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Introduction, Laboratory Propagation, and Field Releases of
Sturmiopsis inferens1 in the Philippines2

MERVYNA. KAMRAN"and EDWINS. RAROS'
The International Rice Research Institute, Los Balios, Laguna, Philippines

ABSTRACT
A tachinid parasitic ny, Stllr1niopsis in/erens Townsend,

was introduced (rom India into the Philippines for bio-
J<lgical control of various species of Icpidopterous rice
stem borers. In the laboratory, newly emerged adults
were sexed, mated, and then confined in wooden cages
{or 9 davs. After that time the females were dissected,
the ovi(hict ruptured. and the maggots contained therein
were transferred to host borers. Borers thus inoculated

Various species of ]epidopterous stem borers attack
the rice crop in the Philippines. ''''e (Kamran and
Raros ]968) reported Tryporyza inca/lIlas (Wa]ker)
and Chilo slIpprt's.mlis (Wa]ker) as the most impor-
tant species on Luzon Is]and and Sesamia inlerens
(Wa]ker) and Chilotrea pol)'chrysa (Meyrick) as less
abundant but equally widespread.

In ] 965, we started a project on the biological
control of these borers at the International Rice
Research Institute (IRRI), Philippines. vVe evalu-
ated the elIectiveness of local natural enemies as
regulatory agents, and we found that although 40
dilfercnt insects attacked the borers, their combined
incidence of parasitism was less than 4% (Kamran
and Rams ]9li9). Obviously, a neg-ligible role is
played by local parasitcs in controlling the borers,
and a nced is indicated for introducing foreign
parasites. In June ]9{j{j we imported a tachinid fly,
Sturmiopsis inlal'''s Townsend (=Jrin/hemia semi-
ber/Jis Belli), from India. This fly is distributed
widely in India (Rao ] 9655

), East Pakistan (Alam
1965), Malaya (Lever 1956, Pagden 1930), and
Indonesia ('·Valker ]959"), and was introduced re-
cetll]y into Taiwan (Chen and Hung 1964).
Throughout its distribution, it is an important para-
sitc of various lepidopterous stem borers of gramina-
ceous crops. In India, it has a high parasitization
rate on C. sllPpressalis and C. polychrysa with up to
80% parasitization of St'sllmill inll'rens (Nickel 19(4).
vVe started our laboratory culture with 200 puparia
of this fly obtained from the Commonwealth Insti-

1 Diptera: Tachinidae.
"R",·,'in'd lor puhti,ation Ort. 14, 1970.
~lRl'Sl'anh I,'rHow. }'rescllt address: Assistant ProCessor of Biology,

DowlinR Colll'Re, Oakdale, N. Y. 1176\1.
" R('sear('h Assistant. Prest'nt address: Department of Entomology,

University of Hawaii. Honolulu 96H22.
5 V.I'. Rao. ](1(;5. Surv"y for natural enemies of pests of paddy.

ll. S. I'I..4HO l'l'Ojert. }'joal Tech. Rep. July 1961-July ]96-1.
Commonwealth Inst. BioI. Control, Indian Station, Bangalore,
Intlht, H5 p. ~fimeop:r.

• H. G. Walk,·r. ]%9. List of parasites of insect pests of rice.
Food and 1\gr. Organ., V.N., Rome, Italy. 42 1'., Supp!. 12.
1'. l\timl'llgr.

were reared for ]5-20 days, during which time the mag-
gots completed their larval development, bored their way
out of the host, and pupated. After they emerged the
adults were mated, confined in cages, and released in
selected sites at frequent intervals. Stem borers were later
collected from these sites, and many were found to be
parasitized, showing that the introduced fly was becoming
established and parasitizing the local borers in the field.

tute of Bio]ogica] Control, Indian Station, Banga]ore,
India.

LABORATORY REARI~G.-Sturmiopsis puparia were
placed in 3X2Y2X8Y2-in. plastic boxes, the tops of
which had three 2Y2-in. nylon-covered circular holes.
Absorbent cotton, covered with white paper towe]-
ing, was placed at the bottom of the boxes and
wetted to provide adequate humidity for the puparia.
After emergence, males were separated from the
females by using the following characteristics (Rao
1966'): female has 2 proclinate frunlO-orbital bristles
on the head, which are absent in the male; the hase
of the male's claws is narrower than that of the
female; in the male, a bilobed structure is prcsent
on the ventral side near the tip of the abdomen.
The last-mentioned characteristic is the most con-
venient for differentiating the sexcs.

