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Abstract
TAKAGI, S., 2015. Notes on scale insects of the genus Aulacaspis occurring on
grasses and herbs (Sternorrhyncha: Coccoidea: Diaspididae). Ins. matsum. n. s. 71: 121–
¿JV
Species of Aulacaspis recorded from poaceous grasses and herbaceous plants
are enumerated and annotated. Three pairs of closely related species are picked out
from them, and the species in each pair are revised as to their relationship: Aulacaspis
madiunensis (=Chionaspis madiunensis Zehntner) and Aulacaspis takarai Takagi, both
known as pests of sugarcane, the former in tropical Asia and other regions and the latter
in the Ryûkyû Islands; Aulacaspis herbae (=Chionaspis herbae Green) and Aulacaspis
discorum Hall and Williams, grass-associated species described from the Indian
Subcontinent; Aulacaspis trifolium Takagi and Aulacaspis isobeae Takagi, hypogeal
species collected on Trifolium pratense in Honsyû and on an undetermined herbaceous
plant in Okinawa, respectively. Four species are described as new: Aulacaspis takahashii
found on an undetermined orchid intercepted at quarantine inspection, and three species,
Aulacaspis labucola, Aulacaspis trichosanthis, and Aulacaspis hodgsoniae, all collected
from wild cucurbitaceous plants in the Malay Peninsula.
Author’s address. Hukuzumi 3-3-4-16, Toyohira-ku, Sapporo, 062-0043 Japan
(e-mail: tw8s-tkg@jcom.home.ne.jp).
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INTRODUCTION
Aulacaspis as understood in recent studies has proved to be a large genus,
comprising species concentrated in the tropical and subtropical forests of Asia. These
species are associated with diverse plants and mostly with woody angiosperms. A single
VSHFLHV RFFXUV RQ F\FDGV H[FOXVLYHO\ DQG QR VSHFLHV KDV EHHQ IRXQG RQ FRQLIHUV$
small part of the genus are known to occur on grasses of the family Poaceae (including
bamboos), and a still smaller part on herbaceous plants. Grass-feeding species,
especially, are of economic importance, including pests and potential pests of sugarcane;
QHYHUWKHOHVVLQJHQHUDOWKH\KDYHQRWEHHQFODUL¿HGZHOOWD[RQRPLFDOO\2XUNQRZOHGJH
as to herb-associated species is also fragmentary.
In this paper, species referred to Aulacaspis and recorded from poaceous grasses and
herbaceous plants are enumerated and annotated, three pairs of closely related species
are picked out from them and the species of each pair are revised as to their relationship,
and one species found on an orchid intercepted at quarantine inspection and three species
collected from wild cucurbitaceous plants are described as new.
Terms and numbers of wax-secreting organs. The term ‘trullae’ is used in
place of ‘pygidial lobes’ in authors; the term ‘dorsal macroducts’ means submedian
and submarginal dorsal macroducts combined (not including, therefore, marginal
PDFURGXFWV  µDEG ,¶ WR µDEG ,;¶ VWDQG IRU WKH ¿UVW WR QLQWK DEGRPLQDO VHJPHQWV 7KH
relative ‘height’ of the median trullae to the marginal macroduct situated on each side of
them (and belonging to the seventh abdominal segment) is mentioned in the descriptions:
they are the same in height when the anterior end of the basal zygosis of the median
trullae is at the same level as the anterior end of the marginal macroduct. The numbers of
ZD[VHFUHWLQJRUJDQVDUHJLYHQIRUHDFKVLGHRIWKHERG\H[FHSWIRUWKHWRWDOQXPEHURI
the dorsal macroducts and that of the perivulvar disc pores; for each sample, the lowest,
mean, and highest values are given in the mentioned order, followed by the sample size,
‘n’, in most cases; sometimes, for small samples, the lowest and highest values or values
of individual specimens are given. The term ‘peribuccal scleroses’ has been applied to a
pair of elongate scleroses which appear to arise at the base of the rostrum. They are derm
folds (‘repli péribuccal’ in Balachowsky) formed just on the sides of the rostrum and
VFOHURWL]HGLQDGH¿QLWHVKDSHDWWKHIXOOJURZWKRIWKHERG\7KHLUGHYHORSPHQWLVQRW
always stable even in the same samples and, therefore, not always species-characteristic.
,Q WKLV SDSHU WKH\ DUH VKRZQ LQ ¿JXUHV ZKHQ REVHUYHG LQ WKH GHSLFWHG VSHFLPHQV DQG
not mentioned in the descriptions.
Figures. Figures of insects were drawn mainly by the use of phase-contrast
microscopy and a camera lucida. Sizes of the body and body parts are knowable from
VFDOHEDUVRQWKH¿JXUHVDQGDUHQRWPHQWLRQHGLQWKHGHVFULSWLRQV
Samples$ VDPSOH LV FRPSRVHG RI FRQVSHFL¿F VSHFLPHQV PRXQWHG LQ SULQFLSOH
from the same lot of material, which was taken from the same plant individual at the
same time. ‘Teneral’ adult females means those that are at an early growing stage shortly
DIWHU H[XYLDWLRQ WKH\ VKRXOG EHORQJ WR WKH JHQHUDWLRQ VXFFHHGLQJ WR WKH IXOOJURZQ RU
‘mature’ adult females in the same sample, and are divided into their own subsample
ZKHQHYHU WKHLU JHQHUDWLRQ LV FOHDUO\ GLYLVLEOH IURP WKH SUHFHGLQJ RQH LQ H[DPLQHG
specimens).
Depositories of the holotypes. The holotype of A. takahashii is deposited in the
FROOHFWLRQRIWKH/DERUDWRU\RI6\VWHPDWLF(QWRPRORJ\+RNNDLG{8QLYHUVLW\6DSSRUR
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Japan; the holotypes of A. labucola, A. trichosanthis, and A. hodgsoniae in the collection
RI WKH (QWRPRORJ\ 'LYLVLRQ )RUHVW 5HVHDUFK ,QVWLWXWH RI 0DOD\VLD .HSRQJ .XDOD
Lumpur, Malaysia.
LIST OF SPECIES RECORDED FROM POACEOUS GRASSES
So far as I am aware, 16 species described in or referred to Aulacaspis were
UHFRUGHG IURP SRDFHRXV JUDVVHV EXW VL[ RI WKHP DUH SRRUO\ NQRZQ WD[RQRPLFDOO\ RU
uncertain as to host association. The other ten species (each with an asterisk in the
following list) are accepted as Aulacaspis species associated with grasses.
Aulacaspis bambusae*
= Diaspis bambusae Green, 1922
Described from material collected on ‘small stems and branches of Bambusa sp.’ in
6UL/DQND7KHUHKDVEHHQQRIXUWKHUUHFRUGRIWKHVSHFLHV$¿JXUHRIWKLVVSHFLHVGUDZQ
by Dr D. J. Williams on the basis of Green’s material, is in print in Takagi and De Faveri
 ¿J   A. bambusae is very similar to Aulacaspis gudalura, and the possibility
PD\ QRW EH H[FOXGHG WKDW WKH WZR EHORQJ WR WKH VDPH VSHFLHV VHH XQGHU Aulacaspis
gudalura in this section).
Aulacaspis depressa
= Chionaspis depressa Zehntner, 1897
Described from Java as from ‘Saccharum ciliare’. Williams and Watson (1993) state
that the host plant is ‘now possibly Erianthus arundinaceus, a plant related to sugarcane’.
They also state: ‘Chen (1983) assigned C. depressa to Duplachionaspis MacGillivray
DQG UHFRUGHG LW IURP -LDQJ[L 3URYLQFH &KLQD RQ VXJDUFDQH 7KLV SODFHPHQW PD\ EH
FRUUHFWEXW&KHQ¶V¿JXUHRIWKLVVSHFLHVODFNVYLWDOFOXHVDQGDVWXG\RIIUHVKPDWHULDO
preferably from Java, would be useful to verify the assignment’. However, the species
&KHQ  GHVFULEHGIURP-LDQJ[LDQGIURPVXJDUFDQHDVDVSHFLHVRIDuplachionaspis
was not C. depressa but Chionaspis sacchari-folii Zehntner, 1897, which was also
described from Java (together with C. depressa) and apparently from sugarcane. In my
view, C. saccharifolii is probably a species of Duplachionaspis, whereas C. depressa
may correctly be referred to Aulacaspis. Both species should be revised for their generic
positions as well as for their detailed morphological characters. A. depressa was recorded
IURPRWKHUDUHDVLQ$VLDDQGWKHVHUHFRUGVVKRXOGDOVREHH[DPLQHGFULWLFDOO\
Aulacaspis discorum Hall and Williams, 1962*
Described from Pakistan and from Panicum psilopodium. A study of this species is
given in this paper on the basis of material from Nepal.
Aulacaspis divergens*
= Aulacaspis kuzunoi divergens Takahashi, 1935
Originally described from Taiwan and from Miscanthus spp. Described or recorded
from some areas in continental China.
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Aulacaspis gudalura*
= Chionaspis (Phenacaspis) gudalura Green, 1919
Described from the Nilgiri Hills, South India, and from ‘a large species of Bamboo’.
$ ¿JXUH RI WKLV VSHFLHV GUDZQ E\ 'U ' - :LOOLDPV RQ WKH EDVLV RI *UHHQ¶V PDWHULDO
LV SXEOLVKHG LQ WKLV SDSHU ZLWK KLV DSSURYDO )LJ   ,W LV YHU\ VLPLODU WR WKH ¿JXUH RI
Aulacaspis bambusae (=Diaspis bambusae Green) drawn by Dr D. J. Williams and
published in Takagi and De Faveri (2011) (see Aulacaspis bambusae in this section)
H[FHSW IRU WKH ERG\ VKDSH ZKLFK LV UHPDUNDEO\ GLIIHUHQW IURP WKDW RI WKH ODWWHU *UHHQ
(1919) states: ‘Adult female ovate’ in Chionaspis gudalura. This statement is too brief
and simple, but probably refers to the body shape as shown in the Williams figure.
According to Green’s descriptions, the adult female of Diaspis bambusae is 1.2 to
1.5mm, and that of Chionaspis gudalura is 1.5mm, in body length. Both these forms as
GHVFULEHGE\*UHHQDQG¿JXUHGE\'U:LOOLDPVWKHUHIRUHVKRXOGUHSUHVHQWIXOO\JURZQ
adult females. They may be closely related species, which are remarkably different in
the body shapes of their fully grown adult females. However, it is also possible that
these forms belong to the same species, which is variable in body shape at full growth.
This possibility is suggested especially by the case with Aulacaspis herbae, another
species occurring on poaceous plants (see Remarks 1 under the description of Aulacaspis
herbae).
Aulacaspis gudalura as shown in the Williams figure is similar to Aulacaspis
madiunensis in body shape, but has more numerous perivulvar disc pores and dorsal
macroducts.
Aulacaspis herbae*
= Chionaspis herbae Green, 1899
Originally described from Sri Lanka and from various grasses. A study of this
species, based on material from the Nilgiri Hills, South India, is given in this paper.
Aulacaspis jiangsuensis Zhou et al., 2011
This scale insect was described from Jiangsu Province, China. The authors state that
WKH H[DPLQHG VSHFLPHQV KRORW\SH DQG IRXU SDUDW\SH IHPDOHV  ZHUH REWDLQHG IURP WKH
bamboo Pleioblastus amarus; after that, they add the phrase ‘Host.–Sapium sebiferum’
IDPLO\ (XSKRUELDFHDH  ZLWKRXW H[SODQDWLRQ 7KH\ JLYH WR WKH GHVFULSWLRQ VRPH
photomicrographs of a specimen. They mention that A. jiangsuensis is closely related to
Aulacaspis alisiana, and make a comparison with the latter.

,Q LQWHUSUHWLQJ ZKDW WKH GHVFULSWLRQ LPSOLHV DQG WKH SKRWRPLFURJUDSKV ¿JV$±+ 
show, I am strongly inclined to believe that this form is not a member of Aulacaspis.
This view is based especially on the interpretation that it should have short gland spines
RQWKHODWHUDOVLGHVRIWKHPHWDWKRUD[DQGWKH¿UVWWRWKLUGDEGRPLQDOVHJPHQWV µ*ODQG
WXEHUFOHVRFFXUULQJRQPHWDWKRUD[ODWHUDOO\WRDEGRPLQDOVHJPHQWLLL¶¿JV*+ ,WDOVR
seems to me that a pair of well-developed setae is obscurely shown between the bases
RIWKHPHGLDQWUXOODH ¿JV') ,IWKLVLQWHUSUHWDWLRQLVFRUUHFWWKLVVFDOHLQVHFWVKRXOG
belong to Pseudaulacaspis.
The genus Pseudaulacaspis LV D ODUJH WD[RQ DQG KDV DV D JURXS D EURDG UDQJH
of host plants, but it is seldom associated with bamboos. It is referable to the subtribe
Fioriniina, whereas Aulacaspis to the Chionaspidina.
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Aulacaspis kenyae
= Phenacaspis kenyae Hall, 1946

