; 9 = >800 



Table 27

Spatial distribution of taxa of the IPM1 Zone assemblage throughout
the study area zones

Alosa sp.

VIII VII VI V IV III II I

Clupea sardinites

Diaphus sp.

Clupea sp.

Eomyctophum limicola

Eomyctophum sp.

Lepidopus glarisianus

Lepidopus sp.

Scopeloides glarisianus

Scopeloides sp.

Vinciguerria distincta

Vinciguerria talgiensis

Capros radobojanus

Vinciguerria obscura

Vinciguerria sp.

Glossanodon sp.

Glossanodon musceli

Palaeogadus sp.

Palimphyes lanceolata

Palimphyes sp.

Palaeorhynchus sp.

Serranus sp.

Zenopsis clarus

Scorpaenoides sp.

Scorpaenoides popovicii

Thyrsitoides sp.

Zenopsis sp.

Ammodytes antipai

Barbus sp.

Cetorhinus sp.

Scomber voitestii

Syngnathus sp.

Caranx petrodavae

Centriscus sp.

Centriscus heinrichi

Centriscus longispinus

Centriscus teleajensis

Polyipnus sp.

Taxon Area

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 
4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 



Table 28

Spatial distribution of taxa of the IPM2 Zone assemblage
throughout the study area zones

VIII VII VI V IV III II I

Clupea sardinites

Clupea sp.

Lepidopus glarisianus

Leiognathus sp.

Lepidopus sp.

Capros radobojanus

Eophycis jamnensis

Eophycis sp.

Properca sp.

Properca sabbai

Glossanodon sp.

Glossanodon musceli

Palaeogadus sp.

Palaeorhynchus sp.

Palimphyes sp.

Serranus sp.

Trachinus minutus

Trachinus sp.

Serranus budensis

Hemithyrsites sp.

Hipposyngnathus neriticus

Fistularia sp.

Hemiramphus jerzyi

Holosteus sp.

Holosteus mariae

Pomolobus sp.

Ammodytes antipai

Alosa sp.

Merluccius sp.

Scomber voitestii

Syngnathus incompletus

Syngnathus sp.

Pinichthys sp.

Sarda sp.

Caranx petrodavae

Palaeogadus simionescui

Ammodytes sp.

Antigonia sp.

Capros sp.

Palaeogadus abbreviatus

Palaeomolva sp.

Propercarina sp.

Caranx sp.

Taxon Area

??

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 
4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 



Table 29

Spatial distribution of taxa of the IPM3 Zone assemblage
throughout the study area zones

VIII VII VI V IV III II I

Clupea sardinites

Clupea sp.

Eomyctophum sp.

Lepidopus sp.

Vinciguerria distincta

Vinciguerria sp.

Properca sp.

Palaeogadus sp.

Palaeorhynchus sp.

Serranus sp.

Bathyprion sp.

Bregmaceros filamentosus

Bregmaceros sp.

Hemithyrsites rumanus

Hemithyrsites sp.

Idrissia sp.

Kotlarczykia bathybia

Kotlarczykia sp.

Polyipnus brevis

Zenopsis clarus

Polyipnus cf. anteasteroides

Scorpaenoides sp.

Solenorhynchus sp.

Thyrsitoides sp.

Zenopsis sp.

Alosa sp.

Mugil sp.

Apostasis sp.

Echeneis carpathica

Priacanthus sp.

Syngnathus sp.

Zeus sp.

Polyipnus sp.

Lepidopus isopleurus

Palaeomolva sp.

Propercarina sp.

Taxon Area

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 
4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 



Table 30

Spatial distribution of  taxa of the IPM4 and IPM4A (marked by apostrophe)
Zone assemblage throughout the study area zones

VIII VII VII’ VI V IV III II I I’

Clupea sardinites

Clupea sp.

Eomyctophum sp.

Lepidopus sp.

Capros radobojanus

Palaeogadus sp.

Palaeorhynchus sp.

Bregmaceros filamentosus

Bregmaceros sp.

Hemithyrsites sp.

Idrissia sp.

Idrissia carpathica

Polyipnus cf. anteasteroides

Scorpaena sp.

Zenopsis sp.

Fistularia sp.

Forcipiger sp.

Holosteus sp.

Oligobalistes sp.

Oligolactoria bubiki

Polyipnus cf. sobnioviensis

Polyipnus sobnioviensis

Africentrum sp.

Alosa cf. sagorensis

Alosa sp.

Apostasis sp.

Echeneis carpathica

Eomyctophum cf. koraense

Holocentroides sp.

Holocentroides moldavicus

Merluccius sp.

Palaeomolva monstrata

Centriscus sp.

Centriscus nov. sp.

Polyipnus sp.

Syngnathus sp. (typus A)

Antigonia sp.

Caprovesposus sp.

Carpathospinosus sp.

Carpathospinosus propheticus

Capros sp.

Onobrosmius sp.

Pseudoraniceps sp.

Psenicubiceps sp.

Parahollardia ? sp.

Eomyctophum menneri

Equula? sp.

Vinciguerria obscura

Vinciguerria sp.

Serranus sp.

Scorpaenoides sp.

Zeus faber

Alopecias sp.

Cetorhinus sp.

Priacanthus sp.

