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Abstract. - A reconstruction of the arrangement and variation of the scales in dif­
ferent parts of the body of the Carpathian Clupeidae, Clupea sardinites Heckel and
Alosa cf. sagorensis Steindachner, has been made. The squamation of Alosa sp.
is partially described. The taxonomy of the species is revised. Alosa cf. sagorensis
Steindachner has not previously been recorded from the Menilite Beds, and it is
suggested that clupeid scales may be useful for stratigraphical purposes in the
Carpathians.

INTRODUCTION

The Menilite Beds of the Carpathian flysch have long been known to
contain numerous fossil fish and scales (Heckel 1850; Rychlicki 1909; .
Pauca 1934; Kalabis 1948; Horbatsch 1956; Jerzmanska 1960 and others).
More recent studies (Jerzmanska and Kotlarczyk 1968; Jerzmanska 1968)
show three successive depthrelated assemblages of ichthyofauna. The low­
er bathypelagic assemblage is followed by the neritic-sublittoral assem­
blage which is, in turn, overlain by the upper bathypelagic assemblage.
Recently, Kotlarczyk and Jerzmanska (1976) have suggested a more
detailed ichthyo-stratigl'aphy, distinguishing six zones. The lowermost
zone, IPM 1, corresponds with the distribution of the lower bathypelagic
assemblage. The second zone, IPM 2, corresponds with the neritic-sub­
littoral assemblage and zones IPM 3 to IPM 6 correspond to the upper
bathypelagic assemblage. The zones can be recognized by index taxa,
but other taxa, which include representatives of the family Clupeidae
are larger varying. Complete skeletons are not found in all.zones,but
clupeid scales occur in large numbers. In the palaeoichthyological papers
published so far lepidological problems have not been given much atten­
tion. Prof. Anna Jerzmanska, who has collected a large number of clupeid
scales showing considerable morphological variation, encouraged me to
study the stratygraphic significance of clupeid scales with Menilite Beds;
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Fig. 1. Distribution of the localitieS with scales in the Skole unit (after Kotlarczyk
and Jerzmanska 1976, simplified); 1 outcrops of the Menilite beds, 2 localities, 3 tec­

tonic boundaries of the Skole unit.

, Initially I studied material from the lower and upper bathypelagic
assemblages. Comparative material from the neritic - sub-littoral assem~

blage was made available by W. Gawlikowski (1976) (Department of
Palaeozoology, Zoological Institute of Wroclaw University, Wroclaw).

Synonyms given in the text have been established on the basis of scale
structure.
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Tablel

Locations of outcrops in the Menilite Beds

Assemblages I Zones I Localities I
Number

of scales

Bach6w I - 600
Krccpak 223

IPM6 Brzuska 12
Hludno 162

- Huta Brzuska 43
upper IPM 5 Krccpak 11
bathypelagic ---~.----------~

Sobni6w 11
IPM4 Lubno 13

Hludno 10 I
------ ---- ---- -----,- "-- -l

I
IPM 3 Krccpak

------~I--- -I-~--

neritic sublittoral IPM 2 Jamna Dolna (D~H)· ---------1------

Skop6w 1230 I

lower
bathypelagic TPM 1 Bach6w Grodzisko 108

I Jamna Dolna (A-C) 192

2656

• After Gawlikowski (1976)

MATERIAL

389

The present study is based on material collected from the Palaeogene
Menilite Beds in the north-eastern part of the Carpathian flysch (table 1).
The material was collected in the years 1971-1976 at the following sites
(Skole Unit): Bach6w I, Bach6w Grodzisko, Kr~pak, Huta Brzuska, Brzu­
ska and Hludno. In addition, I used material gathered earlier by Prof.
A. Jerzmanska from: Jamna Dolna (A-C), Skop6w, Lubno (all from
Skole Unit), Sobni6w (Silesian Unit). The distribution of these sites in the
Skole Unit is shown in figure 1. A detailed geological description of the
sites and the ichthyofauna present can 1:e found in: Sobni6w - Jerzman­
ska (1960), Lubno-Jerzmanska and Jucha (1963), Jamna Dolna-Jerz­
manska and Kotlarczyk (1968), Skop6w, Kr~pak - Jerzmanska (1968),
Bach6w 1- Jerzmanska and Kotlarczyk (1975), Brzuska, Huta Brzuska,
Bach6w Grodzisko, Hludno - J erzmanska and Kotlarczyk (in preparation).
The fish and scale specimens are housed in the Department of Palaeo­
zoology, Zoological Institute of Wroclaw University (abbreviated as Z.
PAL. WR.).
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Table 2

Percentages of scales of different species of Clupeidae in
successive zones of the Menilite Beds

