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A small population of Belemnocamax boweri Crick, 1910 from the Lower Middle Cenomanian primus bed
in the limestone pit at Wunstorf west of Hannover (NW Germany) is studied by biometrical methods in
order to analyse the variation of critical characters. The monotypic Belemnocamax differs from all other
Upper Cretaceous belemnitellids by the small size of the guard, which is conical in ventral and lateral
views, and by having a long, deep, and broad ventral groove. B. boweri is very rare and has only been
recorded from eastern England and northwest Germany, where it occurs in the Lower Middle Ceno-
manian. The ancestry of this genus is unknown.
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Introduction

Belemnocamax boweri was established by Crick
(1910) on the basis of only two specimens from
the Cenomanian Totternhoe Stone of Lincoln-
shire, England. This monotypic genus is so anom-
alous-looking that it was suggested by earlier au-
thors, among others Stolley (1919) and Jeletzky
(1946), that the two specimens were pathological
forms of some Cenomanian belemnite species.
This suggestion, however, was invalidated by re-
cords of this species from Lincolnshire and Nor-
folk by Wright & Wright (1961). Later this taxon
was reported from the Lower Saxony Basin in
NW Germany by Zawischa (1980), Ernst,
Schmid & Seibertz (1986), and Dahmer & Ernst
(1986). Christensen, Diedrich & Kaplan (1992)
described Cenomanian belemnites, including two
specimens of B. boweri, from the Teutoburger
Wald at the northern margin of Miinster Basin.

B. boweri is enigmatic, because it only occurs
in the Lower Middle Cenomanian, has a very
restricted  geographic  distribution (eastern
England and northwest Germany) (Fig. 1), is
rare, and its ancestry is unknown.

According to Crick (1910, p. 364) Belemnoca-
mazx is distinguished by its small conical guard,
which has a broad ventral groove, fine longitudi-

nal striae near the apex, and broad dorso-lateral
depressions. The purpose of the present study is
to describe in detail B. boweri, utilizing biometric
analysis, on the basis of material collected re-
cently in the limestone pit at Wunstorf west of
Hannover, NW Germany. In addition material
from England, housed in the Natural History
Museum, London (prefix BMNH) and the Ge-
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Fig. 1. Map showing Late Cenomanian shorelines. Stipple in-
dicates land areas. Dots show localities where Belemnocamax
boweri has been collected. 1 is Wunstorf, 2 is Dorenthe, 3 is
Hunstanton, 4 is Louth, 5 is South Ferriby, and 6 is Market
Weighton. The map is slightly modified from Tyson & Funnell
(1987).
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ological Museum, Copenhagen (prefix GM), has
been studied. Casts of the figured German speci-
mens are housed in the type collection of the
Geological Museum, Copenhagen (prefix
MGUH).

Methods

The following characters were measured: the
length of the guard (L), the depth of the pseu-
doalvolus (D), the dorso-ventral diameter at the
anterior end (DVDAE), the lateral diameter at
the anterior end (LDAE), and the length of the
ventral groove (LVG). The measurements were
made with a vernier caliper to an accuracy of 0.1
mn.

In about half of the near-complete specimens
the outermost apical end of the guard is missing.
In these specimens the total length of the guard is
estimated by adding 0.2-2.7 mm (optical esti-
mate) to the preserved part of the guard (see
below).

The variation of B. boweri is analyzed using
univariate and bivariate statistical methods and is
summarized by descriptive statistics and scatter
diagrams. The statististical methods and tests
used in the present paper were discussed in detail
by Christensen (1975, pp. 31-33).

Systematic palacontology

Order Belemnitida Zittel, 1895.

Suborder Belemnopseina Jeletzky, 1965.

Family Belemnitellidae Pavlow, 1914.

Genus Belemnocamax Crick, 1910,

Type species. By monotypy, Belemnocamax bow-
eri Crick (1910).

Diagnosis. The guard is very small, conical in
ventral and lateral views, and the apex is acute.
The alveolus is not preserved due to incomplete
calcification of the anterior end. Therefore, the
anterior end has a pseudoalveolus, which exhibits
the concentric growth layers of the guard, and the
walls of the pseudoalveolus may carry conellae.
The depth of the pseudoalveolus varies from
about one seventh to one fourth of the length of
the guard. The guard has a long, broad, and deep
ventral groove that extends from the anterior
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end; it is generally one third to one fourth of the
length of the guard. The dorso-lateral longitudi-
nal depressions are well developed and delimits
the dorsal field. The depressions start at the ante-
rior end and can be followed almost to the apex.
Single lateral furrows are present. The guard has
longitudinal striae; it is otherwise smooth.

