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ABsTRACT

The results of the studies on certain aspects of the biology of Trioxys indicus Subba Rao
and Sharma, an aphidiine parasite of Aphis gossypii Glover, are presented. The immature
stages, the mating and oviposition behaviour, the female reproductive system and the phenomenon
of superparasitism are described and discussed.

INTRODUCTION

The Aphidiinae (Braconidae : Hymenoptera) are an important group of
specific parasites of aphids, and a number of them have been successfully
utilized in controlling different aphid pests. The role played in the economic
control of Therioaphis maculata (Buckton) by Praon palitans Muesebeck and
Trioxys utilis Muesebeck (Van den Bosch ef al. 1959) and of Macrosiphum pisi
(Kaltenbach) by Aphidius smiths Sharma and Subba Rao (Hagen and Schlinger
1960) are two recent examples from the United States of America. Never-
theless, very little detailed work has been done on the biology of this group,
and since 1942 only three papers of note have been published on this aspect.
They are: The studies of Beirne (1942a) on Praon volucre Haliday; those of
Vevai (1942) on Aphidius matricariae Haliday; and the work of Schlinger
and Hall (1960) on Praon palitans Muesebeck. The biology of any species
of the genus Trioxys Haliday has not been studied in detail so far; Beirne
(1942b) only figured the I instar larva of 7'. centaureae Haliday. The present
paper aims at filling this gap in our knowledge. Also, Aphis gossypit Glover
is an important pest of cotton, brinjal (egg-plant) and other crops in India
as well as other countries, and a study of the biology of its parasite T'rioxys
indicus has, therefore, some importance from the applied angle as well.

MATERIAL AND METHOD

Laboratory studies.—For laboratory studies, potted brinjal plants were
kept in large glass-and-wood cages and each plant was artificially infested
with 10 carefully selected, viviparous apterous adults of Aphis gossypii
collected from infested field plants. Thus a parasite-free culture of the
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aphid was established. A number of mummified aphids (containing parasite
cocoons) were collected from the field and kept individually in tubes at 75-80
per cent R.H. and 75°-80° F. A male and a female T'rioxys indicus were
selected from the parasite adults that emerged, were brought together, 10
per cent sucrose solution in small cotton swabs was given as food, and mating
allowed to occur. This pair was introduced into a cage containing the aphids;
thus a parasite culture was built up from a single pair.

To study the longevity, adult parasites that emerged between 9 and 11 a.m.
on a particular day were collected and kept individually in small glass vials
with a small swab of cotton soaked in 10 per cent sucrose solution, changed
every day.

For studying the immature stages and their duration, about 500 aphids
were exposed to 10 pairs of freshly emerged parasites for a period of two
hours. The parasitized hosts were kept at 75°-80° F and 70-75 per cent R.H.
Dissections were done at intervals of four hours during the day and none in the
night. The aphids were dissected in Ringer’s solution* and sketches of freshly
dissected parasite grubs were made in this solution or in a dilute glycerine-
Ringer solution mixture. To study the details of the tracheal system, the
grub was mounted in a glycerine-Ringer solution medium, and the cover-slip
slightly pressed to force out the obscuring internal contents. Some grubs
(I-I1I instars) were also preserved in Kahle’s fluid for 12 hours, transferred
to 70 per cent alcohol, heated with 10 per cent KOH for a few minutes and
then passed through water, acetic acid, dilute acid fuchsin stain, carbol-xylol,
and finally mounted in balsam. These permanent slides were used to study
the integument, and the head sclerites of the III instar larva.

To study the female reproductive organs, freshly emerged female parasites
were dissected in Ringer’s solution with ‘ minuten nadeln’ made of very fine
but hard steel pins stuck into the blunt ends of match sticks. Aceto-carmine
was found to be a more satisfactory stain than aniline blue.

Earlter efforts by the authors to locate the parasite egg inside the aphid by
dissection of the parasitized host were not successful in most cases. The
parasite egg is small, quite translucent and hence very difficult to locate,
especially when laid in muscular tissue of the host. In November 1960, the
authors came across a paper by Griffiths (1960) wherein he had pointed out
the same difficulty in case of Monoctonus paludum Marshall, and had suggested
the use of chloral hydrate-phenol mixture which made the parasite egg easily
detectable when freshly parasitized hosts are immersed in it and kept for
24 hours or more. We, therefore, followed that technique and found that at
75°-80° F an immersion of 24-36 hours (depending on the size of the aphid)
made the parasite egg detectable fairly easily.

* The composition of the Ringer’s solution was: NaCl = 7-5 g; KCl = 0-35 g; CaCly = 021 g;
Distilled water = 1,000 cc.
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The field observations were made in a small plot of 256 brinjal plants
(14" % 30").

These studies were carried out during October 1959 to March 1960 and
October 1960 to March 1961.