Priacanthus longispinus

Scomber voitestii

Syngnathus incompletus

Syngnathus sp.

Thyrsitoides sp.

Zeus sp.

Sarda sp.

Vinciguerria merklini

Nessoramphidae

Taxon Area

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 
4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 



Table 31

Spatial distribution of taxa of the IPM5  Zone assemblage throughout
the study area zones

VIII VII VI V IV III II I

Clupea sardinites

Clupea sp.

Eomyctophum sp.

Lepidopus sp.

Palaeorhynchus sp.

Serranus sp.

Hemithyrsites sp.

Idrissia sp.

Kotlarczykia sp.

Polyipnus cf. anteasteroides

Scorpaenoides sp.

Africentrum sp.

Alosa sp.

Apostasis sp.

Cetorhinus sp.

Echeneis carpathica

Holocentroides sp.

Holocentroides moldavicus

Merluccius sp.

Nessoramphus sp.

Scomber voitestii

Syngnathus sp.

Zeus sp.

Carpathichthys polonicus

Carpathichthys sp.

Pinichthys sp.

Psenicubiceps sp.

Sarda sp.

Acanthocybium sp.

Argyropelecus sp.

Caranx petrodavae

Centriscus sp.

Palaeogadus distinctus n.sp.

Polyipnus sp.

Priacanthus sp.

Sphyraena sp.

Syngnathus sp. (typus A)

Syngnathus sp. (typus B)

Alepocephalidae

Vinciguerria sp.

Taxon Area

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 
4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 



Table 32

Spatial distribution of taxa of the IPM6  Zone assemblage throughout
the study area zones

VIII VII VI V IV III II I

Africentrum sp.

Clupea sardinites

Clupea sp.

Eomyctophum sp.

Lepidopus glarisianus

Lepidopus sp.

Vinciguerria distincta

Capros radobojanus

Vinciguerria sp.

Properca sabbai

Palaeogadus sp.

Palaeorhynchus sp.

Serranus sp.

Serranus budensis

Hemithyrsites rumanus

Hemithyrsites sp.

Idrissia sp.

Scorpaenoides sp.

Thyrsitoides sp.

Zeus faber

Alosa cf. sagorensis

Alosa sp.

Apostasis sp.

Alepocephalidae

Echeneis carpathica

Eomyctophum cf. koraense

Holocentroides sp.

Holocentroides moldavicus

Merluccius sp.

Palaeomolva monstrata

Priacanthus sp.

Prohollardia avita

Scomber voitestii

Syngnathus incompletus

Syngnathus sp.

Zeus sp.

Pinichthys sp.

Acanthocybium sp.

Argyropelecus sp.

Caranx petrodavae

Nessorhamphus sp.

Palaeogadus distinctus n.sp.

Polyipnus sp.

Syngnathus sp. (typus A)

Ammodytes sp.

Argyropelecus cosmovicii

Lepidopus isopleurus

Paraberyx bachoviensis n.sp.

Paraberyx gen. nov.

Archaeus sp.

Antigonia sp.

Capros medianus

Glyptophidium sp.

Onobrosmius sp.

Psenicubiceps sp.

Parahollardia ? sp.

Palaeogadus carpathicus n.sp.

Palaeogadus intergerinus

Palaeomolva sp.

Parasteindachneria oligocaenica n.sp.

Propercarina sp.

Propteridium sp.

Protomyctophum sp.

Vinciguerria merklini

Caranx sp.

Eomyctophum menneri

Taxon Area

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 
4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 



Table 33

Spatial distribution of taxa of the IPM7 Zone assemblage throughout
the study area zones

VIII VII VI V IV III II I

Clupea sp.

Eomyctophum sp.

Lepidopus sp.

Vinciguerria distincta

Vinciguerria sp.

Palaeorhynchus sp.

Serranus sp.

Hemithyrsites sp.

Idrissia sp.

Scorpaenoides sp.

Thyrsitoides sp.

Fistularia sp.

Africentrum sp.

Alosa sp.

Echeneis carpathica

Eomyctophum cf. koraense

Holocentroides moldavicus

Merluccius sp.

Syngnathus incompletus

Syngnathus sp.

Palaeogadus distinctus n.sp.

Lepidopus isopleurus

Glyptophidium sp.

Notidanus sp.

Palaeogadus carpathicus n.sp.

Palaeogadus intergerinus

Parasteindachneria oligocaenica n.sp.

Caranx sp.

Eomyctophum menneri

Taxon Area

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 
4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 



Table 34

Spatial distribution of taxa of the INM1  Zone assemblage
throughout the study area zones

VIII VII VI V IV III II I

Clupea sp.

Gobius sp.

Leiognathus sp.

Leiognathus cf. minutus

Lepidopus sp.

Alosa sp.

Merluccius sp.

Merluccius errans

Merluccius hartensis n.sp.

Syngnathus sp.

Caranx gracilis

Taxon Area

3 4 5 6 7 8 920 1
Ranks of taxa frequency refer to the following numbers of specimens: 0 = 1; 1 = 2-5; 2 = 6-10; 3 = 11-20; 
4 = 21-50; 5 = 51-100; 6 = 101-200;  7 = 201-400; 8 = 401-800; 9 = >800 
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