---

Alosa cf.
Clupea sardinites % sagorensis Alosa sp. %

%
1

ca 50 ! ca 10 ca 40
...
0
";: ca 50 ca 50I': 20 '"0

.~ 0. >, 100
~"' ~.S ~ 1

~s...Vl&J

~~~t> ca 60 ca 10 ca 30CI'l ._ Cl:j

1':"0 0 -'" ...
:§ 0 .... «l 100·I': 0 0.

ick scales; differentia-
n of scales in post- 100
or part of body I

IPM 6

Zones

IPM 5

IPM41
1

---I

IPM 31

I
IPM21_

th

IIPM 1 ti~

t__ en

• After Gawlikowski (1976)

Table 3

Differentiation of scales of Clupea sardinites Heckel in the vertical profile
of the Menilite beds

region I region II region III the posterior part of body
'""..,

©~
~GlDaill)

...
<:

©(ill)
'" ...
" ~.... '".. '"0 8-

;j'" .... w0

"0

IPM 6 • • • • • •
IPM 5 • • • • • •

[/)

'" IPM 4 • • • • •;z;

0 IPM 3 • • • • •oJ

IP.l 2 • • • • • • •
rPM 1 • • • • • • • •

Data from unpublished manuscript of Gawlikowski (1976)
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STRUCTURE AND DIFFERENTIATION OF CARPATHIAN CLUPEIn SCALES

Clupeid scales easily fall out of the scale pockets, so that isolated scales
are common as fossils. Fishes with preserved squamation are rare, as are
patches of intact squamation.

Scales from the Carpathian Menilite Beds show both layers that make
up the scale of living clupeid fish: the hyalodentine and lamellar layers.
Impressions of scales are uncommon. During cleaving of the rock the two
scale layers easily separate, so that each is seen from the medial side.
However, all the morphological features of modern scales can be seen
(fig. 2).

dorsal field

"

anterior field---t----"

vent rel fie ld

-----+---posterior fiAld

Fig. 2. Diagram of the scale of Clupeidae (dorsal and ventral fields are lateral fields
of scale).

The hyalodentine layer of modern clupeids, being the thinner outer
layer of the scale, shows striae, grooves and annuli. However, the shape of
these elements on the unexposed portion of the scale differs from that on
the exposed part. Striae are restricted to the anterior, unexposed part of
the scale, as fine hyalodentine swellings, closely arranged, straight or
slightly curved, and running vertically. Grooves are found in both the
exposed and unexposed parts, and they correspond to gaps in the hyalo­
dentine. The grooves on the exposed part have a fairly uniform shape, as
long or short horizontal lines. The grooves of the unexposed part show
considerable variation in shape and length. In addition to primary and
secondary grooves distinguished by Lagler (1947), there may be short,
straight radial or vertical tertiary grooves (Szymczyk, in press). In the
clupeids, the annuli are only marked on the unexposed part of the scale,
and in the majority of forms they are poorly developed.

These characteristics may also be seen in the hyalodentine of the
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Carpathian clupeids (pI. 58: 1). The striae are always distinct, but the
grooves are poorly marked and appear as fine cracks, while the indistinct
annuli are only sporadically noticeable.

The inner, lamellar layer of the scale of living clupeids is made up of
numerous lamellae. This layer is always much thicker than the hyalo­
dentine. A similar relationship has also been found in the Carpathian
clupeids. Variati0J! is also observed in the thickness of the lamellar layer,
depending on the age of he sediments investigated, as noted by Pauca
(1934).

On the medial surface of the lamellar layer the course and arrangement
of the hyalodentine grooves is very distinct. The grooves here are repre­
sented by swellings (pI. 58: 2,5, 6) and at the same time by notches (pI. 58:
3) on the underside of the lamellar layer. Scales showing the lower sur­
face of the lamellar layer are very rare in the Carpathians. On the medial
side of the lamellar layer some scales (cf. p. 12) possess nodules as extens­
ions of the grooves, or grouped together on the central portion of the scale
(pI. 58: 4).

The variable thickness of the lamellar layer clearly affects the pre­
servation of the scales in both bathypelagic assemblages. Scales of Clupea
sardinites Heckel from the IPM I zone appear well preserved and are
characterized by strong swellings of the lamellar layer. However, the thin­
nest scales of the same species from the upper bathypelagic assemblage
are poorly preserved.

The mainly isolated Carpathian clupeid scales are diverse in shape,
groove arrangement and form of the posterior edge. Most of the scales are
clypeate in shape and elongated vertically (pI. 58: 3). Scales of a rounded
shape (pI. 58: 6), triangular (pI. 58: 1, pI. 59: 1) or irregular (pI. 58: 5)
are less numerous. The arrangement of grooves is most often simple, but
their course is fairly variable: vertical (pI. 58: 3), horizontal (pI. 58: 2),
radial (pI. 58: 1), oblique or mixed (pI. 58: 5, pI. 59: 2). Less frequently
they form a reticulate pattern (pI. 59: 1). The posterior edge of the scales
is smooth (pI. 58: 3, 6) or crenellated (pI. 59: 2, 3).

The ichthyological literature contains no comparative data that would
make it pos~ible to evaluate the taxonomic impo~tance of such variations.
Although some investigators (Peabody 1928; Zamakhayev 1951) assume
that the scales of modern clupeids are of diagnostic importance, as they
permit identification of genera and sometimes even species, these con­
clusions are not satisfactorily documented. It was, therefore, necessary to
find out to what extent scale diversity reflects taxonomic differentiation.
Comparative studies of modern Clupeidae enable me to show that differ­
ences in scale morphology are connected with their distribution on the
lateral surfaces of these fish (Szymczyk, in press). Scales within each region
are similar in shape, and are characteristic of the particular region. Hence,
