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This tax on omy and stra tig ra phy of the Up per Campanian and Lower Maastrichtian Belemnitella lin eages, from the Mid dle
Vistula sec tion, based on new col lec tions, is pre sented. The cor re la tion to the basal Maastrichtian stan dard GSSP at Tercis,
France, is pro vided based on inoceramid bi valve stra tig ra phy. The ar ti fi cial neu ral net works (ANN), par tic u larly the self-or ga -
niz ing Kohonen al go rithm, was ap plied to tax o nomic dis crim i na tion. Eight morphotypes within the ge nus Belemnitella, un -
der stood here as nat u ral spe cies pop u la tions, were rec og nized. Five of these are as signed to known taxa: Belemnitella
mucronata, B. pos te rior, B. mi nor (= B. mi nor I and B. mi nor II), B. langei and B. najdini; and three, B. sp. a, B. sp. 1 and B. sp.
2, are left in open no men cla ture. Four Belemnitella zones are pro posed. Due to its palaeogeographic po si tion, be tween
West ern and East ern Eu rope, the Mid dle Vistula sec tion is char ac ter ized by the co-oc cur rence of Belemnitella spe cies from
those two ar eas. Con se quently, it en ables better cor re la tion of Belemnitella-based schemes; the East Eu ro pean B. najdini
and B. pos te rior are placed next to West Eu ro pean B. mi nor chronospecies I and II. The Campanian/Maastrichtian bound ary, 
as cur rently de fined, is placed at the top of the najdini–pos te rior Zone, which is an equiv a lent of the Belemnella-based
bound ary, i.e. at the base of the Belemnella obtusa / Belemnella vistulensis zones. Within the top of the najdini–pos te rior
Zone oc curs a level (an in ter val of only a few metres), where nearly all of the Up per Campanian Belemnitella dis ap pear. This
level co in cides with tax o nomic changes ob served within the co-oc cur ring rep re sen ta tives of ge nus Belemnella.

Key words: Campanian, Maastrichtian, Vistula sec tion, bel em nites, biostratigraphy, ar ti fi cial neu ral net works,
Campanian/Maastrichtian bound ary.

INTRODUCTION

In the Late Campanian and Early Maastrichtian, bel em nites
played an im por tant role in ma rine eco sys tems of Eu rope. Par -
tic u larly well rep re sented and fast evolv ing were mem bers of
the ge nus Belemnitella, widely dis trib uted and with high strati -
graphic po ten tial. Un for tu nately, al though a num ber of
biostratigraphic zonations based on this ge nus were pro posed,
no uni form Belemnitella sub di vi sion for the whole of Eu rope ex -
ists. Christensen (1999) re viewed Up per Campanian
Belemnitella zonation for north west ern Eu rope and con cluded
that nei ther the stan dard zonation of Jeletzky (1951b) nor
Naidin’s (1979) zonation, es tab lished on the re cord in East ern
Eu rope, can be ap plied there. Con se quently, he pro posed a
new zonation, based on large or very large Belemnitella from
Nor folk, Eng land (Christensen, 1995), but again ad mit ted that
his new sub di vi sion is only of lo cal sig nif i cance (Christensen
1999, 2000b). Tak ing into ac count the im por tance of the group
in the Campanian and Maastrichtian stra tig ra phy, the need of

es tab lish ing a re li able Belemnitella-based sub di vi sion ap pli ca -
ble through out Eu rope is clear.

In this con text, the bel em nite re cord of the Mid dle Vistula
sec tion in Po land is par tic u larly prom is ing. The palaeo -
geographic po si tion of this area, be tween West ern and East ern
Eu rope, and its rich and di verse macro- and microfaunal re cord, 
of fer a unique op por tu nity to com bine the east- and west-Eu ro -
pean Belemnitella re cords. These re cords are con strained in a
well-es tab lished strati graphic frame work based on var i ous
biostratigraphies as well as chemo- and magnetostratigraphy
(see Walaszczyk, 2012, as well as Peryt and Dubicka, 2015;
Plasota et al., 2015; Remin et al., 2015). The ge nus
Belemnitella from the Vistula sec tion has not been stud ied since 
Kongiel’s (1962) bel em nite mono graph.

The pres ent study pro vides the tax o nomic and strati graphic
in ter pre ta tions of the lat est Campanian and ear li est
Maastrichtian bel em nites of the ge nus Belemnitella from the
Mid dle Vistula sec tion. The cor re la tions of the bel em nite suc -
ces sion, as worked out herein, with other groups, as well as with 
bel em nite zonations in other ar eas, are dis cussed. Rep re sen ta -
tive and/or topotype ma te rial of se lected Belemnitella spe cies is 
pre sented.

The study has been car ried out ac cord ing to Remin’s (2012) 
meth od ol ogy, based on ar ti fi cial neu ral net works (ANN)
(Fausett, 1994; Haykin, 1994; Patterson, 1996), in par tic u lar the 
self-or ga niz ing Kohonen net works (Kohonen, 1982), and the in -
te grated bio met ric pro ce dure, in de pend ent of the ge neric mem -

* E-mail: zbyh@uw.edu.pl

Received: March 25, 2014; accepted: October 26, 2015; first
published online: October 30, 2015

https://gq.pgi.gov.pl/article/view/24064
https://gq.pgi.gov.pl/article/view/23558
https://gq.pgi.gov.pl/article/view/24823


ber ship of the ma te rial. The pow er ful al go rithm used by
Kohonen net works is com monly used to solve dif fer ent kinds of
clas si fi ca tion prob lems and was successfuly ap plied to spe -
cies-level tax o nomic rec og ni tion in bel em nites (Remin, 2007,
2008, 2012; Remin in Niebuhr at al., 2011), and e.g., to Pa leo -
zoic cor als (Wrzo³ek and Remin, 2008). The study is the first at -
tempt at cor re lat ing Eu ro pean Belemnitella pop u la tions from
dif fer ent re gions, us ing the new meth od olog i cal ap proach and
the new in te grated bio met ric pro ce dure.

GEOLOGICAL SETTING, BELEMNITE
SUCCESSION AND ORIGIN 

OF THE STUDIED BELEMNITES

The Up per Campanian–basal Maastrichtian part of the Mid -
dle Vistula sec tion is best ex posed in a se ries of nat u ral and ar ti -
fi cial ex po sures in the left bank of the Vistula River, be tween the 
vil lages of Dorotka and Dziurków (Fig. 1). The Cre ta ceous
forms a homocline, dip ping gently to the NE (Fig. 1). The stud -
ied in ter val is com posed of white to grey si li ceous marls
(opoka), re ferred to the five in for mal lithostratigraphic units
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Fig. 1A – geo log i cal sketch-map of the Up per Campanian through the Lower
Maastrichtian in the Mid dle Vistula sec tion, cen tral Po land (af ter Walaszczyk, 2004); B –
lo ca tion of the Vistula (Wis³a) River in Po land and the Up per Cre ta ceous de pos its in ex -
tra-Carpathian Po land (af ter Po¿aryski, 1974)
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Fig. 2. Stratigraphic ranges of belemnite species and proposed belemnite zonation for the Middle Vistula section, central Poland

Inoceramid zones after Walaszczyk (2004); cephalopod zones after B³aszkiewicz (1980); base of the Maastrichtian according to (1) the
stratotype in Tercis, France; (2) the conventional subdivision for the Boreal Realm, based on belemnites; belt below the “boundary marls” 

show few metres interval where most of the Belemnitella forms disappear



(Walaszczyk, 2004): Dorotka, Paw³owice, Potrawin, Solec and
Dziurków opokas (Figs. 1 and 2).

The lower part of the stud ied suc ces sion, be tween the vil -
lages of Dorotka and Wola Paw³owska (see Figs. 1 and 2), is
rep re sented by the Dorotka and Paw³owice opokas units, and
has so far yielded only few com plete spec i mens of
Belemnitella, rep re sented by B. mucronata and B. langei. In
inoceramid terms, this part of the suc ces sion be longs to the
Cataceramus subcompresus, “Inoceramus” tenuilineatus and
Sphaeroceramus pertenuiformis zones of Walaszczyk (2004,
2012).

The higher part of the suc ces sion is avail able in a se ries of
out crops be tween Paw³owice Cem e tery and Raj, rep re sented
by the Piotrawin Opoka. Within this unit the bel em nites be come
more com mon, cul mi nat ing in the Sadkowice, Raj and Raj N
sec tions, around the tra di tion ally de fined Campanian/Ma -
astrichtian bound ary (Bo real def i ni tion). In inoceramid terms
this in ter val rep re sents the “Inoceramus” altus and
“Inoceramus” inkermanensis zones of Walaszczyk (2004;
Fig. 2).

Start ing from the top of the Raj sec tion, Belemnitella is ac -
com pa nied by Belemnella (Remin, 2012), which tends to dom i -
nate, with si mul ta neous fre quency de crease in Belemnitella.
This is the up per most part of the “Inoceramus” inkermanensis
Zone and the lower part of the Trochoceramus costaecus
inoceramid Zone and the lower part of the Belemnella
lanceolata Zone (Fig. 2).

The suc ces sion of Raj N rep re sented by the Solec Opoka,
is rel a tively rich in bel em nites, dom i nated by Belemnella. It rep -
re sents the “Inoceramus” redbirdensis Zone and the
Belemnella inflata Zone.

Still higher, the sec tions of Podole, K³udzie S and K³udzie N
con tain the “bound ary marls”, a marly bed, which lies be tween
the Solec and Dziurków opokas. Belemnitellas in the in ter val
close to the “bound ary marls” are very rare; B. ex gr. mi -
nor II/pos te rior (cf. Fig. 2) is the only form which crosses the
“bound ary marls”. In inoceramid terms, this in ter val be longs to
the “Inoceramus” redbirdensis Zone; in Belemnella terms it is
an equiv a lent of the Belemnella inflata and lower part of the
Belemnella obtusa zones.

The two youn gest sec tions, Przedmieœcia and Dziurków,
rep re sented by the Dziurków Opoka, yielded only sin gle spec i -
mens of B. ex gr. mi nor II/pos te rior. This part of the suc ces sion
be longs to the Endocostea typica inoceramid Zone
(Walaszczyk, 2004, 2012). In Belemnella terms it rep re sents
the Belemnella obtusa Zone of Remin (2012).

The whole stud ied suc ces sion yielded >140 com plete
Belemnitella guards and sev eral dozen more or less in com plete 
spec i mens. Also avail able for study are the large col lec tions of
Po¿aryski, B³aszkiewicz and Kongiel, housed in the Mu seum of
the Earth of the Pol ish Acad emy of Sci ence, War saw, and in the 
Mu seum of the Pol ish Geo log i cal In sti tute in War saw.

BIOSTRATIGRAPHY

Tra di tion ally in Eu rope, the Campanian was sub di vided into
Lower and Up per substages, with the bound ary be tween them
placed at the ex tinc tion level of the bel em nite ge nus Gonioteuthis
(i.e. Jeletzky, 1958). Bel em nites were also used to de fine the base 
of the Maastrichtian stage and of the Lower/Up per Maastrichtian
bound ary, with the FADs of Belemnella lanceolata (Schlotheim,
1813) and Belemnitella ju nior (Nowak, 1913) re spec tively (e.g.,
Arkhangelsky, 1912; Jeletzky, 1951a, b).

Dur ing the 1995 Brussels Sym po sium, it was agreed that
the Campanian stage should be sub di vided into three

substages of pos si bly equal du ra tion (Han cock and Gale,
1996). Also dis cussed was the new def i ni tion of the base of the
Maastrichtian Stage (Odin, 1996). The lat ter was fi nally de fined
as an arith me tic mean of twelve bio-events and placed at the
115.2 m level of the Tercis sec tion (Odin, 2001), the GSSP for
the base of the Maastrichtian stage, and rat i fied then by the In -
ter na tional Com mis sion on Stra tig ra phy in 2001 (Odin, 2001;
Odin and Lamaurelle, 2001).

TRADITIONAL BELEMNITELLA-BASED ZONATION

Af ter the bel em nite ex tinc tion at the end of the Early
Campanian, only a sin gle bel em nite ge nus Belemnitella
(d’Orbigny, 1840), rep re sented by a sin gle spe cies,
Belemnitella mucronata (Schlotheim, 1813), per sisted in the
later Campanian (see Christensen, 1997a, b). In the Mid dle and 
Late Campanian (e.g., Christensen, 1997a, b), Belemnitella
speciated and ex panded geo graph i cally. The newly evolved
spe cies pro vided the ba sis for the biostratigraphic sub di vi sions
of the Mid dle and Up per Campanian, which dif fer geo graph i -
cally (Fig. 3).

The Up per Campanian, in the Bo real def i ni tion, of north -
west ern Eu rope was sub di vided into three bel em nite zones
(Jeletzky, 1951), in as cend ing or der the Belemnitella
mucronata, B. mi nor and B. langei zones (Fig. 3). Ac cord ing to
Christensen (1995, 1996, 1999), the zones of B. mi nor and B.
langei of Jeletzky (1951b) should be aban doned.

The bel em nite zonation for the Up per Campanian of East -
ern and Cen tral Eu rope was pro posed by Najdin (1964a, b,
1975, 1979; see Fig. 3), who dis tin guished the B. mucronata
Zone (lower) and B. langei Zone (up per). The lat ter zone he
sub di vided into (in as cend ing or der): B. langei mi nor, B. langei
langei, and B. langei najdini zones (cf. Fig. 3). Christensen
(1995, 1996, 1999, 2000b) crit i cized this zonation, ar gu ing that
B. mi nor should nei ther be con sid ered a sub spe cies of B.
langei, as pro posed by Naidin (1979), nor be placed into the B.
langei group as sug gested by Kongiel (1962).

Peake and Hancoock (1961, 1970) and Wood (1988) pro -
posed slightly dif fer ent Belemnitella zonations, based on the re -
cord in the Up per Campanian of Nor folk, east ern Eng land.
Christensen (1995) re in ves ti gated the Nor folk bel em nite ma te -
rial, and pro posed a zonation based mainly on newly erected
spe cies: B. mucronata, B. woodi, B. mi nor I, B. mi nor II and B.
mi nor III (= B. mi nor II; cf. Fig. 3). Christensen (1999) sug gested 
that his new zonation might be re garded a stan dard
Belemnitella zonation in Eu rope. How ever, in 2000, he re jected
his pre vi ous opin ion and con cluded that the Belemnitella
zonation of Nor folk was no lon ger ap pli ca ble through out Eu rope 
(al though it can be ap plied in the Maastricht area of the Neth er -
lands; see Keutgen, 2011).

Af ter the sud den ap pear ance of Belemnella lanceolata and
of the so-called “prim i tive” Belemnella, i.e., B. licharewi
Jeletzky, 1941, rep re sen ta tives of Belemnella be came dom i -
nant across Eu rope; in many ar eas this ge nus al most com -
pletely re placed the ge nus Belemnitella. Con se quently, the bel -
em nite strati graphic sub di vi sion of the Lower Maastrichtian is
based pri mar ily on Belemnella (see dis cus sion in Remin, 2012).

