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I g f R 0 D U G I I 0 H

Goconmt is a cash erop, cultivated in 15.87 lakhs

acres in the Indian Union, yeilding 415 crores of nuts per

annum, valued at Rs.54 crores. Of the total cultivated area,

nearly 70^ (11.75 l^hs acres) is in Kerala producing 325

crores of nuts per annum. By virtue of its great utility,

and its continuous and regular supply of huts throughout the

year, the coconut palm is held in high esteem and is csdled

the "KALPA YRlKSHA" meaning Tree of Heaven.

However, cultivation of this valuable palm in Kerala

is considerably handicapped, because of the incidence of a

number of insect pests some of which are very serious ones. Of

these, the black-headed caterpillar Nephantis serinopa Mevr.

(Gryptophasidae) is a very important pest taking a heavy toll

of the crop especially ^ong the coastal tracts of Kerala.

Studies by Ananthanarayanan (1934), Hutson (1939), Jayaratnam

(1941) and Rao et. al (1948) have shown that this pest has in

association with it quite an effective parasite complex which

usually keeps the pest under check. Among the various para

sites which thus exert a controlling effect on this pest in

the west coast areas, the Eulophid pupal parasite Trichospilus

pupivora Ferriere, is found to be most effective. Anantha

narayanan (1934) found that Trichospllus pupIvora could be

easily reared in the Laboratory in large numbers if proper con

ditions of temperature and humidity were provided. It was also
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observed that besides the primary host namely the pupa of Nephantis

serinopa. pupae of several lepidopterous inseots eould be used as

alternate hosts for purposes of mass multiplication of the parasite.

I In Kerala control of the eocoput caterpillar is now

brought about mainly by the mass breeding and liberation of Irichos-

^ pilus pupivora in the infested coconut gardens. ?or this purpose
the Department of Agriculture, Kerala State, has established seven

parasite breeding stations at different places along the coastal

? tract namely Vellayani, Quilon, Eottayam, Vytilla, Trichur, Calicut

, and Kasargode. Besides pupae of N, serinopa, pupae of various

other lepidopterous insects are being used for the mass multipli

cation of the parasite in these stations.

' Now in the host parasite relationships, the host had

been usually looked upon as a passive victim of the parasite.

But Salt (1941) reviewing the j^nformation available on the effect

of host upon the parasites has stated that far from being a

purely passive victim which is obliterated without a trace, the

host is often able to impress its mark and a very clear mark at

that, upon the insect parasitoid that destroys it. He further

pointed out that the characters of the parasite like behaviour,

rate of reproduction, longevity and even morphological features

are modified by the hosts.

%

From this it follows that the mass breeding of para-

sites using different hosts for biological control purposes,

# the efficieney will be governed by the host .materials selected.

But there exists no knowledge as to how and to what extent the
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different kost pupae affect the characteristics of T. pupivora*

Since this knowledge is of,great importance and significance both

from the scientific point of view and from the point of view of

pest control, investigations presented in the following pages were

taken up as an attempt to fill up the above mentioned lacuna in

our knowledge. -

In these studies a standardised strain of T. pupivora

has been maintained in the laboratory and used to parasitise

different species of host pupae gmd the effect of these different

hosts on the number of adults produced, sex ratio, duration of

development, longevity and the size of -fee first generation of

parasites, have been ascertained. Observations have also been

made on the effect of different levels of superparasitism by

T. pupivora on its above mentioned characters, fhat the host

and the different levels of superparasitism exert significant

influence on these characters of the parasites is evident from
, I

these studies.

The present thesis also includes a review of literature

on the effects of hosts on parasites in general and also of the

work so far done on the parasite Trichoispilus pupivora F.



BWIBW OF LITERATUBE

The review of literature presented below consists of

two parts. Part A deals with work done on the effect of host on

parasites and Part B comprises a review of investigations carried

out on the Eulophid parasite« Tricho^spilus laupivora F.

PART A

Although there is considerable amount of information
/

available in literature about the host imparting to its parasite

important and sometimes striking morphological, physiological

and behaviouristic characters, detailed investigations done in

this field are few and far between. Following is a brief review

of the previous work done in this field by various workers:-

!• Effect of host on size and morphology of parasites

As early as 1844 Satzburg pointed out that the body

size of the parasite Pimpla examinator ranges from 1.67 mm. to

6 mm. depending on the size of the host on which the parasite

develops. Similar findings were later recorded by Toyama (1906)

working on Tachina sp.. Morril (1907) reared the Proctotrypid

egg parasite, Telenomus asfameadi on eggs of 3 species of Penta-

tomid bugs namely Pentatoma ligata« Euschistus servus and Thyanta

custator. The average diameters of the eggs of these bugs were

1.01, 0.88 and 0*75 mm. respectively and the average head widths,

of iaie parasite emerging from these were 0.60, 0.53 and 0.45 mm.

respectively. From these observations he concluded that the size
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of tlie emerged parasites has a positive oorrelation to the size
i . .

of the host in which it develops.

Strickland (1912) found that males of the parasite

Pezomachus flavocinotus (Ichneimonidae) occur in winged and

wingless phases. According to him the apterous males which are

much smaller than the iwinged forms are produced on account of

insufficiency of food due to the small size of the hosts in which

they develop. Similar effects were noted by other workers in

subsequent years. Ghewyreuv (19.T3) in his experiments on four

species of Pimola. (P. instigator. P. examinator. P. brassicaria

and P. capulifera) supplied host pupae of different sizes to

virgin female parasites for oviposition. The offsprings of

virgin females were invariably males. He obtained giant males

jft from the large pupae of Sphinx ligustri. dwarf from the small

pupae of Bupalus piniarius and males of medium size from the

pupae of Pieris brassicae. Thompson (1923) who reared two male

progeny from one female of Pezomachus sericioust one on a large

host, a cocoon of Oamponotus and the other on a small host, a

cocoon of Apanteles found that the males that emerged from, the

former were large and fully winged while those v«hich developed

from the latter were small and completely apterous. Miekel

(1924) observed that the length of the Hiitillid wasp Dasvmutella

bioculata varies from 1.5 mm. to 6 urn..depending on the size of

its hosts. He plotted the length of a large number of individuals

and showed that they form a bimodal curve. He also found that

this species parasitizes two different genera of Bembesid wasps

namely Microbembex monodonta which ranges in length from 8 to 14im.
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and Bembex pmninosa wMch varies in length ffom 16 to 19 'mm.
/

By rearing the IXutillid on each of these hosts he showed that

smaller individuals develop at the expense of the former hosts

while the larger ones develop on the latter.

Hase and Albrecht (1925) noted that the variation in

the size of Trichogramma evanesoena was due to the effect of

large and sn^ll hosts. The range in size was found to be so

great that normal copulation could not take place between large

and small individuals thus creating* so to say a reproductive

barrier. Flanders (1930) in his studies with Trichogramma found

that adult females of the parasite that emerged from the eggs

of Potato tuber moth (rnorimoschema operculalla are larger and

more robust than those bred on e^s of Sitotroga cerealella.

The eggs of the former are larger than those of the latter.

Lathrop and Newton (1933) made similar observations on the effect

of host on size of the Braconid parasite Opius melleus, which was

found to attack the apple maggot Rhagoletis pomonella as well as

the much smaller blue berry maggot Rhogoletis m^ndox. The

authors observed that apparently there was a tendency for this

species of parasite to develop into two strains, large and small

as a result of being bred on the large E» pomonella and the

small ^ mendox respectively. They illustrated the difference

in size with the help of sketches.

Oldroyds and Hibbands (1936) fotmd that the length

of the wing of 'PT'ift>in|gT'aTmna eVanescens and the number of macro-

trichia forming, the rows on the wings are closely correlated
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with the size of the whole parasite, whioh in its turn is cor-
• _ • ' . , y^ '

related with the size of host. Jackson (1937) showed that the

difference in size of parasites as indicated above is the direct

effect of the host and not due to the selection of large and

small hosts by preexisting strains of large and. small parasites.

He used the Ichneumonid parasite Pimpla examinator for his experi-

ments. A female of this reared from Abraxas jgrossulariata

measured only 10.7 mm. in length while that which developed on

Pieris brassicae was 14 mm. long, this being the largest size.

The smallest female progeny was reared on Bphestia teuhniellcx

and measured 7.1 mm. ,in length. The smallest male descendant

also was from Ephestia and this measured only 5.6 mm. in length.

Salt (1937, 1940 and 1941) in his series of research

' papers under the title 'Experimental studies in insect parasi-
)

tism* diiscussed various types of effects of host on parasites.

A striking effect of the species of the host on morphology of

parasite was-demonstrated by Salt (1937) in the egg parasite of

Sialis iutaria, viz, Trichogramma semblidis. This parasite

exhibits dimorphism mainly as winged and wingless males. They

also differ constantly and fundamentally in several other chara

cters. The parasite was reared on four different kinds of hosts.

Three of them were moths namely Ephestia kuhniella, Sitotroga

cerealella and Barathra boassica. The fourth was the original

host Sialis Iutaria (Neuroptera-Sialidae). The order of the

size of the four hosts used was Sitotroga ^ Ephestia •> Sialis/>

Barathra. The parasites which emerged from these hosts showed

corresponding variation in size. But winged males that emerged
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from Sltotroga and Ephestia were smaller, while those from

Barathra were larger than the apterous males that emerged from

Sialis♦ It was clear that in this case it is not the amount of

food that matters but difference in the kind of food provided by

the different>species of hosts. It was also pointed out that the

dimorphism of the hymenopterous parasite appeared to be controlled

by the species of the host on which it develops.

In the case of the egg parasite Tr-i r»hr>p^rftTnmft evanescens <

Salt (1940) showed that the progeny of individual parasites vary

in size according to the size of the species of hosts on which
\

they are reared. ^ Four species of hosts viz. Sltotroga. Ephestia.

Agrotis (in which more than one parasite developed) and Agrotis

(one parasite developed) were used in the experiment. The average

length and diameter of the eggs of these were 0.44, 0.57, 0.56,

0*56 mm. and 0.33, 0*36, 0.65, 0*65 mm. respectively. Examining

the length and the width of thorax, head, and abdomen of emerging

parasites he found that there was an overall correlation between

the size of the host egg and the size of the emerging parasites.

In a particular ease the parent measured 0.40 mm. in length. Its

smallest female reared from an egg of Sitotroga cerealella was

0.34 mm. long while each of its progenies reared from eggs of

Ephestia kuhniella measured 0.46 mm.. Its largest offspring, a

solitary female from the egg of Agrotis 0-nlgrum attained a length

of 0.5 mm. Salt (l940) further showed that within the same host

species the size of the parasite is influenced by varying size

of the individual hosts. In an experiment which was repeated

several times,females of the egg parasite Trichogramma evanescens
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I

were allowed to oviposit in large and small sized eggs. The

average length and diameter of large and small eggs were 0.59 and

0.29 and 0.48 and 0.22 inm. respectively. He compared the length

of the parasites and the width of the head, thorax and abdomen

of the parasites emerging from these two sizes of eggs. Para

sites emerging from the small sized hosts measured on an average

0.4 mm. in length, while those emerging from larger sized eggs

measured on an average 0.4 mm.. Measurements of the width of

head, thorax and abdomen also showed similar differences. From

these, observations he concluded that in general the effect of

the host on the size of the parasites is not due to the differ

ences in the kind of food provided by various hosts but simply

as one would expect to differences in its amount. He had also

observed that ^en the amount of food is sufficient the parasite

emerges. If it is just enough to allow the parasite to survive

abnormal individuals called 'runts' are formed. According to

him the formation of these nmts is the final stage of the reduc

tion in size of the parasites under the influence of small hosts.