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isolated fossil scales may be identified as belonging to a particular part of
the body. However, this was insufficient for a complete reconstruction of
the squamation of the Carpathian clupeids. A more exact interpretation of
the distribution and size of the body regions of these fish was only pos­
sible after a few specimens had been found with well preserved squa-

Fig. 3. Plan of division on the three regions of the lateral parts of the body of Carp­
athian Clupeidae: a Clupea sardinites Heckel, b Alosa cf. sagorensis Steindachner;
I dorsal, II medial, III ventral. Broken lines show, probably, the limits of scales

covering the posterior part of body.

mation. On the lateral surfaces of the fossil forms, three distinct regions
could be distinguished: I - dorsal, II - medial, III - ventral (fig. 3).
The posterior portion of the body could not be fully reconstructed.

Studies of modern Clupeidae show that scales in body region II show
the least variability of morphological features (Szymczyk, in press), and
may, therefore, be used in taxonomic considerations. These studies have
also demonstrated that region II comprises the largest number of lateral
series of scales. Thus the fossil scales of this region should be most numer­
ous. These relationships are in fact found for the most abundantly repre­
sented scales of Clupea sardinites.

Occasionally even a single, isolated scale may provide information on
the structure of the soft parts of the body of a fish. An example is the
asymmetric scales with a long posterior process which occur only in the
deep, horizontal groove found immediately behind the base of the pector·
al fins in some modern clupeids (Szymczyk, in press). Isolated fossil
scales of this type thus indicate that this groove existed in extinct forms
(cf. p. 13 and 18).

12 Acta Palaeontologica nr 3/78
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SYSTEMATIC PART

Order Clupeiformes
Suborder Clupeoidei

Family Clupeidae Bonaparte, 1831

Remarks. - It has long been considered that in the Carpathians, the family
Clupeidae is represented by the genus Meletta Cuvier and Valenciennes (Heckel
1850; Rychlicki 1909; Weiler 1928; Gofstheyn 1953). All clupeid scales were given
this generic name, which has also been introduced into the geological literature, where
the Menilite Shales were called the "Melettaschiefer". The name has persisted even
after fossil forms of the genus Meletta had been recognized to be congeneric with
Clupea Linne (Simionescu 1905; Pauca 1929). This genus, with the single species
Clupea sardinites, is the only representative of the subfamily Clupeinae in the
Menilite Beds. Greater taxonomic diversity of Clupeidae begins only in the neritic­
sublittoral assemblage (zone IPM 2), from which skeletons of Alosa sculptata Weiler
(Paucii 1934) and Pomolobus sp. (Jerzmanska 1968) of the subfamily Alosinae are
known; Scales of this subfamily occur in large numbers in the upper bathypelagic
assemblage (table 2).

Subfamily Clupeinae
Genus Clupecr Linne, 1758

Clupea sardinites Heckel, 1850
(pI. 58: 1-3, 5, 6; figs 4, 5)

1850. Meletta sardinites Heckel: 230, pI. 24.
1850. Meletta longimana Heckel: 231, pI. 25: b-i.
1850. Meletta crenata Heckel: 233, pI. 26: b, c.
1928. Meletta sp.; Weiler: 69, figs 10, 11.
1934. Clupea sp.; Pauca: 35, fig. 6.
1953. Meletta sp.; Gofstheyn: 99, fig. 2.
1958. Clupea sp.; Jonet: 35, figs 11, 13.
1958. Alosa sp.; Janet: 39, figs 15, 16.
1958. Alosa cras.sa Sauvage; Jonet: 40, fig. 17.

Material. - 2132 isolated scales (from the IPM 1 - IPM 6 zones), several pieces
of squamation, and 5 complete skeletons with preserved squamation (Jamna Dolna­
Z. Pal. Wr. A/349, 355, 362; Kr~pak - Z. Pal. Wr. Al2037; Huta Brzuska - Z. Pal. Wr.
A/2039).

Description. - Scales with clearly marked grooves and a smooth posterior edge.
The lamellar and hyalodentine layers vary with the age of the sediments (d. p. 5).
In the deepest part of the body, anterior to the dorsal fin, the number of scales in
a vertical series reaches 12. The diversity of the shape and distribution of the grooves
on the scales of Clupea sardinites is connected with the regions of the surface of the
fish. Figures 4 and 5 represent a reconstruction of the squamation.

In region I clypeate scales are found with vertical primary and secondary grooves
broken in the middle. The two' lateral fields of a scale have a different number of
grooves (fig. 4a-b). Within this region some of the scales have longer grooves on the
dorsal side than on the ventral side (fig. 4a).

Region II is also characterized by clypeate scales, but the vertical primary and
secondary grooves, broken in the middle, are usually distributed symmetrically. The
number of grooves varies between 2 and 6; in the anterior portion of this region, from
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E
E.,

Fig. 4. Scales in Clupea sardinites Heckel: from region I (a Z. Pal. Wr. L/80, b Z. Pal.
Wr. L/l92); from region II (c Z. Pal. Wr. L/l88, d Z. Pal. Wr. L/78); from region III

(e Z. Pal. Wr. L/168, f Z. Pal. Wr. Ll220); scute (g Z. Pal. Wr. L/l68).

the head to the beginning of the dorsal fin, their number is small, 2 to 3 on one side
of the scale (fig 4c). Only in the posterior part of this region are scales with larger
numbers of grooves (up to 6) found (fig. 4d).

Region III is characterized by scales differing in shape and groove arrangement.

Fig. 5. Scales in Clupea sardmites
Heckel from posterior part of body
(a Z. Pal. Wr. Ll6l, b Z. Pal. Wr.
L/l92, c Z. Pal. Wr. A/20l6, d Z.

Pal. Wr. Lll24).

12·
