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Heterodactyly in the genus Craspedosoma (Diplopoda, Chordeumatida):
an observation error

Abstract: Heterodactyly means that the processes of podosternites of the genus Craspedosoma Leacu, 1815,
have very different lengths. Gonopod morphological examinations of a large series of C. rawlinsii LEACH,
1815 from the whole area of the distribution did not reveal any differences regarding the length of the
podosternite processes. Analysis of the spatial structure of the podosternite produce projections which look
like brachy-, meso- and macrodactylous form was carried out. It is apparent that part of the described mor-
phological variability, as well as a number of the described taxa, are caused by misjudgements regarding
the spatial structure of the podosternite. The history and the effects of heterodactyly are discussed.

Key words: Diplopoda, Craspedosoma, gonopod morphology, taxonomy

Author's address: Staatliches Museum fur Naturkunde Gorlitz, PF 300 154, 02806 Gorlitz, GERMANY

INTRODUCTION

The number of described species, subspecies and varieties in the genus Craspe-
dosoma is immense. Verhoeff, e.g., described 11 subspecies and 100 varieties of C. ale-
mannicum VERHOEFF, 1910 (SCHUBART 1963). Many of these were seperated by differ-
ences which are based on characteristics of the posterior gonopods, the so-called po-
dosternite. The podosternite is shaped somewhat like a crown with six spikes on an
oval base. There are three anterior and three posterior processes/spikes, constituting
two lateral pairs and a median pair (Fig. 1). Heterodactyly (VErunoEerr 1915 a, 1916,
1917, 1939) means that the processes of the podosternites may have very different
lengths (brachy-, meso-, macrodactylous), not only within one species but also within
the same population.
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C. simile rhenanum C. alemannicum
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Fig. 1. A-D: Different perspectives of a podosternite of C. rawlinsii. al: anterior lateral process, am: anterior mesal process, pi: posterior lateral
process, pm: posterior mesal process. 1-6: Drawings of heterodactylous Craspedosoma taxa redrawn from VERHOEFF (1910 a: 4, 6; 1910 b: 3; 1912 a: 1,
5:1912 b: 21.
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The lengths of the podosternite processes are an important characteristic in the
complicated determination keys, which Verhoeff has set up for the genus Craspe-
dosoma. Most of the Craspedosoma taxa described by Verhoeff are based on this charac-
teristic. How did Verhoeff determine the lengths of the podosternite processes? This
question has to be answered in order to solve the problems related to the taxonomy of
the genus Craspedosoma.

MATERIAL AND METHODS

The podosternites were dissected and put in glycerine gelatine for microscopic in-
vestigations without using a cover glass. Glycerine gelatine has the advantage that the
gonopods can be placed and fixed in a required position. It can be liquified by heating
(melting point 35°C) in order to alter the position of the object. This procedure can be
repeated as often as desired.

A podosternite is a complex spatial structure. Drawn from different perspectives it
is seen as producing differently shaped images. Therefore, it is necessary to look at it
from various sides in order to understand its shape.

In perspective A (Fig. 1), the longitudinal axis of the oval base of the podosternite
is perpendicular to the drawing plane. In perspective B, the plane of the oval basis is
parallel to the drawing plane. In perspectives C and D, the podosternite is turned by
steps on the longitudinal axis. Projections created in this way were analysed and com-
pared with published drawings, in particular those of Verhoeff.

600 podosternites from the whole area of the distribution of the C. raiviinsii-
complex were examined by this method of polyperspective projection. For example,
three series of Craspedosoma rawlinsii razolinsii LEacu, 1815 (sensu SPELDA 1991), from
Freiburg (SW Germany), Goéteborg (S Sweden) and Biatowieza (E Poland) were com-
pared (Fig. 2).

Finally type material of Craspedosoma germaniami suevicum var. extremum
VERHOEFF, 1939 and C. alemannicum brevidentatum var. abbreviatissimum V ERHOEFF,
1916 was examined (Zoologische Staatssammlung Miinchen).

RESULTS

Different perspectives of the same podosternite can produce projections that look
like brachy-, meso- and macrodactylous forms. This result suggests that heterodactyly
is not anatural phenomenon but an error of observation.

The following aspects support this statement:

1. A study of 600 specimens from the whole areca of the distribution did not con-
firm the extreme polymorphism of podosternites of Craspedosoma described by
VERHOEFF (1912 a, 1916, 1917, 1939). Using a standardised perspective, the samples
showed no differences in podosternites beyond the expected local and geographical
variability (Fig. 2).
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SW Germany S Sweden E Poland

Fig. 2: C. rawlinsii. Lateral perspectives ot podosternites. Examples of variability in the lengths ot the
podosternite processes, al, am, pi, pm: see Fig. 1. SW Germany: Kaiserstuhl W Freiburg i.Br.; S Sweden:
Bjbrlanda W Goteborg; E Poland: Biatowieza National Park.
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2. When turning a podosternite step by step, projections are produced which can
be associated with illustrations of the description of brachy-, meso- and macrodacty-
lous Craspedosoma taxa as published by Verhoeff (Fig. 1).

3. The lateral projection of the podosternite shows a correlation with the perspec-
tive for some characteristics used by Verhoeff, for example, the length of the anterior
lateral processes in comparison with the anterior mesal process. Fig. 1 shows three
frontal perspectives which may result from the production of a permanent mount. In
comparison with the front central process the different perspectives make the front
lateral processes appear shorter (B), equally long (C) or longer (D).

4. The original permanent mount used by Verhoeff for the description of Craspe-
dosoma germaniami suevicum var. extremum VERHOEFF, 1939 was opened and re-
examined. Brachydactylous projections could be produced (Fig. 3) using the podos-
ternite which Verhoeff described as extremely macrodactylous. It does not differ from
other podosternites when applying the well standardised lateral perspective.