Newly emerged females were mated with 1;2- to
4-day-o]d males in 3 X 1;2-in. glass vials. Best mating
results were obtained with males that were ]-2 days
old. When a vial containing a pair of flies was
tapped on the palm of thc hand, the flies tumbled
together, and if the male landed on the back of the
female he quickly grabbed hold of her and began
copulating. Copulation usually lasted from 3 to ]5
min. No courtship was observed. Sunlight seemed to
have no effect on mating in the vials.

Various types of cages werc used to confine the
flies after they mated. Best results were obtained
with a 4X2X2-ft wooden cage, which contained a
clay pot, with 3 rice plants to provide adequate
humidity and resting places for the nil'S (Kamran
1970). The average length of life for adult males
and females was ] 3.5±3.9 and 12.9±3.9 days, re-
spectively.

Laboratory multiplication of the parasite was car-
ried out by using a method first developed by Plank
in 1930 for LixoPhaga diatraeae Townsend (Scara-
muzza 1930). Gravid females were dissected in

7 V. P. Rao. 1966. Personal communication. Commonwealth
Inst. BioI. Contr., Bangalore, India.
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FIG. I.-A. LatTae of C. suppressalis. The left one is
healthy. The right one is parasitized and shows the dark
scar tissue on the 1st abdominal spiracle. B. Pupae of
C. Sltppressalis. The left one is slightly bent which is
characteristic of healthy pupae of this species. The right
one is parasitized. Note the straight body and the
scar tissue on the last abdominal spiracle.

0.1 '70 saline solution in cavity slides under a binocu-
lar microscope on the 9th or 10th day after they
mated. Maggots were liberated by rupturing the
oviduct.

:\Iaggots produced by a female varied hom 200 to
400; the average was ca. 250. Transference of mag-
gots to the host borers posed a problem, since the
maggots tended to crawl among the hairs of ordinary
fine paint brushes and were difficult to disentangle.
Later, suitable "microbrushes" were made by taking
3 human hairs and pasting them with ordinary nail
polish near the tip of a no. 2 entomological needle
held by a wooden holder. Hairs were cut 1;2 in.
beyond the tip of the needle. Maggots were picked
up one by one and deposited on the ventral side
among the abdominal prolegs of the host borers.

Adequate moisture on the skin of the host borers
was essential to the survival of the maggots. They
were unable to crawl on dry skin and eventually
died. Accordingly, it was necessary to wet host borers
before placing the maggots on them. This was done
by conhning the borers in petri dishes with the bot-
toms covered with wet filter paper before inocula-
tion.

Each borer was inoculated with 1 maggot. This
was satisfactory because reg'ardless of the number of
magguts placed on a single borer, only one reached
maturity. In many cases as many as 5 maggots were
found to bore in, but only 1 survived.

A newly hatched Ist·stage maggot, when placed
on the host borer, crawls around on the skin of the
borer for some time and then starts to bore in. Once
started. it takes a maggot only 1;2-1 min to bore in.
The entry hole is ca. 0.5 mm diam, which is ca. half
the maggot's body before being compressed. The
maggot. enters the larval body by wriggling through
t.his hole. There is no discharge from the hole,
which, after a few minutes, becomes indist.inguish-
able from normal cuticle. In laboratory observations,
all borings occurred either on the ventral or the
lateral sides of host borers.

'Vithin the host's body, the maggots soon lacerate
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FIG. 2.-Correlation bet.ween t.he weights of S/llI'Iniojlsis
inferens puparia and the pupae of the host borer species.

Table I.-Results of laboratory rearing of StunniolJsi.(
inferellS on different borer species.

one of the main lateral tracheal trunks ncar a spir-
acle to secure a connection to the outside for respir-
ation. Black scar tissue is formed at the site of this
connection and is easily seen from the out.side (Fig-.
1) .

'\lhen inoculated on Sesamia infert'lls larvae, the
maggots usually completed their larval period in the
host larvae and then bored their way out to pupate.
However, when the host was C. suppressalis, the
maggots usually did not bore their way out until
after the host larvae had pupated. Once outside.
the maggots immediately started to pupate. Larval
and pupal st.ages lasted for l3.7:!::3.9 and 11.3:!::2.5
days, respectively. Puparia measured 10 mm long
anel 6 mm eliam.

Procedure for laboratory rearing- of the host stem
borers was described elsewhere (Kamran 1970).

Table I shows results of laboratory pl'Opagation of
this parasite on different borer species. Parasitiza-
tion in the laboratory was 59.2'70 on Se.\ft7l1ia in-
ferens, 54.1'70 on C. Sllppressalis, and 51.6% on C.
polychr'ysa, whereas there was none on T. inc('f/ulas
and a local corn borer. Os/rinia dmno(/lis (Walker).
vVe found a direct relat.ionship between the size of
the host. larvae and the percent of parasitization ill
these 3 species. Sesn/Ilia inf('fl'lIS larvae. the largest
of the three. were the most heavily parasitized.
whereas the larvae of C. fJ(Jlychry.l'!l. the smallest,
were the least parasitized. These differences in the
size of the hosts also had a significant. eft'ect on the
size of the parasites reared on them.