II* Effect of host on oviposition and fecundity of parasites

Houbaud (1924) found that the size of the parasites

which is influenced by the host in its turn influences the

fecundity of the parasite. Thus he found that the chalcid

Pachvcrepoideus sp. has 27, 28 or 20 oyarloles according to its

size which in turn is dependent upon its nourishment during

the lairval stage. Thompson and Parker (1927) in discussing the

problem of host relation with special reference to entomophagous
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parasites have recorded that 'Hihere is marked difference in size

"between the adults of gregarious parasites and their hosts."

They further state that it seems a general rule that the number

of eggs normally deposited within a host is roughly proportional

to the amount of food material available. This is dependent

upon the size of the host on which it oviposits. Proper (1931)
observed the fecundity of 16 females of the !^halcid Euptei^malus

nidulans and found that in general the smallest individuals laid

the fewest-^number of eggs and the largest laid the most. Salt

(1935) gave some experimental data on this aspect. He observed

that the solitary individuals of Trichogramma evanescens reared

from the large eggs of Ephestia kuhniella laid on an average of

23.1 eggs each while the smaller females reared from smaller

eggs of Sitotroga cerealella laid only 9.8 eggs.

The effect of host on the size of parasites was noted

to have a direct bearing on the oviposition of parasites by Flanders

(1935^a)• He observed the inability of small specimens of Trlcho-

grflTmna. evaweacens to oviposit in large hosts lilce the eggs of

Pachvsphinz modesta which are readily parasitized by large ones.

flanders (1935 b) had also observed that the host in

fluences the fecundity of parasites which feed on the body fluids

of the host. In his observations on certain parasitic hvmenoptera

particularly the Pteromalids. Pibrachoides. Peridesmia. Spintherus

and Eu-bellus. lie showed that when the ovarian follicles reach

a certain stage of development a change occurs in the, food habits

of the female. In the laboratory this change was from a diet of
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cane sugar syrup or honey to a protein diet consisting of body

fluids of host species. He noted a peculiar habit in Spintherus.

It inserts its ovipositor in the host egg and secretes a material

around the ovipositor. Ihen it carefully takes out the ovipositor

so as to leave a waxy tube within the egg. It then sucks up the

egg content through it.

The direct effect of the host size on the fecundity of

parasites was noted by Ullyett (1936), He found that "Pfi r>v>n^T»flTnTna

lutea deposits a single egg in the egg of the grain moth Sitotroga

cerealella. whereas 3 or 4 eggs are laid in large eggs of Heliothis

obsoleta. Taylor (1937) noted that the female of the parasite^

Pleurotropis parvulus normally has six ovarioles» but small females

may have only 3. Large females were found to lay 60 to 85 jeggs,

medium sized females 35 to 67 eggs and small females 18 to 32 eggs.
/

He gave similar data for Dimmockia .lavana. Further, in his studies

on the parasitic flies Zenillia libatrix. Bowden (1939) also

observed a great variation in the number of ovarioles and in the

number of eggs laid. According to his data the large females

have about a 100 ovarioles in each ovary 4nd they produce over

2400 eggs per female while small females my have as few as 61

ovarioles only on each side and produce only 820 eggs per female.

Experimental data for the effect of host on size of
^ ' t

parasites and its effect on their oviposition was given by Salt

(1940). He found that the large Triohogramma vdaiola emerged from

the eggs of Barathra penetrate the host for oviposition more

q.uickly than the medium sized parasites from Ephestia egg and

much more quickly than small ones reared from Sitotroga eggs.
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A female of Trlchogramma was observed to take an average of 66
\

minutest to find» examinef penetrate and parasitise 10 hosts,

when the parasite is a small individual reared from Sitotroga

eggs» but only 37 minutes when it is a large female reared from

Agrotis eggs.

Narayanan and Subba Hao (1955) studying the effect of

different hosts on the parasite Microbracon found

that the fecundity of the parasite varied when bred on different

hosts. Thus the parasites bred on Pectinophora gossrpiella laid

on an average 13.22 eggs per day, those bred on Oorevra cephaloaica.

9.75 eggs, those bred on Scirpophaga nivella. 10.42 eggs and those

bred on Dichocrosis punctiferalis.3.11 eggs. Further, they observed

that the parasites bred on D. punctiferalis laid on an average a

total of only 25 eggs ^er female on Dlchoeroais.' In their studies,

they found that in the second generation the parasite laid on an

average 54 eggs per female. But in the third generation when

the parasites were given Oojcyra eggs they laid 106 eggs per female.

The relatively high fecundity shown by those parasites bred on

P. gossypiella was attributed to the hi^ protein content of the

host, which is the primary factor in the production of eggs in

many insects. Narayanan (1956) in one of his series of experiments

on Trichogramma evanescens to study the effects of nutrition on

fecundity found Oorevra egg extract to be veiy necessary for

stimulating the egg laying of the parasite. Lowering of fecundity

was observed when the parasite was fed only with Oorevra egg

protein without sugar. The fecundity of the parasite was hi^est

when fed only on 10?^ solution of glucose, fructose,' maltose or
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suerose in the presence of host egg.

III» Effect of host on development of parasites

Variation in the period of development of parasites in

accordance with the pferiod of development of host in which they

develop was first noted hy Pantel (1910). He found that the

Tachinid fly parasitoid Oompsilora concitmata develops rapidly

in the larvae of Acronvcta and Vanessa in which i-fc is full grown

in some weeks and slowly in larvae of Pieris in which it takes

several months for full development. .Similarly the larvae of

tEricholyga ma.ior (Tachinidae) was found to develop rapidly on

Vanessa but slowly on Macrothvlacia rubi. A correlation of life

cycle of host and parasites was observed by Smith (1912). He

showed that life history of Perilampus hvalinus is modified by

the host it inhabits. He found that as a rule, the larvae in

this case invariably emerge from the host at the time of pupation.

If it attacks Limneiyium validum which does not pupate until the

spring the parasites remain endoparasitic and underdeveloped

during winter. If it attacks Variohaeta aldrichi idiieh pupates
*

in the autuom but does not emerge until spring, the parasite

becomes endoparasitic in the autumn, but develops no further until

the next season. But if the parasite finds itself in a host such

as two other species of Limnerliaiii and two Braconids which not only

pupate in the autumn but also proceed to immediate emergence in

the same season, the parasite likewise develops quickly and

emerges as full ^own adult. Pierce and Holloway (1912) studying

the development of the Braconid, Ohelonus texanus a parasite of



- 14 -

Laphygfiia frgglperda observed that the time of emergence of the

parasite seems to depend almost entirelj upon the size of the

host and that if the host feeds and grows slowly so does the

parasite within.

Faure (1924) observed the influence of the host in

determining whether the parasite should have one or more than

one generation in an year. According to him Braoon glaphyrus

normally attacks the larvae of the weevil. Baris latiocallis
/

which is univoltine and in that host the parasite has one genera

tion in a year. If it accidentally lays eggs in Baris chlorvaji

which is partially bivoltine, it conqpletes two generations in

a year. This author in a subsequent paper described a similar

host parasite relationship in development of Apanteles glomeratus

which is a common parasite of the cabbage caterpillar Pieris

brassicae. In this case the host pupates usually in the autumn

and the larvae of Apanteles then becomes full grown and they spin

about their host remains, the familiar cluster of cocoons in

which they hibernate as pupae. If by chance the host does not

pupate in autumn as often happens, the parasite hibernates as

young larvae inside the host caterpillar. A similar effect is

seen when it parasitizes Apriacra laegi.

Incomplete synchronism of the host parasite life cycles

was observed by Marchal (1927) in his studies on the egg parasite

Tyj f>hnji:rT»amnia cacaecla which attacks eggs of a Tortricid moth

Oacaecia vasana in France. Oacaecia has only one generation in

a year. The eggs of these moths enter embrionie diapause and
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complete their lifi cyele only, next year. But oacaeoia lias

tw) generations to each generation of its hosts. Thompson and

Parker (19E8) in deecriljing the life history of the Ichneumonid

parasite Dioetes punctoria stated that this parasite is also

affected by uhivoltine and bivoltine strains of their hosts

Pyrausta nubilalis and show a complete s^n^ronism between the
host Vs. parasite life cycle. To^tHhill^d930) observed marked

variation in the length of the larval period of Ptvohomvia remota,

a Tachinid parasite of Levuana irridescens and it was considered

that this variation is noV entirely a haphazard phenomenon but an

adaptation to the condition of the host.

A highly specialised- phenomenon of the rate of growth

of host being reflected by the parasite was described by Gox

(1932). He had observed that in the eggs of the host Ascogaster

carpocapsae the egg parasite Ohelonus annulipes develops step by

,step. If the embrionic development of host is delayed, that of

the parasite, is also delayed; if the host, is unfertilised and

therefore never hatches, the parasite similarly fails to develop.

Dowden (1934) stated that the fachinid parasite Zenillia libatrix

does not begin to develop rapidly until its host, the gypsy moth

pupates so that there is a range oif two weeks or longer in tie

time of development. Dowden (193^) again observed the host deter

mining the number of generation of the parasite Braohvmeria

eompailurae. !Ehis ohalcid attacks both Sturmia sentillata which

has one generation in a year and Oompsilura concinnata which may

have two or three generations. When it parasitizes the former

hosts Brachjmeria remains in the larval stage during the winter
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and has only one generation a year. But when it attacks the

latter the parasite may have two or three generations. Webber

(1937) studied the development of the Tachinid parasite of

Oompsilura and found that when it attacks its lepidopterous hosts

late in the season all the progeny hibernate as larvae along

with the host. If it attacks the same host a fortnight earlier

a hi^er proportion of progeny develops before the host hiber

nates.

The development of the, parasites being delayed by dia

pause O/f the host was observed by Bradley and Arbuthnot (1938)

in their studies on the development of Ghelonus annulepea.a Braco-

nid parasite of com borer. This parasite oonfines itself to

the life cycle of its host at two separate stages. Its larval

remains in its first instar when the host is about to. pupate.

If the host matures steadily there is no delay in the emergence

of the parasite. But if the host enters a diapause the parasite

remains underdeveloped until the diapause is passed. Another

instance of incomplete synchronism wds-observed by the same

authors. They found, that in the field the Braconid'parasite^

Ohelonus annulipes when it attacks the first generation egg of

the multiple generation Pyrausta nubulalis does not take more

than two months for complete development. But when it. attacks

the second generation eggs of the borer, it takes approximately

10 months for its development. When the parasitism occurs on

eggs of the sin^e generation strain of the borer the adults

do not appear until approximately a full year has passed.

Salt (1940) observed the size of host influencing
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the developmental period of a parasite* He noticed certain

variation in the developmental period of Trichogramma evanesoena*

which he suggested mi^t perhaps "be attributed to sizes of hosts

in which the parasite was reared. The parasite was reared on 3

hosts under identical conditions and the time of parasitization

was the same. The average developmental period! in the eggs of

Bphestia was 243 hours, in Agrotis 250 hours, and in Sitotroga

256 hours'. When the percent emergence of the parasites on the

three hosts^^e plotted against time it was apparent that the

parasite from Bphestia. the smallest host emerged earlier than

those in Agrotis. the slightly bigger host and much earlier then

they did in Sitrotroga the biggest of the three. Uarayanan and

Subba Rao (1955) found that the developmental period of MicrO"

bracon gelechiae bred in different hosts varied considerably.