7KLVVSHFLHVZDVGHVFULEHGIURP.HQ\DHDVWHUQ$IULFDDQGIURPDQXQGHWHUPLQHG
grass. I once transferred it to Aulacaspis H[FOXVLYHO\ RQ WKH EDVLV RI +DOO¶V GHVFULSWLRQ
EXWQHHGOHVVWRVD\DFORVHH[DPLQDWLRQRQJHQXLQHVSHFLPHQVWKHW\SHVHULHVRURWKHU
PDWHULDOIURP.HQ\DLVQHFHVVDU\IRU¿QGLQJLWVWUXHJHQHULFSRVLWLRQ
Aulacaspis kuzunoi.XZDQDDQG0XUDPDWVX
This species occurs in Japan on Miscanthus sinensis. I erected Miscanthaspis
IRU LW EHFDXVH DERYH DOO LW KDV WKH EDVDO DQWHQQDO VHJPHQW LQ WKH ¿UVW LQVWDU SHFXOLDUO\
shaped and the median trullae in the adult female square in outline and closely appressed
WRJHWKHU$W WKDW WLPH , H[SHFWHG WKH FRPELQDWLRQ RI WKHVH FKDUDFWHUV WR RFFXU LQ VRPH
RWKHUJUDVVVFDOHVEXW,KDYHIDLOHGWR¿QGVXFKIRUPVXSWRQRZ,RQFHV\QRQ\PL]HG
Miscanthaspis with Aulacaspis, and it still seems that this species is better retained in
Aulacaspis.
Aulacaspis litzeae
= Chionaspis eugeniae var. litzeae Green, 1896
Originally described from Sri Lanka and from Litsea zeylanica (‘Litzea zeylanica’;
LQ*UHHQHPHQGHGWKHRULJLQDOVSHFL¿FQDPHµlitzeae’ to litseae in accordance with
the correct spelling of the host plant). Takagi (2012) revised this species on the basis
of material collected in South India on Actinodaphne. The collection data in Sri Lanka
and India show that A. litzeae is associated with lauraceous plants. ‘Phenacaspis litseae
(Green, 1896)’, apparently the same as A. litzeae ZDV UHFRUGHG IURP µ-LDQJ[L¶ &KLQD
and from ‘Bambusa, Citrus, Cymbidium, Ficus carica’ in a certain species list published
in 1999. Not only this record but some others, too, in this list appear to be fantastic.
Aulacaspis madiunensis*
= Chionaspis madiunensis Zehntner, 1898
Originally described from Java as a pest of sugarcane; recorded as occurring on
sugarcane broadly in Asia, Africa, and Australia. Various Poaceae other than sugarcane
have also been recorded as host plants. A study of this species based on material collected
from wild grasses in tropical Asia is given in this paper.
Aulacaspis neoguinensis Williams and Watson, 1993*
A little-known species associated with sugarcane: ‘Currently known only from
TXDUDQWLQHLQWHUFHSWLRQVIURP3DSXD1HZ*XLQHD¶µDW:DVKLQJWRQ'&86$¶ :LOOLDPV
and Watson, 1993).
Aulacaspis takarai Takagi, 1965*
Described from material collected in the Ryûkyû Islands on sugarcane and bamboo.
A revision of this species is given in this paper.
Aulacaspis tegalensis*
= Chionaspis tegalensis Zehntner, 1898
Originally described from Java as a pest of sugarcane; recorded as occurring on
sugarcane broadly in Asia, eastern Africa, and other areas.
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Aulacaspis uncinati Rutherford, 1915
Described from Sri Lanka and from Panicum uncinatum. According to the author,
this species resembles Aulacaspis fagraeae (= Diaspis fagraeae Green), which, in
my view, may be referred to Pseudaulacaspis. This genus was proposed in 1921, and
Rutherford may have referred the species to Aulacaspis as understood in his time. His
description of this species does not afford any positive support for the placement in
Aulacaspis as currently understood.
Aulacaspis wakayamaensis.XZDQD
This scale insect was described from Japan and from Ischaemum anthephoroides,
EXWLWKDVQRWEHHQFROOHFWHGWKHUHDIWHU,RQFHH[DPLQHGSDUWRIWKHVXSSRVHGW\SHVHULHV
three immature adult females, but did not arrive at any definite conclusion as to the
WD[RQRPLFLGHQWLW\RIA. wakayamaensis.
LIST OF SPECIES RECORDED FROM HERBACEOUS PLANTS
The four species given below may occur on herbaceous plants usually or
H[FOXVLYHO\6HYHUDOVSHFLHVRI Aulacaspis that are usually associated with woody plants
were also recorded from herbaceous plants. Four other species, one from an orchid and
three from cucurbitaceous plants, are described as new in this paper.
Aulacaspis isobeae Takagi, 1965
Described from material collected on roots of an undetermined herbaceous plant in
Okinawa Is. This species is revised in this paper.
Aulacaspis neospinosa Tang, 1986
Described from China and collected on Cymbidium virescens under glass and
another species of Cymbidium. (See notes for A. pseudospinosa below.)
Aulacaspis pseudospinosa Chen et al., 1980
A. pseudospinosa was described from China. The host plants mentioned in the
original description are Cymbidium, Smilax, Trachycarpus (these plants belonging
to the family Orchidaceae, Smilacaceae, and Arecaceae, respectively, and to the
Monocotyledoneae), and Phoebe (Lauraceae). A. pseudospinosa has generally been
treated as a synonym of Aulacaspis spinosa (occurring on Smilax) in catalogues and
species lists. It seems, however, that some forms (Aulacaspis spinosa, A. pseudospinosa,
A. neospinosa, and A. takahashii, n.sp., and probably further forms) comprise a close
group, which occurs mainly on Smilax and orchids. Careful comparisons are required
for clarifying how many species they really represent (see Remarks under Aulacaspis
takahashii).
Aulacaspis trifolium Takagi, 1961
Described from Honsyû and from the roots of Trifolium pretense. This species is
revised in the present paper.
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AULACASPIS MADIUNENSIS AND AULACASPIS TAKARAI
When I described Aulacaspis takarai from the Ryûkyû Islands, I had no opportunity
WR H[DPLQH Aulacaspis madiunensis, which was supposed to be closely related to A.
takarai. I followed advice from Dr D. J. Williams, and described A. takarai as a distinct
species, which was distinguished from A. madiunensis in having paired marginal gland
spines between the second and third trullae and also between the median and second (that
is, on the seventh and eighth abdominal segments) and also in having one submarginal
PDFURGXFWRQHDFKVLGHRIWKHVL[WKVHJPHQWMXVWLQIURQWRIWKHPDUJLQDOPDFURGXFWV
The type material of A. madiunensis (=Chionaspis madiunensis Zehntner) was lost
E\¿UH 0LOOHUDQG*LPSHO :LOOLDPVDQG:DWVRQ ¿JLQ GHVFULEHG
and illustrated A. madiunensis from material collected on sugarcane at Madiun, Java, the
type locality. They show that, in the form from Madiun, the marginal gland spines are
usually paired on the seventh and eighth abdominal segments. One of the differences I once
supposed to be useful in distinguishing the two species, therefore, turned unreal.

+RZHYHULQP\SUHVHQWVWXG\LWKDVQRWDOZD\VEHHQHDV\WRFRQ¿UPWKHRFFXUUHQFH
of these paired gland spines in both A. madiunensis and A. takarai. The mesal spine
in each pair is usually much shorter than the lateral spine and membranous, and often
overlaps with the median trulla or the lateral lobule of the second. As a matter of fact, the
marginal gland spines on the seventh and eighth abdominal segments appear to be single
not rarely; they may really be single, but it is also possible that they simply appear to be
single. Authors (Newstead; Scott; Munting; Chen; Tang) illustrated A. madiunensis with
the marginal gland spines on the seventh and eighth abdominal segments all single.
Williams and Watson (1993) compared A. takarai (as represented by the specimens
I sent to Dr Williams for his advice) with A. madiunensis (as represented by the Madiun
form) and found some differences between them in addition to the presence or absence
RI RQH VXEPDUJLQDO PDFURGXFW RQ HDFK VLGH RI WKH VL[WK DEGRPLQDO VHJPHQW )LUVW
‘the prosoma of A. takarai is much more swollen, rounded and wider than the widest
abdominal segment, whereas in A. madiunensis it is more angular and narrower than the
widest abdominal segment’. Secondly, ‘The pore prominences are well developed in both
species but in A. takarai each is about half as long as a lobe, whereas in A. madiunensis
each pore prominence is about the same length as a lobe’. Thirdly, ‘The median lobes are
more divergent in A. takarai than in A. madiunensis’.
In the present study, I referred four samples, all collected from wild Poaceae in
tropical Asia, to A. madiunensis. I have compared them with four samples of A. takarai,
which include many newly mounted specimens, and checked the differences mentioned
by Williams and Watson. First, the prosoma in the fully grown adult females of A. takarai
is somewhat more swollen and slightly more roundish than in A. madiunensis, and the
prepygidial postsoma is gradually narrower posteriorly. In A. madiunensis the prosoma
is less swollen, with the lateral margins oblique and straight, but is seldom narrower than
the abdomen at least in undoubtedly fully grown females. Secondly, the marginal pore
SURPLQHQFHVRQWKHVL[WKDQGVHYHQWKDEGRPLQDOVHJPHQWVLQA. takarai tend to be less
produced than in A. madiunensis, but the difference is often rather delicate. Thirdly, the
median trullae in A. takarai are widely divergent in one sample (from Miyako Is.), but
are variable in the degree of divergence, sometimes being set parallel to each other, in
the other samples (from Okinawa Is.).
The occurrence of one submarginal macroduct, at times of two, on each side of
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WKH VL[WK DEGRPLQDO VHJPHQW LQ IURQW RI WKH PDUJLQDO PDFURGXFWV LV D JRRG GLDJQRVWLF
character of A. takarai, because this character is easily observable even in teneral
and growing adult females and also in poorly stained specimens. I have found that
the occurrence is not always stable. However, individuals that have no submarginal
PDFURGXFWVRQERWKVLGHVRIWKHVL[WKVHJPHQWLIREVHUYHGDUHYHU\IHZVRWKDWVHYHUDO
VSHFLPHQVIURPDVDPSOHPD\EHVXI¿FLHQWWRFRQ¿UPWKLVGLDJQRVWLFFKDUDFWHU
The figure of A. madiunensis in Williams and Watson (1988; 1993) shows that,
on the dorsal half of the body, many (nearly 40) microducts are strewn submarginally
WKURXJKWKHSURVRPDPHWDWKRUD[DQG¿UVWDEGRPLQDOVHJPHQW7DQJ¶V  ¿JXUHDOVR
suggests the occurrence of dorsal microducts nearly in the same pattern. Such microducts
DUH REVHUYHG LQ WKH VSHFLPHQV RI WZR VDPSOHV H[DPLQHG LQ WKH SUHVHQW VWXG\ 7KHVH
microducts are thicker than usual ones, counted about 50 to 70 in one sample (Sample
2) and about 60 to 120 in the other (Sample 3) on each side of the body, occurring on
WKH SUR DQG PHVRWKRUDFLF DUHDV RI WKH SURVRPD PHWDWKRUD[ DQG WKH ILUVW DEGRPLQDO
segment, and often also on the second. The adult females of the other two samples
available to the present study do not possess such microducts, but are very similar to
those of the former two samples in other respects. The view is adopted that they are also
referable to A. madiunensis and, therefore, that the occurrence of many submarginal
microducts on the dorsal surface of the prepygidial region is not always usable as a
diagnostic character in distinguishing the species from A. takarai. It should be added that
a certain sample of Aulacaspis crawii,H[DPLQHG 7DNDJL KDVGRUVDOPLFURGXFWV
occurring in the same pattern as in A. madiunensis, but in that sample those microducts
occur only in the ramicolous subsample and do not in the foliicolous subsample.
The samples of A. takarai H[DPLQHG LQ WKH SUHVHQW VWXG\ VRPHZKDW GLIIHU IURP
those of A. madiunensis in the numbers of the dorsal macroducts, lateral macroducts,
DQG SHULYXOYDU GLVF SRUHV +RZHYHU WKH QXPEHUV RI ZD[VHFUHWLQJ RUJDQV VRPHWLPHV
vary apparently in accordance with environmental conditions (see Remarks 3 under the
description of Aulacaspis takarai).
A few specimens of the second instar male of A. madiunensis and some ones of A.
takarai, mounted from a sample in each species, have been compared. These nymphs
are provided with a series of well-developed marginal processes around the abdomen
caudad of the fourth segment. In A. madiunensis these processes are elaborately serrate
RU¿PEULDWHDQGLQA. takaraiWKH\DUHLQJHQHUDOOHVV¿PEULDWH
A. madiunensis and A. takarai are very similar, and undoubtedly closely related,
to each other. So far as based on the observations above, they should represent different
species. A. madiunensis has been recorded broadly in the tropics in association with
sugarcane cultivation; its natural range of distribution is no longer knowable, but should
have been limited to some area in tropical Asia. A. takarai LV NQRZQ H[FOXVLYHO\ IURP
the Ryûkyû Islands, which should be far distant from the unknown native land of A.
madiunensis. A similar pattern of distribution is shown by ‘Aspidiotus (Targionia)
glomeratus’ Green, 1903 (called Melanaspis glomerata nowadays), which is a pest of
sugarcane in India, and another form, which is very similar to the former and associated
with Miscanthus sinensis in the Ryûkyû Islands (the available material having been
collected in two islands). These cases of apparently disjunct distribution may simply
PHDQWKDWVXUYH\VLQWKHLQWHUPHGLDWHUHJLRQKDYHEHHQLQVXI¿FLHQW,WLVDOVRSRVVLEOHWKDW
the forms occurring in the Ryûkyû Islands are relics of scale insects that were broadly
distributed in the past. Furthermore, there is no evidence that they were introduced from
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somewhere to the Ryûkyû Islands together with sugarcane or other plants.