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Scales at the ventral body edge were clypeate with vertical and horizontal grooves
(fig. 4f). Vertical grooves, which are short, are on the dorsal lateral field. The remain­
ing part of the scale is occupied by primary and secondary horizontal grooves, ex­
tending from the anterior edge of the scale. Other scales of this region are rounded
or more triangular in shape, with the primary and secondary grooves, which have
gaps in the middle, radially arranged (fig. 4e).

In the posterior part of the body of individuals from zone IPM 1, in continuation
of region II, scales probably occurred with several grooves broken in the middle,
and 1, 2 or 3 terminal continuous grooves (fig. 5a-c). In higher zones, only scales with
a single terminal continuous groove are found (table 3). The dorsal and ventral edges
of the body were covered with small scales possessing abundant, densely arranged
horizontal grooves (fig. 5d).

Scutes. Fossil scutes are seldom encountered. According to Jerzmanska (1968), in
Clupea sardinites scutes are only found between the head and the pelvic fins, their
number there being about 13. Scutes of this form are thin, delicate, their base having
the appearance of a uniform lamella (fig. 4g). Scutes were, therefore, unkeeled.

Remarks. - The above reconstruction of scale distribution has been based
primarily upon the regularites observed in the Recent SardineHa aurita Valenciennes
and Opisthonema libertalis (GUnther). These species were selected because of the em­
phasis placed by Jerzmanska (1968: 392) on the similarity of Clupea sardinites Heckel
to representatives of the genera SardineHa Valenciennes and Opisthonema Gill. These
regularities concerned the following: in region I - asymmetry in the arrangement of
the primary and secondary grooves; in region II - symmetry of the primary and
secondary grooves, an increase in their number, and appearance of continuous grooves
towards the tail; in region 111- primarily the shape and groove arrangement (radial
or mixed). The few complete skeletons found with preserved squamation, and the
pieces of squamation examined, to some extent confirm the proposed reconstruction
of scale distribution on the body of Clupea sardinites, especially with regard to regions
II and III.

The most striking example of the variability of scales of this species in the
Menilite Beds is the variation in thickness of the lamellar and hyalodentine layers.
The thickest scales were found in IPM 1 zone. It seems that a thinner lamellar layer
is found in the IPM 2 zone (Gawlikowski 1976), while in higher zones (the upper
bathypelagic assemblage) the scales of Clupea sardinites are clearly thinner. It seems
that the presence of a variable number of continuous grooves may indicate a greater
morphological diversity of the scale of the caudal part of the body in older represent­
atives of Clupea sardinites (zone IPM 1).

Clupea sardinites appears to be one of the very common forms in the Carpath­
ians, being represented throughout the Menilite Beds (Jerzmanska 1968) as the only
representative of the subfamily Clupeinae. So far, the presence of Clupea voinovi
Pauca, described by Pauca (1929, 1934), has not been confirmed. Apart from the
skeletons, many authors (Heckel 1850; Paudi 1934; Gofstheyn 1953; Jonet 1958) have
also reported the presence in the Carpathians of scales which I regard, on the basis
of the reconstruction presented above, as belonging to Clupea sardinites. Four of the
drawings of Meletta longimana given by Heckel (1850: pI. 25: c, e, f) no doubt represent
region III of Clupea sardinites, whereas the next three (b, h, i) are from the middle
part of the caudal region of this species, and the last one (d) resemble the scales near
the edges of the caudal region. In turn, all four scales of Meletta sardinites shown
in Heckel's plate 24 derive from region III of Clupea sardinites, while his Meletta
crenata scales (pI. 26: b, c) represent region II of Clupea sardinites.

Two scales of Meletta sp. illustrated from Menilite Beds in Roumania (Weiler
1928: 69, figs 10, 11) are also scales of Clupea sardinites, probably from region II
(fig. 10), and from the posterior portion of region III (fig. 11).
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Two of the three drawings of scales from SusHinE:sti, reported by Pauca (1934: 35,
fig. 6) as Clupea sp., represent Clupea sardinites (the scale on the left of the drawing
belongs to region III, that on the right to the posterior part of the body).

The scale group which Jonet (1958) described as Clupea sp. in fact 'represents
Clupea sardinites (Jonet 1958: 35, figs 11, 13). Other scales with very numerous grooves,
identified by Jonet as Alosa crassa (op. cit.: 40, fig. 17), as well as some of Alosa sp.
scales (op. cit.: 39, figs 15, 16), should be considered as derived from the posterior
part of Clupea sardinites.

Almost all the scales described by Gofstheyn (1953: 107, fig. 2) as Meletta sp. no
doubt represent scales of Clupea sardinites from regions II and III (except the seventh
consecutive scale in this drawing, whose taxonomic position seems to be uncertain).

Subfamily Alosinae
Genus Alosa Linck, 1790

Alosa d. sagorensis Steindachner, 1863
(pI. 58: 4; pl. 59: 3-5; figs 6, 7, 8a)

1938. Alosa d. sagorensis Steindachner; Weiler: 10.

Material. - 80 isolated scales from the IPM 3 and IPM 6 zones: Bach6w I, KrE:­
pak, Brzuska and Hludno; 2 portions of squamation and 2 specimens with preserved
squamation (Bach6w 1- Z. Pal. Wr. Ll81; KrE:pak - Z. Pal. Wr. A/2015).

Description. - On the unexposed part of the scales, in addition to the primary
and secondary grooves, nodules are present in the middle and lateral fields. The
