Studies on differentiation of species and distribution of surinam
cockroaches inhabiting in Japan
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Studies on differentiation of species and distribution of surinam cockroaches

inhabiting in Japan

The so-called “Ogasawara cockroaches”, which hitherto has also been
synonymously called “Surinam cockroaches”, are widely distributed throughout the
world in the tropical and sub-tropical areas. In Japan, their distribution is limited
to Kagoshima in Kyushu and the island chain of Nansei and Ogasawara island chain.

In recent years, this cockroach has invaded into urban buildings and abode,
resulting in the report of their capture or eradication attempts. The problem of urban
buildings invasion by this cockroach has also been seen in other countries. From an
epidemiological perspective, Kim and Erko (2008) reportedly detected the potentially
zoonotic helminth ascarid and taeniid eggs on the body surface of this species of
cockroach in Ethiopia. Furthermore, they also reported the presence of trichurid eggs
and Entamoeba coli cyst in the digestive tract of the cockroach. These findings has
put the spotlight on the role of the cockroach as a potential mechanical transmitter
zoonotic infectious diseases.

Regarding the constituent species of the so-called “Ogasawara cockroaches” or
“Surinam cockroaches”, it seem that there were two apparently morphologically
similar species, namely Pycnoscelus indicus and Pycnoscelus surinamensis, with the
former showing bisexual reproduction and the latter, parthenogenesis. For the
identification of these two species, Roth (1967) proposed that for the adults,
irrespective of the presence or absence of sperms in the spermatheca, those which
produce only female offspring should be identified as Pycnoscelus surinamensis,
while those that produce both male and female offspring should be relegated as
Pycnoscelus indicus. Moreover, he also reported that there were morphological
differences between the two aforementioned species, based on the distance between
the compound eye and ocelli. In P. indicus, the ocelli and the compound eyes were
separated, whereas in P. surinamensis, the two eyes were in contact.

The male of P indicus are relatively more susceptible to dryness than the
female, and easily died off under non-optimal environmental condition, leading to
reduced chances of mating. However, since P surinamensis is parthenogenetic and
does not need male to reproduce, they can even proliferate under a harsh
environmental condition if a single female is able to invade and survive under that
condition.

Asahina (1991) reported that both male and female individuals could always

be found among the “Ogasawara cockroaches”, without noting that the female were



parthenogenetic. This led him to suspect that the Japanese “Ogasawara cockroaches”
might include P. indicus. However, he proposed that until the detailed breeding
experiments had been carried out, the “Ogasawara cockroaches” should all be
tentatively be identified as P. surinamensis.

Thus, despite that the Ogasawara cockroaches has been recognized as a pest, their
species 1dentification and distribution has not been clearly elucidated.

To clarify the species involved, first of all, we need to establish a criteria be able
to identify the sex of the cockroach at the larval stage before they mature into set
out to establish a method to differentiate the sex of male and female cockroach from
the larval stage to the adult stage. Sexual differentiation of the cockroach nymph for
all the instar stages of Blatta orientalis, Supella longipalpa and Periplaneta
fuliginosa has been established, based on the morphological observation of the
abdominal segments of the in star.

In our study, cockroaches were collected in Ishigaki island, Taketomi-cho,
district, Okinawa prefecture, Japan. They were then reared and passaged for several
generations in the laboratory. Only those groups that produced offspring, which
matured into male and female adults were used in the following experiment. The
instar that hatched from the eggs were immediately isolated and separated
according to their morphoplogical characteristic of ventral segments. Changes on the
ventral segment were also noted for each instar stages and ultimately, the sex of the
mature adult for each group was determined. Using the aforementioned method, the
female of the 1st to 6th stage instar nymph were found to possess a V-shaped notch
at the middle of the posterior edge of the 9th sternite. This notch was not seen in the
male nymph. In the female 7th stage (final stage) instar nymph, the styli were not
apparent and, the 8th and 9th sternites became degenerated and were covered over
by the profoundly developed 7th sternite. In contrast, all stages of the male nymph
until the 7th stage nymph showed the presence of the 8th and 9th sternitesas well
as styli. Based on these observations, our study has demonstrated that it is possible
to differentiate the sex of the Indian cockroach, P. indicus, at different developmental
stages.

Next, to identify the various specimens as to which stage the nymph instar
belong to, we counted the number of cercal segments from the dorsal and ventral
view. It was observed that the number of cercal segments from the dorsal view in
2nd and 3rd stage nymph were the same, that is 4 and thus could not be used to
identify the nymph stage. However, when viewed ventrally, it was observed that the
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subsequent stages, an increase of one extra segment for each stage. The number of
cercal segments of all the stages of the female, right up to the 7th stage nymph, when
viewed ventrally were the same as that of the male nymph. Therefore, the
developmental stage of the nymph could be identified by examining the number of
segments from the ventral view.

Based on the above results, we set out to confirm species and distribution of
Surinam cockroaches inhabiting Japan. We collected cockroaches from Ogasawara
island chain (Iwoto, Hahajima, Chichijima, Nishijima, Nakodojima), Amami island
chain (Tokunoshioma, Amamiooshima), Okinawa island chain (Okinawato,
Miyakojima, Ishigakijima) and Hawaii, kept the female in solitary rearing for use in
later mating experiments. Cross breeding experiments that were carried out showed
that there were those cockroaches from Iwoto, Tokunoshima, and Okinawato that
produced only female offspring, and also that produced both male and female
offspring. The former group was designated A group and the latter, B group. Both
groups comprises of 14 isolates from 11 areas. The cockroaches from both groups
were then used for subsequent cross breeding experiments.

For the cross breeding experiments, those specimens that produced only female
offspring were mated with those male from Hawaii that had produced both male and
female offspring and had been identified a P indicus as previously reported by Roth
(1967). From the results of our study, the area that contain the two different
characteristic types of the cockroaches were Iwoto, Tokunoshima and Okinawato,
whereas an individuals of Iwoto- A group, which produced a total of 478 female and
no male offspring, despite having sperms in their spematheca, can be identified as
P. surinamensis. On the contrary, while those of Iwoto-B group with all having
sperms in their spermatheca, produced a total of 168 male and 157 female offspring
in an average ratio of 10.8 to 10.5 (»>0.05) with no significant difference in the sexual
ratio, can identified as P. indicus. Cockroaches of Tokunoshima-A group that
produced a total of 221 female and no male offspring, despite having sperms in their
spematheca, can be identified as P. surinamensis, while those of Tokunoshima-B
group with all having sperms in their spermatheca produced a total of 242 male and
207 female offspring in an average ratio of 12.1 t010.4 (»>0.05) with no significant
difference in the sexual ratio, can thus be identified as P. indicus.

On the same note, female cockroaches of Okinawato-A group that produced a
total of 724 female and no male offspring, despite having sperms in their spematheca,
can be identified as P. surinamensis, while those of Okinawato-B group with all
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male and 312 female offspring in an average sexual ratio of 16.1 to 15.6 (»>0.05) with
no significant difference in the sexual ratio, can be identified as P. indicus.

Thus, both species of P. surinamensis and P. indicus were found to be distributed
on the three islands of Iwoto, Tokunishima and Okinawa, with their habitat
overlapping with each other.

The group of five F1 female cockroaches from Hahajima, Chichijima, Nishijima
and Nakodojima, produced a total of only 248, 59, 663 and 143 female offspring,
respectively and no male offspring, despite having sperms in their spematheca.
These cockroaches were identified as P. surinamensis. Thus, there is a possibility
that only P. surinamensis and not P. indicus are distributed on these four islands.

The group of five F1 female cockroaches from Amamiooshima, Miyakojima,
Ishigakijima and Hawaii, produced a total of 260 male (M) and 260 female (F)
offspring with an average ratio of M:F at 14.4:14.4 (p>0.05) per litter, 230M, 267F,
av. 16.4:19.1 (p>0.05) per litter, 281M, 266F, av. 16.5:15.6 (p>0.05) per litter and
199M, 189F, av. 11.7:11.1 (p>0.05) per litter, respectively. This
probably indicates that only P. indicus and not P. surinamensis were inhabiting the
four islands.

From the above results, we can conclude that there are areas in Japan where
the distribution of P. surinamensis and P.indicus overlap with each other, and there
are also areas in which either only one or the other could be found.

Futhermore, all the various specimen from our study were examined for
morphologic differences between the 2 species. Roth (1967) stated that P.
surinamensis could be morphologically distinguished from P. indicus based on the
distance between the ocelli and compound eye, in which the former species show
contact between the ocelli and the compound eye, while in the latter species, they
are separated. However, in our experiments, we could not find any female adult
cockroach of P. surinamensis, whose ocelli were in contact with the compound eye,
that is, for the groups that do not produce any male offspring, the distance between
ocelli and compound eye in the adult female from the various localities are as follows:
Hahajima, 0.16 mm > Chichijima, 0.14 mm > Nakodojima, 0.13 mm > Nishijima,
Tokunoshima-A & Okinawato-A, 0.12 mm > Iwoto-A, 0.10 mm, respectively, with an
average distance of 0.13 mm. For the groups that produce both male and female
offspring, identified as P. indicus, the distance between ocelli and compound eye in
the adult female from the various localities are as follows: Hawaii, 0.21mm > Iwoto-
B, 0.18 mm > Miyakojima, 0.16 mm > Amamiooshima & Okinawato-B, 0.13 mm >
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0.15 mm.

