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Dimorphism in Late Cretaceous ammonites— 
evidence from early Turonian ammonite faunas  
of the Brießnitz Formation in Saxony, Germany
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Wondrejz, C., Nagm, E., and Wilmsen, M. 2023. Dimorphism in Late Cretaceous ammonites—evidence from early 
Turonian ammonite faunas of the Brießnitz Formation in Saxony, Germany. Acta Palaeontologica Polonica 68 (4): 
639–657.

Systematic palaeontological and biometric-statistical analyses (classical clustering and linear discriminant analysis) 
of statistically significant populations of three early Turonian ammonite species from offshore marls of the Brießnitz 
Formation (Saxonian Cretaceous Basin, eastern Germany) were used to evaluate a formerly just visually suspected hypo
thesis of a size dimorphism within the taxa. The studied faunas can in fact be regarded as contemporaneous late early 
Turonian fossil assemblages derived from a palaeobiogeographic and depositional entity. However, only one of the three 
species passed the statistical tests. Neither in Lewesiceras peramplum nor in Mammites nodosoides can a dimorphism 
be proven. In both taxa, no other features than size can be recognised that differ significantly between the overlapping 
groups. Furthermore, adulthood cannot be proven due to the absence of unequivocal mature modifications. Thus, a 
combination of large intraspecific variability and commonly incompletely preserved (i.e., small) specimens dissembles 
dimorphic populations at a first glance. On the other hand, the suspected dimorphism in Spathites (Jeanrogericeras) 
reveliereanus was confirmed by the statistical analyses of numerous biometric parameters. Not only the maximum di-
ameters but also the distinct apertural cross-sections and ornament show significant differences between the statistically 
clearly separated two groups. Furthermore, a decline in ornament and widening of the body chamber in fully grown 
macroconch specimens, regarded as a mature modification of the shell, demonstrate that the antidimorphs really differed 
in adult morphology. Thus, it can be shown that there are in fact two forms in the fossil assemblage of S. (J.) reveliereanus 
that, based on their morphological differences and lack of any overlap, represent micro- and macroconchs (inferred 
males and females) of an evidently dimorphic ammonite species. Finally, we conclude that simple visual inspection is 
commonly insufficient for the reliable proof of dimorphism in ammonoids.
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Introduction
The Ammonoidea are the largest subclass of the Cephalopoda, 
comprising 163 families. They range in age from the Early 
Devonian to the end of the Cretaceous and are one of the 
most important and iconic groups of fossils (Lehmann 
1976). Even though they had a successful evolutionary and 
ecological history for over 300 million years of geological 

time, surviving at least three major mass extinction events, 
they received only little attention as potential useful moni-
tor organisms of palaeoenvironmental conditions until late 
in the last century (House 1989; Tsujita and Westermann 
1998; Ritterbush et al. 2014). Since then, the understanding 
of ammonoid palaeoecology increased with numerous stud-
ies about their functional morphology (e.g., Ward 1979; Elmi 
1993; Westermann 1996; Tsujita and Westermann 1998). 
Today these molluscs are palaeontological model organisms 
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for the study of diversity, biogeography, biostratigraphy, and 
macroevolution due to their high disparity and diversity, 
wide geographical distribution, and high evolutionary rates 
(Kennedy and Cobban 1976; Kennedy 1989; Landmann et 
al. 1996; Keupp 2000; Monnet et al. 2011; see also recent 
synopses on all these different ammonitological aspects in 
Klug et al. 2015a, b).

From a developmental point of view, a potential sexual di-
morphism in ammonites can be characterised by two classes 
of individuals with a juvenile ontogeny that was identical up 
to a particular size (shell diameter). From a certain point in 
ontogeny, two different morphotypes developed, a macro-
conch (inferred female) and a microconch (inferred male); 
the opposing members of a dimorphic pair have also been 

called antidimorphs (Davis 1972). In some cases, the dimor-
phic correspondence between two morphs may be readily 
differentiated by direct visual inspection, but in general, 
statistical evaluations usually provide a higher support for 
the standard morphologic analysis (Parent and Zatoń 2016).

Even if it is still a debated topic today, the theory of sex-
ual dimorphism is widely accepted as the foundation for any 
considerations of ammonite phylogeny, ontogeny, taxonomy 
and even stratigraphy. The concept first appeared in the 19th 
century (e.g., de Blainville 1840; Munier-Chalmas 1892) and 
was intended to explain the common occurrence of two more 
or less similar ammonite morphs which differed in their final 
size. The breakthrough of the theory was factually in 1962–
1963 when Henryk Makowski and John H. Callomon, almost 

Fig. 1. Geological framework and stratigraphy of the lower Elbtal Group. A. Distribution of the Elbtal Group (green) in the area between Meißen and 
the German/Czech Republic border. B. Palaeogeographic setting of the Saxonian Cretaceous Basin (SCB). C. Chrono-, bio- and lithostratigraphy of the 
lower Elbtal Group in the area between Meißen and Dresden; the stratigraphic position of the ammonite faunas from the Brießnitz Formation is indicated. 
Supplemented and modified after Wilmsen et al. (2019, 2022) and Niebuhr et al. (2020). Abbreviations: A., Acanthoceras; Cunningt., Cunningtoniceras; 
M., Metoicoceras; mid., middle; Neocard., Neocardioceras. 
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simultaneously and independently from each other, pub-
lished their seminal works (Makowski 1962; Callomon 1963) 
about the sexual dimorphism in Jurassic ammonites, and 
the concept was immediately applied to Jurassic–Cretaceous 
ammonite faunas (e.g., Westermann 1964; Lehmann 1966; 
Kennedy and Cobban 1976; Matyja 1986; Kennedy 1989; 
Cobban and Kennedy 1993; Maeda 1993).

The phenomenon of sexual dimorphism is probably also 
represented in many Cretaceous ammonites but very rarely 
rigorously tested by statistics. Apparently, a sexual dimor-
phic correspondence is also reflected in three early Turonian 
ammonite species from the Brießnitz Formation of Saxony, 
i.e., Mammites nodosoides (Schlüter, 1871), Lewesiceras 
peramplum (Mantell, 1822), and Spathites (Jeanrogericeras) 
reveliereanus (Courtiller, 1860), in which different morphs 
were visually detected at a glance. However, to rigorously 
test the hypothesis of a sexual dimorphism and, therefore, 
to elucidate if there really were reproducible differences 
among these ammonite faunas and if one can differentiate in 
fact micro- and macroconchs or not, two complex analytical 
functions of the computer program PAST 4 were used. The 
three species from the Brießnitz Formation were selected 
because they are commonly fairly well preserved and are 
represented by statistically significant populations.

