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A b s t r a c t :  The author has described otoliths (Pisces) from  the Lower 
Tortonian deposits occurring near Nowy Sącz in the Carpathians. In  general, 25 
species have been distinguished and among them  two new ones have been recog­
nized; 19 species from  Poland have been described for the first tim e2. The paleo- 
ecological analysis showed th a t the m ajority  of otoliths from Niskowa is character­
istic of the fishes which live in the littoral zone (Serranus, Centropristis, Carapus, 
Gobius, Trigla, Solea, Arnoglossus), and of those which appear a t river mouths and 
in lagoons (Sparus , Pagrus). There is complete absence of representatives of the 
M yctophidae or M acrouridae families living in bathypelagic or bathybenthonic 
zones of open seas, which have been recognized in Poland from the Lower and 
Upper Tortonian deposits of the Upper Silesia and the Lower Tortonian of the 
K raków  region. The m arine pelagic forms are represented by the genera: Merluc- 
cius, Gadus, Dentex. Otoliths of fishes found at Niskowa indicate a w arm  climate. 
Only 2 genera: Gadus and Gobius are eurytherm ie.

INTRODUCTION

The investigation of the m arine T ortonian deposits a t N iskowa near 
Nowy Sącz was sta rted  in the last century. The firs t scientific investigator 
and explorer of geology as w ell as of fauna in th a t region was V. U h  1 i g 
(1888). On the grounds of analogies w ith  deposits of the V ienna vicin ity  
the au tho r assigned them  to the  Tortonian (vide: W. B a ł u k ,  1970).

1 Kraków, ul. Smoleńsk 50 m. 48.
2 In  table 1 they are indicated w ith asterisks.



N um erous molluscs w ere found in the fauna assemblage of the  Nis- 
kowa deposits. They w ere described by V. U h  1 i g (1888), W. F r i e d -  
b e r g  (1907, 1914, 1911— 1928, 1934— 1936), K. S k o c z y l a s ó w n a  
(1930), and W. B a ł u k  (1965, 1970). A part from  molluscs (pelecypods, 
gastropods), com paratively frequen t foram inifers w ere found a t Niskowa 
(V. U h l i g ,  1888, S. A l e x a n d r o w i c z  1960) vide: W. B a ł u k  
1970, as w ell as representatives of o ther system atic groups such as corals, 
polychaetes, bryozoans (J. M a ł e c k i  — vide: W. B a ł u k  1970), b ra- 
chiopods, ostracods, crabs, chitons (W. B a ł u k  1965), scaphopods, echi- 
nozoans, asterozoans, tee th  and otoliths of fishes (T. Śmigielska — vide: 
W. B a ł u k  1970). The la tte r  have been the subject of the detailed stu ­
dies presented here.

Remains of p lants belonging to Chlorophyceae w ere also found at 
Niskowa. They are m entioned by  W. B a ł u k  (1970) and J. M a ł e c k i  
(1970); the la tte r  described them  system atically.

The paleontological m aterial from  Niskowa was collected by Dr 
W. B a ł u k  to whom  the au tho r expresses h e r thanks for subm itting 
the otoliths for exam ination. Thanks are  due to Dr habil. S. A l e x a n ­
d r o w i c z  for his rem arks concerning the age of the Niskowa deposits.

The prelim inary  designation of otoliths, in form  of a list of species 
together w ith  general ecological conclusions was included in W. В a- 
ł u k ’ s w ork (1970). The list of otoliths presented originally has been 
slightly  a ltered  recently.

In  the presen t w ork W. В a ł u  k ’ s profile (1966, 1970) has been used 
as w ell as num erical symbols of layers in troduced by him.

The taxonom ical p a rt was based on classification of fishes of 
L. S. B e r g  (1958), D. S. J o r d a n  (1963), and P. G. D a n i l t s h e n -  
k о (1964). Also W. W e i 1 e r ’ s (1968) publication on the  fossil and recent 
otoliths was used here.

VIEWS UPON THE AGE OF THE MIOCENE DEPOSITS AT NISKOWA

The Miocene deposits cropping out a t Niskowa w ere described as 
d ifferen t horizons of the Tortonian.

The profile described by K. S k o c z y l a s ó w n a  (1930) included 
“bluish clays w ith  lignite in tercalation” and h igher placed thick-bedded 
sands and then  th in-bedded ones. The fauna determ ined by  the quoted 
au tho r m ade her express her opinion of the U pper Tortonian age of the 
deposits and the ir possible partia l connection w ith  the Sarm atian.

In her fu rth e r w ork this au tho r assumes th a t the Miocene profile a t 
N iskowa m ay also comprise the Lower Tortonian (K. S k o c z y l a s -  
C i s z e w s k a ,  1960).

A detailed  profile of the described deposits about 25 m  in  thickness 
was given by W. B a ł u k  (1966, 1970). This au tho r d istinguished 20



layers, classifying them  into 4 litho-stratig raphic  sets, denoted by sym ­
bols I—IV. They are, going upw ards: Set I (layer 1) — “argillaceous depo­
sits w ith  brow n coal in tercalations” , w ith  fragm ents of shells of the 
molluscs Loripes dentatus niveus  E i c h  w., Potamides sp., Hydrobia  sp. and 
foram inifers from  the genera: Quinqueloculina  and Borelis. Set II (layers 
2— 6) — “sandy-argillaceous deposits w ith  brackish and m arine fauna”. 
In  the low er p a rt of clays there  are num erous fossils, especially foram ini­
fers and gastropods Potamides sp. div., Neritina -pieta F é r r u s a c .  Set 
III (layers 7— 9) — “sandy silty  deposits w ithout fauna”. Set IV (layers 
10— 20) — “sandy silty  deposits w ith rich m arine fauna”. Layers 11, 12, 
15, 20 possess the  greatest am ount of fossils. In  the upper p a rt of the 
profile (layer 19), a bentonite in tercalation was found.

Geological-paleontological investigations of the Miocene deposits allow ­
ed a comparison betw een the Niskowa profile and o ther Miocene loca­
lities both in Poland and in adjacent areas. S. A l e x a n d r o w i c z ,  
W.  K r a c h  (1963) expressed an opinion th a t the argillaceous deposits 
w ith  brow n coal in tercalations from  Niskowa (set I acc. to W. В a ł u k), 
considering the presence of brackish fauna, bear a resem blance to clays 
w ith  brow n coal from  Przeciszów near Oświęcim. These clays w ere 
classified by these authors as Low er Tortonian and, in particu lar, as 
L ow er Opolian on the basis of the fauna analysis. F u rth e r on, these 
au thors com pare this deposit w ith  the Sublithotham nian horizon (Lower 
Opolian) of the sou thern  m argin  of the Holy Cross M ountains region. 
T hey also pointed to the occurrence of parallel brackish deposits in 
M oravia and to th e ir relation w ith  the m arine Tortonian form ations in 
A ustria, H ungary and Roumania.

The Miocene form ations w ith  brow n coal have been also found in 
Podolia and Volhynia. Form erly, they  w ere considered H elvetian — Tor­
tonian by some Polish authors; la tte r  on, H elvetian, by Russian scientists 
and recen tly  they  have been assigned to the Low er Tortonian 
(W. K r a c h ,  1962).

A presum able paleogeographical connection of the  Miocene m arine 
deposits from  Niskowa (sets II— IV acc. to W. В a ł u  k) w ith  other 
Miocene localities in  the F lysh C arpathians w as indicated by S. A l e ­
x a n d r o w i c z  (1962). This au thor com pared the  m arine clays and sands 
from  Niskowa w ith  m arine deposits of Iw kowa and Żegocina w hich con­
tained  a very  abundant assem blage of the Low er Tortonian foram inifers 
(so called “Lancendorf fau n a”), and w ith  clays from  Benczyn, Brzozowa, 
Mazańcowice, from  w hich sim ilar m icrofauna was quoted (E. Ł  u с z- 
k o w s k a  1957, S. A l e x a n d r o w i c z  1959). S. A l e x a n d r o w i c z  
classified the la tte r  as Lower Tortonian ( =  Badenian), U pper Opolian.

W. B a ł u k  (1970) m ade a detailed revision of the h itherto  existing 
view s upon the problem  of age of Niskowa Miocene deposits. He assum ed 
th a t deposits in  the low er p a rt of the Niskowa profile (layers 1— 6) are



representing the Low er Opolian, on the grounds of analysis of resu lts of 
investigations carried  out by various authors on the stra tig raph ie  position 
of clays w ith  brow n coal, containing brackish fauna and described as 
the Lower Opolian deposits. According to the quoted author, also h igher 
layers (10— 20), sandy silty, w ith  rich  m arine fauna can be classified as 
Low er Opolian.

In W. В a ł u k ’s estim ation, the thesis accepting the Lower Opolian 
age of the described deposits can be supported, am ong others, by the sta­
tem ent th a t the fauna of these layers is of the Low er Opolian type, and 
it  occurs in situ. This is bored on the sta te  of fossil preservation  and 
frequen t life position of molluscs.

In  his paleogeographical rem arks W. B a ł u k  suggested th a t the sea 
m ight have extended w ith  its w ide bay from  the Nida trough  tow ards 
south-east, filling the  depression a t the foot of the C arpathians.

So far, the  stra tig raphie  position of the Niskowa deposits has not been 
determ ined in detail. However, th e ir Low er Tortonian age is generally  
accepted. There is only a divergence of opinions: w hether the Niskowa 
deposits belong to the Low er or to U pper Opolian.

SYSTEMATIC DESCRIPTION OF SPECIES

Class: Osteichthyes 
Subclass: Actinopterygii 
Superorder: Teleostei 
Order: Gadida
Suborder: Gadoidei C u v i e r ,  1829 
Family: Gadidae R a f i n e s q u e ,  1810 
Genus: Gadus L i n n é ,  1758

Gadus elegans K o k e n  
Pl. I, fig. la -b

1884 Otolithus (Gadidarum) elegans K o k e n ;  E. K o k e n ,  pars: p. 542, pl. XI, 
fig. 2, 4 (non fig. 3)

? 1891 Otolithus (Gadus) elegans K o k e n ;  E. K o k e n  pars: p. 93, pl. IV, fig. 1, la. 
1906 Gadus elegans K o k e n  juv.? R. J. S c h u b e r t ,  pars: p. 660—62, pl. XX, fig.

16, 17, 18, (non pl. V, fig. 13—18).
M a t e r i a l :  5 specimens (layers 2, 12, 13, 18).
Dimensions: Length 4,5 m m  Ot. M. II /l  — layer 13

Width 1,8 mm 
Thickness 0,6 mm

D e s c r i p t i o n :  An elongated otolith, narrow ed and subacute in its 
posterior part. A sm all excisura in the an terio r rim . In  its extension 
a deep furrow  is form ed, visible on the ou ter and inner faces of sagitta. 
The dorsal and ven tra l rim s are sligh tly  notched, especially in  the  m iddle 
part. F rom  the rim s disperse not very  num erous, rad ial furrow s and round­
ed folds, visible on the ou ther face and slightly  less noticeable on the 
inner one.
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Inner face flat. Sulcus divided by the  cen tral narrow ing and depres­
sion into a sm aller ostium  and a large cauda in w hich collicula are p re­
sent.

The ou ter face slightly  convex in the  an terio r part, and a little  con­
cave in the posterior one. In  all specimens the w hole sag itta  is re la tively  
fla t and not so richly ornam ented as in  Gadus elegans sculptus  K o k e n  
(T. Ś m i g i e l s k a ,  1966, p. 241— 2, pl. XV, fig. 3a-b) 1.
R e m a r k s :  In  his description of Gadus elegans, K o k e n  (1884) had 
included various forms, a p a rt of w hich w ere la te r recognized as d ifferen t 
species or subspecies. The au thor emphasized a rem arkable variab ility  in 
shape, thickness and ornam entation. Besides the typical th ick specimens, 
relatively  rich ly  ornam ented, from  the Middle Oligocene of G erm any (pi.
XI, fig. 2, 4),there  occur f la tte r  ones, also rich ly  or poorly ornam ented.■f
Presum ably, the U pper Oligocene form  ( K o k e n  1891, pl. IV, fig. 1, la) 
can be included here; it is quoted in the synonym y w ith  reservations, if 
we consider the lack of a distinct division of sulcus into ostium  and 
cauda. The form  from  the Miocene of A ustria, p resented  by R. J. S с h u- 
b e r t  1906, pl. XX, fig. 16— 18, bears an extrem ely  close resem blance to 
our specimens.

Family: Gadidae
Genus: Merluccius R a f i n e s q u e ,  1810

Merluccius vulgaris F l e m i n g  
PI. I, fig. 2a-b

1891 Otolithus (Merluccius) miocenicus K o k e n ;  E. K o k e n ,  p. 85, textfig. 3.
1906 Otolithus (Merlucius) preesculentus B a s s o l i  et S c h u b e r t ;  G. G. В a s  s o l i ,  

p. 39, pi. I, fig. 7, 9, 10.
1906 Otolithus (Merlucius) praeesculentus B a s s o l i  et  S c h u b e r t ;  R. J. S c h u ­

b e r t ,  p. 657, pl. XIX, fig. 29a-b.
1958 Merluccius vulgaris F l e m i n g ;  W. W e i l e r ,  p. 333, pl. 1, fig. 22.
1969a Merluccius vulgaris F l e m i n g ;  P. A. M. G a e m e r s ,  p. 10, pl. I, fig. 11 (vol. 

VI, nr. 1—2).
1969b Merluccius vulgaris F l e m i n g ;  P.  A. M. G a e m e r s ,  p. 74, pl. IV, fig. 7a-b 

(vol. VI, nr. 4).
1969 Merluccius vulgaris F l e m i n g ;  W.-D. H e i n r i c h ,  p. 28—29, pl. XI, fig. la, 

lb.
M a t e r i a l :  damaged specimen.
Dimensions: Length ? mm; W idth 5,0 mm; Thickness 1, 2 mm; Ot. M. II/2

In the m aterial we have only the m iddle p a rt of a large otolith which, 
however, allows us to classify it as the species of Merluccius vulgaris 
F l e m i n g ,  1828. The posterior p a rt of the sagitta  is absent and 
damage is visible in the anterodorsal rim.

D e s c r i p t i o n :  O uter face shows slight bu t distinct ornam entation,

1 Acc. W. W e i l e r  1968 — Gadus elegans m ut. sculpta K o k e n  1891.



composed of rounded folds, dispersing rad ially  from  the rim s tow ards the 
raised cen tra l part.

On the inner face a characteristic sulcus w ith  a nearly  com pletely 
preserved ostium  and a sm all p a rt of cauda is visible; especially in cauda 
collicula are  visible. T here is also m arked crista superior, a slightly  
concave area and a distinct ven tra l line. Delicate, radial furrow s occur in 
the dorsal and ven tra l parts.
R e m a r k s :  O ur specim en does not show any  differences in relation  to 
forms quoted in the synonym y. According to W e i l e r  (1935, p. 42), the 
genus Merluccius had appeared earlier in E astern Europe th an  in  its 
central and w estern  parts. In the East it had spread in  the Lower and 
Middle Oligocene, w hile in  C entral W estern Europe it occurred in the 
U pper Oligocene-Miocene.

