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Abstract. Representatives of the Late Devonian ammonoidat a single stage and (2) “longitudinal data”, in which each in-
family Cymaclymeniidae were studied for their conch on- dividual is measured multiple times during growth. Only the
togeny. Two methods were applied: (1) the analysis of classisecond class makes it possible to assess the individual vari-
cal morphometric conch parameters and (2) an outline analyability of ontogenetic allometry. Ammonoids can be regarded
sis of the aperture using elliptic Fourier analysis. Application as excellent study objects for the acquisition of “longitudinal
of both methods leads to similar results, allowing a separadata” (Korn, 2012).

tion of some of the species by means of their ontogenetic In the following we present a study on the morphologi-
pathways. The new speci®socymaclymenia ebbighauseni cal evolution of the family Cymaclymeniidae based on ma-
n. sp.,Cymaclymenia subvexa sp.,Cymaclymenia formosa terial from the Anti-Atlas of Morocco. Of the eight discrimi-

n. sp.,Cymaclymenia lambidia. sp.,Cymaclymenia carnata nated North African species of the family, six were analysed
n. sp.,Cymaclymenia aular. sp.,Cymaclymenia serotina. in terms of conch ontogeny using data acquired from conch
sp. andPostclymenia calceola. sp. are described in the sys- cross sections.

tematic part.

2 Allometric growth in ammonoids

Gould (1966), Klingenberg and Froese (1991) and Klingen-
berg (1996, 1998) reviewed the principles of allometry. Al-
The study of ontogeny is becoming more important to bio- lometry in the simplest form can be expressed by the power
logical research, particularly when combined with evolution- function
ary patterns. In this respect, the study of allometric growth_ _ = bx?,
(i.e. the deviation from equal proportions during growth) is
an important task for the study of life histories and func- wherey is a variable (e.g. the width of an ammonoid conch),
tional properties of many organisms. Huxley (1924, 1932)x the reference parameter (e.g. the diameter of an ammonoid
and Huxley and Teissier (1936) outlined the major princi- conch),b a constant for the calculation (e.g. the ratio be-
ples of allometry. The three levels of allometry (static, on- tween conch width and conch diameter) and the allometry
togenetic and phylogenetic allometry) were characterised byoefficienta measures the deviation from isometry. Values
Gould (1977), Cheverud (1982) and Klingenberg (1998). Ac-of a greater than 1 express positive allometry, and values of
cretionary growth of ammonoids with conservation of juve- a lower than 1 indicate negative allometry; they thus docu-
nile stages allows for the investigation of complete ontoge-ment different ontogenetic trajectories.ofandy. Isometry
netic transformations of conch geometry and is particularlyoccurs where = 1.
suitable for studying ontogenetic allometry (Korn, 2012). Ammonoids usually possess planispiral conchs with per-
Data for the study of ontogenetic allometry can be classi-fect bilateral symmetry. The study of their growth including
fied in two principal groups (Klingenberg, 1998): (1) “cross- data acquisition can best be achieved using high-precision
sectional data”, in which individual specimens are measurectross sections, i.e. cross sections meeting the protoconch (i.e.
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Figure 1. Modes of allometry expressed in ammonoid conchs, exemplified in the conch width index (CWI) of modelled and real ammonoids
(Korn, 2012).(A) Isometry (stable allometry coefficient= 1). (B) Monophasic linear allometry (stable « <1). (C) Monophasic non-

linear allometry (decreasing). (D) Biphasic linear allometry (succession of two different allometry coefficiafpt4E) Triphasic linear
allometry (succession of three different allometry coefficients(F) Triphasic non-linear allometry in the Early Carboniferous example
Cravenoceras leioBisat, 1930 (ontogenetically variable allometry coefficient

the initial chamber of the conch that coincides with the centreto those Palaeozoic ammonoids with moderately strong on-
of coiling) at its largest diameter. From such cross sectionsfogenetic changes of the conch. However, just this “medi-
two data sets can be obtained for each volution, meaningcrity” makesCymaclymenian interesting study object, be-
that growth increments of the conch spiral with a distance ofcause in this, some of the main principles of Palaeozoic am-
180 degrees can be studied. These growth increments are detonoid conch ontogeny can be investigated.
fined by the so-called Raupian conch parameters (Raup and
Michelson, 1965; Raup, 1966, 1967; Korn and Klug, 2003,
2007; Korn, 2010) as well as by the shape of the apertures Material
(e.g. Simon et al., 2010, 2011).

Palaeozoic ammonoids never show isometric growth. Lin-3.1  The family Cymaclymeniidae
ear allometry (i.e. growth with an invariable allometry con-
stanta) is also very rare. Instead allometric growth in am- Towards the end of the Devonian and shortly before the ex-
monoid conchs most frequently occurs not only with a dy- tinction of the majority of ammonoid lineages at the Hangen-
namica but also with uncoupled changesaoWith respectto  berg event, the clymeniid ammonoids are characterised by
the different conch parameters (Fig. 1). Three modes of ontoeccupation of a wide morphological spectrum. The morpho-
genetic allometry can be seen in ammonoids: (1) monophasitogical disparity of the clymeniids is expressed by a wide
allometry (which can be linear or non-linear), (2) biphasic al- range of conch morphology (from serpenticonic to discoidal
lometry and (3) triphasic or polyphasic allometry (Kullmann and globular shapes), suture lines (from extremely simple
and Scheuch, 1970; Kant, 1973). Each of the three cardiwith only one wide lateral lobe to rather complex with a num-
nal conch parameters — conch width index (CWI), umbili- ber of pointed lobes) and shell ornament (from absence of
cal width index (UWI) and whorl expansion rate (WER) — coarse ornament to ribs and spingsymaclymenishows,
may display allometric growth. The combination of the three in many respects, a morphology within the centre of the cly-
different modes of allometry expressed in the three conchmeniid morphospace.
parameters enables a large variety of ontogenetic trajectories Cymaclymenias the geographically most widespread of
realised within the Ammonoidea. all clymeniid genera with occurrences in a large num-

The Late DevoniarCymaclymenids, in its adult conch  ber of places in central Europe, Spain, Great Britain, the
geometry, a genus with a morphology that repeatedly occur§outh Urals, North Africa, Australia, etc.; it usually out-
during the evolutionary history of the Ammonoidea; it repre- numbers all of the other genera in the late Famennian am-
sents the average conch morphology with respect to the thremonoid assemblages. The gen@ymaclymeniacontains
cardinal conch parameters. Furthermore, the genus belongsbout 20 species (Korn and Ilg, 2007), which are mainly

separated be means of conch geometry and suture line
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Figure 2. Famennian biostratigraphy (based on Korn, 1999; Becker et al., 2002) with the approximate stratigraphic occurrences of the
cymaclymeniid species in the Anti-Atlas of Morocco (T., Tournaisian; Fr., Frasnian).

(Korn, 1981). Cymaclymeniids occur throughout the late Fa-The three genera&Cymaclymenia Procymaclymeniaand
mennian (Fig. 2), and the family provides rich study material. Postclymenieacan be separated on the basis of their suture
The evolutionary lineage of the cymaclymeniids was thelines (Fig. 4). Procymaclymeniaas the stratigraphically
only one among the clymeniids that survived the globaloldest genus, possesses a small, blunt and nearly symmetric

Hangenberg event near the Devonian—Carboniferous boundateral lobe, while the lateral lobe i€ymaclymeniais
ary (Korn et al., 2004), one of the most severe extinctionstrongly asymmetric and pointed on the ventral side. The
events for the Ammonoidea. However, these failed survivorsstratigraphically youngest geniostclymeniapossesses a
became extinct shortly after the event without descendants. very large, strongly asymmetric lateral lobe.
In the course of this project, we investigated eight species
of cymaclymeniids, which were collected in outcrops in the 3.2 Origin of the study material
Anti-Atlas of Morocco. A taxonomic revision of the species
will be provided in the descriptive part. Six of the following
species were studied (Fig. 3):
—Procymaclymenia ebbighausemisp.,
— Cymaclymenia subvexa sp.,
— Cymaclymenia formosa. sp.,
— Cymaclymenia lambidia. sp.,
— Cymaclymenia carnata. sp.,
— Cymaclymenia serotina. sp.,
— Cymaclymenia aular. sp.,
— Postclymenia calceola. sp.

All specimens of Cymaclymeniaand related genera, on
which this study is based, were collected in the eastern Anti-
Atlas of Morocco, which is known as a magnificent source of
study material for long timescales (e.g. Petter, 1959, 1960).
Marvellous outcrop conditions and good preservation of the
fossils in this region serve as excellent preconditions for such
a study. Furthermore, the palaeogeography (Wendt, 1985,
1988) and stratigraphy of the Famennian sedimentary suc-
cession (e.g. Korn, 1999; Becker et al., 2000, 2002) have
been intensely studied and form a framework for further,
more detailed investigations.
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Figure 3. Cross sections of the six analysed cymaclymeniid ammonoids from the Anti-Atlas of Morocco;1a8. (A) Procymacly-
menia ebbighausemi. sp., paratype MB.C.22639 (Korn 1998 Coll.) from Madéene el Mral8h.Cymaclymenia subvexa sp., paratype
MB.C.22675 (Wendt Coll.) from Bou IfarherioufC) Cymaclymenia formosa. sp., paratype MB.C.22649.3 (Korn 2009 Coll.) from
Lambidia (Aguelmous)(D) Cymaclymenia lambidia. sp., paratype MB.C.22632.3 (Korn 1998 Coll.) from Madéne el Mral&h.Cy-
maclymenia carnata. sp., holotype MB.C.22654 (Kullmann Coll.) from Lambidia (Aguelmoyg).Postclymenia calceola. sp., paratype
MB.C.9302.1 (Korn 2004 Coll.) from Lalla Mimouna.

The most important localities (Fig. 5), from tools. In the traditional morphometrics, multivariant statisti-
which the studied material derived, are as follows cal analyses using quantitative sets of variables (e.g. length,

(Appendix Table Al): width and height of distinct features) were applied. In the
— Ouidane Chebbi (Tafilalt Basin), late 1980s and early 1990s, a change began towards “geo-
— Bordj d’Erfoud, Bou Ifarherioun and El Atrous (Tafilalt metric morphometrics”, in which geometric structures under
Platform), interest were used for more complete analyses; these allowed
— Taourirt, Bou Tlidat, Lambidia and Madéne el Mrakib for a regression of statistical results in geometric structures
(Mader Basin), (Rohlf and Marcus, 1993; Adams et al., 2004; Mitteroecker
— Lalla Mimouna (Ma’der Platform). and Gunz, 2009). The most widespread among the methods

of geometric morphometrics is the analysis of landmarks and
outlines, as achieved in the Fourier analysis (for reviews, see
4 Methods MacLeod, 2002; Adams et al., 2004).

4.1 Principles of morphometrics 4.2 Data acquisition

Morphometrics is the quantitative description, analysis and':rom d|g|t|sed dra\_/vmgs_of conch (Cross ;ectlons, threg of

interpretation of form and form modification in the field of the basic conch d|menS|ons can |_mmed|atel_y _be obtained

biology. Bookstein (1991) characterised morphometrics agor each half volution (for a Qetallfad description of the

the science of covariance of biological form. The objects Ofparameters, see Korn, 2012) (Fig. 6):

morphometric studies are thus not the forms as such, but their . .

interrelationships, origins and causes. - conch dlame_ter (dm); for some calculations the log
The comparison of anatomical properties of organisms haglameter .(dm’g) Is used here,

been a central theme in biology for centuries. In the early whorl wu_jth (ww),

20th century the analysis of morphology became increas- whorl height (wh).

ingly quantitative (Bookstein, 1998), and the development . _ . . : .
gy g ( ) P Using these basic conch dimensions, secondary dimensions

of statistical methods such as the calculation of a correla-; b ted as follows:
tion coefficient (Pearson, 1895), variance analysis (Fisher,(In mm} can be computed as follows:
1935) and principal component analysis (PCA) (Pearson,

1901; Hotelling, 1933) led to a large number of analytical

Foss. Rec., 17, 132, 2014 www.foss-rec.net/17/1/2014/
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A — whorl width index (WWI)= ww/wh,
— whorl expansion rate (WER} (dmy/dmy)? or
[dm1/(dm; — ah)P (= squared quotient of the largest conch
E diameter and the conch diameter 180 degrees before).