6RIDUDV,DPDZDUHQRFRPSUHKHQVLYHWD[RQRPLFVWXG\RIA. madiunensis has yet
been attempted in spite of the fact that it has long been known as a pest of sugarcane.
Moreover, some other forms occurring on sugarcane or other Poaceae are apparently
or probably closely related to A. madiunensis: A. gudalura, A. wakayamaensis, A.
takarai, and A. neoguinensis are such forms, and the recent recognition of the last form
as a distinct species, which is known only from quarantine interceptions, suggests the
possibility that there are other forms referable to the ‘madiunensis group’ and remaining
unknown. The relations of such forms to A. madiunensis and among themselves largely
UHPDLQWREHFODUL¿HG
Aulacaspis madiunensis
(Figs 2–6)
Material examined
Collected at four localities on wild grasses of the family Poaceae; mounted from under leafsheaths.
Sandakan, Sabah, Borneo, on Ischaemum muticum, 30.X.1988 [Sample 1; 6 adult females
ZHUH PRXQWHG DQG  RI WKHP IXOO\ JURZQ DQG LQ JRRG FRQGLWLRQ KDYH EHHQ H[DPLQHG IRU WKH
QXPEHUVRIZD[VHFUHWLQJRUJDQV@
*URXQGV RI WKH )RUHVW 5HVHDUFK ,QVWLWXWH RI 0DOD\VLD .HSRQJ .XDOD /XPSXU 0DOD\D RQ
Themeda villosa, 30.IX.1986 [Sample 2; 20 adult females at full growth (Subsample 2m) and 17
WHQHUDORQHV 6XEVDPSOHW DQGVHFRQGLQVWDUPDOHV@
1DJDUMXQ DOW P .DWKPDQGX 9DOOH\ RQ Capillipedium sp., 18.X.1983 [Sample 3; 15
DGXOWIHPDOHVDWIXOOJURZWK@
'KRQ\)RUHVWDOWFDP3DOJKDW.HUDOD6RXWK,QGLDRQThemeda triandra, 7.XII.1978
>6DPSOHDGXOWIHPDOHZDVPRXQWHGLQJRRGFRQGLWLRQ@

Numbers of wax-secreting organs
6SLUDFXODUGLVFSRUHVRIWHQGLI¿FXOWWRFRXQWRZLQJWRFURZGLQJ'LVFSRUHVDVVRFLDWHGZLWK
HDFK DQWHULRU VSLUDFOH FD ± >6DPSOH  @ RU ± >@ 'LVF SRUHV DVVRFLDWHG ZLWK HDFK
SRVWHULRUVSLUDFOH±>6DPSOH@±± Q  >P@±± Q  >W@±>@
>@
3HULYXOYDU GLVF SRUHV WRWDO    >6DPSOH @ ±± Q   >P@ ±
± Q  >W@±± Q  >@>@
'RUVDO PDFURGXFWV WRWDO    >6DPSOH @ ±± Q   >P@ ±±
Q  >W@±± Q  >@>@
/DWHUDO PDFURGXFWV RQ DEG ,, ± >6DPSOH @ ±± Q   >P@ ±± Q   >W@
±± Q  >@>@
/DWHUDOPDFURGXFWVRQDEG,,,±>6DPSOH@±± Q  >P@±± Q  >W@
±± Q  >@>@
/DWHUDOJODQGVSLQHVRQDEG,,±>6DPSOH@±± Q  >P@±± Q  
>W@±± Q  >@>@
/DWHUDOJODQGVSLQHVRQDEG,,,±>6DPSOH@±± Q  >P@±± Q  
>W@±± Q  >@>@
0DUJLQDOJODQGVSLQHVRQDEG,9±>6DPSOH@±± Q  >P@±± Q  >W@
±± Q  >@>@
130

Recognition characters

$GXOW IHPDOH DW IXOO JURZWK )LJV     3URVRPD VZROOHQ WR VXFK DQ H[WHQW DV
WR EHFRPH GLVWLQFWO\ EURDGHU WKDQ PHWDWKRUD[ WUDSH]RLG LQ URXJK RXWOLQH ZLWK ODWHUDO
margins oblique and straight; prosomatic tubercles slightly produced at most; abd II
VWURQJO\OREHGODWHUDOO\DVEURDGDVPHWDWKRUD[DEG,UHFHVVHGEHWZHHQWKHP$QWHULRU
spiracles each with a compact group of many disc pores; posterior spiracles each
with a much smaller group. Perivulvar disc pores numerous especially in antero- and
posterolateral groups. A few to several dorsal microducts submedially on each of abd I
and II. Submedian rows of dorsal macroducts on abd III–VI, row on III often divided
into segmental and infrasegmental series, row on VI composed of 2–6 macroducts;
submarginal rows on abd III–V, row on III often irregularly double or triple partly.
Submarginal dorsal boss on abd I weakly sclerotic; a smaller sclerotized one occurring
just mesad of macroduct row of abd III in front of the marginal macroduct; a very small
boss sometimes visible just mesad of macroduct row of abd V and somewhat distant
from the marginal macroducts. Lateral macroducts not numerous but well represented
on abd II and III. Lateral gland spines well developed on abd II and III. Marginal gland
spines 5–9 on abd IV; often paired on VII and VIII. Median trullae with mesal bases
VXQNHQ LQWR DSH[ RI S\JLGLXP PHVDO PDUJLQV VHW FORVH WRJHWKHU DQG QHDUO\ SDUDOOHO WR
each other or a little separated from each other basally, then weakly divergent; each trulla
robust, nearly symmetrical, little or minutely serrate on mesal margin and often also on
the lateral, rounded apically, distinctly surpassed by marginal macroduct of abd VII in
height; basal zygosis in an arch. Second trulla with lobules well developed, the lateral
lobule a little smaller than the mesal; third trulla with lobules broader. Pore prominence
on abd VI produced nearly the same as mesal lobule of third trulla; pore prominence on
9,,KDUGO\SURGXFHGWROHYHORIDSH[RIPHVDOOREXOHRIVHFRQGWUXOOD0DUJLQDOSURFHVVHV
occurring laterad of pore prominence on abd IV and those on V broad, flattish, and
serrate.
Remarks
My understanding of A. madiunensis is primarily based on the study made by
Williams and Watson (1993) on material from the type locality and from sugarcane.
Sample 2 and 3 in the present study agree substantially well with the ‘type form’ in
spite of their localities (which are distant from the type locality, including a valley in
the Himalayas) and their host plants (which are wild grasses). They agree with the type
IRUP HVSHFLDOO\ LQ KDYLQJ PDQ\ GRUVDO PLFURGXFWV VXEPDUJLQDOO\ RQ WKH SURWKRUD[ WR
WKH¿UVWRUVHFRQGDEGRPLQDOVHJPHQW6DPSOHDQGGRQRWSRVVHVVVXFKPLFURGXFWV
EXWRWKHUZLVHWKHUHKDVEHHQIRXQGQRREYLRXVGLIIHUHQFHVXI¿FLHQWWRGLVWLQJXLVKWKHP
from the other two samples and the type form. Sample 1 and 4 are too small for making
DFRPSDULVRQZLWKWKHRWKHUWZRLQWKHQXPEHUVRIWKHPDLQZD[VHFUHWLQJRUJDQVEXW
in these features, too, the observed values do not suggest the actual occurrence of any
serious differences. In brief, the four samples from the widely distant localities are
FRQVLGHUDEO\ VLPLODU WR HDFK RWKHU DQG WR WKH W\SH IRUP LQ WD[RQRPLF IHDWXUHV H[FHSW
for the dorsal microducts) for some reason (see Remarks 3 under the description of
Aulacaspis takarai).
A teneral adult female, mounted from Subsample 2t, is illustrated (Fig.4). It is much
different from fully grown females in body shape as usual in the genus (see Remarks 1
under the description of Aulacaspis takarai).
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One of the two available specimens of the second instar male, mounted from
Sample 2, is also illustrated (Fig. 5). The male nymph of this instar has a continuous
series of well-developed marginal processes around the abdomen caudad of the fourth
segment. These processes are elaborately serrate or fimbriate, and some of them are
glanduliferous (with a microduct running through). The second instar male of A. takarai
)LJ KDVVLPLODUSURFHVVHVZKLFKDUHKRZHYHUOHVVVHUUDWHRU¿PEULDWHJHQHUDOO\
in many other species of Aulacaspis these processes are much reduced or even obsolete
H[FHSWIRUJODGXOLIHURXVRQHVZKLFKDUHFKDQJHGLQWRJODQGVSLQHV,QP\LQWHUSUHWDWLRQ
based on observations on the second instar males of various diaspidids, the occurrence
RIVXFKXQLIRUPO\¿PEULDWHSURFHVVHVLQDFRQWLQXRXVVHULHVDURXQGWKHDEGRPHQVKRXOG
represent a very primitive state of the abdominal appendages, which have differentiated
into diverse sets of pygidial processes primarily in the adult females. The appearance
of this state in the stage of the second instar male of Aulacaspis, a derivative genus, is
apparently atavistic, and should be incidental to some genetic change brought about by
DGDSWLYHHYROXWLRQLQWKHVWDJHRIWKHDGXOWIHPDOHWKXVKDYLQJQRDGDSWLYHVLJQL¿FDQFH
for itself.
Aulacaspis takarai
(Figs 7–11)
Material examined
Collected by Prof. T. Takara and his collaborators in Okinawa Is. and Miyako Is., Ryûkyû
,VODQGVPRXQWHGIURPXQGHUOHDIVKHDWKV$JUHDWHUSDUWRIWKHVSHFLPHQVH[DPLQHGLQWKHSUHVHQW
study were newly mounted.
Okinawa Is., on sugarcane, 1968 [Sample 1; a number of fully grown adult females were
PRXQWHGDQGRIWKHPKDYHEHHQH[DPLQHGIRUWKHQXPEHUVRIZD[VHFUHWLQJRUJDQV@
Naha, Okinawa Is., on ‘Yosi-take’, Arundo donax, 12.III.1968, T. Miyara [Sample 2; 11 fully
JURZQDGXOWIHPDOHV@
Okinawa Is., on ‘bamboo’, which should be Bambusa multiplex, III.1963 [Sample 3; 40 fully
JURZQDGXOWIHPDOHV@
Miyako Is., on sugarcane, 4.I.1962, T. Miyara [Sample 4; 40 fully grown adult females, 20
VHFRQGLQVWDUPDOHV@ 0DQ\WHQHUDODGXOWIHPDOHVZHUHDOVRPRXQWHGVHHRemarks 3).

Numbers of wax-secreting organs
Spiracular disc pores not easily countable owing to crowding. Disc pores associated with
HDFK DQWHULRU VSLUDFOH FD ± >6DPSOHV   @ ± >@ 'LVF SRUHV DVVRFLDWHG ZLWK HDFK
SRVWHULRUVSLUDFOH±>6DPSOH@±± Q  >@±>@±>@
3HULYXOYDU GLVF SRUHV WRWDO ±± Q   >6DPSOH @ ±± Q   >@
±± Q  >@±± Q  >@
'RUVDO PDFURGXFWV WRWDO ±± Q   >6DPSOH @ ±± Q   >@
±± Q  >@±± Q  >@
/DWHUDOPDFURGXFWVRQDEG,,±± Q  >6DPSOH@±± Q  >@±±
Q  >@±± Q  >@
/DWHUDO PDFURGXFWV RQ DEG ,,, ±± Q   >6DPSOH @ ±± Q   >@ ±±
Q  >@±± Q  >@
/DWHUDOJODQGVSLQHVRQDEG,,±± Q  >6DPSOH@±± Q  >@±±
Q  >@±± Q  >@
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/DWHUDO JODQG VSLQHV RQ DEG ,,, ±± Q   >6DPSOH @ ±± Q   >@
±± Q  >@±± Q  >@
0DUJLQDOJODQGVSLQHVRQDEG,9±± Q  >6DPSOH@±± Q  >@±±
 Q  >@±± Q  >@

Recognition characters
Adult female at full growth (Figs 7–10). Prosoma swollen, robust, broadly roundish
through cephalic and prothoracic areas and weakly lobed laterally in mesothoracic
DUHD PHWDWKRUD[ DQG DEG , DQG ,, VXFFHVVLYHO\ QDUURZHU IROORZHG E\ DEG ,9 DQG WKHQ
pygidium successively much narrower, and pygidium broadly deltoid, the whole body
thus being obpyriform in rough outline. Anterior spiracles each with a compact group
of many disc pores; posterior spiracles each with a much smaller group. Perivulvar
disc pores numerous especially in antero- and posterolateral groups. Submedian
dorsal microducts usually present on basal 2 abdominal segments, 1–5 on abd I, 1–7
on II. Submedian dorsal macroducts on abd III–VI, often divided into segmental
and infrasegmental series especially on III, row on VI composed of 1–7 macroducts;
submarginal macroducts on abd III–V, the row on III often irregularly double or triple
SDUWO\ 8VXDOO\  VXEPDUJLQDO GRUVDO PDFURGXFW DW WLPHV  SUHVHQW RQ DEG 9, MXVW LQ
front of the marginal macroducts. Submarginal dorsal boss on abd I weakly sclerotic, a
smaller one occurring just mesad of macroduct row of abd III in front of the marginal
macroduct, and a rudimentary one sometimes just mesad of macroduct row of V and
somewhat distant from the marginal macroducts. Lateral macroducts well represented
on abd II and III. Lateral gland spines well developed on abd II and III. Marginal gland
spines 4–13 on abd IV; often paired on VII and VIII. Median trullae with mesal bases
VXQNHQ LQWR DSH[ RI SJLGLXP PHVDO PDUJLQV VHW FORVH DQG SDUDOOHO WR HDFK RWKHU RU
separated by a space basally, then divergent in various degrees; each trulla robust, nearly
symmetrical, broadly roundish apically, not serrate, surpassed by marginal macroduct of
abd VII in height; basal zygosis in an arch. Second trulla with lobules well developed,
the lateral lobule a little smaller than the mesal; third trulla with lobules broader. Pore
prominences on abd VI and VII not produced to level of apices of mesal lobules of third
and second trullae. Marginal processes occurring laterad of pore prominence on abd IV
DQGWKRVHRQ9EURDGÀDWWLVKDQGVHUUDWH
Remarks 1
The adult females of Aulacaspis takarai and A. madiunensis are different from each
RWKHU¿UVWRIDOOLQWKHLUERG\VKDSHVDWIXOOJURZWK7KH\DUHOLWWOHGLIIHUHQWKRZHYHULQ
body shape at the teneral stage. A teneral adult female of A. madiunensis is illustrated (Fig.
4) to show the incipient body shape that is common to A. madiunensis and A. takarai.
A body shape to be completed at full growth is determined by an incipient body shape
and segmentally differentiated growth rates (shortened to SDGR’s hereafter) (Takagi,
2013). The difference in body shape at full growth between A. takarai and A. madinensis
LVWKHUHIRUHDWWULEXWDEOHWRDGLIIHUHQFHLQ6'*5¶VZKLFKVKRXOGEHVSHFLHVVSHFL¿FRQ
genetic basis. A few other cases, however, suggest that SDGR’s are, as other phenotypic
phenomena, realized under some environmental conditions and not entirely free from the
latter (see Remarks 1 under the description of Aulacaspis herbae).
The occurrence of one or two submarginal dorsal macroducts on each side of the
VL[WKDEGRPLQDOVHJPHQWLVDQRWLFHDEOHFKDUDFWHURIA. takarai especially in comparison
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with A. madiunensis. This character, however, is not always stable. In each of the
H[DPLQHGVDPSOHVVSHFLPHQVWKDWKDYHQRVXEPDUJLQDOPDFURGXFWVRQRQHULJKWRUOHIW
VLGH RI WKH VL[WK DEGRPLQDO VHJPHQW KDYH EHHQ IRXQG DW ± EXW RQ ERWK VLGHV DW
±,QRWKHUZRUGVWKLVGLDJQRVWLFFKDUDFWHUKDVEHHQUHFRJQL]HGLQDOORUDOPRVWDOO
VSHFLPHQV ± LQHDFKVDPSOH
Twenty specimens of the second instar male nymph were mounted from Sample
4, and a figure was drawn from two of them (Fig. 11). So far as represented by the
specimens from Miyako Is., the second instar male of A. takarai is similar to that of
A. madiunensis (Fig. 5) in general characters. It differs from the latter in having the
PDUJLQDOSURFHVVHVRIDEGRPHQVHUUDWHRU¿PEULDWHOHVVHODERUDWHO\VRPHRIWKHPEHLQJ
formed into pointed processes and some others into short gland spines.