W. W e i l e r  (1968), W. D. H e i n r i c h  (1969) include the species 
known from  the Miocene: Merluccius miocenicus K o k e n  and M. prae- 
esculentus  B a s s o l i  et  S c h u b e r t ,  into the species Merluccius vu l­
garis F l e m i n g .
O c c u r r e n c e :  ? U pper Oligocene, Middle and U pper Miocene of N orth — 
W estern G erm any, M iddle Miocene of Italy , Miocene (Tortonian) of Au­
stria, Miocene and Pleistocene of Belgium. So fa r , 'i t  has not been know n 
from  Poland.

Order: Mugilida 
Suberder: Mugiloidei 
Family: Mugilidae C u v i e r ,  1829 
Genus: Mugü  L i n n é .  1758

Mugil applanatus (R z e h  a k)
Pl. I, figs. 3, 4a-b, 5

1893 Otolithus (Percidarum) applanatus R z e h a k ;  vide in R. J . S c h u b e r t  (1906), 
p. 629, pl. XIX, fig. 46. '

1966 Mugil applanatus ( R z e h a k ) ;  W . W e i l e r ,  p. 121—22, fig. 2—5 (cum syno- 
nimis).

1969 Mugil applanatus ( R z e h a k ) ;  R. B r z o b o h a t ÿ ,  p. 14—15, pi. 6, fig. 13. 
M a t e r i a l :  3 specimens.

D linens lone: length. 2,7 nun 3,7 mm 5,7 nm /abrupt rostrum/
Width 1,7 nun 2,1 mm 2,7 mm
Thickness 0,3 mn 0,4- nun 0,7 -  0,8 mm
L:ff = 1 , 5  Ł:* = 1,76

0t.M.II/4 - PI.I, Ot.M.Il/3- Ot.M.II/5 - PI.I, 

fig. 4a-b Pl.I,flg.3 fig. 5

D e s c r i p t i o n :  3 otoliths w ere found in the m aterial. They belong to 
the genus Mugil, w hich is apparen t because of the characteristically  
shaped sulcus. It runs supram edially, in  a m ore or less d istinct way. 
Ostium, as it can be w ell seen in the specim en (fig. 3), is short and only 
slightly  w ider than  the caudal p a rt of sulcus. Long and narrow  cauda



gradually  rises upw ards tow ards the dorsal rim . In  its posterior p a rt it 
curves dow nwards and v irtu a lly  approaches the rim.

The two sm aller otoliths are w ell preserved. They have an oval out­
line. The specim en shown in fig. 3 is slightly  dam aged in  the posterior 
part, w hich gives an im pression of sagitta being obliquely cut. R ostrum  
equals here antirostrum . In the o ther specimen (fig. 4a-b) rostrum  is 
p ro trud ing  forw ards and it is subacute. A ntirostrum  in a form  of a den­
ticle. Excisura is very  sm all in both described specimens. The ven tra l 
rim  of the specimens is m arkedly  notched; the dorsal rim  is m ore or less 
undulated. The inner face is convex, the ou ter one is concave. As far as 
th e ir  shape, dimensions and length-w idth  relation are concerned, these 
specim en correspond to the  description of the Miocene species Mugil 
similis S c h u b e r t .

The specim en (fig. 5) w ith  an ab rup t an terio r p a rt of sagitta varies 
in proportions from  the two described otoliths. It is m uch slim m er and 
la rger than  the rem aining ones; it is probably  connected w ith  its more 
advanced stage of developm ent. Rims of the specimen are nearly  smooth. 
Above crista superior there  is a m arked, large area, narrow ing in the 
posterior part. This specimen bears an ex trem ely  close resem blance to 
the  species Mugil applanatus (R z e h a k). It can be com pared w ith 
? Mugil dissimilor S c h u b e r t ,  thanks to its resem blance in shape and 
dimensions; the difference can be observed only in a more curved cauda 
in our specimen, resem bling the final p a rt of the le tte r  “S”. Our 
specimen, also resem bles the recent species Mugil saliens R i s s о and 
M. auratus R i s s о (J. C h a i n e ,  1938, pl. XIV and XVI).
R e m a r k s :  W.  W e i l e r  (1966) describes several otoliths from  the Hel­
vetian  of M oravia (Ivanöice), w hich he classifies among the species Mugil 
applanatus (R z e h a k). He includes S c h u b e r t ’ s species: M. similis 
and M. dissimilor into the species Mugil applanatus synonym y. I llu s tra ­
tions of W e i 1 e r ’ s specimens are v irtua lly  identical to the R z e h a k ’ s 
species; they  also bear a certain  resem blance to ? Mugil dissimilor S c h u ­
b e r t .  On the o ther hand, typical form s M. similis S c h u b e r t  are not 
p resen t among them , and th a t makes the problem  a little  complicated. 
However, investigating form s of variab ility  of otoliths in the recent 
species Mugil auratus R i s s o  or M.  saliens R i s s о (J. C h a i n e ,  1938), 
in the presented population there  can be observed specimens sim ilar to 
the  typical M. similis (e.g. the sm allest specim en among M. auratus), and 
m ore elongated forms resem bling in proportions M. applanatus. It can 
be thus assum ed th a t the range of variab ility  is so large th a t the 3 
described otoliths from  the Lower Tortonian of Niskowa can be included 
w ith in  one species.
O c c u r r e n c e :  Lower H elvetian of M oravia, Tortonian of A ustria. 
A part from  P aratethys, R, B rzobohatÿ m entions occurrence of this species 
in  the Neogene of Majorca.
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Order: Percida 
Suborder: Percoidei
Family: Serranidae R i c h a r d s o n ,  1846 
Genus: Serranus C u v i e r ,  1817

Serranus an sp. nova?
PI. I, fig. 6a-b; Text-fig. 1

M a t e r i a l :  1 specimen.
Dimensions: Length 4,0 mm Ot. M. II/6

Width 1,85 mm 
Thickness 0,3 mm

D e s c r i p t i o n :  A slim, th in  otolith w ith  a qu ite  narrow  rostrum  
protruding forw ards. A subacute sagitta in the posterior part. No 
excisura. The dorsal rim  rises sligh tly  backw ards. It is sm ooth in the 
an terio r part; fa rth e r on, in the m iddle-posterior p a rt two wide, rounded 
notches are visible. A smooth, w idely arched ven tra l rim .

A convex inner face. M edian sulcus. A sligh tly  w idened ostium, n a r­
row er than  cauda and som ew hat deeper. The narrow  cauda deepens 
slightly  in the posterior p a rt and curves downwards. It ends near the 
ven tra l rim. The ou ter face of sagitta  is concave.
R e m a r k s :  As fa r as the type of shaping is concerned, sag itta  in our 
specimen corresponds to specimen of the recent species Serranus cabrilla 
L., and S. scriba L. (J. C h a i n e ,  1935; pp. 103, 109; pl. VIII). A certain  
sim ilarity  in the shape of sagitta and sulcus can be also observed in  the 
specimen Serranus  sp. from  the Lower and Middle Oligocene of M oravia 
(R. B r z o b o h a t ÿ ,  1967, p. 139, pi. 3, fig. 9-ab). U nfortunately , the 
rostrum  of the specim en is abrupt; also its dorsal and ven tra l rim s in  the 
posterior p a rt of sagitta  are more notched than  the ones in our specimen.

It is not unlikely  th a t the specim en from  Niskowa represen ts a new 
species. B ut as we posses only one slightly  polished specimen, we do not 
give it a new  species name.

Family: Serranidae
Genus: Centropristes C u v i e r ,  1829 1

Centropristis integer  S c h u b e r t  
Pl. I, figs. 7a-b, 8

1906 Otolithus (Centropristis) integer S c h u b e r t ;  R. J. S c h u b e r t ,  p. 626, pi. 
XVIII, fig. 6.

1823 Otolithus (Centropristis) integer S c h u b e r t ;  O. P o s t h u m u s ,  p. 108, fig. 
1, 2.

1965 Centropristis integer S c h u b e r t ;  R. B r z o b o h a t y ,  p. 121, pi. 2, fig. 16a-b; 
1967 — p. 241, pi. 2 D, fig. 8a-b.

1 Later on, Cuvier and other authors following him use perm anently  the name 
Centropristis ( J o r d a n ,  1963; W e i l e r ,  1968).



—  11 —

M a t e r i a l :  2 specimens.

Dimensions: Iangth. 2 ,15  am + 1 ,7 0  mm 

ffidth. 1 ,5 0  mm 1 ,4 0  mm 

Thickness 0 ,30  mm 0 ,30  mm

Ot,M ,Il/7 - PI. I ,  Ot i M, I I /  8 - PI, I,
f ig ,  7a-b f ig .  8

D e s c r i p t i o n :  O tolith of an oblong outline. A wide, acute rostrum . 
A sm all antirostrum ; a visible excisura. Of two specimens one is p reserv­
ed in full shape and it is w ider; the o ther has an ab ru p t rostrum  and 
is a little  narrow er and slim m er. A slightly  raised and noched dorsal rim; 
the ven tra l rim  is more convex, especially in the specim en in fig. 7a-b.

A slightly  convex inner face. A wide ostium, som ew hat sho rter than  
cauda, w hich curves slightly  dow nw ards in its posterior part. A very  
distinct crista superior; deep area. A visible ven tra l furrow . M arked 
radial furrow s, running  from  notches in the ven tra l rim . They can be 
seen also on the outer face.
R e m a r k s :  W hen com pared w ith  the S c h u b e r t  holotype, our well 
preserved specimen (fig. 7a-b) is slightly  w ider. As fa r as the outline is 
concerned, the o ther specimen, dam aged in its ro stra l part, resem bles 
it better. In  both our specim ens cauda is also slightly  m ore curved 
dow nw ards than  it can be observed in the specimens m entioned in the 
synonym y.

In her successive works, G. R a d o  observes the occurrence of this 
species in the Tortonian and Sarm atian  of Roum ania (1965, p. 60, pl. II, 
fig. 8a-b; 1968, pl. I, fig. 4a-b; 1969, p. 195, pl. I, fig. la-b). However, the 
au tho r does not give its description, and the included draw ings show 
forms w ith  a fa irly  d ifferen tly  shaped sagitta  and cauda. The la tte r  is 
stra igh t in some specimens and slightly  curved upw ards or dow nw ards 
in others (1968).
O c c u r r e n c e :  Miocene (Tortonian of A ustria and Roumania?), Mid­
dle Miocene of Holland, C arpathian-T ortonian s.l. of M oravia. It is also 
found in U pper Oligocene and U pper Miocene of G erm any by W e i l e r  
(vide: B r z o b o h a t ÿ ,  1967).

Family: Percidae B o n a p a r t e ,  1831 
Genus: Perea L i n n é ,  1758

Perea a ff. praefluviatilis W e i l e r  
Pl. II, fig. 2a-b

1963 Perea aff. praefluviatilis W e i l e r ;  W. W e i l e r ,  pp. 37—8, fig. 151—154. 
M a t e r i a l :  1 specimen.
Dimensions: Length 3,5 mm Ot. M. 11/10

Width 1,9 mm 
Thickness 0,4 mm

L : W =  1,84
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D e s c r i p t i o n :  O tolith not quite regu larly  elliptical. R ostrum  produced 
forw ards, but, unfortunately , its term inal p a rt is abrupt. A sm all excisura. 
A sm all denticle is visible just below it. A ntirostrum  not very  distinct. 
The dorsal rim  is slightly  bu t w idely arched in its an terio r part; fa rth e r 
on the rim  line slopes down and is notched. An obliquely cut sagitta  is 
visible from  the posterodorsal dome. The ven tra l rim  is nearly  sm ooth and 
not very  w ell arched.

A slightly  convex inner face. The ostium  form s an angle of about 45°, 
shorter bu t m ore concave than  cauda. The cauda is filled w ith  çolliculum; 
it is slightly  curves dow nw ards in its posterior part. The low er m argin  
of cauda runs a little  obliquely from  collum; the upper one goes stra igh t 
in the an terio r p a rt and curves only in the posterior. A very  distinct 
crista superior, thickened in the an terio r part. A very  d istinct area.

A slightly  concave outer face, w ith  radial furrow s and folds. 
R e m a r k s :  The described otolith displays features of the sagitta m or­
phology, characteristic of the genus Perea. I t can be com pared w ith  the 
otolith of the recent species Perea fluviatilis  L. (vide: K o k e n  1884, 
pl. IX, fig. 11). Among fossil forms, the otoliths Perea prae fluviatilis  W e i ­
l e r ,  w hich w ere found in the Lower Miocene (Aquitanian) form ations 
of N orth Germ any, are very  sim ilar to it. In  the holotype presen ted  by 
W e i l e r  (fig. 151) w hich is nearly  identical to our specimen, we observ­
ed th a t the excisura is more incised and the rim s m ore m arkedly  and 
deeper notched. As fa r as the rem aining details of m orphology and 
general proportions are  concerned, no differences have been observed.
О с с u r  r  e n с е: Lower Miocene (Aquitanian) of N orth  G erm any.

Otol. [Percidarum] oblongus B r z o b o h a t ÿ  
Pl. II, fig. la -b

1967 Ot. (Percidarum) oblongus B r z o b o h a t ÿ ;  R. B r z o b o h a t ÿ ,  p. 143, pi. 9, 
fig. 12a, b, 13—15.

M a t e r i a l :  1 specimen
Dimensions: Length 1,85 mm Ot. M. II/9

W idth 1,05 mm 
Thickness 0,30 mm

D e s c r i p t i o n :  A sm all, oblong otolith. R ostrum  produced forw ards; 
its end is acute and som ew hat raised upw ards. A sm all, sharp ly  incised 
excisura; a denticle is m arked below it. A small, distinct an tirostrum . The 
posterior rim  of sagitta is nearly  sharp  bu t there  can be noticed a slight 
damage betw een the p a rt produced backw ards and the  posterodorsal 
dome (the supposed outline has been m arked w ith  a dashed line on the 
photograph).

Dorsal rim  fairly  sharp ly  denticulated. V entral rim  irregu larly  den ti­
culated.
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Inner face convex. Sulcus in  the m iddle of sagitta. O stium  nearly  as 
long as cauda, b u t m uch deeper. Cauda runs horizontally; in the posterior 
p a rt its upper m argin curves slightly  dow nwards. D istinct crista superior; 
a  sm all bu t fa irly  deep area.

The outer face is slightly  concave in  the um bonal part; several sh a l­
low er or deeper furrow s are  visible on its surface. The most distinct 
ones are the furrow s running  from  excisura tow ards the m iddle óf sagitta 
and also those in the posterior part, running  from  the posterodorsal 
dome.
R e m a r k s :  As far as m orphology is concerned, the otolith described 
above corresponds to the species Ot. (Percidarum ) oblongus B r z o -  
b о h a t ÿ. Proportions of the specimens are  identical here; the ratio  
leng th  of sagitta
—---------------------=  1,8 in our specimen (in Brzobohaty s specimens 1,75—
w idth  of sagitta

length  of sagitta
1,80), and the ratio  ---------------------------  =  0,6, both in our specimen and

thickness of sagitta
in  the holotype. The outline of sagitta also corresponds to the holotype,
as w ell as the shape of sulcus.

C ertain features of resem blance to our otolith can be also found in
th e  specimen Ot. (Percidarum) opinatus P r o c h a z k a ,  presented  by
S c h u b e r t  (1906, p. 628, pl. XVIII, fig. 30, 31) from  the Miocene of
A ustria. However, our specim en differs from  the holotype of this species
described by P r o c h a z k a  (1893, p. 62, pi. 3, fig. 10a, b) from  the
Miocene of M oravia. Sagitta of our specim en is not rounded in its
posterior p a rt as it is in P rochäzka’s specimen; the specimens also d iffer in
proportions.
O c c u r r e n c e :  Lower-M iddle Oligocene of Moravia.