A - : 4.3 Analysis of data

Outline tracing and Fourier analysis

2mm In the outline analysis in geometric morphometrics, as used

A - in the Fourier analysis, points along a contour are digitised

(Adams et al., 2004). For the analysis of conch cross sections,

we therefore produced outline images for each half whorl of

all growth stages larger than 1 mm conch diameter; the ear-
c : liest stages below 1 mm diameter were excluded because of
2mm ' the large impact of minor measurement error. Data collection

4 was done using the program tpsDig (Rohlf, 2006); we used

500 coordinates for each outline (Simon et al., 2010).

Fourier analysis is probably the most frequently used
method for outline analyses (Wills, 2001); for the analysis
of complex forms, the use of the elliptical Fourier analysis is

A required (Kuhl and Giardinia, 1982; Ferson et al., 1985; Tem-
ple, 1992; Crampton, 1995; Haines and Crampton, 2000).
The transformation of the outline data into periodical func-
A amm tions is here achieved by the programs hangle and hmatch, in
- which 22 Fourier coefficients were calculated (Simon et al.,
Figure 4. Suture lines of cymaclymeniid ammonoids from the 2010, 2011). Using these Fourier coefficients, the curves are
Anti-Atlas of Morocco.(A) Procymaclymenia ebbighausemisp.,  analysed by a principal component analysis (Adams et al.,
paratype MB.C.22620.1 (Ebbighausen and Korn 2009 Coll.) from2004).
Madéne el Mrakib; at 19.5mmdm, 8.8 mmwk,5.0. (B) Cy-
maclymenia subvexa. sp., paratype MB.C.22636.1 (Korn 1998
Coll.) from Madene el Mrakib; at 30.5mmdm, 13.8mmwh, 5 Results
x 3.75.(C) Cymaclymenia formosa. sp., paratype MB.C.22669.4
(Wendt Coll.) from Hamar Laghdad; at 40.5mmdm, 19.8mmwh, 51 Ontogenetic trajectories of the analysed species
x 2.5. (D) Cymaclymenia lambidia. sp., paratype MB.C.22677
(Wendt Coll.) from Aguelmous; at 39.3mmdm, 18.4mmwh, For the graphic visualisation of the ontogenetic trajectories,
x 2.5. (E) Postclymenia calceola. sp., holotype MB.C.22662.1 e produced diagrams that show the conch diameter on the
(Ebbighausen 2005 Coll.) from Lalla Mimouna; at 53.5mmdm, . ic (as log values according to the logarithmic growth of
23.4mmwh,x 2.0. ammonoid conchs) and the conch parameters (CWI, UWI
and WER) on they axis (Fig. 7 using the example &fy-
_ umbilical width (uw) = (dm—wh; —why) (= conch maclymenia IambidhaThese diagrams demonstrgte that the
diameter minus the whorl height of the last volution and the €onchs ofCymaclymenizand related genera deviate from
volution 180 degrees before), isometric growth (in which the_ paramet_ers would always
_ apertural height (ah}= (dm; — dmp) (= largest conch have the same vglue). Allometnc grow_th is thg r_ule, and the
diameter minus the conch diameter 180 degrees before). aIIomet.ry is no_n—llnear with the sepgratlon of dlstlnct_ phases.

The illustration of conch proportions and expansion rates

Conch proportions and expansion rates (growth rates) werd! bivariate plots (with the diameter of the conch on the

calculated in the following way by using the three basic * 2xiS) allows the detection of the following ontogenetic
conch dimensions (these are called conch parameters in tH&e"ds, which are shared by all investigated species of the
following): family Cymaclymeniidae:

_ conch width index (CWI= ww /dm, — All of the three' conch parameters CWI, UWI qnd
_ umbilical width index (UWI)= uw/dm or (dm — why — WER show aII_om_e_trlc development; the_ adult conchs differ
who)/dmy, more or less significantly from the juveniles. _
— Almost none of these parameters show linear allom-
etry; biphasic or triphasic ontogenetic trajectories are

www.foss-rec.net/17/1/2014/ Foss. Rec., 17322014
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Figure 5. Geological map of the eastern Anti-Atlas of Morocco with the most important localities of cymaclymeniid ammonoids.
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predominant. This means that the allometry coefficient
changes during ontogeny.

— CWI and UWI generally decrease during ontogeny;
however, the rates differ between the various species.

— In all species, the largest relative umbilical width
(UWI =0.35-0.50) occurs in the early juvenile stage be-
tween 2 and 4mm conch diameter. Thereafter the UWI
decreases in the intermediate stage; the adult stage is often
characterised by a stable UWI.

— The WER decreases in early ontogeny (to 1.80 at 2-3mm
conch diameter) and increases later in ontogeny.

In the general ontogenetic trend@®ymaclymeniand its rel-
atives resemble the majority of Palaeozoic ammonoids. The
investigated species share some common characters with re-
spect to their conch ontogeny, but they also show differences,
which allow for a separation (Table 1).

5.2 Morphological disparity of the metric conch
parameters

Figure 6. Conch dimensions, conch proportions and expansion-rhe morphometric data of the cardinal conch parameters
rates (growth rates) obtained from ammonoid conch cross sections(.CW| UWI, WER) of the cymaclymeniid conch cross sec-

Foss. Rec., 17, 132, 2014

tions were analysed using a principal component analysis
(PCA). In this analysis, only growth stages larger than 1 mm
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Figure 7. Ontogenetic trajectories of the four cardinal conch parameters conch width index={@WYdm), whorl width index
(WWI =ww/wh), umbilical width index (UWI= uw/dm) and whorl expansion rate (WER)@ymaclymenia lambidia

PC1 expresses 56.8% (negative values refer to a reduction
of the UWI and increasing WER values) of variation and
PC2 expresses 35.6 % (positive values refer to increasing
CWI values).

In the triangular morphospace of the Devonian ammonoids
(Korn and Klug, 2012), the growth stages of cymaclymeni-
ids cover only a relatively small area (Fig. 8). This means that
their juvenile and adult stages show a limited morphological
range when compared with extreme morphologies. All inves-
tigated specimens show a migration within the morphospace
with a loop in early ontogeny and later a migration along
the x axes from positive to negative values. The latter re-
flects a morphological development from widely umbilicate
juvenile conchs with a low aperture towards narrowly umbil-
icate, discoidal or pachyconic conchs with a higher aperture.

PC1 Differences between the genera and species are mainly ex-
pressed in the conch width index (expressed by variations in
Figure 8. Morphospace of cymaclymeniid specimens (grey dots) the y axis) and the timing of developmental events such as
in the .scatter plot Qf the flr.st two PCA axes. Three e.xamples OfChangeS in allometry.
Devonian ammonoids ranging in the corners of the triangular to- . . . .
The occupied areas of the six species display some over-

tal morphospace are showi#) Carinocerasas a slender, involute lap- a.cl - fth . ithin th ot
ammonoid with high aperturéB) Prolobitesas a globular, involute ap, aclear quaratlpn of the species within the scatter plotis
thus not possible (Fig. 9).

ammonoid with low aperture an(C) Phenacocerass a slender, - . ] ]
evolute ammonoid with low aperture. The studied species show different ontogenetic pathways

in the scatter plot of the PCA diagram, demonstrating the
most important differences in conch ontogeny:

were included. Add.itionally to the gymaclymeniigis, thregz — Cymaclymenia carnatis the widest form and therefore
extreme morphologies of the Devonian ammonoids are int55 4 position at the upper margin of the scatter plot with
cluded to point at the range and position of the cymacly-pjgh values in PC2Cymaclymenia lambidihas an interme-

meniids in the total morphospace (Fig. 8). The analysiSgiate position, and the four speci€ymaclymenia subvexa
used the correlation mode; of the three resulting PCA axes,

www.foss-rec.net/17/1/2014/ Foss. Rec., 17322014
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Table 1. Ontogenetic trajectories of the analysed species.

Cwi

uwi

WER

Procymaclymenia

ebbighausemn. sp.

biphasic: (1) decrease from 0.50
(2 mmadm) to 0.30 (4 mm);
(2) stable until 33 mmdm

biphasic: (1) increase from 0.30
(I mmadm) to 0.50 (3.5 mmdm);
(2) decrease to 0.23 at 33 mmdm

triphasic: (1) decrease from 2.20
(I mmdm) to 1.90 (2.5 mmdm);
(2) increase to 2.25 (16 mmdm);
(3) stable until 33 mmdm

Cymaclymenia
subvexan. sp.

biphasic: (1) decrease from
0.42-0.52 (1 mmdm) to 0.25—
0.40 (4 mmdm); (2) stable
until 50 mmdm

triphasic: (1) increase from 0.30
(I mmadm) to 0.45 (3mmdm);
(2) decrease to 0.20-0.35

(25 mmdm); (3) stable until

50 mmdm

triphasic: (1) decrease from 2.25

(I mmdm)to 1.75 (2.5 mmdm);

(2) continuous increase to 2.20-2.50
(20 mmdm); (3) slight decrease to
2.00-2.30 (50 mm dm)

Cymaclymenia
formosan. sp.

triphasic: (1) decrease from
0.42-0.52 (1 mmdm) to 0.30—
0.40 (4 mmdm); (2) stable until
30 mmdm; (3) slight decrease to
0.25-0.30 (55 mmdm)

triphasic: (1) increase from 0.30
(I mmdm) to 0.50 (3mmdm);
(2) decrease to 0.20-0.30

(25 mm dm); (3) stable until
55mmdm

triphasic: (1) decrease from 2.25
(Immdm) to 1.75 (2.5 mm dm);

(2) continuous increase to 2.25-2.50
(30mmdm); (3) slight decrease to
2.00-2.25 (55 mmdm)

Cymaclymenia
lambidian. sp.

monophasic (1) decrease from
0.45-0.55 (1 mmdm) to 0.35—
0.40 (60 mmdm)

triphasic: (1) increase from 0.35—
0.40 (1 mmdm) to 0.40-0.45
(3mmdm); (2) decrease to 0.20—
0.30 (26—30 mm dm); (3) stable
until 60 mmdm

biphasic: (1) decrease from 2.25
(I mmdm) to 1.80 (2 mmdm);
(2) continuous increase to 2.25
(60 mmdm)

Cymaclymenia
carnatan. sp.

biphasic: (1) increase from

0.50 (1 mmdm) to 0.60-0.70
(7mmdm); (2) decrease to 0.40
(48 mmdm)

triphasic: (1) stable juvenile
stage (UWI= 0.40 between 1
and 4 mmdm); (1) decrease to
0.20 (20 mm dm); (3) stable until
48 mmdm

biphasic: (1) decrease from 2.00

(I mmdm) to 1.80 (2.5 mmdm);

(2) continuous increase to 2.20-2.40
(48 mmdm)

Postclymenia
calceolan. sp.

biphasic: (1) rapid decrease
from 0.40 (1 mmdm) to 0.30
(2.7 mmdm); (2) nearly stable
until 42 mmdm

biphasic: (1) increase from 0.35
(I mmdm) to 0.45 (4 mmdm);
(2) slight decrease from 0.35—
0.45 (4.5mmdm) to 0.30-0.35
(42mmdm)

biphasic: (1) decrease from 2.30
(Immdm) to 1.80-2.10
(2.3mmdm); (2) nearly stable
until 42 mmdm

Cymaclymenia formosaProcymaclymenia ebbighauseni (Crampton, 1995; Haines and Crampton, 2000; Simon et al.,
and Postclymenia calceolare, because of their slender 2010). The analysis used the variation—covariation mode; of
conch width, at the lower margin (negative values in PC2). the resulting PCA axes, PC1 expresses 44.7 % of variation
— Procymaclymenia ebbighausenCymaclymenia sub- and PC2 expresses 19.6 %.

vexa as well asCymaclymenia formosshow very similar We illustrate a second morphospace based on a Fourier
ontogenetic pathways and cannot be separated from eadmalysis of the outline shapes with subsequent PCA (Fig. 10).
other. Postclymenia calceoldiffers from these species in In this diagram illustrating the first two axes of the PCA, all
the shortened ontogeny, which does not express the termintogenetic trajectories migrate along thaxes from posi-

nal, more narrowly umbilicate stage. Adult specimens oftive to negative values. It is striking that in juvenile and adult
Postclymenia calceolaccupy an area in the morphospace, stages, all species are plotted in similar areas, while the in-
which is typical for intermediate stages of the three speciesermediate stages show the largest differences between the
of Cymaclymenia species. Another striking fact is that the PCA scatter plots of
the morphometric data and the outline data closely resemble
each otherCymaclymenia carnathaas a position at the upper
margin of the occupied morphospace (e.g. with highest-

ues), followed downwards b€ymaclymenia lambidiaCy-

For a comparison with the results gained in the morphomeMmaclymenia formosaCymaclymenia subvex&rocymacly-

tric analysis, we achieved an alternative method for the demenia ebbighauserindPostclymenia calceojavhich have
piction of the morphological changes in conch ontogeny —a position at the lower margin of the morphospace (negative
the analysis of outline shapes in an elliptic Fourier analysisPC2 values).