Institutional abbreviations.—MMG: SaK, Museum für 
Mineralogie und Geologie Dresden, Senckenberg Natur
historische Sammlungen Dresden (collection part Saxonian 
Cretaceous), Germany.

Other abbreviations.—D, maximum diameter; d, larger ra-
dius of the shell; e, smaller radius of the shell; T, number 
of tuberculate bullae (numbers in parentheses of T are the 
average values); UD, diameter of the umbilicus (numbers in 
parentheses of UD are dimensions as a percentage of diam-
eter with UD ≤10% = very involute, UD 11–20% = involute, 
UD 21–30% = moderately involute, UD 31–40% = moder-
ately evolute, UD 41–50% = evolute, and UD ≥50% = very 
evolute); Wb, whorl breadth of the final whorl; Wh, height 
of the final whorl; Wb/Wh, ratio of whorl breadth and whorl 
height (see Fig. 2). LDA, linear discriminant analysis; PCA, 
principal component analysis.

Geological setting
Cretaceous strata are exposed in Saxony along the course 
of the Elbe River from the Saxonian Switzerland (Elbsand
steingebirge) in the southeast to Meißen in the northwest, 
forming the Elbtal Group (Voigt and Tröger in Niebuhr 
et al. 2007). The Turonian succession was deposited in a 
seaway between the Mid-European Island to the south-
west and the subordinate West-Sudetic Island to the north-
east (Fig.  1A,  B). Towards the northwest, the Saxonian 
Cretaceous Basin (SCB) opened into the wide northern 
German shelf sea while, to the southeast, the Bohemian 

Cretaceous Basin formed a gateway into the Tethys Ocean 
(Wiese et al. 2004; Wilmsen and Niebuhr 2014).

The Elbtal Group has a stratigraphic range from the lower 
Cenomanian into the middle Coniacian (Voigt and Tröger in 
Niebuhr et al. 2007; Wilmsen and Niebuhr 2014; Niebuhr et 
al. 2020). Marly-calcareous offshore sedimentation of the 
Meißen-Dresden Subgroup prevailed in the north-western 
part of the Saxonian Cretaceous Basin (Wilmsen et al. 2019; 
Fig. 1C) whereas in the Saxonian Switzerland, siliciclas-
tic shallow-water-sedimentation prevailed (Niebuhr et al. 
2020). In the aftermath of the stepwise Cenomanian sea-
level rise that caused a time-transgressive onlap of sedi-
mentary strata onto an inherited palaeotopography (Fig. 1C; 
see Niebuhr and Wilmsen 2023 for a current revision of the 
Cenomanian in Saxony), two major transgressive pulses in 
the latest Cenomanian and earliest Turonian resulted in the 
development of a grain-size graded shelf: offshore deposi-
tion prevailed in the Meißen-Dresden area (marls and Pläner 
deposits of the Brießnitz Formation), grading towards the 
southeast (Saxonian Switzerland) into shallow-marine silici-
clastic strata of the Schmilka Formation (e.g., Beeger 1963; 
Voigt 1999; Janetschke and Wilmsen 2014).

The Brießnitz Formation, an irregularly stratified, fine-
grained, marly-calcareous lithostratigraphic unit of blue- 
to brown-grey color, ranges chronostratigraphically from 
the lowermost lower Turonian into the lowermost middle 
Turonian (Tröger 1988; Tröger and Voigt in Niebuhr et al. 
2007). A conspicuous argillaceous interval in its lowermost 
part, the Lohmgrund Horizon, forms an easily recognizable, 
fine-grained stratum across different formations (Niebuhr 
et al. 2020). Up-section, it grades into the Labiatus Pläner 
(named after the characteristic lower Turonian index inoc-
eramid bivalve Mytiloides labiatus), a strongly bioturbated, 
silty-calcareous sedimentary rock. The Brießnitz Formation 
has the largest exposure of all the Cretaceous units of the 
Dresden area and was quarried in numerous places for con-
struction purposes (Beck and Hazard 1892, 1893). It is very 
fossiliferous, especially with respect to its cephalopod fau-
nas (Tröger 1988; Wilmsen and Nagm 2013, 2014; Wilmsen 
2016; Wondrejz 2021; Wilmsen et al. 2021). The ammonite 
faunas discussed herein have been collected from the lower 
Turonian Labiatus Pläner of the Brießnitz Formation, for-
merly widely exposed in eight now abandoned quarries and 
marl pits in Dresden (=DD)-Brießnitz (abbreviation: Br), 
DD-Cotta (Co), DD-Gorbis (Go), DD-Kauscha (Kau), DD-
Leubnitz (Lb), DD-Leutewitz (Le), DD-Lockwitz (Lo) and 
DD-Omsewitz (Om) (for locality details, see Wondrejz 2021). 
Based on the occurrence of the index ammonite Mammites 
nodosoides, the studied faunas can be assigned to the upper 
part of the lower Turonian (Wright and Kennedy 1981).

Material and methods
In total, 338 specimens comprising three ammonite species 
have been systematically studied, mostly moderately well 
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to incompletely preserved (composite) internal moulds. 
Due to imperfect preservation, only between 61% and 76% 
of the studied specimens could be included in the statistical 
evaluation. The specimens are specifically distributed as 
follows (total number/statistically treated specimens/per-
centage):
Lewesiceras peramplum (Mantell, 1822): 83/63/76%;
Mammites nodosoides (Schlüter, 1871): 194/119/61%;
Spathites (Jeanrogericeras) reveliereanus (Courtiller, 1860): 
61/38/62%.

A Vernier Caliper has been used to measure all linear 
dimensions (given in millimeters) and several parameters 
were measured and/or calculated, respectively (see Fig. 2 
and SOM, Supplementary Online Material available at http://
app.pan.pl/SOM/app68-Wondrejz_etal_SOM.pdf, as well as 
Other abbreviations section above). Morphological terminol-
ogy follows Arkell (1957). Synonymy lists have been kept 
short, containing only the first valid introduction of the taxa 
and important revisions as well as recent records and those 
of regional palaeontological interest.