TaE IMMATURE STAGES

The egg (Text-fig. I, Fig. 1).—The ripe ovarian egg has a somewhat
pointed anterior end and a comparatively blunt posterior end which has the
micropyle. The average length of the egg is 0-088 mm and the average
width 0-037 mm. After its deposition in the host, the egg increases manyfolds
in size.

The I instar larva (Text-fig. 1, Fig. 2).—The I instar larva is curved, and
consists of a large head followed by three thoracic and 10 abdominal segments.
The last abdominal segment ends in a simple (i.e. not bifid), spiculate tail.
On the III thoracic and each of I-IX abdominal segments there is a row of
dorso-lateral, posteriorly directed spines, each row ending a little above the
ventral margin. As far as could be ascertained, the spicules are of subequal
size throughout a row and do not decrease in size from the dorsal to the ventral
margin. The mandibles are small, pointed structures (Text-fig. I, Fig. 3).
The internal organs are: (1) the blind gut with a large mesenteron extending
from the IT thoracic to the VIII abdominal segment and (2) the large brain
and the nerve cord which extends right up to the tail. Salivary glands and
Malpighian tubules are, apparently, lacking in this instar. The average
length of the I instar larva is 0-44 mm and its maximum width 0-08 mm.

The II instar larva (Text-fig. I, Fig. 5).—The II instar larva has a marked
curvature, a smooth skin and nonchitinous mouth-parts, and is devoid of a
tail. The segmentation is rather poorly defined in this instar, except at the
ventral side. The gut continues to be blind, as in the first instar, though
larger and better developed. The other organs are: (1) the brain and the nerve
cord, (2) the paired salivary glands, and (3) two pairs of large Malpighian
tubules. The average length of the II instar larva is 1 mm and the average
width 0-22 mm.

The 111 instar larva (Text-fig. I, Fig. 6).—The full grown III instar larva
has a spiculate skin, well-developed chitinous mouth-parts (Text-fig. I, Fig. 8)
and a fully-developed tracheal respiratory system (Text-fig. I, Figs. 6 and 7).
The salivary glands and Malpighian tubules are large in this instar. The
mid gut occupies most of the internal space, and the hind gut continues
to be blind. The terminology for the sclerites of the head (Text-fig. I, Fig. 8)
used here is that of Short (1952) in preference to that of Vance and Smith
(1933); the terms in parentheses are those used by the latter authors. The
labial sclerite ( == labiostipital sclerome), the stipital sclerite ( = maxillary
sclerome), the hypostoma ( = hypostoma), the sclerotic spur of the hypostoma
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( == stipital sclerome) and the pleurostoma ( = pleurostoma) are the head
sclerites present in the I1I instar larva. The average length is 1:92 mm and
average maximum width 0-32 mm.

The spiracles (Text-fig. I, Figs. 6 and 7) are situated on the IT thoracic and
I-IX abdominal segments; there is a spiracular trunk but no spiracle on the
IT thoracic segment and neither a spiracle nor a spiracular trunk on the III
thoracic segment, as far as could be ascertained. The two lateral longitudinal
trunks are united by a thin anterior transverse commissure in the I thoracic
segment and another thin transverse commissure in the IX abdominal segment.

When the III instar larva changes into prepupa, 10-12 meconial droplets
are passed out of the now-open hind gut. The pupa is of a dirty white colour
in the beginning but later the different regions of the body acquire a darker
hue. The antennal sheath of the male is slightly longer than that of the female
pupa and the abdomen of the former is rounded while that of the latter is
more pointed. The entire pupal period is spent inside the mummified host.

Emergence of the adull from the host skin.—Emergence takes place by
cutting a circular hole in the postero-dorsal margin of the host skin, by means
of the mandibles. After emergence, which takes 13-17 min. in its entirety,
the adult spends sonie time cleaning its legs, body and antennae.

BEHAVIOUR OF THE ADULT

I.  Reaction of the male to the female, mate-finding and mating

The adults appear to be ready for mating and the females for oviposition
soon after emergence, that is.after the few minutes spent in cleaning the body.
The male seems to be attracted to the female by odour rather than sight as
the following experiments appear to indicate :

(@) A glass tube of dimensions 4” X 14", open at one end, was taken, and
a small tightly corked homoeopathic glass vial containing five virgin females
was placed inside the larger tube. Five males were introduced into the latter,
and the open end was corked. The males did not show signs of sexual excite-
ment under these conditions. The homoeopathic vial was then taken out
and its cork replaced by a thin muslin cloth held in place by means of a rubber
band. Then the vial was put back into the larger tube. The males presently
began gathering at the muslin end of the vial and showing obvious signs of
sexual excitement.