Thus the minimum period of development was 10 days in Oorcvra

cephalonia. 11 days'in Scirpophaga nivella. 9 days in Pectinophora

gossvpiella. 14 days in Bichocrosis punctiferalis« 13 days in

Galleria melonella. 12 days in Plusia orichaloia. 11 days in

Qbiid zonellus and 11 days in Gnorimoschema operculella*

IV. Effect of host on the behaviour of parasites

Voukassovitch (1924) found an instance in which the

host influenced the behaviour of its parasite in its larval

stage. He observed that the larva of Pimpla examinator may

develop either in its caterpillar host or in Oenopthera pillerina

which lives in a webbing on or between the leaves of the Vine.

If develops at the C-expense of a caterpillar, the full gro\ra
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larva emerges from its hosts and spins a cocoon for itself
beside the host remains. If however it develops in Oenopthera.
its larva pupates inside the covering of the host without spin
ning a cocoon.

Hase (1925) showed that when females of Trichogrflmmfl

evaneseens were allowed to oviposit on different hosts including
the ones in which they had developed,, they showed no preference
to any host. Salt (1934) observed Trichogramma wasting time in
trying to oviposit in false hosts like fragments of ^ass and
crystals of calcium carbonate in the presence of its original
host. !Bhese observations were contrary to the host selection
theory which states that if a parasite is capable of feeding
on three or more host species, it tends to oviposit upon the

kind in which it has developed. Taylor (1937) vho observed the

behaviours of Olygostra utilex the egg parasite of coconut leaf

Metle Promecotheca reichei in Fiji, found that when the parasite

develops in beetle egg it emerges by biting its way through the
wall of the egg capsule. But litien it develops on eggs of Pro-

mecotheca bicolor which have a covering of triturated leaf tissue

on their upper surface, the parasite emerges by biting its way

in the opposite direction ie., through the tissues of the leaf

on which the host egg is laid.

Shorpe and Jones (1937) put forth proof in support

of host selection principle, using tlie Iclmewnonid, Nemerltis

canescens. a larval parasite of Ephestia. This can also be

reared on the small wax moth larva Meliphora grisella if it is
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eohtsuninated with the sm^l of Ephestia , Adults reared from

Epheatia attack only larvae of Epheatia in the presence of larvae

of Meliphora* But adults reared from Meliphora attack Ephestia

larvae alone even in the presence of Meliohora. Salt (1943;) re

viewing the literature on "The effect of host upon their insect

parasites" stated t^iat an instance in which the parasite actually

chooses its own host species in preference to the ancestral host

is yet to be described in Entomophagous forma. He gave experi

mental proof in support of Ease's-(1925) observations. He found

a pure strain of !l?rlQ>incri«a.mTna. evanescens which was reared for

260 generations exclusively.on the eggs of Sitotroga cerealella.

chose the eggs of Ephestia and Agrotis for oviposition in pre

ference to eggs of Sitotroga. Similar results were obtained by

Venkataraman et.al. (1948) who-found that Bracon (Microbracon)

greeni after being reared on larvae of Platyedra gossvpiella for

3 generations did not seem to result in an actual preference for

the new host over the natural host emmfl amabilis.

Narayanan and Subba Rao (1955) conducted olfactometer

experiments to test the selective behaviour of Microbracon

gelechiae bred on different hosts. In the first set of experi-

maits, the parasite bred on Scirpophage nivella for 4 generations
a

did not show any preference to S. nivella. But those parasites

bred on Corcvra cephalonica for 7 years continuously under con

trolled conditions, tend to develop into a distinct race which

shows preference to the newly adopted host on which it was bred

even when the natural host G-norimoshema operculella is available.
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V. Effect of food plant of host on parasites
V \

Gilmore (1938) found marked difference in the para-

sitisaiio.n by Apanteles congregatus on the horn worms Protoparce

sexta and P. auinquemaeulata fed on different varieties of

/ •

tobacco. He foiind the parasites dying before reaching maturity

when the hosts were fed on dark-fired tobacco. He attributed

this mortality, to the greater nicotine content of dark-fired

tobacco. Investigations of Flanders (1942) indicated that great

physiological differences exist between individuals of a single

host species, if such individusG.s feed on different food plants.
/

These physiological differences are manifested as developmental

reactions of parasites. Thus he found Habrolepis rouxit the

. parasite of red scale Aonidiella aurantii showing this effect

clearly. When the host was. on grape fruit only 3.1^ of the larvae

of parasite died. But when the host was on sago palm 100^ of the

larvae of parasites died.

Narayanan and Subba Rao (1955) observed that when

grown up Plusia caterpillars collected from tobacco and gram

were exposed to Microbracon gelechiae, both were parasitized.

But all the grubs on tobacco caterpillar died within 3 days of

feeding while those on "ttie gram caterpillar developed normally.

When very young stages of host caterpillar collected from tobacco

leaves were supplied a good (9 out of 22) proportion of grubs

developed normally. It is explained that the death of parasite

grubs feeding on the tobacco caterpillar may be due to the

toxic substance in it-nicotine. In the case of young host
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caterpillars, there may not be enough concentration of nicotine

in them to affect the parasitic grubs when they feed on them.

VI. Effect of host on sex ratio of parasites

Attention to the fact,.that the size of the individual

hosts influences the sex ratio of its parasites was first called

to by Chewyreuv (1913). He found that in Pimpla instigator

which was made to parasitize pupae of different sizes a predo

minance of 8O9S males emerged from small pupae of Pieris. Panolis

and Bupalus and a complete predominance of 100/^ females emerged

from large pupae of Sphinx. Satumia and Gastropache. When

small intermediate and large pupae were furnished to female

parasites, majority of parasites emerging from small and inter

mediate pupae were males. Vl/hen the intermediate and small pupae

were furnished, females predominated among the parasites emerging

from the intermediate pupae and males predominated in those emerg

ing from small pupae. He repeated and confirmed his results by

conducting experiments on other 3 species of Pimpla namely

P. examinator. P. brassicae and P. capulifera. These observations

were further eonfirmed by him,with information oh pupae infested

by parasites in the field conditions. The author collected 2000

cocoons of liophyrus from the field and out of these he obtained

parasites from 970 cocoons. The cocoons out of which the females

emerged were twice as large as those out of which the males had

emerged. Tw species of parasites were obtained (1) Exenteras sp.

of which 870 were bred out. Out of the parasites that emerged

from large cocoons 21?& were males and 79^ females. Out of those
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that emerged from small cocoons 53?^ were males and 47?^ females.

(2) Oampoplex sp. of which 100 were bred, 309^ of the parasites

that emerged from large cocoons were males and 70% were fem^es,

while these were 74^ and 26% respectively for small cocoons.

He attributed this marked disparity in the sex ratio of Pimpla

to selective oviposition by parent females which aim at provid

ing a greatesr food supply for the female progeny. Holdaway and

Smith (1932) got similar results in their work on Alysia mandu-

cator, a solitary parasite in the puparia of blow flies in Europe.

The hosts studied were Calliphora vomitoria. Sarcophaga sp«. Calli-

phora erythrocephala and Lucilia serricata. given in descending

order of relative size. The largest puparia produced females

only. The number of females increased in simple proportion to

the increase in size of the puparia. This held true between

different species as well as within each species. In large puparia

of L. serricata the sex ratio of the parasites was 1:1.3, the

males predominating, whereas from the small puparia the ratio

was 1s5.1, again males predominating. Seyrig (1935) made similar

observations in Madagascar on the parasites Echthromorpha hyalina

and Pimpla mactiliscaposa which are reared from pupae of several

species of lepidoptera. He attributed this difference in sex

ratio to the infertility of small females which did not attract

males so readily as did the large females and also to the small

females selecting the small pupae and large females large pupae

for oviposition.

Flanders (I936lj found that in certain species of

Coccophagus the males can be produced only hyperparasitically
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whereas primary progeny from Goccid host is exclusively female.

Related to this phenomenon is the fact that oviposition.response

of the parent female changes at the time of fertilisation. When

unmatedjShe is attracted only to previously parasitized scales

and places her egg in the body of primary parasite, whereas after

mating she oviposits only in the unparasitized,scales. In those

groups in which this relation is not obligatory, unfertilised eggs

are laid on small (^oecid hosts.

Brunson (1937) studied the influence of instars of the

Japanese beetle on the sex ratio of its larval parasite Tiphia
r ' ' • • - •

popilliavora. Both second and third instsir larvae were accepted

for parasitization. Parasites emerging from the 2nd instar larvae

were predominantly males of the ratio 1:2.8 but the parasite

emerging from the 3rd instar larvae were predominantly females

of the ratio 1i5.1. He transferred the eggs of parasites from

the 2nd instar larvae to 3rd instar larvae^ Even then preponder-

^ ance of males was found. Likewise eggs transferred from 3rd

instar to 2nd instar larvae "produced males and females indicating

that the sex of progeny is determined at the time the egg is

placed on the host." Taylor (1937) obtained similar results in

the Ohalcid parasite Pleurothrops parvulus. Prom the first

instar host larvae females predominated in the ratio of 1.66:1.00

whereas in the 3rd instar larvae the preponderance of females

increased to 4.34a1.o6.

Clausen (1939) in his sximmarisation of literature on

"The effect of host size upon the sex ratio of hymenopterous

parasites" stated that the sex ratio of a species is in reality
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exceedingly variable and that it will vary (1) with the sex

ratio of the host (2) with successive generation of the host

(3) with different hosts (4) upon the same host and in the

same season but in different geographical regions and (5) in

successive years when host population is increasing or decreas

ing rapidly. Flanders (1946) found that Microplectron fusci-

pennis. parasitic on spruce saw fly and Tiphia popilliavora

parasitic on Japanese beetle show preference by depositing

fertilised eggs on large hosts and unfertilised eggs on small

hosts. Further he found that the eggs originally laid on small

hosts and transferred to bigger hosts did not show an increase

in proportion of female progeny and vice versa. Another type

of influence of host upon the sex ratio of parasite was found

out by Rakshpal (1949) in Alophora sp, an endoparasite of the

adults of Bagrada cruciferarum. He found only a single fly

emerging from each host. Male parasites which have small light

brown puparia developed.from male hosts and female parasites

which have large dark brown puparia developed from female hosts.

The cause for this phenomenon is inferred to be the determina

tion of sex due to the influence of sex hormones of the hosts.

Mc&ugan (1955) observed that the sexes of the pupal parasite

of budworm Apechthis and Phaeogenes did not occur at random

among male and female hosts as there was a definite tendency

for female parasite to emerge from female hosts and male parasites

from male hosts. This is possibly a response to host size as
I

female budworm pupae ^are somewhat larger than male.

ITarayanan and Subba Rao (1955) in their critical experi-
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ments found that the number of males and females of Microbraeon

geleehiae was nearly same when bred on Pectiriophora gossypiella

and Solrpophaga nlvella. In the;case of the parasite population

developing from OoreVra oephaloniea. the femaie predoiEidnated

(73.9^). Under mass rearing conditions also similar relations

were obtained between sex ratio of the parasites and the different

hosts.

VII. Effect of host colouration on the pigmentation of parasite

The only recorded observation on this aspect appears to

be that of ITarayanan and Subba Rao (1955). Examination of the

eggs of Microbraeon geleehiae bred continuously for 2-3 genera

tions in different hosts revealed that the colouration of the

eggs laid changed gradually and assumed almost that of their res

pective hosts. Details of these observations are given in the

following table.