For statistical analyses, we used the programme PAST 4 
(Hammer et al. 2001; https://www.nhm.uio.no/english/
research/resources/past/). The first method utilised in 
PAST  4 was the classical clustering function. This ana-
lytical tool is an explorative procedure to detect similarity 

structures within datasets. Objects, in our case specimens, 
can be combined into clusters based on their characteris-
tics. For that matter, each cluster should be homogeneous 
among itself as much as possible and at the same time 
different as much as possible (heterogeneous) to the other 
clusters (Johnson 1967; Kirenz 2020). The arrangement of 
the objects into the clusters is calculated following specific 
rules. This decision is not only dependent on the choice of 
the clustering algorithm (in this case the Ward’s method) 
but also on how the distance/similarity between the clusters 
is determined (Johnson 1967). One possibility to calcu-
late this similarity is the Euclidean distance, which is the 
distance between two points, calculated as straight line in 
the space (linear distance). An Euclidean distance of zero 
therefore means that the points/objects are identical. The 
formula for the calculation of the Euclidean distance for n 
different variables is:

As clustering algorithm, the Ward’s method is a favored 
variance-based method and was also used in this case. This 
function combines the clusters that have the smallest growth 
of the total variance and is therefore an expansion of the 
empirical variance of one variable for the multivariate use 

Fig. 2. Ammonite morphological terms and key parameters. Modified after Wilmsen and Nagm (2014). Abbreviations: D, maximum diameter; d, larger 
radius of the shell; e, smaller radius of the shell; UD, diameter of the umbilicus; Wb, whorl breadth of the final whorl; Wh, height of the final whorl; for 
the suture line: A, adventive lobe; E, external lobe; U, umbilical lobe.



WONDREJZ ET AL.—DIMORPHISM IN LATE CRETACEOUS AMMONITES	 643

(Johnson 1967; Kirenz 2020). With the help of a dendro-
gram, the result of a clustering algorithm can be visualised. 
The dendrogram should be read from the top to the bottom 
and describes the process of the clustering in this direction. 
The vertical axis characterises the heterogeneity of the clus-
ters with the “Cophenetic distance“, the smallest distance 
between two clusters. At the head of the diagram, all spec-
imens are listed separately. Initially, each specimen corre-
sponds therefore to one single cluster, which is shown by 
an own horizontal line for each specimen. The clusters are 
then combined gradually from the top to the bottom, which 
is indicated by the vertical lines between them. The smallest 
distance between two clusters is at the beginning (top) zero, 
when each specimen represents its own cluster. Afterwards, 
the distance is growing monotonously, because more dis-
similar clusters with greater distance between each other are 
combined. At the last junction of all clusters, in one big joint 
cluster, the distance reaches the maximum value (Kirenz 
2020). For application of the Ward’s method, it is necessary 
that no data are missing from any specimen. Therefore, only 
those specimens could be used for the analysis that more-or-
less yielded all measurements. With the classical clustering 
mode, it was possible to construct a cluster of all tested am-
monites to find out which of them form groups and at which 
point and through which parameter the groups developed 
morphologically apart.

There are two major analytical methods for a classifica-
tion of data: principal component analysis (PCA) and linear 
discriminant analysis (LDA). These techniques are used be-
cause of their advantages in data aggregation and dimension-
ality reduction (Balakrishnama and Ganapathiraju 1998). 
The difference between the two is that while PCA accounts 
for the most variance in the whole dataset, the LDA gives the 
axes that account for the most variance between the individ-
ual classes (Raschka 2014). A benefit of linear discriminant 
analysis is the case where the within-class frequencies are 
unequal, and their performances have been examined on 
randomly generated test data. The LDA maximises the ratio 
of between-class variance to the within-class variance in any 
particular data set, thereby guaranteeing maximum separa-
bility (Balakrishnama and Ganapathiraju 1998).

On the basis of the clusters from the classical cluster-
ing, groups of the ammonites could be differentiated and 
illustrated through the discriminant analysis (LDA) in a 
graph which shows scatter plots of the groups. For the dis-
criminant analysis, the program needs a classification of the 
groups. After that, it compares all data of the variables with 
each other and shows the linear border of each group. For a 
meaningful computing of the data by the program, it is im-
portant that all calculated parameters are grouped in classes. 
To achieve this, the range between the maximum and the 
minimum value of one parameter of all ammonites was 
subdivided in steps to get 4 to 13 classes. The classes of the 
parameters that have been used herein and the classification 
are shown in the SOM.

Results and systematic 
palaeontology
Due to the supposed pairwise occurrence of three ammo-
nite species from lower Turonian strata of the Brießnitz 
Formation of Saxony in distinct size classes (potential mi-
cro- and macroconchs) and their representation in statisti-
cally significant populations, the sexual dimorphic corre-
spondence was rigorously tested in Lewesiceras peramplum, 
Mammites nodosoides and Spathites (Jeanrogericeras)  rev-
eliereanus. The three taxa are briefly described, illustrated 
and their biometric data have been evaluated using the clas-
sical clustering and the linear discriminant analysis func-
tions of PAST 4 (see SOM).

Suborder Ammonitina Hyatt, 1889
Superfamily Desmoceratoidea Zittel, 1895
Family Pachydiscidae Spath, 1922
Genus Lewesiceras Spath, 1939
Type species: Ammonites peramplus Mantell, 1822; Turonian of Sus-
sex, southern England, UK; by original designation.

Lewesiceras peramplum (Mantell, 1822)
Figs. 3, 4.
1822 Ammonites peramplus; Mantell 1822: 200.
1981 Lewesiceras peramplum (Mantell, 1822); Wright and Kennedy 

1981: 29, pl. 2: 1–3; pl. 3; text-figs. 9, 12. [with synonymy]
2013 Lewesiceras peramplum (Mantell, 1822); Wilmsen and Nagm 

2013: 650, figs. 3–5.
2014 Lewesiceras peramplum (Mantell, 1822); Wilmsen and Nagm 

2014: 204, fig. 3a, b.
2014 Lewesiceras peramplum (Mantell, 1822); Amédro and Delvaque 

2014: 133, pl. 12; pl. 16: 2.
2018 Lewesiceras peramplum (Mantell, 1822); Matrion 2018: 192, 

figs. 128A, 131A.
2019 Lewesiceras peramplum (Mantell, 1822); Kennedy and Kaplan 

2019: 35, pl. 7: 3, 9, 10, 17; pls. 8–11, 13; text-figs. 15, 16.