Family: Pomadasyidae
Genus: Orthopristis G i r a r d ,  1859

? Orthopristis vöslauensis ( S c h u b e r t )
Pl. II, fig. 3a-b

1906 Otolithus (Sparidarum l) vöslauensis S c h u b e r t ;  R. J. S c h u b e r t ,  p. 634, 
pl. XVIII, fig. 34, 35.

M a t.e r i a 1: 1 specimen

Dimensions: Length. 2 ,2  mm /NiekoBa/ 2 ,4  mm /VBsla*/

Width. 1 ,5  mm 1 ,8  nm

Thickness 0 ,4  ша 0 ,5  mm

Ot.M .Il/11

D e s c r i p t i o n :  O tolith of a w idely elliptic outline. R ostrum  nearly  
rounded; small, rounded an tirostrum . A shallow  depression m arked in  the 
an terio r p a rt of the dorsal rim; beyond it, the  rim  forms a w idely arched 
line. F a rth e r on, the rim  slopes gently  backwards. A sm ooth v en tra l rim .



—  14 —

Sulcus placed supram edially. Not very  wide, spa tu lar ostium, sh o rte r 
than  the caudal p a rt of sulcus. A narrow ed collum. The cauda runs ho ri­
zontally  in the an terio r part; fa rth e r on it curves dow nwards, bu t it is 
a t a certa in  distance from  the ven tra l rim . A distinct crista superior. 
Above it, the  area is visible; i t  is m ore depressed in the an terio r part. 
Indistinct ven tra l furrow .

A convex inner face. The outer face is only slightly  concave in the 
um bonal part. N um erous irregu lar depressions and bosses can be seen 
here (pl. II, fig. 3a-b). The whole sagitta  is fa irly  thick, w ith  a rounded 
dorsal rim  and not sharp  ven tra l one.

O ur specim en corresponds en tire ly  to the otolith described by R. J. 
S c h u b e r t  (1906) from  the Tortonian of Vöslau, as Ot. (Sparidarum ?) 
vöslauensis. However, its classification among the fam ily Sparidae seems 
incorrect, as sulcus is shaped in the w ay typical of the fam ily Pom ada- 
syidae, w hich have occured in w arm  seas from  Eocene to Recent. H aving 
com pared S c h u b e r t ’ s specim en from  Vöslau and ours from  Niskowa 
w ith  a num ber of forms m et in  this fam ily, a g reat resem blance to oto­
liths of the genus Orthopristis can be found. In  the recent specimens 
Orthopristis bennetti L o w e 1 (J. С h  a i n  e, 1937, p. 5, pl. I), the  
resem blance is visible in the shape of sulcus acusticus and in the outline 
of sagitta, w ith  the only difference th a t in  m ost p resented  form s cauda 
is still m ore curved and nearly  reaches the v en tra l rim. In  specimens of 
the genus Pristipoma  (J. С h a i n  e, 1937, pl. II, III), the cauda ap­
proaches, still in a g rea ter degree, the ven tra l rim . Therefore, we have 
ra th e r classified our specim en among the genus Orthopristis w ith  reser­
vation.

Family: Sparidae B o n a p a r t e ,  1831 
Genus: Sparus L i n n é ,  1758

Sparus doderleini ( B a s s o l i  et  S c h u b e r t )
Pl. II, figs. 5a-b, 6

1906 Otolithus (Chrysophris) Doderleini B a s s o l i  et  S c h u b e r t ;  G. G. B a s s  o- 
1 i, p. 52, pl. II, fig. 34.

1906 Otolithus (Chrysophris) Doderleini B a s s o l i  et S c h u b e r t ;  R. J. S c h u ­
b e r t ,  p. 631, pl. XVIII, fig. 46—48.

1914 Otolithus (Serranus) noetlingi K o k e n ;  F. P r i e m ,  pars: p. 259, fig. 32, 33, 
? 36, (non fig. 34, 35, 36—40).

1950 Chrysophris doderleini B a s s o l i  et S c h u b e r t ;  W. W e i l e r  p. 227, pi. 3, 
fig. 19a-b.

1966 Chrysophris doderleini B a s s o l i  et S c h u b e r t ;  T. Ś m i g i e l s k a ,  p. 255, 
pl. XVII, fig. 7a-b.

1970 Sparus doderleini ( B a s s o l i  et S с h u b e r t); E. R о b b a, p. 142, pi. 15, fig. 
4a-b.

1 Pristipom a prebennetti B a u z a - R u l l a n ,  1964 (v. W e i l e r ,  1968 Fossilium 
Catalogus).
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M a t e r i a l :  2 specimens.

Blmenilea*: length 

Width

3,1 4 ,6  run 

3 ,3 вт 

0,5 пш

2 ,2  um

Thick.™»* 0,4 un

Ot II/14  - 

P l.I I , ïlg.6

Ot.M.11/13 - 

P I.11, flg. 5»-Ъ

D e s c r i p t i o n :  A w idely oval outline. Notched rims, especially the 
dorsal one, in the m iddle of w hich there  is the highest protrusion. 
A distinct posterodorsal dome. Wide, prom inent rostrum ; a sm all an ti­
rostrum  in form  of a rounded denticle. A wide ostium. Cauda slopes 
dow n in form  of a gentle arch; it curves dow nw ards in its posterior part. 
D istinct crista superior and area.

A convex inner face; the  ou ter one is concave, w ith  rad ia l furrow s 
and folds.

O ur both sagittas correspond to the description of the species. 
R e m a r k s :  Recently, some specimens classified by F. P r i e m  (1914) 
as Serranus noetlingi K o k e n  have been included in the synonym y of 
the species described above, since the shape of sulcus, as w ell as the 
outline of sagitta, a re  characteristic of the otoliths w hich had been 
described by d ifferen t au thors as Chrysophris doderleini. W. W e i l e r  
(1968) and E. R o b b  a (1970) classify specimens of th is species among 
the  genus Sparus, since the genus Chrysophris  C u v i e r ,  1829 was in­
cluded in the synonym y of the genus Sparus  L., 1758.
O c c u r r e n c e :  B urdigalian of France, M iddle Miocene of Italy , A ustria; 
Miocene (Tortonian) of Roumania, Poland, Czechoslovakia; R. B r z o b o -  
h a t  ÿ  (1963) m entions the occurrence of th is species in the Tortonian of 
the  Slovakian and M oravian p a rt of the  V ienna Basin.

Otol. [Sparidarum ] sp.
Pl. II, fig. 4a-b

M a t e r i a l :  3 damaged specimens.
Dimensions: Length ? (the anterior p art of sagitta is absent)

W idth 4,6 mm 
Thickness 0,8 mm

Ot. M. 11/12

In  layer 12, th ree dam aged specimens have been found together w ith  
otoliths described in the present w ork as Sparus doderleini (B a s s о 1 i 
e t S c h u b e r t ) .  They d iffer in the shape of sagitta  and sulcus. The 
o toliths classified by us as the species Sparus doderleini have a nearly  
oval outline, ye t w ith  a prom inent posterodorsal dome. The dorsal rim, 
as w ell as the ven tra l one in juvenile specimens, have few  wide, rounded 
notches. The th ree  rem aining specimens, w hich cannot be joined to the 
ones described before, have a more angu lar outline. T heir posterodorsal
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dome is very  strongly  m arked; the posterior p a rt of sagitta is truncate. 
Rims are ended w ith  num erous, prom inent, sharp  denticles.

In Sparus doderleini the sulcus slopes down in an arched line in the 
caudal part, starting  from  collum. In the form  described a t present, it 
runs horizontally in the an terio r part, and only in the posterior one it 
curves downwards. T hat can be easily seen, especially w hen the upper 
m argin of cauda is observed.

D istinct crista superior and area.
C o m p a r i s o n :  In the form  m entioned recently  (pl. II, fig. 4a-b), the 
shape of sagitta and sulcus corresponds to the specim en illu stra ted  by 
S c h u b e r t  (1906, pl. XVIII, fig. 48). Also the otolith  presented  by 
W e i l e r  (1950, pi. 3, fig. 19a-b) as Chrysophris doderleini, corresponds 
to this shaping. The la tte r  au thor also probably pointed out the difference 
betw een the th ree  form s quoted by S c h u b e r t ,  for w hile com paring 
his specimens w ith  them , he quoted S c h u b e r t ’ s specim en (fig. 48) 
w ith  reservations.

As our specimens have been damaged, we only give our rem arks w ith  
reference to differences, w hich ra th e r  m ake us separate the otoliths de­
scribed here from  the typical Sparus doderleini ( B a s s o l i  et  S c h u ­
b e r t ) .
O c c u r r e n c e :  Miocene of A ustria, M iddle Miocene of Roumania.

Genus: Dentex  C u v i e r ,  1815

D entex latior S c h u b e r t  
Pl. II, figs. 7a-b, 8a-b

1906 Otolithus (Dentex) latior S c h u b e r t ;  R. J. S c h u b e r t ,  p. 627, pl. XVIII, 
fig. 7—9.

1914 Otolithus (Percidarum) aff. moguntinus K o k e n ;  F. P r i e m ,  pars: pp. 257—8, 
fig. ? 24, 25—27.

1928 Otolithus (Dentex) latior S c h u b e r t ;  J. C h a î n e  et  J.  D u v e r g i e r ,  
p. 202, pl. VI, fig. 7—9.

1950 Dentex latior S c h u b e r t ;  W. W e i l e r ,  p. 226, pi. 3> fig. 15—17.
?1952a Dentex  aff. latior S c h u b e r t ;  E. W e i n f u r t e r ,  p. 160, pl. 1, fig, 11. 
71963 Dentex latior S c h u b e r t ;  J.  L a f o n d - G r e l l e t y ,  p. 144, pl. I, fig. 7. 
1966 Dentex latior S c h u b e r t ;  T. Ś m i g i e l s k a ,  p. 254, pi. 17, fig. 4, 5.
1970 Denex lation S c h u b e r t ;  T. R о b b a, pi. 141, pi. 15, fig. 3a, 3b.

M a t e r i a l :  16 specimens (Layers: 11, 12, 18).

Dimensions:

Length Width Thickness L  : V layer

1 . -  4 ,7  mm 3,1 om 0,5-0,6 mm 18

2. 5,1 mm 3 ,4  mm 0 ,8  mm 1 ,2  18

3 . 3 ,0  mm 2 ,0  mm 0 ,5  mm 1 ,5  18
.J. 9

•4. - 5,7 mm 3 ,5  mm 1 , 1  mm - 18

D e s c r i p t i o n :  O toliths of a w ide-oval bu t not quite  regu lar outline. 
A district, sligh tly  produced rostrum , usually  rounded, often ab ru p t a t

■pi.fig. Nr of spec.

I I ,  8 O t .M .II/16  

II., 7 O t .M .Il/l  5



Text-fig. 1
Text-fig. 2

Text-fig. 3
Text-fig. 4

Text-fig. 5

— Serranus an sp. nova, inner face of right sagitta, xl5 (p. 10);
— Pagrus distinctus ( K o k e  n), inner face of righ t sagitta, x 30

(p. 17—18);
— Gobius aff. vicinalis K o k e n ,  inner face of left sagitta, x 16 (p. 23);
— Otol. [Cottidarum] modestus n. sp., inner face of left sagitta, x 36

(p. 26—27);
— Arnoglossus inconspectus n. sp., inner face of left sagitta, x 33 (p.

28—29).
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term inal part. A m arkedly  arched, and usually  fine denticulated ven tra l 
rim . An undulating  dorsal rim , slightly  raised in the middle. A prom inent 
posterodorsal dome, behind w hich a slight truncation  of the posterior 
rim  is noticeable.

Sagitta arched in profile. A concave ou ter face, frequen tly  w ith  
num erous, irregu la r sw ellings and depressions w hich sometimes form  
folds and furrow s running  in  the dorsal-ven tral direction. The greatest 
thickening of sagitta  is alw ays m arked in the um bonal part. The m axi­
m um  thickness of sagitta w as m easured in this place.

A convex inner face. Sulcus placed som ew hat supram edially. A very  
wide, spatu lar ostium, deeper than  cauda. The low er m argin  of the 
ostium  often form s an angle, w hile tu rn ing  into cauda. The angle m ay 
be right, or sometimes, even acute. It m ay be indistinct in some speci­
mens, especially in the more polished ones.

Cauda is narrow  in its an terio r part; it slightly  widens in  the m iddle- 
-posterior portion, and slightly  curves dow nw ards in the posterior one. 
A very  distinct crista superior, in  form  of a small, rounded fold or sharp  
edge, though it is not very  prom inent w hile running  from  the ostial p a rt 
of sulcus, and it ends in the place w here the cauda is bent. A quite 
d istinct area.
R e m a r k s :  In general our specimens fu lly  correspond to the otoliths 
presen ted  by d ifferen t authors (vide synonyms). We have included E. 
W e i n f u r t e r ’s specimen (1952a) w ith  an ab rup t rostrum  in  the syno­
nym y, w ith  reservation. It differs from  our specimens in having m uch 
narrow er cauda. The cauda is only slightly  bent in the posterior part, 
w hile in our specimens it is w ider and curves visibly in the posterior 
portion. The description of the species D entex latior S c h u b e r t ,  w hich 
is not illu stra ted  by th is au tho r in his succesive w ork (1952b), correspond 
to the shaping of our forms.

A large otolith from  J. L a f o n d - G r e l l e t y ’s adu lt specim en has, 
behind the posterodorsal dome, a deep incision w hich has not been obser­
ved in o ther specimens of th is species.
O c c u r r e n c e :  U pper Oligocene of G erm any; Burdigalian, H elvetian of 
SW France; Miocene (Tortonian) of A ustria, Southern  Poland (the southern  
m argin  of the Holy Cross M ountains); M iddle Miocene of Roumania; 
Tortonian of SW Italy.

Genus: Pagrus C u v i e r ,  1817

Pagrus distinctus ( K o k e n )
Pl. III, fig. 4; Text-fig. 2.

1891 Otolithus (Serranus) distinctus K o k e n ;  E. K o k e n ,  p. 125, pl. X, fig. 2.
1965 Pagrus distinctus ( K o k e n ) ;  A. Z i l c h ,  p. 477, pi. 37, fig. 11.

2 — Rocznik PTG t. XLIII/1
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M a t e r i a l :  2 specimens.

1,9 шп
1 ,2  nun

0 ,2  шп

Ot.M. 11/20 a - 

Text-fig.

Dimensions: length 2 ,0  mm 

Width 1,40 mm 

Thickness 0,35 шт

Ot.M. 11/20 - 

Pl.Il l , fig .4

D e s c r i p t i o n :  2 sm all otoliths have been found in  the m aterial. They 
are narrow er both in the posterior and an terio r part, w hich can be 
observed in  the sm aller specim en only. In the specim en presen ted  on 
the photograph (Pl. Ill, fig 4), the posterior p a rt of ro strum  is abrupt. 
A notched dorsal rim , slightly  raised in the middle. A ntirostrum  and 
excisura are  nearly  indistinct. The ven tra l rim  is obliquely truncated  in 
the posterior part.

A convex inner face. M edian sulcus. A wide, open ostium, som ewhat 
deeper than  cauda. The cauda is bent in  the posterior part. D istinct crista 
superior. A distinct, concave area.