There was no significant difference in the distance between the ocelli and compound
eye between the two species. Thus, this morphological criterion is not applicable for
species identification.

The length of tegmina has been used as a criterion for species identification in
many insects. Thus, we proceed to measure the length of the tegmina of the adult
female cockroaches in our study. For the groups that do not produce any male
offspring, identified as P. surinamensis, the average tegmina length of the adult
female from the various localities are as follows: Okinawato-A, 15.82 mm >
Hahajima, 15.26 mm > Nishijima, 15.07 mm > Nakodojima, 14.16 mm > Chichijima,
13.81 mm > Tokunoshima-A, 13.57 mm > Iwoto-A, 12.87 mm, respectively. For the
groups that produce both male and female offspring, identified as P. indicus, the
average tegmina length of the adult female from the various localities are as follows:
Okinawato-B, 14.72 mm > Hawaii, 14.64 mm > Iwoto-B, 14.35 mm > Ishigakijima,
13.81 mm > Tokunoshima-B, 13.54 mm> Amamiooshima, 13.53 mm > Miyakojima,
12.96 mm, respectively. It was observed that there was not much difference in the
tegmina length among the specimens from different localities and also between the
two species, thereby excluding the used of this criterion for species identification.

Moreover, to differentiate the species without using the cross breeding
experiment, we tried the method of solitary rearing of the unmated female adult
cockroaches obtained from our previous experiments. Our results showed that all
individuals identified as P surinamensis produced offspring, and based on our
previous sexual differentiation method of the nymph, all the offspring nymph were
found to be female. On the contrary, individuals identified as P indicus did not
produce any offspring. From this observation, we can identify the species of the adult
female cockroach collected from the wild by solitary rearing and examining the sex
of the offspring produced. Thus, those female adult that produce only female
offspring can be identified as P surinamensis and that that produce both male and
female offspring or those that did not produce any offspring can be identified as P
Indicus.

Based on the results of the above studies, the so-called “Ogasawara cockroaches”
which has until now been thought to consist of only P surinamensis, actually also
comprises of P indicus, which are also distributed in the same area. From our study,
we have also added one more species of cockroach that inhabit Japan, that is to 58
species. Until recently, P. indicus and P. surinamensis were thought to be distributed

in different areas but our study shows that there are areas in which both species co-



habitat together and there are also areas in which either only one of the two species
can be found. This finding has deep implication for future studies. In addition, we
also found that the criterion of using the distance between the ocelli and the
compound eye for species identification, as proposed by Roth (1967), is applicable nor
reliable. We propose an alternative method in the form of solitary rearing of wild
female adult and determining the sex of the offspring for species identification. Those
that produce only female offspring be identified as P surinamensis, while those that
produce both male and female offspring, as well as that that failed to produce, should
be regarded as P indicus. Since the report by Asahina (1991) that species
identification of “Ogasawara cockroaches”, needs further clarification, the results of
our present study has provided the answer to his question through our morphological

observation, cross breeding and solitary rearing experiments of those cockroaches.
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A 7% Z 2% 7Y (Common name : Surinam cockroach) (%, R OB HHEERZ
IR AT 2 EFRTH Y N TIHEREE» SRS, NERGER R EI20Mm LT\ 5,
AR, ZoaX7 VN, FBEOMTTEHOBRFINIC HRA L, ECEERAHwE ST T
DTS, EHIMIBNTH, FRRICHTTROZBN~ORADBBB L 72> T 5, ¥
fICiE, =F 7 E7I2B T, Kinfuand Erko (2008) (X, 2O %7 U OEENS, B b
(RS 2 b Ol RO B BHPIRCT =7 BRI ZHIE L, S HITHENLIL, 2 biTm
Z MR BEHTH D KRG T A— "DV A FOBHZME L TEY | BYYELZENT5
EAEFER L LTHIERSRTWD,

FAHT T AT VICEAL UL, BREBIHICEREZ 2 Ao Ty | mtEAEMRZLT
9 Pycnoscelus indicus & . ¥.245%1T 9 Pycnoscelus surinamensis 3M7(E3 5, P.
indicus & P surinamensis OFED 535515122V Tid, Roth (1967) 23k & V=430
EBREITV, SHBEANCHE 2L 0bo T, MoRrZENLZEKEZ P
surinamensis, W% PEN U7-@{K% P indicus & L C\%, F£7-, FEMENE LT
P, indicus 13IR & BRSO BREEDBEN T2 D3t LT, P surinamensis (MR L
TWNDHZETERITED L LTV D,

P indicus OREITMEIZ AR TRIRIZHI < | ABBREEDSEE TRWEENIEATLE S 720
RN TET, BIHT 52 LT TERY, & 2 AN, Psurinamensis 1 TEFRIZIHEIT TR
Wiz, D 1 PECTHAERTIVEZDBRENELS THRA LG CBMlAE Y K42 &
MARETH 5,

AR (1991) 1%, HAPEOMKIL, MEREDFICRIRICHRE SN TR Y, M2 OB 4
THDORFNTBEE SN2 N Eh . ARICAELRT EKIL P indicus T % AlREME & /-2
L7ce LALRR S, BREOF YT 7 ax7 U 2 HUW - 5EI 72 FZBRIC X DEEA M T b
NDETIX MERD P surinamensis &35 Z LB L. S HICES>TWVWD, 2O X DI,
FAVT T IXRT VIIFAEFERE LTEHERIX T Y THY N6, FOERN & oMmnE
ST R ONBIRTH 5,

Z ZTCAMIZETIE, BRICE THRE T DRNCHEEDXRINTE 5 Lo c, £T5hhHlick
V2 WERE OBE R TIEOMESL 21T > 72, 2% 7 VIHOS RIS D MO E RISV Tik,
N7 9 %7 Y Blattaorientalis, %A 2%7 1 Supella longipalpa, 7 2 %7V
Periplaneta fuliginosa CHEL SV TEHY . SO OEREIZ LV ERNIFRETH L Z &
MG SN TWD, £ 2T, WHRIR\E LA SR E S CRE L. T FESRIZ LV ETL)
HMEREDO R RIC BT 5 2 & Ml Lo BARE 2 1] L CERZITV., B LEEZOS) R



ZIERDIEREZ L 27 N—T 10T . RSB DIER DR & fosk L. B2
o—T OERBHMERED &6 HIZ72 D03 E T~ T, EORSER, METIX 1~6 Wil oghhizisn
TH 9 MR OBRE T IS HETIE A S 4720 noteh (V728 245 L, 7 (i) #1<Tix
5T REMR DR IE L TH 8~ ERB LOREELZZE R L, Zhiox LTRETIR 7 fﬁAﬂﬁi
TH 8~9 flgtk, BEENA LNz, LEN-o T, ZOREEBET D Z LIk > Tohh
D HERESE RIS ATRE T D Z & VI LT,

R B Ol 2 E T 5720, BIROIEHF O i OBREEZ I L7z, £ Of5E,
W OREHIL 2, 3l CRIZEE 2V HETE WA, IEmOREHIL 1 fshdi T 3 &, 2
Bsh i C 4 BNl d 2 &I 1 EiTOINT 52 LR3990 . T O OREIHA TN
D2 IR G o OHEN RREL 1o T,

INHLOREREL LI, BRICERT ATV U T IXTVOREESHEH LNTT S
7o, NERGEE (FiaE - REE - B - T - L), LR (25 - BEKRE), il
i (RS - B S AHEE), NT A S OERE LR A B CEE L, ERICHN
DR OB ZAT o7z, TORER, Wikl - 2 - W EIL. Moz pEN T kL,
MEEZ PEH T D EEN R N2, BifELE A JNV—7, #%E% B 7 —74L LT 11 H
14 RALOEAREEA L TRBLFEBR 21T > 72,

RELFEBRIL, MED A% PE T 2 AT, Roth (1967) & [FIERIC P indicus & ¥ LT
WDNT A PEDOREZAEM L, MEREREH 3 2 AR, £ DN OREZ M Uiz, £ O
R THURT 2 R R O oiim s, iz m, e T, s A 7 /L—7 Ok ToRE
L, HE O fER, M 478 EIA T, PEHZOT X TOREIRICI T 5 RN 1 2%
HLTWeZ & XY Psurinamensis Th -7z, fiigils B 70— 7%, #E 162 fE{K, M 157
@A FER L, 1 B OFEEFE ORI, 10.8 : 10.5 (p>0.05) T, PEIICHE
D HNT P indicus Tholo, {828 A 7 —71%, KO IR, HE 221 ﬂﬁ]ﬁi%%m L. 'T