(b) A male was introduced into a glass tube and a firm circular piece of
cardboard, with three small holes, just fitting inside the tube was pushed about
half-way down inside the tube. A female was introduced into the upper
chamber and the open end closed with a cork. - After a little while the male
began excitedly moving its antennae and showing visible signs of sexual
urge.
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II. Mating

On coming near the female, the antennae and wing movements of the
male become more rapid and it attempts to mount the female. A virgin
female does not usually resist these attempts, whereas a female which has
already mated actively repels the male. A male can mate more than once
during its life: one particular male was allowed access to 12 virgin females
in succession and was observed to mate with them all. Copulation lasts
35-40 sec. In a few cases, a male was seen trying to ‘copulate’ with
another male.

OVIPOSITION

A freshly emerged, mated or virgin, female on coming across a host
makes some preliminary examination by means of its antemnae, braces its
legs, bends the ovipositor under the abdomen and makes a quick jab at the
aphid. If a number of hosts are present in a small area of search, the female
usually oviposits in a number of them in quick succession and then rests for
a period of time before starting another round of oviposition. A female
was observed to oviposit in 20 hosts within five min., then remained quiescent
for about 10 min. before beginning another round of oviposition.

Host preference.—To ascertain the percentage parasitism in the different
nymphal instars as well as in the alate and apterous adults, a freshly emerged
mated female was caged with 20 aphids of each instar as well as same number
of alate and apterous aphids confined on a tender brinjal leaf with the cut
end dipping in a tube of nutrient placed in the centre of a smooth glass plate
over which a tall jar was inverted. The aphids were carefully collected from
the leaf after two hours’ exposure to the parasite female, and placed in a chloral
hydrate-phenol mixture for 24-36 hours after which the parasite egg could
be detected within the host body under the microscope. KEach experiment
was replicated five times and the results are presented in Table I.

Tasre I
1 Number of aphids in cach ! i Perceutage
Stage of the host % replication Total | l\'-un'] hor i of
| parasitized | <asitis
12! 3|4 ) 5 j | paiasism
| i
1 Instor 20 20 20 20 20 100 ! 31 i 31
1I Instar 20 20 20 20 20 100 79 i 79
11T Instar 20 20 20 20 20 100 62 ; 62
1V Instar 20 20 20 20 20 100 | 14 ! 14
Alate adults 20 20 20 20 20 100 | 3 ?
Apterous adults 20 | 20 | 20 | 20 20 100 5 i 5

6
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Oviposition site.—The site of oviposition in case of each parasitized host
was also noted while examining the aphids used for the above experiments.
The results are presented in Table II.

TaBLE 1T

Number of parasite eggs observed in the different body regions

!
Stage of the host g

Head Thorax Legs Abdomen Cornicles
\
I Instar (31) | — 1 — 30 —

IT Instar (79) | 7 11 — 61 —
111 Instar (62) i 3 6 1 52 —
IV Ingstar (14) ! 1 3 1 9 —
Alate adults (3) f — — — 3 —
Apterous adults (5) E — 1 1 3 —

Super-parasitism.—Only one adult parasite was seen to emerge from
a host in every case or, in other words, only one parasite egg successfully
develops to maturity though more than one egg may be deposited in a single
host as seen during examination of parasitized hosts cleared in chloral hydrate-
phenol mixture. Twenty-five aphids of the Il instar were exposed to five
freshly emerged mated females for four hours and subsequent examination
after clearing in chloral hydrate-phenol mixture showed that 10 aphids had
two eggs each, seven had three eggs each, three had five eggs, one had six eggs
and four had only one egg each. Also, five aphids of II instar were exposed
to a freshly emerged female and constant observation showed that the female
had stung each of them within a few minutes. This female was removed from
the tube and another freshly emerged mated female was introduced. It was
seen that though the second female did examine the aphids it was obviously
reluctant to oviposit in them. The observation was continued and it was seen
that after an interval of half an hour or so the female returned to examine the
aphids and oviposited in all of them rapidly. The five aphids were cleared
in chloral hydrate-phenol mixture and two of them had four eggs each, one had
five eggs and two had three eggs each. Later, 100 aphids of II instar were
exposed to a single female for six hours, and only seven of the aphids had two
eggs each, 84 aphids had one egg each and nine aphids were not parasitized at
all for some unknown reason.

