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basalmost meriston, meristal annulus which is derived 
from the meriston and undergoes once subdivision to 
produce singleton(s), and singletons which never divide. 
This mode of antennal growth is found in some Blattaria 
(Blattidae: Schafer & Sanchez 1973; Blaberidae: Schaf­
er 1973, Blattellidae: Campbell & Priestley 1970) and 
Mantodea (Bugnion 1921). In the 3rd mode, the meristal 
annuli are not only derived from the division of the most 
basal annulus (meriston) but instead from several basal 
or even all annuli in the flagellum of the 1st instar. This 

mode of antennal growth is found in Orthoptera (Bur­
nett 1951) and Phasmatodea (Roth 1917). 
	 In the development of flagellomeres in cockroaches, 
as mentioned above, two modes have been reported: (1) 
in Blatta orientalis of Blattidae, lengthening of the fla-
gellum is achieved by division of the 1st flagellomere 
(meriston) into 2 or 3 at each molt (Qadri 1938); (2) in 
Periplaneta americana of Blattidae (Schafer & Sanchez 
1973), Blattella germanica of Blattellidae (Campbell & 
Priestley 1970) and Leucophaea (= Rhyparobia) mad­

Fig. 10. Thoracic paranota of a female last instar (in this case, 9th instar) larva of Eucorydia yasumatsui, ventral view. Arrowheads 
show the venation of wing buds. Mspn = mesothoracic paranotum; Mtpn = metathoracic paranotum; Prpn = prothoracic paranotum. Scale 
bar = 1 mm.

Table 5. Postembryonic changes of antennomeres in Eucorydia yasumatsui. ND = no data.

Instar Sex

Number of total annuli 
 mean  ±  SD 

(range of annuli number)

Number 
of annuli 

of white zone

Number 
of annuli  

distal to white 
zone 

Ratio in number of annuli 
of white zone to the 

number of total annuli 
(mean (%) ± SD) 

Relative position of white 
zone from base of antenna 

(mean (%) ± SD)  