The ou ter face is nearly  flat, slightly  concave in the middle. 
R e m a r k s :  As fa r as morphology is concerned, our specim ens correspond 
to the species described by K o k e n  from  the M iddle Oligocene of 
G erm any. A. Z i l c h  (1965) presents a photograph of K o k e n ’s ho- 
lotype and states the range of occurrence of this species from  the Middle 
Oligocene through the U pper Oligocene of G erm any to the Middle Mio­
cene of Holland, according to W. W e i 1 e r ’s w ork (1942), which, unfor­
tunately, we do not possess. P. A. M. G a e m e r s  (1971) presents the 
form  Pagrus aff. distinctus  ( K o k e n )  from  the highest p a rt of the 
Middle Miocene of Belgium, w hich he compares w ith  the specimen 
described by K o k e n .  It differs from  the la tte r in  having a distinct 
excisura.

Pagrus sp.
Pl. I ll , figs. la -b , 2

M a t e r i a l :  2 damaged specimens.

Dimensions :

Length Width Thickness X : Vf layer P I .f ig . Nr of spec.

1. 2 ,4  mm 1 ,7  mm 0,3 mm 1 ,4  12 III, 1a-b 0 t .M .Il /l7

2. -  1 ,9  mm 1 ,8  mn 0,4 an - 12 I I I ,  2 Ot.it. 11/18

Of the two specimens, one is preserved nearly  in fu ll shape (fig. la-b); 
only the term inal p a rt of ostium  is abrupt. A ntirostrum  shows a trace 
of slight damage. In  the  o ther specim en the whole an terio r p a rt of sagitta 
is abrupt, w hile the caudal p a rt is w ell preserved (fig. 2).

Sagitta of a w idely oval outline. P rom inent rostrum ; an tirostrum  
forms a sm all denticle. Rims are d istinctly  notched. The m iddle p a rt of 
the dorsal rim  is slightly  raised. A distinct posterodorsal dome. A subacute
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posterior p a rt of sagitta, produced backwards. The ven tra l rim  is m ar­
kedly  arched. In  the  posterior part, on the level of the posterior portion 
of cauda, there  is a distinct notch in the rim  line.

A slightly  convex inner face. Sulcus placed supram edially . A wide 
ostium . The narrow ed cauda curves dow nw ards in the posterior part. 
It is slightly  ben t in  shape of the le tte r  “S”. C rista superior form s 
a d istinct thickening. Above it, a narrow  area is m arked. The v en tra l 
fu rrow  is visible in the specim en in fig. 2. Radial furrow s ru n  from  
notches in the rim.

A nearly  fla t outer face w ith  radial furrow s.
C o m p a r i s o n :  As fa r as the shape is concerned, our specimens resem ­
ble the otoliths classified by R. B r z o b o h a t ÿ  (1967, p. 139, pi. 7, 
fig. 2a, b, 7) as Pagrus sp.; how ever, form s from  the  Lower and  Middle 
Oligocene of M oravia are narrow er, they  have a less arched v en tra l rim  
and a low er dorsal one. This au tho r com pares his specimens w ith  Pagrus 
distinctus  ( K o k e  n), 1891 (p. 125, pl. X, fig. 2; Z i l c h  1965, p. 477, pi. 
37, fig. 11). O ur specimens can also be com pared w ith  this species w ith  re­
servations, how ever, as they  resem ble the holotype of this species in  the 
outline, yet they  d iffer in the position of sulcus. The sulcus of our speci­
m ens is placed distinctly  supram edially, w hile in K o k e  n ’s specimen 
it runs medially.

Genus: Diplodus R a f  i n e s q u e ,  1810

?Diplodus sp.
PI. I ll ,  fig. 3a-b

M a t e r i a l :  2 specimens.

Dimensions :

Length Width Thickness L:ff layer KL.f ig . Nr cf spec.

1 . 3 ,9  nsn 2 ,5  mm 0 ,5  mm 1 ,5  12 111,3 O t .U .II/19
2 . 2 , 6  mm 1 , 6  mm 0,3 mm 1 , 5  12 - -

D e s c r i p t i o n :  O tolith of a pentagonal outline; its angles are  rounded. 
R ostrum  pro trud ing  forw ards, dam aged in  the an terio r part. A ntirostrum  
in form  of a sm all denticle. The dorsal rim  runs alm ost horizontally.

A distinct posterodorsal dome. Behind it, the sagitta is obliquely 
truncated . A fa irly  arched ven tra l rim , notched in the posterior part.

A convex inner face. Sulcus placed som ew hat supram edially. Open 
ostium , a little  deeper than  cauda. The caudae curves dow nw ards in the 
posterior part. Its low er m argin  runs a little  obliquely from  a som ew hat 
narrow er collum. D istinct crista superior and area.

A concave ou ter face, yet w ith  num erous swellings on the surface. The 
biggest one is above umbo. Radial furrow s and regu larly  placed oblong 
sw ellings ru n  from  the rim  in the low er p a rt of sagitta.

2 *
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C o m p a r i s o n :  As fa r as the outline and the shape of sulcus are 
concerned, our specimen slightly  resem bles the fossil form  Otol. [Spa- 
ridarum] plebejus ( K o k e n )  1891, p. 126, pl. X, fig. 1; Z i l c h  1965, 
pi. 37, fig. 12, described from  the M iddle Oligocene of G erm any.

It can be also com pared w ith  the specimen Pagellus bogaraveo 
( B r ü n n . )  and Pagellus breviceps ( C u v i e r  et V a l  e n  с.), w hich are 
considered by J. С h a i n e  (1937, pl. XIII, pp. 138— 9) as belonging to 
the some species, together w ith  Pagellus centrodontus  (D e 1 a r.).

However, as fa r as the m orphology of sagitta  is concerned, we find 
more sim ilarities in typical represen tatives of the genus Diplodus, espe­
cially in Diplodus annularis L. and D. vulgaris  G e о f. S t .  H i 1., des­
cribed by J. С h a i n e (1937, pp. 139— 158, pl. XIV). U ntil a richer m a­
teria l w ith  otoliths resem bling in shape the specimens described above 
is found, we can classify it among the genus Diplodus, w ith  reserva­
tions.

This genus has been known in W est Europe from  the Eocene to the 
Miocene.

Genus: Boops C u v i e r ,  1815

? Boops insignis ( P r o c h a z k a )
Pl. I ll , fig. 5

1893 Otolithus (Serranus) insignis P r o c h a z k a ;  V. J. P r o c h a z k a ,  p. 61 (83), 
pl. II, fig. 9a, 9b.

1906 Otolithus (Box  ?) insignis P r o c h a z k a ;  R. J. S c h u b e r t ,  p. 633, pl. XVIII, 
fig. 19, ? (20—22).

M a t e r i a l :  2 specimens.
Dimensions: Length 4,15 mm (layer 18, pl. I ll , fig. 5)

W idth 2,50 mm Ot. M. 11/21
Thickness 0,40 mm

D e s c r i p t i o n :  A slightly  polished sagitta, re la tively  th in  and m ark­
edly curved. Sharp rims. An elliptic outline; a subacute rostrum ; the 
posterior p a rt is narrow ed and blunt. A slightly  arched and  som ew hat 
undulating  dorsal rim. A prom inent posterodorsal dome; behind it  there  
is an obliquely cut sagitta. No an tirostrum  and excisura.

A convex inner face. Large ostium, m arkedly  w idened in the an terio r 
pa rt and only a little  sho rter than  cauda. The cauda curves visibly dow n­
w ards in the posterior p a rt and nearly  reaches the v en tra l rim . S lightly  
m arked crista superior and area.

A concave outer face. Concentric lines of grow th can be easily seen. 
R e m a r k s :  O ur specimen, w hich has been show n in the photograph, 
corresponds to P r o c h â z k a ’s species, as fa r as its m orphology is 
concerned. I t is only som ew hat la rger and th in n er than  the  la tter. 
S c h u b e r t  classifies form s w hich very  often occur in the  Miocene of
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Vöslau as the genus Box  on the grounds of th e ir resem blance to the 
recen t species Box boops. L. Since Box  C u r v i e r  et  V a l e n c . ,  1830, 
is a som ew hat la te r synonym  of Boops C u v i e r ,  1815, the nam e of 
genus of the described species has been changed (vide: D. S. J o r d a n ,  
1963, p. 94; W. W e i l e  r, 1968, p. 60).

The average dim ensions of Schubert’s specimens are som ew hat g reater 
then  those of our specimen, and they  are: length: 5,0 mm, w idth: 3,0 mm, 
thickness: 0,8 mm. Among the four specimens presented  by Schubert, 
the  specimen in fig. 19 is v irtu a lly  identical to ours in shape. 
O c c u r r e n c e :  Miocene of Czechoslovakia (Moravia, Bohemia), A ustria.

Otol. [incertae sedis]
PI. I ll , fig. 6

M a t e r i a l :  1 damaged specimen.
Dimensions: Length 4,7 mm Ot. M. 11/22 

W idth 3,1 mm 
Thickness 0,6 mm

In the sam ple from  Niskowa one specimen, slightly  dam aged in  the 
posterior p a rt and w ith  an ab rup t rostrum , has been found. The outline 
of sagitta resem bles otoliths of the genus Diplodus (vide: J. С h  a i n  e, 
1937, pl. XIV, XV). A t present, the  genus of this otolith cannot be p re ­
cisely defined. Still, as fa r as the shape of sulcus is concerned, it bears 
an  ex trem ely  close resem blance to otoliths of the representatives of 
the fam ily Embiotocidae, know n from  the Eocene.

O ur specim en has been com pared w ith  otoliths of the genus Embiotoca 
A g a s s i z ,  1853, as w ell as w ith  o ther representatives of the fam ily 
Embiotocidae, e. g. Rhacochilus A g a s s i z ,  1854, Am phistichus  A g a s ­
s i z ,  1854 (vide: F. E. F i t c h ,  1967, fig. 20; 1970, fig. 5); in  all the 
m entioned forms, a g reat sim ilarity  in the outline of sagitta  and, especial­
ly, in the shape of sulcus has been found. For com parison we also used 
original Recent and Pleistocene m aterials from  the C alifornian coast, 
w hich we got by  courtesy of J. E. F i t c h  (USA).

Suborder: Ophidioidei
Family: F ierasferidae G i l l ,  1864
Genus: Carapus R a f i n e s q u e ,  1810

Carapus nuntius  (Koken)
Pl. I ll, fig. 7

1891 Otolithus (Fierasfer) nuntius  K o k e n ;  E. K o k e n ,  p. 99, pl. VI, fig. 2, 2a.
1906 Otolithus (Fierasfer) nuntius  K o k e n ;  R. J. S c h u b e r t ,  p. 666, pl. XIX, fig. 

43, 44.
1923 Otolithus (Fierasfer) nuntius  K o k e n ;  О. P o s t h u m u s ,  p. 123, fig. 46, 47. 
1952b Fierasfer nuntius K o k e n ;  E. W e i n f u r t e r ,  p. 157, pi. 1, fig. 10a, 10b.
1958 Fierasfer nuntius K o k e n ;  W. W e i l e r ,  p. 346, pi. 3, fig. 5, 6.
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M a t e r i a l :  1 specimen.
Dimensions: Length 2,5 mm Ot. M. 11/23

Width 1,4 mm 
Thickness 0,6 mm

D e s c r i p t i o n :  O tolith of an irregu larly  oval outline, slightly  narrow ed 
in the posterior part, bu t subacute.

A fla t inner face. A straight, closed sulcus acusticus, slightly  narrow ed 
in the posterior part. I t is en tire ly  filled w ith  colliculum. A long ostium  
and a very  short cauda are  not very  d istinctly  separated.

The ou ter face is m arkedly  convex in the ven tra l part; it g radually  
becomes fla tte r tow ards the dorsal rim  w hich form s a sharp  m argin. 
S light irregu larities are  m arked on the surface; there  occur indistinct 
furrow s.
R e m a r k s :  The described otolith corresponds, in principle, to the species 
Carapus nuntius  ( K o k e n ) .  It is only som ew hat m ore rounded a t both 
ends and has not so distinct furrow s in the v en tra l p a rt of the outer 
face. W. W e i l e r  (1971, pp. 24— 25) observes th a t a num ber of know n 
fossil species, regarded as the genus Fierasfer, should be classified among 
the genus Carapus R a f i n e s q u e ,  1810 (the la tte r  being an  earlier 
synonym  of the genus Fierasfer C u v i e r ,  1817), the species Fierasfer 
nuntius  K o k e n ,  am ong others.
O c c u r r e n c e :  This species was described as a very  ra re  one from  
the Middle Oligocene of N orth  G erm any ( K o k e n ,  1891); from  the 
U pper Oligocene of the Lower Rhine Bay ( W e i l e r ,  1958); from  the 
U pper Oligocene —  Middle Miocene of Holland; from  the Miocene of 
A ustria. It has not been know n from  Poland, so far.

Suborder: Gobioidei
Family: Gobiidae B o n a p a r t e ,  1831
Genus: Gobius L i n n é ,  1758

Gobius vicinalis K o k e n  
Pl. III, figs. 8— 14; pl. IV, figs. 1, 2a-b

1891 Otolithus (Gobius) vicinalis K o k e n ;  E. K o k e n ,  p. 133, text-fig. 21.
1906 Otolithus (Gobius) vicinalis K o k e n :  R. J. S c h u b e r t ,  p. 644, pl. XX, fig. 

32—34.
1965 Gobius francofurtanus  K o k e n ;  G. R a d o ,  p. 62, pi. III, fig. 14a-b.
1965 Gobius vicinalis K o k e n ;  G. R a d o ,  p. 63, pl. IV, fig. 18a-b, 20a-b.
1966 Gobius vicinalis K o k e n ;  T. Ś m i g i e l s k a ,  p. 260, pl. XVIII, fig. 8, 9, 10, 11 

(cum synonimis).
1966 Gobius vicinalis K o k e n ;  W. W e i l e r ,  p. 132, fig. ? 40, 4L
1969 Gobius vicinalis K o k e n ;  R. B r z o b o h a t ÿ ,  p. 23, pi. 3, fig. 2—4, ? 1.
1969 Gobius francofurtanus K o k e n ;  G. R a d o ,  pl. I, fig. 12a-b.
1969 Gobius vicinalis K o k e n ;  G. R a d o ,  pl. I, fig. 16a-b.
1969 Gobius laevis K o k e n ;  G. R a d o ,  pl. I, fig. 19a-b, 20a-b, 21a-b.
1970 Gobius vicinalis K o k e n ;  E. R o b b  a, p. 150, pi. 16, fig. 7a-b.
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M a t e r i a l :  228 specimens.