In field-collected hosts, the occurrence of more than one parasite egg in
a single host was also noticed. Fifty aphids were collected every morning
from the infested brinjal plants for a week in the latter half of February,
and were put in the chloral hydrate-phenol mixture immediately. They were
individually examined the next morning under microscope and the number
of parasite eggs in the hosts containing them (some of them had the parasite

grub within) was counted. The results are presented in Table III.
6B
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Tarre II1

Number of f Number of aphids with different

n]iﬁg}t;r Nl;r;l}?ﬁirq of aphids with ; number of parasite eggs .
" parasite egg l 1 2 | 3 4 5 0 6 . 1

! i
1 50 16 42— !“
2 50 27 19 70001 - - -
3 50 11 P - ] U N U
4 50 19 ISTHN VI IR DU R
5 50 25 21 2 i 2 - IR
6 50 7 70— ‘
7 50 f 30 23 6 | 1 - I .

|

When two or more eggs are deposited in a single host, two of them can
apparently hatch and develop further. Dissections of both field-collected
as well as laboratory parasitized hosts showed that some of them contained
two parasite grubs, one of which was dead or moribund. '

Developmental period.—Second instar aphids from the parasite-free
culture were exposed to parasites for six hours and the parasites were taken
out after this period. The first adult parasite emerged on the 9th and the
last on the 12th day. Another batch of parasite-free hosts was exposed to
parasites for six hours and the aphids dissected at four-hour intervals afterwards,
to ascertain the duration of the immature stages. It was observed that at
75°-80° F and about 70 per cent R.H., the egg stage lasted for 72 hours, the
I instar for 36 hours, the II instar for 24 hours, the III instar for 30 hours
and the pupal period for 72 hours on an average. All the stages are internal.

Adult longevity.—With 10 per cent sucrose solution as food. the longevity
of adults was found to be : 2, 3, 7 and 4 days in case of males and 3, 5. 10
and 8 days in case of females, at 75°-80° F and 40, 55, 70 and 85 per cent R.H.,
respectively.

When starved, females lived for two days on an average and males for one
day only, under the same conditions of temperature and humidity.

In the preliminary experiments, the adults were kept in small vials
closed with cork, and it was observed that in this condition they did not
live for more than two days even with food. In later experiments, therefore,
the adults were kept in larger tubes, the open ends of which were closed with
thin muslin held in place by rubber bands.

Tae FEMALE RePRODUCTIVE ORGANS

The female reproductive organs are illustrated in Text-fig. 11, Fig. 1.
They consist of the following parts : a pair of ovaries, each with a short oviduct,
uniting into a short oviductus communis (which is also termed as ‘vagina’
rather erroneously); the spermatheca, its glands and duct, joining the oviductus
communis; a large, paired gland with a median, chitinous tubular structure;
and an unpaired tubular gland.
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The ovaries.—The ovaries are a pair of elongated, tubular structures,
each extending almost to the posterior margin of the second abdominal
segment. Kach ovary is about 0-50 mm long, narrowed at the anterior end,
bulging in the middle and again narrowed at the posterior end, before opening
into the oviduct (Text-fig. II, Fig. 1). Fully-developed eggs occupy the
posterior region of the ovaries while eggs in various stages of development
fill the anterior region. The anteriormost tips of the ovaries seem to contain
eggs in the very early stages of development. Twenty freshly emerged females
were dissected and the least number of eggs in one ovary was found to be
140 and the highest 190. The average number of eggs, both fully developed
as well as undeveloped, per female (i.e. in both the ovaries) worked out to be
260 for these 20 females.

The spermatheca and spermathecal glands (Text-fig. IT, Figs. 1 and 3).—The
spermatheca is a deeply chitinized, brownish capsule (diameter 0-03 mm),
with a narrow neck into which opens a common duct formed by the two smaller
ducts leading from the two accessory spermathecal glands. A duct then
leads into the common oviduct (Text-fig. 11, Fig. 3).

The ‘ porson gland * (Text-fig. IT, Fig. 1).—This is a large, paired, glandular
structure, consisting of a group of glands somewhat appearing like a bunch
of grapes, lying on either side of the vagina. Each group consists of a number
of delicate, almost transparent glands bunched around a fine common duct
which leads into the chitinized °poison reservoir’ described below. When
lightly stained with aceto-carmine, some portions of the paired gland take a
deeper stain than others, as shown in Text-fig. II, Fig. 1.

The © porson reservorr’ (Text-fig. 11, Figs. 1 and 2).—This is an elongated,
tubular structure with an internal spiral lining. It is surrounded by a well-
defined muscular coat. A narrow duct from each of the two groups of glands,
referred to above, opens into the distal (or basal) end of the tube on the sides,
and another duct leads from the region between the two ducts, referred to
above, to join the common oviduct (Text-fig. II, Figs. 1 and 2).

The ‘ alkaline gland ’* (Text-fig. 11, Fig. 1).—This tubular structure appears
to have a chitinous envelope and is not so distinctly glandular as is a similar
structure in an Aphidius sp. studied by the present authors (Text-fig. II,
Figs. 4 and 5).

PARTHENOGENESIS

Females reared from mummified hosts, kept singly in glass tubes, were
provided with aphids a few hours after emergence during which time they were
allowed to feed on 10 per cent sucrose solution. The progeny reared from the
hosts thus parasitized by unmated females was all male.