5.3 Morphological disparity of outline shapes
(Fourier analysis)
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Figure 9. Ontogenetic pathways of six cymaclymeniid species in the morphospace calculated with morphome{Ag &ateymaclymenia
ebbighausenn. sp.,(B) Cymaclymenia subvexa sp.,(C) Cymaclymenia formosa. sp.,(D) Cymaclymenia lambidia. sp.,(E) Cymacly-
menia carnatan. sp. andF) Postclymenia calceola. sp.

0.3 6 Discussion
® all specimens
02 % o ¢ 6.1 Characters for the separation of species
. N [ ] PY
[ —®
/‘o/' The studied conch parameters CWI, WWI, UWI and WER
0.1 - ;‘ &‘” ® allow for a clear separation of cymaclymeniid species (for the
° ;‘;'. ° .’ 'y < dimensions and conch proportions, see Appendix Table A2).
N % ey’ This is confirmed by very similar results gained by the anal-
" o° \’Qo 0, O0° ysis of the metric data and the Fourier data. The analysis of
e the metric data allows for a separation of five of the species.
LS SO TR0 o3 : : . :
0.1 - e® 0o % Procymaclymenia ebbighause@ymaclymenia subvexad
e ® Cymaclymenia formosare morphologically very similar and
0.2 - - e _ therefore hardly separable by morphometric data. A separa-
@ (ot R G O e ] tion of these species is mainly possible by the suture line
® Cymaclymenia carnata O Cymaclymenia subvexa .
® Cymaclymenia lambidia ® Procymaclymenia ebbighauseni (Flg- 4)-
-0.3 - ' ' : : Cymaclymenia carnatand Cymaclymenia lambidiaan
0.3 0.2 0.1 0 0.1 0.2 0.3

be separated from the four speciégmaclymenia formosa
PC1 Cymaclymenia subvex& lymenia ebbighause
ymaclymenia subvex®rocymaclymenia ebbighausess
Figure 10. Ontogenetic pathways of six cymaclymeniid species in Well as Postclymenia calceoldy the conch width index
the morphospace calculated by data using an elliptical Fourier anal{CW!I or ww /dm). Postclymenia calceolaan easily be sep-
ysis of cross-section shapes. arated fromCymaclymenia formosandCymaclymenia sub-
vexahecausePostclymenia calceolé the only one of the
analysed species that is widely umbilicate throughout on-
togeny.Cymaclymenia formosand Cymaclymenia subvexa
can probably not be separated by means of outline analysis.
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6.2 Ontogenetic and phylogenetic implications

C. Klein and D. Korn: A morphometric approach to conch ontogeny ofCymaclymenia

The regions from which species dfymaclymeniaand
related genera have been described are listed RereRro-

The three analysed cymaclymeniid genera have a succesymaclymeniaC.: CymaclymeniaLam: Laminoclymenia
sive stratigraphic occurrence, but this criterion alone doed-ag.: Laganoclymeniar.: RodachiaPo.: Postclymenig
not mean that they represent a phyletic lineage. According

to the increasing complexity of the suture lines, however, it— Cornwall (England): C. quadrifera (McCoy, 1851),

may be postulated that a general lineage fidracymacly-
meniaover Cymaclymeniand finally Postclymenids most

C. sagittalis(McCoy, 1851),C. constrictaSelwood, 1960,
C. globosaSelwood, 1960;

plausible. However, closer relationships between the anal— Cantabrian Mountains (SpairQ. cyrtostriata(Kullmann,
ysed species cannot be solved here. As we analysed materia960);

from the Anti-Atlas of Morocco only, possible immigrations — Rhenish Mountains (Germanyg. costata(Wedekind,
from other regions may have contributed to the evolution 0f1908),C. cordataWedekind, 1914C. serpentinaSchmidt,

the lineage.

1924,Po. evolutaSchmidt, 1924C. involvend_ange, 1929,

All investigated species are characterised by very similarP. euryomphalgSchindewolf, 1937)C. warsteinensi&orn,
ontogenetic trajectories; differences can be seen mainly ill979,C. nephroide«orn, 1981,C. nigraKorn, 1991,

the conch width index (CWI) of the three spect@égmacly-
menia carnataCymaclymenia lambidiand Cymaclymenia
subvexaThe latterCymaclymenia formosandProcymacly-

— Thuringia (Germany)C. interpres(Schindewolf, 1923);
— Franconia (Germany)C. costellata(Minster, 1832)C.
plana (Minster, 1832)C. semistriata(Munster, 1832)C.

menia ebbighausenilo not differ in this respect. This means striata (Miinster, 1832) R. dorsocostatgMtnster, 1840),

that, if Cymaclymeniais derived fromProcymaclymenia

C. dorsonodos@Munster, 1842)C. camerataSchindewolf,

changes in the ontogenetic trajectories are not traceable antB23;
thus not valuable for phylogeny. The two genera are sepa— Lower Silesia (Poland)C. silesiaca(Renz, 1914),C.

rated by their suture line, which i@ymaclymenias more
derived with a strongly asymmetric, pointed lateral lobe.
Postclymenia calceolathe stratigraphically youngest
species, shows a similar CWI likeymaclymenia formosa
and Procymaclymenia ebbighausebut does not reach the
narrowly umbilicate adult stage like the genaZgmacly-
meniaandProcymaclymenignstead it remains in the widely

sudetica(Renz, 1914);

— Holy Cross Mountains (PolandfC. patula Czarnocki,
1989, Pr. pudica(Czarnocki, 1989)C. sulcataCzarnocki,
1989, Pr. fundilobata (Czarnocki, 1989), Pr. inflata
(Czarnocki, 1989);

— South Urals (Russia)C. barbarae(Loewinson-Lessing,
1892), C. crenata (Nikolaeva and Bogoslovsky, 2005),

umbilicate stage characteristic of specimens of intermediaté&e. decorataNikolaeva and Bogoslovsky, 200%;. fabra
size of the other two genera. This shortening of morpholog-Nikolaeva and Bogoslovsky, 200%;. pseudocompressa
ical development by the loss of the adult stage, but by main-Nikolaeva and Bogoslovsky, 2006ag. levisBogoslovsky,
tenance of size, can be regarded as a heterochronic proce$879, Lam. aktubensis\ikolaeva and Bogoslovsky, 2005,
leading to neoteny (McNamara, 1986). An ontogenetic recalLam. kiensiNikolaeva and Bogoslovsky, 2005;

pitulation of phylogeny is thus not present in this case. — Karaganda (Kazakhstan)C. medoevi (Bogoslovsky,
1979),C. subcompressiikolaeva and Bogoslovsky, 2005;

— Semipalatinsk (Kazakhstanpr. tuberculata (Nikolaeva
and Bogoslovsky, 2005);

— South China:C. aurita Sun and Shen, 1965;. chaoi
Sun and Shen, 196%;. spiralia Sun and Shen, 196%;.
Cymaclymeniais one of the most widespread clymeniid parinvolvensRuan and He, 1974;

genera and often occurs in large numbers of individuals. It— New South Wales (Australia:. borahensi®ickett, 1960;

is thus an important genus for the investigation of provin-

cialism and cosmopolitism. However, before detailed globalThe long list demonstrates the diversity and widespread ge-
comparison can be made, it is important to answer theographic occurrence of the family Cymaclymeniidae. How-

7 Systematic descriptions (D. Korn)

following questions:

— How many species dfymaclymenigand closely related
genera) are possibly represented in existing collections?

— What are the geographic ranges of the various species?

ever, many of the species are described from insufficient ma-
terial, often lacking information about ontogeny or details
of shell ornament or suture line. A number of the erected
species may be synonyms.

In the course of a revision of the cymaclymeniid am-

— Does provincialism or cosmopolitism dominate the geo-monoids from Morocco, it became obvious that there is gen-

graphic distribution?

eral similarity with species from other regions, but that a de-

— Are trends in the morphological evolution within the tailed investigation with the increase of the number of char-
Cymaclymeniidae parallel in the various occurrences? acters revealed morphological differences. These differences
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Figure 11. Procymaclymenia ebbighausemisp. from the Anti-Atlas of Morocco; ak 1.0.(A) Paratype MB.C.22619.1 (Ebbighausen and
Korn 2009 Coll.) from Madéne el Mrakil{B) MB.C.22621.1 (Ebbighausen and Korn 2009 Coll.) from Madéne el Mrd¢&ipParatype
MB.C.22665.1 (Korn 1995 Coll.) from El AtrouéD) Paratype MB.C.22665.2 (Korn 1995 Coll.) from El Atro(is) Paratype MB.C.22620.2
(Ebbighausen and Korn 2009 Coll.) from Madéene el Mrai#).Paratype MB.C.22620.1 (Ebbighausen and Korn 2009 Coll.) from Madene
el Mrakib. (G) Paratype MB.C.22622.1 (Ebbighausen and Korn 2009 Coll.) from Madéne el Mrakib.

are used here to separate the North African material with théweenGenuclymenigwith widely rounded lateral lobe) and

consequence of describing new species.
A total of 1100 specimens dfymaclymeniand related
genera from various localities in the Anti-Atlas of Morocco

Cymaclymenigwith acute lateral lobe).
The genus has a much more restricted geographic occur-
rence thanCymaclymeniaRecords are so far only known

form the basis for the systematic description below. The enfrom the Holy Cross Mountains (Czarnocki, 1989), the South

tire material is stored in the collection of the Museum fir
Naturkunde Berlin (MB.C. number prefixes). The descrip-

Urals (Nikolaeva and Bogoslovsky, 2005) and North Africa.

tion follows the scheme proposed by Korn (2010) for Car- Procymaclymenia ebbighauseni. sp.

boniferous ammonoids.

Order Clymeniida Hyatt, 1884

Suborder Cyrtoclymeniina Korn, 2002
Superfamily Cyrtoclymeniaceae Hyatt, 1884
Family Cymaclymeniidae Hyatt, 1884

Procymaclymeni&orn, 2002

Type speciesCymaclymenia inflat&€zarnocki, 1989, p. 67 (orig-
inal designation (Korn in Korn and Klug, 2002, p. 220); nay-
maclymenia fundifer&Czarnocki, 1989” as erroneously stated on
p. 280).

Genus definition: Genus of the Cymaclymeniidae with blunt,
slightly asymmetric lateral lobe.

DiscussionProcymaclymenid a genus that closely resem-
bles Cymaclymenian conch shape, but differs in the less
developed lateral lobe. While this lobe @ymaclymenias

Figures 11 and 12

1960Cymaclymenia striata— Petter, p. 47, pl. 8, figs. 3, 5, 11, 14.
1999Cymaclymeniap. — Korn, p. 170, pl. 4, fig. 6.
2002Cymaclymenia pudica- Becker et al., p. 171, pl. 4, figs. 4, 5.

Derivation of name: In honour of Volker Ebbighausen (1940-2011),
for his contribution to the palaeontology of the Anti-Atlas of Mo-
rocco.

Holotype: Specimen MB.C.22621.1 (Ebbighausen and Korn 2009
Coll.); illustrated here in Fig. 11b.

Type locality and horizon: Madene el Mrakib (Anti-Atla$)rocy-
maclymeniaeds (late Famennian).

Material: 252 specimens with a maximum conch diameter of
45 mm.

