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Abstract 

l 

The c1ypeolabrum of a centipede Scolψocηttoψ's rubiginosus is dual in origin and is formed by the fusion of a 
single structure as the c1ypeal element and a paired structure as the labral element. This finding may help to reconcile 

the alternative interpretations of the origin of the arthropod c1ypeolabrum. 

Introduction 

In reconstruction of the groundplan of Arthropoda， cephalic construction is one of the most interesting but 

controversial subjects， particularly concerning the c1ypeolabrum， which is often designated simply as the labrum. 

There has been much debate over the nature and origin of the c1ypeolabrum， and two interpretations exist (cf. 

Anderson， 1973). One recognizes the c1ypeolabrum as merely an ectodermal swelling i日立ontof the stomodaeum (e. g.， 

Snodgrass， 1935; Tiegs， 1947; Manton， 1960; Matsuda， 1965). The other bestows an appendicular nature to the 

c1ypeolabrum (e. g.， Butt， 1960; Sharov， 1966; Rempel， 1975; Haas et al.， 2001). In c1arifying this issue， it is crucial to 

determine whether the arthropod c1ypeolabrum is originally a paired structure or not. In Chelicerata (e. g.， Brauer， 

1895; Yoshikura， 1955)， Crustacea (e. g.， wt巴ygoldt，1958; Abzhanov and Kaufman， 1999) and higher hexapods Pterygota 

(e. g.， Eastham， 1930; Rempel and Church， 1971)， the c1ypeolabrum is formed as a paired structure， and has been 

regarded to represent the labral segment as its appendicular constituent (e. g.， Sharov， 1966; Rempel， 1975)， although 

some authors attribute the paired appendicular anlagen to the intercalary (= premandibular or second antennal) 

segment (e. g.， Butt， 1960; Haas et al.， 2001). On the other hand， in myriapods (e. g.， Heymons， 1901; Pflugfelder， 1932; 

官巴gs，1940， 1947) and lower hexapods Apterygota (e. g.， U巴miyaand Ando， 1987; Ikeda and Machida， 1998)， no signs 

suggestive of a paired nature of c1ypeolabrum have been detected. 

We have been studying the embryogenesis of a centipede ScolopocηIttops rubiginosus L. Koch， and obtained 

observations significant enough to develop the argument and characterization of arthropod c1ypeolabrum， which we 

refer to in the present paper. 

Materials and Methods 

Females of Scolopocryptops rubiginosus w巴recollected at Minami-izu and Shimoda， Shizuoka Prefecture， and Ueda 

and Sanada， Nagano Prefecture， Japan. The eggs， which the females deposited in the form of an egg mass in rearing 

conditions， were isolated from maternal αre and fixed with Karnovsky. s fixative (2% paraformaldehyde + 4% 
glutaraldehyde in pH 7.2 HCI-sodium cacodylate bu百er)in an automatic vacuum infiltrator (cf. Machida et al.， 1994b) 

for 1 da:y， being punctured with a fine needle. The chorion was removed with forceps. The fixed specimens stored in 
HCI-sodium cacodylate buffer at 4

0

C were stained with DAPI (4'， 6-diamidino-2-phenylindol巴dihydrochloride，diluted 

about 1 ，uglml with PBS) and observed under a f1uorescence stereomicroscope (Leica MZ FL III + FLUOCOMBI， UV-
excitation). 

Some specimens were dehydrated through a graded ethanol series， replaced in acetone， then embedded in epo勾
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Figs. 1-4 Cephalic regions of Scolopocηφω'PS rubig問 OSUSgerm bands 11-12 days after oviposition. Arrows show labral anlagen. See the text. 

Fig. 1 Anteroventral view of the cephalic region of an embryo， stained with DAPI， lN excitation. 

Fig. 2 Anteroventral (A) and ventral但)views of the cephalic region of a slightly more developed embryo than that shown in Fig. 1， stained with DAPI， lN excitation 

Fig. 3 A. Anteroventral view of the cephalic region of a slightly more developed embryo than that shown in Fig. 2， stained with DAPI， lN excitation. B. Sagittal section of the cephalic 

region of an embryo equivalent in stage to that shown in A 

Fig. 4 Anteroventral view of the cephalic region of a slightly more developed embryo than that shown in Fig. 3， stained with DAPI， lN excitation. 

An: antenna， CL: cephalic lobe， Cl: clypeus， Cllr: clypeolabrum， Ic: intercョlarysegment， Md: mandible， Mxl: first maxilla， Mx2: second maxilla， Mxpd: m回 illiped，Pan: preantennal 

appendage， ProMe: preoral mesoderm， Sd: stomodaeum. Scale bars = 500 μm 
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resin (TAAB Spurr' s Resin) and processed into 2-μrn-thick sections using a serni-thin rnicrotorne holding a diarnond 

knife (cf. Machida et al.， 1994a). Th巴 sections，frorn which the resin was rernoved by irnrnersion in a 28% sodiurn 

rnethoxide rnethanol solution for 30 rnin， were coated with celloidin and stained with Delafield' s hernatoxylin and eosin. 

Results and Discussion 

In the anterior area of Scolopocryptops rubiginosus gerrn bands 11-12 days after oviposition， the cephalic lobe (the 

region anterior to the antennal segrnent)， th巴 largeant巴nnaland the following segrnents， i. e.， intercalary (= 

prernandibular)， rnandibular， first rnaxillary， second rnaxillary and rnaxillipedal (= first trunk)， are distinguished. First， 

a single large swelling as the anlage of c1ypeus differentiates at the center of the cephalic lobe (Fig. 1)， and soon after 

just posteriorly to it， paired anlagen of the labrurn are distinguish巴d(Fig. 2A， B). The paired appearance of the labral 

anlagen is epherneral and soon obliterated due to the unification of the anlagen on both sides just after the 

cornrnencernent of stornodaeal invagination (Fig. 3A)， which appears as a shallow depression just posterior to the 

labrurn (Fig. 3A， B). Subsequently， the stornodaeurn becornes conspicuous， being crescent in shape， and the labral 

anlagen fuses with the c1ypeus into a single c1ypeolabrurn (Fig. 4). A pair of long and wide， transverse swellings appear 

just anteriorly to the antennal anlagen， and they represent the preantennal segrnent as its appendicular constituents 

(Fig.4). 

The present study c1early reveals that the c1ypeolabrurn of Scolopocryptops rubiginosus should be forrned by the 

fusion of a c1yp巴usappearing as a single swelling and a labrurn arising as a paired structure between the c1ypeal anlage 

and stornodaeurn: narnely， the c1ypeolabrurn is not forrned as is but has two origins. This rnay be rneaningful to the 

debate on the arthropod c1ypeolabrurn， with the potential to reconcile the alternative interpretations on the nature and 

origin of the arthropod c1yp巴olabrurn.In the case where the c1ypeal elernent is巴xaggerated，the c1ypeolabrurn under 

developrnent could be recognized as a single structure. On the other hand， in the case where the labral elernent 

predorninates and is well defined， the c1yp巴olabrurncould be regarded as being forrned in pairs. The following 

references rnay be noteworthy: in Pedetontus unimaculatus of the rnost prirnitive euinsects Archaeognatha， the 

c1ypeolabral anlage usually appears as a single structure but occasionally as a paired structure αilachida， 1981); in a 

diplopod Glomenゐmarginata，the c1ypeolabrurn is observed to be distally bilobed， although only ternporarily (Dohle， 

1964). 

What is the didyrnousity revealed in the c1ypeolabrurn or labral 
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