TZRENIKEFZRA L W22 & LY P surinamensis Thol-, f82E B 71—
VL, HE 242, ME 207 ZFEM L, 1 [BEIONEEEFEOREME T 12.1 1 10.4 (p>0.05) T,
OFEZETZRO 6T P indicus Th-o7c, WilE A Z7/V—71%, KO AR, i 724 &
REPEH L., f’\f@ BRIEFDRAEINTWEZ & XY P surinamensi THh o717,
il B 7 r—7%, B 322, W 312 A pEH L. 1 [IOFREFER ORI 16.1 : 15.6
(p>0.05)7T, MEHOFEZEITREO NT Pindicus Th-oT-, LEORER I | S, 8
Z . WE L. P surinamensis & P indicus ® 2 FENFEIRFIZAER L TWD Z WD T
HEMNEToT,

WMED B PE ST RER « R G - W - S OMIRD 5 6 FEEOZIGEITKE 705 ek
TR TOREREIT, HE 248 AR, REBDORE D3RS S o8& ToEHBUT, M 59 18
R, VIS O TR SV BEIROPEFEIE, HE 663 fEIR, BLE DR 7035 HERE S A7 fE R
TOEREIE, M 143 ik ThH o722 LD, Lk 4 BOMERIZT X T P surinamensis
ThHIEBHALNERST,
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it 267 T, 1 [N PEFEN 16.4 : 19.1 (p>0.05) T o 7=, AHESOMEMAIL, [ 281,
it 266 T, 1 Bl FEFED 16.5:15.6 (p>0.05) T o 72, NTU A BSOMEEKIL, 1 199,
it 189 T, 1 DS PEFEA 11.7 : 11.1 (p>0.05) TH Y, LI E 4 BOEKTT TR
indicus ThH 5 Z ERBH BN E o],

PLEDORER I Y . BHAIZIX B indicus & P surinamensis ® 2 FFEANAER L TEBY, 21
ORAEL TV D, 38X Pindicus DF, & %5 \WE P surinamensis DA ERT 5
k2385 Z LR BN E T,

PRI, FEBRIC X0 TSI L7 BR 20, 2o 2 FEO R /E WA FH<72, Roth
(1967) 1%, IR & BLIR S 2382 L CW\ T P surinamensis, BTV P indicus TH 5
E L=, KEBRTIX P surinamensis OMERBEOMBEIR & BIRSIZE L TR LT, FDih
MEx. R 0.16 mm> A% 0.14 nm > 0.13 nm >V - f82 5 « MG 0.12 m > Fids 5
0.10m& 72V ¥4 013 mTH -7, —J. P indicus WK HOENR & BHAR SO EEREIT,
g 0.18 mm > e 0.16 mm > ALK - #PilE 0.13 nm>FE.2 & « A3HEE 0.12m T,
) 0.15mme 70D EHELOLEEL TE LT, mfEOMER & HIR A OEREC X 285X
RA[GECThH -7,

Fo, BREOMOE N & L TRIAREOEWDIA S FIH ST\ 5 7 ik th o FH i
BEZFHALT-, ZORE, P surinamensis %, M5 15.82 mn>£EE 15.26 mm > 76 5
15.07 mm > 55 14.16 mm >4 & 13.81 mm > {2 & 13.57 mm > i 85 55 12.87 mm, P indicus M
kB O ETAR R, I 14.72 mn > GBS 14.35 nm > A 13.81 mn > 72 5 13.54 mn
>AERNRNE 13.53 mm>E S 12.96 mm & | HURYZRER AR E < WEZ 8T 5 2 L3
T&ERRhol,

—J)7 ., RBLERZITOR THOHELZENTE 52 HEZRGETT 2720 KEBRTH LA
RSt D RAZ SRR K D BB FEBREAT o 72, £ OFER., P surinamensis 133~ TOEK
NGB ZPEH L AR U 72 U OMERERE RIVEIC K0 | TR THMETH D Z & i3br ol
—J7. Pindicus (3T X TOEKTHHRITFEH Lpdrolz, TOZE X0 FATRELZ
W RO FRIEIE E LT, BEFRNT X THETH - 72855 1% P surinamensis, ¥ 7= Mtz
FEH, HDOWVITE ST EHR LARWEEIX P indicus L RIETE 52 &Y LT,

PLE, RAFFEIC LY, ZRETHRIZAERT 24 YU 7 %7 VL P surinamensis O
HThHDHEEZEZLNTWED, Pindicus bRIFFIZAER L TS Z ERHLMNERD . Zh
LOFERIG, BRICAERTHIAX T VX 1A T8F L olz, SHIZ, BIEETP
indicus & P surinamensis |34 BHUIRANE 5 L& 2 HAUTE A, 2 FREADN A —Hulk TR
AL TWAEERFALNIRY | 5% OO T atEE FRed 2 46808 H 5, £72. Roth
(1967) MEE L CWAHHEIR & IR A OB X 2REZ H &2 L@ BRI T 72
W EMbhole, ZHTED DFT- BRI EE LT, ZKRERZITOR L HRERD
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S cE . WAREFKTHIUR, EHINTSRNRMOATHINIE P surinamensis,
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Abstract. We found that sexual differentiation of all the nymphal stages of Pycnoscelus
indicus (Fabricius) was possible by observing the developmental features of their posterior
abdominal segments. Using this observation, the sex of even the 15 stage instar nymph could
be determined. The female of the 15 to 6™ stage instar nymph possess a V-shaped notch at the
middle of the posterior edge of the 9™ sternite. This notch is not seen in the male nymph. In
the female 7t stage (final stage) instar nymph, the styli were not apparent and, the 8™ and 9t
sternites became degenerated and were covered over by the profoundly developed 7" sternite.
In contrast, all stages of the male nymph showed the presence of styli. Thus, it is possible to
differentiate the sex of all the stages, from 1%t to 7%, of the nymph of P indicus taxonomically.
Moreover, it is also possible to identify the various specimens as to which stage the nymphal
instar belong to, by counting the number of cercal segments from the ventral view.

INTRODUCTION

It is known that age differentiation of
cockroach nymphs has been conducted
based on the length and breadth of the head,
thorax and abdomen, the number of segments
on the antenna as well as on the number of
sensory organs (Funaki, 1958; Wigglesworth,
1964; Sugimoto, 1967; Makiya, 1969; Mackay,
1978; Takeda, 1993; Gullan, 2000).

Sexual differentiation of the cockroach
nymph for all the instar stages of Blatta
orientalis Linnaeus (Qadri, 1938), Supella
longipalpa (Fabricius) (Hafez & Afifi,
1956) and Periplaneta fuliginosa (Serville)
(Saito & Hayashi, 1973) has been reported.
Furthermore, sexual differentiation of
Blattella germanica (Linne), Periplaneta
americana (Linne) and Periplaneta japonica
Karny were also reported to be possible,
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despite the observation of only the 1" stage
instar nymph.

For the identification of the various
developmental stages of B. germanica, it
was reported that it can be done by counting
the number of segments in the antennae,
which were observed to increase
correspondingly with age (Ishii, 1971).
However, the antennae of the nymph are
usually broken and thus this organ is not
reliable for age determination. Since the
number of cercal segments were observed
to be different among the 15 to 5™ stage instar
male nymph, this can be used to identify their
developmental stages. However, this criterion
cannot be used to determine the age of the 5t
and 6" stage female nymph because of
overlapping number of segments in those age
groups (Hasegawa, 1977; Saito, 1986). Thus,
for determining the developmental stage of



the cockroach nymph, a combination of
taxonomical features such as the number of
segments on the antennae as well as on the
cerca, coupled with the characteristic
morphology of the sternite is required.

We report herein the criteria for the
sexual differentiation of all the different
nymphal stages of the Indian cockroach or
Burrowing cockroach, Pycnoscelus indicus,
based on our laboratory-reared specimens.

MATERIALS AND METHODS

Pycnoscelus indicus was originally collected
in Ishigaki island, Taketomi-cho, Yaeyama
district, Okinawa prefecture, Japan. The
cockroaches were reared in the laboratory
and had been passaged for more than 10
generations. The cockroaches used in our
experiments were reared in a plastic
container of diameter 90mm and a height
of 50 mm. The beddings were made up of
10mm thick hydrated insect-rearing mat
(Fujicon Co., Japan) and holes were made
in the container lid for aeration. The
cockroaches were fed slices of carrot cut to
10mm thickness. The whole container was
placed in an incubator (Sanyo Co., Japan),

with temperature set at 26-28"C, humidity at
50-70% and left in natural light condition. The
rearing-mat and the carrot were replaced
at appropriate time to prevent the growth
of fungus.

The hatched nymphs were immediately
segregated into those that have a V-shaped
notch at the ventral abdominal caudal region
and those that do not possess such structure.
They were then reared separately in two
groups. Immediately after hatching and every
4 days, the nymphs were anaesthesized with
carbon dioxide gas, placed in a small
transparent plastic bag and their ventral
abdominal caudal region examined under a
dissection microscope.