Material.—In total, 83 specimens from the lower Turonian 
(Cretaceous), Brießnitz Formation, Germany, Dresden, local-
ity: Brießnitz (one specimen), Cotta (two specimens), Kauscha 
(two specimens), Leubnitz (28 specimens), Leutewitz (two 
specimens), and Lockwitz (48 specimens) were systemati-
cally studied. Due to the preservation, only 63 specimens 
were used for statistical analysis. Repository numbers are 
provided in SOM 3.
Measurements.—See SOM 3.
Description.—The assemblage consists of large individu-
als, up to 228 mm in diameter (the average diameter of the 
Saxonian specimens is 117.5 mm while the largest speci-
mens from the literature measure up to 900 mm), but also 
small individuals with D ≤60 mm occur. The specimens 
have a planulate shell at the boundary from moderately 
involute to moderately evolute (UD ≈30%) with rounded 
venter. Wb/Wh is approximately 0.58, and the aperture 
has a high oval to rectangular form. The ornamentation 
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with the tubercles and ribbing changes during ontogeny, 
declines at maturity and may disappear completely. The 
inner whorls are characterised by five to six slightly pro-
jecting umbilical tubercles per whorl, giving rise to rather 

narrow, irregular, and curved primary ribs and two to four 
short secondary ribs. Later, the umbilical tubercles become 
weaker and bullate, the primary ribs become lower, and the 
secondary ribs increase in number and weaken. At a di-

Fig. 3. Photographic illustration of typical large (A) and small (B) specimens of the pachydiscid ammonoid Lewesiceras peramplum (Mantell, 1822) from 
the lower Turonian of the Brießnitz Formation, Dresden, Germany. A. MMG: SaK 5163 from Leubnitz, in lateral (A1) and ventral (A2) views. B. MMG: 
SaK 5343 from Leutewitz, in lateral (B1, B4), apertural (B2), and ventral (B3) views.
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ameter of approximately 100 mm, the secondary ribs have 
normally disappeared, and the primary ribs are weak or 
absent on the venter. All ribs are separated from each other 

through intercostal sections, which have the same width as 
the ribs. The umbilicus is shallow to moderately deep, and 
the umbilical border is rounded.

Fig. 4. Statistical test of potential dimorphism in Lewesiceras peramplum (Mantell, 1822) based on 63 specimens. The repository number of each speci-
men is given on top of the diagram. A. Classical clustering; the red color characterises particularly small individuals with D <77 mm in between the group 
of potential microconchs. B. Linear discriminant analysis (LDA); the color code follows the assignment of the classical clustering above. The dark blue 
lines are biplots of all variables, an overlaying of a score plot and a loadings plot in a single graph, which enables to visualise high-dimensional data by 
using a two-dimensional graph.
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Stratigraphic and geographic range.—Lewesiceras peram-
plum occurs abundantly in the lower and middle Turonian of 
Germany, the Czech Republic, Poland, France, Tunisia, and 
Morocco (Wright and Kennedy 1981). Wilmsen and Nagm 
(2013) suggested that the species may have originated al-
ready in the latest Cenomanian and may range into the early 
late Turonian based on records from Saxony.
Statistical analyses.—Classical clustering and linear discri
minant analysis, considering eight morphological variables, 
were executed for all 63 relevant specimens (see Fig. 4 and 
SOM). In the classical clustering diagram, two large groups 
(inferred micro- and macroconchs) emerged, which differ 
primarily in the maximum diameter, similarly to the situa-
tion in M. nodosoides (see below). The Cophenetic distance 
at the last joint cluster (bottom of the diagram) is 38, and 
therefore the two large groups are more similar than those 
of M. nodosoides, probably due to the lower sample number. 
The LDA of L. peramlum shows again two large groups, 
which are broadly distributed but also in total farther away 
from each other. Nevertheless, they slightly overlap in the 
lower part of the diagram.

Superfamily Acanthoceratoidea de Grossouvre, 1894
Family Acanthoceratidae de Grossouvre, 1894
Subfamily Mammitinae Hyatt, 1900
Genus Mammites Laube and Bruder, 1887
Type species: Ammonites nodosoides Schlüter, 1871; lower Turonian of 
Westphalia, northern Germany; by monotypy.

Mammites nodosoides (Schlüter, 1871)
Figs. 5, 6.
1871	Ammonites nodosoides; Schlüter 1871: 19, pl. 8: 1–4.
1981	Mammites nodosoides (Schlüter, 1871); Wright and Kennedy 

1981: 75, pl. 17: 3; pl. 19: 3; pl. 20: 4; pl. 22: 4; pl. 23: 1–3; pl. 
24: 2, 3; text-figs. 19B, 23, 24. [with full synonymy].

2013	Mammites nodosoides (Schlüter, 1871); Wilmsen and Nagm 
2013: 666, figs. 17G, H, 18A, B.

2014	Mammites nodosoides (Schlüter, 1871); Wilmsen and Nagm 
2014: 218, fig. 10a, b.

2014	Mammites nodosoides (Schlüter, 1871); Amédro and Delvaque 
2014: 144, pl. 3: 1, 2.

2016	Mammites nodosoides (Schlüter, 1871); Kennedy and Gale 2016: 
278, fig. 18.

2018	Mammites nodosoides (Schlüter, 1871); Matrion 2018: 195, fig. 
129A, B.

2019	Mammites nodosoides (Schlüter, 1871); Kennedy and Kaplan 
2019: 49, pls. 19–21.

Material.—In total, 194 specimens from the lower Turonian 
(Cretaceous), Brießnitz Formation, Germany, Dresden, lo-
cality: Leubnitz (81 specimens), Leutewitz (three specimens), 
Lockwitz (107 specimens), and Omsewitz (three specimens), 
were systematically studied. Due to preservational issues, 
only 119 specimens could be used for statistical analyses. 
Repository numbers are provided in SOM 4.
Measurements.—See SOM 4.
Description.—This large species is very abundant in 