1 (n = 10) 11 ± 0 (1) — — — —

2 (n = 7) 11 ± 0 (11) 1 3 9.1 ± 0 68.5 ± 3.8

3
� (n = 10)  14 ± 0.9 (13 – 15) 1 – 2 2 – 4 12.2 ± 3.7 67.5 ± 2.0

� (n = 2) 14.5 ± 0.7 (14 – 15) 1 – 2 3 – 4 10.5 ± 5.3 64.7 ± 2.7

4
� (n = 2) 17 ± 0 (17) 2 3 11.8 ± 0 73.1 ± 0

� (n = 4) 17.5 ± 0.6 (17 – 18) 2 – 3 3 – 4 12.8 ± 2.6 72.7 ± 1.6

5
� ND ND ND ND ND

� (n = 4) 20.3 ± 1.5 (19 – 22) 2 – 4 3 – 4 11.1 ± 1.8 72.3 ± 2.8

6
� (n = 4) 22.3 ± 1.0 (21 – 23) 2 – 3 4 12.4 ± 2.5 71.6 ± 0.9

� (n = 2) 22.5 ± 0.7 (22 – 23) 3 3 – 4 13.3 ± 0.4 72.7 ± 0.3

7
� ND ND ND ND ND

� (n = 7) 29.9 ± 1.9 (28 – 32) 2 – 4 2 – 5 10.5 ± 1.8 73.6 ± 2.9

8
� (n = 3) 32 ± 0 (32) 4 4 – 5 12.5 ± 0 74.9 ± 3.1

� (n = 3) 34.3 ± 2.9 (31 – 36) 4 – 5 4 – 5 13.6 ± 0.6 80.4 ± 2.6

9
� (n = 9) 34.3 ± 0.9 (33 – 35) 4 – 6 4 – 5 14.5 ± 1.8 75.5 ± 1.5

� (n = 4) 35.8 ± 0.5 (35 – 36) 4 – 5 5 – 6 12.0 ± 1.6 75.9 ± 0.8

Adult
� (n = 10) 37.6 ± 1.6 (36 − 40) 5 − 7 6 − 7 16.5 ± 1.8 71.4 ± 1.8

� (n = 10) 37.0 ± 1.2 (35 − 39) 3 − 5 9 − 11 10.8 ± 2.1 69.8 ± 1.7
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Fig. 11. Postembryonic changes of antennae of Eucorydia yasumatsui. A: Left antenna of a 7th instar larva. a, b and c show the entire flagel-
lum, white zone and the region distal to the white zone, respectively. B: Proximal parts of antennae of the 2nd to 9th instar larvae. White and 
black stars respectively show the proximal and distal annuli produced from the meristal annulus at the previous molting. F = flagellomere; 
M = meriston; MA = meristal annulus; P = pedicellus; S = scapus. 1 − 13 = 1st to 13th flagellomeres. Scale bars = A: 1 mm; B: 100 μm.
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erae of Blaberidae (Schafer 1973) both the meriston and 
meristal annulus, which are derived from the meriston, 
divide and add annuli at each molt. In B. germanica, all 
the meristal annuli, derived from the meriston, divide 
and produce doublets at each molt (Campbell & Priest­
ley 1970). The manner of annular addition of the flagel-
lum in Eucorydia yasumatsui may be categorized in the 
latter case in the division of meristal annuli involved. 
The latter case is predominant in cockroaches and may 
be regarded as the “groundplan of the group”. However, 
annular addition of the flagellum is achieved in termites 
only by division of the meriston (Fuller 1920). Flagellar 
annulation may have to be discussed in the framework of 
Blattodea.
	 As shown in Table 5, the number of annuli in the 
white zone increases from 1 in the 2nd instar to 5 – 7 in 
females and 3 – 5 in males in later instars. The number 
of annuli distal to the white zone also increases from 
2 or 3 in earlier instars to 6 or 7 in females and 9 − 11 
in males. The percentage of the number of annuli in 
the white zone relative to the total number of annuli is 
constantly 10 – 15% in the 3rd to 9th instars, excluding 
the markedly low value in 2nd instar larvae (9.1%) and 

high value in adult females (16.5%). The centre of the 
white zone is constantly located at ca. 70 – 80% of fla-
gellum length (from the base), i.e., the distance from the 
flagellum base is approximately fixed throughout larval 
instars. The number of annuli in the white zone and that 
of annuli distal to the white zone increase with succes-
sive molts. Thus, an addition of annuli to these regions 
evidently occurs, but no division of annuli was found 
in these regions. This necessarily means that during de-
velopment, with the progressive increase of the annular 
number of the white zone, the white coloration shifts to 
further proximal annuli, i.e., in successive instars pre-
viously dark annuli can become white (newly joining 
the white zone after a molt), and previously white an-
nuli can become dark (changing from the white zone to 
the dark distal part). Accordingly, the absolute position 
of the white zone remains constant during development, 
but its relative position (i.e., position relative to particu-
lar structural elements = individual annuli) changes. 
The fixed percentages of the number of the annuli in the 
white zone (10 – 15%) and of the distance of the white 
zone from the flagellum base (70 – 80%) suggest that the 
white zone is shaped by a regulatory mechanism perhaps 

Fig. 12. Antennae of a 2nd instar larva of Eucorydia yasumatsui just before molting. Basal part (A) and its enlargement (B), differential 
interference contrast microscopy, and the histological section of the opposite antenna of the same individual as shown in A and B (C). 
See text. Arrowheads and arrow show the divisions of flagellomeres and a strong seta, respectively. C2, 3 = cuticles of the 2nd and 3rd 
instar larvae; F = flagellum; M = meriston of the 2nd instar larva; P = pedicellus of the 2nd instar larva; S = scapus of the 2nd instar larva; 
2 − 4 = 2nd to 4th flagellomeres of the 2nd instar larva. Scale bars = A: 100 μm; B, C: 50 μm.
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based on some proximodistal physiological gradient. 
The pigmentation responsible for the dark versus white 
color of annuli is located in the cuticle. Thus, if a gra-

dient is present, it is likely to affect the distribution of 
pigmentation in the newly formed flagellomere cuticle 
of the various instars.