NEW BELEMNITELLA-BASED ZONATION
 OF THE MIDDLE VISTULA SECTION

The bio met ric pro ce dure, with the use of the ar ti fi cial neu ral
net works (ANN), par tic u larly the self-or ga niz ing Kohonen al go -
rithm, ap plied herein, fol lows Remin (2012; see this pa per for
pre sen ta tion of the method), who also dis cussed and com pared 
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his new method with the for mer meth ods of Kongiel (1962),
Christensen (1975) and Schulz (1979). The terms and mea -
sure ments used for bel em nites de scrip tion fol low Christensen
(1995) and Remin (2008, 2012) and are sum ma rized in Fig -
ure 4.

RECOGNITION OF BELEMNITELLA SPECIES 
BY THE KOHONEN NEURAL NETWORKS 

AND STATISTICAL VERIFICATION 
OF THE MORPHOGROUPS

The ma te rial stud ied was sub di vided into three strati graphic
sam ples, each con sist ing of a suf fi cient num ber of guards: (1)
Sadkowice Szko³a–Sadkowice N; (2) Raj and (3)
Raj N–Dziurków (Raj N, Podole, K³udzie, Przedmieœcia and
Dziurków). Bel em nites from each strati graphic sam ple were ana -

lysed in de pend ently us ing a two-lay ered Kohonen neu ral net -
work with 29 in puts (29 char ac ters of the guard; Fig. 5). The
struc tures of ap plied SOM (self-or ga niz ing maps) are shown in
Fig ure 5. For test ing pur pose, two in de pend ent sim u la tions were
ex e cuted on the bel em nite guards from the Paw³owice Cem e -
tery, Paw³owice Posesja, and Piotrawin sec tions, equiv a lent sec -
tions of the strati graphic sam ples (1) and (2). Ev ery sin gle guard,
from the test sec tions, was sub jected to sim u la tion us ing a
Kohonen net works trained on the ma te rial from strati graphic
sam ples (1) and (2), and clas si fied to one of the morphogroups
rec og nized in them. In a sim i lar way the ma te rial from the sec -
tions of Dorotka, Leœne Cha³upy, Ciszyca, Ciszyca Brodalka and
Wola Paw³owska was ana lysed. Bel em nite guards from those lo -
ca tions were sub jected to Kohonen net works trained on the ma -
te rial from strati graphic sam ples (1 and 2).

>140 newly col lected com plete guards of Belemnitella were
sub di vided by the Kohonen net works into morphogroups re -
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Fig. 3. The correlation of proposed belemnite zones

I – Mid dle Vistula sec tion (cen tral Po land) – this ar ti cle; Ia – Belemnella zones of the Mid dle Vistula sec tion (Remin, 2012); II – NW Eu rope,
Belemnella zones af ter Schulz (1979), Belemnitella zones (af ter e.g., Christensen, 1995, 1999, 2000b); III – Rus sian Plat form (e.g., Naidin,
1975, 1979); IV – con ven tional bel em nite zones (Jeletzky, 1951a, b, 1958; Birkelund, 1957); base of the Maastrichtian ac cord ing to (1) the
stratotype in Tercis, France; (2) the con ven tional sub di vi sion for the Bo real Realm, based on bel em nites
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Fig. 4. Terminology and measurements of external and internal features of belemnite guard (Remin, 2008)

Two not il lus trated fea tures are: LABVF – length from apex to most pos te rior part of ven tral fis sure; RDBSVF (= LASVF – LABVF), for de tails
see Remin (2008, 2012); a, b – the in ter nal struc ture of the guard and dif fer ent po si tion of the bot tom of the ven tral fis sure: a – ND (+) and KD
(+) are pos i tive (+) when the outer end of the bot tom of ven tral fis sure is swept for ward from the protoconch and from the in ner end of the bot -
tom of the ven tral fis sure re spec tively; b – ND (–) and KD (–) are neg a tive (–), when the outer end of the bot tom of the ven tral fis sure is swept
back from the protoconch and from the in ner end of the bot tom of the ven tral fis sure re spec tively

Fig. 5. Structure of the applied self organized maps

A – 12 (3 ́  4) neu rons in the out put layer with 53 guards ana lysed from the in ter val Sadkowice Szko³a–Sadkowice N (1) of the Vistula sec tion; 

B – 9 (3 ´ 3) neu rons in the out put layer with 43 guards ana lysed from Raj (2); C – 9 (3 ´ 3) neu rons in the out put layer with 22 guards ana -
lysed from Raj N–Dziurków (3)



garded here as nat u ral pop u la tions and ver i fied sta tis ti cally, fol -
low ing Remin’s (2012) pro ce dure, first ap plied to the ge nus
Belemnella. Six morphogroups were re vealed in ex plo ra tion of
the SOM within the strati graphic sam ples (1) and (2), la beled a
through f; and five morphogroups (b, c, d, e, f) were re vealed
within strati graphic sam ple (3; see Figs. 6–8). The po si tion of
par tic u lar morphogroups on the SOM in di cates the level of their
sim i lar ity, e.g. in the hyperspace of strati graphic sam ple (1)
(Fig. 5A), morphogroup c is most sim i lar to group d, and least
sim i lar to group f. Such re la tion ships are con firmed by com par i -
son of mean val ues of par tic u lar char ac ters (Fig. 6).

All morphogroups are char ac ter ized by small con fi dence in -
ter vals, im ply ing their high mor pho log i cal sta bil ity. Slightly
larger con fi dence in ter vals in morphogroups from strati graphic
sam ple (3; see Fig. 8), re sulted from smaller num ber of ana -
lysed spec i mens.

Fig ures 6–9 show that means of par tic u lar fea tures in
morphogroups a–f dif fer mark edly (Fig. 5). In most cases, sta -
tis ti cally sig nif i cant dif fer ences con cern three or more char ac -
ters be tween rec og nized morphogroups, al low ing their easy
sep a ra tion.

Sta tis ti cal char ac ter is tics of all morphogroups com bined
from all three strati graphic sam ples (1–3) are shown in Fig -
ure 9. Morphogroups f, e, b are char ac ter ized by large and thick
guards, whereas morphogroups a, c, d are rep re sented by
small and slen der guards. The morphogroup d seems to be
most dis tinct and it is char ac ter ized by very large fis sure an gles
and a very small Kongiel dis tance (Fig. 9).

From among six well-de fined morphogroups five are as -
signed to known spe cies: b = B. pos te rior; c = B. langei, d = B.
najdini, e = B. mucronata, f = B. mi nor (re ferred here to B. mi nor
I and B. mi nor II). Morphogroup a (= Belemnitella sp. a) in ad di -
tion to Belemnitella sp. 1 and Belemnitella sp. 2 are left in open
no men cla ture (see Sys tem atic Palae on tol ogy).

GROUPING RESULTS

Dorotka, Leœne Cha³upy, Ciszyca, Ciszyca Brodalka,
Wola Paw³owska sec tions: spec i mens from these lo ca tions
are clas si fied into morphogroups e and c (= B. mucronata and
B. langei re spec tively).

Piotrawin, Paw³owice Cem e tery, Paw³owice North,
Sadkowice Szko³a, Sadkowice North, Raj sec tions: spec i -
mens from these lo ca tions are clas si fied into morphogroups a,
b, c, d, e and f (= Belemnitella sp. a, B. pos te rior, B. langei, B.
najdini, B. mucronata and B. mi nor I re spec tively). In ad di tion, a
sin gle spec i men of Belemnitella sp. 1 ap peared for the first time
in the Sadkowice North sec tion.

Raj North, Solec, Podole, K³udzie South, K³udzie North
sec tions: the spec i mens are re ferred to morphogroups a, b, c,
d, e and f (= Belemnitella sp. a, B. pos te rior, B. langei, B.
najdini, B. mucronata and B. mi nor I, B. mi nor II, re spec tively).
Sin gle spec i mens from Raj N and Podole rep re sent
Belemnitella sp. 1 and Belemnitella sp. 2.

Przedmieœcia, Dziurków: spec i mens are clas si fied into
morphogroups b and f (= B. pos te rior and B. mi nor II).

NEW BELEMNITELLA ZONATION

Based on the tax o nomic study pre sented above, four
Belemnitella zones (con cur rent and in ter val range zones) are
de fined in the Up per Campanian of the Mid dle Vistula sec tion
(Figs. 2 and 3). The in ter val ranges from the Belemnitella langei 

Zone to the top of Belemnitella mi nor II in ter val range Zone or B. 
najdini–B. pos te rior con cur rent Zone; all are lo cated in the
Tercis-de fined Up per Campanian.

The pro posed zonations are based on both taxa com monly
rec og niz able in West ern Eu rope and taxa more char ac ter is tic of 
East ern Eu rope. The scheme based on taxa char ac ter is tic of
West ern Eu rope in cludes three zones: B. langei, B. mi nor I, and 
B. mi nor II (Figs. 2 and 3). The zonation based on the East ern
Eu ro pean taxa is com posed of the zones of B. langei and B.
najdini–B. pos te rior. Belemnitella najdini and B. pos te rior are
rare in West ern Eu rope but are well rep re sented in Cen tral and
East Eu ro pean suc ces sions.

The Belemnitella zonation, pro posed herein, is cor re lated
against the inoceramid and Belemnella zonations, as re cently
worked out (Walaszczyk, 2004; Remin, 2012, re spec tively;
Figs. 2 and 3). Ac cord ingly, the Campanian/Maastrichtian
bound ary, as de fined in Tercis, cor re sponds to the top of the B.
mi nor II or al ter na tively to the top of the B. najdini–B. pos te rior
con cur rent Zone (Figs. 2 and 3). Nearly all Belemnitella spe cies 
dis ap pear within an in ter val of only a few metres around this
level (Fig. 2). Higher up, the only sur vi vors be longs to B. ex gr.
mi nor II/pos te rior and are rep re sented by sin gle spec i mens.
This is also the base of the Belemnella obtusa and Belemnella
vistulensis Zones (Remin, 2012), the base of which de fines the
base of the Maastrichtian in terms of the Belemnella clade (cf.
Figs. 2 and 3).

Brief char ac ter is tics of the Belemnitella zones are given be -
low.

The Belemnitella langei in ter val range Zone; the base of
the zone is de fined by the FAD of the in dex taxon, and its top by
the si mul ta neous FADs of B. mi nor I, B. pos te rior and B. najdini. 
Only two Belemnitella spe cies, B. langei and B. mucronata, oc -
cur in this zone. The zone cor re sponds to the in ter val em brac -
ing the Cataceramus subcompressus Zone up to the
Sphaeroceramus pertenuiformis Zone.

In the Vistula sec tion the lower bound ary of the zone is not
ex posed (Fig. 2). Its up per bound ary is placed be tween the
Wola Paw³owska sec tion and the base of the Paw³owice Cem e -
tery and Piotrawin sec tions, which are sep a rated by an ob ser -
va tional gap of a few metres (Fig. 2).

The Belemnitella mi nor I in ter val range Zone; the base of 
the zone is de fined by the FAD of the in dex taxon or by the
FADs of B. najdini and B. pos te rior. Its up per bound ary is de -
fined by the FAD of B. mi nor II. Five Belemnitella spe cies were
rec og nized in this zone (Fig. 2). It cor re sponds to the
“Inoceramus” altus and lower and mid dle parts of the
“Inoceramus” inkermanensis zones.

In the Vistula sec tion the lower bound ary of the zone is not
ex posed. It lies some where be low the base of the Paw³owice
Cem e tery and Piotrawin sec tions and the Wola Paw³owska
sec tion (Fig. 2). Its top is lo cated be tween the Sadkowice N and
Raj sec tions, which are sep a rated by a min ute ob ser va tional
gap (Fig. 2).

The Belemnitella mi nor II in ter val range Zone; the base
of this zone is de fined by the FAD of the in dex taxon and its top
by LADs of B. najdini and B. langei. Five Belemnitella spe cies
were rec og nized in this zone (Fig. 2). It cor re sponds to the up -
per part of the “Inoceramus” inkermanensis, up to the mid dle
part of the “Inoceramus” redbirdensis zones. In terms of the
Belemnella zonation, it cov ers the whole in ter val of the
Belemnella lanceolata and Belemnella inflata zones (Fig. 2).

In the Vistula sec tion the lower bound ary is lo cated in the
Raj sec tion. Its top is ex posed at the “bound ary marls” in the
sec tions of Podole, K³udzie S and K³udzie N (Fig. 2).

The Belemnitella najdini–Belemnitella pos te rior con -
cur rent range Zone; the base of the zone is de fined by the
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Fig. 6. Means and 95% confidence intervals of features

Groups a–f from interval (1) Sadkowice Szko³a–Sadkowice N

Fig. 7. Means and 95% confidence intervals of features

Groups a–f from interval (2) Raj
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Fig. 8. Means and 95% confidence intervals of features

Groups b, c, e, f from interval (3) Raj N–Dziurków

Fig. 9. Means and 95% confidence intervals of features in groups a+a, b+b+b, c+c+c,
d+d, e+e+e, f+f+f from two (1+2) or three (1+2+3) succeeding intervals respectively



FAD of the in dex taxa or si mul ta neous en try of B. mi nor I. Its up -
per bound ary is de fined by the LADs of B. najdini and B. langei,
which seem to dis ap pear si mul ta neously. Six Belemnitella spe -
cies were rec og nized in this zone (Fig. 2). The zone cor re -
sponds to the in ter val em brac ing “Inoceramus” altus to the mid -
dle part of the “Inoceramus” redbirdensis zones. In terms of the
Belemnella zonation, the up per part of this zone cor re sponds to 
the Belemnella lanceolata and Belemnella inflata zones
(Fig. 2).

In the Vistula sec tion the lower bound ary of the zone is not
ex posed. It lies some where be low the base of the Paw³owice
Cem e tery and Piotrawin sec tions and the Wola Paw³owska
sec tion (Fig. 2). Its top is lo cated at the “bound ary marls” ex -
posed in the Podole, K³udzie S and K³udzie N sec tions (Fig. 2).

DISCUSSION AND CONCLUSIONS

Four Belemnitella zones were es tab lished within the Up per
Campanian and none in the Lower Maastrichtian. In the
Belemnitella-based zonation, the Campanian/Maastrichtian
bound ary in the Mid dle Vistula sec tion is placed at the top of the
B. najdini–B. pos te rior and B. mi nor II zones. This bound ary is
rep re sented by a dis tinc tive lithological unit – the “bound ary
marls”. It cor re sponds closely to the base of the Belemnella
obtusa / Belemnella vistulensis zones (Figs. 2 and 3), the
Belemnella-bound ary mark ers (see Remin, 2012). This bound -
ary also cor re sponds to the Campanian/Maastrichtian bound -
ary in Kronsmoor, north ern Ger many (Niebuhr et al., 2011).