Clmenslons:
Length Width Thickness L:W layer P I .f ig . Nr of spec,

1 . 1 ,7  mm 1 , 7  mm 0,35 mm 1 , 0 18 1 1 1 , 1 0 Ot.M. 11/26

2 . 1 ,7  " 1 , 8  " 0,30 " 0,9 12 1 1 1 , 1 2 Ot.M .11/28

3 . 1 , 8  " 2,0 " 0 ,50  " 0,9 13 111,13 ot.M.11 /2 9

4 . 1 ,9  " 2, 0  " 0,4-0 " 0,9 12 111,14 0t .M .Il /30

vn ro о 2, 1  " 0 ,50  " 0,9 12 111,11 O t .M .Il/27

6. 2,1 " 2 ,1  " 0,50 " 1,0 12 I I I ,  9 Ot .M .Il/25

7 . 2,1 " 2 , 2  " 0,50  " 0,9 12 I I I ,  8 Ot. М .I I /24

6 . 2 , 2  " 2 ,3  " 0,55 " 0,9 18 IV , 1 Ot.M.11 / 3 1

9 . 2 ,7  " 2 ,6  " 0 ,65  " 1 ,04 18 IV , 2 Ot.M .11/32

D e s c r i p t i o n :  O toliths of this species are  the most frequen t form s 
in  the Low er Tortonian of Niskowa. They are som ew hat varied  in  shape. 
Those w hich are v irtua lly  identical to К  о к e n ’s holotype, have an 
outline resem bling a square w ith  rounded domes (pl. III, fig 9), on condi­
tion th a t there  is usually  a prom inent notch in the dorsal, posterior and 
an terio r rim s. The g reatest variab ility  can be observed in  the shape of 
the  dorsal rim, w hich m ay be sm ooth (pl. Ill, fig. 8), slightly  undulating  
w ith  a single notch (pl. Ill, fig. 9, 10, 11), or m arkedly  undulating  w ith  
very  distinct 2— 3 rounded notches or denticles, especially visible in the 
posterodorsal dome. In  all the  specimens the dome is w ell shaped, raised 
upw ards and produced som ew hat backwards. The posteroventral dome 
is usually  truncated , and the an teroven tra l one — sligh tly  produced 
forwards.

In the form s (pl. IV, fig. 1, 2a-b) nearly  all domes are  angular, and 
the upper p a rt of sagitta is particu larly  w idened. It is strongly  m arked 
in  the four specimens (e. g. tex t-fig : 3) by  a very  prom inent posterodorsal 
dome, resem bling Gobius guerini C h a i n e  et  D u v e r g i e r  (1923— 
24, p. 31, pl. I, fig. 29— 31), described from  the Pliocene of Spain (vide: 
Ś m i g i e l s k a ,  1966, p. 261, pl. XVIII, fig. 11; Rado 1968, pl. Ill, fig. 
6a—b). I t seems th a t as fa r  as the outline is concerned, these forms re ­
sem ble b e tte r the species Gobius vicinalis th an  does G. m ultip innatus , as 
it  consider R. B r z o b o h a t ÿ  (1969, p. 25).

The dim ensionsL given above are represen tative of sm all and m edium  
specimens, which are  in m ajority  in the exam ined m aterial. T here also 
occur la rger or m uch sm aller specimens among the juvenile forms. 
O c c u r r e n c e :  Miocene of G erm any, H ungary; H elvetian of M oravia; 
Tortonian of Italy , A ustria, Poland and Roumania; Pliocene of Roumania, 
? Spain.

Gobius praetiosus P r o c h â z k a  
Pl. IV, figs. 6, 7, ? (3, 4, 5)

1893 Otolithus (Gobius) praetiosus P r o c h â z k a ;  V. J. P r o c h â z k a ,  pp. 63 (85), 
pl. I ll , fig. 2a-b.
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1906 Otolithus (Gobius) pretiosus P r o c h a z k a ;  R. J. S c h u b e r t ,  p. 645, pl. XX, 
fig. 29—31.

1950 Gobius pretiosus P r o c h a z k a ;  W. W e i l e r ,  p. 231, pl. 4, fig. 25a-b, 27; non 
pl. 8, fig. 62.

1952a Gobius pretiosus P r o c h a z k a ;  E. W e i n f u r t e r ,  p. 162, pl. 2, fig. 4a-b.
1965 Gobius multipinnatus  (H. v. M e y e r ) ;  R. B r z o b o h a t y ,  p. 122, pl. 2, fig. la-b .
1966 Gobius multipinnatus  (H. v. M e y e r ) ;  T. Ś m i g i e l s k a ,  p. 262, fig. 12a-b, 14, 

16 (non fig. ? 13, 15).
1966 Gobius pretiosus P r o c h a z k a ;  W. W e i l e r ,  p. 129, fig. 34—36.
1969 Gobius praetiosus P r o c h a z k a ;  R. B r z o b o h a t y ,  p. 29, pl. 3, fig. 11, 12, 

? 7.
1969 Gobius praetiosus P r o c h a z k a ;  W. D. H e i n r i c h ,  p. 41, fig. 2a-b, 6a-b.

M a t e r i a l :  128 specimens.
Simsnsions 

Length Width Thickness L:W Layer P l .flg . Nr of epee.

1 . 1 ,2  nun 0,9  nm' 0 ,2  mn •1,3 2 IT , 3 O t .M .II/33

2. 1 ,1  " 0 ,8  " 0 ,2  " 1 . * 2 IT , 4 O t .M .II /3 4

3 . 2 ,8  " 1 ,4  " 0 ,4  " 1 .3 2 IT , 5 O t .M .Il/35

4 . 3 ,9  " 2 ,8  " 0 ,6  " 1 ,4 12 IT, 6 Ot.M. 11/36

5 . 3 ,9  " 2 ,9  " 0 ,6  » 1 ,4 12 IT, 7 Ot. M. 1 1/37

The outline and dim ensions of the otoliths w hich have been classified 
in the p resen t w ork among the species Gobius praetiosus are fa irly  varied. 
Among the species of the genus Gobius, know n from  the Miocene, 2 spe­
cies bear especially num erous features of resem blance. They are: Gobius 
m ultipinnatus  (H. v. M e y e r ) ,  1852 and Gobius praetiosus P r o c h â z -  
k  a, 1893. It is thus difficult to separate them  from  each other, as it m ay 
be seen in the synonym y given above.

On the grounds of the otoliths found in situ  in  the U pper H elvetian 
of U nterkirchberg, W. W e i l e r  (1955) revised the genus Cottus? m ul­
tipinnatus  H. v. M e y e r ,  stating  th e ir affiliation to the genus Gobius. 
This au thor joins G. multipinnatus  and G. praetiosus together in one 
species, giving it the  nam e Gobius m ultipinnatus  on the grounds of 
priority .

A fter the exam ination of otoliths from  Ivanöice (Moravia) in  1966, 
W eiler again separated  the two species, on finding th a t the otoliths of 
G. m ultipinnatus  are re la tively  h igher than  those of G. praetiosus. In

lengthG. m ultipinnatus  the  ratio  — - — =  1,4 (W eiler 1955).
w idth

Having considered this characteristic, it seems th a t among the otoliths 
described before ( Ś m i g i e l s k a ,  1966), the specimens in pl. XVIII, 
fig. 12. 13, 14, 15 m ay be classified among G. cf. multipinnatus. However, 
on the basis of the outline, the specimens in fig. ? 13, 15 can be com pared 
w ith  G. m ultip innatus.

Among the otoliths from  Niskowa, the specimens in pl. IV, fig. 3, 4, 5, 
coming from  the sam e sample, m ay be classified as Gobius cf. m ulti­
pinnatus.
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G. R a d o  (v. 1968, pl. I ll, fig. 5, 7, 8) illustrates otoliths occurring 
in the Sarm atian  of Roumania, w hich are v irtua lly  identical to the 
m entioned above from  Niskova, as fa r as the ir outline is concerned. This 
au thor classifies the presented otoliths among G. multipinnatus.

O ur rem aining forms correspond be tte r to the otoliths of the species 
G. praetiosus. Yet, since the criteria  w hich have been refered  to often 
do not allow an explicit classification of a given specimen among one of 
the species m entioned above, we leave it an open question for the p re ­
sent.
O c c u r r e n c e :  H elvetian of Moravia; Tortonian of A ustria, Bohemia, 
Poland; U pper Miocene of NW G erm any; Middle and U pper Miocene 
and Pliocene of Roumania; Pliocene of H ungary.

Gobius cf. francofurtanus  K o k e n  
Pl. IV, figs. 8a-b, 9a-b

1891 Otolithus (Gobius) francofurtanus K o k e n ;  E. K o k e n ,  p. 132, pl. VI, fig. 7, 7a. 
1963 Gobius francofurtanus  K o k e n ;  W. W e i l e r ,  pp. 40—44, text-fig. 169—187.
1968 Gobius francofurtanus K o k e n ;  G. R a d o ,  pl. I ll , fig. За-b, (non. 4a-b).
1969 Gobius francofurtanus K o k e n ;  R. B r z o b o h a t ÿ ,  p. 25, fig. 1—7.

M a t e r i a l :  2 specimens.

Dimensions :

Length Width Thickness I;lï Layer P I .f ig . Nr of spec.

1 . 3,4- mm 2 ,6  mm 0 ,6  mm 1 ,3  12 IV,8a-b Ot.K. 11/38

2. 4 ,1  mm 2 ,9  mm 0 ,9  mm 1 ,4  12 IT,9a-b Ot .M .Il/39

D e s c r i p t i o n :  O ur specimens have the dorsal rim  very  d istinctly  and 
characteristically  denticulated. A sm ooth ven tra l rim . The posterodorsal 
dome is w ell shaped and m arkedly  produced; the anterodorsal one is 
rounded. The posterior p a rt of sagitta is rounded and not produced.

On the inner face, the v en tra l fu rrow  and area are strongly  m arked. 
The outer face is convex, w ith  a slight depression in the um bonal part 
and distinct furrow s running  from  notches in the rim  line. 
C o m p a r i s o n :  O ur specimens are  larger than  the ones described by 
W e i l e r  (1963) and B r z o b o h a t ÿ  (1969). W e i 1 e r ’s longest spe-

lengthcim en is 1,94 mm  long and 1,56 mm  wide; the ratio  — - —  =  0,9— 1,3,
w idth

w hile B r z o b o h a t ÿ ’s one is 2,7 m m  in max. leng th  and 2,3 m m  in

m ax. w idth; the ratio  — =  1,1— 1,3.
w idth

In K oken’s holotype the posterodorsal dome forms the greatest pro­
jection in the dorsal rim. In  our specimens the highest one is the m iddle 
p a r t of the dorsal rim; they  have not a produced posteroventral p a rt of 
sag itta  as in K o k e  n ’s specimen, either.

O ur otoliths bear an ex trem ely  close resem blance to certain  specimens 
of Gobius francofurtanus, described by W e i l e r  (vide: tex t-fig . 171,
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172, 175, 176) and B r z o b o h a t ÿ  (pl. 4, fig. 6, 7). The la tte r  are still 
som ew hat sho rter b u t also h igher then  our specimens. Also one of 
G. R a d  o’s specimens (1968, pl. I ll, fig. 3a—b) correspond to ours, as 
fa r as the outline is concerned.
O c c u r r e n c e :  Lower Miocene (Aquitanian) of G erm any — frequent; 
U pper Miocene of G erm any — rare; Low er Miocene of South Moravia; 
Sarm atian  of Roumania.

Gobius telleri S c h u b e r t  
Pl. V, figs. 1—3

1906 Otolithus (Gobius) Telleri S c h u b e r t ;  R. J. S c h u b e r t ,  p. 648, pl. XX, fig. 
27, 28.

1952a Gobius telleri S c h u b e r t ;  E. W e i n f u r t e r ,  p. 162, pi. 2, fig. 5a, b.
1965 Gobius telleri S c h u b e r t ;  G. R a d o, p. 62, pl. I ll , fig. 13a-b.
1966 Gobius telleri S c h u b e r t ;  T. Ś m i g i e l s k a ,  p. 263, pl. XIX, fig. la , lb.

M a t e r i a l :  12 specimens.

Blmensions:

Length Width Thickness Hr of spec. P I .f ig .

2 . 2  mm T ,9  mm 0 ,5  mir. Ot. î /M l/f l-û  V, 1 
1 , 7  mm 1 , 5  nm 0 ,3  mm 0 t . : . ; . I l / 4 1  V, 2
2 .2  am 1,C an C,5 an Ot.M.11/42 V, 3

O ur specimens quite agree w ith  S c h u b e r t ’ s specimens and they, 
undoubtedly, represen t the sam e species. I t is indicated by a characte­
ristic, trapezoidal outline, as w ell as by the shape of sulcus w ith  a p a rti­
cularly  w idened ostial part. Some otoliths display slight deform ation, 
probably caused by fluctuations in the  sea salin ity  in  the litto ra l zone, 
connected w ith the inflow  of fresh w aters.

The specim en in pl. V, fig. 3 displays m arks of polishing. 
O c c u r r e n c e :  Miocene (Tortonian) of A ustria; Miocene of H ungary, 
Czechoslovakia, Roumania, Poland. Schubert also describes th is species 
from the Pliocene of Italy.

Suborder: Cottoidei
Family: Cottidae R i c h a r d s o n ,  1836

Otol. [Cottidarum] modestus  n. sp.
Pl. V, fig. 4a-b; text-fig. 4.

H o l o t y p u s :  left sagitta; pl. V, fig. 4a-b; Ot. M. 11/43 
L o c u s  t y p i c u s :  Niskowa near Nowy Sącz 
S t r a t u m  t y p i c u m :  Lower Tortonian 
D e r i v a t i o  n o m i n i s :  modestus (lat.) =  modest
D i a g n o s i s :  The left sagitta resembles a triangle w ith rounded angles in  the 
outline. The dorsal rim  is raised, the posterior one is rounded. Rostrum  produced 
forwards, subacute. A small antirostrum ; a distinct excisura.
M a t e r i a l :  1 specimen.
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D i m e n s i o n s :  Length 1,55 mm Ot. M. 11/43
W idth 0,80 mm 
Thickness 0.30 mm

D e s c r i p t i o n :  A convex inner face. Sulcus distinctly  divided into 
ostium  and cauda by pro trusion  in the place collum. An open ostium; 
its low er and upper edges form  a fairly  acute ai^gle. Cauda in form  of 
a deep groove w ith  steep m argins; it is som ew hat w ider and slopes 
dow nw ards in the posterior part. The posterior portion of cauda is far 
aw ay from  the rim . A visible ven tra l line. The ven tra l area is slightly  
raised. A shallow  area above sulcus.

A convex ou ter face w ith  not quite sm ooth surface. On the rostrum  
there  are  slight, radial furrow s.
R e m a r k s :  The described, w ell preserved otolith bears the closest
resem blance to otoliths of the fam ily Cottidae, w hen we consider the
characteristics of m orphology (vide: J. E. F i t c h ,  1967; 1968, fig. 2, the
Pleistocene of California). I t can be also com pared w ith  specimens of the
recen t species Cottus bubalis E u p h r .  (J. C h a i n e  e t J .  D u v e r g i e r ,
1934, p. 159, pl. V; it differs from  the la tte r  in  a m ore rounded rostrum ,
as w ell as in a less elongated and m ore rounded posterior p a r t of sagitta.

Among fossil otoliths, described in the quoted works, there  has not
been found a form  w hich m ight correspond to our specimen, as fa r as
m orphology is concerned. Otol [Cottidarum ] sulcatoides S c h u b e r t
1906, p. 642, pl. XVIII, fig. 37, described from  the T ortonian of Vöslau,
d iffers w idely in the shape of sagitta. Also Otol. [Cottidarum] degrangei
P r i e m ,  1914, p. 245, fig. 1, from  the Oligocene of SW France, has an
en tire ly  d ifferen t outline.