posterior edge of the scales is crenellated (pI. 59: 3). The number of scales in a vert­
ical series below the dorsal fin is 10. The great diversity of these scales, in shape and
arrangement of grooves and nodules, indicates that they come from different parts
of the body. The squamation of this form is reconstructed in figure 7. On the basis
of isolated asymmetric scales with a characteristic posterior process, I have assumed
the existence of a groove in which the first ray of the pectoral fin was located
(d. p. 7).

There are clypeate and oval scales in region I. Oval scales, found only at the
dorsal edge of the body, have oblique grooves in the lateral fields. There the nodules
occupy the central part (fig. 7a). Clypeate scales cover the remainder of this region.
Primary and secondary grooves are vertical in the two lateral fields, the last pri­
mary groove being continuous; in the dorsal lateral field it bends and joins the
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Fig. 6. Alosa d. sagorensis Steindachner: a scales from anterior part of region II
(Z. Pal. Wr. Ll24), b scutes (Z. Pal. Wr. L/4).
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posterior edge. The nodules are most often found in continuation of the vertical groo­
ves (fig. 7b).

Region II contains only clypeate scales with vertical primary and secondary
grooves id the lateral fields. In the anterior portion of this region, all grooves have

~
..:........... ......(\"

a

b

E
E
10

II

III
e

c d

Fig. 7. Distribution plan of scales of different structures in individual region (I-III)
and parts of regions (a-o) in Alosa cr. sagorensis Steindachner. I. a the scale from
the dorsal margin of the body (Z. Pal. Wr. A/2015), b the scale near from the region II
(Z. Pal. Wr. B/353), II. c the scale from the anterior part of the region (Z. Pal. Wr. L/4),
d the scale from the middle part of the same region (Z. Pal. Wr. Ll4), III. e the scale
covering the groove (Z. Pal. Wr. Ll3), f the scale from the middle part of the region
(Z. Pal. Wr. L/4), 0 the scale from the ventral margin of the body (Z. Pal. Wr. L/6).
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gaps. Nodule groups in both lateral fields are separated by a smooth surface in the
middle of the scale (figs 6a, 7c). In the posterior part of this region the grooves are
more numerous and longer, the last primary groove being continuous. There are
a few nodules in the middle (fig. 7d).

Region III. The scales of this region show the highest diversity in the shape and
the arrangement of grooves and nodules.

1) The pectoral fin area. - Immediately behind the base of the pectoral fins
a horiwntal groove probably occurred covered with asymmetric scales (fig. 7e). The
grooves in both the lateral fields of these scales are few and oblique. The grooves of
the posterior field are horizontal. The nodules are grouped in the central portion.

2) Scales at the edge of the belly. - These are elongated horirontally, with
a straight ventral margin and a rounded dorsal margin. The primary and secondary
grooves in the dorsal lateral field are vertical, the last groove being continuous and
semicircular. In the ventral lateral field, the grooves run horizontally. The central
portion of the scale is filled with vertical series of nodules (fig. 7g).

3) The remainder of this region was covered by rounded scales. Short, vertical
grooves are few in this area, and are found in the lateral fields. Nodules occur in
very large numbers, forming vertical series, filling the space between groove pairs
(fig. 7f).

Scutes. Scutes are found partially preserved on fossil specimens. They are thick
and solid, with strongly convex bases, forming a clear keel (fig. 6b).

...

Fig. 8. Praeoperculum: a ALo­
sa cf. ragorensis Steindachner
(Z. Pal. Wr. L/3), b Alosa sp.

(Z. Pal. Wr. L/7).

Remarks. - The squamaticn of ALosa cf. sagorensis was unusually close, because
it is preserved intact in fossil specimens. Detached scales are nearly always found
around skeleton parts so that it was possible to make a relatively accurate recon­
struction of particular regicns. VariatioDs observed in a living alosin, Brevoortia
tyranTtus (Latrobe) were also found (Szymczyk, in rress). These variations concern
the distribution of tertiary grooves en the scales from different regions of this fish,
namely: in region II - the presence of numerous tertiary grooves and their distri­
bution in the lateral fields in the anterior scales of this regicn (posterior scales have
a much smaller number of tertiary grooves); in region III - the presence of very
numerous tertiary grooves, and their arrangement in series, most often in continuation
of the corresponding vertical groove pairs. Although nodules are seen only in the
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lamellar layer of the scales (cf. p. 5) their arrangement shows a certain similarity
to the arrangement of the tertiary grooves. This made it possible to allocate isolated
scales with nodules to the appropriate regions (partly II and III).

The number of asymmetric scales in the groove underneath the first ray of the
pectoral fins in some living alosines is small, varying between 3 and 6, depending
on the length of the groove (Szymczyk, in press). For this reason, these scales are
rarely found in the fossil state. One such scale has been found in the material from
Bach6w I (Z. Pal. Wr. U3; fig. 7e), side by side with bones of Alosa ct. sagorensis
and other scales with nodules (pI. 59: 5). In contrast to the scales of this type found
in modern clupeids, this scale is more rounded, its dorsal part is broader, and it is
only slightly elongated.

As can be concluded from the above description, the most characteristic feature