7KH ERG\ VKDSH DQG WKH VXEPDUJLQDO PDFURGXFWV RQ WKH VL[WK DEGRPLQDO VHJPHQW
LQ WKH DGXOW IHPDOH WKH PDUJLQDO SURFHVVHV LQ WKH VHFRQG LQVWDU PDOH ʊ WKHVH IHDWXUHV
combined together may well characterize A. takarai in comparison with A. madiunensis.
Remarks 2
In the adult females of Sample 1–3, which were collected in Okinawa Is., the
median trullae are considerably variable in the degree of their separation from each other.
$WRQHH[WUHPHRIWKHYDULDWLRQWKHVHWUXOODHDUHVHSDUDWHGIURPHDFKRWKHUE\DQDUURZ
VSDFHDQGVHWSDUDOOHOWRHDFKRWKHUDWWKHRSSRVLWHH[WUHPHWKH\DUHVHSDUDWHGEDVDOO\
by a good space and divergent (Figs 7–9). The variation occurs in all these samples. In
the specimens of Sample 4, collected in Miyako Is., the median trullae are little variable,
DOOEHLQJZLGHO\GLYHUJHQW )LJ DQGVLPLODUWRRQHRIWKHH[WUHPHVLQWKHYDULDWLRQ
observed in the samples from Okinawa Is. The variability or stability in this feature is not
DVVRFLDWHGZLWKWKHKRVWSODQWV6RPHGLIIHUHQWLDWLRQWKHUHIRUHPD\EHVXSSRVHGWRH[LVW
between the populations inhabiting the two islands, which are about 250km distant from
each other, with no island intervening between them.
The supposition that there should be different island forms finds support in the
QXPEHUVRIWKHPDLQZD[VHFUHWLQJRUJDQV6DPSOH±DUHYHU\VLPLODUWRHDFKRWKHULQ
WKHVHQXPEHUVDQGHYHQDJUHHZLWKHDFKRWKHUDOPRVWH[DFWO\LQWKHPHDQYDOXHVRIWKH
numbers of the dorsal and lateral macroducts and the lateral and marginal gland spines
in spite of the different host plants. Sample 4 is apparently different from Sample 1–3 in
having the corresponding mean values all smaller.

+RZHYHU WKH IHZHU PDFURGXFWV DQG JODQG VSLQHV LQ 6DPSOH  PD\ EH H[SODLQHG
otherwise (see Remarks 3 below).
Remarks 3
A number of adult females were mounted from Sample 4, which was collected in
Miyako Is. on sugarcane. A great part of the mounted specimens are at the stage of full
growth, and 40 specimens from this subsample (‘Subsample 4m’ hereafter) are dealt with
above. Many teneral adult females are also available from the sample (‘Subsample 4t’).
Subsample 4t includes unusually small individuals. The pygidial length (distance
EHWZHHQ WKH DQWHULRU ERUGHU RI WKH ¿IWK DEGRPLQDO VHJPHQW DQG WKH OHYHO RI WKH DSLFHV
RIWKHPHGLDQWUXOODH LQWKHPPHDVXUHVDERXW±ȝP ZKHUHDVDERXW±ȝP
LQVRPHWHQHUDODGXOWIHPDOHVIURP6DPSOH 7KHLUH[XYLDOFDVWVRIWKHVHFRQGLQVWDU
DUHPRVWO\DERXW±ȝPORQJ ZKHUHDVDERXW±ȝPORQJLQ6XEVDPSOHP 
and are often poorly stained, being very thin. Some of these teneral adult females are
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LUUHJXODUO\GLVWRUWHGLQERG\VKDSHDQGVRPHKDYHVRPHZD[VHFUHWLQJRUJDQVGLVRUGHUHG
LQRFFXUUHQFHDQGDUUDQJHPHQW7KHQXPEHUVRIWKHPDLQZD[RUJDQVZHUHFRXQWHGLQ
specimens, which did not include apparently abnormal individuals:
Spiracular disc pores associated with each anterior spiracle: ca. 19–38; with each posterior
spiracle: 8–16.6–32 (n=50). Perivulvar disc pores, total: 80–120.4–151 (n=30). Dorsal macroducts,
total: 60–87.1–116 (n=30). Lateral macroducts on abd II: 0 (n=1), 2–4.3–7 (n=59); on abd III:
2–3.8–6 (n=60). Lateral gland spines on abd II: 2–4.6–7 (n=60); on abd III: 5–7.0–11 (n=60).
Marginal gland spines on abd IV: 3–6.1–8 (n=60).


$VFRPSDUHGZLWK6XEVDPSOHPLQWKHPHDQYDOXHV6XEVDPSOHWKDVIHZHUZD[
secreting organs, and the differences are remarkable in the numbers of the perivulvar disc
pores and the dorsal macroducts.
Individuals of Subsample 4m and 4t occurred together under leaf-sheaths in a
JUHDW GHQVLW\ 7KH VXSSRVLWLRQ PD\ EH DGRSWHG WKDW WKH DEQRUPDOLWLHV DQG IHZHU ZD[
VHFUHWLQJ RUJDQV REVHUYHG LQ 6XEVDPSOH W DUH GXH WR RYHUFURZGLQJ ZKLFK H[HUWHG
influence on the growth and development of the insect body, and that the preceding
JHQHUDWLRQWRZKLFK6XEVDPSOHPEHORQJVZDVQRWHQWLUHO\IUHHIURPWKHLQÀXHQFHRI
the overcrowding. If this supposition is correct, the differences observed between Sample
1–3 and Subsample 4m in the numbers of the macroducts and gland spines (Remarks
2) should be due to the overcrowding in the generation of Subsample 4m and do not
endorse the supposed differentiation into island forms.
The four samples of A. madiunensisH[DPLQHGLQWKHSUHVHQWVWXG\DUHFRQVLGHUDEO\
VLPLODUWRHDFKRWKHULQWD[RQRPLFIHDWXUHVHVSHFLDOO\LQWKHQXPEHUVRIZD[VHFUHWLQJ
organs, in spite of their widely distant localities and different host plants (see Remarks
under the description of Aulacaspis madiunensis). Sample 1–3 of A. takarai are closely
VLPLODUWRHDFKRWKHULQWKHQXPEHUVRIZD[VHFUHWLQJRUJDQV7KH\ZHUHFROOHFWHGRQWKH
same island, but their host plants are all different. Sample 4, from Miyako Is., is different
from Sample 1–3 in the numbers of these organs, but the difference may be attributed
not to geographical differentiation but to overcrowding. A biological factor common
to these samples of A. madiunensis and A. takarai is their inhabitation under the leafsheaths. This inhabitation may provide them with similar and stable microenvironmental
FRQGLWLRQVDQGWKXVPD\FRQWULEXWHWRWKHXQLIRUPLW\LQWKHQXPEHUVRIZD[RUJDQVDQG
other features in the samples of each species.
However, the difference between Sample 1–3 and Sample 4 of A. takarai in the
variability of the median trullae (Remarks 2) still suggests some differentiation between
the populations occurring on these islands. According to Azuma (1977), A. takarai
H[SDQGHGRQWRVXJDUFDQHIURPArundo donax in Okinawa Is., whereas from Miscanthus
sinensis in Miyako Is. No sample from Miscanthus sinensis is available in the present
study.
Supplementary notes
Azuma (1977) provides a detailed account of his studies made in 1966 to 1976
on insect pests of sugarcane in Okinawa Prefecture with emphasis on the change of
their composition and infestation in association with the introduction of new sugarcane
varieties and the change of cultivation practices. The results of his researches and
H[SHULPHQWVRQAulacaspis takarai are given in Section 2 (p. 72–84) in his paper, from
ZKLFKH[WUDFWVDUHPDGHRQDIHZLWHPVEHORZ
Distribution. A. takarai occurs on the islands of Okinawa, Miyako, Irabu (near
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0L\DNR 7DUDPD EHWZHHQ0L\DNRDQG,VLJDNL DQG,VLJDNL>,VKLJDNL@
Host plants. A. takarai was collected on Bambusa multiplex, Phragmites karka,
Arundo donax, Eleusine indica, Sporobolus fertilis, Panicum repens, Paspalum urvillei,
Digitaria henryi, Digitaria violascens, Digitaria adscendens, Imperata cylindrica major,
Miscanthus sinensis, Saccharum officinarum, Saccharum spontaneum, Saccharum
arundinaceum, and Ischaemum aristatum. [Bambusa multiplex and Paspalum urvillei as
well as sugarcane, 6DFFKDUXPRI¿FLQDUXPDUHLQWURGXFHGSODQWV@
Expansion onto sugarcane. Aulacaspis takarai was recognized as a pest of
VXJDUFDQHLQIRUWKH¿UVWWLPH7KHDVVXPSWLRQZDVPDGHWKDWLQ2NLQDZD,VWKH
VFDOH KDG H[SDQGHG RQWR VXJDUFDQH IURP Arundo donax ,Q DQ H[SHULPHQW FUDZOHUV
transferred from Arundo donax onto sugarcane settled themselves at low rates and failed
WRVXUYLYHWRWKHDGXOWVWDJHH[FHSWIRUDVLQJOHFDVHRIVXFFHVVDW2WKHUH[SHULPHQWV
suggested that a rare success of establishment on sugarcane would be followed by a
gradual increase of insect individuals on the new host plant and, after generations and
XQGHU VRPH FRQGLWLRQV ZRXOG ¿QDOO\ UHVXOW LQ DQ RXWEUHDN7KH DFWXDO RXWEUHDNV RI A.
takarai on sugarcane began to take place in association with the propagation of newly
introduced sugarcane varieties, especially NCo310, and the adoption of ratooning
without trashing. [Ratooning: harvesting sugarcane with the roots and lower parts of the
SODQWXQFXWDQGOHIWLQWKH¿HOGWRJLYHUDWRRQ VWXEEOH FURS7UDVKLQJVWULSSLQJFDQHVRI
GU\OHDIVKHDWKVIRUWKHUHPRYDORILQVHFWVRQVWHPVXUIDFHVVRH[SRVHG@
AULACASPIS HERBAE AND AULACASPIS DISCORUM
The samples collected in South India and referred to Aulacaspis herbae in the
SUHVHQW VWXG\ KDYH EHHQ LGHQWL¿HG H[FOXVLYHO\ RQ WKH EDVLV RI WKH RULJLQDO GHVFULSWLRQ
Green (1899: Chionaspis herbae 7KLVGHVFULSWLRQLVYHU\ROGEXWVXI¿FLHQWO\GHWDLOHG
for making an identification with conviction. The samples collected in Nepal and
assigned to Aulacaspis discorum also nearly agree with the original description, Hall
and Williams (1962). The samples thus referred to the two species are very similar, and
hardly distinguishable from each other by the use of pygidial features.
In the samples referred to A. herbae the fully grown adult females are variable
in body shape. Individuals having a somewhat swollen prosoma (Fig. 13) and thus
approaching to the rosae-type nearly agree in body shape with Green’s fig. 6, (plate
;/,,,  ZKLFK ZDV GUDZQ IURP µIUHVK OLYLQJ H[DPSOHV¶ ,Q WKH VDPSOHV UHIHUUHG WR A.
discorum the fully grown adult females are somewhat more robust (Fig. 15), nearly
DJUHHLQJZLWKWKH¿JXUHLQWKHRULJLQDOGHVFULSWLRQ
A teneral adult female of A. discorum is illustrated (Fig. 16). The incipient body
shape shown here is common to A. herbae and A. discorum. Starting at this body shape,
WKHVH VSHFLHV JURZ WR UHYHDO VRPHZKDW GLIIHUHQW VKDSHV DSSUR[LPDWHO\ RI WKH rosaetype at full growth. (Thus, they should be somewhat different in SDGR’s: see Remarks
1 under the description of Aulacaspis takarai  ,Q WKH H[DPLQHG VDPSOHV RI A. herbae,
however, specimens nearly of the rosae-type are few, whereas many others are oblong
or fusiform in the rough outline of the body at full growth (see Remarks 1 under the
description of Aulacaspis herbae).
The adult females of A. herbae have a good number of lateral macroducts on the
second and third abdominal segments, agreeing with Green’s description (‘Second
abdominal segment … on each side, and third segment …; both these segments with
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GRUVDOVHULHVRIRYDOSRUHV¶ ,QWKHVDPSOHVLGHQWL¿HGZLWKA. discorum the adult females
have much fewer lateral macroducts and at times none on the second and third abdominal
segments, and the figure in the original description shows no lateral macroducts.
)XUWKHUPRUH WKH H[DPLQHG VSHFLPHQV RI A. herbae have numerous microducts strewn
on the ventral surface of the prosoma, whereas the specimens of A. discorum have the
prosomatic microducts ordinary in number.
These species have the marginal gland spines on the seventh and eighth abdominal
segments often paired, the mesal one in each pair being shorter than the lateral, as in A.
madiunensis and A. takarai. These spines appear single also often, but the possibility is
QRW H[FOXGHG WKDW DW WLPHV WKH\ PHUHO\ DSSHDU WR EH VR EHFDXVH WKH PHVDO VSLQH LV QRW
always easily discernible (see under AULACASPIS MADIUNENSIS AND AULACASPIS TAKARAI).
Aulacaspis herbae
(Figs 12–14)
Material examined
Collected on the Nilgiri Hills, Tamil Nadu, South India, on stems of Oplismenus compositus.
&RRQRRUDOWFDP,;>6DPSOHIXOO\JURZQDGXOWIHPDOHV@DOWP
,;>6DPSOHIXOO\JURZQDGXOWIHPDOHVWHQHUDODGXOWIHPDOHVDUHDOVRDYDLODEOH@
0HWWXSDOD\DP9LHZDOWFDP,;>6DPSOHIXOO\JURZQDGXOWIHPDOHV@