Saxony; the largest specimen reaches a diameter of 384 mm, 
but there are also many small individuals with D <50 mm. 
With a UD of 26.3%, M. nodosoides is moderately involute. 
The Wb/Wh ratio is 0.8 on average, which defines a slightly 
compressed, rectangular whorl cross-section. The umbilicus 
is moderately deep and has a broadly rounded shoulder and 
a convex wall. The number of umbilical tubercles ranges 
from seven to eleven per whorl; they are the source for pairs 
of weak and broad ribs. Those ribs carry prominent rounded 
inner- and clavate outer ventrolateral tubercles. During on-
togeny, the inner ventrolateral tubercles migrate up the ven-
ter and merge with the outer ventrolateral ones. The umbili-
cal tubercles bloat during ontogenetic growth. The result of 
this development is that adult individuals of M. nodosoides 
show large umbilical and ventrolateral horns. The venter is 
flat to slightly concave, and the flanks are flat and parallel.
Stratigraphic and geographic range.—Mammites nodosoi-
des is the index ammonite of the eponymous upper lower 
Turonian standard ammonite zone and was recorded from 
several European countries, the Middle East, northern 
Africa, Madagascar and North as well as South America 
(Wright and Kennedy 1981).
Statistical analyses.—After the measurement and/or calcula-
tion of nine relevant morphological variables, classical clus-
tering and linear discriminant analysis were executed on 119 
specimens (see Fig. 6 and SOM). In the classical clustering, 
two large groups emerged (group 1 and 2). The first group 
is characterized by large, the second one by medium- and 
small-sized specimens with respect to maximum diameters. 
The Cophenetic distance (the smallest distance between two 
clusters) reaches the high maximum value of 60 at the last 
junction of all clusters in one big joint cluster. This value 
might have been caused by the high number of individuals. 
In the LDA diagram, two scatter plots of the large groups are 
visible. The values of both groups are broadly distributed; 
they overlap in the lower part of the diagram.

Genus Spathites Kummel and Decker, 1954
Type species: Spathites chispaensis Kummel and Decker, 1954; Turo-
nian of Texas, USA and northern Mexico; by original designation.

Subgenus Spathites (Jeanrogericeras) Wiedmann, 
1960
Type species: Ammonites reveliereanus Courtiller, 1860; Turonian of 
the Touraine, France; by original designation of Wiedmann (1960: 741).

Spathites (Jeanrogericeras) reveliereanus 
(Courtiller, 1860)
Figs. 7–10.
1860	Ammonites reveliereanus; Courtiller 1860: 249, pl. 2: 5–8.
1980	Spathites (Jeanrogericeras) reveliereanus (Courtiller); Kennedy 

et al. 1980: 826, pls. 105: 1–12; pl. 106: 1–2; text-figs. 3, 5, 6. 
[with synonymy]

2013	Spathites (Jeanrogericeras) reveliereanus (Courtiller, 1860); Wilm
sen and Nagm 2013: 664, figs. 15, 16, 17A–F.
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Fig. 5. Photographic illustration of typical large (A) and small (B) specimens of the acanthoceratid ammonoid Mammites nodosoides (Schlüter, 1871) from 
the lower Turonian of the Brießnitz Formation, Leubnitz, Germany. A. MMG: SaK 5200 in lateral (A1) and apertural (A2) views. B. MMG: SaK 5203 
in lateral (B1, B3) and apertural (B2) views. 
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2014	Spathites (Jeanrogericeras) reveliereanus (Courtiller, 1860); Wilm
sen and Nagm 2014: 216, fig. 9a.

2014	Spathites (Jeanrogericeras) reveliereanus (Courtiller, 1860); 
Amédro and Delvaque 2014: 143, pl. 13: 2.

2015	Spathites (Jeanrogericeras) revelieranus (Courtiller, 1860); Ken-
nedy et al. 2015: 465, fig. 21A–C.

2016	Spathites (Jeanrogericeras) revelerianus (Courtiller, 1860); Ken-
nedy and Gale 2016: 273, figs. 9–11.

2018	Spathites (Jeanrogericeras) reveliereanus (Courtiller, 1860); Ma-
trion 2018: 195, figs. 132C, D, 136B, 138A, B, 139A, B, 140A.

Material.—In total, an assemblage of 61 specimens from 
the lower Turonian (Cretaceous), Brießnitz Formation, 

Fig. 6. Statistical test of potential dimorphism in Mammites nodosoides (Schlüter, 1871) based on 119 specimens. The repository number of each specimen 
is given on top of the diagram. A. Classical clustering; the red color characterises particularly small individuals with D = 33–65 mm in between the large 
group of potential microconchs. B. Linear discriminant analysis (LDA); the color code follows the assignment of the classical clustering above. The dark 
blue lines are biplots of all variables, an overlaying of a score plot and a loadings plot in a single graph, which enables to visualise high-dimensional data 
by using a two-dimensional graph.
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Germany, Dresden, locality: Leubnitz (35 specimens), Lock
witz (25 specimens), Omsewitz (1 specimen). Due to imper-
fect preservation, only 38 could be used for the statistical 
analysis (see SOM). Repository numbers are provided in 
SOM 5.
Measurements.—See SOM 5.

Description.—Medium-sized to large species, which is 
moderately involute coiled (UD ≈ 24.7%). There are many 
relatively large specimens with diameters >100 mm and also 
many smaller specimens with D ≈ 50 mm. Large specimens 
have a broader quadrate apertural cross-section with broadly 
rounded venter, reflecting higher Wb/Wh ratios, while in 

Fig. 7. Photographic illustration of typical large (A) and small (B) specimens of the acanthoceratid ammonoid Spathites (Jeanrogericeras) reveliereanus 
(Courtiller, 1860) from the lower Turonian of the Brießnitz Formation, Leubnitz, Germany. A. MMG: SaK 5230 in lateral (A1) and apertural (A2) views. 
B. MMG: SaK 5256 in lateral (B1, B3) and ventral (B2) views. 
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Fig. 8. Statistical test of potential dimorphism in Spathites (Jeanrogericeras) reveliereanus (Courtiller, 1860) based on 38 specimens. The repository number 
of each specimen is given on top of the diagram. A. Classical clustering; inferred macro- and microconchs are marked by blue and red colors, respectively. 
B. Linear discriminant analysis (LDA); the color code follows the assignment of the classical clustering above. The dark blue lines are biplots of all varia
bles, an overlaying of a score plot and a loadings plot in a single graph, which enables to visualise high-dimensional data by using a two-dimensional graph.
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smaller individuals, the Wb/Wh ratio is lower, and their 
cross-section is more rectangular. The flanks are weakly 
convex in intercostal section. The ventrolateral shoulders 
are narrowly rounded, and the venter is slightly convex. The 
strong and straight primary ribs develop in pairs at com-
monly eight umbilical tubercles per whorl. Approximately 
at mid-flank, intercalated secondary ribs appear. Each rib 
carries strong outer ventrolateral bullae. The umbilicus is 
very deep, the umbilical wall is steep, and the umbilical 
shoulder is rounded.
Stratigraphic and geographic range.—Spathites (Jeanrogeri
ceras) reveliereanus is known from the lower Turonian Mam
mites nodosoides Zone and the middle Turonian Colligno
niceras woollgari Zone of Europe (France, Spain, Germany, 
Romania), India and Morocco (see Wilmsen and Nagm 2013 
and Kennedy and Gale 2016 for further details).
Statistical analyses.—Based on the measurement and/or 
calculation of eight relevant morphological variables, clas-
sical clustering and linear discriminant analysis were con-
ducted on the 38 relevant specimens (see Fig. 8 and SOM). 
In the classical clustering analysis, two groups are clearly 
separated from each other. The Cophenetic distance is 
not quite high with 30, but that can be explained by the 
relatively low number of individuals in comparison to the 
other two studied species. In the LDA, the two groups are 
again conspicuously apart from each other and not as scat-
tered as in the other species, i.e., they appear to be more 
coherent.