RESULTS

Morphology of the ventral abdominal
caudal region of the male and female
nymphs at different stages

15t stage nymph: Female has a notch at the
9th sternite posterior edge (A type; Fig. 2-A).
No notch was seen in male (A type; Fig. 1-A).
Besides the aforementioned features, no
other differences were noted between the
male and the female.

B g :::\\?,:_"

Figure 1. Development of the terminal abdominal sternite
of male nymphs of Pycnoscelus indicus (Ventral view).
A: First instar nymph. B: Penultimate instar nymphs. C: Adult.
Cer: Cercus. Sty: Stylus. Eppt: Epiproct.

Scale bars. 0.5 mm for A. 1.0 mm for B-C.

12



Figure 2. Development of the terminal abdominal sternite
of female nymphs of Pycnoscelus indicus (Ventral view).

A: First instar nymph. B: Early age instar nymphs. C: Middle
instar nymphs. D: 7th instar nymphs and adult. Cer: Cercus.

Sty: Stylus. Eppt: Epiproct.

Scale bars. 0.5 mm for A; 1.0 mm for B-D.

2nd stage nymph: Just like in the 15t stage
nymph, female has a notch at the 9" sternite
posterior edge (A type; Fig. 2-A). No notch
was seen in male (A type; Fig. 1-A).

34 stage nymph: The notch in the female
has become deeper and more conspicuous
(B type; Fig. 2-B). Male was morphologically
similar to 15f and 2" stage (A type; Fig. 1-A).

4'h stage nymph: The female nymph
morphology was essentially the same as the
3 stage (B type; Fig. 2-B). The 8™ sternite
of the male nymph was completely visible
(B type; Fig. 1-B).

5th stage nymph: The notch in the female
nymph, which could be seen on only the
9th sternite during the 4 stage, has become
deeper and more conspicuous, reaching into
the 8" sternite, as though splitting the sternal
plate into two halves. (B, C type; Fig. 2-B, C).
The male nymph did not show any changes
with that of the 4" stage (B type; Fig. 1-B).

6th stage nymph: Both the female and the
male nymph did not show any changes with
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that of the 5™ stage (Female: B, C type; Fig.
2-B, C; Male: B type; Fig. 1-B).

7th stage nymph: The 8™ and 9t sternite
were being covered over by the 7™ sternite
and were no longer visible, and the styli had
also disappeared in the female nymph (D
type; Fig. 2-B). The male nymph show almost
the same morphology as the 6™ stage (B type;
Fig. 1-B).

Adult: The 8™ and 9th sternite, as well as
the styli were no longer visible (D type; Fig.
2-B). The pair of styli, which was still apparent.
in the 7 stage male nymph, changed to
become only one, with only the left stylus
remaining on the male adult cockroach (C
type; Fig. 1-C).

Cercal segments in all the stages of both
female and male nymphs, and adults

The number of cercal segments from the
dorsal view in male nymph are as follows: 15
stage, 3; 2nd & 31 stage, 4; 4th stage, 5; 5th
stage, 6; 6" stage, 7; and 7" stage (final stage)
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Figure 3. Body length in relation to each age term and sex of

Pycnoscelus indicus.

8. The adult male has 11 segments on its cerca
when viewed dorsally. There was no change
in the number of cercal segments from 2" to
314 stage male nymph, remaining at 4.

On the contrary, the number of cercal
segments from the ventral view in male
nymph are as follows: 15t stage, 3; 2"d stage,
4; 3rd stage, 5; 4t stage, 6; 5™ stage, 7; 6
stage, 8; and 7™ stage (final stage) 9. The
adult male has 12 segments on its cerca when
viewed ventrally. Thus, there is a variation in
the number of cercal segments among the
different developmental stages (Table 1).

The number of cercal segments from the
dorsal view for all the stages of the female,
right up to the 7" stage nymph, were the same
as that of the male nymph. The adult female
has 9 segments on its cerca when viewed
dorsally. Furthermore, the number of cercal
segments of all the stages of the female, right
up to the 7™ stage nymph, when viewed
ventrally were the same as that of the male
nymph. The adult female has 10 cercal
segments when viewed ventrally (Table 2).
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Body length and type of sternites in all
stages of both female and male nymphs,
and adults

The sternite of male nymph of 1% to 3" stages
showed A type, 4" and 5'" stage showing A, B
type, 61 and 7" stage showing B type, while
that of the adult showed the C type.

The sternite of female nymph of 15" and
2nd stages showed A type, 3" and 4" stages
showing B type, 5" stage showing B, C type,
6t stage showing C, D type, 7t stage showing
D type, while that of the female adult also
showed the D type (Table 3).

DISCUSSION

In recent years, the Indian cockroaches has
been reported to invade into the dwellings of
humans (Harada & Tsuji, 1995; Tawatsin et
al., 2001; Sriwichai et al., 2002; Harunari et
al., 2009; Yamauchi & Kato, 2009; Komatsu et
al., 2013). From a public health view of point,
this warrants a further detailed study of their
developmental stages and morphology.



Table 1. The number of cercal segments in male Pycnoscelus indicus

No. of
Instar -0

Number of cercal segments

insects ] 2

3 4 5 6 7 8 9 10 11 12

15
156
15
15
15
15
15
Adult 15

Dorsal
view

-1 O Tl e W DN

15
15
15
15
15
15
15
15

15
15
15
15
15
15
15
Adult 15

Ventral
view

-1 S U e W N =

15
15
15
15
15
15
15
15

Definition of instar age.

First instar : 3.5-5.5 mm (4.3+0.623), Second instar: 4.5-6.5 mm (5.4+0.767), Third instar: 5.5-7.5 mm
(6.5+0.598), Fourth instar: 7.5-13.0 mm (8.7+1.613), Fifth instar: 7.0-16.5 mm (11.6+2.941), Sixth instar:
15.0-19.0 mm (16.6+1.271), Seventh instar: 16.0-18.0 mm (17.1+0.617), Adult: 16.5-19.0 mm (17.5+0.862).

Table 2. The number of cercal segments in female Pycnoscelus indicus

Instar o,

Number of cercal segments

insects | 2

3 4 5 6 7 8 9 10 11 12

15
15
15
15
15
15
15
Adult 15

Dorsal
view

=1 O T e W N =

15
15
15
15
15
14 1
15
13 2

15
15
15
15
15
15
15
Adult 15

Ventral
view

-1 O Ol = W N =

15
15
15
15
15
15
15
13 2

Definition of instar age.

First instar : 3.54.5 mm (4.1+0.530), Second instar: 4.5-6.0 mm (5.2+0.649), Third instar: 5.5-7.0 mm
(6.1£0.471), Fourth instar: 7.5-15.0 mm (9.3+1.971), Fifth instar: 9.0-16.0 mm (12.1+2.271), Sixth instar:

16.5-20.5 mm (18.3+1.318), Seventh instar: 17.0-22.0 mm (19.2+1.646), Adult: 17.5-21.5 mm (19.7+0.902).
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Table 3. The relation of the instar age, body length and sex to the type of sternite forms in the growth of

Pycnoscelus indicus

Male Female

Tiistai Type of No. of Length Averagex Type of No. of Langth Averagex
sternites* insects (mm) S.D. (mm) sternites™ insects (mm) S.D. (mm)

1 A 15 3.5-6.5 4.3+0.623 A 15 3.5-4.5 4.1+0.530

2 A 15 4.5-6.5 5.4+0.767 A 15 4.5-6.0 5.2+0.649

3 A 15 5.56-7.5 6.5+0.598 B 15 5.5-7.0 6.1+0.471

4 A-B 15 7.5-13.0  8.7£1.613 B 15 7.5-15.0  9.3+1.971

5 A-B 15 7.0-16.5 11.6+2.941 B-C 15 9.0-16.0 12.1:2.271

6 B 15 15.0-19.0 16.6+1.271 C-D 15 16.5-20.5 18.3x1.318

T B 15 16.0-18.0 17.1+0.617 D 15 17.0-22.0 19.2+1.646
Adult C 15 16.5-19.0 17.7+0.862 D 15 17.5-21.5  19.7+0.902

*: With reference to Fig. 1.
#k . With reference to Fig. 2.

In our study on P. indicus, it was
observed that among the 15! to 6" stage
instar nymph, only the female has a notch at
the central posterior edge of the 9" sternite.
This notch is not seen in the male nymph. In
the female after the 7™ stage instar nymph,
the 8" and 9 sternites had degenerated but
these sternites were still conspicuous in the
male. Thus, male and female adult sexual
differentiation could be performed based on
the number of sternite. This observation
conform to that of B. orientalis, S. longipalpa
and P. fuliginosa (Qadri, 1938; Hafez & Afifi,
1956; Saito & Hayashi, 1973)

In the 1% to last stage male nymph of P.
Sfuliginosa, the 7h, 8" and 9™ sternite were
wholly conspicuous, but in the 1% to 3" stage
male nymph of P. indicus, the 8" sternite was
covered over by the 7' sternite, with only a
small portion of its tip could be seen.