Occurrence. As for B. boweri (see below).

Discussion. The monotypic genus Belemnocamax
is assigned to the family Belemnitellidae, because
it has a pseudoalveolus showing the concentric
growth layers of the guard, dorso-lateral longitu-
dinal depressions, single lateral furrows, and lon-
gitudinal striae. It differs from all other belemni-
tellid genera by the size and shape of the guard
and by having a long, broad, and deep ventral
groove.

The genus name Belemnocamax should not be
confused with the genus name Belemnellocamax
Naidin, a Late Cretaceous belemnitellid genus.
This genus includes species with large guards (up
to 130 mm), which are lanceolate or subcylindri-
cal in ventral view and considerable flattened
ventrally. Belemnellocamax is recorded from the
Lower Santonian (possibly the uppermost Conia-
cian) to the lower Upper Campanian (Christen-
sen 1986).

Belemnocamax boweri Crick, 1910

Figs 2-3

1910 Belemnocamax boweri Crick, p. 360, pl.
28, figs 1-2.

1919 Belemnocamax boweri Crick; Stolley, p.
50. .

1922 Belemnocamax boweri Crick; Naef, p.
256. .

1946 Belemnocamax boweri Crick; Jeletzky, p.
96.

1951 Belemnocamax boweri Crick; Wright &
Wright, p. 10.

1961 Belemnocamax boweri Crick; Peake &
Hancock, p. 302.

1980 Belemnocamax boweri Crick; Zawischa, p.
25, text-fig. 74.

1981 Belemnocamax boweri Crick; Wood, p.
97.

1983 Belemnocamax boweri
Schmid & Seibertz, p. 545.

Crick; Ernst,
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Fig. 2. Belemnocamax boweri Crick from England. All figures are X 3. 1 is dorsal view; 2 is lateral view; 3 is ventral view:; and 4 is view

of the anterior end.

A: BMNH C12447, Louth, Lincolnshire, holotype.
B: BMNH C46451, Totternhoe Stone, Hunstanton.
C: BMNH (46305, Totternhoe Stone, Hunstanton.
Photography: Natural History Museum, London.

1986 Actinocamax boveri (Crick); Dahmer &
Ernst, p. 357.

1987¢ Belemnocamax boweri Crick; Doyle, p.
191, pl. 41, figs 9-12.

1990a Belemnocamax boweri Crick; Christensen,

p. 86.

1990 Belemnocamax boweri Crick; Meyer, p.
3l.

1991 Belemnocamax boweri Crick; Whitham, p.
234,

Type. The holotype, by original designation, is
the original of Crick (1910, pl. 38: fig. 1), repro-
duced here as Fig. 2A, from the Lower Middle
Cenomanian Totternhoe Stone, Welton Vale, 2
miles west of Louth, Lincolnshire. It is housed in
the Natural History Museum, London, BMNH
C12447. The paratype figured by Crick (1910, pl.
38, fig. 2) is apparently lost. Dimensions of the
holotype are shown below.

Material. 18 specimens from the primus bed of
the limestone pit at Wunstorf west of Hannover,
Lower Saxony Basin, A. rhotomagense Zone, T.
costatus Subzone (Fig. 5); 3 specimens from the

same horizon of the abandoned quarry ‘O.
Breckweg’ in Dorenthe southwest of Osnabriick
at the northern margin of the Miinster Basin;
BMNH C12447 (holotype), Totternhoe Stone,
Lincolnshire, Lower Middle Cenomanian;
BMNH C46305, C46451, and GM 1992.247, Tot-
ternhoe Stone, Hunstanton, Norfolk; BMNH
(C59286-7, Hunstanton, ‘Schloenbachia varians
Zone’; and BMNH (C59288-9, Rifle Butts pit,
Market Weighton, Yorkshire, ‘Schloenbachia
varians Zone’.