Discussion
Dimorphism in ammonites was a long-debated topic among 
palaeontologists over several decades, sparked by the sem-
inal works about potential sexual dimorphism in Jurassic 
ammonites published by Makowski (1962) and Callomon 
(1963). It is now widely agreed that in temporally and spa-
tially concordant populations, macroconch ammonites 
were the females and the microconchs were the males (e.g., 
Palframan 1966, 1967; Guex 1970; Lehmann 1981, among 
many others), because the females might need more space for 
the gonads and eggs; furthermore, the maturation of the eggs 
usually takes longer than that of spermatophores, implying a 
longer lifespan and thus a larger adult size (Lehmann 1981; 
Vollrath 1998; see also Davis et al. 1996 and Klug et al. 2015c 
for compilations on dimorphism in ammonoids). However, 
not all ammonoids show such a dimorphism, and in some 
cephalopod groups, the males could even be slightly larger 
than the females, e.g., in the Recent Nautilus, the males are 
slightly larger than the females (Ward 1987; Ward et al. 2016) 
and in extant coleoids such as Loligo plei, males are almost 
twice as large as females (Hanlon 1982). Furthermore, the 
large variability in ammonoid size and shape shows that 
there are large differences in the reproduction strategies be-
tween different groups, and these differences may have an 

impact on the morphology (Ritterbush et al. 2014). Finally, 
the correspondence of micro- and macroconchs in many in-
ferred dimorphic pairs is based on visual inspection only, has 
rarely been rigorously statistically tested and often remains 
largely undocumented, especially with respect to Cretaceous 
non-scaphitid taxa (see Kennedy 1989). Because of their 
characteristic uncoiled body chambers, maturity is easily 
recognized in Scaphitidae and many Cretaceous examples of 
dimorphic pairs are related to these heteromorph ammonites 
in which dimorphism is manifested not only by terminal 
size or modifications of the aperture but also by differences 
in proportions of the shafts (e.g., Makowski 1962; Cobban 
1969; Kennedy 1989; Landman and Waage 1993; Machalski 
2005; Landman et al. 2008; Tanabe 2022). However, dimor-
phism in other Cretaceous ammonite groups is less well 
documented (Kennedy 1989), but see Maeda (1993) for a 
careful case study on dimorphism in Yokoyamaoceras 
ishikawai, a Santonian–Campanian representive of the 
Kossmaticeratidae.

In order to substantiate the conspecifity of two different 
adult forms (inferred males and females), some key criteria 
should be fulfilled according to Makowski (1962), Callomon 
(1963), Palframan (1966, 1967), Davis (1972), Matyja (1986), 
Davis et al. (1996), and Klug et al. (2015c): (i) the antidi-
morphs should differ in adult morphology (when different 
final size is one criterion, these two forms may be called 
micro- and macroconch, respectively); (ii) they should have 
more-or-less identical early ontogenies; (iii) antidimorphs 
should lack of intermediate forms in the adult stage; and (iv) 
they should have the same stratigraphic ranges and overlap-
ping biogeographic occurrences.

We will discuss these criteria along with the results of 
our statistical biometric evaluation for the studied ammonite 
faunas from the Brießnitz Formation below. It should be 
noted that mature modifications are crucial for the evalua-
tion of dimorphism in order to support the adulthood of the 
specimens under consideration (e.g., Kennedy 1989; Davis 
et al. 1996; Klug et al. 2015c; Aiba 2022; Jattiot et al. 2023). 
However, due to the often imperfect preservation, adulthood 
is difficult to prove for parts of the studied assemblages due 
to the absence of unequivocal mature modifications, and 
this limitation turned out to be a critical point in refusing a 
dimorphism for two of the three species under investigation. 
In one species, on the other hand, mature modifications and 
the emergence of two statistically clearly separated groups 
of different size support the existence of a dimorphic pair.

Lewesiceras peramplum (Mantell, 1822) and Mammites 
nodosoides (Schlüter, 1871).—The genus Lewesiceras is 
markedly dimorphic according to Wright and Kennedy 
(1984: 63) and also for M. nodosoides, a dimorphism was 
suspected (Wright and Kennedy 1981: 77, 80; Wilmsen 
and Nagm 2013: 666). A detailed visual examination of all 
analysis-relevant representatives of L. peramplum (63) and 
M. nodosoides (119) in fact tends to divide the populations 
into two or three groups. Intuitively, one would classify 
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Fig. 9. Acanthoceratid ammonoid Spathites (Jeanrogericeras) reveliereanus (Courtiller, 1860) MMG: SaK 16896 from the lower Turonian of the Brießnitz 
Formation, Leubnitz, Germany. A. Outer whorl in ventral (A1), lateral (A2), and apertural (A3) views; the fracture at which the outer whorl separates from 
the inner whorl (arrow) and an umbilical tubercle (UT) are marked. B. Inner whorl in lateral (B1, B3) and apertural (B2) views; the umbilical tubercle (UT) 
and the position of the fracture shown in A2 are marked by arrow. 
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the very small specimens, such as MMG: SaK 5205 of M. 
nodosoides or MMG: SaK 5273 of L. peramplum, as mi-
croconchs (group 1) (Figs. 3, 5). The remaining, larger rep-
resentatives of the two species can be seen either together 
as a variable group of macroconchs—group 2, or as medi-
um-sized representatives of a transition group (MMG: SaK 
5203 of M. nodosoides/MMG: SaK 5559 of L. peramplum) 
and large macroconchs (MMG: SaK 16666 of M. nodosoi-
des and MMG: SaK 5163 of L. peramplum), groups 2 and 3, 
respectively. Only the first alternative of classification with 
two groups, micro- and macroconchs, would directly rein-
force a possible sexual dimorphism, since only two sexes 
can be distinguished (two groups), and one of the diagnostic 
features for sexual dimorphisms in ammonites is the lack 
of intermediate forms in the adult stage (Makowski 1962; 
Matyja 1986). However, as pointed out by Kennedy (1989), 
ammonites in which characters other than final size define 
a dimorphism may well show an overlap of micro- and mac-
roconch size. With respect to similar early ontogenies it can 
only be stated that the morphology of the small specimens 
commonly fully corresponds to the morphology of the inner 
whorls of larger specimens as can be seen when the whorls 
of the latter came apart.