Diagnosis: Species oProcymaclymeniawith thinly discoidal
conch in the adult stage (ww/dm0.28); whorl cross section
compressed (ww/wk 0.60). Conch shape in the intermediate

strongly asymmetric and pointed at the ventral side, it is lesstage (10 mm dm) thinly discoidal and subevolute (ww €t 30;

asymmetric irProcymaclymeniand does not show the acute

uw /dm=0.32). Umbilical wall steep in the adult stage, flanks sub-

ventral side. The genus has thus an intermediate position bgsarallel, venter rounded or slightly flattened and separated from the

www.foss-rec.net/17/1/2014/
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Figure 12. Cross sectionsA-E; all x 1.5) and ontogenetic trajectori¢b—I) of Procymaclymenia ebbighauseni sp. from Madéne
el Mrakib (Anti-Atlas of Morocco).(A) Paratype MB.C.22619.2 (Ebbighausen and Korn 2009 CdR). Paratype MB.C.22619.4
(Ebbighausen and Korn 2009 Coll(C) Paratype MB.C.22639 (Korn 1998 Coll(D) Paratype MB.C.22619.5 (Ebbighausen and Korn
2009 Coll.).(E) Paratype MB.C.22619.3 (Ebbighausen and Korn CdlF).Conch width index (ww/dm)(G) Umbilical width index
(ww /wh). (H) Whorl width index (uw/dm)(l) Whorl expansion rate (WER).

Table 2. Conch ontogeny dProcymaclymenia ebbighausemisp. from the Anti-Atlas of Morocco.

dm Conch shape Whorl cross-section shape Whorl expansion
2mm thinly discoidal; subevolute weakly depressed; weakly embracing moderate
(ww/dm~ 0.38; uw/dm= 0.40-0.45) (ww/wh = 1.00-1.25; IZR~ 0.10) (WER~ 1.90)
6 mm thinly discoidal; subevolute weakly compressed; weakly embracing high
(ww/dm~ 0.30; uw/dm= 0.40-0.45) (ww/wh ~ 0.85; IZR~ 0.20) (WER ~ 2.05)
15mm thinly discoidal; subinvolute weakly compressed; weakly embracing high
(ww/dm~ 0.28; uw/dnr 0.28) (ww/wh ~ 0.62; IZR~ 0.28) (WER~ 2.20)
30mm thinly discoidal; subinvolute weakly compressed; weakly embracing high
(ww/dm~ 0.28; uw/dnr 0.24) (ww/wh ~ 0.60; IZR= 0.25-0.35) (WER~ 2.20)

flanks by a subangular margin. Ornament with very fine biconvexits lowest occurrences immediately below the oldest horizon
growth lines, steinkern without constrictions. with “Sporadoceras orbiculate

Discussion:Procymaclymenia ebbighausediifers from P.

inflata (Czarnocki, 1989) and. pudica(Czarnocki, 1989) CymaclymenieHyatt, 1884

from the Holy Cross Mountains in the smooth steinkern,

which in the other two species displays strong constrictions.Type speciesClymenia striataMunster, 1843, p.11 (original desig-
Furthermore, the other two species possess riblets around thgtion).

umbilicus, which are very faint i?. ebbighauseni Genus definition: Genus of the Cymaclymeniidae with pointed,

The new species was utilised by Becker et al. (2002) asstrongly asymmetric lateral lobe. Course of the growth-lines
an index for the Cymaclymenia pudicZone”, which has  piconvex.

a position between thePlatyclymenia annulat@Zone” and . . . L
Discussion:Cymaclymenids one of the most species-rich

the “Sporadoceras orbicular@one”. The authors provide . d )
’ P Devonian ammonoid genera; Korn and Klug (2002) listed

a list of co-occurring species, predominantly platyclymeni- ) - .
ids and prionoceratids. Recent bed-by-bed research, howt0 species within the genus, of which several were regarded

ever, has demonstrated tHtocymaclymenia ebbighauseni as synonymous. A further seven new species were added by
occurs higher in the section than postulated by Becker e{\llkolaeva and Bogoslovsky (2005) ©ymaclymeniabut

al. (2002); a co-occurrence of typical species of aty- tFtwee of tlhese can be reg'arded daz ptrr? bably ?ﬁ Iongl_lrjrg]]. o
clymenia annulataZone andP. ebbighausendoes not ex- rocymaclymeniaa genus ignored by these authors. This

ist. In the section at Madéne el MrakiB, ebbighausertias large amount of morp_hologlcally_smllar fo_rms is an obsta-
cle for a clear separation of species, of which only few have

been described including the conch ontogeny. Furthermore,
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Figure 13. Cymaclymenia subvexa sp. from the Anti-Atlas of Morocco; alk 1.0.(A) Holotype MB.C.22658 (Riicklin 2003 Coll.) from
Bou Ifarherioun.(B) Paratype MB.C.22636.1 (Korn 1998 Coll.) from Madene el Mrak@). Paratype MB.C.22656.1 (Korn 1993 Coll.)
from Bou Tchrafine(D) Paratype MB.C.22656.2 (Korn 1993 Coll.) from Bou Tchrafi(i€). Paratype MB.C.22691.1 (Ebbighausen 1988
Coll.) from Fezzou(F) Paratype MB.C.22691.2 (Ebbighausen 1988 Coll.) from FezguParatype MB.C.22691.3 (Ebbighausen 1988
Coll.) from Fezzou(H) Paratype MB.C.22689.1 (Ebbighausen 1988 Coll.) from Fezzou.

the precise stratigraphic occurrence is not known for manyDerivation of name: After Latsubvexus-a, -um (adj.) = oblique,
species for which, if at all, only the stage is known. because of the shape of the umbilical wall.
. The mat(?r.lal ofCymaclymenidrom Morocco and Alge- Holotype: Specimen MB.C.22658 (Rucklin 2003 Coll.); illustrated
ria has traditionally (e.g. Petter, 1960; Korn, 1999; Becker et . i1 Fig. 13

. . . ) g. 13a.
al., 2002) been assigned to species previously described from
central Europe (e.g. Franconia, Rhenish Mountains). In factyPe locality and horizon: Bou Ifarherioun 17 km south of Rissani;
there is some resemblance, but at the same time there are dffonioclymeniaAssemblage (late Famennian).
ferences when well-preserved material is studied and commaterial: 383 specimens with a maximum conch diameter
pared. Generally it appears that the material from the Anti-of 50 mm.

étlas has a Wea_lker S?ﬁ‘” (();pfament When cor::pared V\;Ith thEiagnosis: Species @ymaclymeniavith thinly discoidal conch in
uropean Species, while differences in conch geometry an e adult stage (ww/dre 0.30-0.35); whorl cross section weakly

suture lines are only minor. The differences in shell Oma'compressed (ww/wh= 0.65). Conch shape in the intermediate

ment_ are gsgd here as a criltt_erlon for the Separat_lpn of ne\gtage (20 mm dm) thinly discoidal and subevolute (ww /€r.32;
species within the genus, giving the cymaclymeniid faunas

f North Afri tic ch X taini demi uw/dm = 0.32). Umbilical wall oblique in the adult stage, flanks
srgg::iesor fica an exolic character containing endemic moderately converging, venter narrowly rounded. Ornament with

. ery fine biconvex growth lines and with weak riblets on the flank.
A concept of largely endemic faunas has been useal y g

by Nikolaeva and Bogoslovsky (2005), who besides us_Discgssion:Cymaclymen.ia subvexis one of the sIender_
ing names from central European species, named four nePecies of the genus. It differs from many of the other species

Species from the South Urals and central Kazakhstan. in the presence of riblets on the inner flanks. Of the Uralian
speciesC. decorataNikolaeva and Bogoslovsky, 2005 has

even stronger and sharper riblets abdcrenataNikolaeva

and Bogoslovsky, 2005 has a rather blunt lateral lobe as well
as a stronger biconvex course of the growth litkssilesiaca
(Renz, 1914) from Silesia possesses steinkern constrictions
1960 Cymaclymenia striata- Petter, p. 47, pl. 7, figs. 16, 17, 19, at the end of growth.

pl. 8, figs. 1, 4, 13.

1999Cymaclymenia cordata- Korn, p. 170, pl. 4, fig. 5.

Cymaclymenia subvexa. sp.
Figures 13 and 14
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Figure 14. Cross sectionsAl; all x 1.5) and ontogenetic trajectorié3-M) of Cymaclymenia subvexa sp. from the Anti-Atlas of
Morocco.(A) Paratype MB.C.22647.1 (Korn 2009 Coll.) from Madene el Mraii). Paratype MB.C.22686.1 (Wendt Coll.) from Khorb
et Attil. (C) Paratype MB.C.22675 (Wendt Coll.) from Bou Ifarherioyb) Paratype MB.C.22636.2 (Korn 1998 Coll.) from Madéne el
Mrakib. (E) Paratype MB.C.22682 (Wendt Coll.) from Taour({ift) Paratype MB.C.22686.2 (Wendt Coll.) from Khorb et A{{E) Paratype
MB.C.22683.1 (Wendt Coll.) from TaourirfH) Paratype MB.C.22684.1 (Wendt Coll.) from Taour{ft). Paratype MB.C.22636.3 (Korn
1998 Coll.) from Madéne el Mrakik(J) Conch width index (ww/dm)(K) Umbilical width index (ww/wh).(L) Whorl width index

(uw/dm).(M) Whorl expansion rate (WER).

Table 3.Conch ontogeny o€ymaclymenia subvexa sp. from the Anti-Atlas of Morocco.

dm Conch shape

Whorl cross-section shape

Whorl expansion

2mm thinly discoidal; subevolute
(ww/dm = 0.35-0.40; uw/dm= 0.40-0.45)

weakly depressed; weakly embracing
(ww/wh = 1.00-1.25; IZR~ 0.10)

moderate to high
(WER = 1.85-2.05)

6 mm thinly discoidal; subevolute weakly compressed; weakly embracing moderate
(ww/dm~ 0.30; uw/dm= 0.40-0.45) (ww/wh ~ 0.90; IZR~ 0.20) (WER ~ 1.95)
15mm thinly discoidal; subinvolute weakly compressed; weakly embracing very high

(ww/dm= 0.30-0.35; uw/dm= 0.25-0.30)

(ww/wh ~ 0.70; IZR= 0.25-0.30)

(WER = 2.25-2.40)

40mm thinly discoidal; subinvolute
(ww/dm= 0.30-0.35; uw/dm= 0.20-0.25)

weakly compressed; weakly embracing
(ww/wh ~ 0.65; IZR= 0.25-0.35)

high to very high
(WER = 2.20-2.30)

Foss. Rec., 17, 132, 2014
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C. Klein and D. Korn: A morphometric approach to conch ontogeny of Cymaclymenia 15

Figure 15. Cymaclymenia formosa. sp. from the Anti-Atlas of Morocco; atk 1.0.(A) Holotype MB.C.22609.1 (Korn 1995 Coll.) from

Erfoud.(B) Paratype MB.C.22669.1 (Wendt Coll.) from Hamar Laghd&).Paratype MB.C.22669.2 (Wendt Coll.) from Hamar Laghdad.
(D) Paratype MB.C.22669.3 (Wendt Coll.) from Hamar Laghd&.Paratype MB.C.22649.1 (Korn 2009 Coll.) from Lambidia (Aguel-
mous).(F) Paratype MB.C.22649.2 (Korn 2009 Coll.) from Lambidia (Aguelmo(G).Paratype MB.C.22669.4 (Wendt Coll.) from Hamar

Laghdad.

The new species resemblesProcymaclymenia
ebbighauseniand Cymaclymenia formosan conch ge-
ometry and ontogenyP. ebbighausenis easily separable
by the suture line (blunt inP. ebbighausenipointed in
C. subvexp but the differences withC. formosaare less

www.foss-rec.net/17/1/2014/

obvious. The two species can best be separated by the form
of the umbilical wall, which is oblique itC. subvexgwith

an inclination of about 45 but steep inC. formosa C.
serotinalacks the flank riblets of. subvexa

Foss. Rec., 17392014
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Table 4. Conch ontogeny o€ymaclymenia formosa sp. from the Anti-Atlas of Morocco.

dm Conch shape Whorl cross-section shape Whorl expansion
2mm thinly discoidal; subevolute to evolute weakly depressed; weakly embracing moderate to high
(ww/dm= 0.35-0.40; uw/dm= 0.40-0.50) (ww/wh = 1.00-1.25; IZR~ 0.10) (WER = 1.75-2.10)
6 mm thinly discoidal; subevolute weakly compressed; weakly embracing moderate to high
(ww/dm= 0.30-0.35; uw/dm= 0.40-0.45) (ww/wh = 0.80-1.00; IZR~ 0.20) (WER = 1.95-2.15)
15mm thinly discoidal; subinvolute weakly compressed; weakly embracing high to very high
(ww/dm= 0.30-0.35; uw/dm= 0.20-0.30) (ww/wh ~ 0.75; IZR= 0.25-0.30) (WER = 2.10-2.40)
40 mm thinly discoidal; subinvolute weakly compressed; weakly embracing high to very high

(ww/dm = 0.25-0.35; uw/dm= 0.20-0.30)

(ww/wh ~ 0.65; IZR= 0.25-0.35)

(WER = 2.10-2.40)

Cymaclymenia formosa. sp.
Figures 15 and 16

1999Cymaclymenia striata- Korn, p. 170, pl. 4, fig. 1.
1999Cymaclymenia costellata: Korn, p. 170, pl. 4, fig. 2.
2002Cymaclymenia involvens Becker et al., p. 165.