Numbers of wax-secreting organs
Spiracular disc pores not easily countable owing to crowding, and sometimes also owing to
ventral derm overhanging part of anterior cluster; ca. 40–60 associated with each anterior spiracle,
and ca. 20–46 with each posterior spiracle.
3HULYXOYDU GLVF SRUHV WRWDO ±± Q   >6DPSOH @ ±± Q   >@
±± Q  >@
'RUVDO PDFURGXFWV WRWDO ±± Q   >6DPSOH @ ±± Q   >@ ±
± Q  >@
/DWHUDOPDFURGXFWVRQDEG,,±± Q  ±± Q  >@±± Q  
>@
/DWHUDO PDFURGXFWV RQ DEG ,,, ±± Q   >6DPSOH @ ±± Q   >@ ±±
Q  >@
/DWHUDOJODQGVSLQHVRQDEG,,±± Q  >6DPSOH@±± Q  >@±±
Q  >@
/DWHUDO JODQG VSLQHV RQ DEG ,,, ±± Q   >6DPSOH @ ±± Q   >@ ±±
Q  >@
0DUJLQDOJODQGVSLQHVRQDEG,9±± Q  >6DPSOH@±± Q  >@±±
Q  >@

Recognition characters

$GXOWIHPDOHDWIXOOJURZWK9DULDEOHLQERG\VKDSHDWRQHH[WUHPHERG\UREXVW
SURVRPD VZROOHQ VHPLFLUFXODU LQ URXJK RXWOLQH DQG VOLJKWO\ ZLGHU WKDQ PHWDWKRUD[
DEG , D OLWWOH QDUURZHU WKDQ PHWDWKRUD[ DEG ,, VWURQJO\ OREHG ODWHUDOO\ )LJ   LQ
other individuals, body more or less slender, fusiform or oblong, prosoma gradually or
UHPDUNDEO\ WDSHULQJ DQWHULRUO\ DV ZLGH DV RU D OLWWOH QDUURZHU WKDQ PHWDWKRUD[ DEG ,,
strongly or weakly lobed laterally (Figs 12, 14). Numerous microducts on ventral surface
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of prosoma. Anterior spiracles each with a crescent-shaped compact group of many
disc pores; posterior spiracles each with a smaller group. A few to several submedian
GRUVDOPLFURGXFWV±DWPD[LPXPRQHDFKRIDEG,DQG,,$IHZWRVHYHUDOVXEPHGLDQ
dorsal macroducts on each of abd III–VI; 1–8, usually 3–6, on VI; submarginal dorsal
macroducts on abd III–V. Submarginal dorsal boss on abd I; a smaller, well-sclerotized
boss occurring submarginally just mesad of macroduct row of abd III, and usually also
of IV and V. Lateral macroducts tending to be numerous on abd II, less numerous on III.
Lateral gland spines well represented on abd II and III. Marginal gland spines 2–5 on abd
IV; often paired on VII and VIII. Median trullae set close together basally, mesal margins
parallel to each other subbasally, then strongly divergent; rounded apically; not serrate;
distinctly surpassed by marginal macroduct of abd VII in height; basal zygosis in an arch.
Second trulla with lobules broad and low; third trulla with lobules much broader and low,
WHQGLQJWREHVHUUDWH0DUJLQDOSURFHVVHVRQDEG,9DQG9EURDGDQGORZÀDWWHQHG
Remarks 1
This species was originally described from Sri Lanka and recorded from ‘stems and
leaves of Panicum sp., Ischaemum ciliare, Ophismenus compositus, and various other
grasses’ (‘Ophismenus’ should correctly be Oplismenus). Ramakrishna Ayyar recorded
Chionaspis herbae from Coonoor, Nilgiris, in 1930, and what he recorded is probably the
same with the form treated in this paper. However, most of the adult females mounted
from the samples collected on the Nilgiri Hills and available for the present study are
oblong or fusiform in the rough outline of the body, and only a few agree with the ‘type
IRUP¶ WKHIRUPGHVFULEHGDQG¿JXUHGLQWKHRULJLQDOGHVFULSWLRQ ZKLFKLVUREXVWZLWK
the prosoma swollen and wider than the postsoma.
Green (1899) states that the female tests occurring on different plants are different
in shape. ‘In specimens from Panicum the scale is dilated behind (¿J); in others from
Ischaemum ciliare the scale is broad in front and distinctly narrowed behind (fig. 2).
,QWHUPHGLDWHIRUPVRFFXURQRWKHUJUDVVHV¶7KLVYDULDWLRQGHPDQGVH[SODQDWLRQRULQWKH
SUHVHQWVWDWHRIRXUNQRZOHGJHPXFKVSHFXODWLRQ$VH[SHFWHGRIPDQ\'LDVSLGLQLWKH
adult female of A. herbae should form her test by making oscillatory movements of the
body with the pivot of the movements on the prosoma, cleaning her working spot on the
surface of the plant body by using the trullae and other sclerotized marginal processes of
the pygidium as cutting tools (like knife or saw). The microstructure of the plant surface
should, in general, differ among parts of the plant body and among host species and,
thus, should sometimes effect a delicate or remarkable change in the movements of the
insect body and, consequently, in the shape of the completed test.
Green makes no mention of the body shapes of the adult females under the tests
ZKLFKDUHGLIIHUHQWLQVKDSH6SHFXODWLRQPD\EHH[SDQGHGWKHPDQQHURIPRYHPHQWVRI
the insect body should determine not only the shape of the test but also the shape of the
LQVHFWERG\E\H[HUWLQJLQÀXHQFHRQWKHJURZWKRIWKHERG\,QVKRUWPRYHPHQWVVKRXOG
make the body. The body shape undoubtedly has a genetic basis, but it may be changed
in accordance with the microstructure of the plant surface, on which the insect moves in
forming the test.
According to Green, tests of ‘Intermediate forms occur on other grasses’ including
Oplismenus compositus. I have observed some female tests of A. herbae on stems of this
JUDVV 7KH\ DUH QHDUO\ REORQJ D OLWWOH EURDGHU SRVWHULRUO\ DQG FRQYH[ GRUVDOO\ 7KHVH
tests apparently correspond with oblong and fusiform adult females, which are frequent in
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the mounted specimens. In accordance with the speculation above, the observed variation
in body shape should be attributed to the microstructure of the stem surface of the
JUDVV WKLV PLFURHQYLURQPHWQDOIDFWRU VKRXOG LQÀXHQFH WKH PDQQHU RI ERG\ PRYHPHQWV
and then the growth of body, interfering with the realization of the genetically based
SDGR’s, and change in various degrees the body shape to be completed at full growth
(for SDGR’s, see Remarks 1 under the description of Aulacaspis takarai). Adult females
ZKLFKDUHREORQJDWIXOOJURZWKDUHVLPLODUWRWHQHUDORQHVH[FHSWIRUDEVROXWHVL]HDQG
especially, body length relative to width. (The available teneral specimens are not in
VXLWDEOHFRQGLWLRQIRUGUDZLQJDQH[DFW¿JXUHEXWWKH\DUHVLPLODULQERG\RXWOLQHWRWKH
teneral adult female of A. discorum shown in Fig. 16.) Adult females of the type form
differ remarkably from teneral ones in body outline, probably representing the SDGR’s
of the species to a considerable degree, and probably forming the test in another shape.
In my observations, individuals of this type appear only occasionally on Oplismenus
compositus.
Remarks 2

7KHVDPSOHVH[DPLQHGLQWKHSUHVHQWVWXG\DUHYDULDEOHDOVRLQWKHQXPEHUVRIWKH
perivulvar disc pores and the dorsal and lateral macroducts. The mean values of these
numbers decrease from Sample 1 to 2 and then to 3, and the altitudes of the collection
spots also decrease in the same order. This agreement suggests that the variation in the
QXPEHUV RI WKHVH ZD[VHFUHWLQJ RUJDQV UHIOHFWV PLFURFOLPDWHV RI WKH FROOHFWLRQ VSRWV
unless it is a matter of mere coincidence.
Aulacaspis discorum
(Figs 15, 16)
Material examined
&ROOHFWHGDW*RGDYDULDOWFDP3KXOFKRNL.DWKPDQGX9DOOH\RQUKL]RPHV H[SRVHG
on eroded ground) of an undetermined poaceous grass, occurring on and under leaf-sheaths, 18.
and 19.VIII.1975 [Sample 1 and Sample 2; 37 and 21 fully grown adult females from Sample 1
DQGUHVSHFWLYHO\WHQHUDORQHVDYDLODEOHIURP6DPSOHDQGD¿JXUH )LJ ZDVGUDZQIURP
RQHRIWKHP@

Numbers of wax-secreting organs
Spiracular disc pores not easily countable owing to crowding; ca. 34–54 disc pores associated
with each anterior spiracle, and ca. 12–30 with each posterior spiracle.
3HULYXOYDU GLVF SRUHV WRWDO ±± Q   >6DPSOH @ ±± Q   >@ ±
± Q  >@
'RUVDOPDFURGXFWVWRWDO±± Q  >6DPSOH@±± Q  >@±±
 Q  >@
/DWHUDOPDFURGXFWVRQDEG,, Q  ±± Q  >6DPSOH@ Q  ±± Q  
>@ Q  ±± Q  >@
/DWHUDOPDFURGXFWVRQDEG,,, Q  ±± Q  >6DPSOH@ Q  ±± Q  
>@ Q  ±± Q  >@
/DWHUDOJODQGVSLQHVRQDEG,,±± Q  >6DPSOH@±± Q  >@±±
 Q  >@
/DWHUDOJODQGVSLQHVRQDEG,,,±± Q  >6DPSOH@±± Q  >@±±
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Q  >@
0DUJLQDOJODQGVSLQHVRQDEG,9±± Q  >6DPSOH@±± Q  >@±±
Q  >@

Recognition characters
Adult female at full growth (Fig. 15). Body robust; prosoma much wider than long,
EURDGO\ URXQGHG DORQJ IUHH PDUJLQ PHWDWKRUD[ DQG DEG , JUDGXDOO\ QDUURZHU DEG ,,
tending to be strongly lobed laterally. Anterior spiracles each with a crescent-shaped
compact cluster of many disc pores; posterior spiracles each with a smaller cluster.
Perivulvar disc pores numerous especially in antero- and posterolateral groups. Dorsal
microducts submedially on abd I and II, 1–6 on I and 1–5 on II. Submedian dorsal
macroducts on abd III–VI, 1–7 on VI; submarginal dorsal macroducts on abd III–V.
Submarginal dorsal boss on abd I; a smaller sclerotic boss occurring submarginally just
mesad of macroduct row of abd III, IV, and V, respectively. Lateral macroducts absent or,
when present, usually few on abd II and III. Lateral gland spines well represented on abd
II and III. Marginal gland spines 4–6 on abd IV; often paired on VII and VIII. Median
trullae set close together basally, with mesal margins parallel to each other subbasally,
then strongly divergent; rounded apically, not serrate; distinctly surpassed by marginal
macroduct of abd VII in height; basal zygosis in an arch. Second and third trullae with
both lobules well represented, lateral lobule smaller; lobules of third trulla broader than
those of the second. Marginal processes on abd IV and V low, tending to be serrate.
Remarks
The type material was collected from roots of Panicum psilopodium at Chharrapani,
0XUUHHQRUWKHUQ3DNLVWDQ7KHFROOHFWLRQORFDOLW\RIWKHVDPSOHVH[DPLQHGLQWKHSUHVHQW
study is about 1400km distant from the type locality. The samples, however, agree well
ZLWK WKH RULJLQDO GHVFULSWLRQ H[FHSW IRU WKH IUHTXHQW RFFXUUHQFH RI ODWHUDO PDFURGXFWV
on the second and third abdominal segments. They agree with the type material also in
occurring underground.