The Belemnitella zonation as worked out herein dif fers from
zonations rec og nized in other Eu ro pean ar eas (Fig. 3). The
main dif fer ence con cerns the use of B. pos te rior and of B.
najdini and the strati graphic po si tion of B. langei, which pre -
cedes B. mi nor I in the Mid dle Vistula sec tion.

Sur pris ingly, the level around the “bound ary marls” in the
Vistula sec tion, cor re spond ing closely to the Campanian/Ma -
astrichtian bound ary, rep re sents a crit i cal point in the evo lu tion -
ary his tory of both Belemnitella and Belemnella. At this level,
within an in ter val of only a few metres, nearly all Late
Campanian Belemnitella taxa dis ap pear. The only sur vi vors are 
rare B. ex gr. mi nor II/pos te rior. This ex tinc tion event within the
Belemnitella lin age cor re sponds to an evo lu tion ary turn over
within the ge nus Belemnella (cf. Remin, 2012).

The suc ces sion of taxa within the ge nus Belemnitella may
be summarized as fol lows.

Belemnitella mucronata (Schlotheim, 1813) seems to be a
well-de fined spe cies (Christensen et al., 1975). It is char ac ter is -
tic of the up per most Lower and low er most Up per Campanian.
This spe cies has been also noted higher in the Up per
Campanian (Kongiel, 1962; Christensen, 1975, 1997a, b).

Less clear is the un der stand ing of Belemnitella mi nor
Jeletzky, 1951, the in dex spe cies of the up per most Campanian
(see dis cus sion in Christensen et al., 1975; Christensen, 1995). 
In the pres ent pa per, the au thor fol lows the in ter pre ta tion of
Christensen (1995, 1999), with two chronospecies, B. mi nor I
and B. mi nor II, dis tin guished in the lin eage. B. mi nor from the
Vistula sec tion is slightly smaller and is char ac ter ized by a
smaller Schatzky dis tance than the pop u la tions of B. mi nor
sensu Christensen (1995) from Nor folk. The Vistula ma te rial
also dif fers from east Eu ro pean pop u la tions of the spe cies

Belemnitella langei Jeletzky, 1948, is in ter preted here in the 
sense of its holotype and paratypes. Sta tis ti cally valid topotype
ma te rial of this spe cies is in ac ces si ble. Var i ous con cepts of this 
spe cies were dis cussed by Christensen (1995), who showed

marked dif fer ences be tween B. langei sensu Jeletzky (1948),
B. langei sensu Schulz (1978), and B. langei sensu Birkelund
(1957). Schulz (1978) sug gested that B. langei is an East Eu ro -
pean spe cies, with re stricted oc cur rences in West ern Eu rope.
Christensen (1995) did not con firm this state ment, al though he
was able to rec og nize B. langei only on the ba sis of a few spec i -
mens in Nor folk (Christensen, 1995). Sum ma riz ing, there are
five, largely in com pat i ble, def i ni tions of B. langei: (1) the type
ma te rial from Ukraine; (2) langei sensu Birkelund from Den -
mark (= B. schulzi) with large range of vari a tion; (3) langei
sensu Schulz from Ger many; langei sensu Christensen from
Nor folk, Eng land; and langei as un der stood herein, based on
38 spec i mens, from the Vistula sec tion, Po land. Up to now,
Christensen’s con cept of B. langei from Nor folk is com monly
ac cepted. In this re spect the ma te rial from the Vistula sec tion
dif fers only by smaller mean val ues of the fis sure an gle.

So far, Belemnitella najdini Kongiel, 1962 was un der stood
only in the sense of its orig i nal di ag no sis based on its holotype
and paratype. The topotype pop u la tion of B. najdini de scribed
herein (19 spec i mens) is sta tis ti cally rep re sen ta tive. The spe -
cies has been com monly used as a marker of the up per most
Up per Campanian in East ern Eu rope (e.g., Najdin, 1964a, b,
1979). Herein it is used in the zonation for the Vistula sec tion.

B. pos te rior Kongiel, 1962 is un der stood here in the sense
of its holotype and paratypes. The stud ied pop u la tion of this
spe cies is well com pat i ble with pop u la tions re ferred to as B.
pos te rior by Kongiel (1962) and Christensen (1998b, unpubl.
re port). The topotype pop u la tion stud ied herein is sta tis ti cally
rep re sen ta tive.

As men tioned above, un der stand ing of par tic u lar spe cies
dif fers for var i ous rea sons. An other com pli cat ing fac tor is rather 
poor un der stand ing of the bi o log i cal sig nif i cance of such tax o -
nom i cally crit i cal char ac ters as the Schatzky dis tance (SD) or
the fis sure an gle (FA).

To omit sub jec tiv ity in se lect ing tax o nom i cally crit i cal char -
ac ters, the au thor im ple mented the same tax o nomic pro ce dure
for both Up per Campanian and Maastrichtian bel em nite gen era 
– Belemnitella and Belemnella. This al lows the com par i son of
se lected fea tures in both gen era and the track ing of their evo lu -
tion ary changes within the whole in ter val stud ied.

SYSTEMATIC PALAEONTOLOGY

CONVENTION

The terms and mea sure ments used to de scribe bel em nite
guards fol low Christensen (1995) and Remin (2008, 2012; see
Fig. 4). The fol low ing ab bre vi a tions are used: LAP – length from 
the apex to the protoconch; LASVF – length from the apex to
the start of the bot tom of the ven tral fis sure; SD (Schatzky dis -
tance) – dis tance be tween the mid-point of the protoconch and
the start of the ven tral fis sure at the al ve o lar wall; ND (Nowak
dis tance) – dis tance be tween the mid point of the protoconch
and the end of the bot tom of the ven tral fis sure on the outer sur -
face of the ros trum; KD (Kongiel dis tance) – dis tance be tween
the start of the bot tom of the ven tral fis sure at the al ve o lar wall
and its end on the outer sur face of the ros trum; MVD – max i mal
ven tral di am e ter; DVDP – dorsoventral di am e ter at the
protoconch; DVDEVF – dorsoventral di am e ter at the end of the
ven tral fis sure; VDP – ven tral di am e ter at the protoconch;
VDEVF – ven tral di am e ter at the end of the ven tral fis sure; AA – 
al ve o lar an gle; FA – fis sure an gle; and BI (Birkelund In dex) =
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LAP/DVDP. Be sides AA and FA (an gles in de grees), all other
mea sure ments are in milli metres.

REPOSITORIES

The ma te rial is housed in the col lec tions of the S.J. Thugutt
Geo log i cal Mu seum, Fac ulty of Ge ol ogy, at the Uni ver sity of
War saw; spec i mens pre fixed by ZI/65/ab bre vi a tions of the out -
crop, e.g. ZI/65/Raj/001. The lo ca tions are shown in Fig ure 1;
ab bre vi a tions for in di vid ual out crops are as fol lows: Ciszyca
Brodalka – Cisz/Broda; Ciszyca droga – Cisz/dr; Dorotka – Dor; 
Dziurków – Dziu; K³udzie N – K³udzN; K³udzie S – K³udzS;
Paw³owice Cem e tery – Paw³/Cm; Paw³owice Posesja –
Paw³/pos; Piotrawin – Piotr; Podole – Podole; Przedmieœcia –
Przedm; Raj – Raj; Raj N – RajN; Sadkowice N – SadN;
Sadkowice Szko³a – Sad/szk; Wola Paw³owska – Wola/Paw³.
Spec i mens pre fixed with Mcd– are stored in the Mu seum of the
Earth in War saw of the Pol ish Acad emy of Sci ences.

GENERAL REMARKS

The west Eu ro pean Belemnitella and biostratigraphic
schemes based on the ge nus are rel a tively well-known
(Birkelund, 1957; Christensen, 1975–2002; Keutgen, 2011),
how ever, their di rect re la tion ships to east Eu ro pean forms and
biostratigraphic schemes (Jeletzky, 1941; Naidin, 1952, 1975,
1979; Nikitin, 1958; Naidin and Beniamovski, 2006; Olferev et
al., 2007; Benyamovskiy et al., 2012) are far from sat is fac tory.
From the Up per Campanian through Lower Maastrichtian more 
than twenty taxa (spe cies, sub spe cies and vari ants) have been
de scribed within the ge nus (e.g., Jeletzky, 1941–1964;
Vassilenko and Rassmyslowa, 1950; Naidin, 1952–1979;
Christensen, 1975–2002; Birkelund, 1957; Nikitin, 1958;
Kongiel, 1962; Schulz, 1982). The tax o nomic sta tus of many of
these taxa re mains un cer tain (dis cus sion in Christensen, 1988,
1993, 1996, 1997a, b).

Six morphotypes, plus two other forms, re vealed by the
Kohonen neu ral net work anal y sis, are in ter preted herein as dis -
tinct spe cies. Five of them can be re ferred to es tab lished forms, 
while the re main ing three are left in open no men cla ture. Their
fi nal tax o nomic in ter pre ta tion re quires fur ther in ves ti ga tions,
par tic u larly com par i son with East Eu ro pean ma te rial and “gi ant” 
forms of B. mucronata of Wood (1988) from Eng land. The spe -
cies rec og nized herein are sub di vided into two main groups, the 
Belemnitella mucronata group that in cludes forms gen er ally
large and stout, and the Belemnitella langei group which is
char ac ter ized by small and slen der forms. The Belemnitella
mucronata group com prises B. mucronata, B. mi nor (= B. mi nor
I and B. mi nor II), and B. pos te rior. The Belemnitella langei
group com prises B. sp. a, B. langei and B. najdini. Al though dif -
fer ent in ex ter nal and in ter nal mor phol ogy, both groups are
char ac ter ized by a sim i lar evo lu tion ary pat tern within the Late
Campanian and Early Maastrichtian. The forms change from
gen er ally lon ger and stouter to shorter and more slen der.

Kongiel (1962) in tro duced four classes of “rel a tive thick -
ness” (= DVDEVF herein; see Fig. 4): I – 4.0–7.0 mm; II –
7.5–10.5 mm; III – 11.0–14.0 mm; IV – 14.5–17.5 mm, how -
ever, this clas si fi ca tion has not been used by other au thors.

Christensen (1995) pro posed a clas si fi ca tion of rel a tive
length of spe cies of Belemnitella based on the Birkelund In dex
(BI = LAP/DVDP): (1) BI < 4 guard stout, (2) BI 4–5 guard slen -
der, (3) BI > 5 guard very slen der. It is wor thy of note that “rel a -
tive length” sensu Christensen (1995) is not equal to “rel a tive
length” sensu Kongiel (1962) or other East Eu ro pean re search -
ers. For Christensen, it is the elon ga tion (slen der ness),

whereas, e.g. for Kongiel, it is the length from apex to the start of 
the ven tral fis sure on the outer sur face of the guard (= LAEVF
herein; see Fig. 4). Christensen (1995) in tro duced a clas si fi ca -
tion of size-ranges of spe cies of Belemnitella based on length
from apex to protoconch (LAP): (1) guard small LAP <55 mm;
(2) guard large LAP 55–65 mm; (3) guard very large LAP
>65 mm. How ever, such length-ranges cause marked dis pro -
por tion be tween small, large and very large guards. Ac cord ing
to it, most bel em nites are char ac ter ized by small, even tu ally
me dium-size guards.

For these rea sons, it was es sen tial to pro pose a more bal -
anced clas si fi ca tion of size-ranges based on length form the
apex to the protoconch (LAP) or length from the apex to the end
of ven tral fis sure (LAEVF). The lat ter length seems to be better
for two rea sons: (1) when LAEVF is mea sur able, it al lows all
other fea tures to be mea sured; (2) this length is easy to mea -
sure even dur ing the field work and does not re quire split ting of
the guard. The bio met ric char ac ter is tics pre sented herein are
based on com plete spec i mens from the Vistula sec tion. The

adopted size-ranges of se lected pa ram e ters char ac ter iz ing
par tic u lar Belemnitella spe cies are sum ma rized in Ta ble 1.

Fam ily Belemnitellidae Pavlow, 1914
Ge nus Belemnitella d’Orbigny, 1840

(ICZN 1985, Opin ion 1328; name no. 2269)

T y p e  s p e  c i e s. – Bel em nites mucronatus Schlotheim, 
1813: 111, by sub se quent des ig na tion of Herrmannsen (1846:
105); ICZN Opin ion 1328 (1985), name no. 2979 (cf. dis cus sion 
by Christensen et al., 1973, 1975, 1982; Christensen, 1975,
1995).

D i a g n o s i s. –  Small, me dium to large belemnitellids
(max. LAP up to 80 mm) with a deep, cone-shaped alveolus. The 
guard is usu ally flat tened ven trally. Alveolus con nected with the
sur face of the guard through long ven tral fis sure. The bot tom of
the ven tral fis sure is vari able. Al ve o lar an gle (AA) var ies be tween 
17 and 24° and is rather con stant within the ge nus.
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 Size

small me dium large very large

length

LAEVF <55 mm 55–65 mm 65–75 mm >75 mm

LAP <45 mm 45–55 mm 55–65 mm >65 mm

di am e ters

MVD <10 mm 10–12 mm 12–14 mm >14 mm

DVDP <10 mm 10–12 mm 12–14 mm >14 mm

VDP <10 mm 10–12 mm 12–14 mm >14 mm

in ter nal fea tures

SD <7 mm 7–9 mm 9–11 mm >11 mm

ND <9 mm 9–12 mm 12–15 mm >15 mm

KD <3 mm 3–5 mm 5–7 mm >7 mm

AA <19° 19–21° 21–22° >22°

FA <25° 25–40° 40–60° >60°

 The de scrip tive terms are shown in Fig ure 4

T a  b l e  1

Ranges of size cat e go ries of se lected ex ter nal 
and in ter nal fea tures



The or na men ta tion con sists of vari ably de vel oped
dorso-lat eral lon gi tu di nal de pres sions and dorso-lat eral straight 
dou ble fur rows, in ad di tion to sin gle lat eral fur rows. Vas cu lar
im prints rel a tively well de vel oped, es pe cially in larger spec i -
mens. Some times lon gi tu di nal striae are pres ent on the ven tral
side of the guard. The vas cu lar im prints branch off the
dorso-lat eral dou ble fur rows pos te ri orly un der an an gle <30°.
Schatzky dis tance (SD) rel a tively long, usu ally >4 mm, com -
monly be tween 6–10 mm; some times larger, up to 16 mm. The
re la tion ship of LAP and DVDP is iso met ric (Fig. 10).

