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

A b str a c t:  Heterodactyly means that the processes of podosternites of the genus Craspedosoma L e a c h , 1815, 
have very different lengths. Gonopod morphological examinations of a large series of C. rawlinsii L e a c h , 
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 num ber of the described taxa, are caused by misjudgem ents regarding 
the spatial structure of the podosternite. The history and the effects of heterodactyly are discussed.
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INTRODUCTION

The num ber of described species, subspecies and varieties in the genus Craspe
dosoma is im m ense. Verhoeff, e.g., described 11 subspecies and  100 varieties of C. ale- 
mannicum  V e r h o e f f , 1910 (SCHUBART 1963). M any of these w ere seperated  by differ
ences w hich are based on characteristics of the posterior gonopods, the so-called po 
dosternite. The podosternite is shaped  som ew hat like a crow n w ith  six spikes on an 
oval base. There are three anterior and three posterior p rocesses/sp ikes, constituting 
tw o lateral pairs and a m edian pair (Fig. 1). H eterodactyly (V e r h o e f f  1915 a, 1916, 
1917, 1939) m eans that the processes of the podosternites m ay have very different 
lengths (brachy-, meso-, m acrodactylous), no t only w ith in  one species bu t also w ithin 
the sam e population.
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m esodactylous

macrodactylous

C. simile (genuinum) C. alemannicum
Verhoeff, 1910 b bavaricum  var. bavaricum

Verhoeff, 1910 a

brachydactylous

C. productum C. alemannicum
Verhoeff, 1912 a alsaticum

Verhoeff, 1910 a

C. simile rhenanum  
var. viaduanum  

Verhoeff, 1912 a

C. alemannicum  
brevidentatum  var. henningsi 

Verhoeff, 1912 b

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 : 1 9 1 2  b: 21.
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The lengths of the podosternite  processes are an im portan t characteristic in the 
com plicated determ ination keys, w hich Verhoeff has set up  for the genus Craspe
dosoma. M ost of the Craspedosoma taxa described by V erhoeff are based on this charac
teristic. H ow  d id  Verhoeff determ ine the lengths of the podostern ite  processes? This 
question has to be answ ered in order to solve the problem s related to the taxonom y of 
the genus Craspedosoma.

MATERIAL AND METHODS

The podostern ites w ere dissected and p u t in glycerine gelatine for m icroscopic in 
vestigations w ithou t using a cover glass. G lycerine gelatine has the advantage that the 
gonopods can be placed and fixed in a required  position. It can be liquified by heating 
(m elting po in t 35°C) in order to alter the position  of the object. This procedure can be 
repeated  as often as desired.

A podostern ite  is a complex spatial structure. D raw n from  different perspectives it 
is seen as p roducing  differently shaped im ages. 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 perpend icu lar to the draw ing  plane. In perspective B, the plane of the oval basis is 
parallel to the d raw ing  plane. In perspectives C and  D, the podostern ite  is tu rned  by 
steps on the longitudinal axis. Projections created in this w ay w ere analysed and  com 
pared  w ith  published  draw ings, in particu lar those of Verhoeff.

600 podostern ites from the w hole area of the d istribu tion  of the C. raivlinsii- 
com plex w ere exam ined by this m ethod of polyperspective projection. For exam ple, 
three series of Craspedosoma rawlinsii razolinsii L e a c h , 1815 (sensu SPELDA 1991), from 
Freiburg (SW Germ any), G óteborg (S Sweden) and  Białowieża (E Poland) w ere com
pared  (Fig. 2).

Finally type m aterial of Craspedosoma germaniami suevicum  var. extremum 
V e r h o e f f , 1939 and C. alemannicum brevidentatum var. abbreviatissimum V e r h o e f f , 
1916 w as exam ined (Zoologische Staatssam m lung M iinchen).

RESULTS

D ifferent perspectives of the same podostern ite  can produce projections that look 
like brachy-, m eso- and  m acrodactylous forms. This result suggests that heterodactyly 
is not a na tu ra l phenom enon but an error of observation.