Unmated females, which had once begun oviposition, did not mate at
all when males were provided later on; they as actively resisted the attempts
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of the males to copulate as did mated females. The progeny of these females
was, also, all male.
Frerp OBSERVATIONS

Very few individuals of the host, Aphis gossypii Glover, were observed
in the field in October. Observations made in a small plot containing 256
brinjal plants showed that there were not more than five aphids per leaf as
determined by random sampling methods, during this period. Adult parasites
were not seen in the field during this period and dissection of numerous aphid
hosts did not show the presence of immature stages of the parasite, either.
The aphid population steadily rose in the subsequent months. The first
adult parasites were seen in the field in November and dissection of aphids
showed that there was 2-5 per cent parasitism in the second week of November.

The aphid population reached its peak in the second and third weeks of
March and dissection of field-collected hosts showed 70 per cent parasitism.
The parasites were seen hovering round the plants in hundreds between 9 and
11 a.m. on clear, sunny days during this period and the processes of mating and
oviposition were observed in the field on a number of occasions; they did not
seem to differ from what was observed in the laboratory. During very warm
afternoons as also in the evenings and on cloudy days the activity of the
adult parasites was much less and they were seen to rest in large numbers on
the plants.

With the onset of warmer conditions in late March, as also, perhaps, due
to the depletion of tender foliage consequent on the feeding by large aphid
population, more and more alate aphids developed and began migrating.
The parasite population was also decimated by the appearance of the hyper-
parasites. viz. Lygocerus sp. and Charips sp. Predators like Coccinella spp.,
Brumus sp. and syrphid flies also increased in February-March and reduced
the host population. By the third week of April in both the seasons (1959-60,
1960-61) there were very few aphids on the brinjal plants. Prior to this and
up to the beginning of May the aphid was found infesting a common solanaceous
weed, Withania somnifera, and T'. indicus was also bred from individuals of
Aphis gossypir found on this weed. However, after the first week of May
and up to October, neither the parasite nor the host could be collected in the
field and it is not clear how and where the aphid host passes this period and
whether the surviving parasite migrates to suitable ecological niches with the
pest or whether it tides over the hot season in a condition of aestivation in
the pupal stage.

Discussion

It would be better, for the sake of clarity, to discuss the biology of the
parasite under different heads, as follows :

L. The immature stages.—Beirne (1942a) and Schlinger and Hall (1960)
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described the egg of Praon volucre and P. palitans respectively. According
to their descriptions, the egg of both these species has a smooth, non-sculptured,
chorion and is slightly curved; the egg of P. volucre was described as tapering
at one end while that of P. palitans as equally rounded at both ends. Vevai
(1942) described the egg of Aphidius matricariae as elliptical and ornamented
with spiral ridges and longitudinal furrows, while Arthur (1944) described
the egg of Aphidius granarius as oval, slightly flattened at one end and with a
smooth non-sculptured chorion. Griffiths (1960) described the egg of Monoc-
tonus paludum as oval, with rather pointed ends. The egg of 7. indicus
(Text-fig. I, Fig. 1) comes closest to that of M. paludum in shape, except that
one end is shorter and less narrowed than the other and contains a distinet
micropyle seen under the high power of the microscope.

The first instar larva has 10 rows of spines on the IIT thoracic and I-IX
abdominal segments. Each row of spines originates posterior to the middle
of its segments and the posteriorly directed sharp ends of the spines form a
fringe which obscures the inter segmental lines giving the appearance as if
the rows of spicules actually mark the posterior segmental boundaries.
Beirne (1942b) has shown the rows of spines in case of the I instar larva of
Trioxys centaurae Haliday to be situated almost in the middle of the segments
in which they occur. However, the I instar of Ephedrus plagiator (Nees)
as figured by Skriptshinskii (1930)* is seen to have the sharp posterior ends of
the rows of spines forming a fringe along the posterior margins of I thoracic to
VIII abdominal segments; this is also the case in Trioxys indicus. Also,
in the I instar larva of 7'. indicus the spines in each row are of subequal size
and do not seem to decrease in size from the dorsal to ventral region. The
absence of salivary glands and Malpighian tubules in the I instar larva of
T. indicus is in agreement with the observations of Vevai (1942) in case of
Aphidius matricariae, Arthur (1944) in case of Aphidius granarius, and Schlinger
and Hall (1960) in case of Praon palitans. The first instar larva was actually
observed on a few occasions feeding on the enlarged cells of the trophamnion.
when freshly dissected out of the host in Ringer’s solution; feeding on aphid
embryos or aphid tissues was not seen. Furthermore, as far as could be
observed under the binocular microscope, feeding occurred by a process of
suction and the small, pointed mandibles took no part in it. These obser-
vations agree with those of Schlinger and Hall (1960) on P. palitans except
that these authors have seen the ingestion of aphid adipose and ovariole
tissue, though they have themselves characterized this as ‘uncommon’.
It is, therefore, quite likely that this also occurs in case of 7. indicus, and
would have actually been observed if a much larger number of dissections
are made.

