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The Systematic Status
of the Diplopod Genus Rajasphaera A ttems, 1935

(Sphaerotheriida)
By R ichard L. H offman1)

In connection with a study now being conducted on the giant pill- 
millipeds referred to the genera Castanotherium and Pulusphaera, I found 
it necessary to look into the entire known Borneo fauna of sphaero- 
theriids, and so became interested in the status of Rajasphaera montana 
A ttems. In April of 1975 I had the opportunity to study firsthand the 
unique type specimen of this remarkable species in the Zoologisches 
Museum, Hamburg, and now wish to record the substance of my opinion 
about its position in the classification of the order Sphaerotheriida.2)

The genera of this order were for many years in a state of taxonomic 
confusion, and only very recently has a rational classification which 
reconciles group characters with biogeographic patterns been proposed 
(Jeekel, 1974). I believe that the definition of two families Sphaerotheriidae 
and Sphaeropoeidae on the basis of cyphopod structure, as suggested by 
Dr. J eekel, reflects a fundamental phylogenetic dichotomy, all the more 
so as the resultant groups are anatomically homogeneous and logically 
dispersed. It is noteworthy that, contrary to the usual condition in 
Diplopoda, female characters proved to be more useful in separating 
families than those of the male. With only a few exceptions the structure 
of the telopods is generally similar throughout the order. In fact, the 
basic pattern both within and between the two families is so pervasive 
that, in my view, any departures from it merit particular consideration.

J eekel recognized two subfamilies within the Sphaeropoeidae, one 
(Sphaeropoeinae) characterized by the presence of two segments distal to 
the femur of the telopods. This group contained eight nominal generic 
names, some of them with several established synonyms, largely confined 
to the mainland of southeast Asia. The second subfamily, Castanotheriinae, 
embraced six nominal genera in which the two distal segments of the 
telopod are completely coalesced into a single article. These taxa occur 
exclusively in the Greater Sunda Islands and the Philippines.3)

At the time (1935) of describing Rajasphaera, A ttems did not distin­
guish subfamilies or tribes within his broad concept of the Sphaero-

x) Address of the author: Prof Dr. R ichard L. H offman, Radford College, 
Radford, Virginia, 24142, USA.

2) The cooperation and assistance of Dr. G. R ack in making the specimen 
available for study are herew ith  acknowledged w ith appreciation.

3) Actually the known areas for J eekel’s two subfamilies do not overlap, as 
the Borneo genus Bothrobelum, placed by him  in the Sphaeropoeinae, is know n 
only from  a female and thus cannot be placed in either subfam ily on the 
basis oft the required male characters. W ith this exception, all of the 
Sphaeropoeinae, sensu J eekel, occur on the Asiatic m ainland and the w estern  
Sunda islands.
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theriidae, and merely included the new genus, amongst others, in a key 
for .. indoaustralischen Gattungen mit vielen Sinneskegln auf den An- 
tennen.“ Here Rajasphaera was brought out in the fourth couplet on the 
basis of details of structure of the telopod syncoxa and the unusual form 
of tergal pubescence. In a later key to all of the genera of Sphaero- 
theriidae, A ttems (1943) repeated these two distinctions and added another: 
the form of the basal articles of the telopods. In view of the several 
major anatomical peculiarities of this genus, it is strange that A ttems did 
not propose some kind of supra-generic taxon for it. K. W. V erhoeff lost 
no time in doing so, but his subfamily name Rajasphaerinae was published 
without diagnosis and is invalidly proposed (Verhoeff, 1937).

Following some limited experience with species in the genera 
Sphaerotherium, Arthrosphaera, Sphaeropoeus, and Castanotherium, I 
was forcibly struck by the characters of Rajasphaera montana upon 
examining the unique male holotype. Although the cyphopod structure 
of this species is not known, the mere fact of its occurrence in central 
Borneo justifies the assumption that it is a sphaeropoeid, and on the basis 
of the telopod structure J eekel referred Rajasphaera to the subfamily 
Castanotheriinae.