Family: Triglidae R i s s o ,  1826 
Subfamily: Triglinae 
Genus: Trigla L i n n é ,  1758

Trigla rhombica S c h u b e r t  
Pl. V, figs. 5a-b, 6, 7a-b, 8 

1906 Otolithus (Trigla) rhombicus S c h u b e r t ;  R. J. S c h u b e r t ,  p. 641, pl. XX, 
fig. 6, 7.

1914 Otolithus (Trigla) rhombicus S c h u b e r t ;  F. P r i e m  p. 272, fig. 65.
1952c Trigla rhombica S c h u b e r t ;  E. W e i n f u r t e r ,  p. 477.
1969 Trigla rhombica S c h u b e r t ;  W. D. H e i n r i c h ,  p. 43, pl. X, fig. 4ab.
1969 Trigla rhombica S c h u b e r t ;  P.A.M. G a e m e r s, p. 15, pi. 3, fig. 9ab. 
M a t e r i a l :  10 specimens.

Dimensions:

length Width Thickness Isff layer P l .f ig . Nr.of spec.

1 . -3,0 ш  2 ,5  nm 0 ,3  nm 1 ,2  18 V, 8 Ot .M .Il/47

2 . 2 ,3  mm 1 ,9  mm 0,3 mm 1 ,2  18 V, 5 O t .M .Il /44

3 .  2 ,2  mm 2 ,2  mm 0,3  mm 1 ,0  12 V, 6 0 t .M .Il /45

4 . 2 ,0  mm 1 ,9  nm 0,3  mm 1 ,0  12 V, 7 Ot.M.11/46

D e s c r i p t i o n :  We have ten  otoliths in the m aterial: four a re  p re ­
served in full shape, the others have dam aged an terio r parts. All the



—  28  —

otoliths resem ble a rhom b, as fa r as th e ir shape is concerned. The dorsal 
rim  is m arkedly  arched, generally  in the posterior part, w hile the v en tra l 
one — in the an terio r part. At the la te r stages of grow th  of otoliths, the 
rim s are slightly  notched; a t the earlier ones the notches are m ore 
distinct, sm aller and m ore num erous. From  the notches in the rim  there  
disperse radial furrowg (pl. V, fig. 7a—b), especially prom inent on the 
outer face of sagitta. R ostrum  more produced forw ards than  antirostrum . 
A distinct excisura, deeply incised.

A Ôonvex inner face. Sulcus placed supram edially . A wide ostium, 
only som ewhat sho rter than  cauda. Behind ostium, a narrow er and raised 
collum is m arked. In  the posterior part, the cauda curves slightly  
upw ards, becomes w ider and deeper. A very  distinct, arched crista 
superior; above it a depressed area is m arked in m ost specimens.

In all the  otoliths the ven tra l area is convex. The ou ter face of sagitta  
is concave, w ith  prom inent, usually  radial furrow s and folds.
R e m a r k s :  O ur specimens bear a resem blance to the  description of the 
species Trigla rhombica, quoted by S c h u b e r t  from  the Tortonian of 
A ustria on condition, how ever, th a t the au thor presented  a specim en da­
maged in the an terio r p a rt as a holotype; in consequence, no excisura can 
be seen in it, and th is detail is missed in the description.

The species Trigla schuberti P o s t h u m u s ,  described from  the U p­
per Oligocene and Miocene of H olland (1923), and then  by W e i l e r  
(1958, pl. 348, pl. I ll, fig. 11— 13), from  the Middle Miocene of the Low er 
Rhine Bay, resem bles our specimens in morphology. Still, it has a very  
acute rostrum  and antirostrum .

Among our specimens in the m ateria l from  the sam e sam ple, we have 
forms w hich correspond to the species Trigla rhombica  S с h  u b: they  are 
usually  larger. There are  also sm aller specimens, rich ly  ornam ented, resem ­
bling the species Trigla schuberti P  о s t  h. However, it does not seem possible 
to separate our specimens into two d ifferen t species. We presum e th a t the 
observed differences show only various stages of grow th  of the sam e species. 
O c c u r r e n c e :  B urdigalian of France; Miocene (Tortonian) of A ustria; 
Miocene of Belgium; U pper Miocene of NW G erm any. It has not been 
know n from  Poland, so far.

Order: Pleuronectida
Family: Bothidae
Genus: Arnoglossus B l e e k e r ,  1862

Arnoglossus inconspectus n. sp.
Pl. V, fig. 10; Text-fig. 5

H o l o t y p u s :  left sagitta; pl. V, fig. 10; Text-fig. 5 Ot. M. 11/49 
L o c u s  t y p i c u s :  Niskowa near Nowy Sącz 
S t r a t u m  t y p i c u m :  Lower Tortonian 
D e r i v a t i o  n o m i n i s :  inconspectus (lat.) =  unnoticed
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D i a g n o s i s :  The outline of sagitta irregularly  tetragonal, rounded in the place of 
the anterodorsal and anteroventral domes. Very prom inent posterodorsal and 
posteroventral domes. A straight ventral rim. A deep sulcus, which runs obliquely 
and rises from ostium to cauda. I t is surrounded with a thick, rounded thickening. 
A deep area. The ventral area below crista inferior m arkedly depressed.

M a t e r i a l :  1 specimen

Dimensions: Length 1,9 mm Ot. M. 11/49
W idth 1,3 mm 
Thickness 0,5 mm

D e s c r i p t i o n :  O tolith of an irregu la rly  tetragonal outline. In  the 
an terio r p a rt there  is a slightly  m arked excisura. A sm all, subacute 
rostrum ; a rounded an tirostra l part. In  the posterior part, the postero­
dorsal and posteroventral domes can be easily seen. An arched posterior 
rim ; the ven tra l one is straight. The sulcus runs obliquely. O stium  larger 
then  cauda, open in  the an terio r part; it becomes narrow er and deeper 
in  the posterior one. A d istinct collum; a sm all cauda, m arkedly  depres­
sed and rounded in the posterior part. Its end is visibly fa r aw ay from  
the  posterior rim . C rista superior and crista in ferio r form  a massive 
thickening, w hich surrounds sulcus.

A very prom inent area, m arkedly  depressed. Below crista  in ferio r 
a sim ilar, strongly  m arked depression can be seen. A slightly  convex 
ou ter face, nearly  smooth, w ith  a slight thickening in umbo.
R e m a r k s :  The described otolith belongs, undoubtedly, to the fam ily 
Bothidae and shows characteristics of the genus Arnoglossus.

J. C h a i n e  (1936, pl. Ill) illustra tes the recent species: Arnoglossus 
grohmanni B o n a p a r t e ,  A. la tem a  (W a 1 b a u m) and A. conspersus 
G ü n t e r ,  though he joins the la tte r  to the previous one. W ith visible 
variab ility  of shape, the rem aining basic features of the m orphology of sa­
g itta  in  recent and fossil fishes of th is species are the  same. O ur specimens 
d iffers from  the species m entioned above m ainly in  sm aller dimensions.

Among few  fossil species of th is genus, w hich have been know n so 
far, there  should be m entioned Arnoglossus holleri, described J>y W e i n -  
f u r t e r  in  1952 from  the Tortonian of A ustria, w hich differs from  our 
form  in an exactly  horizontally  placed sulcus, and Arnoglossus miocenicus, 
described by W e i 1 e r  in  1962 from  the Miocene of T w istringen (North 
Germany). The la tte r  d iffers from  our specimen in the  outline and 
nearly  horizontally  placed sulcus, w hich is visibly oblique in the speci­
m en from  Niskowa.

Family: Soleidae B o n a p a r t e ,  1833
Genus: Solea Q u e n s e 1, 1806

Solea subglabra S c h u b e r t  
Pl. V, fig. 9a-b

1906 Otolithus (Solea) subglaber S c h u b e r t ;  R. J. S c h u b e r t ,  p. 672, pl. XX, 
fig. 19—26.
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1952b Solea subglaber S c h u b e r t ;  E . W e i n f u r t e r ,  p. 166, pl. 2, fig. l la -b . 

M a t e r i a l :  1 specimen.

Dimensions: Length 3,0 mm; L : W =  1,5 Ot. M. 11/48
W idth 2,0 mm 
Thickness 0,5 mm

D e s c r i p t i o n :  A w idely elliptic otolith, w ith  a very  slightly  m arked 
posterodorsal dome; it is rounded in the posterior part. A short, subacute 
rostrum . A ntirostrum  in  form  of a sm all denticle. The rim s of sagitta 
nearly  sharp.

Sulcus placed in the m iddle of inner face, w hich is re la tively  convex. 
O stium  longer than  cauda, open on the an terio r rim. A prom inent collum. 
Sulcus is filled w ith  collicula; only in the m iddle there  is a sm all groove, 
running  along the sulcus through its length. Crista in ferio r and crista 
superior are very  strongly  m arked; they  form  a rounded protrusion 
w hich surrounds the sulcus. From  the outside, the w hole sulcus is su r­
rounded w ith  a depression.

A slightly  convex outer face, w ith  concentric depressions.

R e m a r k s :  O ur otolith  bears a close resem blance to the description of 
the species Solea subglaber, quoted -by S c h u b e r t  from  the Miocene 
of A ustria. This au tho r m entions variab ility  in  the  outline of these 
otoliths, w hich he also presents on the included photographs. O ur otolith 
is ra th e r elliptic in shape and especially resem bles S c h u b e r  t ’ s speci­
men in fig. 26, ra re r  in his m aterial; it can be also com pared w ith  the 
specimens in  fig. 19, 20, 23, 25. In  the rem ining ones, there  is a pro­
m inent antedorsal dome, w hich is absent in the specimens from  Niskowa. 
There can be also observed a certain  sim ilarity  in dim ensions and in  the

lengthlength-w idth  relation (the ratio  --------  =  1,5), both in  our specim en and
w idth

in the specimens from  Vöslau.
However, in S c h u b e r t ’ s specimens (except the otolith in  fig. 19) 

there  cannot be observed such a m arked depression round sulcus as in 
our specimen.

F r i z z  e l  and D a n t e ,  1965 (pp. 715— 716), introduce the new 
genus Eosolea, w hich d iffers from  Solea in sulcus being not divided into 
ostium  and cauda, and in its opening on the an terio r rim  of sagitta. The 
authors include, among others, the species Solea subglaber S c h u b e r t ,  
into the new genus Eosolea.

In  S c h u b e r t ’ s specimens there  is a division into ostium  and 
cauda, though not a very  distinct one; the division is strongly  m arked 
in our otolith. Therefore, we regard  S c h u b e r t ’ s specimens as w ell 
as ours, as belonging to the genus Solea and not Eosolea.
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REMARKS ON THE OCCURRENCE AND PALEOECOLOGY OF OTOLITHS
FROM NISKOWA

The fauna of fossil fishes in the Lower Tortonian of Niskowa is rep re ­
sented by otoliths and few  teeth . Among otoliths, 15 genera and 7 forms 
of an uncertain  taxonom ical position have been classified. In  general, 25 
species have been distinguished; among them  2 species have been consi­
dered as new  ones.

Table 1

Name of otolith.
general 
number 
of sDec.

Number of layer

2 11 12 15 15 18 20

1 . Gadus elegans Koken 5 1 r 1 1

x 2. Merluccius vulgaris Fleming 1 1

*  3. Mugil applanatus /Ezehâk/ 3 1 1

Serranus an sp. nova 1 1

x 5* Centropristis integer Schubert 2 2

x 6. Perea aff.praefluviatilis Weiler 1 1

*  7. Otol. [Percidarum] oblongus Brzoboh. 2 2

3 a. ? Orthopristis vSslauensis /Schub./ 1 1

9. Sparus doderleini /Bass, et Schub./ 2 1 1

X 10. Otol. [Sparidartunjsp. 3 3

11. Sentez latior Schubert 16 2 2 12

X 12. Pagrus distinctus /Кокеп/ 2 2

x 13. Pagrus sp. 2 2

1 14. ? liplodus sp. 2 2

1 15. Otol. [incertae sedis] 1 1

1 16. ? Boops insignls /Prochâzka/ 2 1 1

x 17. Carapus nuntius /Кокеп/ 1 1

18. Gobius vicinalis Koken 228 3 192 12 8 9 4

19. Gobius praetiosus Prochâzka 128 1 104 16 5 2

20. Gobius tellerl Schubert 12 10 2

* 2 1 . Gobius cf.francofurtanus Koken 2 2

1 22. Otol. jcottidarumTjmodestus n.sp. 1 1

1 23. Trigla rhombica Schubert 10 8 1 1

X ;24. Arnogloeeus inconspectus n«sp. 1 1

x 25. Solea subglabra Schubert 1 1

Total otoliths 430

1 Species described from Poland for the first time

The exam ined otoliths are  irregu larly  placed in the profile of the 
deposits of Niskowa. They have been found in the layers: 2, 11, 12, 13, 
15, 18, 20. The richest assemblage containing 21 forms, occurs in layer 
12, then  in  the layers 18 (7 species), 15 (5 species), 13 (4 species). The
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rem aining layers, in w hich otoliths have been found, are: 2, 11, 20. Each 
of them  contains 3 species (table 1).

The genus Gobius is the m ost frequen t one. I t is represen ted  by 4 
species: Gobius vicinalis K o k e n  (228 specimens), G. praetiosus P r o ­
c h a z k a  (128 specimens), G. telleri S c h u b e r t  (12 specimens), G. cf. 
francofurtanus  K o k e n  (2 specimens). T here is strik ing  abundance of 
the species G. vicinalis and G. praetiosus in layer 12.

Among the genus Pagrus, 2 species have been distinguished in  this 
layer. O ther genera occur as single species.

D entex latior S c h u b e r t  (16 specimens) and Trigla rhombica  S c h u ­
b e r t  (10 specimens) should be considered relatively  frequent.

There occur, in sm all num bers, Gadus elegans K o k e n  (5 specimens), 
Mugïl applanatus (R z e h a k) — (3 specimens), Centropristis integer  
S c h u b e r t  (2 specimens), Otol. [Percidarum ] oblongus B r z o b o h a t y  
and Otol. [Sparidarum] sp. (3 specimens in each), Sparus doderleini (B a s- 
s o l i  et  S c h u b e r t ) ,  Pagrus distinctus ( K o k e n ) ,  Pagrus sp., ? Di- 
plodous sp., ? Boops insignis ( P r o c h a z k a )  — 2 specimens in  each. 
The rem aining form s are quite rare; they  occur only as single otoliths.

Table 2

Genus

Depth zones
nek­
ton

ben­
thos

Climatic zones

litto­
ral

pela­
gic

ba-
chype-
lagic

tropi­
cal

sub­
tropi­

cal

tempe­
rate cold

Gadus + + + + + +
Merluccius + +
Mugil + + + +
Serranus + + + + +
Centropristis + + + +
Sparus + + + +
Dentex + + + + + +
Pagrus + + + +
Carapus + + + +
Gobius + + ? + + + +
Trigla + ? + +
Solea + + + + +

The character of the whole assem blage indicates a ra th e r  shallow  sea. 
The m ajority  of genera of fishes, w hich have been found here, indicate 
a littoral, shallow -sea environm ent. Some of them  occur abundantly  
(Gobius), or num erously  (Trigla)', others, e.g. Carapus, Arnoglossus, Solea, 
as single specimens. Also represen tatives of the genera: Sparus, Pagrus, 
? Diplodus, m et in  river-m outh  and lagoons (W. W e i l e r  1966, p. 139), 
m ay indicate litto ra l environm ent.
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R epresentatives of the fam ilies M yctophidae or M acrouridae, w hich 
live in bathypelagic or bathybenthonic zones of open seas, are  com pletely 
absent here. These fam ilies have been already  know n from  the Lower 
and U pper Tortonian of Poland in the U pper Silesia and the  Cracow 
regions (T. Ś m i g i e l s k a ,  1966).