7KH WZR H[DPLQHG VDPSOHV QRWLFHDEO\ GLIIHU LQ WKH WRWDO QXPEHU RI WKH SHULYXOYDU
disc pores and especially in the total number of the dorsal macroducts in spite of the fact
that these samples were collected at the same locality and in two successive days. They
should belong to the same local population and to the same generation. The interpretation
PD\ EH DGRSWHG WKHUHIRUH WKDW WKH QXPEHUV RI WKHVH ZD[ RUJDQV DUH VRPHZKDW ELDVHG
for some unknown reason in one or both of these samples. The table Numbers of waxsecreting organs VHHDERYH LQFOXGHVWKHQXPEHUVLQWKHXQLWHGVDPSOHV >@ ZKLFK
may be adopted as representing the population. It should be added that there are no
VHULRXV GLIIHUHQFHV EHWZHHQ WKH VDPSOHV IURP WKH .DWKPDQGX 9DOOH\ DQG WKH ¿JXUH LQ
WKHRULJLQDOGHVFULSWLRQLQWKHQXPEHUVRIVRPHZD[RUJDQV WKH¿JXUHVKRZVî 
SHULYXOYDUGLVFSRUHVLQWRWDOî GRUVDOPDFURGXFWVLQWRWDOODWHUDOJODQGVSLQHV
on abd III; 5 marginal gland spines on abd IV).
It may not always be easy to distinguish between A. discorum and A. herbae. They
apparently differ in body shape when their fully grown adult females nearly of the
rosae-type are compared. However, in A. herbae, the adult females are often oblong or
fusiform at full growth and, in A. discorum, growing adult females should also be oblong
or nearly so (because teneral ones are oblong). Diagnosing by the occurrence (presence
or absence, and, in the case of presence, number) of lateral macroducts on the second
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and third abdominal segments is useful, but it is essentially of statistical nature and
sometimes may require more than several specimens from a sample.
I have little doubt that A. herbae and A. discorumDUHGLVWLQFWVSHFLHV7KHH[DPLQHG
samples of the two species differ greatly in the total number of the perivulvar disc pores,
whereas not so much in the total number of the dorsal macroducts. When many samples
are available, the two species would show different patterns on a scatter diagram for the
correlation between these numbers and, in a reasonable interpretation, this correlation
VKRXOGUHÀHFWWKHERG\RUJDQL]DWLRQWRDFRQVLGHUDEOHGHJUHH
Supplementary notes
Hall (1931) recorded Chionaspis herbae from Cataract Island, Victoria Falls,
6RXWKHUQ 5KRGHVLD QRZ =LPEDEZH DQG VWDWHG µ5KRGHVLDQ H[DPSOHV DJUHH YHU\
well with the original description and with specimens of this species from elsewhere
with which they have been compared’. Green (1937) stated under Chionaspis herbae:
‘Recorded also from India, Algeria and Palestine. I have a suspicion that several closely
allied species may be included under the same name’. The discovery of Aulacaspis
discorum suggests that there should be a species group comprising A. herbae and
A. discorum, and probably also other species, which are still unknown. Now that A.
discorum has proved to be very similar to A. herbae, being hardly distinguishable from
the latter by the use of pygidial features (which have traditionally been adopted in
separating diaspidid species), Green’s suspicion is accepted along with a perspective
on the biogeography of Aulacaspis. Grass-associated species of Aulacaspis as a whole
should have a broad range of distribution, which, while overlapping with the main
domain of tree-associated species of the genus in tropical and subtropical Asia, includes
grasslands in western Asia to eastern Africa and the Mediterranean coast of Africa.
Phenacaspis kenyae may be another grass-associated species of Aulacaspis occurring in
HDVWHUQ$IULFD6SHFLHVOLYLQJXQGHUJURXQGDVH[HPSOL¿HGE\ A. discorum may especially
EH H[SHFWHG IRU WKH JUDVVODQG IDXQD LQ GURXJKW\ UHJLRQV DOVR VHH Remarks under the
description of Aulacaspis isobeae).
AN ORCHID-ASSOCIATED SPECIES
Aulacaspis pseudospinosa and A. neospinosa were described from epigeous orchids
of Cymbidium (the former also from other plants), and a few other species of Aulacaspis
were occasionally recorded from Cymbidium, all in China. In tropical Asia, no species
of Aulacaspis have been recorded from orchids in spite of the fact that this region is
abundant both in Aulacaspis species and in orchids. However, those orchids are mostly
epiphytic, living far above in the forest canopy, and thus usually not easily accessible.
The material of the species described below has been preserved in the R. Takahashi
FROOHFWLRQGHSRVLWHGLQ+RNNDLG{8QLYHUVLW\7KHVSHFLPHQVPRXQWHGDQGH[DPLQHGE\
Takahashi are labelled ‘Aulacaspis nepalensis n.sp., Yokohama from Nepal, 28 XII 1952,
A. Machida, orchid’. Dry material on a leaf fragment was also available, and further
specimens were newly mounted from it. Takahashi did not describe A. nepalensis. This
QDPHLVQRWDGRSWHGLQWKLVSDSHUEHFDXVHWKHH[DFWFROOHFWLRQORFDOLW\LVQRWNQRZDEOH
7KHKRVWSODQWZDVQRWLGHQWL¿HGIURPWKHOHDIIUDJPHQWHLWKHU
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Aulacaspis takahashii, n.sp.
(Figs 17, 18)
Material examined
Intercepted at quarantine inspection, port of Yokohama, Japan, 28.XII.1952; on an
undetermined orchid reported as from Nepal [40 adult females, one the holotype; 2 teneral adult
IHPDOHVDUHDOVRDYDLODEOHDQGD¿JXUH )LJ ZDVGUDZQIURPRQHRIWKHP@

Numbers of wax-secreting organs
6SLUDFXODU GLVF SRUHV FRXQWHG QRW DOZD\V H[DFWO\ RZLQJ WR FURZGLQJ DQG VRPHWLPHV DOVR
owing to ventral derm overhanging lateral margin of anterior cluster; ca. 22–45 associated with
each anterior spiracle, and 4–13 with each posterior spiracle.
Perivulvar disc pores, total: 68–85.6–107 (n=40).
Dorsal macroducts, total: 21–38.9–51 (n=39).
Submedian dorsal macroducts on abd II: 0 (n=26), 1–1.4–3 (n=52).
Submarginal dorsal macroducts on abd II: 0 (n=35), 1–1.2–3 (n=43).
Lateral macroducts: 1–3.8–8 (n=76) on abd II; 2–4.0–7 (n=80) on III.
Lateral gland spines: 1–3.3–5 (n=76) on abd II; 3–5.5–8 (n=80) on III.
Marginal gland spines on abd IV: 2–3.8–6 (n=80).

Recognition characters
Adult female at full growth (Fig. 17). Moderately robust; prosoma swollen,
distinctly wider than postsoma, nearly quadrate, tending to be sclerotic, prosomatic
WXEHUFOHV VOLJKWO\ SURGXFHG PHWDWKRUD[ DQG DEG , DQG ,, QHDUO\ VDPH LQ ZLGWK DEG
II being not strongly lobed laterally. Anterior spiracles each with a crescent-shaped
cluster of numerous disc pores; posterior spiracles each with a much smaller cluster
of disc pores. Perivulvar disc pores numerous especially in antero- and posterolateral
groups. Submedian dorsal macroducts on abd II–VI, but lacking often on II and rarely
on VI, with a slight tendency to be divided into segmental and infrasegmental rows
on each segment: 0–3 on II, 1–4 on III and IV each, 1–3 on V, 0–3 on VI; submarginal
dorsal macroducts on abd II–V, but often lacking on II: 0–3 on II, 1–4 on III–V each.
Submarginal dorsal boss on abd I and also on III, the one on III much smaller but
sclerotic, occurring just mesad of row of macroducts. Lateral macroducts and lateral
gland spines on abd II and III variable in number rather broadly. Marginal gland spines
2–6 on abd IV. Median trullae with mesal margins separated from each other by a space
subbasally, then divergent and obscurely serrate; rounded apically; a little surpassed by
marginal macroduct of abd VII in height; basal zygosis in a pair of sclerites. Second
trulla with lobules oblong, lateral lobule a little smaller than the mesal. Third trulla with
lobules less produced. Marginal processes on abd IV and V low, tending to be irregularly
serrate.
Remarks

7KHH[DPLQHGVSHFLPHQVDUHVLPLODUWRWKH¿JXUHRI Aulacaspis pseudospinosa ¿J
LQ&KHQHWDOSUDFWLFDOO\WKHVDPH¿JXUH¿JLQ&KHQ EXWGLIIHUIURP
WKHODWWHULQKDYLQJPXFKIHZHUSHULYXOYDUGLVFSRUHVDQGGRUVDOPDFURGXFWV WKH¿JXUH
of A. pseudospinosa VKRZV î  SHULYXOYDU GLVF SRUHV LQ WRWDO î  GRUVDO
macroducts in total). In the specimens of A. takahashii, the dorsal macroducts are not
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only fewer but also often absent in the submedian or submarginal row or in both on the
VHFRQG DEGRPLQDO VHJPHQW , KDYH IDLOHG WR ¿QG RWKHU GLVWLQFW GLIIHUHQFHV EHWZHHQ WKH
sample of A. takahashii DQGWKH¿JXUHRIA. pseudospinosa. The possibility may not be
H[FOXGHG WKDW A. takahashii and A. pseudospinosa belong to the same species, but the
GLIIHUHQFHV LQ WKH QXPEHUV RI WKRVH ZD[ RUJDQV DUH WRR JUHDW WR XQLWH WKHP XQGHU WKH
VDPHQDPHZLWKRXWUHDVRQDEOHH[SODQDWLRQ
A. pseudospinosa has been treated as a synonym of A. spinosa in recent literature.
The description states that A. pseudospinosa has good lateral macroducts (‘Medium-sized
ducts present on second and third abdominal segments in a group on each lateral lobe,
JUHDWO\GLIIHUHQWLQQXPEHUDPRQJLQGLYLGXDOV¶>WUDQVODWHGIURPWKHWH[WLQ&KLQHVH@ DQG
WKH¿JXUHVKRZVODWHUDOPDFURGXFWVRIXVXDOVL]H µ0HGLXPVL]HG¶ 2QHRIWKHDYDLODEOH
teneral adult females of A. takahashii is illustrated (Fig. 18) to show the body shape at
this stage; it also shows the lateral macroducts and the dorsal macroducts to be compared
for their sizes on the same body. A. pseudospinosa is probably similar to A. takahashii
in the relative size of the lateral macroducts to the dorsal macroducts. In A. spinosa the
lateral macroducts tend to be so attenuated that they may sometimes be mistaken for
microducts.
There is a group of closely similar forms of Aulacaspis occurring on Smilax or
Cymbidium and possibly also on other orchids or on both Smilax and orchids (these
plants belonging to the monocotyledonous families Smilacaceae and Orchidaceae).
The named forms of this group are A. spinosa, A. pseudospinosa, A. neospinosa, and A.
takahashii, and there should be other forms referable to the ‘spinosaJURXS¶7KHH[DFW
UHODWLRQVDPRQJWKHVHIRUPVUHPDLQWREHFODUL¿HG
THREE SPECIES OCCURRING ON CUCURBITACEOUS PLANTS
Plants of the family Cucurbitaceae, wild or cultivated, have seldom been mentioned
as hosts of armoured scale insects, and they should have been, if any, no more than
occasional hosts of polyphagous scales. No species of Aulacaspis has been recorded
from this plant family. Three species of Aulacaspis were collected on wild Cucurbitaceae
in the Malay Peninsula and are described as new in this paper. One of them is similar to
some unnamed species occurring on woody plants. The other two may have some relation
WRWKH¿UVWEXWDUHSHFXOLDULQWKHVKDSHRIWKHPHGLDQWUXOODHDQGLQWKHDUUDQJHPHQWRI
the dorsal macroducts, and they may be specialized for living on cucurbitaceous plants.
Aulacaspis labucola, n.sp.
(Fig. 19)
Material examined
Collected in the Pasoh Forest Reserve, Negeri Sembilan, Malaya, from an undetermined
wild plant of the family Cucurbitaceae (plants of this family are generally called labu in Malaya),
28.IX.1986 [3 adult females mounted from lower surface of leaf-blade and 1 from petiole; one
IURPWKHOHDIEODGHWKHKRORW\SH@0DOHWHVWVRFFXUULQJRQVWHPV

Numbers of wax-secreting organs
Spiracular disc pores: 15–30 associated with each anterior spiracle, 4–8 with each posterior
spiracle.
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Perivulvar disc pores, total: 99–121.
Dorsal macroducts, total: 59–77.
Lateral macroducts: 7 or 8 on abd II; 6–9 on III.
Lateral gland spines: 4–7 on abd II; 8–12 on III.
Marginal gland spines on abd IV: 3 in all specimens.

Recognition characters
Adult female at full growth. Body cuneiform in rough outline, widest across
swollen prosoma, tapering posteriorly on postsoma; prosoma rounded along free margin,
somewhat sclerotic, prosomatic tubercles slightly produced; abd II lobed laterally, but
produced not much. Anterior spiracles each with disc pores in a compact cluster of
moderate size; posterior spiracles with disc pores in a loose cluster. Submedian rows
of dorsal macroducts on abd III–V, divided into segmental and infrasegmental series
on III and IV; 1 submedian macroduct present or absent on abd VI; submarginal dorsal
macroducts on abd III–V. Submarginal dorsal boss on abd I and also on III, the one on
III smaller, sclerotic, just in front of the marginal macroduct. Lateral macroducts and
lateral gland spines well represented on abd II and III. Marginal gland spines 3 on abd
IV. Median trullae elongate, with mesal margins separated from each other by a narrow
space subbasally, then divergent and minutely serrate; narrowly rounded apically; a little
surpassed by marginal macroduct of abd VII in height; basal zygosis in an arch. Second
trulla with lobules oblong; third trulla with lobules broader than those of the second.
Marginal processes of abd IV and V very low, the mesalmost one (pore prominence) on
each segment with a small triangular projection apically, the lateral processes obscure,
tending to be minutely serrate.
Remarks
This species is closely similar to some undescribed ones occurring on woody plants.
It may also be related to the other two species occurring on cucurbitaceous plants, but
is readily distinguishable from them in having the median trullae smaller and minutely
serrate and the dorsal macroducts much fewer and all arranged in rows (see Remarks
under Aulacaspis hodgsoniae).
Aulacaspis trichosanthis, n.sp.
(Figs 20, 21)
Material examined
&ROOHFWHG RQ 0W -HUDL DOWLWXGH QRW UHFRUGHG  .HGDK 0DOD\D IURP Trichosanthes
wallichiana;,>JURZLQJRUIXOO\JURZQDGXOWIHPDOHVRQHWKHKRORW\SH@)HPDOHDQG
male tests occurring on leaves and mainly on the lower surface.