Since purely visual classifications do not represent a 
significant proof of an existing or non-existing sexual di-
morphism, and, to make matters worse, no reliable traits of 
adulthood such as apertural modifications or septal crowd-
ing (cf. Davis et al. 1996; Klug et al. 2015c) can be rec-
ognised in our populations due to imperfect preservation, 
two statistical analyses were carried out for each species 
using PAST 4. Eight or nine morphometric variables were 
measured and/or calculated for each ammonite (see method-
ology chapter and SOM), and these values were afterwards 
evaluated using two multivariate methods, i.e., classic clus-
tering and the linear discriminant analysis (LDA).

The results of the clustering analysis of M. nodosoides 
are, as shown in Fig. 6, two large groups, i.e., a well-defined 
first group of macroconchs with a D >168 mm and a very 
diverse second group of potential microconchs with D = 
33–168 mm. For the purpose of visual illustration, very 
small representatives (D = 33–65 mm) discriminated purely 
visually were colored in red to show their position within 
the second group (Fig. 6). They cannot be clearly assigned 
to any cluster but are distributed within the large group 2.

A similar cluster diagram emerged for L. peramplum 
(see Fig. 4). Here, the large inferred macroconchs with a 
D >153 mm (group 1) are clearly delineated, while small- and 
medium-sized representatives form a variable second group 
of potential microconchs (D <153 mm). For L. peramplum, 
however, the very small representatives are clearly delimited 
(colored in red in Fig. 4) within the large group 2 of inferred 
microconchs (compared to M. nodosoides), forming a distinct 
subgroup.

The linear discriminant analysis confirms the classifi-
cation of the clusters for M. nodosoides and L. peramplum. 
In the right area of the diagrams (Figs. 4, 6), where larger 

maximum diameters are plotted, the large macroconchs are 
situated (shown in blue). Further to the left, all other ammo-
nites are shown, scattered as group two in a relatively wide 
area. Although the scatter plots of the potential macro- and 
microconchs are classified as independent large groups in 
the cluster analysis, they are not far apart in the discriminant 
analysis and even overlap partially (see Figs. 4, 6). Therefore, 
in the cases of M. nodosoides and L. peramplum, the cluster 
and discriminant analyses are not clearly expedient in order 
to independently confirm or reject a dimorphism.

All the specimens studied herein were not ideally pre-
served, which means that characteristics such as the number 
of umbilical or ventrolateral tubercles and ribs could not be 
recorded for all of the representatives. In M. nodosoides, the 
umbilical tubercles were recorded in most of the represen-
tatives, and with the others the average value of the number 
of umbilical tubercles of the recorded individuals was used, 
since PAST 4 cannot work with “non-information”. In L. 
peramplum in particular, it was only possible to work with 
eight variables, as the ribbing was only visible in some 
specimens. However, since the tubercles and ribs could be a 
decisive factor for the classification of sexual dimorphisms, 
it can be concluded that the statistical analyses of both L. 
peramplum and M. nodosoides do not provide any signifi-
cant certainty regarding the presence or absence of a sexual 
dimorphism.

Unfortunately, the exact stratigraphic horizons from 
which the specimens derive are unknown. Thus, an evalua-
tion of possible temporal trends is impossible, and the spe-
cific groups must be regarded as single late early Turonian 
assemblages. Based on an estimated duration of ca. 800 kyr 
for the early Turonian (e.g., Richardt et al. 2013; Laurin et 
al. 2021), and the observation that the studied ammonite 
faunas do not represent the commonly poorly fossiliferous 
lowermost Turonian succession in Saxony, we conclude for 
about 500 kyr of geological time, corresponding to the late 
early Turonian M. nodosoides Zone (ca. 93.5–93.0 Ma in the 
Geological Timescale 2020; Gale et al. 2020). The spatial 
distribution of both species shows that the specimens of the 
two taxa are not from one locality but were instead found 
scattered across eight different former pits. However, the 
depositional environment of the Brießnitz Formation was 
relatively uniform across the studied area as can be demon-
strated by the monotonous fine-grained lithofacies, and 
habitat differences can thus largely be excluded as a driver 
of morphological disparity. Furthermore, the study area is 
relatively small (less than 100 km2). In a nutshell, within the 
limitations of the above mentioned stratigraphic resolution, 
we may conclude that the studied fossil assemblages in fact 
had the same stratigraphic ranges and overlapping biogeo-
graphic occurrences (cf. Davis et al. 1996; Klug et al. 2015c).

On the other hand, apart from maximum diameter, no 
further features can be recognised in both M. nodosoides and 
L. peramplum that differ significantly between the groups. 
Due to the absence of ontogeny-specific characteristics, such 
as a differentiation of the aperture or sutural approximation, 
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it cannot be assumed that all studied specimens have been 
preserved in full size. It is more likely that smaller represen-
tatives are just incompletely preserved and are therefore only 
inner whorls of originally larger ammonites (in fact, the small 
specimen of M. nodosoides shown in Fig. 5B, MMG: SaK 
5203, is fully septate and thus, demonstrably incompletely 
preserved). This interpretation may find further support in 
the facts that L.  peramplum can reach maximum sizes of 
up to 900 mm (Wright and Kennedy 1981) while our larg-
est specimen has only a diameter of 228 mm, and that (po-
tentially incompletely preserved) small forms dominate the 
assemblages. In a nutshell, if preservation is included in the 
evaluation, neither in M. nodosoides nor in L. peramplum 
from the lower Turonian strata of the Brießnitz Formation, 
a sexual dimorphism can be proven. Rather, a combination 
of large intraspecific variability and differential preservation 
that often led to incompletely preserved specimens dissem-
bles dimorphic populations at a first glance.

Spathites (Jeanrogericeras) reveliereanus (Courtiller, 1860). 
—In comparison to M. nodosoides and L. peramplum, the 
38 moderately to well preserved (= relevant) specimens of 
Spathites (Jeanrogericeras) reveliereanus from the lower 
Turonian of the Brießnitz Formation showed a much clearer 
pattern with respect to a potential sexual dimorphism.