No. of generations
SI. Name of the General colour Colour of taken for the trans-
No. host of host egg ference of the pig

ments

1. Qorcyra capha- Glistening
lonica Pale yellow white , —

2. Scirpophaga Greenish Light yellow 4 generations
nivella yellow

3. Pectinophora Pinkish ' Pinkish yellow 4 -do-
gossipiella

4. Blchocrosis Brownish with Yellowish 2 -do-
punotiferalis yellow and green

black patches

5. Plusia ori-
chalcia Green Light green 2 -do-

6. Agrotis
vpsilon Green Li^t green 2 -do-
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Further, the abdomen of the gravid female bred on the

various hosts was also found to be pigmented, intensity of pig

mentation depending on the colour of the host. It was also

noticed that the grubs fed on S. nivella spun deep yellow silken

cocoon instead of the normal glistening white cocoon. Direct

transference of some pigmented material from host to the yoft 5

of the egg during the development of the egg in the ovary was

suggested as an explanation for this pigment phenomenon.

VIII, Effect of superparasitism on parasites

IDhe occurrence of superparasitism is a matter of some

importance in studying the effect of host, because some or all

of the parasites feeding upon it are insufficiently nourished.

This in turn alters the effect of host in its various aspects

like size, vigour, behaviour, sex ratio etc. Thus Vandel (1932)

stated that in the case of the parasite fflermis subnigrescene

males predominate when many parasites inhabit a single host. He

concluded that this w^s due to the effect of selective elimina-

^ tion of fem^e parasites owing to the insufficiency of food.

Flanders (1935) obtained a predominance of females in the ratio

281 in Trichogramma evanescens when three parasites developed

in each egg of Estigmene lactinae. But if only a single egg was

laid in a host, the progeny was found to be invariably female.

, Flanders (1936) found that one or more individuals of Trichogramma

sp. developed in a single egg of codling moth. When a single

parasite emerged from a single host its length was found to be

twice that of the four small parasites that developed in one

host. Further, he stated that the larger the parasites the more
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yotzng ones it can produce. It was also noticed that vdien a para

site was supei>parasitized» only the size of the host determines
, •

the number of parasites developing in it. Salt (1936) found that

"when a single female Irichogramma evaneseens was confined,on a

given number of hosts, 77.6^ of the progeny was females." Similar

tests by increasing the number of parent females of parasites

but retaining the same niuaber of available hosts, revealed a con-

sistent decrease in the proportion of female progeny. ' In an

extreme case of superparasitism induced by confining 50 parent

females with 100 host eggs, the percent of female progeny obtained

was 43.8?6, Salt (1940) studied the effect of superparasitism

by Trichogramma evaneseens on the eggs of Agrotis 0-nigrum. He

placed 50 eggs each of the host in two petridishes. In one he

introduced 10 parasites and in the other 75 parasites and kept

the dishes at 25®G. After 4 hovurs the parasites were removed

and the eggs kept in separate vials. Two to 3 parasites emerged

from each egg in the first and 5 or more in the second vial.

Measurements showed that when the nxunber of gregarious parasites

increases the %ize ,of jtoe individual parasite decreases. In

some cases where 6 or 7 parasites emerged from a single egg,
/

degenerate forms called 'runts' were seen. They were very in

active, short lived and in all eases died before laying eggs.

Structural deformities observed are modified antennal segments

and reduced wings.

Flanders (1945) postulated that increase in the pro

portion of males of Macrocentrus anoylivorus. a parasite of
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\

Potato tuber moth., has correlation with superparasitism hy

unimpregnated females. He stated that the presence of unimpreg-

nated females resulting from multiple mating may nullify much

of the work of impregnated females if superparasitism occurs.

Martin, Glen and Finney (1946) obtained data of parasites emerg-
\

ing from hosts superparasitized by lots of female, of the parasite

Macrocentrus ancylivorus ^ich were assumed to be impregnated.

It was apparant that it is the proportion of the female that

increased in their progeny. Narayanan et.al. (1948) experi

mentally found out the effect on aex ratio of Bradon (Microbracon)

gelechiae a parasite of potato tuber moth larvae in different in

tensities of superparasitism on the larvae of Oorbyra caphalonica.

They observed that when the number of parasitic grubs which share

a host increases, the number of males also increases or in other

words when food supply is sufficient more females are produced.

They also found out that when the nuinber of parasitic grubs that

share a single host increases the developmental period also in

creases. Narayanan and Subba Rao (1955) studied the effect of

induced superparasitism on Microbracon gelechiae. The hosts

used were the final instar larvae of Oorcyra. The number of grubs

per host was increased from 3 to 30. In the correlation studies

they obtained a highly significant negative correlation between

. the number of grubs per host and percentage of female and also

between the number of grubs per host and percentage of develop

ment. The correlation coefficients obtained were -0.98 and

-0.96 respectively which are significant at level.
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PART B
\ • " _ .

4

I» Deaoription of the parasite

The species was described by Ferriere (1930) which for

easy reference, is given beldw:-

Trichospilas pupiYora. sp.n.

Body orange yellow, forma sometimes with a faint viola-

cioua shine, cheeks with a brown stripe extending from eye to mouth.

Antennae yellow, pedicel and funicle more or less brownish, legs .

quite yellow. Abdomen brownish black, the petiolus yellow and the

middle of the second segment also more or less yellowish. The
• ^

has the body entirely yellow, only the end of the abdomen brown.

Wings hyaline more or less smoky brown in the middle.

$ Head quite smooth and shining. Ocelli close together.

The. lateral ocelli nearer to the anterior ocellus than to the eye

margins. Gheeks as long as half the length of the , eye. Antennae

short, ^^he scape narrow, not reaching to the front ocellus, pedi-
/

eel elongate about 3 times as long as broad; the 8 ring-joints

short and transverse, the 2 funicle joints subquadrate, the, 1st

a little longer than the second, club elongate much pointed at

apex, longer than the funicle.

Thorax smooth, very finely reticulated on the mesonotum,

with a few scattered long cilia. Pronotum elongated into a neck,

mesonotum with, strong parapsidal furrows; scutellum truncate at

apex with, a straight transverse furrow before the post scutellxun.
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smooth in the middle, longitudinally densely striate on the side;

post scutellum broad in the middle, rounded behind; propodeon

elongate with a medicin oarina and small lateral spiraeular furrows,

spiracles small and rounded. Wings larger the hairs forming the

tufts much thiefeer than the other discal eiliation, which begins

only below the 2nd txxft; there are about 8 long hairs on ths margi

nal vein after which the marginal ciliae are small and weak. Sub-

marginal vein not broken; stigmal vein small with a strong club;

post marginal almost absent. Legs with the hind coxae large,

strongly reticulated on the outer side; hind femora only sli^tly

broadened; the 4 tarsal joints elongate; middle tibial spur longer

than the metataipsus.

Ahdomen rounded broader much shorter than the thorax^

smooth, very finely reticulated from the end of the 2nd segment;

petiole qtuadrate or a little longer than broad, shorter than the

hind coxae; 2nd segment the largest reaching to the middle of the

abdomen, the following segments transverse. Ovipositor not

visible,.from above.

Smaller than $ antennae shorter scape and pedicel
I

broader, the 1st ring joint very small, the 2nd not longer much
I i

broader, almost as broad as the funicle joints; the 2nd funicle,

joints quadrate, club not much longer than the pedicel, legs

shorter and somewhat thicker; especially the femora, tarsi very

short, the 3 first joints as long as broad.

Lengths $ 1-1.2 mm., d 0.9-1 mm.

Ananthanai-ayanah (1934) noted specimens measuring 1.5 to 2 mm.
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II. Life history and habits

Our knowledge of life history and habits of T. pupivora

is derived mainly from the, investigationsof Ananthanarayanan (1934)

at Galicut and of Jayaratnam (1941) at Peradenia'in Ceylon. The

review given below is based on Ananthanarayianan's studies. Any

difference or additional observations made by other workers are

also indicated. The mating habits were obseized by both the authors.

These habits as observed by them are as followss-

' The female appears normally to be fertilized while within

the host pupa. P^asites that emerge in the natural way were not

observed to mate. But mating was always noticed when they were

let out by artificially puncturing the host pupa. In such cases

the parasites were given opportunity to mate as otherwise they

would not oviposit on the host pupae. It was noticed that-one

male fertilised a large number of females accounting for the rela

tively small number of males.

Ovipoaition:~ Ananthanarayanan (1934) found that the parasitp

shows little or no choice as to the part of the pupa in which

eggs are laid and unfertilised females do not oviposit. Jayaratnam

(1941) found that when a variety of host pupae were supplied to

this parasite in a tube no partiality was shown to pupae of any

kind including those of the natural host.

hiatorys- Eggs Of the parasite are very minute, barely

visible to the naked eye and appear as transparent streaks in

the milky fluid content of the host pupae. The eggs are roughly

oval in shape» rounded at one end and bluntly tapering at the
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other and measures 0.3 mm* bj 0*06 m. The eggs hatch in about

24 hours. The grubs feeding on the content of the pupa become

full grown in 5-7 days after having devoured the whole contents
/ '

of the host and then turn into pupa. According to Jayaratnam

(1941) larval period lasts for 7 or 8 days. The full grown pupa
«

devoid of any appendage measures 2 mm. by 0.6 mm. and is a naked

pupa covered only by a very thin transparent membrane. In about

5 to 6 days after pupation the compound eyes and the 3 ocelli

become bright red, the antennae are clearly marked and the abdo

minal ventral streak of the female is faintly visible. In about

8 to 10 days after pupation the parasites which are closely packed
/

within the pupal case of the host become adults and emerge by

biting tiny holes in the now brittle pupal cell. During hot dry

weather from March to April the lifioycle is completed in 15

days but during wet weather it takes upto 20 days. Jayaratnam
, ' f

on the other hand observed that the life cycle is completed in

16 to 23 days. He further stated that in a year, 17 to 18

generations are completed with an average period of,development

of 20.4 days at Peradenia, Geylon. But at Oalicut 22 generations

are completed in a year with an average period of development of

16.5 days.

The adult parasite usually lives for 7 days after

emergence but they live only for a shorter period in hot dry

weather. Feeding them with sugar solution, yeaat or dilute honey

does not affect their longevity. .Jayaratnam stated that in

Ceylon the adult parasite lives upto 11 days in Peradenia and
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7 days in Battieola and 12 days in Kurunegala.

III. Artificial breedirip- of the parasite

This parasite has been found eminently suitable for

mass multiplication in the laboratory especially because the pupae

of. otlier lepidoptera can be used equally well as its natural host

for breeding purposes. An ordinary glass specimen tube 15 cm. by

2.5 cm. with bored corks, the holes,of which are closed with 90

mesh wire gauze, forms a suitable breeding cage. In each tube

one or two host pupae are put and 5-10 parasites are introduced.

Th© tiny creatures as soon as introduced settle on the pupae and
I •

begin to lay eggs in the course of 2-6 hours and die in 2-6 days
I

after oviposition. In the course of about 6 days the attacked
'

pupae begin to show characteristic sickly dark colour. The para

sites emerge in 16 to 22 days. They are then exceedingly active

and crowd towards the lighted part of the cage. In the laboratory

during certain parts of the ye^ the parasitized pupae become

subject to fungal and bacterial attack. So considerable number

of parasitized host pupae are destroyed. The condensation of

moisture favours the growth and multiplication of these organisms.

By sterilising the tubes and the corks before use the difficulties

may be avoided. -

IV;. Influence of weather in nature and in laboratory

This parasite is highly susceptible to weather changes.