Verhoeff did not standardise the perspective when making his morphological
studies. He determined the lengths of the podosternite processes by using the front
perspective although they can only be accurately estimated by means of the lateral
view of the podosternite. Only the perspective of the lateral view can reliably be stan-
dardised.

DISCUSSION

Knowledge of the fact that heterodactyly is based on an observation error is the
key to the understanding of Verhoeff's voluminous and complicated Craspedosoma
literature. About 90% of the Craspedosoma taxa described by Verhoeff are based on
heterodactyly. These taxa again, form the basis for interpretations by Verhoeff in re-
spect of zoogeography, ecology and evolution.

How can the importance of the length of the podosternite processes for Verhoeff's
Craspedosoma taxonomy be demonstrated? It is the position of this characteristic in his
determination keys. The length of the podosternite processes is regularly used as a
separating characteristic at early positions within the keys. Couplets containing this
character lead to false determinations, namely to nonexistent taxa. Fig. 4 shows the
dichotmous outline of a determination key of VERHOEFF (1916). Out of 89 nominal taxa
only eight can be defined by characters other than lengths of podosternite processes.
Thus, 91% of the "taxa" can be straightforwardly discarded. A detailed presentation of
the taxonomic consequences will be published elsewhere.

When dividing Germany into zoogeographic regions, Verhoeff used Craspedosoma
taxa to define endemic forms (VERHOEFF 1915 b, 1916, 1917). For the Alemannic region
("alemannischer Gau", VERHOEFF 1915 b) he enumerated 16 endemic species and sub-
species, among them 7 Craspedosoma taxa, and he named 4 Craspedosoma subspecies
out of 5 endemic taxa for the Danube region ("Donaukreis"). All these species and
subspecies are heterodactyl phantoms.

Verhoeff recognised morphological-ecological races ("heteroklimatisches Verhal-
ten", VERHOEFF 1914, 1915 a, 1917) when considering the distribution of the heterodac-
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tylous forms. According to his studies, brachydactylous forms are favoured by a
cooler climate, macrodactylous forms by a warmer climate and mesodactylous forms
hold an intermediate position regarding the climate

A

Fig. 3: C. germaiiicum suevicum var. extremum

VERHOEFF 1939. a : Drawing reproduced from

VERHOEFF (1939). B: Drawing of the podo-

sternite before opening the slide preparation.

C-F: Drawings of different perspectives of the

podosternite  after opening the slide
preparation.

Verhoeff considered the sup-
posed extreme polymorphism of
Craspedosomg to be unique for Cen-
tral Europe or even for the entire D
world (VERHOEFF 1912 b). He at-
tempted to explain this apparently
enormous extent of variation in
many different ways (VERHOEFF
1915, 1939). He assumed that the
variation of the heterodactylous
podosternites may lead to the for-
mation of new species (VERHOEFF
1914,1916).

Verhoeff's conceptions of hete-
rodactyly were accepted by other
authors.

BiGLER (1912) and A tTEMS (1929)
used the length of the podosternite
processes when describing new
Craspedosoma taxa. Bigler did not
recognise the observation error al-
though he drew a podosternite from
two different perspectives.
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Fig. 4. Dichotomous outline of a determination key (VERHOEFF 1916) for the genus Craspedosoma. Black
points: part of the key, not based on heterodactyl characteristics. White points: part of the key, based on
heterodactyl characteristics.

In faunistic studies, BIGLER (1913) and LOHMANDER (1925) associated the inspected
Craspedosoma specimens with variations of Verhoeff's system and interpreted the find-
ings concerning zoogeography. ATTEMS (1929), SCHUBART (1934), BROLEMANN (1935),
DEMANGE (1981) and TADLER (1989) adopted parts of Verhoeff's determination keys
and drawings, thus using heterodactylous taxa. Brolemann and Schubart partly re-
peated the geographic-climatic interpretations of heterodactyly. In this connection,
Brolemann proclaimed evidence of an enviromental effect regarding the morphology
of Diplopoda. DUNGER & VOIGTLANDER (1990) considered the possibility that the hete-
rodactylous morpho-ecological races may offer an explanation for the pioneer behav-
iour of C. rawlinsii regarding studies of millipede succession. This question can clearly
be answered: with regard to the genus Craspedosoma there do not exist any ecological
races which are determinable by means of podosternite morphology.

Extreme variability or local polymorphism regarding Craspedosoma have never
been confirmed by studies of authors since Verhoeff, Attems and Bigler. RICHTER
(1967), TADLER (1989), DUNGER & VOIGTLANDER (1990) and SpeLpA (1991) investigated
extensive series. None of these authors makes any comment in respect of remarkable
differences regarding the lengths of podosternite processes. On the contrary, Richter
as well as Dunger & Voigtlander accentuated the uniformity of the compared podos-
ternites. They classified all examined specimens as uniformally macrodactylous. Ver-
hoeff is the only author who has described brachydactylous forms. The restudy of
Verhoeff's type material (for example C. alemannicum brevidentatum var. abbreviatis-
simum VERHOEFF, 1916) shows that brachydactylous podosternites are occasional, and
extreme, projections which result from the production of permanent mounts without
the use of standardisation of perspective.

The most astonishing aspect of the result of this study is its simplicity! Obviously,
the complex spatial structure of millipede gonopods is underestimated and until now,
by no means, methodically solved. A description of gonopods should expressly in-
clude a spatial analysis of the structures and the standardisation of the perspectives
used in order to avoid false conclusions. An explicit prerequisite for a valid descrip-
tion should be that the used characteristics are independent of perspective.
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