* Skriptshinskii’s figure of the I instar larva of E. plagiator (Nees) has been reproduced by
Stary (1958).
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The II instar larva has essentially similar feeding habits as the first
ingtar, though feeding on aphid embryos and adipose tissues was also observed
in a few cases. However, by and large, the internal organs of the host are
not consumed by the IT instar larva. Vevai (1942) has described the II
instar* larva of Aphidius matricariae as feeding ‘ voraciously on the host tissues
and on any supernumerary larvae’. The observations of Arthur (1944) are
also essentially similar to those of Vevai (1942). Our observations agree
with those of Schlinger and Hall (1960) in case of P. palitans, rather than
those of Vevai (1942) and Arthur (1944). Apart from the occasional ingestion
of aphid embryos and adipose tissue, the chief effect of the presence of the
II instar larva seems to be the distorted and somewhat crumpled appearance
of the aphid embryos, as compared to those of unparasitized aphids.

The IT instar larva lacks the mandibles of the I instar, the segmentation
is rather poorly defined, the integument is quite smooth and the posterior
end is smoothly rounded and has no tail. In early II instar larvae (indeed
they may be termed as late I instar larvae with equal correctness), the rem-
nants of the rows of spines are seen scattered as small spicules on the dorsal
margins of the IIT thoracic to IX abdominal segments, and there is a small
remnant of the tail, as well, as shown in Text-fig. I, Fig. 4. In older II instar
larvae, these scattered spicules and the remnant of the tail are entirely lacking,
and the rudiments of the tracheal system are present; but spiracles were
never observed in those larvae which did not possess the well-developed head-
sclerites of the III instar (q.v.). These observations support the contention
of Schlinger and Hall (1960) that there seem to be only three well-defined larval
instars in the Aphidiinae and the larger number of instars described in certain
species by different authors (e.g. Beirne 1942a, b; Vevai 1942, etc.) are ‘in
reality the result of the natural growth of the larva’. To revert to 7. indicus,
the stage illustrated in Text-fig. I, Fig. 4, might be termed as the II instar;
in which case the larva described as II instar and illustrated in Text-fig. I,
Fig. 5, would have to be termed as the III instar and the I1I instar as described
and figured in this paper will be called the IV instar or the ‘mature’ larva.
Vevai (1942) has described briefly, and also figured, as many as five larval stages
in 4. matricariae. However, the larval stage he terms as the second stage
appears to be merely an older I instar larva or a stage in the transition from
the I to the II instar. Also, the stages he calls as third and fourth seem to be
early and fully-developed II instar larvae, again. Similarly, Arthur (1944,
p. 260) mentions four larval stages in A. granarius, though only three stages
are figured, viz. ‘ first stage’, ‘second stage’ and the ‘mature larva’ (i.e. the
‘ fourth stage’). The same remarks may be made about the ‘second stage

* Vevai has termed this instar as the ‘third stage larva’, but his description and figure
indicate that it is more correct to assign it to the II instar,
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larva’ described and figured by Arthur, as those made above regarding the
second stage larva of Vevai's paper.

The third instar larva, an active and voracious feeder, soon reduces the
aphid host to a hollowed skin which assumes a dark brown hue. All the
internal organs of the aphid, except the tracheae, are completely devoured
by the time the larva reaches the full-grown III larval instar. The tracheal
respiratory system is fully developed, with 10 pairs of spiracles disposed as
shown in Text-fig. I, Fig. 7, on the second thoracic and first to ninth abdom-
inal segments. The full-grown larva of A. matricariae, as figured by Vevai
(1942), also appears to have nine pairs of spiracles, but their disposition was not
mentioned and.is not very clear from the figure. Similarly, Arthur (1944)
in his figure of the full-grown larva of A. granarius has shown nine pairs of
spiracles but has not mentioned their disposition. Schlinger and Hall (1960,
p. 150) in their figure of the third instar larva of P. palitans have shown 11
pairs of spiracles on the second and third thoracic and first to ninth abdominal
segments; these authors have also clearly mentioned this disposition in their
description. Beirne (1942a) in his description of the larval instars of P.
volucre stated that spiracles are present on the second thoracic and the first
to eighth abdominal segments.