Numbers of wax-secreting organs
Spiracular disc pores: 13–26.5–38 (n=43) disc pores associated with each anterior spiracle;
7–8.4–13 (n=47) with each posterior spiracle.
Perivulvar disc pores, total: 122–156.6–179 (n=24).
Dorsal macroducts, total: 139–172.0–211 (n=21).
Lateral macroducts: 6–9.3–12 (n=46) on abd II; 3–6.0–8 (n=46) on III.
Lateral gland spines: 5–7.3–11 (n=46) on abd II; 8–10.3–13 (n=46) on III.
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Marginal gland spines on abd IV: 3–4.7–6 (n=46).

Recognition characters
Adult female at full growth. Body cuneiform in rough outline, widest across swollen
prosoma, tapering posteriorly on postsoma; prosoma roundish, somewhat sclerotic,
prosomatic tubercles slightly produced; abd II lobed laterally, but produced not much.
Anterior spiracles each with disc pores in a compact cluster of moderate size; posterior
spiracles each with a smaller loose cluster of disc pores. Perivulvar disc pores numerous
especially in antero- and posterolateral groups. Submedian dorsal macroducts on abd
III–VI; numerous, forming an irregularly multiple row or a cluster on each of III and IV;
row on V tending to be irregularly double or triple; 2–5 macroducts on VI. Submarginal
macroducts on abd III–V; numerous, forming a row irregularly multiple toward inner side
on III; row on IV tending to be irregularly double toward inner side. Submarginal dorsal
boss on abd I and also on III, the one on III much smaller, sclerotic, in submarginal row
of macroducts. Lateral macroducts and lateral gland spines well represented on abd II
and III. Marginal gland spines 3–6 on abd IV. Median trullae sunken in apical recess of
pygidium, enlarged, much surpassing marginal macroduct of abd VII in height, elongate;
mesal margins separated from each other by a space subbasally, then divergent, strongly
incised twice, thus roughly dentate, sometimes with I or 2 weak incisions additionally;
narrowly rounded or pointed apically; basal zygosis strongly developed. Second and
third trullae with lobules oblong. Marginal processes on abd IV and V very low, the
mesalmost one (pore prominence) on each segment pointed apically, the lateral processes
tending to be serrate.
Remarks
This species and Aulacaspis hodgsoniae, which is described below, are characteristic
in having the median trullae enlarged and roughly dentate and the dorsal macroducts very
numerous, some of them forming clusters. They differ from each other in the segmental
occurrence of the dorsal macroducts (see Remarks under Aulacaspis hodgsoniae).
Aulacaspis hodgsoniae, n.sp.
(Figs 22, 23)
Material examined
&ROOHFWHGDW8OX*RPEDNDOWP6HODQJRU0DOD\DIURPHodgsonia capricarpa, 2.X.1986
> IXOO\ JURZQ DGXOW IHPDOHV RQH WKH KRORW\SH@$QRWKHU DGXOW IHPDOH QRW IXOO\ JURZQ LV DOVR
available but not in good condition. Female and male tests were found on the lower surface of
leaves, but the mounted adult females are limited to the three mentioned above.

Numbers of wax-secreting organs
Spiracular disc pores: ca. 30–37 associated with each anterior spiracle; 9, 10, 11, ca. 13 with
each posterior spiracle.
Perivulvar disc pores, total: 191, 209.
Dorsal macroducts, total: 238, 242.
Lateral macroducts: 13, 13, 15, 16 on abd II; 7, 9, 10, 11 on III.
Lateral gland spines: 12, 12, 13, 13 on abd II; 15, 17, 18, 19 on III.
Marginal gland spine on abd IV: 6, 6, 8, 8.
145

Recognition characters
Adult female at full growth. Body cuneiform in rough outline, widest across
swollen prosoma, narrowing posteriorly on postsoma; prosomatic tubercles small; abd
II lobed laterally, a little produced. Anterior spiracles each with disc pores in a compact
cluster of moderate size; posterior spiracles each with a smaller loose cluster of disc
pores. Perivulvar disc pores numerous especially in antero- and posterolateral groups.
Submedian dorsal macroducts on abd II–VI or III–VI; few when present on II; numerous,
forming an irregularly multiple row or a cluster on III; less numerous, in an irregularly
multiple row on IV; 5–7 on VI. Submarginal macroducts on abd II–V; numerous, in
a cluster on II; row on III irregularly multiple toward inner side. Submarginal dorsal
boss on abd I and also on III, the one on III smaller, sclerotic, in submarginal row of
macroducts. Lateral macroducts and lateral gland spines well represented on abd II
and III. Marginal gland spines 6–8 on abd IV. Median trullae sunken in apical recess
of pygidium, enlarged, much surpassing marginal macroduct of abd VII in height;
mesal margins separated from each other by a space subbasally, then divergent and
deeply incised twice, thus roughly dentate; narrowing apically; basal zygosis strongly
developed. Second and third trullae with lobules oblong. Marginal processes on abd IV
and V very low, the mesalmost (pore prominence) on each segment pointed apically, the
lateral processes minutely serrate.
Remarks
Aulacaspis hodgsoniae and A. trichosanthis are remarkable in the median trullae,
which are enlarged and roughly dentate, and in the dorsal macroducts, which are
numerous, and of which some occur in clusters rather than rows. These characters
are unusual in the genus, and suggest that these species are specialized for living on
the leaves of cucurbitaceous plants. The large dentate median trullae may have been
developed in adaptation to the microstructure of the leaf surface, because, in general,
these processes are used as a cutting tool in cleaning the spot of the leaf surface where
the test is formed. The occurrence of numerous dorsal macroducts in clusters suggests
an unusually thick test, for which some ecological factor, unknown at present, should be
responsible.
A. hodgsoniae differs from A. trichosanthis in having dorsal macroducts on one
more segment, the second abdominal segment. It has, therefore, more dorsal macroducts
in total. It tends to have more perivulvar disc pores, more lateral macroducts and gland
spines on the second and third abdominal segments, and more marginal gland spines on
WKHIRXUWKDEGRPLQDOVHJPHQWWKRXJKWKHDYDLODEOHVDPSOHLVWRRVPDOOIRUFRQ¿UPLQJ
the differences statistically. In other features it is very similar to A. trichosanthis. In
general, the occurrence pattern of the dorsal macroducts on segments is at times variable
ZLWKLQ WKH VDPH VSHFLHV DQG UHPDUNDEOH GLIIHUHQFHV LQ WKH QXPEHUV RI ZD[VHFUHWLQJ
organs are not rare among samples of the same species. The present observation on the
very small sample of A. hodgsoniaeGRHVQRWGH¿QLWHO\H[FOXGHWKHSRVVLELOLW\WKDWLWLV
FRQVSHFL¿FZLWKA. trichosanhis and represents a local form of the latter.
Aulacaspis labucola is similar to A. trichosanthis and A. hodgsoniae in having the
body cuneiform in rough outline and the marginal processes very low on the fourth and
¿IWKDEGRPLQDOVHJPHQWV,IWKLVUHODWLYHO\JHQHUDOLVHGVSHFLHVKDVVRPHUHODWLRQWRWKH
latter two, it may represent a form ancestral to them.
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AULACASPIS TRIFOLIUM AND AULACASPIS ISOBEAE
Aulacaspis trifolium and Aulacaspis isobeae are hypogeal species described
from Japan, the former from Trifolium pratense (Takagi, 1961) and the latter from an
undetermined herbaceous plant (Takagi, 1965). Trifolium pratense is an introduced plant
in Japan. No native plants, therefore, are known as hosts of these species. In general
features the two species are very similar to each other. They may be closely related to
each other, but it is also possible that their similarity is due to convergence in association
with the hypogeal mode of life.
Aulacaspis trifolium
(Fig. 24)
Material examined
&ROOHFWHG LQ 7LED >&KLED@ 3UHIHFWXUH +RQV\ >+RQVK@ IURP URRWV RI Trifolium pratense,
;,.6HNLJXFKL>VSHFLPHQVIURPWKHW\SHVHULHVKDYHEHHQH[DPLQHGLQWKHSUHVHQW
VWXG\@

Numbers of wax-secreting organs
Spiracular disc pores crowded together and not easily countable: ca. 57–80 associated with
each anterior spiracle, and ca. 20–33 with each posterior spiracle.
Perivulvar disc pores, total: 120–144.2–168 (n=10).
Dorsal macroducts, total: 81–94.3–111 (n=9).
Lateral macroducts: 4–6.5–8 (n=15) on abd II; 3–4.6–7 (n=15) on III.
Lateral gland spines: 10–12.9–16 (n=20) on abd II; 10–12.8–16 (n=17) on III.
Marginal gland spines on abd IV: 4–5.5–8 (n=20).

Recognition characters

$GXOWIHPDOHDWIXOOJURZWK%RG\UREXVWREORQJSURVRPDPHWDWKRUD[DQGDEG,
and II nearly same in width; prosoma rounded on free margin, prosomatic tubercles not
discernible. Anterior spiracles each with a large compact cluster of disc pores; posterior
spiracles each with a smaller cluster. Perivulvar disc pores numerous especially in
antero- and posterolateral groups. Submedian dorsal macroducts on abd II–VI, several
ones in each row, 3–6 on VI. Submarginal macroducts on abd II–V in rows; 1–4, usually
2, on VI just anteriorly to marginal macroducts, rarely absent. Submarginal dorsal boss
on abd I and also occurring just mesad of the row of macroducts on III and on V, the
ones on III and V smaller but sclerotic. Lateral macroducts present on abd II and III but
much reduced in size, a little larger than microducts which are strewn mesad of them and
numerous. Lateral gland spines well represented on abd II and III. Marginal gland spines
4–8 on abd IV. Median trullae robust, with mesal margins separated from each other by
a slender space subbasally, then divergent; each trulla nearly obconic, rounded apically,
minutely serrate; a little surpassed by marginal macroduct of abd VII in height; basal
zygosis strongly developed. Second trulla with lobules low, the lateral lobule smaller
than the mesal; third trulla with lobules broader. Marginal processes of abd IV and V
inconspicuous.
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Remarks
This species is very similar to Aulacaspis isobeae in body shape and other features
(see Remarks under the description of A. isobeae).
Aulacaspis isobeae
(Fig. 25)
Material examined
Collected in Okinawa Is., Ryûkyû, from roots of an undetermined herbaceous plant, 8.I.1962,
7,VREH>IXOO\JURZQDGXOWIHPDOHVIURPWKHW\SHPDWHULDOLQFOXGLQJQHZO\PRXQWHGRQHV@

Numbers of wax-secreting organs
Spiracular disc pores not easily countable owing to crowding; ca. 34–48 disc pores associated
with each anterior spiracle, and ca.17–24 with each posterior spiracle.
Perivulvar disc pores, total: 93–105.3–121 (n=30).
Dorsal macroducts, total: 65–78.0–89 (n=30).
Submedian dorsal macroducts on abd II: 0 (n=14), 1–1.2–2 (n=46).
Lateral macroducts: 4–5.3–8 (n=59) on abd II; 3–4.7–8 (n=60) on III.
Lateral gland spines: 9–12.7–15 (n=59) on abd II; 8–9.8–13 (n=60) on III.
Marginal gland spines on abd IV: 1–2.0–3 (n=60).