On the contrary, in the 15t stage female
nymph of P. fuliginosa, the 7™ 8th and 9th
sternite were wholly conspicuous, but in the
15t stage female nymph of P. indicus, the 8
sternite was covered over by the 7% sternite,
with only a small portion of its tip could be
seen. In the mid-stage till the last stage
female nymph of P._fuliginosa, the 9t sternite
posterior periphery was covered over by the
Tth sternite, and could not be observed from
the outside. Similarly, the 8 sternite was
also covered over by the 7™ sternite and thus
could not be seen.
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In the mid stage (3" and 4'" stage) female
nymph of P indicus, no difference was noted
between that of the 15*stage nymph. However,
in the 6! stage female nymph, the 9" sternite
central posterior edge notch became
narrower and deeper, reaching to near the
base of the 7 sternite, as though cutting
through 8t sternite into the left and right
halves. Furthermore, in the 7t stage female
nymph, the 8t and 9t sternites were covered
over by the 7" sternite, resulting in the
hinderance of the observation (Saito &
Hayashi. 1973). Moreover, Asahina (1991)
reported that male adult of P indicus, can be
differentiated from the female by identifying
the former as having 7 abdominal segments
and the latter with 9 segments. Thus, our
results supported and provided the reason for
that report.

It has been reported that there were 3
cercal segments, as viewed from the dorsal
and ventral aspects, in the 15' stage male and
female nymph of both species of B.
germanica and P. indicus (Hasegawa, 1977,
Saito 1986). However, in the 2" stage nymph
of B. germanica, there were 6 cercal
segments, while in that of P. indicus, there
were only 4.

In the 3 stage nymph of B. germanica,
7 cercal segments could be seen both
dorsally and ventrally, while in that of P.
indicus, 4 cercal segments could be seen
dorsally but 5 could from the ventral view.



From the 4 to the final stage nymph of
both species of B. germanica and P. indicus,
the cercal segment increased by one for each
of the stages (Hasegawa, 1977; Saito 1986).
For B. germanica, since the dorsal view of
the cercal segment number was found to be
constant, it could be used for determining the
stage of the nymph. However, this criterion
on the cercal segment cannot be applied for
the ventral view because of the greater
variation in the number of the cercal
segments (Hasegawa, 1977; Saito 1986).
Nevertheless, the number of cercal segments
from the nymph to the adult in P. indicus,
were constant and can be used for
determining the developmental stages. This
criterion cannot be used for the female nymph
of B. germanica because the number of
cercal segments of the 5t and 6" stage nymph
overlap with each other.

No difference in the body length of 15 to
5t stage male and female nymphs of P.
indicus, were observed (t test; p>0.05.
However, from 6 stage nymph onwards, the
female nymph became larger than the male
nymph (p<0.05). This indicates that this
parameter can be considered for use in
sexual differentiation from the 6™ stage
nymph onwards. Such observation has not
been reported for P. fuliginosa and B.
germanica. Thus, our study has demonstrated
that it is possible to differentiate the sex of
the Indian cockroach, P indicus, at different
developmental stages.
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Abstract. The so-called “Ogasawara cockroaches” were examined by morphological
observations and by breeding experiments to elucidate their actual taxonomical status.
Fourteen groups (isolate) of “Ogasawara cockroaches” collected from Iwoto-A, Iwoto-B,
Hahajima, Chichijima, Nishijima, Nakodojima, Tokunoshima-A, Tokunoshima-B, Okinawato-
A, Okinawa-B, Amamiooshima, Miyakojima, Ishigakijima and Hawaii, were bred and passaged
in our laboratory. Cockroaches collected from the field were first reared individually and the
sexes of their offspring examined. Cockroaches collected from Iwoto, Tokushima and Okinawa,
were found to consist of two groups; those whose offspring were all female and the other
whose offspring consist of both male and female. Cross-breeding experiments showed that
individuals from the group that did not produce any male but only female offspring were
parthenogenetic. On the contrary, the group that have bisexual individuals produced both
male and female offspring in a ratio of 1:1. Our results show that the so-called “Ogasawara
cockroaches” consist of 2 species, namely, Pycnoscelus surinamensis and Pycnoscelus
indicus. There are areas in which both species co-habitated together and there are also areas
in which either only one of the two species can be found. The group that reproduces only
female offspring and only through parthenogenesis was identified as P. surinamensis. The
group that reproduces heterosexually and produce male and female offspring was identified
as P indicus. Thus, the so-called “Ogasawara cockroaches” found in Japan actually consist
of 2 species, namely, P surinamensis and P. indicus, which can be differentiated using the
solitary breeding method to demonstrate parthenogenesis in the former and the need for
sexual reproduction in the latter.

INTRODUCTION

The so-called “Ogasawara cockroaches”,
which hitherto has also been synonymously
called “Surinam cockroaches”, are widely
distributed in the tropical and sub-tropical
areas. In Japan, their distribution is limited
to Kyushu and the island chain of Nansei and
Ogasawara island chain (Asahina, 1991;
Komatsu et al., 2013).

Regarding the constituent species of
the so-called “Ogasawara cockroaches”
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or “Surinam cockroaches”, Roth (1967)
proposed that irrespective of the presence or
absence of sperms in the spermatheca, those
which produce only female offspring should
be identified as Pycnoscelus surinamensis,
while those that produce both male and
female offspring should be relegated as
Pycnoscelus indicus. Moreover, he also
reported that there were morphological
differences between the two aforementioned
species, based on the distance between the
compound eye and ocelli. In P. indicus,



the ocelli and the compound eyes were
separated, whereas in P surinamensis, the
two eyes were in contact.

On the other hand, Asahina (1991)
reported that both male and female
individuals could be found among the
“Ogasawara cockroaches”, without noting
that the female were parthenogenetic.
Moreover, Furukawa (1930), Azuma (1987),
Kawamura (1990), had all reported that the
Japanese “Ogasawara cockroaches” were all
identified as P surinamensis.

In this paper, we set out to clarify the true
identity of the “Ogasawara cockroaches”,
whether it is actually P. indicus or P.
surinamensts by examining the various
colonies of cockroaches collected from
different localities using solitary breeding
experiment.

MATERIALS AND METHODS

Cockroaches collected from 14 localities
were used in this study (Table 1) (Figure 1).
Before conducting the breeding experiment
in the laboratory, all the female adult
cockroaches collected from the field were
first reared individually and their offspring
were examined.

A group of cockroaches collected from
Iwoto, Tokushima and Okinawa, were found
to produce only female offspring and no male

offspring were observed. This group of
cockroaches was designated as Group A. The
other group, also from those same areas, that
produce both male and female offspring, were
designated as Group B.

Breeding experiments

(1) Immediately after the hatching of the egg,
each of the female from the group of
cockroaches that does not produce any
male offspring, which were collected
from Iwoto-A, Hahajima, Chichijima,
Nishijima, Nakodojima, Tokunoshima-A
and Okinawato-A, was kept with a male
adult cockroach from Hawaii, and reared
together.

(2) For each of the individuals from the
group of cockroaches that produce
both the male and female offspring,
which were collected from Iwoto-B,
Tokunoshima-B, Amamiooshima,
Okinawato-B, Miyakojima, Ishigakijima
and Hawaii, they were kept as male and
female pair, and reared together.

(3) Ten pairs of each of the group in (1)
and (2) were reared in the breeding
experiments described in (1) and (2)
above. The female offspring produced in
experiments (1) and (2) were each kept
and reared individually. Five individuals
from each of the groups were reared and
observed.

Table 1. Laboratory colonies of the Pycnoscelus spp. used in the present study

P Collection
Locality Date
Iwoto -A Iwo=-To, Ogasawara-mura, Tokyo Japan Dec., 2009
Hahajima Haha-jima, Ogasawara-mura, Tokyo Japan Jun., 2010
Chichijima Chichi-jima, Ogasawara-mura, Tokyo Japan Feb., 2006
Parthenogenetic Nishijima Nishijima, Ogasawara-mura, Tokyo Japan Mar., 2007
Nakodojima Nakodo-jima, Ogasawara-mura, Tokyo Japan Jun., 2010
Tokunoshima -A Tokunoshima-cho, Kagoshima Pref. Japan Mar., 2007
Okinawato -A Naha-shi, Okinawa Pref. Japan Feb., 2001
Iwoto-B Iwo-To, Ogasawara-mura, Tokyo Japan Dec., 2009
Tokunoshima -B Tokunoshima-cho, Kagoshima Pref. Japan Oct., 2011
Amamiooshima Amami-shi, Kagoshima Pref. Japan Oct., 2011
Bisexual Okinawato -B Nago-shi, Okinawa Pref. Japan Nov., 2009
Miyakojima Miyakojima-shi, Okinawa Pref. Japan Oct., 2011
Ishigakijima Kuro-shima, Yaeyama-gun, Taketomi-cho, Okinawa Pref. Japan Nov., 2009
Hawaii Oahu, Hawaii, USA. Oct., 2010
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Figure 1 A: Map showing the location of the Nansei Islands and Ogasawara chain islands which is 1,000
km south of Tokyo. B: Map showing the 4 islands which are inhabited by humans, namely, Mukojima
Island, Chichijima Island, Hahajima Island and Iwo Island. C: Map showing the location of the
Nakoudojima (27N 142E) and Yomejima (27N 142E). D: Map showing the location of the Chichijima

(27N 142E) and Nishijima (27N 142E).