O c c u r r e n c e. – The ge nus Belemnitella is known from
the Lower Santonian up to the up per most Maastrichtian. The
rep re sen ta tives of Belemnitella are widely dis trib uted in the
North Eu ro pean Prov ince, North Amer i can Prov ince and are
also known form the north ern pe riph er ies of the Tethyan
Realm.

Belemnitella mucronata group

R e  m a r k s. – This group in cludes spe cies of dif fer ent
size, stout or slen der with small to me dium fis sure an gles. The
bot tom of the ven tral fis sure is rather straight and the Schatzky
dis tance is small, me dium and only in some cases large.

Kongiel (1962) in cluded in the group B. mucronata and B.
pos te rior. Christensen’s con cept of the B. mucronata group is
dif fer ent. Be sides these two spe cies he in cluded also B. mi nor I
and B. mi nor II, both sensu Christensen, B. woodi Christensen,
1995, B. schulzi Christensen, 2000, and B. carlsbergensis
Christensen, 1998.

Christensen (1995) de scribed B. pauli, a tran si tional form
be tween the B. mucronata group and the B. langei group.

The fol low ing spe cies are in cluded in the group in the pres -
ent pa per: B. mucronata, B. mi nor I and B. mi nor II, both sensu
Christensen, B. woodi, B. pauli and B. misburgensis, 2000 and
B. pos te rior. Belemnitella mi nor, as un der stood herein, dif fers
from the nom i nate spe cies of Christensen, in be ing smaller and
hav ing smaller Schatzky dis tances. B. woodi, B. pauli and B.
misburgensis, are un der stood ac cord ing to Christensen (1995).

Belemnitella mucronata (Schlotheim, 1813)
(Fig. 11A–N)

1813. Bel em nites mucronatus Schlotheim: 111 (af ter
Christensen, 1995).
pars 1975. Belemnitella mucronata (Schlotheim); Christensen:
52–56.
pars 1975a. Belemnitella mucronata (Schlotheim); Christensen 
et al.: 27–57.
pars 1995. Belemnitella mucronata (Schlotheim); Christensen:
46–49.
pars 1999. Belemnitella mucronata (Schlotheim); Christensen:
110–112.
pars 2000b. Belemnitella mucronata (Schlotheim);
Christensen: 156.

N e o t y p e. – Spec i men no. kca 5/2, from the mid dle part
of the basiplana-spiniger Zone (lower Up per Campanian) of the
Germania IV pit near Hannover, Ger many, des ig nated by ICZN
1985 (Opin ion 1328); de scribed and fig ured by Christensen et
al. (1975: pl. 1 fig. 1). 

M a t e r i a l. – 24 spec i mens from the Vistula sec tion:
Dor/001, Dor/004, Cisz/dr/002, Cisz/broda/008,
Cisz/broda/014, Pawl/pos/006, Sad/szk/035, SadN/004,
SadN/014, SadN/016, Piot/001, Piot/018, Raj/031, Raj/045,
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Fig. 10. Scatter diagram, regression and 95% (a = 0.05) confidence interval 
of the regression line; relationship of LAP and DVDP for all analysed specimens 

of the genus Belemnitella from the Vistula section
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Fig. 11. Belemnitella mucronata (Schlotheim, 1813)

A – Sad/szk/035, Sadkowice Szko³a sec tion; B–D – B – SadN/004, C – SadN/014, D – SadN/016, Sadkowice N sec tion; E, F – E – Piot/001, F 
– Piot/018, Piotrawin sec tion; G–J – G – Raj/031, H – Raj/046, I – Raj/064, J – Raj/070, Raj sec tion; K–N – K – RajN/031, L – RajN/034, M –
RajN/041, N – RajN/045, Raj N sec tion; 1 – ven tral view; 2 – dorso-ven tral view and the in ner struc ture of the guard



Raj/046, Raj/055, Raj/064, Raj/070, RajN/031, RajN/034,
RajN/041, RajN/047, Podole/006.

D e s c r i p t i o n. – Guard me dium to large, stout to mod -
er ately slen der (mean LAEVF = 62 mm; max LAEVF up to
69.5 mm); LAP me dium (mean LAP = 46.6 mm; max. LAP up to 
51.6 mm); guard gen er ally subcylindrical in ven tral view and
subconical to con i cal in lat eral view, mark edly flat tened ven -
trally over its en tire length; DVDP slightly larger than VDP.
Mean value of Birkelund In dex BI = 3.9 with an ob served range
3.20–4.79. Api cal end mod er ately ob tuse to acute, usu ally with
well de fined mucro.

SD me dium to large (mean = 8.2 mm); ND and KD very
large with mean val ues of 15.4 and 7.2 mm, re spec tively, sig nif -
i cantly larger than in other forms of Belemnitella from the stud -
ied in ter val; FA small (mean = 22°), small est among the stud ied 
rep re sen ta tives of the ge nus Belemnitella (Fig. 9); AA small to
me dium (mean = 19°). Shape of bot tom of ven tral fis sure usu -
ally straight.

Well-de vel oped dorso-lat eral lon gi tu di nal de pres sions con -
tinue pos te ri orly in dorso-lat eral dou ble-fur rows. Vas cu lar
mark ings well de fined es pe cially in large spec i mens, mainly on
ven tral and lat eral side; lon gi tu di nal striae pres ent some times.
The com plete biometry of Belemnitella mucronata
(morphogroup e) is sum ma rized in Ta ble 2.

R e  m a r k s. – The spec i mens with com plete biometry of
morphogroup e were com pared with the topotype pop u la tion of
B. mucronata from the Germania IV Quarry, the type lo cal ity for
the neotype of B. mucronata (cf. Christensen et al., 1975). The
anal y sis re vealed that morphogroup e is char ac ter ized by only
slightly larger val ues of LAP and slightly smaller val ues of
DVDP, al beit these dif fer ences are very small. This is ex -
pressed by dif fer ent BI val ues. The study pop u la tion is slen der
(mean BI = 3.9) in com par i son to the topotype pop u la tion which
is char ac ter ized by smaller BI val ues (mean BI = 3.4), al though
this could be re lated to sim ple en vi ron men tal vari abil ity than to
real spe cies di ver sity. All other fea tures do not show any sig nif i -
cant dif fer ences (cf. Christensen et al., 1975). Con se quently, I
in ter pret morphogroup e as rep re sent ing B. mucronata.

Form B. mi nor, B. mucronata dif fers by mark edly smaller
length-fea tures, di am e ters and FA (Fig. 9).

B. mucronata dif fers from B. pos te rior by slightly smaller
length-fea tures and sig nif i cantly larger ND and KD (Fig. 9). It is
also char ac ter ized by a mark edly smaller FA (mean = 21.6°)
than B. pos te rior (mean = 37.5°).

From Belemnitella sp. a and B. langei, B. mucronata dif fers
by sig nif i cantly larger length-fea tures, all di am e ters as well as
SD, ND and KD (Fig. 9). Ad di tion ally B. mucronata has a sig nif i -
cantly smaller FA (mean = 21.6°) than ob served in Belemnitella
sp. a (mean = 32.8°) and B. langei (mean = 31°).

The com par i son of B. najdini and B. mucronata show that
length-fea tures, all di am e ters as well as SD, ND and KD are
sig nif i cantly dif fer ent and are larger in B. mucronata (Fig. 9). In
con trast, B. najdini is char ac ter ized by a very large FA (mean =
62.2°).

O c c u r r e n c e. – In the Vistula sec tion, B. mucronata is
known form the Up per Campanian (ac cord ing to the Tercis def i -
ni tion) and was re corded from: Dorotka, Ciszyca Brodalka,
Paw³owice Cem e tery, Paw³owice Posesja, Sadkowice Szko³a,
Sadkowice N, Raj, Raj N and Podole. It is known form the North
Eu ro pean Prov ince and the north ern part of the Tethyan Realm.

Belemnitella mi nor Jeletzky, 1951
(= B. mi nor I Jeletzky, 1951 and B. mi nor II Christensen, 1995)

(Fig. 12A–L)

1853. Belemnitella mucronata (Schlotheim); Sharpe: 6, pl. 1,
fig. 2 (non figs. 1, 3; af ter Christensen, 1995).
1951a. Belemnitella mucronata mut. mi nor Jeletzky: 203.
1951b. Belemnitella mucronata mut. mi nor Jeletzky; Jeletzky:
87, pl. 1, fig. 3.
pars1975. Belemnitella mi nor Jeletzky; Christensen: 56–58.
pars1995. Belemnitella mi nor I Jeletzky; Christensen: 55–64.
pars1995. Belemnitella mi nor II Christensen: 64–69.
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Vari ables 
[mm]              
* in [°]

n Mean
Con fi den tial 

in ter val:
–95%

Con fi den tial 
in ter val:
+95%

Me dian Min i mum Max i mum Vari ance Stan dard
De vi a tion

Stan dard
Er ror

LAP 19 46.60 44.97 48.23 46.22 39.83 51.63 11.44 3.383 0.776

LASVF 19 54.79 52.80 56.77 54.27 46.90 62.80 16.89 4.109 0.943

LAEVF 19 61.97 59.78 64.16 61.30 52.95 69.53 20.60 4.539 1.041

LABVF 19 54.75 52.80 56.69 54.27 46.90 62.09 16.28 4.035 0.926

SD 19   8.18   7.49   8.87   8.00   5.92 11.71   2.07 1.438 0.330

ND 19 15.36 14.43 16.30 15.22 12.44 20.05   3.76 1.940 0.445

KD 19   7.18   6.55   7.81   7.03   5.47 10.79   1.71 1.308 0.300

RDBSVF 19 –0.04 –0.12   0.04   0.00 –0.71   0.00   0.03 0.163 0.037

MVD 19 12.17 11.68 12.66 12.08 10.45 13.80   1.05 1.026 0.235

DVDP 19 12.06 11.58 12.53 12.06 10.45 13.74   0.98 0.988 0.227

DVDEVF 19 12.45 12.01 12.89 12.41 10.67 14.17   0.83 0.914 0.210

VDP 19 11.82 11.34 12.30 11.76 10.09 13.52   1.00 0.998 0.229

VDEVF 19 11.61 11.14 12.08 11.41 10.13 13.69   0.97 0.984 0.226

AA* 19 18.99 18.45 19.52 19.31 16.42 20.90   1.25 1.117 0.256

FA* 19 21.96 19.78 24.13 21.29 13.90 29.12 20.33 4.509 1.034

n – num ber of ob ser va tions;  the de scrip tive terms are shown in Fig ure 4

T a  b l e  2

Biometry and de scrip tive sta tis tics of the Belemnitella mucronata (= morphogroup e)
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Fig. 12. Belemnitella minor 

Belemnitella mi nor I Jeletzky, 1951: A – Paw³/pos/001, Paw³owice Posesja sec tion; B–E: B –Sad/szk/001, C – Sad/szk/053, D –
Sad/szk/057, E – Sad/szk/064, Sadkowice Szko³a sec tion; F – SadN/011, Sadkowice N sec tion; Belemnitella mi nor II Christensen, 1995: G – 
Piot/006, Piotrawin sec tion; H – Raj/006, Raj sec tion; I–L: I – RajN/003, J – RajN/005, K – RajN/038, L – RajN/062, Raj N sec tion; other ex pla -
na tions as in Fig ure 11



pars1999. Belemnitella mi nor I Jeletzky; Christensen: 113–114.
pars1999. Belemnitella mi nor II Christensen: 114–118.

G e n  e r a l  r e  m a r k s. – The con cept of B. mi nor based 
on its orig i nal di ag no sis, used by the East Eu ro pean re search -
ers (e.g., Jeletzky, 1951a, b; Naidin, 1952; Kongiel, 1962) is not
iden ti cal with the con cept of Christensen (1995) based on the
holotype and fol lowed re cently in West Eu rope (Christensen,
1995, 1999; Keutgen and Jagt, 1999; Keutgen et al., 2010;
Jagt, 2012). Ac cord ing to the orig i nal di ag no sis of Jeletzky
(1951a), B. mi nor dif fers form B. mucronata by its smaller guard 
and di am e ter and mark edly larger fis sure an gle. 

Christensen (1995) dis tin guished three chronospecies
within the lin eage of B. mi nor: B. mi nor I, B. mi nor II and B. mi -
nor III. The lat ter was in cluded in the syn on ymy of B. mi nor II
(Christensen, 1999). B. mi nor from the Mid dle Vistula sec tion
shows a sim i lar de vel op men tal trend through its strati graphic
range when com pared to sub spe cies of B. mi nor rec og nized in
Nor folk and the Mons re gion in Bel gium. Con se quently, two
strati graphic forms are dis tin guished: B. mi nor I Jeletzky, 1951
and B. mi nor II Christensen, 1995. B. mi nor from the Mid dle
Vistula sec tion is slightly smaller and has a gen er ally smaller
SD. The tax o nomic de scrip tion is lim ited to the nom i nate spe -
cies (= B. mi nor) where dif fer ences be tween the two sub spe -
cies are stressed. 

T y p e. – The holotype (BGS GSM 7747), by orig i nal des ig -
na tion, is the orig i nal of Sharp (1853: pl. 1; fig. 2) from the Up per 
Campanian, near Norwich, Nor folk; it was refigured by Jeletzky
(1951a: pl. 1, fig. 3) and Christensen (1995: pl. 1, figs. 4–7; pl. 4, 
fig. 5).

M a t e r i a l. – 20 spec i mens form MVVS: Pawl/pos/001,
Sad/szk/001, Sad/szk/023, Sad/szk/053, Sad/szk/057,
Sad/szk/062, Sad/szk/064, SadN/002, SadN/011, Piot/006,
Raj/006, Raj/057, Raj/058, Raj/066, RajN/003, RajN/005,
RajN/038, RajN/062, K³udzN/006, Dziu/019.

D e s c r i p t i o n. – Guard large to very large, stout to
mod er ately slen der (mean LAEVF = 69.9 mm; max LAEVF up
to 78.0 mm); LAP me dium to very large (mean LAP = 55.4 mm;
max. LAP up to 61.6 mm); the guard gen er ally subcylindrical in
ven tral view and subconical to high con i cal in lat eral view and

mark edly flat tened ven trally over its en tire length; DVDP slightly 
larger than VDP. Mean value of Birkelund In dex = 4.0 with an
ob served range 3.35–4.56. Api cal end more or less ob tuse,
some times mod er ately acute, usu ally with well-de fined mucro.

SD me dium to large (mean = 7.8 mm); ND and KD large to
very large with mean val ues of 14.5 mm and 6.6 mm re spec -
tively. SD, ND, KD are in most cases larger than in other forms
of Belemnitella from the study in ter val. FA me dium (mean =
29°); AA me dium (mean = 19.6°). Shape of bot tom of ven tral
fis sure usu ally straight and only some times slightly curved or
un du lat ing.

