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TRICHOGRA~IMA I~IINITU~I, Riley, the tiny Hymenopterous egg-parasite has
attracted considerab!e attention by virtue of its being a highly use[ul and
easily-handled agent in the biological control of the stem-borers o[ sugarcane in most countries where the crop is grown.
Subramanyam has described in detail the manner in which the parasite
is produced on a large scale in Mysore, in the laboratory. 4

Material and Methods.--The material for the microscopical studies of
the parasitisation was prepared as follows : - F~mpty and oversized parasite cards were first of all, ruled up into squares
varying in number between 50 and 100 and in each of the squares not less
than 100 host eggs (of Corcym cephalonica--the flour moth) ~ere pasted to
form a single and even layer ; several sets of eggs on separate, cards were thus
pasted ; each card was, later,--introduced into suitable glass tubes containing
freshly-emerged THchogramma parasites, their number varying from two to five
thousand. The tubes were placed in the dark for one to two hours ; the cards
were then taken out of the tubes and deposited in other separate, dry tubes,
having a piece of wet cotton sticking inside through the centre of the cork.
The first square with its egg cluster on the cards was cut out, an
hour afterwards and the parasitised host-eggs were fixed in Carnoyand
Le Brun's fluid, for about t h i r t y minutes. The other egg clusters were also
cut out subsequently at certain regular intervals and fixed similarly. Later.
the eggs were imbedded in collodion and paraffin and 6 /, thick sections
were taken and stained in Heidenhain's iron haematoxy!in and counterstained in eosin. A series of different developmental stages of the parasite
within the host-egg was thus obtained and studied.
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Some stages in the embryonic development of the parasite illustrated in
this paper are ( t ) E a r l y elevage (Plate III-A), (2)Blastoderm (Plate III-B),
(3) Nearly total clevage, characteristic of Hymenopterous endoparasitie
development (Plate III-C), (4) Invagination and formation of primary layers
(Plate III-D.), (5) Differentiation of stomodeum, midgut, and proetodeum,
denoting the rudiments of the digestive tlaet (Plate IV-A), (6) Embryo
and its segmenlation (Plate IV-C), (7) Larval (Plate I-D), (8) Pupal
(Plate II-A-B), and (9) Imaginal stages, (Plates II-C, D ; V-A, B).

Factors about the L ife-history, Host Preference and Behaviour of the Parasite
and Their Importance.--The female is found to limit its preference in oviposition, general!y, to three-days old host-eggs. A number of separate
parasite cards with equal number of host-eggs, of different ages namely,
24, 48, 72 and 96 hours were prepared and introduced into tubes containing
equal numbers of freshly-emerged parasites ; about 96 hours later, the cards,
showing varying numbers of host-eggs turned black 4 were removed from
the tubes and counts of blackened eggs in all the tubes taken. The average
percentages of parasitisation as judged by the number of blackened eggs,
for six sets of trials, were found to be 90, 87, 82 and 29. Host-eggs older
than 72 hours, thus appear to be unsuitable for oviposition by the female.
Whether the female chooses on!y fresh host-eggs untouched by other
female individuals, for oviposition or oviposits also in those that have
already been used, has not been quite clear; nevertheless, many females
have often been noted to thrust their ovipositors in eggs already attacked
by other individuals; while some were observed to withdraw the ovipositor
soon after its insertion, others let it continue in the host-eggs for a full minute
or more, apparently engaged in the act of depositing one or more eggs; in
the latter case, it is probably to be understood, that, provided, there was
room enough inside the host, the female laid an egg or more of hers, also,
there. It has been found to be very difficult to make out exactly how the
female reacts under the circumstances and whether--superparasitism occurs
or not. Salt a however, has stated with reference to the behaviour of
T. evanescens, Westw, ovipositing in the eggs of Sitotroga cerealella. O1. that
the deseriminative ability, i.e., distinguishing healthy front parasitised hosts,
of tlne parasite is perfect. But in cases where only a few host-eggs are available, or where too mat, y parasites are confined together, superparasitism
occtlrs.