Admitting the importance of the main castanotheriine diagnostic 
character, it nonetheless does not reflect the drastic overall difference in 
general structure of these appendages that occurs between Rajasphaera 
and all other genera of the Sphaeropoeidae. A comparison of Figures 4 
and 6, herein, will bring out the hypertrophy of the prefemur, and 
diminuation of the tibiotarsus, in Rajasphaera montana. Much the same 
order of difference is evident in the paratelopods also (cf. Figures 5 and 8), 
those of Rajasphaera showing much reduced femoral process and tibio- 
tarsal element.

Finally, and I take this position mainly to put on record another 
possible way of interpreting the evidence, one might question the practi­
cality of separating subfamilies on the basis of a single character which is 
perhaps subject to random duplication through independent reductive 
tendencies, namely the fusion of tibia and tarsus of the telopods into a 
single segment.

My own preference in character-weighting would result in a system 
of the sphaeropoeids somewhat different from that advanced by J eekel, 
particularly in assigning much greater importance to the distinctive 
characters of Rajasphaera. Such a classification might be represented in 
the following way:

Family S p h a e r o p o e i d a e  B rolemann, 1913 
Subfamily 1. Sphaeropoeinae B rolemann, 1913.

Prefemur of telopods of normal size and shape for the order, femur 
produced distomedially into an elongate flattened-spatulate process. 
Syncoxa of telopods with the usual triangular plate. Anterior margin of
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terga without dense belt of pubescence, hairs if present sparsely dispersed 
over tergal surface or confined to a median transverse belt of setae.

Tribe 1. S p h a e r o p o e i n i  B rolemann, stat. nov. Nomen translatum 
herein, ex family Sphaeropoeidae B rolemann, 1913. Paratelopod with 
distinct femoral process; telopod with two segments beyond the femur; 
coxae of second pair of legs of females separate.

Genus Sphaeropoeus B randt, 1833 (syn. Lissosphaera A ttems, 1944; Panti- 
therium A ttems, 1932). Sumatra, about a dozen species of uncertain 
taxonomic status, some described under other generic names.

Genus Leptoprotopus S ilvestri, 1897. Regarded as a synonym of the 
preceeding genus by Jeekel, but in my view the modified sexual 
characters of the male of the type species set it off sharply from all 
other known sphaeropoeids. L. gladiator (P ocock) is known only from 
Sumatra.

Genus Tonkinobelum V erhoeff, 1924. Also considered a synonym of 
Sphaeropoeus by Jeekel, but until authentic material of T. maculatum 
can be studied, or the presence of genuine species of Sphaeropoeus 
verified in Indochina, I prefer to keep these two names separate.

Genus Kophosphaera A ttems, 1936. Four species, eastern Himalayan re­
gion (Assam, Nepal, Darjeeling). Very close to the next genus and 
very possibly a synonym of it.

Genus Sphaerobelum V erhoeff, 1924. Four species, Indochina.

Tribe 2. P r i o n o b e l i n i ,  trib. nov. Paratelopod with femoral process 
very small, not attaining distal edge of the segment, or represented by 
a small ridge only; tibia and tarsus of telopod separate; coxae of second 
pair of legs of female separate.

Genus Prionobelum V erhoeff, 1924. Two species, Indochina.

Genus Chinosphaera A ttems, 1935. One species, southeastern China; one 
species, Indochina.

Tribe 3. I n d o s p h a e r i n i ,  trib. nov. Paratelopods and telopods 
with normal distal processes, tibia and tarsus separate in both; coxae of 
second pair of legs of females completely coalesced without trace of suture.

Genus Indosphaera A ttems, 1936. Two species, Assam, Burma.

Tribe 4. C a s t a n o t h e r i i n i  J eekel, stat. nov. Nomen translatum here­
in, ex subfamily Castanotheriinae J eekel, 1974. Paratelopods with one seg­
ment beyond the femur, femoral process posterior in position; telopods
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with one postfemoral segment, the femoral process large and distally 
spatulate. Coxae of second pair of legs of females separate (a synopsis of 
this group is in preparation).