The m arine pelagic forms are represented here by the genera: Gadus, 
Merluccius, D en tex ; the ir presence, especially of the genus Merluccius, 
m ay indicate the connection w ith  an open sea. Merluccius lives in  deeper 
w aters than  Gadus. The recent species Merluccius merluccius (L.) is found 
in the M editerranean Sea and in  the A tlantic Ocean a t a dep th  of 200— 
300 m etres (G. N i k o l s k i  1970, pp. 349— 350).

Certain species occurring a t Niskowa rep resen t euryhaline forms, e.g. 
Gobius; they are  frequen t in brackish w aters but, a t the sam e time, they  
are  also m et in w aters of norm al salinity  or in fresh w aters; therefore 
th ey  are less useful for paleoecology. Also representatives of the fam ily 
M ugilidae show certain  tolerance for the degree of salinity. They live in 
seas of the tropical, w arm  and tem perate zones, b u t can also live period­
ically  in estuaries and even m igrate into rivers. These m igrations are 
connected w ith  reproduction, w hich takes place in  the sea, w hile feed­
ing — usually  in bays and rivers. They feed on plankton and plants 
(S u w  o r  o w  1954, p. 782).

__ *s
The presence of the species Mugil applanatus ( R z e h a k )  and Perea 

a ff . praefluviatilis  W e i l e r  in  the assemblage m ay indicate the neigh­
bourhood of river estuaries. W e i l e r  (1963) considers the species Perea 
praefluviatilis  to be a lim netic form.

Most otoliths represen t the  genera of fishes w hich live in  the w arm  
and tem perate  zones, e.g. Mugil, Serranus, Centropristis, Dentex, Pagrus, 
Carapus, Trigla, Solea (table 2). Only some of them  show a w ider th e r­
mic tolerance, e.g. the genera Gadus, Gobius.

Academy of Mining and Metallurgy 
Department of Paleontology and Stratigraphy 
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translated by 
E. Smolak

WYKAZ LITERATURY 
REFERENCES

A l e x a n d r o w i c z  S. W. (1959), O wieku transgresyw nych osadów miocenu w Ma- 
zańcowicach (koło Bielska). Age of transgresive Miocene deposits a t Mazańco- 
wice near Bielsko (Western Carpathians). Kwart, geol., 3 (3), pp. 662—676, W ar­
szawa.

A l e x a n d r o w i c z  S. W. (1962), M icrofauna and Stratigraphical Position of Mio­
cene Clays from  Iwkowa and Żegocina (W estern Carpathians). Bull. Acad. Pol. 
Sc., Sér. Sc. Géol., Géogr., 10, n r 3, pp. 161—166.

3 — Rocznik PTG t. XLIII/l



—  34  —

A l e x a n d r o w i c z  S. W., K r a c h  W. (1963), Dolny torton w Przeciszowie koło 
Oświęcimia (Le Tortonien inférieur à Przeciszów près Oświęcim). Rocz. Pol. 
Tow. Geol. (Ann. Soc. Géol. Pol.), 33 (4), pp. 493—515, Kraków.

В a ł u к W. (1965), Chitony z piasków tortońskich Kotliny Sądeckiej (Chitons from 
the Tortonian of the Nowy Sącz depression, Poland). Acta paleontol. pol., 10, 
nr 3, pp. 365—375, pl. I, Warszawa.

В a ł u к  W. (1966), Neogene sediments in the Nowy Sącz depression (External 
Carpathians) and their paleogeographical significance. Bull. Acad. Pol. Sc., Sér. 
Géol., Géogr., 14, nr 3, pp. 181—186.

B a ł u k  W., R a d w a ń s k i  A. (1968), Dolnotortońskie piaski w Nawodzicach koło 
Klimontowa, ich fauna i wykształcenie facjalne (Lower Tortonian sands a t Na- 
wodzice, southern slopes of the Holy Cross Mts., their fauna and facial deve­
lopment). Acta geol. pol., 18, nr 2, pp. 447—470, pl. I—II, Warszawa.

B a ł u k  W. (1970), Dolny torton Niskowej koło Nowego Sącza (The Lower Torto­
nian at Niskowa near Nowy Sącz, Polish Carpathians). Acta geol. pol., XX, nr 1, 
pp. 101—157, pl. I—XIV, Warszawa.

B a s s o l i  G. G. (1906), Otoliti fossili terziari dell’Emilia. Riv. Ital. Paleont., 12, pi.
I—II, pp. 36—56. Perugia.

B e r g  L. S. (1958), System der rezenten und fossilen Fischartige und Fische, pp. 
106—310, Berlin.

B r z o b o h a t ÿ  R. (1965), Fisch-Otolithen (Pisces, Teleostei) aus dem K arpatien 
von Nosislav (Mittelmiozän, Südmähren). Casopis Moravskèho Musea — Acta 
Musei Moraviae, Scientiae natur., 50, pp. 107—128, pl. 1—2, textfig. 1, table 3, 4. 

B r z o b o h a t ÿ  R. (1967 a), Die Fischotolithen aus den Pouzdfany-Schichten. Ca­
sopis Moravskeho Musea — Acta Musei Moraviae, 52, pp. 121—159, pl. 1—9. 

B r z o b o h a t ÿ  R. (1967 b), Die O tolithenfauna der K arpatischen Sérié*. Chronostra- 
tigraphie und Neostratotypen. Miozän der Zentralen Paratethys, Bd. I, Die Kar- 
patische Serie, pp. 231—243, pl. ID, 2D, Bratislava.

B r z o b o h a t ÿ  R. (1967 c), Ergebnisse der Erforschung von Fischotolithen aus dem 
Oligozän und Miozän Südmährens. Publicat. Faculté Sc. Université J. E. Purkynê, 
Brno, Ser. G. 10, c. 482, 152—153, Brno.

B r z o b o h a t ÿ  R. (1969), Die Fischfauna des Südm ährischen Untermiozäns. Folia 
Facult. Sei. Nat. U niversitatis Purkynianae Brunensis. Geologia 17, 10 (1), pp. 
3—49, pl. 1—8, table А, В, С, Brno.

C h a i n e  J., D u v e r g i e r  J. (1923—24), Sur des Otolithes fossiles de la Catalogne.
Publ. Inst. Ciènc. Treb. Inst. Catalogne Hist. Nat., pp. 9—38, pl. I—II, Barcelona. 

C h a i n e  J., D u v e r g i e r  J. (1928), O otolitach mioceńskich Polski. Sur des Oto­
lithes fossiles de la Pologne. Rocz. Pol. Tow. Geol., (Ann. Soc. Géol. Pol.), 5, pp. 
190—-204, pl. VI, K raków  

C h a i n e  J. D u v e r g i e r  J. (1934), Recherches sur les Otolithes des poissons. 
Étude descriptive et com parative de la sagitta des Téléostéens. Actes Soc. Linn. 
Bordeaux, 86, pl. I—X III, pp. 5—256, Bordeaux.

C h a i n e  J. (1935), Recherches sur les Otolithes des poissons. Suite, Ibidem, 87, pl.
I—XVIII, pp. 4—242, Bordeaux.

C h a i n e  J. (1936), Recherches sur les Otolithes des poissons. Suite, Ibidem, 88, pl.
I—XV, pp. 1—246, Bordeaux.

C h a i n e  J. (1937), Recherches sur les Otolithes des poissons. Suite, Ibidem, pl.
I—XX, pp. 5—252, Bordeaux.

C h a i n e  J. (1938), Recherches sur les Otolithes des poissons. Suite, Ibidem, pl.
I—XVIII, pp. 5—258, Bordeaux.

D a n i l t s h e n k o  P.  G. — Д а н и л ь ч е н к о  П. Г. (1964), Костистые рыбы. (Te­
leostei); in: Основы палеонтологии, pp. 396—472, 96 fig. Изд. „Наука”, Moskwa. 

F i t c h  J . E. (1967), The m arine fish fauna, based prim arly on otoliths, of a lower



—  35 —

Pleistocene deposit a t San Pedro, California (LACMIP 332, San Pedro Sand). 
Los Angeles County Mus. Nat. Hist., Contr, in Sc., 128, pp. 1—23, fig. 1—30, 
Los Angeles.

F i t c h  J. E. (1968), Otoliths and other fish rem ains from the Timms Point Silt 
(early Pleistocene) a t San Pedro, California. Ibidem, 146, pp. 1—29, fig. 1 (a-y), 
fig. 2 (a-u), fig. 3 (a-e), Los Angeles.

F i t c h  J. E. (1970), Fish rem ains, mostly otoliths and teeth, from  the Palos Verdes 
Sand (late Pleistocene) of California. Ibidem, 199, pp. 1—41, fig. 1 (a-m), fig. 2 
(а-i), fig. 3 (a-1), fig. 4 (а-i), fig. 5 (a-r), fig. 6 (а-p), Los Angeles.

F r i z z e l l  don L., D a n t e  J. H. (1965), Otoliths of some early Cenozoic fishes of 
the Gulf Coast. J. Paleont., 39, nr. 4, p. 687—718, pl. 86—88, 2 text-figs.

G a e m e r s  P. A. M. (1969 a), Otolieten uit het Anversien van Antverpen. Meded. 
W erkgr. Tert. Kwart, geol., 6 (1—2), pp. 3—21.

G a e m e r s  P. A. M. (1969 b), Otolieten uit het A nversien van Antverpen, II. Ibidem, 
6 (4), pp. 69—79.

G a e m e r s  P. A. M. (1971), Bonefish-Otoliths from the A nversian (Middle Miocene) 
of Antwerp. Leidse Geol. Meded., 46 (2), pp. 237—267, 1—3—1971.

H e i n r i c h  W. D. (1969), Fischotolithen aus dem Obermiozän von Hohen Woos. 
Geologie, 18, n r 67, pp. 1—111, 11 text-figs, 19 pis., 1 table, Berlin.

J o r d a n  D. S. (1963), The Genera of Fishes and a Classification of Fishes, pp. 
1—800, Stanford.

K o k e n  E. (1884), Ueber Fisch-Otolithen, insbesondere ueber diejenigen der nord- 
-deutschen Oligozän-Ablagerungen. Z. Dtsch. Geol. Ges., 36, pp. 500—565, pl. 
IX —XII, Berlin.

K o k e n  E. (1891), Neue Untersuchungen an tertiä ren  Fisch-Otolithen. Ibidem, 43, 
pp. 77—170, pl. I—X, Berlin.

K o w a l e w s k i  К. (1958), S tratygrafia  miocenu południowej Polski ze szczegól­
nym uwzględnieniem południowego obrzeżenia Gór Świętokrzyskich (Miocene 
stratigraphy of Southern Poland w ith special attention to the southern m argin 
of the Święty Krzyż Mountains). Kwart, geol., 2 (1), pp. 3—43, table 1, W arszawa.

K r a c h  W., K s i ą ż k i e w i c z  M. (1948), Domy torton w Benczynie koło Wado­
wic (The Lower Tortonian at Benczyn near Wadowice). Rocz. Pol. Tow. Geol. 
{Ann. Soc. Géol. Pol.), 18, pp. 273—291, Kraków.

K r a c h  W. (1958), S tratygrafia miocenu dorzecza górnej Odry i górnej Wisły oraz 
jej związek z obszarem wschodnim (S tratigraphy of the Miocene in the upper 
Oder and upper Vistula basins, and its correlation with the eastern area of 
Poland). K wart geol., 2 (1), pp. 82—104, Warszawa.

K r a c h  W. (1962), Zarys stratygrafii miocenu Polski południowej (Esquisse de la 
stratigraphie du Miocène de la Pologne méridionale). Rocz. Pol. Tow. Geol., 
(Ann. Soc. Géol. Pol.), 32 (4), pp. 529—557, Kraków.

L a f o n d - G r e l l e t y  J. (1963), Les Otolithes de l’helvetien de Sallespisse (Basses 
Pyrénées), P.-V. Soc. Linn. Bordeaux, 100, pp. 140—158, 2 pis., Bordeaux.

Ł u c z k o w s k a  E. (1957), S tratygrafia  iłów dolnotortońskich z Benczyna koło W a­
dowic na podstawie m ikrofauny (Stratigraphy of Lower Tortonian clays from 
Benczyn near Wadowice on the basis of microfauna). Rocz. Pol. Tow. Geol. 
(Ann. Soc. Géol. Pol.), 25 (3), pp. 305—336, Kraków.

M a ł e c k i  J. (1970), Glony zielone (Chlorophyta) z osadów polskiego miocenu. 
Chlorophyta from  Miocene sediments of Poland. Rocz. Pol. Tow. Geol. (Ann. 
Soc. Géol. Pol.), 40 (1), pl. III—IV, figs. 1—2, pp. 167—175, Kraków.

N i k o l s k i  G. (1970), Ichtiologia szczegółowa. Państw. Wyd. Roln. i Leśne, pp. 3— 
546. Warszawa.

N o r m a n  J. R. (1963), A History of Fishes, pp. 1—398, London..
P o s t h u m u s  O. (1923), B ijdrage tot de kennis der tertia ire  vischfauna van N eder­

3*



—  36  —

land. Verhandel. van het Geol.-Mijnbouwkund. Genootschap voor Nederland en 
Kolonien. Geol. Ser., 7, pp. 105—142, 1 pl., ’s-Gravenhage.

P r i e m  F. (1914), Sur des Otolithes de Poissons fossiles des terrains supérieurs du 
Sud-Ouest de la France. Bull. Soc. Géol. France, sér. IV, 14 (5,6), pp. 244—278, 
Paris.

P r o c h â z k a  V. J. (1893), Miocaen Żidlochovicky na Moravë a jeho zvirena. (Das 
Miocaen von Seelowitz in M ähren und dessen Fauna). Rozpravy Ceske Akad. 
cis. Frantiśka Josefa pro vedu, slovesnost a umëni (Sitżber. Böhm. Franz Josef 
Akad.). Tfida II (2), cis. 24, pp. 1—90, 3 pis. Praha.

R a d o  G. (1965), Otolite din depozitele tortoniene de la Costeiul de Sus. Anal. 
Univ. Bucuresti, Ser. Stiint. Nat., Geol.-Geogr., XIV, pp. 55—71, 3 text-fig., 5 pis., 
Bucuresti.

R a d o  G. (1968), Etude des otolithes sarm atiens de Copäcel-Chijic (Bassin du Crisul 
Repede). Trav. Mus. Hist. Nat. Grigore Antipa, 8, pp. 581—585, 5 pis., 1 text-fig. 
1 table, Bucarest.

R a d o  G. (1969), Grupe noi de organisme în fauna tortonianä de la Buituri. (Amfie- 
nure ?i Pesti). Suita si cerc. de geol., geof., geogr., ser. Geologie, 14 (1), pp. 
189—204, Bucureçti.

R o b b  a E. (1970), Otoliti del Tortoriano-Tipo (Piemonte). Riv. Ital. Paleont., 76 (1), 
pp. 89—172, pl. 8—16, Milano.

S c h u b e r t  R. J. (1906), Die Fischotolithen des österr.-ungar. Tertiärs. Jb. K. K.
Geol. Reichsanst., 56, pp. 623—706, pl. 18—20. Wien.