Already through an initial visual inspection, differ-
ences between the large macroconchs (group 1) and smaller 
microconchs (group 2) could readily be observed (Fig. 7). 
Obviously, the specimens have a significant different max-
imum diameter and, due to proportionality, also UD, but 
in addition to that there is a distinct difference of the aper-

tural cross-section between those two groups. Specimens 
of the first group (e.g., MMG: SAK 5230) have a broader, 
quadrate apertural cross-section with broadly rounded, 
non-sulcate venter reflecting higher Wb/Wh ratios, while 
in individuals of the second group, such as MMG: SAK 
5256, the Wb/Wh ratio is smaller, their cross-section is 
more high-rectangular and the venter remains sulcate 
throughout ontogeny (Fig. 7).

These findings also appear in the analysis with PAST 4. 
The classical clustering separates the specimens of S. (J.) 
reveliereanus precisely into the previously expected two 
groups (see Fig. 8A). The macroconchs (blue) have a maxi-
mum diameter >80 mm, while the microconchs (red) range 
between 50 and 80 mm. This classification is confirmed 
by the discriminant analysis (Fig. 8B), where two clearly 
separated scatter plots emerge, on the left-hand side, the 
microconchs with small diameters and on the right-hand 
side, the macroconchs with larger values of D. There are no 
intermediate forms and both groups are almost equally large 
(21 microconchs versus 17 macroconchs).

For the stratigraphic occurrence of the investigated spec-
imens of S. (J.) reveliereanus from the Brießnitz Formation 
of the Dresden area, the same limitations apply as discussed 
above for M. nodosoides and L. peramplum. However, 
within the restricted biostratigraphically constrained inter-
val of geological time (≤500 kyr) the fauna can be regarded 
as an almost contemporaneous fossil assemblage from a pa-
laeobiogeographic entity. Again, the early ontogeny seems 
to be identical as can be judged from occasionally visible in-
ner whorls of larger specimens as the widening and ventral 
rounding of the body chamber occurs beyond a diameter of 

Fig. 10. Representative antidimorphs: [m] = microconch, [M] = macroconch of the acanthoceratid ammonoid Spathites (Jeanrogericeras) reveliereanus 
(Courtiller, 1860); based on (A) MMG: SaK 5256 in lateral (A1) and apertural (A2) views and (B) MMG: SaK 5230 in lateral (B1) and apertural (B2) views. 
Key features of both antidimorphs are listed (see text for further explanation).
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ca. 100 mm (Fig. 9). However, the preservation of the inner 
whorls is mostly very poor. The last part of the adult body 
chamber in macroconchs also shows a decline in ornament 
(see MMG: SaK 5230 in Figs. 7A and 10 and MMG: SaK 
16896 in Fig. 9) which can be, together with the change in 
the shape of the body chamber, regarded as a mature shell 
modification in ammonoids (cf. Davis et al. 1996; Klug et 
al. 2015c; Aiba 2022). Other signs of adulthood (e.g., septal 
crowding, apertural modifications) are not seen in the S. (J.) 
reveliereanus from Saxony but MMG: SaK 16500 with D = 
152 mm is among the largest representatives known from 
this species (cf. Kennedy et al. 1980). We thus conclude for a 
terminal size range of 120–155 mm for fully grown macro-
conchs of S. (J.) reveliereanus.

The initially just visually suspected hypothesis of a di-
morphism in S. (J.) reveliereanus is thus confirmed by the 
statistical analysis of numerous biometric parameters using 
two different analytical methods. Not only the maximum 
diameter, as in M. nodosoides and L. peramplum, but also 
the distinctive apertural cross-sections resulting in different 
Wb/Wh ratios show significant differences between the two 
groups (Fig. 10). In summary, it can be verified with high 
probability that there are two groups in the population of 
S. (J.) reveliereanus from the upper lower Turonian strata of 
the Brießnitz Formation, and that these two groups, based 
on their morphological differences, represent macro- and 
microconchs of a veritably dimorphic ammonite species.

Conclusions
Systematic palaeontological and biometric-statistical analy-
ses (classical clustering and linear discriminant analysis) of 
statistically significant populations of three ammonite spe-
cies from the upper lower Turonian strata of the Brießnitz 
Formation (Saxonian Cretaceous Basin, eastern Germany), 
i.e., Lewesiceras peramplum (Mantell, 1822), Mammites no-
dosoides (Schlüter, 1871) and Spathites (Jeanrogericeras) 
reveliereanus (Courtiller, 1860), were used to evaluate the 
formerly just visually suspected hypothesis of a size di-
morphism among the taxa. Within the limitations of strati-
graphic resolution, the studied faunas can in fact be regarded 
as contemporaneous late early Turonian assemblages (ca. 
500 kyrs in duration) derived from a palaeobiogeographic 
entity (marly offshore deposits of the Brießnitz Formation 
from an area smaller than 100 km2). Similar morphologies 
of small specimens and the inner whorls of larger specimens 
suggest more-or-less similar early ontogenies.

However, only one of three species passed the statistical 
tests. Neither in M. nodosoides nor in L. peramplum can 
a dimorphism be proven. In both taxa, no further features 
can be recognised that differ significantly between the size 
groups. Furthermore, there seem to be intermediate forms 
and adulthood cannot unequivocally be proven due to the 
absence of mature modifications. Thus, a combination of 
large intraspecific variability and differential preservation 

that often led to incompletely preserved (i.e., small) spec-
imens dissembles dimorphic populations at a first glance. 
Our results do not necessarily exclude a sexual dimorphism 
in in M. nodosoides or L. peramplum. They just mean that it 
currently cannot be substantiated by our data.

On the other hand, the suspected hypothesis of a dimor-
phism in S. (J.) reveliereanus was confirmed by the statis-
tical analysis of numerous biometric parameters evaluated 
by different analytical methods. Not only the maximum di-
ameter, as possibly in M. nodosoides and L. peramplum, but 
also the distinct apertural cross-sections and shapes of the 
venter show significant differences between the statistically 
clearly separated two groups. Furthermore, a decline in or-
nament in fully grown macroconch specimens, regarded as 
a mature modification of the shell, demonstrates that the 
antidimorphs really differed in adult morphology. Thus, it 
can be confirmed with high probability that there are in fact 
two forms in the population of S. (J.) reveliereanus from 
the upper lower Turonian of Saxony, and that these two 
groups, based on their morphological differences, represent 
micro- and macroconchs (inferred males and females) of an 
evidently dimorphic ammonite species.

A final conclusion is that simple visual inspection is 
commonly insufficient for the reliable proof of dimorphism 
in ammonoids.
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