In Fig. 2, the weights, in descending order. of the

Inocu- RecO\'· Para· % para-
Borer species lated ered sitized silizatiotl
-~-~--_.-
C. sltppl'essalis 12279 114R3 6209 51.1
S. inferens 1940 1592 943 59.2
C. polychrysa 457 37R 195 51.6
T. incertulas 172 107 0 0.0
O. damoalis 30 25 0 .0

;\0. borer lat'\'ae

BA
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3 species of randomly collected host pupae are
ploued against the weights of the parasite puparia
reared from these 3 species. It shows that parasite
puparia reared from Scsamia infcrcns were the larg-
est and those reared from C. polychrysa were the
smallest. Those reared from C. sllPpressalis were in-
termediate in size. Scsamia infcrcns was apparently
t he most suitable host and was long considered to be
the only host of this parasite. C. polychrysa, while
serving as satisfactory host in the laboratory, is not
considered very suitable. The parasite probably
could not be propagated continuously on this species.

REu'AsEs.-Table 2 gives results of releases of Stllr-
lIliopsis inff'rnu in the greenhouse as well as in the
field. Only mated females which had completed
their gestation period of 8-10 days without damaging
their wings were released. For greenhouse releases,
three IOXIOX6-ft cages were used. Each cage had
double walls and roof, the outer wall was made
of aJmuinum-screen mesh and the inner wall of thin
nylon cloth. The cages were further covered by my-
lar roofing to keep off the rain. They were erected
side by side and had intercommunicating doors
which were kept open always, Eighty clay pots, each
containing three--month-old rice plants, wel'e placed
in each cage. All tillers of these plants were infested
artificially with I newly hatched larva of C. sllppres-
sillis, The parasite was released into the cages when
the host larvae were 15-20 days old. Later, of the
392 borer larvae recovered from these plants, 67 were
parasitized,

Releases in the field were, as a rule. made in rice
fields which were near harvest, for 2 reasons: (I)
this enabled tIS to collect very large numbers of rice
plants from the stubble left after harvest which
would have otherwise been economically impossible
in unharvested fields. (2) our previous work showed
that the 3 species of borers attacked by this parasite

Tab]e 2.-Re]eases of StllI'Jniopsis inft!rens adults on
Luzon Island, Philippines, and recO\'c,'y of their maggots
from field-collected stem borers. September 19li6-Ju]y
1967.

-- - .. --. __ ._~._----~---------

lo'ieldcollections of stem borers
Releases ----~~-------~-

Dateof ;'\0. ;'\0.
]late allli site ;'\0. coller- ml, rara-
of rekasl' released lion lened sitized

(;n'l·nhouse.
IRRI

Sept. 27. (kt. :l:IH'f Ort. 10-13 392 li7
San i\li~uel.
Uulacau

Sept. 2,! ~;"')"f Oct. I;'; 9 9
Oct. 17 2 ,>

Ort. l!i 111'r :\'0\'. 12 12 0
Ik('. 1(; :l2~. ]61 Feb. 4 190 Ii

Farm. IRRI
Oct. I~ 2:l~ :\'o\'. 2 50 0
Ike. 2·1 li3¥ .Jan. 24 l!l!i 0

Feb. 15 213 0
Apr. II :!7l 0

San \'irenle,
l'angasinan

Ike. 13 HOC;>,30" .Jan. t 146 9
Hamban~,
I\'ue\'a \'izcap

.June 2H IO!i~,:')Oj' Jul. 16 ]20

FIC. 3.-1'ield-collected rice stalks containing puparia of
StunllioJJsis inferens alongside shriveled remains of the
host pupae of C. suJJp,"essatis.

reach their peak of abundance in the stubble (Kam-
ran and Raros ] 968) and by releasing flies just be-
fore harvest and collecting the borers from the
stubble immediately after harvest considerable time
and effort were saved.

In San J\figuel, Bulacan, the site of our 1st field
release, borers were very scarce; however, we were
able to recover pal-asitized borers in the field (Fig.
3). I'lies released on IRRI farm fared badly, as all
collections failed to yield any parasitized borers.
This phenomenon probably was due to the extensive
use of insecticides on the farm. Parasitized borers
were recovered also from San Vicente. Pangasinan,
and Bambang, Nueva Vizcaya.