The cockroaches in the above experi-
ments were observed for their number of
days needed to lay egg, number of offspring
produced and the sexes of the offspring. The
number of offspring produced was observed
up to 2 litter. Those that gave birth to the first
litter only once were reared until their natural
demise.

Furthermore, the female were observed
for the presence or absence of sperms in their
spermatheca. Moreover, the offspring were
reared until maturity and then euthanized,
followed immediately by taking the
measurement of their tegmina length as well
as the distance between ocelli and compound
eyes.

The cockroaches were reared in a plastic
container of diameter 90 mm and a height of
50 mm. The bedding were made up of 10 mm
thick hydrated insect-rearing mat (Fujicon
Co., Japan) and holes were made in the
container lid for aeration. The cockroaches
were fed slices of carrot cut to 10 mm
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thickness. The whole container was placed
in an incubator (Sanyo Co., Japan), with
temperature set at 26-28°C, humidity at 50-
70% and left in natural light condition. The
rearing-mat and the carrot were replaced at
appropriate time to prevent the growth of
fungus.

The sex of the hatched nymph were
examined under a dissection microscope to
determine for the presence or absence of
V-shaped notch at the ventral abdominal
caudal region, with those having the notch
identified as the male and those without the
notch as female (Komatsu et al., 2014).

Moreover, for the analysis of the resulting
copulation ratio obtained through the mating
experiments, the following formula was used
for deriving isolating index, 1.

Percentage of Percentage of

copulation between — copulation between
similar strain different strain

Percentage of Percentage of
copulation between + copulation between
similar strain different strain



For the percentage of copulation between
individual of similar strain, the copulation
percentage of the male and female of the
Hawaiian strain was used. For the percentage
of copulation between individual of different
strains, the copulation percentage of the
male Hawaiian strain with the female of
Iwoto-A, Hahajima, Chichijima, Nishijima,
Nakodojima, Tokunoshima-A and Okinawato-
A was used. The average length of the female
tegmina as well as the average distance
between the ocelli and compound eyes, were
subjected to t test for the presence of
significant differences.

RESULTS

Mating experiments were carried using
14 strains of cockroaches obtained from
11 locations, namely, Iwoto, Hahajima,
Chichijima, Nishijima, Nakodojima,
Tokunoshima, Amamiooshima, Okinawato,
Miyakojima, Ishigakijima and Hawaii.

Mating experiment (Table 2)

After mating, all females were necropsy to
determine the presence or absence of sperm
in their spermatheca by observing for the
motile sperms under the light microscope
(Figure 2). As shown in Figure 2, although
both the females of Okinawato-A and Iwoto-
A were parthenogenic, the former did not
have sperms in their spermatheca but the
latter had (Figure 2A, 2B). However, all the
females of the bisexual group, as shown in
the females of Okinawato-B, had sperms in
their spermatheca (Figure 2C).

Group that does not produce male

offspring

@ Iwoto-A¢X Hawaii 3: Sperms could be
observed in the spermatheca of all the
females, and a total of 478 offspring were
produced from the 10 females that
produced offspring. All the offspring were
female. Each female produced between
17-33 offspring, with an average of 23.9.

Table 2. Comparison of the number and sex of offspring as well as the presence or absence of the sperm in

the spermatheca of “Ogasawara cockroaches”

Exp. No. of Insects No. ¥ No. Mated No. of offpsings produced Total Av. Isolating
: : o .
Reproduction No 2010y x ¢ (10) Fertile  or Virgin (%) 3 ° Toal litter ﬂisgglrngs index
; M 10 (100.0)  0(00) 478(I7-33) 478 20 239
@ Towtoen = Hawall ) 0 (0-0) 0(0-0) 0 0 0.0 +l
" s M 6 (66.7) 0(00) 248(428) 248 12 20.7
H:
@ Habapma)s: Hufrail 8 vV 3 (333) 0(00) 115(826) 115 6 1.2 +
. ; M 3 (375) 0(0:0)  59(224) 59 1Y 148
Chi Haw: 8
® chijiunz e Hawstl V 5 (625) 0(0-0) 150(1-25) 150 99V 167 +l
) . . M 9 (90.0) 0(0-0)  663(2648) 663 18 368
Parth ti
enogenetic @ At Hawad 0y o 0(00)  62(3032) 62 2 310 +l
) ) M 5 (TL4) 0(00) 143(132) 143 8Y 179
N 7
® akodojima x Hawaii V 2 (286) 0(0:0)  96(2835) 96 3" 320 #l
i R — o M5 600 0(00) 221(11:35) 221 10 221 »
V 5 (50.0) 0(0-0) 161(528) 161 10 16.1
. . M 1 (10.0) 0(0-0) b7 (21-36) 57 2 28.6
ki A x H: 1
@ Oltfiawato:A:x Hawalt Oy g @) 0(00)  667(2647) 667 18 7.1 +1
M 8 (1000) 162(416) 157(8-15) 319 15 213
Towe:B x Jowto-h 8 Vo0 (0.0 0 (0-0) 0(0-0) 0 0 0.0 -
@ Tokunoshima-B x Tokunoshima-b 10 M: 0:41000) 2420520y 207i(19) . b 25 -
Voo (0.0) 0 (0-0) 0 (0-0) 0 0 0.0
® ooshuma x Amamiooshuma g M 9 (1000) 200(419) 200(425) 520 18 289
) 0(0-0) 0 (0-0) 0 0 0.0
i ) . M 10 (100.0) 322 (923) S312(1324) 634 20 317
Bisexual @ Okinawato-B x Okinawato-b 10 vV 0 (00) 0 (0-0) 0(00) 0 0 0.0 -
N o M 8 (100.0) 230(923) 267(1324) 497 14" 365
M Mi _
® IyakojnexMiyakojini B Voo (00 0 (0-0) 0(0-0) 0 0 0.0
— L M 9 (100.0) 281(1022) 266(224) 547 170 322
Ishig Ishig 9 =
8 pldjim Tshigakiima, Voo (0.0 0 (0-0) 0(0:0) 0 0 0.0
i i M 9 (1000) 199(520) 189(124) 388 160 243 ~
® Hawall x Hawall ? Voo 0.0 0 (0-0) 0(0-0) 0 0 0.0

l)Ir'ncludi.ng those that produced only 1 litter
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Spermatheca 2

Figure 2. Female spermatheca of the Pycnoscelus spp. A: Parthenogenetic of Okinawato-A,
B: Parthenogenetic of Iwoto-A, C: Bisexual of Okinawato-B, Spt: Spermatheca.

@ Hahajima ? X Hawaii d: Sperms could be 150 female offspring (1-25, av. 16.7), with

observed in the spermatheca of only 6 of
the 9 females, and they all gave birth to
two litter. Those that have sperms in their
spermatheca produced a total of 252
offspring (four male, (0-3, average of 0.3);
248 females, (4-28, av. 21.0)). Those three
females that do not have sperm in their
spermatheca produced 115 offspring (8-
26, av. 19.2), all of them female and not a
single male.

Chichijima ¢ X Hawaii 4: Sperms could
be observed in the spermatheca of only 3
of the 8 females. Of those three females,
one gave birth twice and the other two
gave birth only once. A total of 59 female
offspring (2-24, av. 14.8) and no male
offspring was produced. Of the five
females that do not have sperm in their
spermatheca, four gave birth to two litter
and one to one litter, making a total of
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no male offspring.

Nishijima 2 X Hawaii ¢': Sperms could be
observed in the spermatheca of 9 of the
10 females, and all of them gave birth to
two litter. A total of 664 offspring (male 1
(0-1, av. 0.1); female 663 (26-48, av. 36.8))
were produced. The single female that
did not have sperm in its spermatheca
gave birth to a total of 62 female offspring
(30-32, av. 31.0) with no male offspring.

Nakodojima ¢ X Hawaii &: Sperms could
be observed in the spermatheca of five
of the seven females, with three giving
birth to two litter and two to one litter,
making a total of 143 female offspring
(1-32, av. 17.9) and no male offspring. For
the remaining two females that have no
sperm in their spematheca, one gave birth
to two litter and the other to one litter,



with a total of 96 female offspring (28-35,
av. 32.0) and no male offspring.