BMNH C59290 from the Cenomanian ‘H. sub-
globosus Zone’ of the Isle of Wight is labelled B.
boweri (see also Wright & Wright 1951). This
specimen is not a belemnite, but the small, fixed
finger of an indeterminable brachyuran crusta-
cean.

The German material of B. boweri was col-
lected by a group of private collectors, including
F. Wittler, U. Frerichs, A. Gassner, Inga Krause,
D. Zawischa, K. Holl, J. Schormann, and M.
Link. BMNH C59286-89 originate from the C.
W. & E. V. Wright Collection, and GM 1992.247
was collected by Dr. A. S. Gale, London.



Belemnocamax boweri

Christensen

160




Bulletin of the Geological Society of Denmark

161

Dimensions.

L Preserved L D DVDAE LDAE LVG
English material :
BMNH C12447 12* 10.3 2.0 33 35 4.5
BMNH C46305 19* 14.3 - - - 4.8
BMNH C46451 15.5* 14.6 2.2 49 4.5 5.6
BMNH C59286 - s - - - - -
BMNH C59287 - - - - - -
BMNH (59288 - 9.1 - - - -
BMNH C59289 - 7.3 - - - -
German material
w1 15* 12.9 32 3.5 3.1 3.0
w2 20* 19.2 5.1 3.1 3.0 3.6
w3 .23 22.8 4.1 4.8 4.5 2.6
w4 13.6 - 2.6 3.5 3.2 32
w5 6.5* 6.2 1.5 2.7 22 np
w6 - 11.4 - - - -
w7 - 11.3 4.1 43 41 6.3
wil 11.4 - 1.7 2.9 3.0 1.1
Wi2 13* 122 2.8 3.5 32 3.7
w13 11.5* 10.6 . 2.2* 33 3.0 np
wi4 13* 113 31 32 33 2.1
w15 19.5 - 45 4.6 4.6 5.2
w16 - 5.1 1.5 2.8 2.5 np
w17 15.0 - - 3.1 3.2 -
wig 18.5 - - - - -
w19 16.0 - - 32 33 3.7
D2 14.5* 13.4 2.3 34 3.1 3.6

*: estimated; np: ventral groove not present.

Description of the sample from Wunstorf. It con-
sists of a growth series containing juvenile, ado-
lescent, and adult specimens.

The guard is very small (up to 23 mm long,
mean value ¢. 15 mm) and conical in ventral and
lateral view. The shape of the guard is variable
due to allometric growth (see below): aduit speci-
mens are more slender than juvenile specimens.
The apex is placed centrally or is slightly dis-
placed towards the dorsal side. The apical end is
acute. The guard is flattened ventrally.

The alveolus is not preserved due to incom-

plete calcification of the anterior end. Therefore,
the anterior end is developed as a pseudoalveo-
lus, the depth of which varies from about one
quarter to one seventh of the length of the guard
(mean value of L/D is 4.8; see below). The pseu-
doalveolus exhibits the concentric growth layers
of the guard, and the walls may carry conellae
(Fig. 3G). Radiating ribs are not present. The
cross section of the pseudoalveolus is generally
subtriangular or heart shaped, and may be sub-
quadratic or almost circular with a ventral notch.

The guard has anteriorly a long, deep, and

Fig. 3. Belemnocamax boweri Crick from NW Germany. A is from Dérenthe, Minster Basin, and B-G are from Wunstorf, Lower
Saxony; Lower Middle Cenomanian, A. rhotomagense Zone, T. costatus Subzone. Specimens are coated with ammonium chloride.
All figures are X3 unless otherwise stated. 1 is dorsal view; 2 is lateral view; 3 is ventral view; and 4-5 are view of the anterior end.
A: D2, a medium-sized specimen. F. Wittler Colln = MGUH 22063.

B: W1, a medium-sized specimen, X4. The cross-section of the anterior end is heart-shaped. U. Frerichs Colln = MGUH 22064.
C: W2, a large specimen with a deep pseudoalveolus and striation apically and on the dorsal anterior end; C4 is X4. U. Frerichs Colln
= MGUH 22065. '

D: W13, a medium-sized specimen showing striation on the posterior half of the guard. The dorsal field is prominent and a ventral
groove is not present; X4. Collection of Niedersichsiches Landesamt fiir Bodenforschung, Hannover = MGUH 22066.