of the scales of Alosa ct. sagorensis is the presence of numerous and distinct nodules.
However, forms with scales of this structure are not known among living clupeids.
Only in the palaeontological literature can a few notes be found concerning the
presence of nodules on the scales in some genera of the family Clupeidae. The
youngest scales with nodules were found in Pliocene sediments in Roumania by
Weiler (1928), who identified them as Alosa sp. According to Arambourg (1925, 1927),
nodules are found in two Miocene forms, Etrumeus boulei Arambourg and Alosa elon­
gata Agassiz. Arambourg did not analyse in detail the squamation of these two spec­
ies, and only included drawings of two scales clearly differing in shape and nodule
distribution (Arambourg 1925: 49, fig. 2). In Etrumeus boulei all nodules are grouped
in the central portion of the scale, while in Alosa elongata they are situated in con­
tinuation of the numerous vertical grooves. Paudi (1934) was the first to report the
presence of scales with nodules in the Oligocene clupeids. He identified them as Alosa
sp. (Etrumeus ? sp.). The incomplete description of these giant scales (2 em diameter)
and the diagrammatic drawing (Pauca 1934: 39, fig. 9) do not resemble the scales of the
two Miocene species mentioned above, or the scales from the upper bathypelagic as­
semblage. In the very numerous, small nodules and in size, they show some similarity
to the scales of Ganolytes aratus (Jordan), a species related to the genus Alosa and
known from the Miocene of California (David 1943).

In fin arrangement and distribution of grooves on the scales, Alosa cf. sagorensis
from the Hungarian Oligocene (Weiler 1938) appears to be identical with the Carp­
athian forms described above. The pelvic fin base lies beneath the posterior part of the
dorsal fin, whereas the beginning of the latter is above the 8th thoracic vertebra,
as counted from behind. Weiler (1938) also stressed that the vertical grooves on the
scales of the anterior part of the thorax are shorter and less numerous than those
in the posterior part. Similar relations have been found in Alosa ct. sagorensis from
the Carpathians. Moreover, Weiler (1938) thinks that a characteristic feature of Alosa
ct. sagorensis scales is the presence of small, dispersed structures, which in the
Hungarian specimens have the form of notches. In the Carpathian specimens these
structures, which are associated with the lamellar layer, have resulted from the dif­
ferent state of preservation. In the Hungarian Alosa ct. sagorensis scales the structures
in question, when viewed from the underside of the lamellar layer, appear to be
notches, while in the Carpathian forms, in which the medial surface of the lamellar
layer is seen, they have the appearance of nodules. We thus encounter a preservation
similar to that in the notches and swellings on both surface of the lamellar layer in
Clupea sardinites scales (ct. p. 5). .

The similarity of the two forms is further indicated by the preoperculum (fig. 8a),

which is strongly broadened at the angle, and the operculum with striae extending
from the fovea glenoidalis (pI. 59: 4). Another characteristic feature of Alosa ct. [Ogo­
rensis is the short and broad ramus horizontalis praeoperculi, whose length is equal
to the maximum breadth of this bone.
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1934. Clupea sp.; Pauca: 35, fig. 6.
1958. Clupea sp.; Jonet: 35, fig. 12.

MateriaL - 444 isolated scales (from the IPM 3, IPM 5 and IPM 6 zones; KrElpak,
Huta Brzuska, Brzuska, Bach6w I, Hludno), 2 pieces of squamation and 3 incomplete
skeletons with preserved squamation (KrElpak - Z. Pal. Wr. A/2038; Huta Brzuska­
Z. Pal. Wr. A/2040, Z. Pal. Wr. L/5).

Description. - The scales are thin, delicate and with crenellated posterior margins
(pI. 59: 2). In the squamation of this form two types of scale with vertical grooves
can be distinguished (fig. 9 a, b), differing in the presence or absence of horizontal
grooves in the anterior field. In the first scale type the number of vertical grooves,
broken in the middle, is 2 to 9. The number of horizontal grooves in the anterior field
varies between 1 and 9 (usually 3 to 5). In the posterior field of the scales a few short
horizontal grooves may be found (fig. 9a). The other scale type is also characterized

5 ....

Fig. 9. Scales in Alosa sp. (a Z. Pal.
Wr. B/117, b Z. Pal. Wr. L/9, c Z.

Pal. Wr. L/12).

by broken vertical grooves, 3 to 6 in number. In this case, the posterior field is al­
ways devoid of grooves (fig. 9b).

Scale distribution. Scales of the two types occur alternately along the body, scales
with horizontal grooves being much more numerous. This was seen in specimens with
intact squamation and on pieces of squamation, and was confirmed by the fact that
scales of both types are found scattered around the bones of a single individual. The
fragment of squamation represented in figure lOa, probably comes from the anterior,
mid-lateral region, as indicated by the relatively small number of horizontal and
vertical grooves and the regular, almost symmetriCal arrangement of the latter. The
second piece, in which three morphological types of scale are found (fig. lOb), probably
belongs to the ventral part of the cody. It must be noted that it is in this area of the
body of clupeids that the greatest diversity of scales, in shape and the course of the
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grooves, is seen. In this specimen, scales are found with vertical and horizontal groov­
es, as well as scales without horizontal grooves in the anterior field. In the area of