Genus Castanotherium P ocock, 1895 (syn. Borneopoeus V erhoeff, 1924; 
Pulusphaera A ttems, 1935, syn. nov.l). About 20 species, Borneo and 
the Philippine Islands. The several records for Java and elsewhere 
(under the name Pulusphaera) are doubtless based on mislabeled ma­
terial. A new genus is to be proposed to accomodate many of the 
species from Celebes originally described in Castanotherium.

Genus Castanotheroides Chamberlin, 1920. One species, Palawan Island.

Genus Luzonosphaera W ang, 1951. One species, Luzon.

Subfamily 2. Rajasphaerinae, subf. nov.

Prefemur of telopods enormously enlarged, femur relatively much 
smaller, extending medially behind syncoxal lobes, not projecting distad 
as elongated spatulate processes; tibiotarsus remarkably small. Femoral 
process of paratelopods small. Anterior surface of terga with a transverse 
belt of fine dense short pubescence, projecting caudally in serrated 
triangular lobes, the terga otherwise smooth and polished.

Genus Rajasphaera A ttems, 1935. One species, Borneo.

Genera of uncertain taxonomic position or status:

Genus Bothrobelum V erhoeff, 1924. This genus remains known only from 
the female of the type species, and although presumably is referable 
to the Castanotheriini, it will remain uncertain until topotypic males 
can be studied.

Genus Zephronia G ray, 1832. Based upon a species ovalisl} possibly the 
application of the Linnean name Julus ovalis to an actual specimen 
at hand, or, alternatively, the coincidental usage of the same name for 
a new species. In any case the type specimen of Zephronia ovalis 
G ray cannot at present be found in the British Museum although it 
was once in the dry collection and presumably had been studied by 
P ocock. The characters of the paratelopods remain unknown, and so 
Zephronia must be a mystery until some kind of arbitrary action is 
taken to stabilize the name. Regrettably no precise locality was known 
for Z. ovalis. The status of many Asiatic species now going under the 
name Zephronia must for the present remain uncertain.

This situation is particularly awkward inasmuch as Zephronia is the 
oldest name in the order Sphaerotheriida, and as J eekel as already noted, 
it could very easily prove to be a senior is»ynonym of Sphaeropoeus 'or 
some related younger genus.
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The following remarks summarize the extent of our present know­
ledge of Rajasphaera montana. Attems gave a fairly good description and 
drawings, but overlooked a number of important characters, so that a 
redescription seems to be in order. Regrettably the telopods and paratelo- 
pods are no longer present with the specimen. Presumably they were 
removed by Attems, as was his custom, and I felt certain they might be 
discovered in the myriapod collection at the Naturhistorisches Museum 
in Wien. Through the kind offices of Dr. G. P retzmann, I was given free 
access to the alcoholic and preparation material, but extended search 
proved to be entirely futile. Unless there remains some additional con­
tainers in a forgotten depository in the Wiener Museum, I fear that 
further knowledge of the genitalic structures of this species must await 
the collection of fresh material in Borneo.

Rajasphaera
Rajasphaera A ttems, 1935, Arch. Hydrobiol., Suppl. 14: 126. Monobasic w ith  a 

new species. Type: R. montana A ttems, by original designation.

D i a g n o s i s  : With the characters of the subfamily as stated above.

Rajasphaera montana A ttems (Figures 1—5, 9)
Rajasphaera montana A ttems, 1935, Arch. Hydrobiol. Suppl. 14: 132, figs. 18—22.

T y p e  m a t e r i a l :  Male holotype (Zool. Mus. Hamburg) from Bukit 
Raja, ca. 1400 m. (0.21 S, 112.41 E), Kalimantan Barat, Borneo; December 
1924, Prof. H. W inkler, leg.