E: W5, the smallest specimen, which does not have a ventral groove; x4. 1. Krause Colln = MGUH 22067.

F: W12, a medium-sized specimen showing striation apically and on the dorsal field. The cross-section of the anterior end is
heart-shaped and the dorsal field is very prominent; x4. D. Zawischa Colln = MGUH 22068.

G: W3, the largest specimen showing striation apically and anteriorly. The cross-section of the anterior end is heart-shaped, and the
" pseudoalveolus carries conellae (G5); G4-5 are x4, A. Gassner Colln = MGUH 22069.

11 DGF 40
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Table I. Biometric analysis of Belemnocamax boweri from Wunstorf. L = length of the guard; D = depth of the pseudoalveolus;
DVDAE = dorso-ventral diameter at the anterior end; LDAE = lateral diameter at the same place; LVG = length of ventral groove;
N = number of specimens; X = mean value; SD = standard deviation; CV = coefficient of variation; OR = observed range; r =
correlation coefficient; SD, = standard deviation of the intercept; SDj, = standard deviation of the slope; SD,, = standard deviation
of the regression line. All measurements in mm. Three specimens do not have a ventral groove. LVG* is calculated on the basis of 13
specimens, including the specimens without a ventral groove, and LVG is calculated on the basis of 10 specimens.

Univariate analysis:

Character N X SD cv . OR

L i3 15.1 4.4 29.0 6.5-23.0
D 12 3.0 1.2 439 1.5- 5.1
DVDAE 14 3.5 0.7 18.9 2.7- 4.8
LDAE 14 33 0.7 20.5 2.2- 4.6
LVG* 13 2.7 2.0 73.1 0- 6.3
LVG 10 3.5 1.4 23.0 1.1- 6.3
L/D 10 4.8 0.9 17.7 3.9- 6.7
L/DVDAE 12 4.3 1.0 23.0 2.4- 6.5

Bivariate analysis:

(1) D = —0.1371 + 0.2196 L; N = 10; r = 0.9069; SD, = 0.5544; SDy, = 0.0361; SD,, = 0.5295.
(2) DVDAE = 1.8704 + 0.1068 L; N = 12; r = 0.7492; SD, = 0.5023; SD,, = 0.0298; SD,, = 0.4390.

broad ventral groove, the length of which gener-
ally is one third to one quarter of the length of the
guard. In some specimens the ventral wall of the
pseudoalveolus, housing the groove, is folded
into the pseudoalveolus, producing a prominent
ridge in the pseudoalveolus (Figs 3B, 3F, 3G).
The cross-section of the anterior end of these
specimens is therefore heart-shaped or subcircu-
lar with a ventral notch. The groove may be
shorter or may not be present (Figs 3D-E).
Dorso-lateral depressions are well developed and
delimit the prominent dorsal field. The dorso-
lateral depressions extend at the anterior end and
continue almost to the apex. Single lateral fur-
rows are present. The guard has longitudinal
striae; these may be present anteriorly, apically,
and on the dorsal field. Otherwise the guard is
smooth.

Univariate analysis. The estimates of the statisti-
cal parameters are shown in Table 1.

Bivariate analysis. The scatter plots of the length
of the guard versus the depth of the pseudoalveo-
lus, and the length of the guard versus the dorso-
ventral diameter are shown in Fig. 4, as are the
regression lines. The equations of the regression
lines are shown in Table 1.

The correlation coefficient of the first analysis
is very highly significant (P > 0.01 with 8 degrees
of freedom). The correlation of the second analy-
sis is highly significant (0.01 > P > 0.001 with 10

degrees of freedom). t-tests on the intercept on
the y-axis were performed to see if the intercepts
differed significantly from zero. In the first analy-
sis the t-test gives a value of 0.2473 with 8 degrees
of freedom, which is not significant (0.90 > P >
0.80), implying an isometric relationshp of the

" two variates. If the correlation coefficient is per-

fect (r = 1.0000), the ratio of the length of the
guard and the depth of the pseudoalveolus is 4.8
in both juvenile and adult specimens. Owing to
individual variation, this ratio varies from 3.9 to
6.7. In the second analysis the t-test gives a value
of 3.7234 with 10 degrees of freedom, which is
highly significant (0.005 > P > 0.001), implying
an allometric relationship of the two variates. If
the correlation is perfect (r = 1.0000), the ratio of
the two variates would vary in the following way:

L L/DVDAE
6 2.4

10 3.4

14 4.2

18 4.7

22 5.2

Owing to individual variation, the ratio varies
from 2.4 to 6.5 (an adult specimen).