Derivation of name: After Latformosus -a, -um (adj.) = pretty;
because of the delicate ornament of the species.

Holotype: Specimen MB.C.22609.1 (Korn 1995 Coll.); illustrated
here in Fig. 15a.

Type locality and horizon: Erfoud (Anti-Atlas), immediately east of
the Muslim cemetery on the eastern side of the Ziz Valley;
50 of Korn (1999),Parawocklumeria paradox&ssemblage (late
Famennian).

Material: 267 specimens with a maximum conch diameter of

60 mm.

Diagnosis: Species @ymaclymeniavith thinly discoidal conch in
the adult stage (ww/drs 0.30-0.35); whorl cross section weakly
compressed (ww/wh= 0.65). Conch shape in the intermediate
stage (10 mm dm) thinly discoidal and subevolute (ww /€19.35;

conch,C. formosashows a clear triphasic ontogeny of the
ww /dm ratio with a very slender juvenile stage (ww/e&m
0.30-0.35 at 6 mmdm). The inner whorls are stoute€in
costellata(ww /dm = 0.40-0.45 at 6 mm dm) (Fig. 19). Fur-
thermore,C. costellatashows adult modifications such as a
slightly tabulated venter and a deep terminal steinkern con-
striction.

C. formosadiffers from C. subvexdrom the Anti-Atlas
in the nearly parallel flanks in the adult stage, whichCn
subvexaconverge more strongly towards the narrow venter.
FurthermoreC. subvexahas a more slender juvenile conch
at 4 mm diameter (ww/dmy 0.34 inC. formosabut ~ 0.30

bed 49N C. subvexa The best criterion for the separation of the

species is the form of the umbilical wall, which@ formosa
is steep, but oblique i€. subvexgabout 48). C. serotina
differs fromC. formosan the almost smooth shell surface.

C. subcompresddikolaeva and Bogoslovsky, 2005 a@d
pseudocompresddikolaeva and Bogoslovsky, 2005 have a
similar shape, but the first species has an almost smooth shell
and the second has lamellar growth lines, much coarser than
in C. formosa

uw/dm= 0.30-0.35). Umbilical wall steep in the adult stage, flanks C.ymaclymenia lambidian. sp.
weakly converging, venter rounded. Orament with fine biconvexFigures 20 and 21

growth lines, without riblets.

Discussion: The new species closely resemi@esstriata

1960Cymaclymenia involvens Petter, p. 47, pl. 7, fig. 20, 21, 23,
pl. 8, fig. 6, 8-10.

(Munster, 1832), which has a similar conch geometry and1999Cymaclymenia involvens Korn, p. 170, pl. 4, fig. 3, 4.

ornament.C. semistriataMinster (1832) is another simi-

2002Cymaclymenia involvens Becker et al., p. 165, 173.

lar and possibly separate species; it shows strong constriqyerivation of name: After the geographic region Lambidia in the

tions on the internal mould, which appear to be absef.in

striata. C. striatais characterised by very coarse, lamellose Holotype: Specimen MB.C.22632.1 (Korn 1998 Coll);

Ma'der Basin.

illustrated

growth lines, which are arranged in equal distances of aboufere in Fig. 20a.

0.5mm on the outer flanks (topotype specimen MB.C.4173
from Schiibelhammer) (Fig. 17). In contrast the growth lines

are much finer irC. formosaand stand in distances of about
0.25mm. The steinkern constrictions, characteristicCof
semistriataare absent il€. formosa

Another similar species i€. costellata(Mlnster, 1832)

Type locality and horizon: Madene el Mrakib; 0-5m below
Hangenberg Black Shale, probabBarawocklumeria paradoxa
Assemblage (late Famennian).

Material: 128 specimens with a maximum conch diameter of
65 mm.

(Fig. 18), but this species possesses riblets on the inner
flanks. More differences can be seen in the ontogeny of the

Foss. Rec., 17, 132, 2014 www.foss-rec.net/17/1/2014/
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Figure 16. Cross sectionsA-D; all x 1.5) and ontogenetic trajectorié—H) of Cymaclymenia formosa. sp. from the Anti-Atlas of
Morocco. (A) Paratype MB.C.22649.3 (Korn 2009 Coll.) from Lambid{B) Paratype MB.C.22646.1 (Korn 2009 Coll.) from Madéne
el Mrakib. (C) Paratype MB.C.22646.2 (Korn 2009 Coll.) from Madéne el Mraki®). Paratype MB.C.22646.3 (Korn 2009 Coll.) from
Madene el Mrakib(E) Conch width index (ww/dm)(F) Umbilical width index (ww/wh).(G) Whorl width index (uw/dm)(H) Whorl
expansion rate (WER).
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Figure 17.Topotypes ofcymaclymenia striatéMiinster, 1832) from Schiibelhammer (Upper Franconia, Germany);al.(A) Specimen
MB.C.4184 (Minster Coll.)(B) Specimen MB.C.4195 (Minster Coll(C) Specimen MB.C.4173 (Minster Coll.).
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@

Figure 18. Cymaclymenia costellagMinster, 1832) from the Rhenish Mountains (Germany)xall.0.(A) Specimen MB.C.22692 (Korn
1974 Coll.) from Reigern(B) Specimen MB.C.4179 (Denckmann 1900 Coll.) from Wettmar@&hSpecimen MB.C.22695.1 (Korn 1977
Coll.) from Oberrédinghause(D) Specimen MB.C.22700 (Schindewolf 1931 Coll.) from Hauern near BraEx®pecimen MB.C.22697
(Korn 1987 Coll.) from Effenberg(F) Specimen MB.C.4185 (Lotz and Denckmann 1900 Coll.) from Langenholtha(SgiSpecimen
MB.C.22701 (Denckmann 1895 Coll.) from Hauefid) Specimen MB.C.4202.2 (purchased 1903) from Hau@rispecimen MB.C.4202.1
(purchased 1903) from Hauern.

Diagnosis: Species @ymaclymeniavith thinly discoidal conchin  bidia. Only few of the described species reach the adult
the adult stage (ww/dre: 0.35-0.40); whorl cross section weakly ww/dm ratio of 0.35.

compressed (ww/wk= 0.80-1.00). Conch shape in the intermedi- ~ Specimens belonging to this new species have usually
ate stage (10 mm dm) thickly discoidal and subevolute (wwAdm  been assigned t6ymaclymenia involverisange, 1929. In-
0.50; uw/dm= 0.30-0.35). Umbilical wall steep in the adult stage, deed this species is very similar in conch shape (Fig. 22),
flanks moderately converging, venter broadly rounded. Ornamenand differences are mainly expressed in shell ornament.
with fine biconvex growth lines, without riblets. Two specimens from Wocklum are available from the
type material ofC. involvens (1) the smaller holotype
MB.C.3695 (27 mmdm), which is fairly well preserved with

a rather coarse shell ornament, and (2) the larger paratype

Discussion:Cymaclymenia lambidid®elongs to the stouter
species of the genus and is by this character separated fro
most of the other species such as the co-occur@ngam-

Foss. Rec., 17, 132, 2014 www.foss-rec.net/17/1/2014/
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Figure 19.Cross sectionsX-D; all x 1.5) and ontogenetic trajectorifs—H) of Cymaclymenia costellai@itnster, 1832) from the Rhenish
Mountains of GermanyA) Specimen MB.C.22693 (Korn 1975 Coll.) from ReigetB) Specimen MB.C.22694 (Korn 1974 Coll.) from
Reigern.(C) Specimen MB.C.22695.2 (Korn 1977 Coll.) from Oberrédinghaug@h Specimen MB.C.22695.3 (Korn 1977 Coll.) from
OberrdédinghauserfE) Conch width index (ww/dm)(F) Umbilical width index (ww/wh).(G) Whorl width index (uw/dm)(H) Whorl
expansion rate (WER).

:

Figure 20. Cymaclymenia lambidia. sp. from the Anti-Atlas of Morocco; alk 1.0.(A) Holotype MB.C.22632.1 (Korn 1998 Coll.) from

Madene el Mrakib(B) Paratype MB.C.22632.2 (Korn 1998 Coll.) from Madéne el Mrai@®). Paratype MB.C.22604.1 (Korn 1995 Coll.)
from Erfoud. (D) Paratype MB.C.22604.2 (Korn 1995 Coll.) from Erfo) Paratype MB.C.22604.3 (Korn 1995 Coll.) from Erfoud.
(F) Paratype MB.C.22677 (Wendt Coll.) from Aguelmous.
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Figure 21. Cross sectionsA-l; all x 1.5) and ontogenetic trajectorié3-M) of Cymaclymenia lambidia. sp. from the Anti-Atlas of
Morocco. (A) Paratype MB.C.22632.3 (Korn 1998 Coll.) from Madéne el Mraki®) Paratype MB.C.22652.1 (Kullmann Coll.) from
Aguelmous(C) Paratype MB.C.22648.1 (Korn 2009 Coll.) from Lambidia (Aguelmo(i3) Paratype MB.C.22652.2 (Kullmann Coll.) from
Aguelmous(E) Paratype MB.C.22652.3 (Kullmann Coll.) from Aguelmo(fs). Paratype MB.C.22652.4 (Kullmann Coll.) from Aguelmous.
(G) Paratype MB.C.22652.5 (Kullmann Coll.) from Aguelmo(id) Paratype MB.C.22667.1 (Wendt Coll.) from Tizi Ibaouafig Paratype
MB.C.22626.1 (Feist 1990 Coll.) from Madéne el Mrakib. Conch width index (ww/dm)K) Umbilical width index (ww/wh)(L) Whorl
width index (uw/dm)(M) Whorl expansion rate (WER).
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Table 5.Conch ontogeny ofymaclymenia lambidia. sp. from the Anti-Atlas of Morocco.

dm Conch shape Whorl cross-section shape Whorl expansion
2mm thickly discoidal; subevolute weakly depressed; weakly embracing moderate
(ww/dm= 0.45-0.60; uw/dm= 0.38-0.42) (ww/wh = 1.30-1.50; IZR~ 0.10) (WER = 1.80-2.00)
6 mm thickly discoidal; subevolute weakly depressed; weakly embracing high
(ww/dm= 0.45-0.55; uw/dm= 0.35-0.40) (ww/wh = 1.20-1.30; IZR= 0.20-0.25) (WER = 2.00-2.15)
15mm thinly discoidal; subinvolute weakly depressed; weakly embracing high to very high
(ww/dm= 0.40-0.45; uw/dm= 0.20-0.30) (ww/wh = 1.00-1.10; IZR= 0.25-0.30) (WER = 2.10-2.30)
40mm thinly discoidal; subinvolute weakly compressed; weakly embracing high to very high
(ww/dm= 0.35-0.40; uw/dm= 0.20-0.25) (ww/wh = 0.80-1.00; IZR= 0.25-0.35) (WER = 2.10-2.30)
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Figure 22.Cymaclymenia involverisange, 1929 from the Rhenish Mountains (Germany)xall.0.(A) Holotype MB.C.3695 (Lange 1923
Coll.) from Wocklum.(B) Paratype MB.C.3696 (Lange 1923 Coll.) from Wocklu(@) Specimen MB.C.22698 (Korn 1975 Coll.) from
Dasberg(D) Specimen MB.C.22699 (Korn 1990 Coll.) from Dasberg.
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Figure 23.Cross section/; x 1.5) and ontogenetic trajectori@i®—E) of Cymaclymenia involvensange, 1929 from the Rhenish Mountains
of Germany(A) Specimen MB.C.22696 (Korn 1977 Coll.) from Becke-OdB83.Conch width index (ww/dm)C) Umbilical width index
(ww /wh). (D) Whorl width index (uw/dm)(E) Whorl expansion rate (WER).