DISCUSSION.-All recorded insect parasites of rice
stem borers in the Philippines belong to the order
Hymenoptera, and no dipterous parasites are re-
corded (Kalman and Raros 1969, Nickel 1964). The
only notable dipterous parasites of borers or gramin-
aceous crops in all of southeast Asia arc SllinniojJSis
inferens and the Indonesian species lJinlraeophaga
.Ilriatnlis Townsend. This is in marked controlst to
the situation in the neotropical region where dip-
terous parasites of stem borers play an important
role in their regulation.

The filling of this hitherto \'acant ecological niche
in southeast Asia has intrigued many workers. Le\'er
(1956) introduced a few of the neotropical tachinids
into Malaya in an effort to fill the niche in the rice-
corn-sugarcane faunal complex. l'irst efforts in this
direction in the Philippines were made by Gibe
(1962), Sapla]a and Cano (1962), and Cendaii.a
(1964) when they introduced L dillimeae for con-
trol of rice and sugarcane borers, These en"orts
ended in failure. as the imported Hies failed to para-
sitize local borers in the field.

In its nati\'e India, Sllll'miopsis infel'ens attacks
Sesamia inferens, C. sllpjJrcssalis, and C. polychrysa
which were intended as target species in the Philip-
pines, This meant that unlike the neotropical flies
this parasite would not have to transfer to new hosts
upon its arrival in the Philippines. Therefore, we
felt that SllIrlIliopsis inferl'llS was an excellent candi-
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date for introduction into the Philippines for con-
trol of the rice stem borer.

Repeated recoveries of the parasite after releases
in the field showed that it had, at least initially,
established itself on Luzon Island. This phenomenon
is remarkable, since the numbers oE the flies released
have been very low.

Although the project has been discontinued, it
appears that Sturrniopsis inferens is now a per-
manent part of the rice faunal complex in the Phil-
ippines. Later sampling will, no doubt, show con-
clusively the success or failure of our venture.
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Large-Scale Field Tests of Soil Applications of Aldicarb for Suppression of
• • 1') 3Populatlons of Boll Weevds ,-,

L. A. BARIOLA,'R. L. RIDGWAY,and J. R. COPPFD(:E
Entomology Research Division, Agr. Res. Serv., t!SDA, College Statioll, Texas 77840

ABSTRACT
In-furrow and sidedress applications of aldicarb were

compared with foliar applications of azinphosmethyl for
suppI'ession of populations of Anlhonomlls grandis Bobe-
man in an area near the Texas High Plains boll weevil
control zone. The applications of aldicarb reduced popu-
lations of adult boll wee\'i!s 94-96% until long-range

The insecticidal properties of aldicarb were first
reported by Weiden et a1. (1965); its effectiveness
as a systemic insecticide against the boll weevil,
Anthonomus grandis Boheman, was first reported by
Ridgway and Gorzycki (1965) and shortly thereafter
by Hopkins and Taft (1965). Detailed studies of
the distribution of aldicarb in the cotton plant and
oE the effect of aldicarb-treated cotton on caged popu-
lations of boll weevils were reported subsequently
(Ridgway et al. 1968). These promising results and

other favorable results in small plots (Cowen et a1.
1966, Cowan and Davis 1967, Hopkins and Taft
1968) prompted further studies. Thus Coppedge

1Coleoptera: Curculionidae.
2 In cooperation with Texas Agricultural Experiment Station.
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Division. Agr. Res. Serv., USDA. is gratefully acknowledged. Re-
ceived for publication Nov. 9, 1970.

• Mention of a pesticide or a proprietary product does not con-
stitute recommendation or endorsement by the USDA.

• Present address: Phoenix, Ariz. 85040.

movement of \\'eeyi]s hegan in late August. :\Ieanwhik. 4
applications of azinphosmethyl reduced ropulations only
73%. Some increase in populations 0 Hdiothis spp.
occurred in most plots treated with an insecticide; how-
ever, tbe greatest increases occurred in those plots treated
with sidedrcss applications of aldicarh.

et al. (1969) made a large field test and reported
effective control of released laboratory-reared boll
wee\'ils for as much as 4 weeks and of native popu-
lations for as much as 6 weeks. Also, Bariola and
Lindquist (1970) found that fecundity and longevity
of boll weevils exposed continuously to sublethal
doses of aldie arb were reduced; so, the effect of
exposing a population to treated cotton would
probably be greater than indicated by measuring
only short-term mortality effects.

Additional information concerning the effect of
aldicarb applied in-furrow or as sidedressing on
populations of boll weevils was sought by making
large-scale field tests in 1968 near the Texas High
Plains boll weevil control zone. Foliar applications
oE azinphosmethyl were included for comparison.

METHODSAND l\fATERIALs.-The tests were made on
3 farms (Sossaman, :Fitzgerald, and Gra\'es) in King
County and on 1 farm (Penrod) in Stonewall County.
The Graves farm was isolated from the nearest cot-