As stated earlier, the sclerites of the head of the III instar larva are:
the labial sclerite, the stipital sclerite, the hypostoma, the sclerotic spur of
the hypostoma, and the pleurostoma. The epistomal arch is absent, but
there is a fairly broad infolding of the body wall in that region, which somewhat
gives the appearance of an arch. Beirne (1942¢) showed the epistomal arch
as well as the sclerotic spur of the hypostoma in his figures and description
of the larval instars of P. wolucre. Schlinger and Hall (1960). on the other
hand, have stated that the epistomal arch as well as the sclerotic spur of the
liypostoma ( = ‘stipital sclerome’ as termed by them, following the terminology
of Vance and Smith) are absent in case of P. palifans. Also, Short (1952,
p- 80) in his studies on the head structure of the last instar larvae of different
subfamilies of Braconidae makes the following statement in the section
dealing with the Aphidiinae: ‘Of the head sclerites, the epistomal arch
always appears to be absent ... In the specimens of Praom which were
examined for this paper there is an infolding of the body wall in the epistomal
region, but this infolding is not sclerotized. The hypostomal spurs appear
to be absent in genera other than T'rioxys.” Short gave the figure of the head
sclerites of an Apkidius sp., and mentioned Trioxys centaureae (Haliday)
in the list of aphidiine species examined by him for his paper. From the
above-cited facts it is clear that the head structure of the last instar larvae
of the different aphidiine genera is as yet very incompletely known and
deserves much greater study. Such a study may also, perhaps, shed some
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light on certain problems of classification and interrelationships within the
Aphidiinae.

II. Mating and oviposition—The adults are ready to mate soon after
emergence, after an initial period spent in cleaning the body and moving
about. The females are ready to oviposit after having spent some time in
cleaning the body subsequent to emergence. As stated earlier, the ovaries
are filled with a large number of ripe eggs at the time of emergence and
hence the absence of a definite pre-oviposition period. Vevai (1942) stated
that, in A. matricariae, the earliest mating observed took place two hours
after emergence. Similarly, Arthur (1944) stated that mating in 4. granarius
takes place after a minimum of two hours. However, Schlinger and Hall
(1960) in their studies on P. palitans have showed that the adults of this
parasite are ready to mate soon after emergence. As stated earlier, in 7.
indicus mating lasts for 35-40 sec. as a rule, and a male can mate a number
of times while a female mates only once. Vevai (1942) has stated that in
A. matricariae a male may mate repeatedly but has not made it clear whether
a female once mated can be made to mate again. Arthur (1944), on the
other hand, has stated that, in 4. granarius, ‘the same female may be mated
more than once with the same or different males’. According to Schlinger
and Hall (1960), females of P. palitans mate only once; this is also true of
T. indicus. Females of T. indicus, which have once begun oviposition prior
to mating, do not mate subsequently when males are provided. This phenom-
enon has been noted also in case of A. matricariae by Vevai (1942) and in
M. paludum by Griffiths (1960). It is likely that this happens because the
mstinet to lay eggs is stronger than the instinct to mate, in these species.

It has already been stated that sometimes a male was seen attempting
to mount another male which had just finished copulating with a female.
This observation seems to be best explained on the basis that the male which
had just finished mating carried the characteristic female odour around it,
and thus the other male took it to be a female. This also lends indirect support
to the view that smell rather than sight is primarily involved in the mating
reaction. Arthur (1944) in his studies on A. granarius states that ¢ on occasions
when males are confined under glass chimneys, for more than four days,
they will try and mate with each other’. A similar phenomenon could not
be observed in 7. indicus, however.

III.  Superparasitism.—As has been well established by earlier workers,
only one aphidiine adult emerges from a single-parasitized aphid host, and
this was found to be true in case of 7. indicus also. The presence of more
than one parasite egg or larva in an individual host is, therefore, to be regarded
as a true instance of superparasitism rather than of mere superabundance,
since the host cannot support the complete development of more than one
parasite within it. The experiments conducted during these studies indicate
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that superparasitism is dependent on parasite-host density, the number of
eggs per host being more when the parasite density is more as compared to
that of the host. The results of the examination of field-collected hosts have
been presented in Table III. It is seen that only four out of 135 parasitized
aphids (of a total of 350 examined) had three parasite eggs each. These aphid
hosts were collected in the latter half of February, when the parasite density
was fairly high in the field, but the host density was also proportionately
high as shown by the daily examination of infested plants. The laboratory
experiments described earlier herein show that the maximum number of parasite
eggs found in one host was six. Further, as far as our observations are con-
cerned, not more than two parasite grubs were present in a single host and one
of these two was dead or moribund. Vevai (1942) has stated that 6-10 eggs
of 4. matricariae laid in Myzus persicae Sulz. are capable of hatching, and he
has recorded up to three parasite grubs in a single host. Schlinger and Hall
(1960) state that they observed only rarely more than one egg of P. palitans
in field-collected T'. maculata, but the presence of two or more parasite eggs
per aphid was not uncommon under laboratory conditions. They also mention
that only one I instar larva survives in a superparasitized host and that they
observed two parasite grubs in a single host on two occasions only.