Discussion. One specimen of B. boweri from D6-
renthe, NW Germany, and two specimens from
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Fig. 4. Scatter plots and regression lines for Belemnocamax boweri from Wunstorf in the Lower Saxony Basin (dots). 1: the length of
the guard (L) versus the depth of the pseudoalveolus (D); 2: the length of the guard (L) versus the dorso-ventral diameter at the
anterior end (DVDAE); + = mean value. One specimen from Dorenthe in the Miinster Basin (square) and two specimens from
eastern England (triangles) are also plotted. 1 is BMNH C12447 (holotype) from Louth in Lincolnshire, and 2 is BMNH C46451 from

Hunstanton in Norfolk.

Lincolnshire and Norfolk, respectively, are plot-
ted in Fig. 4. With respect to the length of the
guard versus the depth of the pseudoalveolus, the
three specimens plot below the regression line for
the sample from Wunstorf, showing that these
specimens have a more shallow pseudolaveolus
than the specimens from Wunstorf. Particularly
BMNH C46451 has a rather shallow pseudoalve-
olus. With respect to the length of the guard
versus the dorso-lateral diameter at the anterior
end, the holotype plots very close to the regres-
sion line and the specimen from Dérenthe is sit-
uated on the regression line. BMNH C46451 is
stout and plots above the regression line. These
differences probably reflect morphological vari-
ation, and are not considered to be of taxonomic
importance.

The small population from Wunstorf, consist-
ing of 18 specimens, includes juvenile, adoles-
cent, and adult specimens, suggesting that the
species lived and reproduced in that area. Less
than 10 specimens from eastern England have
been studied, but the material from Hunstanton
includes both juvenile and adult specimens, sug-
gesting that the taxon lived and reproduced in
that area too.

n*

Distribution. B. boweri occurs in Norfolk, Lin-
colnshire, and Yorkshire in eastern England, in
addition to Wunstorf in the Lower Saxony Basin
and Ddérenthe in the Miinster Basin.

In northwest Germany it occurs together with
Actinocamax primus Arkhangelsky in the primus
bed of Early Middle Cenomanian age (see Chris-
tensen 1990a, Christensen et al. 1992) (Fig. 5).
The carefull records by Whitham (1991) show
that B. boweri occurs in the upper part of the
Totternhoe Stone of Yorkshire, while A. primus
occurs in the lower part of this marker bed. He
also recorded B. boweri from South Ferriby at a
level approximating the so-called Gryphaea band
of Yorkshire. This band is situated about 4 m
above the Totternhoe Stone. B. boweri is also
recorded from the Totternhoe Stone of Lincoln-
shire and Norfolk. The Totternhoe Stone at Bur-
well, Cambridgeshire is Lower Middle Cenoma-
nian (Wright, Kennedy & Hancock 1984), and
has yielded A. primus (see Christensen 1990a).
The Totternhoe Stone and Gryphaea band in
Norfolk, Lincolnshire, and Yorkshire are sup-
posed to be of the same age (Peake & Hancock
1961, Wood 1981).
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Fig. 5. Stratigraphical diagram of the Cenomanian and Lower Turonian showing standard ammonite zones and subzones, belemnite

zones, and range of belemnites.

The ancestry of the genus
Belemnocamax

Actinocamax primus Arkhangelsky is the earliest
member of the Belemnitellidae and appears some
distance above the base of the Lower Cenoma-
nian (Christensen 1990a) . (Fig. 5). It is followed
upwards by the closely allied A. plenus (Blain-
ville), which in NW Europe occurs in the Middle
Upper Cenomanian; the two species form an evo-
lutionary lineage (Christensen 1990a). According
to Jeletzky (1946) all Upper Cretaceous belemni-
tellid genera-are derived from the Cenomanian
Actinocamax rootstock. As noted above, Je-

letzky (1946) considered the holotype and para-
type of B. boweri to be pathological forms of
some Cenomanian belemnite species. Jeletzky
(1946) also suggested that the belemnitellids are
derived from the Tethyan belemnopseids Neohi-
bolites ewaldi (Strombeck) or N. clava Stolley,
which occur in the Aptian. This assumption was
based on the similarity of the shape of the guard
and the structure of the anterior end of the Ap-
tian species of Neohibolites Stolley and the Acti-
nocamax primus-plenus lineage. Doyle (1987a,
1988) suggested that the belemnitellids may have
evolved from a northern endemic stock of the
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Tethyan belemnopseid Hibolithes Montfort in the
later Early Cretaceous.