MB.C.3695 (42 mmdm), which is a poorly preserved, rather

strongly corroded internal mould providing insight into the
e adult conch morphology. It is not certain that the two speci-
: mens belong to only one species. However the stratigraphic
5 restriction of the type locality, in which almost exclusively
< the topmost Wocklum Limeston&\ocklumeria denckmanni
A \_/E

Zone) yields ammonoids, suggests that the material is con-
specific. The most probable stratigraphic position of the

topotypes allows for the designation of time-equivalent spec-
imens for a more precise characterisation of the species.

C. involvensdiffers from the other central European
Figure 24. Cymaclymenia serotina. sp. from the Anti-Atlas of Species of the genus in the Stquter cpnch, which onig.in
Morocco; allx 1.0.(A) Holotype MB.C.22605.1 (Korn 1995 Coll,) N€Phroidestorn, 1981 is even wider. Like the other two very
from Erfoud. (B) Paratype MB.C.22605.2 (Korn 1995 Coll.) from COMMON specie€. striata (Mlnster, 1832) anc. costel-
Erfoud. (C) Paratype MB.C.22605.3 (Korn 1995 Coll.) from Er- lata (Munster, 1832), it possesses a rather coarse shell orna-
foud. ment with bundled growth lines and weak riblets around the
umbilicus.
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Figure 25.Cymaclymenia aulax. sp. from the Anti-Atlas of Morocco; ak 1.0.(A) Holotype MB.C.22651 (Ebbighausen 2008 Coll.) from
Aguelmous.(B) Paratype MB.C.22650 (Ebbighausen 2003 Coll.) from Lambidia (Aguelm@G})Paratype MB.C.22690 (Ebbighausen
Coll.) from Fezzou.

Table 6. Conch ontogeny o€ymaclymenia serotina. sp. from the Anti-Atlas of Morocco.

dm Conch shape Whorl cross-section shape Whorl expansion
15mm thinly discoidal; subinvolute weakly compressed; weakly embracing very high

(ww/dm~ 0.33; uw/dm~ 0.28) (ww/wh ~ 0.80; IZR~ 0.20) (WER ~ 2.40)
40mm thinly discoidal; subinvolute weakly compressed; weakly embracing very high

(ww/dm~ 0.30; uw/dm~ 0.20) (ww/wh ~ 0.63; IZR~ 0.25) (WER ~ 2.40)

C. lambidiadiffers from the European and Uralian species Cymaclymenia serotina. sp.
in the much weaker ornament, which particularly in subadultFigure 24
specimens (about 20 mm conch diameter) appears to be ab-
sent and thus suggesting a smooth shell surface. Another diferivation of name: After Latserotinus -a, -um (adj.) = delayed;
ference of the new species frof involvenss the slightly ~ because of the late stratigraphic occurrence.
stouter conch in the juvenile stage of 8mm conch diametelg|otype: Specimen MB.C.22605.1 (Korn 1995 Coll.); illustrated
(ww/dm = 0.45-0.50 irC. lambidig ww/dm=0.53inC.  pere in Fig. 24a.

involven$ (Fig. 23). This criterion, however, probably does i , ) ) )
not allow for a clear separation of the two species. Type locality and horizon: Erfoud (Anti-Atlas), immediately east of

Becker et al. (2002, p. 165, 173) introduced @y* the Muslim cemetery on the eastern side of the Ziz Valley; bed 55

maclymenia involvenZone” for specimens of this species. of Korn (1999),Parawocklumeria paradoxassemblage (late Fa-
This zone should occur between two sandstone member@ennian).
near the top of the Late Devonian succession at LambidiaVaterial: 10 specimens with a maximum conch diameter of 45 mm.

(Aguelmous, Ma'der Basin); the zone was placed above thE‘Diagnosis: Species @ymaclymeniavith thinly discoidal conch in
“Hangenbgrg Black. Shale e:'vent”. However, the authors dldthe adult stage (ww/dre 0.30); whorl cross section weakly com-
not recognise a major fault in the outcrop, which causes du'|oressed (ww/wh= 0.65). Conch shape in the intermediate stage
plication of the higher beds; the so-call€gmaclymenia in- (10mmdm) thinly discoidal and subinvolute (ww/dm 0.33;
voIvensane _is t_hus not justified. The beds assigned to thilsuwldm = 0.25-0.30). Umbilical wall oblique in the adult stage,
zone (unit R in figure 4 of Becker et al., 2002) are a repeti-fanks moderately converging, venter rounded. Ornament with al-

tion of unit J1 (i.e. a rock unit below the “Hangenberg Black ¢t smooth and extremely fine biconvex growth lines, without
Shale event”). riblets.

DiscussionC. serotinadiffers from nearly all other species
of the genus in the very faint conch ornament. The species
differs fromCymaclymenia formosand the other Moroccan
species with slender conchs by the extremely fine ornament,
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Figure 26. Cross sectionsA(, C; all x 1.5), photographR; x 1.0) and ontogenetic trajectorié®—G) of Cymaclymenia carnata. sp.
from the Anti-Atlas of Morocco(A, B) Holotype MB.C.22654 (Kullmann Coll.) from Aguelmou&C) Paratype MB.C.22645 (Korn 2009
Coll.) from Madene el Mrakib(D) Conch width index (ww/dm)(E) Umbilical width index (ww/wh).(F) Whorl width index (uw/dm).

(G) Whorl expansion rate (WER).

Table 7. Conch ontogeny o€ymaclymenia carnata. sp. from the Anti-Atlas of Morocco.

dm Conch shape Whorl cross-section shape Whorl expansion
2mm thickly discoidal; subevolute moderately depressed; weakly embracing  moderate
(ww/dm~ 0.65; uw/dm~ 0.42) (ww/wh ~ 1.60; IZR~ 0.15) (WER ~ 1.85)
6 mm thinly pachyconic; subevolute moderately depressed; weakly embracing  high
(ww/dm~ 0.65; uw/dm~ 0.35) (ww/wh ~ 1.60; IZR~ 0.25) (WER ~ 2.05)
15mm thinly pachyconic; subinvolute weakly depressed; weakly embracing high
(ww/dm~ 0.60; uw/dm~ 0.25) (ww/wh ~ 1.30; IZR= 0.25-0.30) (WER~ 2.20)
40mm thinly discoidal; subinvolute weakly compressed; weakly embracing high
(ww/dm~ 0.45; uw/dm~ 0.20) (ww/wh ~ 0.90; IZR= 0.25-0.30) (WER ~ 2.25)

which consists of very delicate growth lines. In this respect it Umbilical wall steep in the adult stage, flanks weakly converging,

is similar toC. lambidia, but this species has a stouter conch.

Cymaclymenia aulax. sp.
Figure 25

Derivation of name: After Lataulax (noun)= furrow; because of
the steinkern constrictions.

Holotype: Specimen MB.C.22651 (Ebbighausen 2008 Coll.); illus-

trated here in Fig. 25a.

Type locality and horizon: Aguelmous (Anti-Atlas); probably
KalloclymeniaAssemblage (late Famennian).

Material: 3 specimens with a maximum conch diameter of 60 mm.

Diagnosis: Species o€ymaclymeniawith thinly discoidal and
subevolute conch in the adult stage (ww/e&m0.30; uw/dm=
0.30); whorl cross section weakly compressed (ww /-19.65).

www.foss-rec.net/17/1/2014/

venter rounded. Ornament with rather coarse biconvex growth lines,
without riblets; steinkern with curved constrictions on the flanks.

Discussion:C. aulax belongs to the few species of the
genus with coarse steinkern constrictions. Minster (1832)
described the speciePlanulites semistriatiisrom Franco-
nia, which also belongs t6ymaclymeniaThis species also
possesses steinkern constrictions on the flanks and venter.
C. semistratahas a very slender conch (ww/dm0.26 at
30mmadm) in contrast to the stoutér. aulax (ww/dm =
0.32 at a comparable diametef}. sudetica(Renz, 1914)
from Silesia possesses steinkern constrictions, but has a
stouter conch shape.

The new species differs from the other specieSyhacly-
meniafrom the Anti-Atlas by the presence of conspicuous
steinkern constrictions”. formosais the most similar of the

Foss. Rec., 17392014
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B

: E@
Figure 27.Postclymenia calceoln. sp. from Lalla Mimouna (Anti-Atlas of Morocco); alt 1.0.(A) Paratype MB.C.22662.2 (Ebbighausen

2005 Coll.).(B) Holotype MB.C.22662.1 (Ebbighausen 2005 CollQ) Paratype MB.C.22662.3 (Ebbighausen 2005 CdID). Paratype
MB.C.22663.1 (Korn 2005 Coll.JE) Paratype MB.C.22663.2 (Korn 2005 Coll.).

other species, but. aulaxalso differs in the increasing um- Discussion: Cymaclymenia carnatahas, together with C.

bilical width index in the adult stage. nephroidesthe stoutest conch of allymaclymenisspecies. The

two species can be separated by the umbilical widthcarnata
Cymaclymenia carnatan. sp. is more involute (ww/dm= 0.20) thanC. nephroideguw/dm =
Figure 26 0.25).

Derivation of name: After Latcarnatus -a, -um(adj.) = thick; be-  PostclymeniaSchmidt, 1924

cause of the stout conch form. . . .
Type speciesPostclymenia evolut&schmidt, 1924, p. 154 (by

Holotype: Specimen MB.C.22654 (Kullmann Coll.); illustrated monotypy).

here in Fig. 26a, b. _ . . . .
Genus definition: Genus of the Cymaclymeniidae with thinly dis-

Type locality and horizon: Aguelmous; probalilglloclymeniaAs- coidal, weakly ornamented conch. Suture line with large, extremely
semblage (late Famennian). asymmetric and ventrally elongated lateral lobe. Umbilical lobe

Material: 2 specimens with a maximum conch diameter of 55 mm. widely rounded.

Diagnosis: Species @ymaclymeniavith thinly discoidal conchin ~ The genus consists only of two species: the type species and a new
the adult stage (ww/dre: 0.42); whorl cross section weakly com- species described here. For a discussion of the genus, see Korn et
pressed (ww/wh= 0.90). Conch shape in the intermediate stage al. (2004) and Korn et al. (2007).

(10 mmdm) thinly pachyconic and subinvolute (ww/dm0.62; .

uw/dm = 0.28). Umbilical wall steep in the adult stage, flanks Postclymenia calceola. sp.

moderately converging, venter broadly rounded. Ornament with fineFigures 27 and 28

biconvex growth lines, without riblets. ) )
2004 Postclymenia evoluta- Korn et al., p. 315, fig. 6A-D, 8.

2007 Postclymenia evoluta- Korn et al., p. 137, fig. 8.

Foss. Rec., 17, 132, 2014 www.foss-rec.net/17/1/2014/
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Figure 28. Cross sectionsA-D; all x 1.5) and ontogenetic trajectoriés—H) of Postclymenia calceola. sp. from Lalla Mimouna (Anti-
Atlas of Morocco)(A) Paratype MB.C.9302.2 (Ebbighausen 2005 CdB).Paratype MB.C.9302.1 (Ebbighausen 2005 Cd[C).Paratype
MB.C.9302.3 (Ebbighausen 2005 Col([) Paratype MB.C.9302.4 (Ebbighausen 2005 CdlE).Conch width index (ww/dm)(F) Um-

bilical width index (ww/wh).(G) Whorl width index (uw/dm)(H) Whorl expansion rate (WER).

Table 8.Conch ontogeny dPostclymenia calceola. sp. from the Anti-Atlas of Morocco.

dm Conch shape Whorl cross-section shape Whorl expansion
2mm thinly discoidal; subevolute weakly depressed or weakly compressed;  moderate
(ww/dm = 0.30-0.35; uw/dm= 0.40-0.42) weakly embracing (WER = 1.90-2.00)
(ww/wh = 0.90-1.10; IZR= 0.10-0.15)
6 mm thinly discoidal; subevolute weakly compressed; weakly embracing moderate
(ww/dm = 0.30-0.35; uw/dm= 0.40-0.45) (ww/wh = 0.90-1.00; IZR= 0.15-0.20) (WER = 1.90-2.00)
15mm thinly discoidal; subevolute weakly depressed or weakly compressed;  moderate
(ww/dm = 0.30-0.35; uw/dm= 0.38-0.42) weakly embracing (WER = 1.90-2.00)
(ww/wh = 0.80-0.90; IZR= 0.20-0.25)
40mm thinly discoidal; subevolute weakly depressed or weakly compressed;  high

(ww/dm = 0.25-0.30; uw/dm= 0.30-0.35)

weakly embracing
(ww/wh = 0.70-0.75; IZR= 0.25)

(WER = 2.00-2.10)

Derivation of name: After Latcalceolus(noun)= little boot; be-

cause of the shape of the lateral lobe.