® Tokunoshima-A?X Hawaii d: Sperms
could be observed in the spermatheca of
only five of the 10 females, and they all
gave birth to two litter. Those that have
sperms in their spermatheca produced a
total of 221 female offspring (11-35, av.
22.1) and no male. Those 5 females that
do not have sperm in their spermatheca
produced 161 female offspring (5-28, av.
16.1) and not a single male.

7 Okinawato-A ? X Hawaii J: Sperms were
observed in the spermatheca of only one
of the 10 females, which gave birth to two
litter, producing a total of 57 female
offspring (21-36, av. 28.5) and no male
offspring. Those nine females that have
no sperm in their spermatheca also gave
birth to two litter, producing a total of 667
female offspring (26-47, av. 37.1) and not
a single male.

Group that produce both male and female

offspring

Iwoto-B ¢ X Iwoto-B g: Of the 10 females
used, only eight succeeded in giving birth
and sperms were observed in their
spermatheca, with seven giving birth to
two litter and one to one litter. The 8
females produced a total of 319 offspring
(male 162 (4-16, av. 10.8); female 157 (9-
15, av. 10.5), with an average of 21.3 per
litter.

@ Tokunoshima-B ¢ X Tokunoshima-B J:
All 10 females reproduced and sperms
were observed in their spermatheca, with
all giving birth to two litter. The 10
females produced a total of 449 offspring
(male 242 (3-20, av. 12.1); female 207 (0-
19, av. 10.4), with an average of 22.5 per
litter.

@ Amamiooshima?X Amamiooshima J:
Of the 10 females used, only nine
reproduced and sperms were observed
in their spermatheca, with all giving birth
to two litter. The nine females produced
a total of 520 offspring (male 260 (4-19,
av. 14.4); female 260 (4-25, av. 14.4), with
an average of 28.9 per litter.
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Okinawato-B 2 X Okinawato-B 4: All 10
females reproduced and sperms were
observed in their spermatheca, with all
giving birth to two litter. The 10 females
produced a total of 634 offspring (male
322 (9-23, av. 16.1); female 312 (13-24,
av. 15.6), with an average of 31.7 per litter.

Miyakojima ¢ X Miyakojima & Only eight
of the 10 females reproduced and sperms
were observed in their spermatheca, with
six giving birth to two litter and to to one
litter. The eight females produced a total
of 497 offspring (male 230 (9-23, av. 16.4);
female 267 (13-24, av. 19.1), with an
average of 35.5 per litter.

Ishigakijima ¢ X Ishigakijima &: Only
eight of the 10 females reproduced
and sperms were observed in their
spermatheca, with seven giving birth to
two litter and one to one litter. The eight
females produced a total of 547 offspring
(male 281 (10-22, av. 16.5); female 266
(2-24, av. 15.6), with an average of 32.2
per litter.

Hawaii ¢ X Hawaii J&: nine out of 10
females reproduced and sperms were
observed in their spermatheca, with
seven giving birth to two litter and two to
one litter. The nine females produced a
total of 388 offspring (male 199 (2-20, av.
12.4); female 189 (1-24, av. 11.8), with an
average of 24.3 per litter.

Rearing result of F1 female (Table 3)

9]

®

Group that does not produce any male
offspring

Iwoto-A 2: 4 F1 females gave birth to two
litter and one to one litter, with all the
offspring being female. The five females
produced a total of 254 offspring (10-43
offspring per litter, av. 28.2).

Hahajima ¢: All 5 F1 females gave birth
to two litter of all female offspring,
producing a total of 225 offspring (14-35
offspring per litter, av. 22.5).

Chichijima?: All five F1 females gave
birth to two litter of all female offspring,
producing a total of 208 offspring (16-26
offspring per litter, av. 20.8).



Table 3. Parthenogenesis of the various colonies of cockroaches collected from different localities followed

by being reared individually

No. of offsprings produced Av.
Exp. 9 N No. Offsprings/ Av. Life span

No g Total litter litter

@ Iwoto-A 5 0 264 (10-43) 254 9 28.2 —

@ Hahajima 5 0 225(14-35) 225 10 22.5 —

©) Chichijima 5 0 208 (16-26) 208 10 20.8 —
Parthenogenetic @) Nishujima 5 0 404 (3048) 404 10 40.4 —

® Nakodojima 5 0 230 (13-35) 230 10 23.0 —

® Tokunoshima-A 5 0 300 (21-38) 300 10 30.0 —_

@ Okinawato-A 5 0 324 (24-46) 324 10 324 =

Iwoto-B 5 _ 0 0 0.0 283.6 (261-312)

© Tokunoshima-B 5 — 0 0 0.0 198.0 (179-237)

@ Amamiooshima 5 — 0 0 0.0 227.6 (164-275)
Bisexual @ Okinawato-B 5 — 0 0 0.0 243.8 (165-312)

) Miyakojima 5 — 0 0 0.0 230.2 (139-297)

@ Ishigakijima 5 — 0 0 0.0 245.4 (211-315)

@ Hawaii 5 — 0 0 0.0 309.4 (278-347)

@ Nishijima?: All five F1 females gave
birth to two litter of all female offspring,
producing a total of 404 offspring (30-48
offspring per litter, av. 40.4).

 Nakodojima?: All five F1 females gave
birth to two litter of all female offspring,
producing a total of 230 offspring (13-35
offspring per litter, av. 23.0).

® Tokunoshima-A¢: All five F1 females
gave birth to two litter of all female
offspring, producing a total of 300
offspring (21-38 offspring per litter, av.
30.0).

(@ Okinawato-A ?: All five F1 females gave
birth to two litter of all female offspring,
producing a total of 324 offspring (24-46
offspring per litter, av. 32.4).

Groups that produce both male and
female F1 offspring

All the F1 from the Iwoto-B, Tokunoshima-B,
Amamiooshima, Okinawato-B, Miyakojima,
Ishigakijima and Hawaii group did not
produce any offspring in their whole life span.
The average life span of the F1 from Iwoto-B
group was 283.6 days (261-312 days),
Tokunoshima-B, 198.0 days (179-237 days),
Amamiooshima, 227.6 days (164-275 days),
Okinawato-B, 243.8 days (165-312 days),
Miyakojima, 230.2 days (139-297 days),
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Ishigakijima, 245.4 days (211-315 days),
and Hawaii 309.4 days (278-347 days),
respectively.

Measurement of the tegmina length
(Table 4)

For the groups that do not produce any male
offspring, the average tegmina length of the
adult female from the various localities
are as follows: Okinawato-A, 15.82 mm >
Hahajima, 15.26 mm > Nishijima, 15.07 mm
> Nakodojima, 14.16 mm > Chichijima, 13.81
mm > Tokunoshima-A, 13.57 mm > Iwoto-A,
12.87 mm, respectively.

For the groups that produce both male
and female offspring, the average tegmina
length of the adult female from the various
localities are as follows: Okinawato-B, 14.72
mm > Hawaii, 14.64 mm > Iwoto-B, 14.35 mm
> Ishigakijima, 13.81 mm > Tokunoshima-B,
13.564 mm> Amamiooshima, 13.53 mm >
Miyakojima, 12.96 mm, respectively.

Measurement of the distance between
ocelli and compound eye (Table 4, Figure
3)

For the groups that do not produce any male
offspring, the distance between ocelli and
compound eye in the adult female from
the various localities are as follows:
Hahajima, 0.16 mm > Chichijima, 0.14 mm



Table 4. Distance between the ocelli and the compound eye, as well as the length of the
fore-wing (tegmina) of the female adult cockroaches collected from different localities

E;g- o N Length of wings Dist. ocelli to compd. eye
Av. of L&R Av. of L&R

@ Iwoto-A 15 12.87 0.10
@ Hahajima 15 15.26 0.16
) Chichijima 15 13.81 0.14
Parthenogenetic @ Nishujima 15 15.07 0.12
® Nakodojima 15 14.16 0.13
® Tokunoshima-A 15 13.57 0.12
@ Okinawato-A 15 15.82 0.12

14.37* 0.13*
Iwoto-B 15 14.35 0.18
©) Tokunoshima-B 15 13.63 0.13
@  Amamiooshima 15 13.54 0.12
Bisexual @ Okinawato-B 15 14.72 0.13
® Miyakojima 15 12.96 0.16
@ Ishigakijima 15 13.81 0.12
@ Hawaii 15 14.64 0.21

14.26* 0.15*

*: P > 0.01 No significant difference in distances from ocelli to compound eye as well as in tegmina length between the
parthenogenetic and bisexual groups (Student's t test).

Tokunoshima-A

Okinawato-A

Ishigakijima Hawaii

Figure 3. Enface view of Pycnoscelus spp. from various localities
(Immediately after being sacrificed). Scale bar = 1 mm for all.
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> Nakodojima, 0.13 mm > Nishijima,
Tokunoshima-A & Okinawato-A, 0.12 mm >
Iwoto-A, 0.10 mm, respectively.