They are at their best during wet weather from October to February

and practically disappear from the field during the hot dry
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weather firom March to May. In the laboratory too during hot

dry weather the host pupae themselves dry up killing all the

contained parasites. Further the egg laying capacity of the

parasite is reduced and tke few emerging parasites are small

and feeble. Samakrishna Ayyair and Ananthanarayanan (1935)

experimentally found laboratory rearing was successful at a

temperature of 78°B'.-82®F. and relative humidity 92-94^. At

hi^ temperature such as 85®?. the development is accelerated

but many of the grubs are killed because the host material gets

dried up. !Ehe few specimens that emerge will be, weak and under

sized. On the other hand a more humid climte encourages the

growth of destructive bacteria and fungi. In addition to this

those that develop inside the pupae are unable to come out by

pimcturlng the pupal skin, as it is tough. But if exposed to

the sun for a short time they are able to emerge.. To overioome

the difficulties in breeding parasites in the dry weather, a

parasite breeding box wherein temperature and humidity oondi-
I

tions could be suitably regulated, has been devised.

Dr. Hutson (1922) stated that in his attempts to trans

fer this Bulophid, which was found functioning efficiently in

the North-west Province of Ceylon, to drier conditions in Batti-

caloa District in the Eastern Province proved unsuccessful.

Ramachandra Rao et.al. (1948) stated that under the peculiar

climatic conditions of the West Coast the pg^asite would appear

to thrive best only during the prevalence of the South West

monsoon, and it is fairly active during the comparatively cool

and moist period between October and February and becomes
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eonsiderably redmeed in population during dry hot months from

lifetrch to May, ®hey further stated tl^t on the West coast the

.ecological conditions needed for the species to thrive, prevail

during the greater part of the yeax, and so the degree of p^a-

sitism rises to 75?^. On the other hand in the East coait where

cliaiatic conditions are comparatively much drier, this parasite
* -

could not establish itself.

V. Potentiality of the wasp as a parasite

The average number of parasites emerging from the

attacked pupae in the field was found to be §5. In the laboratory

from a single pupa of Tiracola, Spodoptera and Prodenia, Jayaratnam

obtained 1211, 904 and 823 parasites respectively. One parasite

is capable of laying 100 to EOO eggs,. A parasite attacks more

than one pupa. More than one parasite attaclc the same pupa at

a time.

Further, Jayaratnam stated that under laboratory condi

tions 7 to 8 days old pupae of natural host, ten days old pupae

of Siracola and 6 days old pupae of Prodenia are parasitized by

this parasite.

Bventhough the parasites become rapidly reduced during

hot seasons, the existing parasites or the liberated ones attack

a good proportion of the then existing host pupae in the field
and prevent the emergence of the moth.

3j field observations it was found thiat (l) the para

site at its best could destroy 75^ of the existing population
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in the pupal stage (2) live parasites are practieally absent

^en the host pupae are also few (s) there always exist in the

field some pupae inaceessible to the parasites.

VI, Pauses for the effieiencv of the parasites

According to Ananthanarayanan, the reasons for the

efficiency of the parasite in the field are as fallows

(1) It is a prolific breeder (2) A single parasite attacks more

than one pupa (3) It is eminently suitable for laboratory rear

ing (4) It has a delicately built structure and active habits

for easy and distant dispersal. (It has been recorded 3 miles

away from the place of introduction.) (5) Absence of hyper-

parasites.

Along with some of the above mentioned causes Jayaiatnam

also pointed out some other causes also, ie. (1) It has a short

life cycle of 16.5 days (average), whereas that of its host is

60 days (average) (2) It can parasitize host pupae of 8 days old.

(3) Females outnumber males and a single male is capable of ferti

lising many females.

Hamachandra Rao et.al. (1950) stated that it can breed

on alternative hosts in nature and is thus capable of surviving

unfavourable seasons when pupae of Hephantis are not available.

VII. Triehoapilua pupivora as hvperparasite

Jayaratnam (1941) found T, pupivora along with an

Encyrtid and an Bulophid, SYT^tomosphvram obscuriceps F. hyper-
parasitic on a Tachinid larval parasite of Nephantis serinopa.
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Stomatomvia bezziana,

VIII. S-gseeptibllity of pu^ivora to Inseetioides ,

Mrula et.al. (1958) studied the residual toxieity of

field weathered inseeticidal residues to f. pu^ivora« In their

experiments using leaves sprayed with 0.2^ DDf suspension, they

found that BM was toxio to this parasite even after 8 weeks from

the date of spraying, jalthough an exposure period of 72 hours was

retired to give §0^ mortality. In the ease of BHO however a

similar low degree of toxicity reached after 5-6 days but its

action was rapid until after the 2nd day on which it caused §©9^

mortality after an average period of exposure of 6.25 hours.

Neither spray affect the immature stages of the parasites v^ich

are passed within the host. In laboratory experiments, Joseph

(1959) found that DDT spray at 0.025^ and above, caused 100^

mortality to this parasite, 35 days after spraying.

Hosts of S. EU£jL2££i

Hosts attacked in nature
\

Gevlon

(1) Nephantis serinopa 1. first noted by Hutson (1919) in
legombo district in Oeylon,

(2) Thosea eervina W.

(3) Spodoptera mauritia B

(4) Puparia of Sachiijid parasite of Hacolea annubilata S.

' Olhese three hosts are recorded by Hutson from

Peradenia, Lunuwala, Passara and Karunagala:, tooted by Ferriere
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(1930) Jayaratnam (1941) is of opinion that more evidence is

necessary regarding Thosea and Spodoptera as the former was not

attacked in the laboratory and the latter pupate in soil.

India

(1) Nephantis serinopa M noted in Gochin on the Malabar

coast of South India in (1925), quoted by Jayaratnam

(1941)

(2) Sylepta derogata P. Cotton leaf roller. Hecorded by

Ananthanarayanan (1939) at Calicut.

Malaya Peninsula

.

(1) (Eirathaba rufivena W. Recorded by Corbett at Sepang,

quoted by Ferriere (1930)

Java .

(l) Tirattaba spp. Hecorded by Paine at Buittenzorg

quoted by Ferriere (1930)

Hosts attacked in the laborktoyy

Host pupae attacked by the parasite in the laboratory

as listed by Ananthanarayanan (1939) and Jayaratnam (1941) are

as follows:- * '

At OoiTnbatore (South India)

(1) Gotton semilooper - Aoontla e:rael.Xa±Ji ^

(2) Paddy leaf roller - Cnaphalocrosis medinalis G.

(3) A pyralid on grape vine.
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/

(4) Castor butterfly - Ereolls merione G»

(5) A Hesperjii coconut caterpillar.

(6) Cotton leaf roller - Svlepta derogata F.

(7) Paddy arnqr worm - Spodoptera mauritia B,

(8) Tobacco cut worm - Prodenia litura F.

In tlie laboratory of Peradenia (Ceylon)

(1) giracola plagiata W. ^
= X 1 ' '

(2) Ooemophila erosa H« . .

(5) Plusia spp.
, V

(4) gerias silketana

(5) Parnara bada W.

(6) Parnaramathias W.

(7) Borolia venella W,

(8) Eomona cbfferia BT*

(9) Oatopsila crocal C>

(10) Paara bipunctalis 1,

(11) Polytella-gloriosae F.

(12) Margaronia caesaly

(13) Puparia of Stomatomyia bezyiana "

(14) Tachnid puparia of larval parasite of Spodoptera mauritia.
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••Vi.

MTERIALS mP METHODS

A. MATERIALS

(a) Host pupae used

« •' -

(1) Phytometra (Plusia) peponis P» (Noctuidae)

Caterpillars were collected from leaves of snakegourd

in the College Farm and reared in the laboratory on snakegourd

leaves. When they reached the prepupal stage they were removed

and kept in petridishes. A small opening was made in the leaf

fold to observe as to when they pupated. As soon as the pupae

had been formed, they were removed from the cell and used for

the experiments.

(2) Prodenia litura F. (iToctuidae)

Caterpillars were collected from banana leaves and

reared in the laboratory on tender banana leaves. The cater

pillars when about to pupate went into the soil provided in the

cages. T|ie soil was examined daily for pupae or prepupae, and

freshly fpmed pupae were used for the experiments.

C3) Orthaga exvinacea W. (Noctuidae) ^

larvae were collected from mango trees in the College

Farm and reared in the laboratory on mango leaves. As^ soon as

cocoons were formed, they were separated from the bulk breeding

and kept in petridishes and as soon as they pupated they were

used for the experiments.
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(4) Sylepta derogata P. (Pyralidae)

The caterpillars whieh are leaf rollers, were collected

on bhindi leaves from the field. They were bred in the laboratory

on bhindi leaves. The larvae in the, prepupal stage were trans

ferred to petridishes for pupation.

(5) lampides (Polvoiamatus) boetieus Ii« (Syeaenidae)

The caterpillars are pod borers. They were collected
1 •'

from the field and reared in the laboratory on pods of cowpea.

The larva pupated outside the pods. As soon as the pupae were

formed, they were used for the experiments.

(6) Margaronia indica S. (Pyralidae)

The caterpillars were collected from the field on

leaves of bittergourd and reared in the laboratory. The full

grown larvae pupated inside leaf folds. Sudi leaf folds were

removed to petridi&hes and as soon as they pupated the pupae

were removed for the experiments.

%

(7) Nephantis serinopa M. (Oryptophasidae)
I

Caterpillars were collected from the field and reared

in the laboratory on cut pieces of coconut leaves. The larvae

pupated within oval flattened cocoon of frass and silk among

the galleries. These cocoons Were, removed carefully to petri

dishes. As there is only a wall of silk at the base of the

cocoon the pupation could be easily observed.

(8) Gracillaria sovella D. (Gracillaridae)

The caterpillars are top shoot webbers of pulses.
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fhey were eolleoted from the field from Moghania maerophylla

and were reared ©n Moghania leaves, fhe prepupae were removed

to' petridishes. When the pupae were formed they were used for

the experiment. .

(h) Parasites used

Parasites ,used for the purpose of rearing a stock

culture ©f parasites were obtained from the Parasite Breeding

Station attached to The Division of Entomology, Agricultural

Sollege and Research Institute, Vellayani.

(c) Glassware

(i) Hurricane chimneys

..Specimen tubes

- size 17 em. x 11 em.

- 7.5 cm. X 1.3 em. &

'i'.S cm. X 3.5 cm.

(d) Ootionwool -plugs

Oitton wool was rolled into small balls and the balls

were covered with pieces of muslin cloth. The top was tied and

these were used,for closing tubes.

(e) Tube stand - 135 cm. x 38 cm. to hold 72 tubes

(f) Tube rack - 45 cm. x 37 cm. to hold 30 tubes

(g) Gamel hair brushes

(h) Diluted sugar solution - 105^ sugar solution for feeding

parasites.

B. MBTHODS

-I. • ' : ,

(l) Rearing stock culture of T. T?upivora
I-- ' ' .

With a view to minimise the variations in size, vigour
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V . . ^ t

etc, of the parasite a standard method was adopted for rearing

the parasites* For this purpose, a stock culture was reared

on pupae of Margaronia indica. In the method of exposing pupae

to the parasites single pupae were Wkeh in specimen tubes,

(7.5 cm. X 2.5 cm.) and five parasites were introduced and kept

in the tube until all the parasites died. Particular care was

taken to see that the pupae used were less than 24 hours old.

The parasites used were invariably those which had emerged on

the same day. Only female parasites were introduced, this being

possible by selecting the larger individuals in a group as-the

larger ones are the females.