the pectoral fins, as in ALosa cf. sagorensis and other Alosinae, there was probably
a horizontal groove for the first ray of the pectoral fins, covered by asymmetric
scales with a long posterior process (fig. 9c). The grooves of both lateral fields run
more or less vertically, whereas the grooves in the anterior field are horizontal.

Remarks. - So far the presence in the squamation of two types of scale, differing
slightly in groove arrangement, has been found in two modern species of Alosinae
(Szymczyk, in press): ALosa sapidissima (Wilson) and ALosa pseudoharengus (Wilson).
In these species the majority of scales (so-called basic type) are found in regions II
and III, separated in places by scales of different groove arrangement. The latter
scales, less numerous, are commonest in the central part of the body, and rarer in the
anterior and posterior parts of these regions. Similar relations in the fossil form are
indicated by the above-described pieces of squamation including scales of 3-4 lateral

• l~n/•..
\ WI,!(I\ •.\~.:\\\U(\ ') I..

......-......~

a

Fig. 10. Fragments of squa­
mation of Alosa sp.: a from the
mid-lateral area of the body
(region II) Z. Pal. Wr. Ll57), b
from ventral part of the body
(region III) (Z. Pal. Wr. B/171).

·series. It seems, therefore, that the form described may be considered a represen­
tative of the genus ALosa. Apart from this, in the two living alosines there is a deep
groove, covered by characteristic, asymmetric scales with a long posterior process,
immediately behind the base of the pectoral fin (Szymczyk, in press). The occur­
rence of a scale of this shape in ALosa sp. indicates that the groove also existed in the
fossil form (cf. p. 7). In contrast to the scale of ALosa d. sagorensis, this scale has
a typical shape, as in the modern Alosinae (cf, fig. 7e and fig. ge). However, on the
basis of a single scale it is difficult to ascertain if the groove was covered only by
scales of the basic type (as in Alosa pseudoharengus), or by both scale types (as in
ALosa sapidissima).

Apart from the structure of the squamation, the suggestion that this form belongs
to the genus ALosa is further indicated by the presence (in the same layer - IPM
5 zone) of striated opercular bones'. The shape of the proeperculum (fig. 8b), in part­
icular, shows that these bones belonged to a species different from ALosa d. sago­
'Tends. The length of the ramus horizontalis is greater than the maximum breadth
above the angle. Delicate radial striae are also found on the lower part of the ramus
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verticalis. Because of the poor condition of the operculum, it is impossible exactly
to describe the course of the striae on this bone. As there are no complete skeletons
in the material studied, it is impossible to identify the form in question, so it has,
for the time being, been described as Alosa sp. As has been mentioned above, this
species occurred in material from the IPM 3, IPM 5 and IPM 6 zones.

Pauca (1934) included in his paper a drawing of a scale which he identified as
Clupea sp. (op. cit.: 35, fig. 6; the central scale). However, I think that on account of
the presence of vertical and horizontal grooves in the anterior field, it belongs to
the above-described Alosa sp. A typical scale of Alosa sp. from the Menilite Beds in
Roumania has also been illustrated by Jonet (1958: 35, fig. 12) who continued to call
it Clupea sp. The detailed stratigraphic position of these Roumanian scales is not
clear.
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WIESLAW A SZYMCZYK

LUSKI CLUPEIDAE Z ZESPOL6w BATYPELAGICZNYCH WARSTW
MENILITOWYCH KARPAT

Streszczenie

Badany material lepidologiczny pochodzi z paleogenskich warstw menilitowych

p6lnocno-wschodniej cz~sci Karpat fliszowych, z obszaru jednostki skolskiej (fig. 1).

Obecnosc odr~bnych zespol6w ekologicznych: batypelagicznego dolnego, nerytyczno­

sublitoralnego i batypelagicznego gornego wykazana przez Jerzmailskq i Kotlarczyka

(1968) oraz Jerzmanskq (1968) wylonila potrzeb~ opracowania lusek Clupeidae w ob­

r~bie tych zespo16w. W niniejszej pracy przedstawiono wyniki dotyczqce tylko obydwu

zespol6w batypelagicznych.

Luski Clupeidae masowo wyst~pujqce w lupkach menilitowych zachowujq obie

warstwy budujqce lusk~ ryb wsp6lczesnych - hialodentyn~ i izopedyn~. Stan za-
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chowania lusek pozwala przesledzic wszystkie cechy morfologiczne obserwowane na

luskach wsp6kzesnych ryb sledziowatych. Luski karpackich Clupeidae odznaczai1\

si~ silnym zr6znicowaniem pod wzgl~dem ksztaHu, ukladu rowk6w i wyksztalcenia

brzegu tylnego (pIs 58, 59), a niekt6re z nich posiadai1\ ponadto guzki widoczne tylko

na powierzchni izopedyny. W oparciu 0 okazy z zachowanym pokryciem ciala i ana­

llz~ morfologicznq pojedynczych lusek przeprowadzono rekonstrukcj~ okrywy

luskowej Clupea sardinites Heckel i Alosa cf. sagorensis Steindachner. Natomiast

u trzeciej formy, Alosa sp., moina bylo tylko cz~sciowo zrekonstruowac pokrycie

ciala. przy rekonstrukcjach tych wykorzystano ponadto pewne prawidlowosci w roz­

kladzie i wyksztakeniu lusek zaobserwowane u wsp6kzesnych Clupeidae oraz ustalo­

no synonimy lusek opisanych dotychczas z Karpat.

U Clupea sardinites brzeg tylny lusek jest gladki, a rowki wyrainie zaznaczaj1\

si~ na powierzchni. Tylko u tego gatunku obserwuje si~ zmiany grubosci lusek w za­

leinosci od wieku osad6w. U osobnik6w z dolnego zespolu batypelagicznego luski S1\

grube, natomiast w zespole batypelagicznym g6rnym luski S1\ wyraznie cieiJ.sze.

Luski Alosa cf. sagorensis tworzqce wyj1\tkowo zwartq okryw~ ciala maj1\ powy­

cinany brzeg tylny, a na powierzchni izopedyny, obok rowk6w wyst~pujq r6inie roz­