The follow ing aspects support this statem ent:
1. A study  of 600 specim ens from  the w hole area of the d istribu tion  d id  not con

firm  the extrem e polym orphism  of podostern ites of Craspedosoma described by 
VERHOEFF (1912 a, 1916, 1917, 1939). Using a standard ised  perspective, the sam ples 
show ed 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: Białowieża National Park.
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2. W hen turning a podosternite  step by step, projections are p roduced  w hich can 
be associated w ith illustrations of the description of brachy-, meso- and m acrodacty- 
lous Craspedosoma taxa as published by Verhoeff (Fig. 1).

3. The lateral projection of the podosternite  show s a correlation w ith the perspec
tive for som e characteristics used by Verhoeff, for exam ple, the length of the anterior 
lateral processes in com parison w ith the anterior m esal process. Fig. 1 show s three 
frontal perspectives w hich may result from  the production  of a perm anen t m ount. In 
com parison  w ith  the front central process the different perspectives m ake 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.

V erhoeff d id not standardise the perspective w hen m aking his m orphological 
studies. He determ ined the lengths of the podosternite  processes by using the front 
perspective although they can only be accurately estim ated by m eans of the lateral 
view  of the podosternite. Only the perspective of the lateral view can reliably be stan
dard ised .

DISCUSSION

K now ledge of the fact that heterodactyly is based on an observation error is the 
key to the understanding  of V erhoeff's volum inous and  com plicated Craspedosoma 
literature. A bout 90% of the Craspedosoma taxa described by Verhoeff are based on 
heterodactyly. These taxa again, form  the basis for in terpretations by Verhoeff in re
spect of zoogeography, ecology and  evolution.

H ow  can the im portance of the length of the podostern ite  processes for V erhoeff's 
Craspedosoma taxonom y be dem onstrated? It is the position of this characteristic in his 
determ ination  keys. The length of the podosternite processes is regularly  used as a 
separating  characteristic at early positions w ith in  the keys. C ouplets containing this 
character lead to false determ inations, nam ely to nonexistent taxa. Fig. 4 show s the 
d ichotm ous outline of a determ ination  key of VERHOEFF (1916). O ut of 89 nom inal taxa 
only eight can be defined by characters o ther than lengths of podostern ite  processes. 
Thus, 91% of the "taxa" can be straightforw ardly  discarded. A detailed presentation of 
the taxonom ic consequences will be published elsewhere.

W hen div id ing  G erm any into zoogeographic regions, Verhoeff used Craspedosoma 
taxa to define endem ic form s (VERHOEFF 1915 b, 1916, 1917). For the A lem annic region 
("alem annischer G au", VERHOEFF 1915 b) he enum erated  16 endem ic species and  sub
species, am ong them  7 Craspedosoma taxa, and he nam ed 4 Craspedosoma subspecies 
ou t of 5 endem ic taxa for the D anube region ("D onaukreis"). All these species and 
subspecies are heterodactyl phantom s.

V erhoeff recognised m orphological-ecological races ("heteroklim atisches Verhal- 
ten", Verhoeff 1914, 1915 a, 1917) w hen considering the d istribution  of the heterodac-
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tylous form s. A ccording to his studies, brachydactylous form s are favoured  by a 
cooler climate, m acrodactylous form s by a w arm er clim ate and  m esodactylous form s 
hold  an interm ediate position regard ing  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 su p 
posed  extrem e polym orphism  of 
Craspedosomą to be unique for C en
tral Europe or even for the entire 
w orld  (VERHOEFF 1912 b). He at
tem pted  to explain this apparen tly  
enorm ous extent of variation in 
m any different w ays (VERHOEFF 
1915, 1939). He assum ed that the 
variation of the heterodactylous 
podostern ites m ay lead to the for
m ation of new  species (VERHOEFF 
1914,1916).