B. boweri appears slightly later than A. pri-
mus, but a derivation from this species, as well as
Lower Cretaceous species of Hibolithes and Neo-
hibolites, is unlikely on account of its size and
shape of the guard and its broad and deep ventral
groove. Jeletzky (unpublished manuscript, 1972)
suggested that Belemnocamax probably repre-
sents an early independent offshoot of a still un-
known pre-Cenomanian form between Neohibo-
lites and Actinocamax, and that this aberrant ge-
nus died out without issue.

The Cenomanian belemnite faunas of
NW Europe '

The Upper Cretaceous North European palaeo-
biogeographic Province is characterized by the
belemnitellids and extends from Ireland in the
west to the Ural Mountains in the east (Christen-
sen 1975, 1976, 1990b). The last representatives
of the Tethyan belemnopseids became extinct in
the Middle’ Cenomanian. A widespread Aptian-
Albian migration away from Tethys into both the
northern and southern hemisphere of the belem-
nopseids Neohibolites and Parahibolites has been
suggested by Daoyle (1987b, 1988; see also Mut-
terlose et al. 1983). In the Cenomanian these
genera have been recorded as far north as NW
Germany and eastern and southern England.

Five species belonging to four genera occur in
the Cenomanian of NW Europe: the belemnop-
seids Parahibolites tourtiae (Weigner) and Neohi-
balites ultimus (d’Orbigny), in addition to the
belemnitellids Actinocamax primus Arkhangel-
sky, A. plenus (Blainville), and Belemnocamax
boweri. The stratigraphic range of these taxa is
shown in Fig. 5, which is based on Combémorel
Christensen Naidin & Spaeth (1981), Christensen
(1990a 1990b), Christensen, Juignet, Breton &
Cottard (in press), and Christensen, Diedrich &
Kaplan (1992).

Conclusions

The small, anomalous-looking B. boweri is de-
scribed on the basis of material collected recently
in the limestone pit at Wunstorf west of Han-
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nover in addition to English material which in-
cludes the holotype. The variation of critical
characters is analyzed by univariate and bivariate
biometric methods. It is shown that the relation-
ship of the length of guard versus the depth of the
pseudoalveolus is isometric, and that the rela-
tionship of the length of the guard versus the
dorso-ventral diameter at the anterior end is allo-
metric. Therefore, the ratio of the length of the
guard and the depth of the pseudoalveolus does
not change during growth, whereas the ratio of
the length of the guard and the dorso-ventral
diameter at the anterior end increases during
growth. Adult specimens are thus more slender
than juvenile specimens. The monotypic genus
Belemnocamax is distinguished by the very small
size of the guard, which is conical in ventral and
lateral views and by having a deep, broad ventral
groove. It is very rare (less than 30 specimens are
recorded) and .is only recorded from eastern
England and northwest Germany, where it oc-
curs in the Lower Middle Cenomanian.
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Dansk sammendrag

En lille population af den szrpragede belemnit Belemnocamax
boweri Crick, 1910 fra den Nedre Mellem Cenomane primus
bank i kalkbruddet ved Wunstorf vest for Hannover (Nord-
vesttyskland) er undersggt biometrisk for at analysere variatio-
nen af vigtige karakterer. Den monotypiske slagt Belemnoca-
max afviger fra alle andre slegter af familien Belemnitellidae
Pavlow fra @vre Kridt ved sit meget lille rostrum, som er
konisk set fra ventral og lateral siden, samt ved at have en dyb
og bred ventral fure fortil. B. boweri er meget sjzlden og
kendes kun fra det gstlige England og Nordvesttyskland, hvor
den findes i lag fra Nedre Mellem Cenoman. Dens oprindelse

er ukendt. :
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