Dorso-lat eral lon gi tu di nal de pres sions and dorso-lat eral
dou ble-fur rows usu ally well-de vel oped. Vas cu lar mark ings
well-de fined, mainly on ven tral and lat eral side; some spec i -
mens with pseudogranulation on ven tral side; lon gi tu di nal striae 
pres ent on pos te rior dor sal side. The com plete bio met ric char -
ac ter is tics of Belemnitella mi nor (morphogroup f) are sum ma -
rized in Ta ble 3.

R e  m a r k s. – Jeletzky (1950) rec og nized three types of
vari a tion within a spe cies. One of it is a mu ta tion, ap plied to
chro no log i cal sub spe cies. B. mi nor was es tab lished by Jeletzky 
(1951a) as B. mucronata mut. mi nor. This taxon, sensu
Jeletzky dif fers from B. mucronata mut. se nior Nowak, 1913 (=
B. mucronata mucronata; com pare Birkelund, 1957;
Christensen, 1986, 1995) in its smaller guard and di am e ters, la -
ger fis sure an gle, ir reg u lar bot tom of ven tral fis sure and be ing
less con i cal in lat eral view. Thus, ac cord ing to Jeletzky (1950),
B. mi nor is more slen der and a stratigraphically youn ger sub -
spe cies (mu tant) of B. mucronata mucronata. A spec i men fig -
ured as B. mucronata by Sharpe (1853: pl. 1 fig. 2) was des ig -
nated by Jeletzky (1951a) as the holotype of B. mucronata mut.
mi nor.

For 25 years, since Jeletzky (1951) des ig nated his new sub -
spe cies (mu tant), this taxon has been used as an in dex fos sil of
the lower part of the Up per Campanian. How ever, when es tab -
lish ing his new sub spe cies, Jeletzky (1951) did not split the
holotype to ver ify its in ter nal char ac ters. Nev er the less, he re -
ported them in the orig i nal di ag no sis of B. mi nor. This in ac cu -
racy has been the rea son why B. mi nor has been in ter preted dif -
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Vari ables 
[mm]              
* in [°]

n Mean
Con fi den tial 

in ter val:
–95%

Con fi den tial 
in ter val:
+95%

Me dian Min i mum Max i mum Vari ance Stan dard 
De vi a tion

Stan dard 
Er ror

LAP 20 55.38 53.71 57.05 54.97 49.07 61.57 12.69 3.562 0.797

LASVF 20 63.22 61.30 65.14 63.48 54.60 71.13 16.79 4.098 0.916

LAEVF 20 69.86 67.71 72.01 70.15 58.65 77.98 21.15 4.599 1.028

LABVF 20 63.22 61.30 65.14 63.48 54.60 71.13 16.79 4.098 0.916

SD 20   7.84   6.79   8.89   7.83   4.06 12.60   5.02 2.240 0.501

ND 20 14.48 13.35 15.61 14.99   9.57 18.66   5.82 2.413 0.540

KD 20   6.64   5.73   7.54   6.75   3.07   9.77   3.74 1.935 0.433

RDBSVF 20   0.00 – –   0.00   0.00   0.00   0.00 0.000 0.000

MVD 20 14.09 13.52 14.67 14.05 11.73 17.17   1.51 1.229 0.275

DVDP 20 13.82 13.30 14.33 14.04 11.59 16.23   1.23 1.109 0.248

DVDEVF 20 14.14 13.55 14.73 14.23 11.47 16.93   1.57 1.254 0.280

VDP 20 13.66 13.09 14.22 13.78 11.70 16.90   1.48 1.216 0.272

VDEVF 20 13.40 12.81 14.00 13.28 11.22 16.61   1.59 1.262 0.282

AA* 20 19.59 19.13 20.04 19.60 17.48 21.03   0.93 0.966 0.216

FA* 20 28.98 25.72 32.25 27.74 15.88 44.22 48.75 6.982 1.561

Ex pla na tions as in Ta ble 2

T a  b l e  3

Biometry and de scrip tive sta tis tics of the Belemnitella mi nor (= morphogroup f)



fer ently by a num ber of au thors. Birkelund (1957) as well as
Kongiel (1962) placed B. mi nor into the syn on ymy of B. langei.
Naidin (1964a, b) rec og nized B. mi nor to gether with B. najdini
as sub spe cies of B. langei. Fi nally, in 1975 C.J. Wood split the
holotype of B. mi nor (cf. Christensen, 1975; Christensen et al.,
1975). It turned out that the in ter nal char ac ters did not agree
with the orig i nal di ag no sis and, as a con se quence, the le git i -
macy of B. mi nor was ques tioned. 

Based on the bio met ric data, it was re ported (Christensen,
1975; Christensen et al., 1975) that the holotype of B. mi nor in
most of its char ac ters falls within the vari abil ity range of the
topotype pop u la tion of B. mucronata, al though the stra tum
typicum of B. mi nor was placed stratigraphically much higher
(Christensen et al., 1975). Later it was found, how ever
(Christensen, 1995), that B. mi nor, based on the con cept of its
holotype (non orig i nal di ag no sis) cor re sponded to B.
mucronata sensu Jeletzky (1964) and to very large spec i mens
of B. mucronata sensu Wood (1988).

Christensen (1975), based on the con cept of the holotype,
rec og nized a ho mo ge neous pop u la tion of B. mi nor from Balsvik
and Bjarnum from the basal Maastrichtian (Belemnella
lanceolata Zone). How ever, later it turned out that, based on the
same ma te rial from the basal Maastrichtian, Christensen
(1998a) rec og nized this pop u la tion as rep re sent ing a new spe -
cies: Belemnitella carlsbergensis Christensen, 1998. This shows 
how the un der stand ing of this spe cies changed through time.
Ad di tion ally, it shows that the anal y ses of topotype pop u la tions of 
B. mi nor (per formed by Christensen in 1995) were nec es sary to
cor rectly un der stand other so far de scribed pop u la tions of
Belemnitella mi nor (e.g., those from Balsvik and Bjarnum). Such
vari able in ter pre ta tions of B. mi nor might raise doubts con cern -
ing the ho mo ge ne ity of other pop u la tions of mi nor. All these data
shows that the con sen sus of what should be un der stood un der
the name of B. mi nor is still open to dis cus sion.

Nev er the less, the spec i mens with com plete biometry of
morphogroup f best cor re spond bio met ri cally to pop u la tions

com monly de scribed as B. mi nor sensu Christensen (e.g.,
1995, 1999). Ad di tion ally, within the strati graphic range of the
herein rec og nized pop u la tion of morphogroup f two suc ceed ing
strati graphic forms are dis tin guished, rep re sent ing B. mi nor I
and B. mi nor II (cf. Christensen, 1995, 1999). The com par i son
of the means of par tic u lar fea tures of older (= B. mi nor I) and
youn ger (= B. mi nor II) rep re sen ta tives of B. mi nor shows that,
through the strati graphic range of this form, guards tend to be
lon ger with in creas ing val ues of the Schatzky dis tance, Nowak
dis tance and Kongiel dis tance (cf. Fig. 13).

It is wor thy of note, that the spec i mens of B. mi nor from the
suc ceed ing in ter vals of the Mid dle Vistula sec tion (Fig. 13) are
smaller and have a smaller Schatzky dis tance than typ i cal pop -
u la tions of B. mi nor, e.g. from Nor folk (Christensen, 1995,
1999). How ever, the de vel op ment pat tern through time is very
sim i lar and the strati graphic forms rec og nized herein gen er ally
fol low the di ag no sis of the chronospecies of B. mi nor rec og -
nized by Christensen (1995, 1999). Ac cord ing to the orig i nal di -
ag no sis, dif fer ences be tween the two suc ceed ing forms rec og -
nized in Nor folk are rather small. B. mi nor I is char ac ter ized by
large guards with Birkelund In dex about 4 (from 3.2 to 4.9 for in -
di vid u als); mean value of Schatzky dis tance in sam ples range
from 8 to 9.5 mm; mean for AA and FA is 18.5–19° and 28°, re -
spec tively. B. mi nor II is closely sim i lar and is char ac ter ized by a 
stouter guard (Birkelund In dex is about 3.5) and larger Schatzky 
dis tance (~11.5–12 mm). In gen eral, B. mi nor II dif fers form B.
mi nor I by be ing a lit tle bit stouter and hav ing a larger Schatzky
dis tance (cf. Christensen, 1995 and emended di ag no sis of
Christensen, 1999).

In the pres ent study ma te rial from the Vistula sec tion, the
suc ceed ing forms are char ac ter ized by the fol low ing mean val -
ues of se lected char ac ters (cf. also Fig. 13):

B. mi nor I: LAP = 53.8 mm; LAEVF = 67.1 mm; DVDP =
13.64; SD = 6.94 mm (from 4 to 9 mm); AA = 20°; FA = 29.1°;
the Birkelund In dex var ies from 3.35 to 4.30 giv ing mean value
c. 4.0.
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Fig. 13. Means and 95% confidence intervals of features in populations 
of B. minor from two succeeding intervals (Paw³owice–Sadkowice N and Raj–Dziurków)

These are equivalents of B. minor I and B. minor II, respectively



B. mi nor II: LAP = 57.0 mm; LAEVF = 72.6 mm; DVDP =
14.00; SD = 8.74 mm (from 5.9 to 12.6 mm); AA = 19.1°; FA =
28.9°; the Birkelund In dex var ies from 3.6 to 4.56 giv ing mean
value c. 4.1.

Keutgen et al. (2010) sum ma rized that pop u la tions of B. mi -
nor I in Nor folk, Mons and the Maastricht area are char ac ter ized 
by a mean BI rang ing from 3.7 to 4.2 and a mean SD rang ing
from 8.0 to 10.5 mm, while the cor re spond ing mean val ues of
pop u la tions of B. mi nor II in these re gions vary from 3.5 to 3.8
and 10.4 to 12.3 mm, re spec tively. The cor re spond ing val ues
(BI and SD) for the B. mi nor I from the Vistula val ley are c. 4.0
and 6.9. In the case of B. mi nor II, BI is 4.1 and SD is 8.74.

Sum ma riz ing, the pop u la tion of mi nor I and mi nor II from the 
Vistula val ley is char ac ter ized by slightly smaller guards, with
sim i lar BI for the pop u la tion of mi nor I and slightly larger BI for
that of mi nor II. The SD of mi nor I from the Vistula sec tion is
gen er ally sim i lar to that of North Eu ro pean pop u la tions of mi nor
I whereas mi nor II is char ac ter ized by a slightly smaller mean
SD al beit reach ing up to 12.6 mm in par tic u lar in di vid u als.
Whether these dif fer ences re sult from dif fer ent de vel op ment
pat tern of the pop u la tions or rep re sent sim ple ecologic de pend -
ency is a ques tion open to dis cus sion. In my opin ion such dif fer -
ences in the mean val ues are to be ex pected, re flect ing re -
gional par tic u lar i ties which I treat as tax o nom i cal un im por tant.

B. mi nor dif fers from B. pos te rior, in its sig nif i cantly larger
length-fea tures, all di am e ters as well as ND, KD (Fig. 9). B.
pos te rior is char ac ter ized by a mark edly larger FA (mean = 40°) 
than B. mi nor (mean = 27°).

From Belemnitella sp. a, B. langei and B. najdini it dif fers in
sig nif i cantly larger length-fea tures, all di am e ters as well as ND,
KD (Fig. 9). Ad di tion ally B. najdini is char ac ter ized by a sig nif i -
cantly larger FA (mean = 61°) than B. mi nor (mean = 27°).

O c c u r r e n c e. – In the Vistula sec tion, B. mi nor is
known from the Up per Campanian and Lower Maastrichtian
(Tercis def i ni tion) and was re corded from: Paw³owice Posesja,
Piotrawin, Sadkowice Szko³a, Sadkowice N, Raj, Raj N, K³udzie 
N and Dziurków. Ad di tion ally, this taxon is known form broad ar -
eas of the North Eu ro pean Prov ince: Bel gium, the Neth er lands
and Eng land.

Belemnitella pos te rior Kongiel, 1962
(Fig. 14A–N)

pars1962. Belemniella pos te rior Kongiel: 95, pl. 19, figs. 1–9.
pars 1998b. Belemniella pos te rior Kongiel: 1–7 (Christensen,
unpubl. re port).

T y p e. – The holotype (Mcd 214), by orig i nal des ig na tion is 
the orig i nal of Kongiel (1962: 95, pl. 19, figs. 7–9), from Ko³czyn
in the Mid dle Vistula val ley sec tion; Up per Campanian, lo cal
level r of Po¿aryski (1938). It is refigured here (Fig. 14E1, E2) in
ad di tion to paratype (Fig. 14F1, F2) and are housed in the Mu -

seum of the Earth in War saw of the Pol ish Acad emy of Sci -
ences.

The spec i mens most sim i lar to the means of pop u la tion of
B. pos te rior (cf. with de scrip tive sta tis tics, Ta ble. 4) are
Sad/szk/029 i Sad/szk/031, both from Sadkowice Szko³a.

M a t e r i a l. – 18 spec i mens from the Mid dle Vistula sec -
tion: Pawl/pos/007, Sad/szk/012, Sad/szk/021, Sad/szk/031,
Sad/szk/065, SadN/010, SadN/012, Raj/001, Raj/005, Raj/008, 
Raj/012, Raj/047, Raj/059, Pdole/022, Pdole/026, Dziu/005;
Mcd 214 – holotype from the Ko³czyn nad Wis³¹ and Mcd 212 –
paratype from the Solec nad Wis³¹.

D e s c r i p t i o n. – Guard me dium to large, some times
very large, gen er ally slen der (mean LAEVF = 61.2 mm; max
LAEVF up to 74 mm); LAP me dium to large (mean LAP =
50.7 mm; max LAP up to 62.4 mm); the guard is subcylindrical
to slightly lan ceo late in ven tral view and subconical to
subcylindrical in lat eral view and is mark edly flat tened ven trally;
DVDP slightly larger than VDP. Mean value of Birkelund In dex
BI = 4.2 with an ob served range 3.53–4.86. Api cal end more or
less acute, some times mod er ately ob tuse, then with well-de -
fined mucro.

SD small to me dium (mean = 6.4 mm); ND and KD me dium
with mean val ues 10.5 mm and 4.1 mm re spec tively. FA me -
dium to large (mean = 37.5°); AA gen er ally me dium (mean =
19.8°). Shape of the bot tom of the ven tral fis sure is usu ally
straight, some times slightly curved.

Dorso-lat eral lon gi tu di nal de pres sions and dorso-lat eral
dou ble-fur rows pres ent, in some spec i mens rel a tively well-ex -
pressed. Vas cu lar mark ings gen er ally well-de fined, mainly on
ven tral and lat eral side. The com plete biometry of Belemnitella
pos te rior (morphogroup b) is sum ma rized in Ta ble 4.