'

(2) Rearing parasite on different host pupae to study the effect
of host on the parasite

The first process consisted in exposing the pupae to

the parasites in specimen tubes (7.5 cm. x 1.3 cm.). ?iye female

parasites were selected from the stock culture and introduced in

to the tube. For selecting the females alone the following prd-^

cedure was adopted. At first some parasites from the rearing

tubes were allowed to crawl out under an inverted petiridish placed

on a sheet of white paper, under the li^t of a work-table lamp.

One edge of the petridish was then slightly lifted for allowing

a_few parasites to move outrun to the paper. Five larger indi

viduals of these were guided into the exposure tube by means of

a fine camel hair brush. The tube was "ttien closed with a cotton

wool plug and the parasites were examined against ligjht with

a hand lens to ensure that the five parasites introduced were

all females. (Wcien examined against light the females could be
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identified by observing the abdomen, which is darker in colour

and has a median, streak formed by the ovipositor. In the males

the upper half of the abdomen is clear and the stre^ is absent.)
(See plate 1)

The host pupa was then gently cleaned with a camel

hair brush and weighed in a chemic^ balance individually. ' The

pupa was then carefully introduced into the tube containing the

5 parasites. A small strip of blotting paper soaked in sugar
.t _ ' • ,

solution was placed inside the tube to se^e as food for the

parasites. The tubes closed with' cotton plugs were then placed

on a tube rack in such a way that the bottom end'pointed towards

light and the pupae were at that end* (See plate 2-a) The use

of narrow tubes placed in this iimy- minimised the effort of the

parasites in locating the pupae and thus ensured the efficiency

of parasitism to the maximum. The pupae were thus kept exposed

to the parasites till all the five parasites died. The para

sitised pupae were then cleaned, removed to clean specimen tubes

(7.5 cm, X 2.5 cm.) plugged with cotton wool and placed on a

tube stand. (See plate 2-b) Ihen the parasites emerged they

were supplied with sugar solution on filter paper as mentioned

earlier.

(3) DeteimiTiation of period of development

The period of development is osculated as the number

of days from the date of ovipositlon by the parasites to the

date of emergence of the parasites.
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(4) Determination of longevity, total number emerged and sex
ratio

The number of parasites that died on each day after

the day of emergence counted. For this purpose, the live

parasites in the rearing tubes were made to move to the bottom

of the tube by keeping that side towards light. The cotton

plug was removed, care being taken to put back into'the tube

any parasite present on it. The dead parasites along with the

remains of the host pupa and the filter paper strip were col

lected in a petridish. (See plate 2-e) A fresh strip of filter

paper soaked with sugar solution was supplied to parasites in

the tube. The host pupal shell was broken open on the white

paper and the live parasites if any were put back into the tube.

AIT the dead parasites were grouped into small numbers of about

30 within the petridish and each group was examined under Bino

cular microscope, separated into males and females and counted.

This was continued each day till all the parasites died. Thus

in the end^data on the total number of parasites emerged and the

number of the two sexes were obtained.

longevity was determined'̂ ^as the average number of

days lived by the parasites that emerged from a pupa. For this

purpose, the number of parasites dead each day was multiplied

by the number of days it has lived. The total of these products

was divided by the total number of parasites emerged.

(5) Measurements of parasites

• Measurements were made of 5 male and 5 female parasites
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selected at random from all the dead parasites emerging from a

host pupa. The parasites were mounted on a slide iiil ^ycerin

with, dorsal side upwards. The measurements were done under a

microscope with the help of micrometers* Length of male measured

was that from the base of antenna to the tip of adeagus, while

in females it was from the base of antenna to the tip of abdomen.

Head width in both the eases was measured across the region of

the eye, and width of thorax measured was between the bases of

the forewings.

II. STATISTICAL STUDIES

The data obtained in the present investigations were

statistically analysed using the methods of correlation, re

gression and analysis of covariance.



EXPERIMEKTS AHD 0BSERVA(EIQ3ITS

I. Studies on the effect of different host pupae pn pupivora

A series of>8 experiments were carried out in the

laboratory with the purpose of ascertaining the total number of

adults produced, sex ratio, developmental period, longevity and

size of I. pupivora bred on 8 different species of host pupae.

These experiments are given below.

Experiment 1

Host pupa

Experimental deta-ilsi

Number of pupae useds

of pupae:

Number of female parasites
used for parasitising each
host pupa8

Age of parasites used for
parasitisationJ

Period during which the
experiment was conducted
and concluded:

Temperature during the .
period of experiment:

Relative humidity during
the period of experiments

Phvtometra peponis f.

10

less than 24 hours

Less than 24 hours

21—9—1962
to

.t 4—11-^962,

Mnm. 76° - 80® F.
Ifem. 80° - 87® f.

85^ -

Procedure - Pupae were weighed, exposed to parasites and various

observations made as described on pages 43',. 44 and 45»

Details regarding weights of pupa used, dates of ex

posure and emergence of parasites- are given in Table 1
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Resultst- Results of the experiment are given in Appendix I,

Tables 1 to 4. from table 1 it may be seen that the develop-

, mental period varies from 18 to 22 days, the average being

19.6 days. Table 2 gives the total number of adult parasites
which emerged from eaoh pupa exposed and their sex ratio. It

can be observed that the number of parasites emerging from a

pupa varies from 247 to 561, the average being 372.9. The ratio
of male : female parasites is seen to be on an average 1829.822.
Table 3 gives the number of, parasites dying on each day f ollow
ing their emergence, and. the calculated longevity. It may be

noted that the p^asites emerging from pupae of P. peponis live

for an average period of 3.28 days. Table 4 shows the average

.measurements of length, width of head and width of thorax of

5 males and 5 females of the parasites emerging from each of

the ten pupae of P. penonis and the calculated average measure

ments of the total of 50 parasites. It will be seen that the

average measurements are 1.210, 0v365, 0.330 and 1.273^ 0.431,
0.353 mm. respectively.

Experiment 2

Host pupa Marpjaronia indlca •
Ehct>erimeptal details

Period during .which the experiment if—
was conducted and concluded: 31—io-l96«s

Temperature during the experimentJ Mnm. ^6®. - gO® F.
SSsm. 80 - 87 J .

Relative humidity during the ex- ^
periments 85% - 91?&
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Details of weight of pupa and dates of exposure and emergenoe of

parasites are given in Table 5.

Rest of the details as in Experiment 1. •

Results;- Results are presented in Appendix I, Table 5 to 8.

Table 5 which gives the developmental period of T, pupivora when

bred on pupa of M. indioa shows that the developmental period

varies from 17 to 18 days, the average being 17.3 days, from

table 6 it is seen that the number of parasites emerging from

a pupa varies from 121 to 244, the average being 163.7 and that

the ratio of male : female parasites is 1:13.699. Table 7 shows

that the longevity of the parasites emerging from pupa of M. indioa

is on an average 2.298 days. Table 8 which gives the data on

the average measurements of length, width of head and width of

thorax of male and female parasites bred on pupa of M. indioa

shows that these measurements are 1.137, 0.343, 0.318 and ^l . 137,

0.379, 0.333 mm. respectively.

Experiment 3 ,

Host pupa Lampides boeticus

Experimeafeii details

Period during which the experiment 24—9—1962 to
was conducted and concluded: 29-10-1962

Temperature during the experiment: Mnm. 76° - 80® F.
Mxm. 80° - 87 ?.

Relative humidity during the ex-
periment: 79^-91^

Details of wei^t of pupa and dates of exposure and emergence
I . . ' " '

of parasites are given in Table 9.

Rest of the details are as in Bxpei-iment 1.
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Resalts:- Results are presented in Appendix I, Tables 9 to 12,

Data on the developmental period of ^ pupivora when bred on pupa

of 1. boetieus given in table 9 show that the developmental period

varies from 17 to 22 days, the average being 18.5 days. It may
I

be seen from table 10 that the number of parasites emerging from

a pupa varies from .131 to 298, the average being 194.5 and that

the ratio of male J female parasites on an average is 1J 15.458.

From table 11 it is observed that the longevity of parasites
I

emerging from the pupa of L. boetieus is on an average 2.292 days.
V

Prom table 12 which gives the data on the average measurements of

length, width of head and width of thorax of male and female

parasites bred on pupa of 1. boetieus it may be seen that these

measurements are on an average 1.088, 0.327, 0.300 and 1.152,

0.398, 0.325 mm. respectively.

Experiment 4

Host pupa Prodenia litura

Experimental d etails

Period during which the experiment 2—10—1'962 to
was conducted and concluded: 21-12—1962

Ien5)erature during the experiment: Mnm. 76® - 84® F.
Ifem. 81® - 88®

Relative humidity during the ex
periment: 82?^ -

Details of weight of pupa and dates of exposure and emergence

of parasites are given in Table IS.

Rest of the details as in Experiment 1.

Results:- Results are presented in Appendix I,'Tables 13 to 16.
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A perusal of the data in fable 13 shows that developmental period

varies from 17 to 20 days, the average feeing 18.5 days, fable 14
0

gives the number ©f parasites emerged and their sex ratio. It is

seen that the number of parasites emerging from a pupa varies from

161 to 233, the average being 209^ Dhe ratio of male s female

parasites is seen to be on an average 1:17.270. fable 15 gives

the longevity of the parasites emerging from the pUpa of litura

and the average longevity is observed to be 4,066 days, fable 16

records the data on the measurements of length, width of head, and

width of thorax of male and female parasites bred on pupa of
, • • r

P. litura. fhese measurements (average of 50 insects) are 1.142,.

0.333, 0.302 and 1.205, 0.401, 0.322 mm. respectively. ^

Experiment 5

Host pupa Svlepta derogata

Experimental details

Period during which the experiment 10--1O—1962 to
was conducted and concluded: 9—ig—1962

femperature during the experiment: . 78® - 84« i
Mm. 82® - 88° Pw

Relative humidity during the ex
periments 79^ - 95^

'I -

Details regarding weight of pupa and dates of exposure and emer

gence of parasites are given in fable 17.

Rest of the details as in Experiment 1.
. 4'

Results:- Results are presented in Appendix I, fables 17 to

20. fable 17 gives the developmental period of f. pupivora

when bred on pupa of derogata.
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Ttie developmental period is observed to vary from 16 to 18 days,

the average being 16.9 days, fable 18 gives the total number of

parasites which emerged from each pupai? and their sex ratio,

fhe number of parasites emerging from a pupa varies from 103 to

248, the average being 167.1. ®he ratio of male 8 female para

sites is seen to be on an average 1:14.993. Prom Table 19 it

may be seen that, the longevity of, the parasites emerging from

the pupa of S. derogata is 4.963 days. Table 20 shows that the

average measurements of length, width of head and width of thorax

of the male and the female parasites bred on pupa of S. derogata

are 1^66, 0.350, 0.323 and 1.234, 6.411, 0.333 mm. respectively.

Experiment 6 '

Host pupa Orthaga exvinacga

Experimental details

Period during ^ieh the experiment 16—»10—1962 to
was conducted and concluded: 20—12—1962

Tenroerature during the exjjerimeht: Ifam. 78® - 84® 5*.
Ixm. 82° - 86®

Relative humidity during the ex- _
periment: 795&\.- 95?&

Details of the weight of pupa and dates of exposure and emergence

of parasites are given in Table 21.

Heat of the details as in Experiment 1.

Results:- Results are presented in Appendix I, Tables .21 to 24.