DiscussionPostclymenia evoluthas a very similar or nearly iden-
tical conch but differs from the new species in the suture line, which

Holotype: Specimen MB.C.22662.1 (Ebbighausen 2005 Coll.); il- POSSesses a smaller adventive lobe with a vertical ventral side of the
lustrated here in Fig. 27b. ' “* " adventive lobe, as figured by Schmidt (1924, pl. 8, fig. 19) and Price

and Korn (1989, fig. 11A). For a detailed description and discussion

Type locality and horizon: Lalla Mimouna (Anti-Atlas); latest Fa- of the new species, see Korn et al. (2004) and Korn et al. (2007).
mennian.

Material: 119 specimens with a maximum phragmocone diamete

of 60 mm I’AcknowledgementSNe are indebted to the Moroccan authorities

for their permission for us to undertake field work. We greatly ac-
Diagnosis: Species dfostclymeniawith thinly discoidal conch in  knowledge the late Volker Ebbighausen (deceased 2011), Raimund
the adult stage (ww/dre 0.25-0.30); whorl cross section weakly Feist (Montpellier), Jiirgen Kullmann (Tiibingen), Martin Riicklin
compressed (ww/wk= 0.70). Suture line with strongly asymmet- (Leiden), Jobst Wendt (Tibingen) and Dieter Weyer (Berlin)
ric, pouched boot-shaped lateral lobe. for providing specimens. Evelin Stenzel (Berlin) cleaned the

specimens from the matrix. Jonas Jahn (Berlin) is acknowledged

for taking the photographs, and Sonny A. Walton (Potsdam) revised
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Table Al. List of the studied material from the Anti-Atlas of Morocco.

Locality Collection Species n
Bordj d’Erfoud, bed 55 Korn 1995 Cymaclymenia lambidia 58
Bordj d’Erfoud, bed 55 Korn 1995 Cymaclymenia serotina 10
Bordj d’Erfoud, bed 54 Korn 1995 Cymaclymenia formosa 1
Bordj d’Erfoud, bed 52 Korn 1995 Cymaclymenia formosa 3
Bordj d’Erfoud, bed 50 Korn 1995 Cymaclymenia formosa 1
Bordj d’Erfoud, bed 49-50 Korn 1995 Cymaclymenia formosa 8
Bordj d’Erfoud, bed 49 Korn 1995 Cymaclymenia formosa 31
Bordj d’Erfoud, bed 48 Korn 1995 Cymaclymenia formosa 48
Bordj d’Erfoud, bed 4448 Korn 1995 Cymaclymenia formosa 3
Bordj d’Erfoud, bed 47 Korn 1995 Cymaclymenia formosa 19
Bordj d’Erfoud, bed 4546 Korn 1995 Cymaclymenia formosa 2
Bordj d’Erfoud, bed 43-44 Korn 1995 Cymaclymenia formosa 2
Bordj d’Erfoud, bed 4342 Korn 1995 Cymaclymenia formosa 2
Bordj d’Erfoud, bed 39-40 Korn 1995 Cymaclymenia formosa 4
Madene el Mrakib, sample 19 Korn 1998 Procymaclymenia ebbighauseni32

Madeéne el Mrakib, surface collection
Madéne el MrakibProcymacl Lst.
Madene el Mrakib, sample 2009-14
Madene el Mrakib, sample 2009-13
Madéne el Mrakib, sample 2009-10
Madene el Mrakib, sample 2008 2.x
Madene el Mrakib, sample 2008 2.6
Madéne el Mrakib, sample 2010-3
Madene el Mrakib, top 10 m

Madéne el Mrakib, top 10m

Madéne el Mrakib, 10-15 m from top
Madene el Mrakib, 10-15 m from top
Madéne el Mrakib, 30—40 m from top
Madéne el Mrakib, 15 m from top
Madene el Mrakib, 0—5 m from top
Madéne el Mrakib, 0-5 m from top
Madene el Mrakib, float

Madene el Mrakib, sample 15
Madene el Mrakib, float

Madene el Mrakib, float

Madeéne el Mrakib, float

Madene el Mrakib, float

Madene el Mrakib, float

Madeéne el Mrakib, float

Madene el Mrakib, float

Madene el Mrakib, float

Madeéne el Mrakib, float

Madene el Mrakib, float

Madene el Mrakib, float

Madeéne el Mrakib, float

Madene el Mrakib, float

Lambidia (Aguelmous), float
Lambidia (Aguelmous), float
Lambidia (Aguelmous), float
Lambidia (Aguelmous), bed K
Lambidia (Aguelmous), float
Lambidia (Aguelmous), float
Lambidia (Aguelmous), float

Ebbighausen and Korn 2003ocymaclymenia ebbighauseni 4
Ebbighausen and Korn 2009Procymaclymenia ebbighausenil9
Ebbighausen and Korn 2088ocymaclymenia ebbighauseni 5
Ebbighausen and Korn 20B8ocymaclymenia ebbighauseni 2
Ebbighausen and Korn 200@cymaclymenia ebbighauseni 5
Ebbighausen and Korn 2088ocymaclymenia ebbighausenil5
Ebbighausen and Korn 20B8cymaclymenia ebbighausenil4
Ebbighausen and Korn 20P@ocymaclymenia ebbighauseni34

Feist 1990

Feist 1990

Feist 1990

Feist 1990

Feist 1990

Korn 1998

Korn 1998

Korn 1998

Korn 1998

Korn 1998

Korn 2010

Korn 2009

Korn 2009

Korn 2009

Korn 2009
Weyer 2009
Ebbighausen
Ebbighausen 2005
Ebbighausen 2009
Ebbighausen 2008
Ebbighausen 1994
Ebbighausen 1999
Ebbighausen

Korn 2009

Korn 2009
Ebbighausen 2003
Ebbighausen 2000
Ebbighausen 2009
Ebbighausen 2000
Ebbighausen 2008

Cymaclymenia lambidia 2
Cymaclymenia formosa 2
Cymaclymenia lambidia 2
Cymaclymenia subvexa 3
Procymaclymenia ebbighauseni 2
Cymaclymenia subvexa 1
Cymaclymenia lambidia 10
Cymaclymenia formosa
Cymaclymenia subvexa
Cymaclymenia subvexa
Cymaclymenia formosa
Cymaclymenia formosa
Cymaclymenia lambidia
Cymaclymenia carnata
Cymaclymenia subvexa
Cymaclymenia formosa
Cymaclymenia subvexa
Cymaclymenia subvexa
Cymaclymenia subvexa
Cymaclymenia subvexa
Cymaclymenia subvexa
Cymaclymenia subvexa
Cymaclymenia lambidia
Cymaclymenia lambidia
Cymaclymenia formosa
Cymaclymenia aulax
Cymaclymenia lambidia
Cymaclymenia lambidia
Cymaclymenia formosa
Cymaclymenia aulax
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Table Al. Continued.

C. Klein and D. Korn: A morphometric approach to conch ontogeny of Cymaclymenia

Locality Collection Species n
Lambidia (Aguelmous), float Kullmann Cymaclymenia lambidia 5
Lambidia (Aguelmous), float Kullmann Cymaclymenia carnata 1
Lambidia (Aguelmous), float Ebbighausen and Weyer 200Bymaclymenia lambidia 6
Lambidia (Aguelmous), float Korn 2006 Cymaclymenia formosa 1
Bou Tchrafine, Gonioclymenia bed  Korn 1993 Cymaclymenia subvexa 18
Bou Ifarherioun S Korn 1993 Cymaclymenia formosa 8
Bou Ifarherioun Rucklin 2003 Cymaclymenia subvexa 1
Bou Ifarherioun Wendt Cymaclymenia lambidia 3
Bou Ifarherioun Wendt Cymaclymenia formosa 1
Bou Ifarherioun Wendt Cymaclymenia subvexa 1
Ouidane Chebbi, float Korn 1993 Cymaclymenia subvexa 12
Ouidane Chebbi SE Korn 1993 Cymaclymenia formosa 6
Ouidane Chebbi S Korn 1993 Cymaclymenia formosa 4
El Atrous, 80 cm abovelatycl. Korn 1995 Procymaclymenia ebbighauseni 40

Taourirt (Fezzou), sample 5
Taourirt (Fezzou), sample 5
Taourirt (Fezzou), sample 4
Taourirt (Fezzou), sample 3
Taourirt (Fezzou), sample 2
Taourirt (Fezzou), sample 1
Taourirt (Fezzou)Goniocl horizon
Taourirt (Fezzou), float
Tanout el Bidiya

Southern Ma’'der Basin
Rich Bou Kourazia

Rich Bou Kourazia

Rich Bou Kourazia

Hamar Laghdad

Hamar Laghdad E

Bou Dib-Aguelmous

Rich Sidi Al

Aguelmous NNE

Hassi Tissedimine
Fezzou-Aguelmous
Fezzou-Aguelmous
Fezzou-Aguelmous
Taourirt

Taourirt

Rich bel Ras

Rich bel Ras

Khorb el Attil

Fezzou

Fezzou

Fezzou

Bou Tlidat (Aguelmous)
Bou Tlidat (Aguelmous)
Bou Tlidat (Aguelmous)
Bou Tlidat (Aguelmous)
Lalla Mimouna

Lalla Mimouna

Lalla Mimouna

Ebbighausen 2009
Ebbighausen 2009
Ebbighausen 2009
Ebbighausen 2009
Ebbighausen 2009
Ebbighausen 2009
Ebbighausen 2007
Ebbighausen 2007
Ebbighausen
Ebbighausen 1997
Ebbighausen
Ebbighausen 1994
Ebbighausen 1997
Wendt
Wendt
Wendt
Wendt
Wendt
Wendt
Wendt
Wendt
Wendt
Wendt
Wendt
Wendt
Wendt
Wendt
Ebbighausen
Ebbighausen
Ebbighausen 1988
Ebbighausen
Ebbighausen
Ebbighausen 2008
Ebbighausen
Ebbighausen 2005
Ebbighausen 2010
Korn 2005

Cymaclymenia lambidia 1
Cymaclymenia formosa 7
Cymaclymenia subvexa 37
Cymaclymenia subvexa 1
Cymaclymenia subvexa 16
Procymaclymenia ebbighauseni 14
Cymaclymenia subvexa 65
Cymaclymenia lambidia 3
Procymaclymenia ebbighauseni 3
Cymaclymenia subvexa 104
Cymaclymenia subvexa 2

Procymaclymenia ebbighauseni 15
Procymaclymenia ebbighauseni 46
Cymaclymenia formosa 1
Cymaclymenia formosa 18
Cymaclymenia formosa 11
Procymaclymenia ebbighauseni
Cymaclymenia formosa
Cymaclymenia formosa
Cymaclymenia lambidia
Cymaclymenia formosa
Cymaclymenia subvexa
Cymaclymenia subvexa
Cymaclymenia formosa
Cymaclymenia formosa
Cymaclymenia subvexa
Cymaclymenia subvexa
Cymaclymenia subvexa
Cymaclymenia aulax
Cymaclymenia subvexa
Cymaclymenia lambidia
Cymaclymenia formosa
Cymaclymenia lambidia
Cymaclymenia formosa
Postclymenia calceola 73
Postclymenia calceola 13
Postclymenia calceola 33
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30 C. Klein and D. Korn: A morphometric approach to conch ontogeny ofCymaclymenia

Table A2. Conch measurements and ratios of selected specimeéymadiclymeniand related genera.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

Procymaclymenia ebbighausenisp.