IV. The female reproductive system.—The study of the female repro-
ductive system of parasites is of interest and importance as it very often
provides clues to the oviposition behaviour of the female. The female
reproductive organs of very few aphidiine parasites have been studied so
far; and the work of Schlinger and Hall (1960) on P. palitans is the only recent
one since the publication of the studies of Henneguy (1904) and Berlese (1909).

The presence of a large number of ripe eggs in the ovaries at the time
of emergence is in agreement with the observed fact that the females are
ready to oviposit soon after emergence. As has been shown by Schlinger
and Hall (1960) the female of P. palitans also contains a large number of ripe
eggs in its ovaries and is ready to oviposit soon after emergence.

It has already been stated that the female of 7'. indicus possesses only
a pair of simple, tubular ovaries (Text-fig. II, Fig.. 1). This was observed
to be the case also in the Aphidius spp. studied by Henneguy (1904) and
Berlese (1909) and in the Aphidius sp. studied by the present authors (Text-
fig. I, Fig. 4). However, in P. palitans, each of the two ovaries is divided
into two ‘ ovarioles’ by a longitudinal septum as shown by Schlinger and Hall
(1960). It remains to be seen if this is a special feature of this species alone
or a feature of the genus Praon, generally. In any case, it appears that
Aphidius, Praon and Trioxys, the three aphidiine genera, the female repro-
ductive system of certain species of which has been studied so far, agree in
possessing only a pair of ovaries though in P. palitans each ovary may be
regarded as internally divided into two ovarioles. It would be worth while
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to ascertain if every aphidiine genus has only a pair of ovaries. If so, one
might, perhaps, be justified in conjecturing that this condition is in some
way linked with the habit of these parasites—which are all solitary, internal
parasites of aphids.

The chitinized tube with an internal spiral lining, described earlier in
this paper, bears a close resemblance to the poison reservoir described by
Berlese (1909) in Aphidius sp. and Bracon nigropedator, by Bender (1943) in
Habrobracon juglandis and by Narayanan and Subba Rao (1955) in Bracon
gelechiae. Schlinger and Hall (1960) have described and figured a large
alkaline and a small poison gland in P. palitans but have neither mentioned
nor figured a structure comparable with the chitinous poison reservoir. The
species listed above wherein the existence of a chitinous poison reservoir has
been shown are, with the exception of Aphidius sp., all ecto-parasitic and
paralyse their hosts prior to egg-laying. The existence of a poison gland
and a poison reservoir is, therefore, quite understandable. But aphidiine
parasites do not at all paralyse their hosts for egg-laying and it is quite possible
that these structures in them subserve some function other than producing
and storing poison.
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ExXPLANATIONS OF TEXT-FIGURES

TexT-FIG, I

Trioxys indicus
Ripe ovarian egg.
First instar larva.
Mandible of first instar larva.
Late first instar larva.
Second instar larva.
Third instar larva; lateral mount showing tracheal system.
Third instar larva; dorsal mount showing tracheal system.
Third instar larva; head sclerites.

Texw-rig. 1
Yigs, 1-3 ¢ 1., indicus, Figs. 4-6: A plidius sp.
Female reproductive organs.
‘Poison reservoir’, much enlarged.
Spermatheca and glands, much enlarged.
Female reproductive organs.
Tip of ‘alkaline gland’, much enlarged.
‘ Poison reservoir ’, much enlarged.

ExrrLANATION OF ABBREVIATIONS USED

. AC = Anterior tracheal commissure.
AGL = Alkaline gland,
BR = Brain.

DODC = Duct leading to oviductus communis.

DPGEL = Duct from the poison gland.
HY P = Hypostoma.
L = Labrum.
LP == Labial palp.
LM = Lumen of alkaline gland.
LS = Labial sclerite.
M = Mandible.
MC = Muscular coat.
M@G ==-Mid gut.
MP = Maxillary palp.
M) = Micropyle.
NC == Nerve cord.
OD = Oviduct.
ODC = Oviduetus communis,
OL = Oral lobes.
OV = Ovary.
OV P = Ovipositor.
P(C = Posterior tracheal commissure.
PG@L = Poison gland.
PR = Poison reservoir.
PS = Pleurostoma.
PT == Proctodeum.
RRS = Remmant of rows of spicules.
RS = Rows of spicules.
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RT = Remnant of tail.
8C = Secretory cells of the alkaline gland.
&P = Spiracle.
SPT = Spermatheca.
SPT'GL = Spermathecal glands.
SPT
& = Spermatheca and spermathecal glands,
SPTGL [
88 = Stipital sclerite.
SSHYP = Sclerotic spur of the hypostoma.
8T = Stomodeum.
T = Tail.