The maximum number of parasite eggs laid in a single host-egg has been
found to be 9 (Plate I-A) ; whether all the nine were laid by one individual
or whether they were front more than one, is not possib!e to say. The
greater majority of host-eggs cut up have shown only 1-2 parasite eggs in
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them. The number largely depends upon the density of the parasite population in the parasitising tube and the number of host-eggs provided on the
parasite cards. Host-eggs exposed to just the minimum number of parasites required for a fairly successful parasitisation, which can approximately
be estimated at 70 per cent. when sectioned, have generally shown a single
parasite egg, only a few showing two eggs and rarely more than two. On
the other hand, where the parasite density is disproportionately large for
the number of host-eggs on the card, the latter always show two or more
parasite eggs within them. But the greater parasite density does not, by
any means, produce a greater output of parasites ; the output is more or less
the same, as where the parasite density is just the minimum required, all
other conditions remaining the same. It is clear from this, that when more
than one parasite egg is laid inside a single host, or in other words, when
superparasitism occurs, generally only one and sometimes two adult individuals emerge out; where two individuals develop, they are mostly found
to be sub-normal in size (Plate I-B)
The other parasite eggs are seen to
gradually dwindle and disintegrate. This is fully borne out by the study of
the sections taken of differently treated host-eggs. More than one factor,
such as crowding in and starvation, may account for the dwindling away
of all but the most favoured and vigorous (Plate I-C).
These observations with reference to T. min**tum, made by the writer,
largely confirm, several of the conclusions arrived at by Salt, in his work on
the oviposition behaviour of T. evanescens, Westw.
These factors about the development of T. minutum inside the host,
have a definite bearing on its mass production. They show clearly that it
should be wasteful to have the density of the parasite population in the
parasitising tubes anything more than the minimum required for obtaining
the maximum output of adult individuals. There is a definite possibility of
reducing appreciably, the number of parasites now generally supplied to a
certain known number of host-eggs on the parasite cards, without, at the
same time, diminishing the percentage of successful parasitisation or in other
words the final output of adult parasites. Experiments in this direction
have been started and are expected to lead to a greater economy in the use
of the parasite in mass production.
The parasitised host-egg usually turns dark about the fourth day after
exposure to the parasite ; microtome sections of such an egg reveal that the
developing parasite inside is reaching the stage of the larva (grub) and its
body integument is getting pigmented (Plate I-D). The pigment shows up
through the chorion of the host-egg and becomes deeper and deeper as
development proceeds further, This pigmentation of the developing parasite

Microscopical Study of Development of T.

minutum

Riley

39

at a particular stage, is a very useful guide in determining the extent of
successful parasitisation in mass production work, without having to wait
for the actual emergence of the fully-formed adults, which comes off only
four to six days later.
The larva is transformed into a pupa about six days after development
starts (Plate II-A, B) and the imaginal stage is reached on about the eigth
day (Plate II-C) and the adult is found ready to emerge on the ninth day
(Plate II-D). During the period .when these studies were made, i.e., November
1936-February 1937, the period from time of parasitisation to emergence of
adult, has been found, not only through examination of serial sections
but also from direct observation of control sets of parasite cards, to range
from 9 to l I days which confirm the results obtained by Subramanyam.
The development of the host appears to be arrested by the rapidly
growing parasite body inside it, almost as soon as the clevage nuclei of the
parasite egg begin to form.
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EXPLANATION
PLA'r~ I.

Parasitism." (iv) The
populations of TrlchoBiol., July 1936, 13, 3;
25, Set. A.

OF PLATES.

A . - - N i n e parasite eggs in a single host-egg, x 125.
B . - - T w o larvm forming in a single h o s t e g g . • 125.
C.--One parasite egg. out of the four, laid in one host-egg, developing
normally and the other three disintegrating. • 250,
D , - - L a r v a (grub).

• 500,
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PLATE II.

A.--Pupa with rudimeats of wings, etc.
(a) Head.
}
(b) Eye.
x 125.
(c) Wings.
B.--Longitudinal section of pupa. x 250.
C.--Longitudinal section of post-pupal and early-imaginal stage, x 350.
D.--Nearly fully-formed adult as seen through the embryonal covering, x 250.

PLATE III. A.--Parasite egg, nearly 1 hour old; the initial clevage cells are forming and
migrating to the periphery. X 500.
B.--Parasite egg, nearly 3 hours old. x 250.
C.--Two parasite eggs (one longitudinally and the other transversely cut)
showing nearly total clevage. • 500.
D.--Three parasite eggs, showing the stage of the formation of layers.
(a) Ectoderm.
}
(b) Mesoderm.
x 500
(c) Amnion.
PLATE IV. A.-Longitudinal section of parasite egg showing the rudimeats of the digestive
tract.
(a) Stomodeum. }
(b) Midgut.
x .~00.
(c) Proctodeum.
B--Same as in A showing in addition the development of the epithelial
layer of the midgut.
(a) Epithelial layer. X 500.
C.--Early segmentation of the embryo, x 500.
D.--A later stage of the embryo, x 250.
PLATE V. A.--Adult parasite, Female. x 125.
B.--Adult parasite, Male, x 250.
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