D e s c r i p t i o n :  A large smooth polished sphaeropoeid; exposed 
surfaces of terga and labral margin black, front of head, pleura, and legs 
light brown; concealed surfaces of terga maroon-red, oblique setose 
depressions at lateral ends of terga yellow; pygidium deep chestnut brown 
to the eye, but appearing bright orange with magnification and strong 
light; antennae greenish-black; distal podomere shading into olive brown.

Length of preserved specimen about 50 mm (varies with degree of 
unrolling); maximum width of 2nd segment, 24.4 mm, of widest midbody 
segment, 25.3, height of segment at midbody, 16.1 mm; width of pygidium 
at base, 20.5 mm.

Front surface of head smooth and polished, largely impunctate; clypeus 
coarsely punctate-rugulose, with sparse yellow setae; a shallow depression 
each side near antennal socket; lab rum narrow, smooth, slightly elevated, 
with one small median tooth. Ocellaria nearly circular, each with about 
80 round ocelli, those adjacent to antennal socket distinctly larger. An­
tennae (Fig. 1) very short, only the 6th article extending laterad beyond 
outer edge of ocellaria; articles smooth, impunctate, sparsely set with 
long setae, dark green except for distal edge which is light green; 6th 
article expanded to one side but not prominently wider than others, 
apical sensory field sharply set off from remainder of surface, with about 
130 sensory cones placed in an elongated field, narrowed at its midlength; 
surface of the sensory field reddish, that surrounding it light green. —
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Fig. 2: Gnathochilarium , setae shown only on left side. Abbreviations: H, 
hypostom a (gula); LL, lam ellae linguales; M, m entum ; PM, “param entum “; S, 
stipes. — Fig. 3: Second leg, posterior aspect, inset draw ing shows apical 
coxal process enlarged. Abbreviation: G: gonopore.
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Figs. 4—8: Telopod structure, Rajasphaera and Cast another ium. — Fig. 4: Telo- 
pods, anterior aspect, of R. montana. — Fig. 5: Paratelopod, posterior aspect 
(Figs. 4 and 5 after A ttems, 1935). — Fig. 6: Right telopod, anterio r aspect, of 
Castanotherium hosei P ocock, from  holotype, to show the norm al appearance 
of this appendage for most sphaeropoeids. — Fig. 7: Left paratelopod, an terior 
aspect, C. hosei, from  holotype. — Fig. 8: Left paratelopod, posterior aspect, 
C. hosei, for comparison w ith  Fig. 5.
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G nath o ch ila riu m  (Fig. 2) w ith  an  e longa ted  s len d e r m ed ian  sclerite , 
p a r t ia l ly  d iv ided  ap ica lly  w ith  a m ed ian  groove and  su tu re , b asa lly  su b ­
ten d ed  by  a w h ite  m ed ian  depression ; n e a r  p ro x im a l end  th is  sc le rite  
w ith  n u m ero u s  tin y  ro u n d  se tife rous spots, w hich  becom e increasing ly  
la rg e r  an d  fe w e r d is ta lly . O n each side a  la rg e  trap ezo id a l p la te  w ith  a 
ro u n d ed  b a sa l lobe an d  an  ob lique depression  n e a r  th e  m idd le ; la te ra lly  
th is  p la te  m erg es in to  th ick  connective tissue  connecting  w ith  base  of 
m an d ib le ; d is ta lly  a b ro ad  colorless ob lique su tu re  sets o ff an  e longa te - 
ova l sc le rite  se t w ith  n u m ero u s long se tae  an d  a sing le  d is ta l senso ry  
knob. — C ollum  fla t, sm ooth, an d  polished, 12.7 m m  w ide  an d  3.8 m m  long 
a t m iddle , la te ra l ends acu te  and  tu rn e d  fo rw ard , a n te r io r  edge se t off 
by  a fin e  ridge  ru n n in g  p a ra lle l to  edge, th e  m arg in  th u s  fo rm ed  no t 
n o tab ly  th ick e r a t m id leng th . A n te rio r edge p o stten d ed  b y  a sing le  series 
of m in u te  se tife ro u s p u n c tu re s ; la te ra l ends w ith  a sm all fie ld  of p u n c ­
tu re s  b ea rin g  long s len d er ha irs. — A n te rio r  rim  of 2nd segm en t ex trem ely  
th in  and  n a rro w , con tinued  en tire ly  across dorsum , fo llow ed by  a shallow  
tra n sv e rse  groove, se t w ith  a few  se tae  b eh in d  th e  o cu la r region. A n te rio r 
m a rg in  only  v e ry  s ligh tly  b ro ad en ed  ju s t  la te ra d  to  ocellaria . E n tire  
su rface  sm ooth, polished, and  g labrous.