D i s  c u s  s i o n  a n d  r e  m a r k s. – The spec i mens
with com plete biometry of morphogroup b were com pared with
the small pop u la tion from the Vistula sec tion orig i nally dis tin -
guished by Kongiel (1962) as Belemnitella pos te rior. Kongiel’s
spe cies has been des ig nated on the ba sis of 8 spec i mens from
the up per most Campanian and low er most Maastrichtian (Bo -
real def i ni tion) of the Mid dle Vistula sec tion, form the lo cal lev els 
r, s, t and u of Po¿aryski (1938) and was in cluded in the B.
mucronata group (Kongiel, 1962). The mean val ues of par tic u -
lar fea tures of this small topotype pop u la tion of B. pos te rior an a -
lyzed by Kongiel are more or less equal to those of the pres ent
study’s morphogroup b, which by the way, can also be treated
as a topotype pop u la tion for this spe cies. Ad di tion ally, dur ing
Kohonen net work sim u la tions, the holotype and paratype of B.
pos te rior (Fig. 14E, F) has been also in cluded in morphogroup b
rec og nized herein.

There is also a high sim i lar ity of morphogroup b with what
has been con sid ered a pop u la tion of B. pos te rior from the
Piotrawin Quarry by Christensen (1998b). Christensen (1998b)
in his un pub lished re port stated that B. pos te rior is a well de -
fined al beit rare spe cies. Within the study ma te rial from the
Piotrawin pit in the Mid dle Vistula sec tion, Christensen dis tin -
guished a pop u la tion of B. pos te rior (26 spec i mens) with the fol -
low ing mean val ues of fea tures: LAP = 47.1 mm; SD = 7.0 mm;

MVD = 12.0 mm; DVDP = 12.0 mm; VDP = 11.8 mm;
AA = 19.8°; FA = 28.7°; BI = 3.9. These val ues are only
in sig nif i cantly dif fer ent from the here pre sented pop u la -
tion of morphogroup b (= B. pos te rior). Con se quently, I
in ter pret morphogroup b as rep re sent ing B. pos te rior
and the stud ied pop u la tion may be re garded as sta tis ti -
cally rep re sen ta tive for this spe cies.

B. pos te rior seems to be an East Eu ro pean spe -
cies. Re cords in West Eu ro pean sec tions are ei ther
mis in ter pre ta tions and have re cently been re ferred to
B. mi nor II (Robaszynski and Christensen, 1989;
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Belemnitella pos te rior – holotype (Mcd 214) and paratype (Mcd 212)

Spec i men LAP LASVF LAEVF LABVF SD ND KD

Mcd 214 55.71 62.57 66.32 62.57 6.86 10.61 3.75

Mcd 212 63.62 69.98 72.07 69.98 6.36 8.45 2.09

RDBSVF MVD DVDP DVDEVF VDP VDEVF AA FA

0.00 14.63 13.82 14.16 14.02 13.76 21.61 42.58

0.00 15.05 14.76 15.03 14.76 14.57 21.39 60.28



The Belemnitella stratigraphy of the Upper Campanian–basal Maastrichtian of the Middle Vistula section, central Poland 801

Fig. 14. Belemnitella posterior Kongiel, 1962

A – Paw³/pos/007, Paw³owice Posesja sec tion; B–D – B – Sad/szk/012, C – Sad/szk/021, D – Sad/szk/031, Sadkowice Szko³a sec tion; E –
Mcd 214, holotype, Ko³czyn nad Wis³¹ (orig i nal of Kongiel, 1962); F – Mcd 212, paratype, Solec nad Wis³¹ (orig i nal of Kongiel, 1962); G –
SadN/012, Sadkowice N sec tion; H–L – H – Raj/001, I – Raj/005, J – Raj/008, K – Raj/012, L – Raj/059, Raj sec tion; M, N – M – Podole/022, N 
– Podole/026, Podole sec tion; other ex pla na tions as in Fig ure 11



Christensen, 1995) or are ques tion able at best (Schulz, 1978).
Al though B. pos te rior and B. mi nor II are rel a tively sim i lar, the
first is eas ily sep a rated by its sig nif i cantly larger fis sure an gle
and smaller Schatzky dis tance.

B. pos te rior is slightly lon ger and has a slightly larger FA
than Belemnitella sp. a (cf. Fig. 9). These dif fer ences are, how -
ever, small and it can not be ruled out that these two forms rep -
re sent in fact the same spe cies. How ever, for the time be ing I
treat these two forms sep a rately.

B. pos te rior dif fers from B. langei by sig nif i cantly larger
length-fea tures, slightly larger di am e ters and a mark edly larger
FA (Fig. 9). Ad di tion ally, B. langei pos sesses an acute api cal
end in con trast to the ob tuse api cal part in B. pos te rior.

From B. najdini the spe cies B. pos te rior dif fers in sig nif i -
cantly larger length-fea tures, all di am e ters as well as ND and
KD (Fig. 9). B. najdini is char ac ter ized by very large FA (mean = 
62.2°) which is sig nif i cantly larger than in B. pos te rior (mean =
37.5°).

O c c u r r e n c e. – In the Vistula sec tion, B. pos te rior is
known form the Up per Campanian and Lower Maastrichtian
(Tercis def i ni tion) and was re corded from: Paw³owice Posesja,
Sadkowice Szko³a, Sadkowice N, Raj, Podole and Dziurków
(sin gle find).

Belemnitella langei group

R e  m a r k s. – Kongiel (1962) in cluded three spe cies in
the B. langei group: B. langei Jeletzky, 1948, B. mi nor Jeletzky,
1951 and B. najdini Kongiel, 1962. The con cep tion of the B.
langei group of Christensen dif fers from that of Kongiel (1962),
be cause he placed B. mi nor into the B. mucronata group.
Christensen also includedd B. pulchra Schulz, 1982, a lat est
Campanian to early Maastrichtian spe cies (Tercis def i ni tion) in
the B. langei group. All these forms are char ac ter ized by small
guards, which are gen er ally slen der to very slen der, with rather
small Schatzky dis tances and large to very large fis sure an gles.

In the pres ent study the con cep tion of Christensen is gen er -
ally adopted with the fol low ing spe cies in cluded un equiv o cally
in the B. langei group: B. langei, and B. najdini; Belemnitella sp.
a is also in cluded in this group, al though with re spect to its bio -
met ric char ac ter is tic it is tran si tional be tween B. langei and B.
pos te rior (Fig. 9), thus be tween the mucronata and langei
groups. For the time be ing, due to its un cer tain tax o nomic sta -
tus, B. pulchra is also placed into this group. How ever, the lat ter
spe cies, with only min ute dif fer ences from B. najdini, could be,
in fact, its syn onym.

Belemnitella langei Jeletzky, 1948
(Fig. 15A–P)

1948. Belemnitella langei Jeletzky: 599, text-figs. 3, 4.
1951b. Belemnitella langei Jeletzky; Jeletzky: 93, pl. 2, figs. 3, 5.
pars 1962. Belemnitella langei Jeletzky; Kongiel: 78–79.

T y p e. – The holotype, by orig i nal des ig na tion, is the orig i -
nal of Jeletzky (1948: 599, text-figs. 3, 4) from the up per most
Campanian (Bo real def i ni tion) of the Sejm River area, a trib u -
tary of Desna River, Ukraine. It came from 1–2 m be low the
Campanian/Maastrichtian bound ary (based on the FAD of
Belemnella lanceolata) rep re sented by a re gional hi a tus. It was
refigured by Jeletzky (1951b: 93, pl. 2, figs. 3, 5) and
Christensen (1986: pl. 7, fig. 5).

M a t e r i a l. – 38 spec i mens from the Mid dle Vistula val ley 
sec tion: Pawl/pos/005, Pawl/pos/008, Sad/szk/004,
Sad/szk/005, Sad/szk/009, Sad/szk/010, Sad/szk/011,
Sad/szk/013, Sad/szk/014, Sad/szk/033, Sad/szk/034,
Sad/szk/051, SadN/005, SadN/006, SadN/008, SadN/015,
SadN/021, Piot/010, Piot/011, Piot/016, Piot/019, Raj/002,
Raj/004, Raj/007, Raj/010, Raj/011, Raj/018, Raj/022, Raj/030,
Raj/040, Raj/060, Raj/061, Raj/062, Raj/065, Raj/076,
RajN/012, RajN/018, RajN/026.

D e s c r i p t i o n. – Guard small, only some times me -
dium-sized, gen er ally slen der to very slen der (mean LAEVF =

802 Zbigniew Remin

Vari ables 
[mm]              
* in [°]

n Mean
Con fi den tial 

in ter val:
–95%

Con fi den tial
in ter val:
+95%

Me dian Min i mum Max i mum Vari ance Stan dard
De vi a tion

Stan dard
Er ror

LAP 16 50.68 48.00 53.37 50.20 43.31 62.40 25.47 5.047 1.262

LASVF 16 57.04 54.20 59.87 56.09 49.32 68.23 28.33 5.323 1.331

LAEVF 16 61.17 58.23 64.10 60.32 52.03 74.06 30.31 5.505 1.376

LABVF 16 57.04 54.20 59.87 56.09 49.32 68.23 28.33 5.323 1.331

SD 16   6.35   5.78   6.92   6.18   4.34 9.48 1.13 1.065 0.266

ND 16 10.48   9.74 11.22 10.43   8.47 13.41 1.95 1.396 0.349

KD 16   4.13   3.45   4.81   4.35   1.89 6.76 1.63 1.277 0.319

RDBSVF 16   0.00  – –   0.00   0.00 0.00 0.00 0.000 0.000

MVD 16 12.06 11.40 12.73 11.95   9.71 14.49 1.56 1.249 0.312

DVDP 16 11.95 11.31 12.59 11.91   9.79 14.19 1.45 1.203 0.301

DVDEVF 16 12.06 11.40 12.72 11.99   9.93 14.25 1.55 1.243 0.311

VDP 16 11.46 10.73 12.19 11.44   9.21 13.95 1.89 1.376 0.344

VDEVF 16 11.20 10.52 11.89 11.23   9.08 13.31 1.64 1.280 0.320

AA* 15 19.76 19.14 20.38 20.07 16.93 21.13 1.25 1.118 0.289

FA* 16 37.48 33.25 41.72 35.70 25.30 56.41 63.25 7.953 1.988

Ex pla na tions as in Ta ble 2

T a  b l e  4

Biometry and de scrip tive sta tis tics of the Belemnitella pos te rior (= morphogroup b)
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Fig. 15. Belemnitella langei Jeletzky, 1948

A – Paw³/pos/005, Paw³owice Posesja sec tion; B–G – B – Sad/szk/010, C – Sad/szk/011, D – Sad/szk/014, E – Sad/szk/033, F –
Sad/szk/034, G – Sad/szk/051, Sadkowice Szko³a sec tion; H–K – H – SadN/006, I – SadN/008, J – SadN/015, K – SadN/021, Sadkowice N
sec tion; L–N – L – Raj/010, M – Raj/022, N – Raj/065, Raj sec tion; O, P – O – RajN/018, P – RajN/026, Raj N sec tion; other ex pla na tions as in
Fig ure 11



49.8 mm; max LAEVF up to 58.7 mm); LAP small (mean LAP =
39.2 mm; max. LAP up to 46.7 mm); the guard is gen er ally
subcylindrical, some times slightly lan ceo late in ven tral view and 
subcylindrical to con i cal in lat eral view, ta per ing late. It is only
slightly flat tened ven trally; DVDP slightly larger than VDP. The
mean value of Birkelund In dex BI = 4.3 with an ob served range
of 3.66–5.22. Api cal end acute to very acute, only rarely slightly
ob tuse with a rather poorly de fined mucro.

SD small, some times me dium-sized (mean = 7.0 mm). ND
me dium to large (mean = 10.7 mm); Kongiel dis tance gen er ally
small to me dium (mean = 3.7 mm). FA me dium to large (mean
= 31.0°); AA usu ally me dium to very large (mean = 20.0°; max
up to 23.8°). Shape of the bot tom of the ven tral fis sure is usu ally 
straight, some times slightly curved pos te ri orly be fore reach ing
the outer sur face of the guard.

Dorso-lat eral lon gi tu di nal de pres sions and dorso-lat eral
dou ble-fur rows are pres ent, but poorly de vel oped. Vas cu lar
mark ings pres ent only around the ven tral fis sure, in other cases 
weak; in some spec i mens lon gi tu di nal striae may be pres ent.
The com plete biometry of Belemnitella langei (morphogroup c)
is sum ma rized in Ta ble 5.

D i s  c u s  s i o n  a n d  r e  m a r k s. – Belemnitella
langei was des ig nated by Jeletzky (1948), who sub se quently
(Jeletzky, 1951b) emended the di ag no sis of his spe cies. How -
ever, he did not study the in ter nal char ac ters of the holotype.
The lat ter were fi nally re ported by Christensen et al. (1975) and
turned out to be in agree ment with the emended di ag no sis of
Jeletzky (1951b). Ac cord ing to it, B. langei pos sessed a small
and slen der guard which is cy lin dri cal or club-shaped in ven tral
view and con i cal or cy lin dri cal in lat eral view. The Schatzky dis -
tance var ies from 5 to 7 mm. FA usu ally os cil lates in the range
40–50°, but may be <40° and up to 90°. AA is usu ally 23–25°
and the bot tom of the ven tral fis sure is vari able. It is worth men -
tion ing, how ever, that ac cu rate mea sure ments of FA and AA
could not be ex e cuted be cause of weath ered al ve o lar part of
the holotype and paratype.

Naidin (1952) un der stood this form more broadly and in -
cluded in the B. langei group three forms: B. langei, B. mi nor
(un der stood in the sense of its orig i nal di ag no sis, not that of the

holotype) and bel em nites sub se quently es tab lished by Kongiel
(1962) as B. najdini.

B. langei dis tin guished by Birkelund (1957) was in cluded by
Christensen (1995) in the syn on ymy of B. mi nor III (= B. mi -
nor II) al beit with a query and sub se quently was ex cluded from it 
(Christensen, 1999). B. langei sensu Birkelund was later given
spe cific rank by Christensen (2000a) and re ferred to as B.
schulzi.

Christensen (1986) dis tin guished B. aff. langei as an pos si -
ble an ces tor of B. langei, how ever, the strati graphic con trol of
his B. aff. langei is poor, and it dif fers mark edly from the
holotype and spec i mens of B. langei sensu Najdin from the
Rus sian Plat form. More over, in B. langei, the bot tom of ven tral
fis sure is usu ally comp lexly bent and the fis sure an gle is large,
whereas in B. aff. langei the bot tom is straight and the FA is very 
small (mean = 17°), which places this form rather closer to the
B. mucronata group than to the B. langei group.