For the groups that also produce both
male and female offspring, the distance
between ocelli and compound eye in the adult
female from the various localities are as
follows: Hawaii, 0.21mm > Iwoto-B, 0.18 mm
> Miyakojima, 0.16 mm > Amamiooshima &
Okinawato-B, 0.13 mm > Tokunoshima-B &
Ishigakijima, 0.12 mm, respectively.

DISCUSSION

Matsumura (1931), Azuma (1987) and
Kawamura (1990) reported that the species
of the so-called “Ogasawara cockroaches”
in Japan are those of P. surinamensis.
However, Asahina (1991) reportedly
collected both male and female specimens
of “Ogasawara cockroaches” from the field
but did not proceed to determine whether
there is any parthenogenecity among the
females or not. Based on the results of some
breeding experiments, Roth (1967) reported
that despite the presence or absence of sperm
in the spermatheca, those that produced only
female offspring should be identified as
P. surinamensis, while those that produced
both male and female offspring as P. indicus.
Moreover, he also suggested that those
specimens whose ocelli were separated from
the compound eye belong to those of P.
surinamensts, while those ocelli and
compound eye were in contact belong to P.
indicus. Thus, the actual status or species of
the so-called “Ogasawara cockroaches” in
Japan needs further clarification.

From the results of our present study, we
observed that female cockroaches of Iwoto-
A group, which produced a total of 478 female
and no male offspring, despite having sperms
in their spematheca, can be identified as P.
surinamensis, while those of Iwoto-B group
with all having sperms in their spermatheca,
produced a total of 168 male and 157 female
offspring in an average ratio of 10.8 to 10.5
(p=>0.05) with no significant difference in the
sexual ratio, can identified as P indicus.
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Similarly, female cockroaches of
Tokunoshima-A group that produced a total
of 221 female and no male offspring, despite
having sperms in their spematheca, can be
identified as P. surinamensis, while those
of Tokunoshima-B group with all having
sperms in their spermatheca produced a total
of 242 male and 207 female offspring in an
average ratio of 12.1 t010.4 (p>0.05) with no
significant difference in the sexual ratio, can
identified as P indicus.

On the same note, female cockroaches
of Okinawato-A group that produced a total
of 724 female and no male offspring, despite
having sperms in their spematheca, can be
identified as P. surinamensis, while those
of Okinawato-B group with all having sperms
in their spermatheca produced a total of 322
male and 312 female offspring in an average
sexual ratio of 16.1 to 15.6 (p>0.05) with no
significant difference in the sexual ratio, can
identified as P. indicus.

Thus, both species of P. surinamensis
and P, indicus were found to be distributed
on the three islands of Iwoto, Tokunishima
and Okinawa, with their habitat overlapping
with each other.

The group of five F'1 female cockroaches
from Hahajima, Chichijima, Nishijima and
Nakodojima, produced a total of only 248, 59,
663 and 143 female offspring, respectively
and no male offspring, despite having sperms
in their spematheca. These cockroaches
were identified as P surinamensis. Thus,
there is a possibility that only P
surinamensts and not P. indicus are
distributed on these four islands.

The group of five F1 female cockroaches
from Amamiooshima, Miyakojima,
Ishigakijima and Hawaii, produced a total of
260 male (M) and 260 female (F) offspring
with an average ratio of M:F at 14.4:14.4
(p=0.05) per litter, 230M, 267F, av. 16.4:19.1
(p>0.05) per litter, 281M, 266F, av. 16.5:15.6
(p>0.05) per litter and 199M, 189F, av.
11.7:11.1 (p>0.05) per litter, respectively. This
probably indicates that only P indicus and
not P. surinamensis were inhabiting the four
islands.



From the above results, we can conclude
that there are areas in Japan where the
distribution of P. surinamensis and P.
wndicus overlap with each other, and there
are also areas in which either only one or the
other could be found.

Roth (1967) stated that P surinamensis
could be morphologically distinguished from
P, indicus based on the distance between the
ocelli and compound eye, in which the former
species show contact between the ocelli and
the compound eye, while in the latter species,
they are separated. However, in our
experiments, the distance between the ocelli
and compound eye of those identified as P,
surinamensis based on the breeding
experiment were found to be 0.10-0.16mm
(average 0.13) and those as P. indicus were
0.12-0.21mm (average 0.15), respectively.
There was no significant difference between
the two species. Thus, this morphological
criterion is not applicable for species
identification. From our observation, in
certain specimens, some translucent
materials, probably secretions of some sort,
could be found in the area between the
compound eye and ocelli sometime after the
death of the cockroaches. Since the ocelli
were also translucent, the presence of these
translucent materials might have led Roth to
conclude that the ocelli were in contact with
the compound eye. Moreover, we did not
observe any specimen whose ocelli was in
contact with the compound eye.

Generally, in insects, the body length and
tegmina length had been used for species
identification (Inoue et al., 1963; Nakane el
al., 1963) but these criteria could not be used
for the species identification among
Pycnoscelus species because they are
unreliable.

We have shown through our experiments
and observation that it is very difficult to
distinguish P. surinamensis from P. indicus
morphologically, but can be done through
cross-breeding experiments to obtain the
isolating index, which is always more than
+1. Moreover, the use of solitary breeding
of individual female to observe for
parthenogenicity can be a criterion for
differentiating between P. surinamensis and
P, indicus, which was seen in the former
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but not in the latter. Thus, we have clarified
that the so-called “Ogasawara cockroaches”
in Japan consist of P surinamensis and
P indicus.

Acknowledgements. We thank Dr. Toshiro
Kishimoto of Nature Environmental
Research Center, Dr. Kazumi Saito of
National Institute of Infectious Diseases and
Mr. Yoshifumi Fujiwara and Ms. Shoko Sugita
of Laboratory of Parasitology, School of
Life and Environmental Science, Azabu
University, for their technical help and helpful
suggestions. We also thank Mr. Atsushi
Shimazu and Mr. Shinji Yui of CIC for helping
in the collection of the cockroaches.

REFERENCES

Asahina, S. (1991). Blaltaria of Japan. 253pp,
Nakayama Shoten Publisher, Tokyo.
Azuma, S. (1987). Field Guide Book to the
insects of Okinawa, IV. Odonata,
Ortheroplera, and other insects, pp.
172-188. Okinawa Shuppan Publisher,

Okinawa (In Japanese).

Furukawa, H. (1930). Orthopteroid of Bonin
Islands. Bulletin of the Biogeographical
Society of Japan 1: 225-237 (In
Japanese).

Inoue, H., Okano, M., Hakusui, T., Sugi, S. &
Yamamoto, H. (1963). Iconographia
insectorum Japonicum colore naturali
edita vol. I (Lepidoptera). 284pp.
Hokyryukan Publisher, Tokyo.

Kawamura, F. (1990). A new record and new
distribution (records) of the cockroaches
(Blattaria) from the Ryukyu Islands.
Biological Magazine of Okinawa 27: 43-
46.

Komatsu, N., Kishimoto, T., Uchida, A. & Ooi,
H.K. (2013). Cockroach fauna in the
Ogasawara Chain Islands of Japan and
analysis of their habitats. Tropical
Biomedicine 30: 141-151.

Komatsu, N., Ooi, HK. & Uchida, A. (2014).
Sexual differentiation and developmental
stage identification of Indian cockroach,
Pycnoscelus indicus Tropical Bio-
medicine 31: 828-835



Matsumura, S. (1931). 6000 Illustrated
insects of Japan-Empire, pp. 1372-1379,
The Toko-Shoin, Tokyo.

Nakane, T., Oobayashi, K., Nomura, S. &
Kurosawa, Y. (1963). Iconographia
insectorum Japonicum colore naturali
edita vol. III (Voleoptera). 443pp.
Hokyryukan Publisher, Tokyo.

29

Roth, L.M. (1967). Sexual Isolation in
parthenogenetic Pycnocelus suri-
namensis and application of the name
Pycnocelus indicus to its bisexual
relatives (Dictyoptera: Blattaria:
Blaberidae: Pycnoscelinae). Annals of
the Entomological Society of America
60: 774-779.



AWFIENZB U Tkdn THEE THIE A 15 0 F L 72 hRAT RS R 2B BR B O f 22
FERH A S A, /e B2, RIS XD S L £ £,
A7 ZBE W22 & £ LA R A - BREEREED B k=, Sam
FER ISP L £9

7o, ERIZERLZ K5 THRE, ZBE2WeZE £ L, mRFEN R
EACEHIE, HOIRERAEIR, =, BRI - BRER A AR
WIFREDTT 2 DN DEROEZR L ET.

30



AET

Komatsu, N., Ooi, HK. & Uchida, A. (2014). Sexual differentiation and
developmental stage identification of Indian cockroach, Pycnoscelus indicus
(Blattodea:Blaberidae). Tropical Biomedicine 31: 828-835

Komatsu, N., Ooi, HK. & Uchida, A. (2015). Species clarification of
Ogasawara cockroaches which inhabit Japan. Tropical Biomedicine 32: 98-
108

31