Recognition characters

$GXOWIHPDOHDWIXOOJURZWK%RG\UREXVWREORQJRUQHDUO\VRSURVRPDPHWDWKRUD[
and abd I and II being same or nearly so in width; prosoma rounded on free margin,
prosomatic tubercles not discernible. Anterior spiracles each with a compact cluster of
many disc pores; posterior spiracles each with a smaller cluster. Perivulvar disc pores
numerous especially in antero- and posterolateral groups. Submedian macroducts on
abd II–VI, but lacking often on II and rarely on III; 0–2 on II, 0–5 on III, 2–5 on IV,
4–6 on V, 2–4 on VI. Submarginal macroducts on abd II–V, 1–4 on II, 4–9 on III, 5–9
on IV and also on V. Submarginal dorsal boss on abd I and also occurring mesad of
row of macroducts on III and on V, the ones on III and V smaller but sclerotic. Lateral
macroducts present on abd II and III but much reduced in size, a little larger than
microducts which are strewn mesad of them and somewhat variable in number but
usually not numerous. Lateral gland spines well represented on abd II and III. Marginal
gland spines 1–3, usually 2, on abd IV. Median trullae with mesal margins separated
from each other by a wide space subbasally, then divergent and serrate; rounded apically;
as high as marginal macroduct of abd VII; basal zygosis strongly developed. Second
trulla with lobules as long as wide, rounded apically, the lateral one smaller than the
mesal; third trulla with lobules low and broad. Marginal processes of abd IV and V
inconspicuous.
Remarks
Aulacaspis isobeae is very similar to A. trifolium in having the body oblong at full
growth, the lateral macroducts on the second and third abdominal segments reduced
nearly into the size of microducts, the submarginal dorsal bosses occurring in three pairs
RQWKHDEGRPHQDQGWKHPDUJLQDOSURFHVVHVRIWKHIRXUWKDQG¿IWKDEGRPLQDOVHJPHQWV
all low and inconspicuous. A. isobeae is easily distinguishable from A. trifolium in the
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following characters: in A. isobeae the median trullae are widely separated from each
other subbasally (set close subbasally in A. trifolium), the fourth abdominal segment
has usually only two marginal gland spines (4–8 in A. trifolium) on each side, and the
VL[WK DEGRPLQDO VHJPHQW KDV QR VXEPDUJLQDO PDFURGXFW XVXDOO\ D IHZ VXEPDUJLQDO
macroducts on each side in A. trifolium  7KH H[DPLQHG VDPSOHV RI WKHVH VSHFLHV DUH
VLJQL¿FDQWO\ GLIIHUHQW LQ WKH WRWDO QXPEHU RI WKH SHULYXOYDU GLVF SRUHV DQG WKDW RI WKH
dorsal macroducts and, in the present state of study, these differences may also be
adopted as usable ones.
Aulacaspis maesae (Fig. 26) was described from Taiwan and from roots of a woody
plant, Maesa tenera, family Myrsinaceae (Takagi, 1970). It is similar to A. trifolium and
A. isobeae in some aspects, but has the body holding a trace of the rosae-type and the
lateral macroducts not reduced in size. Another hypogeal species, A. discorum, is treated
in this paper. The presence of the four known hypogeal species in Aulacaspis is worthy
RI DWWHQWLRQ EHFDXVH ¿QGLQJ RXW VFDOH LQVHFWV OLYLQJ RQ XQGHUJURXQG SDUWV RI WKH SODQW
body is a matter of lucky chance. The underground fauna may not be poor in Aulacaspis
and possibly also in some other groups of diaspidids.
It should be added that the fully grown adult females of A. trifolium and A. isobeae
are very similar to the teneral ones of some other species of AulacaspisʊA. takahashii
)LJ IRUH[DPSOHʊLQERG\VKDSH7KHDGXOWIHPDOHVRIA. trifolium and A. isobeae
should belong to such a type of body shape at the teneral stage and then grow with the
prosoma and the prepygidial postsomatic segments enlarging in rates nearly the same
among them.
CONCLUDING REMARKS
In the course of the present study I have been under the impression that our
WD[RQRPLF NQRZOHGJH RI JUDVVIHHGLQJ VSHFLHV RI Aulacaspis is still superficial and
LQVXI¿FLHQWLQVSLWHRIWKHLUDFWXDODQGSRWHQWLDOHFRQRPLFLPSRUWDQFH7KLVLPSUHVVLRQLV
strengthened in learning that a sugarcane scale, Aulacaspis neoguinensis, was intercepted
at quarantine inspection in 1928 and 1957 and described as a new species in 1993.
Aulacaspis madiunensis has long been known as a pest of sugarcane, but the nuclear
WD[RQRPLFFRQFHSWRIWKLVVSHFLHV :LOOLDPVDQG:DWVRQ EDVHGRQPDWHULDOIURP
the type locality, was introduced only toward the end of the twentieth century, and it
VHHPVWRPHWKDWPXFKUHPDLQVWREHGRQHRQWKLVVSHFLHVLQWKH¿HOGRIWD[RQRP\0\
study on Aulacaspis takarai remains incomplete and partial in consideration of its insular
distribution and host plant range known at present. Not only these species but also other
species of Aulacaspis SUREDEO\ LQFOXGLQJ XQNQRZQ RQHV UHTXLUH H[WHQVLYH VXUYH\V RQ
sugarcane and wild grasses in New Guinea, Java, and many other areas in Asia. In the
present study, Aulacaspis herbae and Aulacaspis discorum have been found to be very
FORVHWRHDFKRWKHU7KLV¿QGLQJZKHQFRPELQHGZLWKVRPHSXEOLVKHGUHFRUGVVXJJHVWV
the presence of a group of closely related species occurring in western grasslands and
leads to a view on the biogeography of Aulacaspis.
In the genus Aulacaspis, the association with grasses and herbaceous plants should
be secondary, the main body of the genus having been in copious speciation on woody
angiosperms. The spinosa species group as recognized in the present study occurs on
woody plants (Smilax spp.) and herbaceous plants (orchids). Three species are now
NQRZQ IURP KHUEDFHRXV YLQHV RI WKH &XFXUELWDFHDH ZKLFK PD\ EH XQH[SHFWHG KRVW
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plants of Aulacaspis. Two of these three species appear to be specialized for living on
the host leaves, whereas the other one is not so peculiar in morphological traits and has
VLPLODUVSHFLHVRFFXUULQJRQWUHHV7KHVHFDVHVPD\H[HPSOLI\WKHVXSSRVHGH[SDQVLRQRI
Aulacaspis forms from woody plants to herbaceous ones.
Finally, hypogeal species are probably not rare in Aulacaspis. It may reasonably
EH H[SHFWHG WKDW FRQYHUJHQFH SUHYDLOV LQ WKHLU PRUSKRORJLFDO WUDLWV DV D UHVXOW RI WKHLU
adaptation to underground environments, which should be stable and uniform as
FRPSDUHG ZLWK FRQGLWLRQV RQ DHULDO SDUWV HVSHFLDOO\ FRPSOHWHO\ H[SRVHG SDUWV RI WKH
plant body.
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Fig. 1. ‘Aulacaspis gudalura Green. India, Gudalura, Nilgiris, April, 1910’ (D.J. Williams).
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Fig. 2. Aulacaspis madiunensis, fully grown adult female. Sample 1: Borneo, Ischaemum. B,
SRVWHULRU VSLUDFOH & S\JLGLDO PDUJLQ RQ DEG ,9 DQG9 ' DQWHULRU VSLUDFOH ( DQWHQQD )
WUXOODH6FDOHEDUȝP$ȝP%±)
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Fig. 3. Aulacaspis madiunensis, fully grown adult female. Sample 2: Malaya, Themeda. B, dorsal
microducts on prosoma; C, submedian dorsal microducts on abdomen; D, pygidial margin,
DEG,9DQG9(DQWHULRUVSLUDFOH)DQWHQQD*SRVWHULRUVSLUDFOH+PHGLDQWUXOODHGRUVDO
YLHZ DQRWKHUVSHFLPHQ ,WUXOODH6FDOHEDUȝP$ȝP%±,
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Fig. 4. Aulacaspis madiunensis, teneral adult female. Sample 2: Malaya, Themeda. B, dorsal
PLFURGXFWVRQSURVRPD&S\JLGLDOPDUJLQDEG,9DQG9'DQWHQQD(DQWHULRUVSLUDFOH)
SRVWHULRUVSLUDFOH*WKLUGWUXOOD+PHGLDQDQGVHFRQGWUXOODH6FDOHEDUȝP$ȝP
B–H.
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Fig. 5. Aulacaspis madiunensis, second instar male. Sample 2: Malaya, Themeda. B, pygidial
PDUJLQ&DQWHQQD'DQWHULRUVSLUDFOH6FDOHEDUȝP$ȝP%±'
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Fig. 6. Aulacaspis madiunensis IXOO\ JURZQ DGXOW IHPDOH 6DPSOH  .DWKPDQGX 9DOOH\
Capillipedium. B, dorsal microducts on prosoma; C, median trullae, dorsal view (another
VSHFLPHQ  ' S\JLGLDO PDUJLQ DEG ,9 DQG9 ( DQWHULRU VSLUDFOH ) DQWHQQD * SRVWHULRU
VSLUDFOH+WKLUGWUXOOD,PHGLDQDQGVHFRQGWUXOODH6FDOHEDUȝP$ȝP%±,
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Fig. 7. Aulacaspis takarai, fully grown adult female. Sample 1: Okinawa Is., sugarcane. B,
SRVWHULRU VSLUDFOH & DQWHQQD ' S\JLGLDO PDUJLQ DEG ,9 DQG 9 ( DQWHULRU VSLUDFOH )
WUXOODH6FDOHEDUȝP$ȝP%±)
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Fig. 8. Aulacaspis takarai, adult female, pygidial margin. A–F, Sample 1: Okinawa, sugarcane. G–I,
Sample 2: Okinawa, Arundo6FDOHEDUȝP$±,
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Fig. 9. Aulacaspis takarai, adult female. Sample 3: Okinawa, Bambusa. A, pygidium; B, D–G,
S\JLGLDO PDUJLQ & H[DPSOH RI  VXEPDUJLQDO PDFURGXFWV RFFXUULQJ LQ IURQW RI PDUJLQDO
PDFURGXFWVRQDEG9,6FDOHEDUȝP$ȝP%±*
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Fig. 10. Aulacaspis takarai, fully grown adult female. Sample 4: Miyako Is., sugarcane. B,
posterior spiracle; C, submarginal and marginal macroducts on abd VI; D, pygidial margin,
DEG ,9 DQG 9 ( DQWHQQD ) DQWHULRU VSLUDFOH * PHGLDQ DQG VHFRQG WUXOODH 6FDOH EDU
ȝP$ȝP%±*
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Fig. 11. Aulacaspis takarai, second instar male. Sample 4: Miyako Is., sugarcane. B, pygidial
PDUJLQ&S\JLGLDOPDUJLQSDUW DQRWKHUVSHFLPHQ 'DQWHQQD(DQWHULRUVSLUDFOH6FDOH
EDUȝP$ȝP%±(
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Fig. 12. Aulacaspis herbae, fully grown adult female, fusiform individual. Sample 1: Nilgiri Hills,
Oplismenus%S\JLGLDOPDUJLQDEG,9DQG9&DQWHQQD'DQWHULRUVSLUDFOH(SRVWHULRU
VSLUDFOH)WKLUGWUXOOD*PHGLDQDQGVHFRQGWUXOOD6FDOHEDUȝP$ȝP%±*
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Fig. 13. Aulacaspis herbae, fully grown adult female, individual of type form. Sample 2: Nilgiri
Hills, Oplismenus. B, posterior spiracle; C, antenna; D, marginal gland spines on abd VII
DQRWKHUVSHFLPHQ (S\JLGLDOPDUJLQDEG,9DQG9)PHGLDQWUXOODHGRUVDOYLHZ DQRWKHU
specimen); G, anterior spiracle; H, third trulla; I, median and second trullae. Scale bar
ȝP$ȝP%±,
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Fig. 14. Aulacaspis herbae, fully grown adult female, oblong individual. Sample 2: Nilgiri Hills,
Oplismenus%SRVWHULRUVSLUDFOH&S\JLGLDOPDUJLQDEG,9DQG9'DQWHQQD(DQWHULRU
VSLUDFOH)WUXOODH6FDOHEDUȝP$ȝP%±)
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Fig. 15. Aulacaspis discorum IXOO\ JURZQ DGXOW IHPDOH 6DPSOH  .DWKPDQGX 9DOOH\
undetermined grass. B, posterior spiracle; C, pygidial margin, abd IV and V; D, median
WUXOODHGRUVDOYLHZ DQRWKHUVSHFLPHQ (DQWHULRUVSLUDFOH)DQWHQQD*DQWHULRUVSLUDFOH
SDUWO\FRYHUHGZLWKGHUPDOIROG DQRWKHUVSHFLPHQ +WUXOODH6FDOHEDUȝP$ȝP
B–H.
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Fig. 16. Aulacaspis discorum WHQHUDO DGXOW IHPDOH 6DPSOH  .DWKPDQGX 9DOOH\ XQGHWHUPLQHG
JUDVV % SRVWHULRU VSLUDFOH & S\JLGLDO PDUJLQ DEG ,9 DQG 9 ' DQWHQQD ( DQWHULRU
VSLUDFOH)S\JLGLDOPDUJLQ6FDOHEDUȝP$ȝP%±)
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Fig. 17. Aulacaspis takahashii, fully grown adult female. Quarantine interception, Yokohama,
undetermined orchid from Nepal. B, posterior spiracle; C, median trullae, dorsal view (another
VSHFLPHQ 'S\JLGLDOPDUJLQDEG,9DQG9(DQWHULRUVSLUDFOH)DQWHQQD*ODWHUDOOREH
RIDEG,,,SDUWYHQWUDOYLHZ+WUXOODH6FDOHEDUȝP$ȝP%±+
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Fig. 18. Aulacaspis takahashii, teneral adult female. Quarantine interception, Yokohama,
undetermined orchid from Nepal. B, posterior spiracle; C, antenna; D, pygidial margin, abd
,9DQG9(DQWHULRUVSLUDFOH)WKLUGWUXOOD*PHGLDQDQGVHFRQGWUXOODH6FDOHEDUȝP
$ȝP%±*
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Fig. 19. Aulacaspis labucola, fully grown adult female. Malaya, undetermined cucurbitaceous
SODQW % SRVWHULRU VSLUDFOH & DQWHQQD ' PHGLDQ WUXOODH DQRWKHU VSHFLPHQ  ( S\JLGLDO
PDUJLQDEG,9DQG9)DQWHULRUVSLUDFOH*WUXOODH6FDOHEDUȝP$ȝP%±*
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Fig. 20. Aulacaspis trichosanthis, fully grown adult female. Malaya, Trichosanthes. B, antenna; C,
S\JLGLDOPDUJLQDEG,9DQG9'DQWHULRUVSLUDFOH(SRVWHULRUVSLUDFOH)WUXOODH6FDOHEDU
ȝP$ȝP%±)
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Fig. 21. Aulacaspis trichosanthis, adult female. Malaya, Trichosanthes. A, pygidium; B, pygidial
PDUJLQ&±(WUXOODH6FDOHEDUȝP$ȝP%±(
172

Fig. 22. Aulacaspis hodgsoniae, fully grown adult female. Malaya, Hodgsonia. B, pygidial margin,
DEG,9DQG9&SRVWHULRUVSLUDFOH'WKLUGWUXOOD(PHGLDQDQGVHFRQGWUXOODH6FDOHEDU
ȝP$ȝP%±(
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Fig. 23. Aulacaspis hodgsoniae, adult female. Malaya, Hodgsonia. A, pygidium; B, pygidial
PDUJLQ6FDOHEDUȝP$ȝP%
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Fig. 24. Aulacaspis trifolium, fully grown adult female. Honsyû, Trifolium. B, posterior spiracle; C,
S\JLGLDOPDUJLQDEG,9DQG9'S\JLGLDOPDUJLQ DQRWKHUVSHFLPHQ (DQWHULRUVSLUDFOH)
DQWHQQD*WUXOODH6FDOHEDUȝP$ȝP%±*
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Fig. 25. Aulacaspis isobeae, fully grown adult female. Okinawa Is., undetermined herbaceous
SODQW % SRVWHULRU VSLUDFOH & S\JLGLDO PDUJLQ DEG ,9 DQG 9 ' DQWHULRU VSLUDFOH (
DQWHQQDH)WKLUGWUXOOD*PHGLDQDQGVHFRQGWUXOODH6FDOHEDUȝP$ȝP%±*
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Fig. 26. Aulacaspis maesae, fully grown adult female. Taiwan, Maesa. B, posterior spiracle; C,
DQWHQQD'S\JLGLDOPDUJLQDEG,9DQG9(DQWHULRUVSLUDFOH)WKLUGWUXOOD*PHGLDQDQG
VHFRQGWUXOODH6FDOHEDUȝP$ȝP%±*
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