B ody te rg a  w ith o u t special m odification , a n te r io r  tra n sv e rse  groove 
sm all, se t o ff by  a m in u te  e lev a ted  rim  w ith  s tr ia te d  su rface , la te ra lly  a 
few  m icroscopic po lished  g ran u les  in  a single row . S u rface  of te rg a  
sm ooth  an d  polished, w ith o u t tra c e  of pun c ta tio n . A n te rio r  reg ion  of each 
w ith  a tra n sv e rse  s tr ip  of fine, sho rt, dense, fu r - lik e  pubescence, e x te n ­
d ing  cau d ad  in  a n u m b er of su b tr ia n g u la r  p ro jec tio n s (Fig. 9) ab o u t V4th

Fig. 9: Rajasphaera montana, m iddorsal aspect of two terga to show form of 
the transverse pubescent belt on anterio r m argin, enlarged ca. 5 X.
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of the tergal length and contrasting sharply with the smooth and polished 
surface. — Pygidium densely and finely punctate, the posterior edge not 
margined or flared, surface with a shallow median depression posteriorly. 
Black line on inner basal margin long (6.0 mm) and narrow, unbranched. 
Lower half of inner surface with numerous long silky hairs, upper half 
with about 6—8 fine transverse striae parallel to lower edge. — 2nd pair 
of legs (Fig. 3): coxa produced into an apicomedial spine set with about 
12 small stout bristles; gonopore small, subcircular, placed almost on the 
narrow median side of the segment, edged with black pigment; just 
proximad to gonopore a shallow ovoid depression set with numerous 
fine short setae; laterally coxa produced into a short acute lobe. Medial 
ridge on posterior side of femur short, attaining only midlength of seg­
ment. Tarsus with two pairs of subapical spurs ventrally, no supraapical 
spur. — Midbody and posterior legs of normal sphaerotheriid form, the 
coxae not produced laterad into lobes or spurs, but lateral edge set with 
one or more rows of acute small tubercules. Ventral tarsal spurs vary 
from 7 to 10, most usually 8, in a single row near middle of tarsus but 
becoming paired distally; tarsal claw slender, highly curved, with a small 
basal ventral denticle, ventral side with a fine median groove. Distal end 
of tarsus not truncated, supraapical spur placed close to claw. — Telopods 
missing; A ttems‘ original figures of these appendages are reproduced 
here as Figs. 4 and 5.

C o m m e n t a r y

Several features in the anatomy of this species require some attention, 
apart from the singular form of the telopods which has already been noted 
to the extent possible from A ttems‘ drawings.

In comparison with that observed in Castanotherium  and Sphaero- 
therium , the gnathochilarium of Rajasphaera is remarkable for the pro­
minent definition of a longitudinal median sclerite, more similar to that 
occurring in the latter genus than in Castanotherium. According to 
A ttems‘ interpretation in 1926, the major sclerite of the gnathochilarium 
is composed of the fused lingual lamellae and a poorly defined “Zentral- 
korper“. Yet if we recall that in helminthomorph Diplopoda, the lingual 
lamellae are centrally located, and that each carries a distal palp, it might 
be reasoned by analogy that the median sclerite in Rajasphaera is formed 
by the partial fusion of the originally separate lamellae. A ttems is probably 
correct in identifying the bilobed transverse basal sclerite as the remnant 
of the mentum, as there is still a more proximal sclerite subtending it in 
Rajasphaera, which I suppose must be the hypostoma (gula) although this 
requires verification by muscle studies.