Schulz (1978) con sid ered B. langei as a typ i cal East Eu ro -
pean spe cies and sug gested that most of its re cords from West -
ern Eu rope were mis con cep tions and should be as signed to B.
cf. najdini. The con cep tion of Christensen (1995) was dif fer ent
in that he in cluded part of the spec i mens of B. cf. najdini rec og -
nized by Keutgen and Tuuk (1991) in the syn on ymy of B.
najdini. How ever, the num ber of spec i mens ana lysed by these
au thors was small (a cou ple of spec i mens) and in di vid ual fea -
tures var ied mark edly (Christensen, 1995). A larger sam ple
from the same strati graphic level was later stud ied by Keutgen
and Jagt (1999), who showed the pres ence of two spe cies,
what they in ter preted to be B. najdini and B. mi nor II.

The con cept of B. langei, de spite long-term stud ies, still re -
mains un cer tain and de bat able be cause a topotype pop u la tion
has never been thor oughly de scribed. The intraspecific vari abil -
ity is un known due to the lack of sta tis ti cally rep re sen ta tive pop -
u la tions from the type lo cal ity. Thus, B. langei could be un der -
stood only in the sense of its holotype and paratype, which
seem to fall to a large ex tent into the vari abil ity of what
Christensen (1995) con sid ered as B. langei from Nor folk, and at 
least in part fall into pop u la tion of B. langei sensu Birkelund (=
B. schulzi). Both those pop u la tions re quire fur ther study to de -
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Vari ables 
[mm]              
* in [°]

n Mean
Con fi den tial 

in ter val:
–95%

Con fi den tial 
in ter val:
+95%

Me dian Min i mum Max i mum Vari ance Stan dard 
De vi a tion

Stan dard 
Er ror

LAP 38 39.17 37.96 40.37 39.24 33.23 46.72 13.47 3.670 0.595

LASVF 38 46.17 44.82 47.53 46.69 38.82 54.88 17.04 4.128 0.670

LAEVF 38 49.82 48.35 51.30 49.90 41.70 58.74 20.24 4.499 0.730

LABVF 38 46.17 44.82 47.53 46.69 38.82 54.88 17.04 4.128 0.670

SD 38   7.01   6.66   7.35   7.04   4.45   8.41   1.10 1.049 0.170

ND 38 10.66 10.14 11.17 10.54   7.95 14.06   2.45 1.565 0.254

KD 38   3.65   3.27   4.03   3.85   0.96   5.90   1.33 1.154 0.187

RDBSVF 38   0.00  – –   0.00   0.00   0.00   0.00 0.000 0.000

MVD 38   9.20   8.87   9.53   9.17   6.31 11.35   1.00 0.999 0.162

DVDP 38   9.19   8.89   9.49   9.30   6.37 10.81   0.85 0.920 0.149

DVDEVF 38   9.34   9.04   9.64   9.49   6.52 10.71   0.81 0.901 0.146

VDP 38   8.78   8.47   9.08   8.86   5.81 10.68   0.88 0.939 0.152

VDEVF 38   8.71   8.43   8.99   8.84   6.01 10.41   0.72 0.847 0.137

AA* 38 20.04 19.58 20.49 19.74 18.18 23.82   1.91 1.381 0.224

FA* 38 31.03 27.99 34.07 28.41 16.70 56.01 85.65 9.255 1.501

Ex pla na tions as in Ta ble 2

T a  b l e  5

Biometry and de scrip tive sta tis tic of the Belemnitella langei (= morphogroup c)



cide whether or not they can be synonymized with the herein
dis tin guished B. langei. An other com pli cat ing prob lem is the
un der stand ing of B. langei sensu Schulz from Kronsmoor.

The pres ent study spec i mens with com plete biometry of
morphogroup c re sem bles in most of its char ac ters the orig i nal
con cept of B. langei Jeletzky, 1948, with res er va tion con cern ing 
es pe cially the fis sure an gle, which is smaller in the Vistula pop -
u la tion (mean FA = 31°) than in the Nor folk pop u la tions where it
os cil late be tween 50 and 60°.

In any case, I in ter pret morphogroup c as rep re sent ing B.
langei since the dif fer ences in FA could be no more than
palaeo geo graphi cal or palaeo eco logi cal vari abil ity. As men -
tioned above, a sat is fy ing con sen sus con cern ing the tax o nomic 
sta tus of B. langei is very dif fi cult to reach at the mo ment.

B. langei is rel a tively sim i lar to B. najdini, from which it can
be sep a rated by its slightly smaller LAP and di am e ters and sig -
nif i cantly larger ND and KD (Fig. 9). B. najdini is char ac ter ized
by a sig nif i cantly larger FA (mean = 62.2°) than that of B. langei
(mean = 31°).

O c c u r r e n c e. – In the Mid dle Vistula sec tion, B. langei
is known form the Up per Campanian (Tercis def i ni tion) and was 
re corded from: Paw³owice Posesja, Sadkowice Szko³a,
Sadkowice N, Piotrawin, Raj and Raj N and most prob a bly from
Podole.

Belemnitella najdini Kongiel, 1962
(Fig. 16A–R)

1962. Belemnitella najdini Kongiel: 79–80, pl. 17, figs. 7–9.
1974. Belemnitella langei najdini, Naidin: 223.
pars 1991. Belemnitella cf. najdini; Keutgen and Tuuk: 13.
pars 1982. Belemnitella pulchra; Schulz: 284.
pars1995. Belemnitella najdini; Christensen: 79–80.
?2006. Belemnitella langei najdini; Naidin and Beniamovski: 437.
?2012. Belemnitella langei najdini; Benyamovskiy et al: 353.

T y p e. – The holotype (Mcd 205), by orig i nal des ig na tion,
is the orig i nal of Kongiel (1962: 79, pl. 17, figs. 7–9) from the
Piotrawin Quarry, Up per Campanian (Tercis def i ni tion), lo cal
level t of Po¿aryski (1938). It is refigured here (Fig. 16P1, P2) in
ad di tion to paratype (Fig. 16R1, R2) and is housed in the Mu -
seum of the Earth in War saw of the Pol ish Acad emy of Sci -
ences.

M a t e r i a l. – 29 spec i mens from the Mid dle Vistula val -
ley sec tion: Pawl/pos/010, Sad/szk/008, Sad/szk/018,
Sad/szk/041, Sad/szk/048, Sad/szk/069, SadN/018, Piot/002,
Piot/004, Piot/005, Piot/008, Piot/009, Piot/013, Piot/014,
Piot/015, Piot/020, Piot/022, Raj/003, Raj/019, Raj/021,
Raj/026, Raj/037, Raj/039, Raj/054, Raj/073, RajN/024,
Podole/017; Mcd 205 – holotype from the Piotrawin Quarry;
Mcd 206 – paratype form the Solec nad Wis³¹.

D e s c r i p t i o n. – Guard small, gen er ally slen der to very
slen der (mean LAEVF = 49.3 mm; max LAEVF up to 56.5 mm);
LAP small (mean LAP = 41.8 mm; max. LAP up to 48.8 mm);
the guard is subcylindrical or slightly lan ceo late in ven tral view
and subcylindrical to subconical in lat eral view and is only
slightly flat tened ven trally; DVDP slightly larger than VDP.
Mean value of Birkelund In dex = 4.4 with an ob served range of
4.01–5.48. Api cal end acute or slightly ob tuse with a vari ably
de fined mucro.

SD small, some times me dium (mean = 6.2 mm); ND and
KD small or very small with mean val ues of 7.4 mm and 1.2 mm, 
re spec tively, small est val ues amongst all of the Belemnitella
spe cies stud ied herein (KD also with neg a tive val ues, min KD =
–1.4 mm). FA very large (mean = 62.2°; max up to 100°); AA
usu ally me dium to very large (mean = 20.2°); shape of the bot -
tom of the ven tral fis sure com monly ir reg u lar, straight, curved or 
un du lat ing, very of ten swept back pos te ri orly.

Dorso-lat eral lon gi tu di nal de pres sions and dorso-lat eral
dou ble-fur rows pres ent but weakly de fined. Vas cu lar mark ings
pres ent only around the ven tral fis sure, gen er ally weakly de vel -
oped or not pres ent. The com plete biometry of Belemnitella
najdini (= morphogroup d) is sum ma rized in Ta ble 6.

D i s  c u s  s i o n  a n d  r e  m a r k s. – Belemnitella
najdini was des ig nated by Kongiel (1962) and it seems to be
closely al lied to B. langei, be ing gen er ally stratigraphically youn -
ger and it is typ i cally in cluded in the B. langei group. Due to the
lack of sta tis ti cally rep re sen ta tive pop u la tions of B. najdini, this
form has been un der stood so far only in the sense of its
holotype and the rel a tively small topotype pop u la tion stud ied by
Kongiel (1962) and Christensen (1998b; unpubl. re port) from
the Mid dle Vistula sec tion. Since the Vistula sec tion is the type
lo cal ity of B. najdini, the here es tab lished larger pop u la tion (29
spec i mens) of B. najdini is treated as rep re sen ta tive and
topotypic for this spe cies. Con se quently, it is to this pop u la tion
that com par i sons of other should be made.

B. najdini is gen er ally con sid ered a rare spe cies and is
known mainly on the ba sis of sin gle spec i mens. This re sulted in
rel a tively wide ranges of vari abil ity of par tic u lar char ac ters.

Naidin (1974) re ported B. langei najdini from the up per most
Campanian [Bo real def i ni tion] of the Rus sian Plat form.

Schulz (1982) des ig nated a new spe cies – B. pulchra of lat -
est Campanian and Early Maastrichtian age (Tercis def i ni tion).
Part of the Lower Maastrichtian spec i mens of B. najdini dis tin -
guished by Kongiel (1962) were as signed by Schulz (1982) to

his new spe cies B. pulchra, who stressed its dis -
tinctly lan ceo late shape in ven tral view. How ever,
the dif fer ences be tween these two spe cies are so
min ute that they could in fact rep re sent a sin gle
Kongiel‘s spe cies.

Christensen (1995) rec og nized a small pop u -
la tion of B. najdini from the Eng lish Chalk (Nor folk) 
and in cluded in its syn on ymy some of the spec i -
mens of B. cf. najdini rec og nized by Keutgen and
Tuuk (1991). Al though, the pop u la tion ana lysed
by Christensen is very small (n = 6) it shows high
sim i lar ity to morphogroup d (= B. najdini) rec og -
nized herein, ex cept for the larger FA in the Nor -

folk ma te rial (mean FA = 98°).
Keutgen and Jagt (1999) rec og nized quite large pop u la tion

of B. najdini (n = 59) char ac ter ized by a mark edly larger FA
(mean FA = 91° with ob served range 51–141°), than ob served
in the Vistula pop u la tion of B. najdini.

Christensen (1998b) in an un pub lished re port con cern ing
the bel em nites from the Piotrawin pit of the Mid dle Vistula sec -
tion rec og nized and ana lysed a small pop u la tion of B. najdini (9
spec i mens). It dif fers in no sig nif i cant re spect from the pop u la -
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Belemnitella najdini – holotype (Mcd 205) and paratype (Mcd 206)

Spec i men LAP LASVF LAEVF LABVF SD ND KD

Mcd 205 43.66 50.49 50.04 49.77 6.83 6.38 –0.45

Mcd 206 51.19 56.68 55.14 55.14 5.49 3.96 –1.54

 

RDBSVF MVD DVDP DVDEVF VDP VDEVF AA FA

–0.72 10.29 9.94 10.26 10.15 10.04 20.36   88.56

–1.54 10.37 9.96   9.72   9.62   9.72 19.85 107.19
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Fig. 16. Belemnitella najdini Kongiel, 1962

A – Paw³/pos/010, Paw³owice Posesja sec tion; B–D – B – Sad/szk/041, C – Sad/szk/048, D – Sad/szk/069, Sadkowice Szko³a sec tion; E –
SadN/018, Sadkowice N sec tion; F–K – F – Piot/002, G – Piot/009, H – Piot/013, I – Piot/014, J – Piot/015, K – Piot/020, Piotrawin sec tion;
L–O – L – Raj/003, M – Raj/018, N – Raj/021, O – Raj/026, Raj sec tion; P – Mcd 205, holotype, Piotrawin sec tion (orig i nal of Kongiel, 1962); R
– Mcd 206, paratype, Solec nad Wis³¹ (orig i nal of Kongiel, 1962); other ex pla na tions as in Fig ure 11



tion of the group d rec og nized herein, with the fol low ing means
of se lected fea tures: LAP = 44.5 mm; SD = 6.1 mm; MVD =
10.6 mm; DVDP = 9.9 mm; VDP = 9.9 mm; AA = 19.8°; FA =
62.1°; BI = 4.5. All these val ues are sta tis ti cally the same as the
pres ent study topotype pop u la tion of B. najdini (= morphogroup
d; cf. Fig. 9). For the above-men tioned rea sons, I in ter pret
spec i mens with the com plete biometry of morphogroup d as
rep re sent ing B. najdini.

O c c u r r e n c e. – In the Vistula sec tion, B. najdini is
known form the Up per and up per most Campanian (Tercis def.)
and was re corded from: Paw³owice Posesja, Sadkowice
Szko³a, Sadkowice N, Piotrawin, Raj, Raj N and Podole. It is
also known from sparse lo ca tions in Eng land, the Neth er lands
and from the Rus sian Plat form.

Belemnitella sp. a
(Fig. 17A–K)

M a t e r i a l. – 20 spec i mens from Mid dle Vistula val ley
sec tion: Pawl/cm/001, Sad/szk/002, Sad/szk/003,
Sad/szk/028, Sad/szk/029, Sad/szk/030, Sad/szk/032,
Sad/szk/036, Sad/szk/038, Sad/szk/042, Sad/szk/050,
Sad/szk/058, Sad/szk/060, Sad/szk/063, Piot/003, Piot/017,
Raj/020, Raj/025, Raj/052, Raj/067.

Spec i men Sad/szk/002 from the Sadkowice Szko³a sec tion, 
south of the Solec nad Wis³¹ is the spec i mens most sim i lar to
the mean val ues of the pop u la tion of morphogroup a
(= Belemnitella sp. a); its bio met ric data are sum ma rized be low
(cf. with de scrip tive sta tis tics, Ta ble 7).

D e s c r i p t i o n. – Guard me dium-sized, gen er ally slen -
der (mean LAEVF = 57.3 mm; max LAEVF up to 62.5 mm);
LAP me dium (mean LAP = 46.4 mm; max. LAP up to 50.7 mm); 
the guard is usu ally subcylindrical (rarely slightly lan ceo late) in
ven tral view and subconical to subcylindrical in lat eral view and
is flat tened ven trally over its en tire length; DVDP larger than
VDP. Mean value of the Birkelund In dex is 4.1, with an ob -
served range of 3.72–4.65. Api cal end acute or ob tuse; in the
lat ter case with a rather well-de fined mucro.

SD small to me dium (mean = 6.6 mm). ND and KD gen er -
ally me dium, some times large with mean val ues of 11.0 mm
and 4.4 mm, re spec tively. FA me dium to large (mean = 32.8°).
AA me dium to large (mean = 20.2°). Shape of the bot tom of the
ven tral fis sure is com monly straight.