Table 21 gives the developmental period of T, pupivora when bred

on pupa of 0. exivinaoea. The developmental period varies from

17 to'20 days, the average being! 18;7 days. Table 22 gives the

number of parasites that emerged from each pupa t^nd their sex
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ratio. It is seen that this number of parasites emes-ging from

a pupa varies from 135 to 351, the average being 235.4. The

ratio of male : female parasites is seen to be on an average

1 SI7.943. Table 23 shows that .the longevity of the parasites

emerging from the pupa of 0. exvinaefea is on an average 4.874

days. Table 24 gives the data on the measurements of length,

width of head and width of thor^ of male and female parasites

bred on pupa of Q. e:tvinao4a. 5he measurements (average of 50

insects) are seen to be 1.156, 0.359, 6.323 and 1.234, 0.413,

0.345 mm. respeotively.

Experiment 7

Host PUPa ' Nephantis serinopa

Experimental detkils

Period during which the experiment 22--11—1962 to
was conducted and concluded: 16—12—1962

IEemperature during l^e experiments Mnm. 80® - 84^ f.
Msm. 82 — 86 5*.

Relative humidity dtiring the ex- , ^
periments 81^-95%

Details of weight of pupa and dates of esgposure and emergence

of parasites are) given in tsOsle 25.

lest of the details as in Experiment 1.

Results8- Results are presented in Appendix I, Tables 25 to 28.

Tables 25 show that the developmental period of T. puplvora when

bred on the pupa of I. serinopa varies from.17 to 18 days with

an average of 17.3 days. From Table 26 it may be seen that the

number of parasites emerging from a pupa varies from 141 to 286,

the, average being 227.7 and that the ratio of male t f ei^le
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parasites is 1:1S*359« Table 27 shows that the longevity of

parasites emerging from the pupa of serinopa is on an average

of 3*781 days, fable 28 gives the data on the average measure

ments of length, width of head and width of thorax of male and

female parasites bred on the pupa of N. aerinooa. It may be

seen that the measurements(average of 50 insects) are 1.121,

0.336, 0.304 and 1.181, 6.391, 0.313 mm. respectively.
N

Experiment 8

Host pupa; Grraeillaria aovella

Experimental details

Period during which the experiment 28—1—1963 to
was conducted and concluded: 17—2—1963

® , *

Temperature during the experiment* Mnm. 78® - 80° f.
Mm. 80® - 86 F.

Relative humidity during the ex- ,
periment: 79?^ - 89^

Details regarding the weight of pupa and dates of exposure and

emergence of parasites are given in fable 29.

Hest of the details as in Experiment 1.

RestiLts:- Results are presented in Appendix 1, Table 29 to 32.
I

Table 29 gives the developmental period of T. pupivora ^en bred

on pupae of G. sovella which shows that, the developmental period

varies from 16 to 18 days,the average being 17 days, from Table

30 it is seen that the number of parasites emerging from a pupa

varies from 12 to 17, the average being 14.7 and that the ratio

of male i female parasites is on an average 1:9.050.Table 31

shows that the longevity of parasites emerging from the pupa of
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G. soyella is on an average 1.44i days, falale 32 wMcli gives

the data on the average measurements of lengthy width of head
^ i.

and width of thorax of male and female parasites bred on pupa

of ff. sovella shows that the measurements, average of 50 insects

are 0.998, 0.308, 0.278 and 1.T24, 0.372, 0.319 mm. respectively.

II, Studies on the effect of induced superparasitism on f .pupiyc^ya^

A series of 4 experiments were conducted with a view

to ascertainjEhe effect of 4 levels of induced superparasitism

- S.* PUPivors- on "tiie total number of adults produced, sex ratio,

developmental period, longevity tod size of parasites when bred

on pupa of Plusia peponis.

Experiment 9 ,Pupae parasitised by five parasites
Experimental details

dumber of pupa-usedJ 10

Age of pupa: I>ess than 24 hours

Age of parasites used for
parasitisationJ less than 24 hours

Period during which the ex- 18—1—1963
periment was conducted and ^ to
concludeds 14--2-~1963

Temperature during the Inm. 78®- 80° f. '
period of experiment: Mxm. 80°- 86 I*.

Relative humidity during
the period of experiment 79^ - 90%

Procedure - Same as in Experiment 1.

Details regarding the weights of individual pupa used, of

exposure and emergence of parasites are given in Table 3S.

Results?- Results of the experiment iare given in Tables 38 to
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41. (Appendix I) . A perusal of the data in Table 38 shows

that the developmental period varies from 17 to 22 days, the

average(being 19.6 days. From Table 39 it may be seen that

the number of parasites emerging from a pupa varies from 266 to

461, the average being 372,9. The ratio of male s female para

sites is seen to be on an average 1:29.242. Table 40 gives the

data on the survival of the adult parasites following their

emergence and their calculated longevity. It will be observed

that the parasites survive for an average period of 3.799 days.

Table 41 shows that the average measurements (of 50 parasites)

of length, width of head and width of thorax of male and female

parasites as 1.186, 0.357, 0.320 and 1.278, 0*437, 0.35Q mm.

respectively.

Experiment 10

Pupae parasitised by 10 parasites V

Experimental details

Period during, which the experiment 18—1--1963 to
was conducted and concluded J 19—2—1963

Temperature during the period of iahm» 78® 80® P.
experiment! Mxm. 80® - 86 P.

Relative humidity during the period ' .
of experiment* 79^ - 90^

Details of weight of pupa and dates of exposure and emergence

of parasites are given in Table 42.

Rest of the details as in Experiment 9.

Results8- Results are presented in Appendix I, Tables 42 to 45.

Table 42 shows that the developmental period varies from 16 to

20 days, the average being 17.7 days. From table 43 it is seen

that the ntimber of parasites emerging from a pupa varies from
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318 to 529 the average being 408.7. The ratio of male 4 female -

parasites is 1J27.992. Table 44 shows that the parasites that

emerge from the pupa of P. peponis exposed to ten parasites

survive on an average for a period of 4.255 days. The data on

the measurements of length, width of head and width of thorax csf tnaie

aiia female parasites are presented in Table 45. The average

measurements are 1.121, 0.338, 0.312 and. 1.177, 0.392, 0.312 mm.

respectively.

Experiment 11 -

Pupae parasitized by 15 parasites

Experimental details

Period during which the experiment 19—1 1963 .to
was conducted and concludeds 21—12—1963

Temperature during the period of Mnm. 78® - 30°J".
experiment* Mxia. 80® - 86®^

Relative humidity during the ex
periment: 79^ - 90^

Details of weight of pupa and dates of exposure &ad emergence ,

of parasites are given in Table 46.

Eest of the details as in Experiment .9.

ResultsResults are presented in Appendix I, Table 46—49.

Prom Table 46 that the developmental period varies from 17 to

18 days with an average 17*3 fiays. ^ Table 47 shows that the

number of parasites emerging from a pupa varies from 401 to

528, the average being 453.8. The ratio of male s female

parasites is seen to be on an average 1826.454. Table 48 shows

. Ibhe longevity of the parasites and it is seen th^t the average

period of survival for the parasites is 4.752 days. Table 47
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gives data,on measurements of, length, width of head and width

of thorax of male and female parasites. The average measure

ments are 1.110, 0,336, 0.301 and 1.172^ 0.391, 0.312 mm. res

pectively.

Bxperiment 12 ? _

Pupae parasitised bv 20 parasites

Experimental details

Period during whioh the experiment 20-1-1963 to .
was conducted and concludedi 19-2-1963

Temperature durjing the experiments Mnm. 78°- 80^ F.
Mxm. 80 - 86 ff.

Relative humidity during the ex
periment» 79^ " 89^

Details of weight of host pupa and dates of exposure and emergence

of parasites are given in Table 50* > /

Hest of the details as in Bxperiment 9* .

Results?- Results are-presented in Appendix I, Tables 50 to 53.

Table 50 shows that,the developmental period of the parasite varies

from 17 to 18 days, with an average of 17.1 days. Table 51 gives

the number of parasites emerged and ^heir sex ratio. This number

of parasites emerging from a pupa vsiries from 612 to 901 the

Average being 742.8. The ratio of male « female parasites is seen

•to be on an average U15.49. Table 51 shows that the average period

of/^rvival of the parasite ±s 3.142 days. Table 53 gives the

data on the measurements of lengtli, width of head and width of

thorax of male and female of parasites and these measurements are

1.037, 0.310, 0.284 and 1.080, 0.359, 0.304 mm. respectively.
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i. Effeet of different hosts On the wmbeT of adult a of

T. pupivora produoed

.1: C • • •
?

(a) Relation between weight of host pupa and number of
adults of g. pupivora produced

With.a view to ascertain if there exists any relation

between weight of host pupa and the number of adults of

2,. pupivora produced, the coefficient of correlation has been

calculated taking the, weight of host pupae and the number of

parasites, obtained as the two variables. For this all, the 80

host pupae.under study, have been taken as a sample of the popu-?

lation without taking into consideration the effect,if any,of

species concerned. She correlation coefficient (r) is found to '

be 0.764. Test for significance shows the tabulated value of

(r) for 78 d.f at level as 0^2867, indicating significant

correlation between the weight of host pupa and the number of

parasites produced.,'

Further, the regression of the number of parasites (b)

on weigiht of host pupa (a) was calculated and found to be t-

b 2 911.875a 4. 94.109 and fig. 1 gives the best fitting line for

the data. In the test for regression tlie calculated i* ratio

is':i26.76 aa against the tabulated value of 7.008 for 1 and 78j^f

at- 1?5 level, which shows that the regression coefficient is

flighly significant^. ' -
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5he results of these analyses thus show that there

exists a pos^itive linear correlation between the size of host

pupa and the number of parasites produced'. This observation

agrees with ihat made by Ullyet (1936) on Triohogramma lutea»

(b) Number of adults pr-oduoed by different species of host

• T^upae ; • ' ' /

fhe average number of parasites produced by the diffe

rent species of host pupae are given in iSable 33.

- gable 33

Average number of adults of pupivora produced by different

species of host pupae

SI. laiae of pupa
-Ho./ ^ ' ,v, .

Weight of
pupa in Gms.

average..

number of
parasites
produced.

1. Phvtometra peponis 0v320 372.9 •

2. Prodenia litura ' 0.1?2 , ' 209.6
•

3. Orthasa exvinacea - 0.117 235.4

4. Svlepta deroaata . 0.085 167.1

5. Lampides boetieus 0.082, 194.5

•' ' • • , .V

' 6. Marsardnia indica 0.070 163.7

7. Nephantis serinopa 0.066 227.7

8. Sracillaria sovella
1

0.004 14.7

V It will be seen that Phvtometra pupa produces the

largest number of parasites followed in the desoending order; by

Orthasa, Hephantis. Prodenia. Lampides, Svlepta, Maraaronia and

Sraclilaria.
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From the statistical analysis using the analysis of

covarianee technique the following conclusion has been arrived

at • '

1 5 2 7 5 4 6 8

in which the numbers denote the different species asJ-

1. Phytometra peponis

2. Prodenia litura

3. Qrthaga exvinacea

4. Sylepta derogata

5. Lampides boeticus

6. Margaronia indica

7. Nephantis serinopa

8. &raeillaria soyella

The details of the calculations are given in Appendix IIa«

from this it is evident that Phytometra pupa pro

duces significantly higher number of parasites than the other
f,

host pupae. Among the rest, there is no significant difference

in the number of parasites produced by the host pupae 2 to 7

while pupa 8 produces the least number of parasites.