mieszczone guzki (fig. 7). Obecnosc charakterystycznej, asymetrycznej luski z okollcy

pletw piersiowych (fig. 7: e) wskazuje 'na istnienie u tej formy bruzdy mieszczqcej

pierwszy promieiJ. pletw piersiowych. Gatunek ten, niepodawany dotqd z warstw

menilitowych, stwierdzony zostal na podstawie analizy struktury lusek oraz kosci

pokryw skrzelowych.

Pokrycie ciala Alosa sp. tworzq dwa typy lusek r6ini1\ce si~ obecnosciq lub bra­

kiem rowk6w na polu przednim (fig. 9a, b). Luski te Sq cienkie, 0 powycinanym brzegu

iylnym. Podobnie jak u Alosa cf. sagorensis w okrywie luskowej wystE:powaly asy­

metryczne luski (fig. 9c) swiadczqce 0 obecnosci bruzdy w okolicy pletw piersiowych.

Zr6znicowanie gatunkowe przedstawicieli Clupeidae w profilu warstw menilito­

wych stwarza mozliwosc wykorzystania tych form i ich lusek do ce16w stratygra­

ficznych (tab. 2).

Niniejsza praca zostala wykonana w ramach problemu mi~dzyresortowego II/3.

BECJIABA IIIJIlM'iJllK

"tlEillYM CLUPEIDAE M3 BATMIlEJlArM"tlECKMX rOPM30HTOB

MEHMJlMTOBbIX CJlOEB KAPIlAT •

M3y<IeHHbIH JIeIU:l~OJIOrHqeCKHH MaTepHaJI npoHcxo~HT H3 naJIeOreHOBbIX MeHH­

JIHTOBbIX CJIOeB CeBep0-lBOCTOqHOH qaCTH <pJIHWeBbIx KapnaT, H3 paHoHa CKOJIbCKOH

ef\HH~bI (<pHr. 1). IlpHcYTCTBHe pa3JIHqHhIX :lKOJIOrHqeCKHX ropH30HTOB: HHJKHerO
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6aTymeJIarH'JeCKoro, HepHTH'IeCKo-cy6JIHTOpaJIbHOrO H BepXHerO 6aTHneJIarH'IeCKoro

yCTaHOBJIeHHOe E2KMaHbcKot1 H KOTJIHP'lHKOM (1968) H E2KMaHbCKoH (1968) oOHapY2KH­

JIO Heo6xo~HMOCTb H3y'IeHHH '1ewyti Clupeidae B cpe~e YKa3aHHbIX BbIIIIe ropH30HTOB.

B 3TOti pa60Te YKa3aHbr pe3YJIbTaTbI, KacaIO~eCH TOJIbKO OOOHX 6aTHneJIarH'IecKHx

ropH30HTOB.

"tlewyH Clupeidae B 60JIbWOM KOJIH'IeCTBe BbrcTynaIO~He B MeHHJIHTOBbIX CJIaHI.\ax

coxpaHHIOT 06a CJIOH, KOTOpbre CTpOHT '1ewyH cOBpeMeHHbrx PbIO - rHaJIO,ll;eHTHHOBbIW

CJIoti H OCHOBHyIO nJIaCTHHKy. COCTOHHHe coxpaHeHHbIX '1ewyw n03BOJIHeT npOCJIe~HTb

Bce MOPcP0JIOrHqeCKl1e np113HaKH, KOTopble Ha6JIIO~aIOTCH Ha '1ewyHx COBpeMeHHbIX

CeJIb~eBbIX pbI6. "tlewyH KapnaTCKI1X Clupeidae xapaKTepH3yIOTCH OOJIbWHM pa3JIH­

qHeM cPOPMbI, nOJI02KeHHeM 60P03,ll;OK H JIHHHeti 3a~Hero KpaH (nJI. 58, 59), a HeKOTO­

pble H3 HHX HMeIOT KpOMe Toro oyropKH, KOTopble 3aMeTHbI TOJIbKO Ha nOBepXHOCTH

OCHOBHOt1 nJIaCTHHKH. Ha 6a3e 06pa3~oB C coxpaHeHHbIM '1ernytiHbrM nOKpOBOM

H MOPcP0JIOrHqeCKOrO aHaJII13a OT~eJIbHbrX qewyti, npOBe~eHO peKOHCTpYK~HIO '1e­

wytiHoro nOKpOBa Clupea sardinites Heckel H Alosa cf. sagorensis Steindachner.

y TPeTbero npe~CTaBHTeJIH,Alosa sp. B03M02KHa 6bma TOJIbKO '1aCTH'IHaH peKOHCTpYK­

~HH qewytiHoro nOKpOBa. B 3Tl1X peKOHCTPYKU;HHX l1CnOJIb30BaHO KpOMe Toro HeKOTO­

pbre 3aKOHOMepHOCTH B nOJI02KeHl1l1 11 CTpyKType '1ewyH, Ha6JIIO,ll;aeMble y COBpeMeH­

Hbrx Clupeidae, a TaK2Ke onpep,eJIeHO CI1HOHI1Mbr qewyH onHcaHHbrx ~o CHX nop 113

KapnaT.

Y Clupea sardinites 3a~Hl1ti Kpati qewyH pOBHbrti, 60P03~KI1 OTqeTJII1BO 0603Wd­

qaIOTCH Ha nOBepXHOCTl1. TOJIbKO y :noro 1B11~a M02KHO HaOJIIO~aTb H3MeHeHHH TOJI­

~HHbr qewyti B 3aBI1CI1MOCTl1 OT B03pacTa oca~KoB. HH~l1Bl1~ya H3 Hl12KHerO 6aTHne­

JIarH'IeCKOrO rOpli:l30HTa Ii:IMelOT TOJICTbIe 'IewYli:l, 3aTO B 6aTHneJIarli:l'IeCKOM BepXHel'I

rOpl130HTe qewyl1 HBJIHIOTCH ~OBOJIbHO TOHKI1MH.

"tlewyH Alosa cf. sagorensis, KOTopbre CTpOHT nJIOTHbrt1 nOKpoB HMelOT Bbrpe3aH­

HbIti 3a~HHti Kpati, a Ha nOBepxHocTH OCHOBHOti nJIaCTHHKH KpoMe 60P03~OK BbrcTy­

naIOT no-pa3HoMY nOMe~eHHbre 6yropKI1 (cPl1r. 7). IIpl1cYTcTBl1e xapaKTepHoH, aCHM­

MeTpl1qeCKoti qewYli:l B 06JIacTI1 rpY~Hbrx nJIaBHl1KOB (cPl1r. 7e) YKa3bIIBaeT Ha cy~e­

CTBOBaHl1e y 3Toro BI1~a 60p03~br, B KOTOpOH Haxo~I1TcH nepBbrti JIyq rpY~Hbrx

nJIaBHKOB. 3TOT BI1~, ~o CHX nop He OTMeqeHHbrti B MeHHJIHTOBbrx CJIOHX, YKa3aHO

Ha OCHOBe aHaJI113a CTPYKTypbr qewyti H KocTeti 2Ka6epHoti KpbrwH.

IIoKpoB TeJIa Alosa sp. COCTaBJIHIOT ~Ba Tl1na qewyti, KOTopbre pa3JIHqalOTCH

Me2K~Y c060ti HaJIl1qeM I1JIH OTcYTCTlBl1eM 60P03~OK B nepe~Heti qaCTH (cPHr. 9a, b). 3TO

TOHr1Ke qewyH, HMelO~l1e IBbrpe3aHHbrti 3a~Hl1ti Kpati. TaK 2Ke KaK y Alosa cf. sago­

rensis B qewytiHOM nOKpOBe BbrcTynaJIH aCHMMeTpHqeCKHe qewYli:l (cPHr. ge), KOTopbre

eBH~eTeJIbCTBYIOT0 HaJIH'IHH 60p03,ll;br B 06JIaCTH rpY~HbIX nJIaBHHKOB.

BI1~OBOe pa3JIH'IHe npe~CTaBHTeJIeti Clupeidae B npocPHJIe MeHl1JIHTOBbrx eJIOeB

p,aeT B03M02KHOCTb I1CnOJIb30BaHI1H 3TI1X cPOPM 11 I1X qewyti K cTpaTl1rpacPl1qeCKI1M

~eJIHM (Ta6. 2).
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EXPLANATION OF PLATES 58 and 59

Plate 58
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1. Hyalodentine layer of scale in Clupea sardinites Heckel (Z. Pal. Wr. 1../43), X ca 13.
2. Lamellar layer of scale in Clupea sardinites Heckel (from a medial surface) (Z. Pal.

Wr. L/57), X ca 12. .
3. Notches on a underside surface of lamellar layer in Clupea sardinites Heckel

(Z. Pal. Wr. 1../2), X ca 9.
4. Nodules on the medial surface of lamellar layer in Alosa cf. sagorensis Steindachner

(Z. Pal. Wr. L/1), X ca 9.
5. Scale in Clupea sardinites Heckel with vertical and horizontal grooves (Z. Pal.

Wr. 1../126), X ca 11.
6. Rounded scale in Clupea sardinites Heckel (Z. Pal. Wr. 1../80), X ca 14.

Plate 59

1. Scale of Clupeidae with reticular pattern of grooves (Z. Pal. Wr. 1../172), X ca 12.
2. Scale of Alosa sp. (Z. Pal. Wr. L/7), X ca 12.
3. Scale in Alosa cf. sagorensis Steindachner with crenellated posterior border

(Z. Pal. Wr. 1../4), X ca 10.
4. Operculum in Alosa cf. sagorensis Steindachner (Z. Pal. Wr. 1../3), X ca 3.5.
5. Bones and scales of Alosa cf. sagorensis Steindachner (Z. Pal. Wr. 1../3), X ca 0.8.
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