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Hockman et al. (2009) discussed, the intraordinal vari-
ation of antennal development limits the phylogenetic 
value of this characteristic. Furthermore, the antennal 
development of some polyneopteran groups such as Em-
bioptera and Phasmatodea has not been examined yet. 
Reconstructing the ancestral mode of antennal growth in 
Polyneoptera and Pterygota requires more data covering 
all major groups.

4.5. 	 Homology of thoracic sclerites

The thoracic exoskeleton of Zoraptera was investigated 
by Crampton (1920, 1926), Delamare-Deboutteville 
(1947), Rasnitsyn (1998) and Friedrich & Beutel 
(2008). As in other pterygote insects, the zorapteran pro-
thorax is uniform between winged and apterous forms, 
both regarding adults and nymphs. In contrast, the exo-
skeleton of the prothorax and pterothoracic segments dif-
fers considerably (Crampton 1920, 1926; Friedrich & 
Beutel 2008). The prothoracic pleural sclerites are sim-
ple and less differentiated, mainly due to lacking flight 

function. The homology of zorapteran prothoracic pleu-
ral sclerites with those of other pterygote insects is prob-
lematic, as is the serial homology between prothoracic 
and pterothoracic sclerites (Friedrich & Beutel 2008).
	 In previous studies, the posterior propleural sclerite 
has been interpreted as an element corresponding with the 
pterothoracic epimeron (Crampton 1920, 1926; Matsuda 
1970; Friedrich & Beutel 2008). Our results confirm 
this interpretation, based on the relative position of these 
structures to the pleural sutures (cf. Fig. 3C vs. D). Fried­
rich & Beutel (2008) examined the skeleto-muscular 
systems of Zorotypus hubbardi and Zorotypus weidneri 
New, 1978 and designated several muscular features sup-
porting this serial homology. Delamare-Deboutteville 
(1947) described a paracoxal suture in the prothoracic 
pleuron in Zorotypus guineensis Silvestri, 1913 (cf. Mat­
suda 1970). Similarly to Crampton (1920, 1926) and 
Friedrich & Beutel (2008), we could not identify this 
structure.
	 The characterization of the anterior and intermediate 
propleural sclerites of Zoraptera remains controversial. 
The anterior sclerite has been variously termed, i.e., the 
lateropleurite (Crampton 1920; Delamare-Deboutte­
ville 1947), precoxale (Crampton 1926), episternum/

← Fig. 7. Zorotypus caudelli Karny, 1927: SEMs of the 5th instar nymphs and adults. A: Body of apterous form of 5th instar, lateral 
view. B,B’: Left antenna (B) and antennomeres 2 – 4 (B’) of 5th instar. C: Head of 5th instar of winged form, lateral view. D: Mesothorax 
of 5th instar of apterous form, lateral view. E: Mesothorax of 5th instar of winged form, wing pad removed, lateral view. F: Meso- and 
metathorax of 5th instar of winged form, lateral view. G – J: Abdomen, caudal view. Prospective male (G) and female (H) 5th instar, male 
(I) and female (J) adults. White and black arrows indicate the posteromedian swelling and mating hook on abdominal terga X and XI, 
respectively. Arrowheads indicate spiracles. Asterisks show small sclerites anterior to the mesothoracic anepisternum. – Abbreviations: 
aeps2, 3 = meso- and metathoracic anepisterna; an = antenna; as3 – 9, 11 = abdominal sterna III – IX, XI; at1 – 11 = abdominal terga I – XI; 
ce = cercus; cx1 – 3 = pro-, meso- and metacoxa; ep = epiproct; epm2, 3 = meso- and metathoracic epimera; hc = head capsule; lbp = la-
bial palp; lr = labrum; md = mandible; mx = maxilla; nt1 – 3 = pro-, meso- and metathoracic nota; pcj2 = mesothoracic pleuro-coxal joint; 
peps2 = mesothoracic preepisternum; pls2 = mesothoracic pleural suture; ti2 = mesotrochantin; wp = wing pad; 1 – 9 = antennomeres 1 – 9. 
– Scale bars = A,F: 200 µm; B,C,G,H,I,J: 100 µm; B’,D,E: 50 µm.

Fig. 8. Zorotypus caudelli Karny, 1927: SEMs of left metafemora, anterior view. A: 1st instar. B: 2nd instar. C: 3rd instar. D: 4th instar. E: 5th 
instar. F: Adult. – Scale bars = 100 µm.



Mashimo et al.: Postembryonic development of Zoraptera 

68

Fig. 9. Zorotypus caudelli Karny, 1927: SEMs of abdomen, ventral view. A: 2nd instar nymph. Black arrowheads show spiracles. Asterisk 
shows a part of the sclerotized region of the abdominal sternum II. B: 3rd instar nymph. C: 4th instar nymph. D: 5th instar nymph. – Abbre-
viations: as2 – 11 = abdominal sterna II – XI; ce = cercus; cx3 = metacoxa. – Scale bars = 100 µm. 
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anapleurum (the proximal part representing the preepi
sternum) (Matsuda 1970), or preepisternum + anterior 
anepisternum (Friedrich & Beutel 2008). The intermedi-
ate propleural sclerite was referred to as the episternum 
(Crampton 1926; Delamare-Deboutteville 1947) or pos-
terior anepisternum (Friedrich & Beutel 2008). We found 
that the anterior and intermediate sclerites of Zorotypus 
caudelli stay connected in their dorsal regions through-
out postembryonic development, whereas their ventral 
separation deepens gradually and becomes more distinct. 
Crampton (1920, 1926) and Friedrich & Beutel (2008) 
depicted the anterior and intermediate sclerites as sepa-
rated, but the present study confirmed that they are dorsal-
ly connected, as suggested by Delamare-Deboutteville 
(1947). Based on their position in relation to the ventral 
notch and trochantin (see Fig. 2C), it is conceivable that 
they represent the preepisternum and anaepisternum, re-
spectively, even though they are not clearly demarcated 
by a separating structure such as a suture or ridge.
	 In contrast to the prothorax, there seem to be few con-
troversial issues concerning the meso- and metapleural 
sclerites. However, we found hitherto undescribed small 
sclerites with spiracles located anterior to the meso- 
and metathoracic anepisterna (cf. asterisks in Figs. 5C, 
7D,E). Uchifune & Machida (2005) traced the formation 
of thoracic eusternal and pleural sclerites in the gryllo
blattid Galloisiana yuasai Asahina, 1959, and discussed 
the origins of thoracic sclerites. According to their inter-
pretation that spiracles are associated with the preepi
sternum, we may have to re-characterize the meso- and 
metathoracic pleurites, especially focusing on the origin 
of the preepisternum.

4.6. 	 Concluding remarks

Most studies on the postembryonic development of in-
sects focus on the morphology of specific structures such 
as antennae and genitalia (e.g., Qadri 1938, 1940; Na­
gashima 1991; Hockman et al. 2009). The available data 
set of nymphal characteristics is insufficient to clarify the 
placement of Zoraptera among the polyneopteran line-
ages. This may be partly due to the lack of postembryonic 
data for members of the polyneopteran orders. Extensive 
and detailed documentation of nymphal development 
and morphology covering the entire polyneopteran line-
ages is greatly desirable. 
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