Dorso-lat eral lon gi tu di nal de pres sions and dorso-lat eral
dou ble-fur rows rather poorly de vel oped. Vas cu lar mark ings
gen er ally vari able, best ex pressed around the ven tral fis sure,
they then weaken to wards the ven tral and lat eral sides. The
com plete biometry of Belemnitella sp. a is sum ma rized in Ta -
ble 7.

D i s  c u s  s i o n  a n d  r e  m a r k s. – Morphogroup a is
the only morphogroup that can not be as signed at a spe -
cies-level to com monly rec og nized forms. The biometry of the
pop u la tion of Belemnitella sp. a is very sim i lar to the orig i nal di -
ag no sis of B. mi nor Jeletzky, 1951, un der stood in the sense of
its orig i nal di ag no sis (but not with re spect to the holotype). It is
slightly smaller and thin ner than B. mucronata and has larger al -
ve o lar and fis sure an gles. In ad di tion, it is char ac ter ized by
smaller val ues of SD, ND and KD, which also agrees with the
orig i nal di ag no sis (but not with the holotype).

The strati graphic po si tion of Belemnitella sp. a is also com -
pat i ble with the di ag no sis of B. mi nor orig i nally de -
fined by Jeletzky (1951b), be ing youn ger than B.
mucronata. It is pos si ble that such spe cies-pop u la -
tions com monly rec og niz able as B. langei mi nor,
es pe cially in East ern Eu rope (Birkelund, 1957;
Jeletzky, 1948, 1951b, 1958; Naidin, 1952) within
the in ter val with “Pachydiscus wittekindi”,
“Bostrychoceras polyplocum” and “Belemnitella
langei” was what Jeletzky had in mind when he
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Vari ables 
[mm]              
* in [°]

N Mean
Con fi den tial 

in ter val:
–95%

Con fi den tial 
in ter val:
+95%

Me dian Min i mum Max i mum Vari ance Stan dard 
De vi a tion

Stan dard 
Er ror

LAP 27 41.84 39.89 43.80 42.04 30.93 48.79 24.5 4.95 0.952

LASVF 27 48.07 46.09 50.04 49.27 36.06 55.26 24.9 4.99 0.960

LAEVF 27 49.26 47.25 51.26 50.80 35.92 56.51 25.7 5.07 0.976

LABVF 27 47.89 45.92 49.87 48.75 35.26 55.26 25.0 5.00 0.962

SD 27   6.22   5.83   6.62   6.21   4.49   8.34   1.0 1.00 0.193

ND 27   7.42   6.86   7.97   7.62   3.96   9.52   1.9 1.40 0.268

KD 27   1.19   0.76   1.62   1.37  –1.36   3.55   1.2 1.08 0.209

RDBSVF 27 –0.17 –0.36   0.01   0.00 –1.81   0.41   0.2 0.47 0.091

MVD 27   9.98   9.39 10.58 10.23   6.90 13.59   2.3 1.50 0.289

DVDP 27   9.93   9.38 10.48 10.26   7.33 12.88   1.9 1.39 0.268

DVDEVF 27   9.97   9.42 10.51 10.30   7.53 12.95   1.9 1.38 0.265

VDP 27   9.49   8.94 10.04   9.59   6.83 12.85   1.9 1.39 0.267

VDEVF 27   9.37   8.84   9.90   9.56   6.78 12.60   1.8 1.34 0.258

AA* 27 20.16 19.84 20.48 20.10 18.60 22.22   0.7 0.81 0.156

FA* 27 62.22 55.85 68.58 60.32 36.97 99.79 258.7  16.09  3.096

Ex pla na tions as in Ta ble 2

T a  b l e  6

Biometry and de scrip tive sta tis tic of the Belemnitella najdini ( = morphogroup d)

Bio met ric data of the Sad/szk/002

Spec i men LAP LASVF LAEVF LABVF SD ND KD

Sad/szk/002 45.32 51.00 55.04 51.00 5.68 9.72 4.05

RDBSVF MVD DVDP DVDEVF VDP VDEVF AA FA

0.00 11.06 11.02 11.12 10.55 10.64 20.62 34.33
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Fig. 17. Belemnitella sp. a

A–G – A– Sad/szk/002, B – Sad/szk/028, C – Sad/szk/030, D – Sad/szk/036, E – Sad/szk/042, F – Sad/szk/058, G – Sad/szk/060,
Sadkowice Szko³a; H, I – H – Piot/003, I – Piot/017, Piotrawin; J, K – J – Raj/020, K – Raj/052, Raj; other ex pla na tions as in Fig ure 11



des ig nated his B. mi nor. Al though, the strati graphic range of B.
sp. a is slightly higher than men tioned above.

Cur rently, B. mi nor is un der stood only in the sense of its
holotype (not of the orig i nal di ag no sis) and this def i ni tion is
widely ac cepted, how ever, it is mark edly dif fer ent from the orig i -
nal di ag no sis (i.e. Christensen, 1975, 1995; cf. also re marks to
B. mi nor).

On the one hand, Belemnitella sp. a is sim i lar to B. pos te -
rior, be ing slightly smaller and hav ing a smaller FA (Fig. 9). On
the other hand, Belemnitella sp. a is also sim i lar to B. langei,
which is smaller and pos sesses a smaller FA than Belemnitella
sp. a (Fig. 9). Thus, Belemnitella sp. a, in its bio met ric char ac -
ter is tic, is tran si tional be tween B. langei and B. pos te rior (cf.
Fig. 9). There fore, for the time be ing, Belemnitella sp. a is left in
open no men cla ture.

From B. najdini, the rec og nized pop u la tion of Belemnitella
sp. a dif fers in mark edly larger length-fea tures, di am e ters as
well as ND and KD which can reach in B. najdini even neg a tive
val ues (Fig. 9). B. najdini is char ac ter ized also by very large FA
val ues (mean = 62.2°), which are sig nif i cantly larger than in
Belemnitella sp. a (mean = 32.8°).

O c c u r r e n c e. – In the Vistula sec tion Belemnitella sp.
a is known form the Up per and up per most Campanian (Tercis
def i ni tion) and was re corded from: Paw³owice Cem e tery,
Sadkowice Szko³a, Sadkowice N, Piotrawin and Raj.

Belemnitella sp. 1
(Fig. 18A–B)

M a t e r i a l. – Two spec i mens from Vistula sec tion form
Raj N and Podole. Bio met ric data are sum ma rized in the ta ble
be low.

D e s c r i p t i o n. – Both spec i mens Podole/011 and
RajN/004 are large (LAEVF = 66.7 mm and 72.2 mm; LAP =
58.3 mm and 62.8 mm), re spec tively, and are very thick and
stout (MVD = 15.8 mm and 19.5 mm). Both are cy lin dri cal to
slightly lan ceo late in ven tral view and cy lin dri cal in lat eral view
and are mark edly flat tened ven trally over the en tire length;
DVDP only slightly larger than VDP. The Birkelund In dex is 3.83 
for Podole/011 and 3.45 for RajN/004. In both spec i mens the
api cal end is mod er ately ob tuse with a well de fine mucro.

SD small (= 5.3 mm and 5.9 mm); ND gen er ally small (= 8.3
and 9.4 mm) and KD (= 3.0 and 3.5 mm); fis sure an gle large,
ap prox i mately 55° and al ve o lar an gle small (= 19.1 and 17.7°).
Shape of the bot tom of ven tral fis sure is straight, slightly swept
back pos te ri orly, be fore reach ing the outer sur face of the guard.

Very well-de vel oped dorso-lat eral lon gi tu di nal de pres sions
con tinue pos te ri orly into dorso-lat eral dou ble-fur rows as far
back as to the api cal area. Vas cu lar mark ings very well-de fined
es pe cially on ven tral and lat eral side; lon gi tu di nal striae clearly
vis i ble on both dor sal and ven tral side.
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Vari ables 
[mm]              

* in  [°]
n Mean

Con fi den tial 
in ter val:
–95%

Con fi den tial 
in ter val:
+95%

Me dian Min i -
mum

Max i -
mum Vari ance Stan dard 

De vi a tion
Stan dard 

Er ror

LAP 20 46.36 45.11 47.60 46.24 39.65 50.69   7.08 2.662 0.595

LASVF 20 52.91 51.61 54.21 52.96 46.15 57.14   7.71 2.777 0.621

LAEVF 20 57.32 55.73 58.90 57.27 48.71 62.50 11.46 3.385 0.757

LABVF 20 52.91 51.61 54.21 52.96 46.15 57.14   7.71 2.777 0.621

SD 20   6.56   6.04   7.07   6.15   5.45   8.77   1.20 1.097 0.245

ND 20 10.96 10.40 11.51 11.08   9.06 13.05   1.42 1.191 0.266

KD 20   4.40   3.84   4.97   4.17   1.69   6.23   1.45 1.205 0.269

RDBSVF 20   0.00  –    0.00   0.00   0.00   0.00 0.000 0.000

MVD 20 11.32 11.05 11.58 11.31 10.10 12.42   0.32 0.566 0.127

DVDP 20 11.16 10.91 11.41 11.18 10.06 12.33   0.28 0.529 0.118

DVDEVF 20 11.29 11.02 11.57 11.20 10.37 12.45   0.35 0.587 0.131

VDP 20 10.81 10.57 11.05 10.87   9.56 11.70   0.27 0.520 0.116

VDEVF 20 10.65 10.40 10.91 10.70   9.39 11.63   0.30 0.547 0.122

AA* 19 20.23 19.78 20.69 20.31 18.27 21.79   0.88 0.939 0.215

FA* 20 32.77 29.11 36.44 32.81 21.69 56.15 61.45 7.839 1.753

Ex pla na tions as in Ta ble 2

T a  b l e  7

Biometry and de scrip tive sta tis tics of Belemnitella sp. a (= morphogroup a)

Bio met ric data of the Podole/011 and Raj N/004, re spec tively

Spec i men LAP LASVF LAEVF LABVF SD ND KD

Pdole/011 58.34 63.68 66.65 63.68 5.33 8.31 2.97

RajN/004 62.81 68.72 72.20 68.73 5.91 9.39 3.47

 

RDBSVF MVD DVDP DVDEVF VDP VDEVF AA FA

0.00 15.78 15.22 15.10 14.98 14.52 19.10 54.13

0.00 19.49 18.21 18.42 18.12 17.37 17.70 56.53
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Fig. 18. Belemnitella sp. 1 (A, B) and Belemnitella sp. 2 (C, D)

A – RajN/004, RajN; B – Podole/011, Podole; C – RajN/057, RajN; D – SadN/001, Sadkowice N; other explanations as in Figure 11



D i s  c u s  s i o n  a n d  r e  m a r k s. – In sev eral
Kohonen-net work sim u la tions these two spec i mens al ways
grouped to gether at the same win ning neu ron. Ad di tion ally,
these two spec i mens were al ways clas si fied on the SOM in the
neigh bor hood of B. mi nor (= morphogroups f) and B. pos te rior
(= morphogroup b). Such a clas si fi ca tion on the SOM sug gests
its con nec tion with the mucronata group.

The biometry of these spec i mens dif fers mark edly in com -
par i son from the rest of the morphogroups rec og nized herein
and to other forms com monly rec og niz able else where. Most
prob a bly, this form rep re sents a new spe cies, but for the time
be ing it can not com pletely be ex cluded that the spec i mens rep -
re sent ex treme vari ants of B. mi nor or B. pos te rior. Des ig na tion
of a new spe cies would thus be pre ma ture. There fore, un til sta -
tis ti cally rep re sen ta tive ma te rial be comes avail able, this form is
left in open no men cla ture.

O c c u r r e n c e. – In the Vistula sec tion Belemnitella
sp. 1 is known form the Up per Campanian (Tercis def i ni tion)
and was re corded from Raj N and Podole.

Belemnitella sp. 2
(Fig. 18C–D)

M a t e r i a l. – Two spec i mens from the Vistula sec tion,
from Sadkowice N and Raj N. Bio met ric data are sum ma rized
in the ta ble be low.

D e s c r i p t i o n. – Both spec i mens SadN/001 and
RajN/057 are very large with LAEVF reach ing val ues not rec og -
nized in other forms (LAEVF = 86.4 mm and 86.3 mm, re spec -
tively); LAP large, be ing 59.9 mm in both spec i mens. All the di -
am e ters are very large, which makes the guard very stout. Both
are cy lin dri cal in ven tral and lat eral views and are mark edly flat -
tened ven trally over the en tire length; DVDP only slightly
smaller than VDP. The Birkelund In dex is 3.83 for SadN/001
and 3.66 for RajN/057. In both spec i mens the api cal end is
mod er ately ob tuse with a well-de fined mucro.

SD me dium to large (= 10.0 mm and 6.20 mm). Other in ter -
nal char ac ters reach ex treme val ues: ND (= 26.5 mm and
26.4 mm) and KD (= 16.4 mm and 20.2 mm) are ex tremely
large. FA ex tremely small (= 9.4 and 11.5°); AA small (= 19.2
and 15.2°). Shape of the bot tom of the ven tral fis sure is straight.

Dorso-lat eral lon gi tu di nal de pres sions and dorso-lat eral
dou ble-fur rows well-de vel oped. Vas cu lar mark ings well-de -

fined on the ven tral and lat eral side, es pe cially around the ven -
tral fis sure

D i s  c u s  s i o n  a n d  r e  m a r k s. – The stud ied spec i -
mens are mor pho log i cally al most iden ti cal with re spect to their
ex ter nal and in ter nal char ac ters. Ex treme val ues of length from
apex to the end of ven tral fis sure as well as Nowak dis tance,
Kongiel dis tance and fis sure an gle, clearly sep a rate these
spec i mens from any other forms rec og nized herein and known
from the avail able lit er a ture.

Dur ing the Kohonen-net works sim u la tions, these two spec i -
mens al ways clas si fied to gether with a high ac ti va tion of the
win ning neu ron. In ad di tion, both spec i mens have ac ti vated
neu rons in the neigh bour hood of B. mi nor (= morphogroups f)
on the SOM (Fig. 5), sug gest ing their re la tion ship with the
mucronata group.

The biometry of these spec i mens does not al low as sign ing
them to any of the morphogroups rec og nized herein, nor to
forms known from lit er a ture. Most prob a bly they rep re sent a
new spe cies. Sim i larly, as in case of Belemnitella sp. 1, due to
the small num ber of stud ied spec i mens (2), this form is left in
open no men cla ture, un til a sta tis ti cally rep re sen ta tive col lec tion 
be comes avail able.

O c c u r r e n c e. – In the Vistula sec tion Belemnitella
sp. 2 is known form Sadkowice N and Raj N, from the Up per
Campanian (Tercis def i ni tion).
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