V erhoeff's conceptions of hete- 
rodactyly w ere accepted by other 
authors.

B ig l e r  (1912) and A t t e m s  (1929) 
used the length of the podosternite  
processes w hen  describing new  
Craspedosoma taxa. Bigler d id no t 
recognise the observation error al
though  he drew  a podosternite  from  
tw o different perspectives.

B

D
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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  fa u n is tic  s tu d ie s , BlGLER (1913) a n d  LOHMANDER (1925) a s s o c ia te d  th e  in s p e c te d  
Craspedosoma sp e c im e n s  w ith  v a r ia tio n s  o f V e rh o e f f 's  s y s te m  a n d  in te rp re te d  th e  f in d 
in g s  c o n c e rn in g  z o o g e o g ra p h y . ATTEMS (1929), SCHUBART (1934), BROLEMANN (1935), 
DEMANGE (1981) a n d  T a d l e r  (1989) a d o p te d  p a r t s  o f V e rh o e f f 's  d e te r m in a t io n  k e y s  
a n d  d ra w in g s ,  th u s  u s in g  h e te ro d a c ty lo u s  taxa . B ro le m a n n  a n d  S c h u b a r t  p a r t ly  r e 
p e a te d  th e  g e o g ra p h ic -c lim a tic  in te rp re ta t io n s  o f h e te ro d a c ty ly . In  th is  c o n n e c tio n , 
B ro le m a n n  p ro c la im e d  e v id e n c e  o f a n  e n v iro m e n ta l  e ffec t r e g a r d in g  th e  m o rp h o lo g y  
o f D ip lo p o d a . DUNGER & VOIGTLANDER (1990) c o n s id e re d  th e  p o s s ib il i ty  th a t  th e  h e te 
ro d a c ty lo u s  m o rp h o -e c o lo g ic a l ra c e s  m a y  o ffe r a n  e x p la n a t io n  fo r  th e  p io n e e r  b e h a v 
io u r  o f C. rawlinsii r e g a r d in g  s tu d ie s  o f m ill ip e d e  su c c e s s io n . T h is  q u e s t io n  c a n  c le a rly  
b e  a n s w e re d :  w ith  r e g a rd  to  th e  g e n u s  Craspedosoma th e re  d o  n o t  ex is t a n y  eco lo g ica l 
ra ce s  w h ic h  a re  d e te rm in a b le  b y  m e a n s  o f p o d o s te rn i te  m o rp h o lo g y .

Extrem e variability or local polym orphism  regard ing  Craspedosoma have never 
been confirm ed by studies of authors since Verhoeff, A ttem s and  Bigler. RICHTER 
(1967), T a d l e r  (1989), DUNGER &  V o ig t l An d e r  (1990) and  S p e l d a  (1991) investigated 
extensive series. N one of these authors m akes any com m ent in respect of rem arkable 
differences regard ing  the lengths of podosternite  processes. O n the contrary, Richter 
as well as D unger & V oigtlander accentuated the uniform ity of the com pared podos- 
ternites. They classified all exam ined specim ens as uniform ally m acrodactylous. Ver
hoeff is the only author w ho has described brachydactylous forms. The restudy  of 
V erhoeff's type m aterial (for exam ple C. alemannicum brevidentatum var. abbreviatis- 
simum  V e r h o e f f , 1916) show s that brachydactylous podostern ites are occasional, and 
extrem e, projections which result from  the p roduction  of perm anen t m ounts w ithout 
the use of standard isation  of perspective.

The m ost astonishing aspect of the result of this s tudy  is its simplicity! O bviously, 
the com plex spatial structure of m illipede gonopods is underestim ated  and until now, 
by no m eans, m ethodically solved. A description of gonopods should  expressly in
clude a spatial analysis of the structures and  the standard isation  of the perspectives 
used in o rder to avoid false conclusions. An explicit p rerequisite  for a valid descrip
tion should  be that the used characteristics are independen t of perspective.
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