There remains unanswered the question, what is the identity of the 
large basal lateral sclerite subtending the stipe on each side? It could be 
assumed either (1) that the original stipe became divided by an oblique 
suture, or (2) the lingual lamellae, either separate or fused, were prolonged 
basally to contact the median part of the mentum, thus dividing the
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ap ica l p a r t  of th a t  e lem en t in to  tw o la te ra l p a rts . T his la t te r  v iew  is a t 
th is  m om en t p lau s ib le  to m e, and  on F ig u re  2 I in d ica te  th e  p a r ts  in 
question  by  th e  sym bol “PM “ as ab b rev ia tio n  of th e  suggested  te rm  
“p a ra m e n tu m “. N a tu ra lly  th is  s itu a tio n  m u s t be ev en tu a lly  stu d ied  as 
reg a rd s  th e  c ran ia l m u scu la tu re , assum ing  th a t  hom ologies ex is t w ith  
th e  c ran ia l-g n a th o ch ila ria l m uscles of H elm in thom orpha.

In  genera l, th e  g n a th o ch ila riu m  of Rajasphaera  is u n ifo rm ly  setose, b u t 
th e  h a irs  a rise  m ostly  fro m  colorless ro u n d  spots, an d  those  of th e  d is ta l 
end  of th e  ce n tra l sc le rite  a re  w ide ly  separa ted . B y co n trast, in  Castano- 
therium , th e  gna th o ch ila riu m  is ra th e r  densely  covered  w ith  h a irs , and  
th e  d is ta l end  of th e  ce n tra l body m ost p ro m in en tly  so, be ing  th e  site  of 
tw o h eav y  dense b ru sh es  of ha irs .

T he ap ica l a n te n n a l a rtic le  also d iffe rs  sh a rp ly  from  th a t  of Castano- 
therium  in  h av in g  th e  senso ry  fie ld  v e ry  sh a rp ly  se t off by  an  encirc ling  
su tu re , w h ils t th e  fie ld  itse lf  is p ro m in en tly  red d ish  in  co lor a ro u n d  th e  
senso ry  cones w ith  an  o u te r  c irc ling  b an d  of g reen. In  Castanotherium  
th e  en tire  su rface  of th e  6th a rtic le  is con tinuous, w ith  th e  cones ap p ea rin g  
to  a rise  from  holes. T he tw o g enera  a re  c lea rly  n o t closely  re la te d  in  
a n te n n a l as w ell as g n a th o ch ila r ia l characters.

T he second legs of th e  m ale  in  Rajasphaera  a re  u n u su a l in  tw o 
respec ts: one th a t  th e  coxa is p roduced  in to  a sh a rp  ap icom ed ian  spine, 
th e  o th e r  th a t  th e  gonopore is located  alm ost on th e  m ed ia l su rface  
in s tead  of th e  p o ste rio r as is com m on in  th e  order.

I be lieve  th a t  ta k in g  in to  accoun t th e  cha rac te rs  of gnathoch ilarium , 
an ten n ae , second legs, te rg a l pu b escen t belt, telopods, an d  g en era l facies, 
Rajasphaera  is am p ly  en titled  to  recognition  in  a se p a ra te  s ta tu s  of a t 
leas t sub fam ily . As it  is so g en era lly  d iffe ren t fro m  o th e r  know n  B orneo 
species, I w ou ld  su sp ec t th a t  m ore know ledge, especia lly  of th e  te lopod  
s tru c tu re  an d  th a t  of th e  fem ale  gen ita lia , m igh t w ell ju s tify  sep a ra te  
fam ily  sta tu s.
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