S c h u b e r t  R. J. (1912), Die Fischotolithen der ungarischen Tertiärablagerungen.
Mitt. Jb. K. Ungar. Geol. Reichsanst., 20 (3), pp. 117—139, Budapest. 

S k o c z y l a s ó w n a  K. (1930), Przyczynek do znajomości miocenu kotliny sądeckiej 
(Beitrag zur Kenntniss der M iozänablagerungen in der Umgebung von Nowy 
Sącz). Rocz. Pol. Tow. Geol. (Ann. Soc. Géol. Pol.), 6, pp. 50—72, 8 fig., 1 pl. 

S u w o r o w  E. (1954), Podstawy ichtiologii. P. W. N., pp. 7—968. Warszawa. 
Ś m i g i e l s k a  T. (1966), Otolity ryb z tortonu południowej Polski. Otoliths of Fishes 

from the Tortonian of Southern Poland. Rocz. Pol. Tow. Geol. (Ann. Soc. Géol. 
Pol.), 36 (3), pp. 205—275, 8 pis., text-fig. 10, 4 table. Kraków.

W e i l e r  W. (1935), Nemopteryx kubacskai n. sp. aus dem Kleinzeller Tegel bei 
Budapest, zugleich ein Beitrag zur Geschichte der Gattungen Nem opteryx Ag. 
und Merluccius L. Paläont. Z. 17, 1/2, pp. 27—44, 7 text-fig., Berlin.

W e i l e r  W. (1950), Die Otolithen aus dem Jung-T ertiär Süd-Rum äniens. 2. M ittel- 
-Miozän, Torton, Buglow und Sarm at. Senckenbergiana, 31, pp. 209—258, pl.
1—12, Frankfurt/M ain.

W e i l e r  W. (1955), Untersuchungen an der Fischfauna von U nter- und Oberkirch- 
-berg bei Ulm vornehm lich an Hand von Otolithen in situ. Paläont. Z., 29, 
1/2, pp. 88—102, pl. 8, S tuttgart.

W e i l e r  W. (1958), Fisch-Otolithen aus dem Oberoligozän und Miozän der Nie­
derrheinischen Bucht. Fortschr. Geol. Rheinld. Westf., 1, pp. 323—361, 3 pis., 12 
fig., Krefeld.

W e i l e r  W. (1962), Fisch-Otolithen aus dem oberen M ittelmiozän von Twistringen, 
Bez. Bremen (NW-Deutschland). Geol. Jb., 80, pp. 277—293, pl. I—II, Hannover. 

W e i l e r  W. (1963), Die Fischfauna des Tertiärs im oberrheinischen Graben, des 
M ainzer Bekkens, des unteren M aintals und der W etterau, unter besonderer 
Berücksichtigung des Untermiozäns, Abh. Senckenb. naturforsch. Ges., 504, pp.
1—69, 258 Abb., pl. 2., Frankfurt/M .

W e i l e r  W. (1966), Die Fischfauna von Ivancice (Eibenschitz) in Mähren. Paläont.
Z., 40, pp. 118—143, 50 Abb., S tuttgart.

W e i l e r  W. (1968), Fossilium Catalogus, I. Animalia, 117, Otolithi Piscium, pp.
3—196, Ysel Press, W. Junk, ’s-Gravenhage.



—  37  —

W e i l e r  W. (1971), Fisch-Otolithen aus dem Jung tertiä r Süd-Siziliens. Sencken- 
bergiana lethaea, 52 (1), pp. 5—37, Frankfurt/M .

W e i n f u r t e r  E. (1952 a), O tolithen aus miozänen Brack- und Süsswasserschichten 
des Lavanttales in Kärnten. S. B. Öster. Akad. Wiss., math.-naturw. Kl., Abt. 
I, 161 (2—3), pp. 141—148, 1 pl., Wien.

W e i n f u r t e r  E. 1952 b), Die Otolithen aus dem Torton (Miozän) von M ühldorf 
in Kärnten. S. B. Öster. Akad. Wiss., math.-naturw. Kl., 161 (2—3), pp. 149—172, 
pl. 1—2, Wien.

W e i n f u r t e r  E. (1952 c), Die Otolithen der W etzelsdorfer Schichten und des 
Florianer Tegels (Miozän, Steierm ark). S. B. Öster. Akad. Wiss., math.-naturw. 
Kl., Abt. I, 161 (7), pp. 455—498, pl. 1—5, Wien.

Z i l c h  A. (1965), Die Typen und Typoide des N atur-M useum s Senckenberg, 31: 
Fossile Fisch-Otolithen. Senck. leth., 46 a, pp. 453—490, pl. 37, Frankfurt/M

STRESZCZENIE

Osady to rtonu  morskiego w  Niskowej interesow ały badaczy od dawna. 
Przebieg tych badań o charakterze geologoiczno-paleontologiczno-straty- 
graficznym  przedstawiono we wstępie. Podano również zarys poglądów 
na spraw ę w ieku tych osadów, które w  okresie kilkudziesięciu la t ulegały 
stopniow ej ewolucji.

W ostatnich latach  W. B a ł u k  (1965— 1970) na podstawie szczegóło­
w ej analizy m ateriałów  paleontologicznych oraz obserw acji geologicz­
nych prow adzonych w Niskowej przyjął, że osady te zaliczyć należy do 
dolnego tortonu, przy czym cały profil umieścił w dolnym  opolu.

Opracowane obecnie o tolity  nie w ykluczają możliwości przyjęcia ta ­
kiego poglądu na w iek osadów w Niskowej, chociaż zaznaczyć należy, że 
o tolity  ryb nie należą do skamieniałości, k tóre precyzyjnie w yznaczają 
wiek.

Stw ierdzono jednak, że skład jakościowy otolitów  różni się od wcześ­
niej poznanych zespołów z osadów górnego i dolnego to rtonu  południowej 
Polski.

O tolity w Niskowej reprezentow ane są przez 25 gatunków , z k tórych 
2 gatunki uznano jako nowe: Otol. [Cottidarum ] modestus  i Arnoglossus 
inconspectus. 19 gatunków  należy do form  opisanych po raz pierw szy 
z Polski.

O tolity pochodzą z profilu, w którym  w arstw y oznaczono cyfrowo. 
Rozmieszczenie ich w poszczególnych waristwach nie jest rów nom ierne. 
Szczegółowo przedstaw ia to tabela 1.

N ajliczniej w ystępuje rodzaj Gobius, reprezentow any przez 4 gatunki 
G. vicinalis, G. praetiosus, G. telleri, G. cf. francofurtanus, z k tórych  dwa 
pierw sze pojaw iają się masowo w  pew nych w arstw ach. Dość licznie w y­
stępu je  D entex latior, Gobius telleri, Trigla rhombica. Nieliczne są Gadus 
elegans, Mugil applanatus, przedstaw iciele rodzin Percidae i Sparidae.



—  38  —

Do form  rzadkich należą Merluccius vulgaris, Serranus  an sp. nova, 
? Orthopristis vöslauensis, Carapus nuntius, Otol. [Cottidarum ] modestus  
n. sp., Arnoglossus inconspectus n. sp., Solea subglabra.

W nioski paleoekologiczne, jakie można podać na podstawie analizy 
całego zespołu, są następujące:
1. Większość otolitów należy do ryb  żyjących w wodach litoralnych. Nie­

które w ystępują tu  niekiedy masowo (Gobius), licznie (Trigla), lub 
pojedynczo (Serranus, Carapus, Arnoglossus, Solea). Po jaw iają  się 
także inne jak  Sparus, Pagrus, ? Diplodus spotykane u ujść rzek lub 
w lagunach.

2. Z form  m orskich pelagicznych stwierdzono tu  j'edynie rodzaje: Ga­
dus, Merluccius (rzadki), Dentex, co świadczy o połączeniu z morzem 
otw artym . Potw ierdzeniem  tego może być również obecność rodzaju 
Mugil, żerującego zw ykle w lagunach i przy ujściach rzek, lecz wę­
drującego do mórz w okresach rozrodu.

3. Rodzaj Mugil i Perca wskazywać mogą na sąsiedztwo ujść rzecznych, 
podobnie jak  masowe w ystępow anie rodzaju Gobius, częstego w wo­
dach brakicznych. Przypuszczalnie wody przybrzeżne w Niskowej sta ­
now iły środowisko częściowo wysłodzone.

4. B rak form  głębokowodnych z rodzin M yctophidae i M acrouridae.
5. W badanym  zespole większość otolitów reprezen tu je  ryby  zam ieszku­

jące stre fy  ciepłe i um iarkow ane: Mugil, Serranus, Centropristis, Spa­
rus, Dentex, Pagrus, Carapus, Trigla, Solea.
Jedynie Gadus i Gobius należą do ryb  euryterm icznych.
Cały zespół ma charak te r płytkow odny i ciepłolubny.

Zakład Paleontologii i Stratygrafii 
Akademii Górniczo-Hutniczej w Krakowie

OBJAŚNIENIA TABLIC 
EXPLANATION OF PLATES

Tablica — Plate I

Fig. 1. Gadus elegans K o k e n ;  left sagitta, la-inner face, lb -ou ter face, Ot. 
M. II /l  — X 10

Fig. 2. Merluccius vulgaris F l e m i n g ;  right sagitta, 2a-inner face, 2b-outer face, 
Ot. M II/2 — X 6

Fig. 3, 4, 5. Mugil applanatus ( R z e h a k ) ;  3-left sagitta, inner face, Ot. M. II/3 — 
X 9; 4-right sagitta, 4a-outer face, 4b-inner face, Ot. M. IT/4 — x 12; 
5-right sagitta, inner face, Ot. M. II/5 — x 7 

Fig. 6. Serranus an sp. nova?; righ t sagitta, 6a-inner face, 6b-outer face, Ot. M. 
II/6 — x 10

Fig. 7, 8. Centropristis integer S c h u b e r t ;  7-left sagitta, 7a-inner face, 7b-outer 
face, Ot. M. II/7 — x 15; 8-right sagitta, inner face, Ot. M. II/8 — x 15
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Tablica — Plate  II

Fig. 1. Otol. [Percidarum] oblongus B r z o b o h a t y ;  right sagitta, la -ou ter face, 
lb -inner face, Ot. M. II/9 — x 16

Fig. 2. Perca aff.  praefluviatilis W e i l e r ;  right sagitta, 2a-outer face, 2b-inner face, 
Ot. M. 11/10 — x 11

Fig. 3. ? Orthopristis vöslauensis ( S c h u b e r t ) ;  right sagitta, За-inner face, 3b-outer 
face, Ot. M. 11/11 — x 14

Fi. 4. Otol. [Sparidarum ] sp.; left sagitta, 4a-inner face, 4b-outer face, Ot. M. II/12- 
x 7

Fig. 5, 6. Sparus doderleini ( B a s s o l i  et S c h u b e r t ) ;  5-right sagitta, 5a-outer 
face, 5b-inner face, Ot. M. 11/13 — x 8; 6-right sagitta, inner face. Ot. M. 
11/14 — x 11

Fig. 7, 8. Dentex latior S c h u b e r t ;  7-left sagitta, 7a-inner face, 7b-outer face, 
Ot. M. 11/15 — x 7; 8-right sagitta, 8a-inner face, 8b-outer face, Ot. M. 
11/16 — x 7

Tablica — Plate III

Fig. 1, 2. Pagrus sp.; left sagitta, la -inner face, lb -ou ter face, Ot. M. 11/17 — x 13;
2-inner face, Ot. M. 11/18 — x 12 

Fig. 3. ? Diplodus sp.; right sagitta, За-outer face, 3-b-inner face, Ot. M. 11/19 — x 9 
Fig. 4. Pagrus distinctus ( K o k e n ) ;  left sagitta, inner face, Ot. M. 11/20 — x 14 
Fig. 5. ? Boops insignis ( P r o c h a z k a ) ;  left sagitta, inner face, Ot. M. 11/21 — x 10 
Fig. 6. Otol [incertae sedis]; right sagitta, inner face, Ot. M. 11/22 — x 8 
Fig. 7. Carapus nuntius  ( K o k e n ) ;  left sagitta, inner face, Ot. M. 11/23 — x 15 
Fig. 8-14. Gobius vicinalis ( K o k e n ) ;  8, 9, 11, 12, 14 — left sagitta, inner face; 8-Ot. 

M. 11/24 — x 10; 9-Ot. M. 11/25 — x 10; 11-Ot. M. 11/27 — x 11; 12-Ot. M. 
11/28 — x 13; 14-Ot. M. 11/30 — x 13; 10, 13 — righ t sagitta, inner face; 
Ю-Ot. M. 11/26 — x 13, 13-Ot. M. 11/29 — x 13

Tablica — Plate IV

Fig. 1, 2. Gobius vicinalis K o k e n ;  1-right sagitta, inner face, Ot. M. 11/31 — x 12;
2-left sagitta, 2a-outer face, 2b-inner face, Ot. M. 11/32 — x 10 

Fig. 3, 4, 5. Gobius praetiosus P r o c h ä z k a ;  3-left sagitta, inner face, Ot. M. 
11/33 — x 21; 4-left sagitta, inner face, Ot. M. 11/34 — x 19; 5-left sagitta, 
inner face, Ot. M. 11/35 — x 9 

Fig. 6, 7. Gobius praetiosus P r o c h ä z k a ;  6-right sagitta, 6a-inner face, 6b-outer 
face, Ot. M. 11/36 — x 9; 7-right sagitta, inner face, Ot. M. 11/37 — x 10 

Fig. 8, 9. Gobius cf. francofurtanus K o k e n ;  8-right sagitta, 8a-inner face, 8b-outer 
face, Ot. M. 11/38 — x 10; 9-right sagitta, 9a-inner face, 9b-outer face, Ot. M. 
11/39 — x 9

Tablica — Plate V

Fig. 1, 2, 3. Gobius telleri S c h u b e r t ;  1-right sagitta, inner face, Ot. M. 11/40 — 
x 12; 2-left sagitta, inner face, Ot. M. 11/41 — x 14; 3-right sagitta, inner 
face, Ot. M. 11/42 — x 13 

Fig. 4. Otol. [Cottidarum] modestus n. sp.; left sagitta, 4a-inner face, 4b-outer face, 
holotype: Ot. M. 11/43 — x 23
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Fig. 5—8. Trigla rhombica S c h u b e r t ,  5-left sagitta, 5a-inner face, 5b-outer face, 
Ot. M. 11/44 — x  12; 6-left sagitta, inner face, Ot. M. II/45 — x 12; 7-right 
sagitta, 7a-outer face, 7b-inner face, Ot. M. 11/46 — x 14; 8-right sagitta, 
inner face, Ot. M. 11/47 — x 11 

Fig. 9. Solea subglabra S c h u b e r t ;  right sagitta, 9a-outer face, 9b-inner face, Ot. 
M. 11/48 — x 12

Fig. 10. Arnoglossus inconspectus n. sp.; left sagitta, inner face, holotype; Ot. M. 
11/49 — x 14



Rocznik Pol. Tow. Geol, t. XLIII, z. 1 Pl. 1

T. Śmigielska



Rocznik Pol. Tow. Geol., t. XLI1I, z. 1 Pl. 11

T. Śmigielska



Rocznik Pol. Tow. Geol., t. XLIII,  z. 1 PL III

T, Śmigielska



Rocznik Pol. Tow. Geol., t. XLIII, z. 1 PL IV

T, Śmigielska



Rocznik Pol, Tow, Geol., t, XLIII,  z, 1 PL V

T, Śmigielska