Fig. 13. Postabdominal segments of each instar larva and adult of Eucorydia yasumatsui, ventral views. A: 1st instar larva. B: 2nd instar 
larva. C − J: Female 3rd instar (C), 4th instar (D), 5th instar (E), 6th instar (F), 7th instar (G), 8th instar (H), 9th instar larvae (I), and adult 
(J). K − R: Male 3rd instar (K), 4th instar (L), 5th instar (M), 6th instar (N), 7th instar (O), 8th instar (P), 9th instar larvae (Q), and adult 
(R). Arrows and arrowheads show styli and cerci, respectively. VII − IX = 7th to 9th abdominal sterna. Scale bars = A − H, K − P: 500 μm; 
I, J, Q, R: 1 mm.
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6. Structural changes in postabdominal segments. We 
only briefly examined the development of exposed ven-
tral parts, but not that of the genitalia, which develop their 
great complexity in later instars, when they are covered 
by the subgenital plate (see Klass 1997: figs.109 – 142 
for fully developed male genitalia and Klass 1998 for 
female genitalia of related taxa; McKittrick 1964 for the 
development of female genitalia). 
	 1st and 2nd instar larvae are not sexually differenti-
ated (Fig. 13A,B). Abdominal coxosterna VIII and IX are 
clearly observed from outside, and a pair of cerci and a 
pair of IXth-segmental styli are well visible at the cau-
dal end. Sexes can be distinguished from the 3rd instar 
on. In females, a median notch appears on the posterior 
margin of abdominal coxosternum IX in 3rd instar lar-
vae (Fig. 13C). The notch gradually deepens in 4th and 
5th instars (Fig. 13D,E). Coxosternum VIII starts to 
become concave in the 5th instar (e.g., Fig. 13E), and 
in the 6th instar coxosternum VII starts to overgrow it 
(Fig. 13F). By an additional reduction of coxosternum 
VIII, coxosternum IX becomes also largely covered by 
the extending coxosternum VII in the 7th and 8th instars 
(Fig. 13G,H), and is completely covered by it in the last 
(9th or 10th) instar (Fig. 13I). In the last instar, the pair of 
styli of coxosternum IX disappears. Males do not under-
go any marked changes in the postabdomen, as shown in 
Fig. 13K – R. Neither marked reduction of postabdominal 
coxosterna nor loss of the styli upon coxosternum IX oc-
curs. The cercomeres are 8 or 9 in both female and male 
(Fig. 13J,R). We could not follow the annulation process 
of cerci in the postembryonic stages. 
	 It is known that, in cockroaches, sexes can be dis-
tinguished from early instars according to changes of 
the postabdominal structures. As revealed in the present 
study, in Eucorydia yasumatsui, sexing is possible from 
the 3rd instar. It is possible from the 2nd instar in Peri­
planeta americana (Gould & Deay 1938) and Blaberus 
discoidalis (Manley 1969), and already at hatching in 
Blattella germanica (Ross & Cochran 1960). In the fe-
males of these cockroaches, as we described for E. yasu­
matsui, (1) first, a median notch appears on the posterior 
margin of coxosternum IX, (2) coxosterna VIII and IX 
are overgrown by coxosternum VII, and (3) in the final 
instar, the pair of styli upon coxosternum IX disappears 
(see McKittrick 1964 for details of the development of 
female genitalia in a few species). However, the males 
undergo no marked changes in the exposed parts of the 
postabdomen, i.e., neither noticeable reduction/extension 
of coxosterna nor loss of styli.
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