MB.C.22619.1 40.24 12.19 18.29 9.39 13.04 0.30 0.67 0.23 219 0.29
MB.C.22621.1 35.57 9.45 16.22 8.86 11.52 0.27 0.58 0.25 219 0.29
MB.C.22665.2 27.80 8.78 13.33 5.44 9.35 0.32 0.66 0.20 227 0.30
MB.C.22620.2 22.66 6.53 9.80 5.73 7.33 0.29 0.67 0.25 2.18 0.25
MB.C.22622.1 21.53 6.22 9.85 5.46 7.25 0.29 0.63 0.25 227 0.26
MB.C.22639 26.71 7.24 12.24 6.26 8.60 0.27 0.59 0.23 217 0.30
18.12 5.37 8.22 4.90 5.96 0.30 0.65 0.27 222 0.28
12.16 3.61 5.30 4.01 4.18 0.30 0.72 0.33 232 0.16
7.98 2.27 3.15 2.97 2.54 0.28 0.72 0.37 215 0.19
5.44 1.58 1.86 2.44 1.60 0.29 0.85 0.45 201 0.14
3.84 1.18 1.14 1.86 1.04 0.31 1.04 0.49 188 0.08
2.80 0.95 0.84 1.34 0.77 0.34 1.13 0.48 191 0.08
2.03 0.74 0.62 0.96 0.56 0.37 1.20 0.47 191 0.09
1.47 0.66 0.45 0.62 0.41 0.45 1.47 0.42 1.94 0.09
1.05 0.53 0.39 0.32 0.34 0.51 1.37 0.30 219 013

Cymaclymenia subvexa sp.

MB.C.22658 39.17 12.14 18.06 9.00 12.90 0.31 0.67 0.23 222 0.29
MB.C.22675 42.25 12.84 18.94 10.98 14.14 0.30 0.68 0.26 2.26 0.25

28.12 9.25 12.34 6.88 9.08 0.33 0.75 0.24 2.18 0.26

19.04 6.57 8.90 4.64 6.67 0.35 0.74 0.24 237 0.25

12.37 4.58 5.50 3.43 4.15 0.37 0.83 0.28 226 0.25

8.22 2.92 3.44 2.83 2.70 0.36 0.85 0.34 222 021

5.52 1.74 1.96 2.21 1.62 0.31 0.89 0.40 201 0.17

3.90 1.37 1.36 1.65 111 0.35 1.01 0.42 196 0.18

2.79 0.94 0.89 1.25 0.78 0.34 1.06 0.45 193 0.12

2.01 0.79 0.65 0.85 0.57 0.39 1.22 0.43 194 0.13

1.44 0.62 0.50 0.60 0.45 0.43 1.24 0.42 210 011

0.99 0.53 0.34 0.32 0.30 0.53 1.55 0.32 207 011

Cymaclymenia formosa. sp.

MB.C.22609.1 5290 15.16 2340 12.60 17.58 0.29 0.65 0.24 224 025
MB.C.22669.1 57.71 18.25 27.33 1252 18.62 0.32 0.67 0.22 2.18 0.32
MB.C.22649.2 51.22 15.22 23.43 10.38 16.90 0.30 0.65 0.20 223 0.28
MB.C.22669.4 50.29 15.16 22.73 12.02 1542 0.30 0.67 0.24 208 0.32
MB.C.22669.2 46.87 1591 22.05 11.20 14.94 0.34 0.72 0.24 215 0.32
MB.C.22669.3 42.47 13.14 19.20 9.70 13.66 0.31 0.68 0.23 2.17 0.29
MB.C.22649.1 35.39 10.74 16.42 8.38 12.37 0.30 0.65 0.24 236 0.25
MB.C.22649.3 43.43 1355 20.68 8.87 14.92 0.31 0.66 0.20 232 0.28
28.51 9.43 13.88 6.01 10.21 0.33 0.68 0.21 243 0.26
18.31 6.49 8.62 4.57 6.50 0.35 0.75 0.25 240 0.25
11.81 3.88 511 3.68 3.97 0.33 0.76 0.31 227 0.22
7.83 2.65 3.02 2.99 2.47 0.34 0.88 0.38 2.13 0.18
5.37 1.73 1.82 2.37 1.57 0.32 0.95 0.44 200 0.14
3.80 1.29 1.18 1.80 1.04 0.34 1.09 0.47 190 0.12
2.76 1.04 0.82 134 0.72 0.38 1.26 0.48 183 0.13
204 081 060 098 051 0.40 1.36 0.48 1.78 0.14
1.53 0.63 046 0.73 0.40 0.41 1.36 0.48 183 0.14
1.13 0.53 033 048 0.29 0.47 1.60 0.42 1.79 0.13
084 050 0.32 025 024 0.59 1.54 0.30 193 0.26
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C. Klein and D. Korn: A morphometric approach to conch ontogeny of Cymaclymenia 31

Table A2. Continued.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

Cymaclymenia lambidia. sp.

MB.C.22632.1 50.69 16.98 2390 10.21 16.24 0.33 0.71 0.20 217 0.32

MB.C.22604.3 48.25 17.73 23.76 9.97 17.08 0.37 0.75 0.21 240 0.28

MB.C.22632.2 41.33 16.95 19.00 7.90 12.71 0.41 0.89 0.19 209 0.33

MB.C.22604.1 33.22 12.79 1588 7.69 11.37 0.39 0.81 0.23 231 0.28

MB.C.22604.2 31.73 1246 1486 6.47 10.87 0.39 0.84 0.20 231 0.27

MB.C.22632.3 43.58 15.76 20.26 9.36 14.16 0.36 0.78 0.21 219 0.30
29.42 1265 1396 6.07 9.76 0.43 0.91 0.21 224 0.30
1966 8.61 940 424 6.64 0.44 0.92 0.22 228 0.29
13.02 6.36 6.03 333 4.16 0.49 1.06 0.26 216 031
887 437 366 283 271 0.49 1.19 0.32 2.07 0.26
6.16 3.13 237 217 181 0.51 1.32 0.35 201 0.24
435 229 161 169 129 0.53 1.42 0.39 2.02 0.20
306 152 105 127 0.88 0.50 1.46 0.42 1.97 0.16
218 116 074 092 0.56 0.53 1.56 0.42 181 0.24
162 076 051 065 044 0.47 1.48 0.40 1.87 0.15
118 064 046 041 0.39 0.54 1.40 0.35 223 0.14
079 050 032 021 0.24 0.63 1.57 0.27 2.08 0.24

Cymaclymenia serotina. sp.

MB.C.22605.1 42.74 12.75 2040 9.07 15.10 0.30 0.63 0.21 239 0.26

MB.C.22605.2 2295 8.23 10.64 572 8.40 0.36 0.77 0.25 249 021

MB.C.22605.3 19.10 6.94 855 517 6.81 0.36 0.81 0.27 242 0.20

Cymaclymenia aular. sp.

MB.C.22651 43.05 12.15 18,55 11.55 13.50 0.28 0.65 0.27 212 0.27

CYM580 30.54 1470 7.90 10.70 0.26 237 0.27

Cymaclymenia carnata. sp.

MB.C.22654 4793 19.90 2237 10.58 15.85 0.42 0.89 0.22 223 0.29
32.08 1538 1499 7.01 1048 0.48 1.03 0.22 221 0.30
21.60 11.89 10.09 490 7.12 0.55 1.18 0.23 222 0.29
1449 9.07 6.62 3.65 4.63 0.63 1.37 0.25 216 0.30
985 651 422 278 3.03 0.66 1.54 0.28 209 0.28
6.82 469 286 210 2.08 0.69 1.64 0.31 2.07 0.27
474 314 186 169 136 0.66 1.68 0.36 196 0.27
339 222 119 136 0.90 0.65 1.86 0.40 186 0.24
248 139 084 102 0.63 0.56 1.66 0.41 1.79 0.25
186 099 062 076 0.50 0.53 1.58 0.41 1.87 0.20
136 076 047 054 0.38 0.56 1.61 0.40 195 0.18
097 063 035 024 031 0.65 1.80 0.25 216 0.11

Cymaclymenia involverisange, 1929

MB.C.3695 2749 986 13.10 598 9.60 0.36 0.75 0.22 236 0.27

MB.C.3696 40.92 1524 20.09 8.8 0.37 0.76 0.20

MB.C.22698 30.06 11.60 14.68 6.26 0.39 0.79 0.21

MB.C.22699 26.17 10.12 12.07 4.62 0.39 0.84 0.18

MB.C.22696 4224 17.09 20.82 8.01 14.49 0.40 0.82 0.19 232 0.30
27.76 11.83 13.42 528 9.26 0.43 0.88 0.19 225 031
1850 822 9.06 375 6.32 0.44 0.91 0.20 231 0.30
12.17 577 569 295 4.13 0.47 1.01 0.24 229 0.28
8.05 426 353 236 286 0.53 1.21 0.29 241 0.19
519 286 216 168 1.69 0.55 1.32 0.32 220 0.22
349 200 134 121 114 0.57 1.49 0.34 221 0.15
235 131 095 0.77 0.56 1.38 222 019
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Table A2. Continued.

dm ww wh uw ah ww/dm ww/wh uw/dm WER IZR

Cymaclymenia costellat@Miinster, 1832)

MB.C.4179 5220 1490 2210 15.90 16.20 0.29 0.67 0.30 2.10 0.27
MB.C.22700 50.30 14.80 22.60 12.70 15.70 0.29 0.65 0.25 211 031
MB.C.22692 4590 16.00 20.50 10.40 14.10 0.35 0.78 0.23 2.08 0.31
MB.C.22697 4550 14.20 20.70 10.70 14.80 0.31 0.69 0.24 2.20 0.29
MB.C.22701 40.00 1280 17.90 10.40 12.50 0.32 0.72 0.26 212 0.30
MB.C.4185 37.60 11.20 16.90 8.50 11.80 0.30 0.66 0.23 212 0.30
MB.C.22695.1 31.90 1140 1460 7.90 10.20 0.36 0.78 0.25 2.16 0.30
MB.C.22693 51.14 18,57 23.85 10.71 16.39 0.36 0.78 0.21 217 031
34.74 13.01 16.59 6.98 11.64 0.37 0.78 0.20 2.26 0.30

23.10 9.61 11.18 514  8.07 0.42 0.86 0.22 2.36 0.28

15.03 6.07 6.78  3.97 5.03 0.40 0.90 0.26 226 0.26

10.00 4.06 428 3.02 3.26 0.41 0.95 0.30 220 0.24

6.75 2.69 271 2.29 2.20 0.40 0.99 0.34 221 0.19

MB.C.22695.3 11.77 4.46 491 3.71 3.97 0.38 0.91 0.32 228 0.19

7.80 3.07 315 270 2.57 0.39 0.97 0.35 222 019

524 211 195 2.00 161 0.40 1.08 0.38 2.09 0.17

3.63 1.55 1.29 1.49 1.09 0.43 121 0.41 204 0.16

2.54 1.06 0.85 1.09 0.76 0.42 1.24 0.43 2.03 011

1.78 0.79 0.60 0.77 0.53 0.44 1.32 0.43 2.01 0.12

1.26 0.67 0.42 0.51 0.35 0.54 1.61 0.41 194 0.15

0.90 0.55 033 033 025 0.61 1.69 0.36 190 0.24

Postclymenia calceola. sp.

MB.C.22662.2 56.66 16.23 23.30 17.66 17.31 0.29 0.70 0.31 2.07 0.26
MB.C.22662.1 54.28 14.44 2410 16.80 17.30 0.27 0.60 0.31 215 0.28
MB.C.22662.3 47.54 13.52 19.70 14.24 15.02 0.28 0.69 0.30 214 0.24
MB.C.22663.1 32.33 8.45 1255 12.35 9.81 0.26 0.67 0.38 2.06 0.22
MB.C.22663.2 30.17 7.81 9.90 12.18 8.56 0.26 0.79 0.40 195 0.14
MB.C.9302.2 4241 12,63 17.23 14.09 12.55 0.30 0.73 0.33 202 0.27
29.86 9.32 11.10 10.81 8.63 0.31 0.84 0.36 198 0.22
21.23 6.05 7.95 7.87 6.04 0.28 0.76 0.37 195 0.24
15.19 4.69 541 5.88 4.23 0.31 0.87 0.39 192 0.22
10.96 3.30 3.89 4.37 3.10 0.30 0.85 0.40 195 0.20
7.85 2.32 2.69 3.24 2.17 0.29 0.86 0.41 191 0.19
5.69 1.77 1.92 2.48 1.59 0.31 0.92 0.44 193 0.17
4.09 1.28 1.29 1.87 1.06 0.31 1.00 0.46 182 0.17
3.03 0.94 0.94 1.33 0.79 0.31 1.00 0.44 1.83 0.16
2.24 0.68 0.77 0.88 0.66 0.30 0.89 0.39 2.02 0.14
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