II. Bffect of host on sex ratio of T. pupivora

(a) Relation between the weight of host pupa and sex
ratio of g.» PUPivora

Correlation coefficient calculated from all the 80

host pupae irrespective of the species is 0.893. Ihe tabulated
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value of 'rV for 78 d.f. at level was found to be,0«2867.

fhis shows that the eorrelation between the wei^t of host pupa

and sex patio is highly significant. ^

The regression of the sex ratio (0) on the weight of

host pupa (a) is calculated to be 0 s 63»5a «!• 9.151. In the

regression test, calculated f ratio is 282 as against the

tabulated value 7.008, for 1 and 78 d.f at level, fhus the

regression coefficient also is highly significant. Shiis is

graphically represented in S'ig. 2.

fhe above analyses show that the proportion of the

number of female parasites of T. pupivora produced, increases

as the size of the pupa increases. Similar observations on the

effect of host on sex ratio were made by Chewyreuv (1913) on

Piartla instigator. iBxenterus sp. and Oampoplex sp.. Smith (1932)

on Alvsia educator, Seyrig (1935) on Bcthromorpha hvalina

and Piaala maculisoaposa. Brunson (1937) on fiphia popiliavora

find Taylor (1937) on ©haloid parasite Pleurothrops parvulus.

(b) Sex ratio of f. pupivora produced by different species of
host pupa

fable 34 shows that Phvtometra pupa produces the

large^ proportion of females followed in the descending order

bv Orthaga. Prodenia. I»ampides. Sylepta^ Margaronia. Ifephantis

and Gracillaria. . v

Analysis of covariance ^ows tha.t with respect to the

sex ratio of the parasites produced, the different host pupae
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Qan be grouped as follows:-

1 2 3 5 4" 6 8

(lElie numbers are similar as referred to earlier. Details of

calculations are given in Appendix II b)

It may be observed that Phytometra (1) pupa produces

signifijCantly larger proportion of female parasites than the

other host pupae. Further in the proportion of females pro

duced, pupae 2, 3 and 5 differ significantly from pupa 8 while

there exists no difference among the pupae 2 to 7.

Table 34

Sex ratio of pupivora produced by different species of host

SI.
No.

Name of pupa
Weight of

pupa in
Gms. av.

Nxuaber
ot

male

Number
of

female

Sex
ratio

1. Phvtometra ueponis 0.320 12.2 360.7 29.822

2. Prodenia litura 0.172 11.5 197.5 17.270

3» Orthaaa exvinacea 0.117 12.8 222.6 17.943

4. Svleista deroaata 0.085 10.7 156.4 14.993

5. Lampides boeticus 0.082 12.1 ,182.4 15.458

6. Marstaronia indica 0.070 11.9 151.8 13.699

7. NeDhantis serinoDa 0.066 16.7 21U0 12.859

8. Sracillaria sovella 0.004 1.6 13.0 9.050
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Bffeet of host on the developmental period of T, pupivora

C®-) Relation between the weight of ho at pupa awd the
developmental period of I, pupivora

Correlation coefficient e^eulated from all the 80

host pupae irrespective of the species is 0.647. The tabulated

value of 'r' for 78 d.f. at level is 0.2867. Thus a highly

significant correlation between the weight of host pupa and

developmental period is indicated.

fhe regression of the developmental period (k) on the

weight "of host pupa (a) is calculated to be k s 9.625a + 16.965.

In the test for regression the calculated F ratio is 63.31,

while the tabulated value for 1 and 78 d.f. at 1^ level is

7.008. Thus the regression also is significant. This is re

presented graphically in Fig. 3. It is evident that there exists

a positive linear correlation between the weight of host pupa and

the duration of development. The only other study on the effect

of the size of the host on the developmental period of a parasite

is that of Salt (1940) on Trichogramma evaneaeews. He also

observed similar correlations as observed in the present studies.

(^) Developmental period of T. pupivora in different
species of host PUpae

from table 35 it may be seen that the total duration

of development is longest in Phytometra pupa followed by the

other host pupae in the order, Orthaga > Prodenia - Lampides >_

Margaroiiia - Nephantis > Gracillaria > Svlepta.
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Table 35

Average duration of development^ of pi^.ivora in different
species of host PUpa

SI.
No.

Name of pupa
Weight of

pupa in
6mB.(av.)

Duration of
Development

, in days

1. Phvtometra peponis 0.320 19.6 =

2. Prodenia litura 0.172 18.5

3. Orthaga exvinacfea 0.117 18.7

4. Svlepta derogata 0,085 16;9

5- Lampides boeticus 0.082 18.5

6. Margaronia indica v 0.070 17.3

?. Nephantis serinopa 0.066 17.3

8. Graeillaria sovella 0.004 17.0

fPhe conclusions drawn from the analysis of coyariance

may be smnmarised ass-

5 6 3

This explains that the developmental period of the parasites is
•V ,

significantly longer in the pupa of Phvtometra (1) than in the

pupae 6, 7, 4 & 8 and is not significantly longer than in the

pupae 3, 2 and 5. (Details of calculations given in Appendix He)

IV. Effect of host on the longevity of adults of T.. pupivora

(a) Relation between weight of host pupa and longevity
of PUPivora
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The correlation coefficient caleulated from all the

80 host pupae irrespective of the species is 0.122. The tabu

lated value of 'r' for 78 d.f. at Ifevel is 0.2136. This

indicates that there appears to be no significant correlation

between the size of host pupa and the longevity of the adult

parasites which enierge from them.

(b) Longevity of adults of T. pupivora produced by
different species of host pupae.

The average longevity of T. pupivora adults bred on

different host pupae are given in Table 36.

Table 36>

Average longevity of adults of T. £UE^S2£§; ^red on different
species of host pupae

Longevity in daysWei#t of
ox.

no.
Name of pupa pupa

(average) Male Female Whole

1. Phvtometra peoonis 0.320
N

2.146 3.368 3.282

2. Prodenia litura 0.172 1.721 4.273 4.066

Orthaaa exvinacfia 0.117 2.158 5.118 4.874

4. Svlepta deroeata 0.085 1.952 5.219 4.963

5- Lampides boeticus 0.082 1.303 2.351 2.292

6. Marcaronia indica 0.070 1.336 2.340 2.298

7. Nephantis serinopa 0.066 1.631 3.919 3.781

8. Gracillaria sovella 0.004 1.050 1.535 , 1.455
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It is seen that the longevity of parasites is greatest ^en bred

on Sylepta pupae * It decreases in the. descending order in other

hosts as Orthaga, Prodenia, Nephantis, Phytometra, Margaronia,

Laiapides and Grraeillaria.

By the application of analysis of covariance the

following conclusions has heen made:-

8 1

(Details of calculations given in Appendix lid)

(Ehis shows that' the longevity of parasites produced in pupa of

Svlepta (4) is significantly longer than that of the parasites

produced in pupa of Phytometra (l) and that it does not vary
t

from the longevity of parasites produced by pupae 3, 7, 2, 6,

5 and 8,

V, Effect of host on the size of g. pupivora

(a) Relation between the weight of host pupa and the size
of pupivora

' \ •• • '

lo study thisf the head width of female parasites has

been taken as a measure of the size of parasites. The corre

lation coefficient between the head width of female parasites

and the weight of host pupa has been calculated to be 0.556,

while the tabulated value of 'r* for 78 d.f. at level is 0.2867,

This indicate a significantly high correlation between the two

variables^

The regression of the size of the piarasites (h) on the

weight of host pupae (a) is h = G.2a + 0.377. In the regression
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test the calculated f ratio is 20.9 as against the tabulated

value 7.008 for 1 and 78 d.f. at 1% level. Thus the regression

also is highly, significant. It is represented graphically in

Fig. 4. All these go to show that there exists a highly signi-

ficant and positive linear^ correlation between the, weight of

and the size of parasites. Similar results were obtained.'

by maiyr previous workers like latzburg (1844), Toyama (1906),

Morril (1907), Chewyreuv (1913), Thompson (19?3), Mckel (1924),

Flanders (1930), Lathrop and lewton (1933), Jakson (1937) and

Salt (1940) in various other parasites.
I

(b) Size of adults of T. pupivora bred on the different

species of host pupae

The various measurements of the male and female adult

parasites bred on the different species of host pupae are given
^ ' ''

in Table 37. With a view to understand the extent of variation

existing in the size of the parasites produced in the different

host pupae, ainalysis of covari^ce was done using the head width

of female parasites as the effect. The F ratio was not found

to be significant, indicating that there is no significant

difference in the size of parasites emerging from the different

species of hosts.
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Table S7

Average measurements of adults of T. TJUPivora bred on different

species of host t)upae

Measurements in mm.

ITajiie of pupa- LengthHo. Gms. (av.) -liengtn head thorax

Male Female Male Female Male Female

1. PhYtometra peponis 0.320 1.210 1.273 0.365 0.431 0.330 0.353

2. Prodenia litura 0.172 1.142 1,205 0.333 0.401 0.302 0.322

3. Orthaga exvinacea 0.117 ,1.156 1.234 0.359 0.413 0.323 0.345

4. Syiepta derogata . 0.085 1.166 1.234 0.350 0.411 0.323 0.333

5. Lampides boeticus 0.082 1.088 1.152 0.327 0.398 6.300 0.325

6.' Margaronia indica 0.070 1.137 1.137 0.343 0.379 0.318 0.333

7. Hephantis serinopa 0.066 '1.121 1.181 0.336 0.391 0.304 0.313

8. Gracillaria soyella:0.004 0.998 1.124 0.308 0.372 0.278 0.319

YI. Effect of different levels of induced sutierparasitism on
the number of adults of (C. pupivora produced by pupae of

Phytometra peponis

The average numbers of parasites produced in P. peponis

pupa as a result of parasitisation by varying numbers of para-

sites are given in Table 54.

I ' • ' f

It will be seen that the maximum number of parasites

is produced when the pupa is parasitised by 20 parasites, while

the numbers of parasites produced when parasitised by 15, 10 and
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5 parasites follow a descending order. ^

'Satle 54

Average number ©f adults of pupivora produced in pupa of

P« peponis when parasitised by different numbers

. of parasites .

Humber of parasites
SI, parasitising a pupa.
ISo,

1.

2.

3.

4.

5

10

15

20

Weight of
host pupa

average

0.317

0.312

0.297

0.305

Number of
parasites
produced.

345.9

408.7

453^8

742.8

In order to understand vidiether there exists any corre

lation between the different levels of induced superparasitism V

and the number of adults of 5. pupivora produced, the coeffieient

of correlation has been calculated. For this all the 40 host

pupae under study have been considered as a sample of the popula

tion. The different levels of superparasitism and the number of

parasites emerged are considered as the two variables. She corre

lation coefficient (r) is calculated,to be 0.8Q7. lest for signi-

ficaSade shows the tabulated value of r for 38. d.f. at 1?^ lev^ as

0.3732,. indicating significant correlation between the different

levels of superparasitism and. the number of paras^ites emerged.

further, the regression of the number of parasites (b)
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on different levels of superparasitism (x) has been calculated.

It is seen that there is no linear regression. When these two

are plotted the points have been seen to lie very closely along

a 2nd degree curve (Pig, 5). The.equation of which is

b s 2.252X - 31,564x 4- 460.35. In the test for regression, the

calculated I* ratio is 57 as against the tabulated value of 5.243

for 2 nd 37 degrees of freedom.at 1^ level and this shows that

the regression coefficient is highly significant.

The^results of the analyses thus show that there exists

a highly significant and positive correlation between the diffe:^--

ent levels of superparasitism and the number of parasites emerged.

Tliisi observation agrees with that of Salt (1940) on

Trichogramma evaneseens.

Analysis of covariance has enabled the following

conclusion; :

20^ 15 . 10 5

in which the numbers denote the different niimbers of parasites

used for parasitisation.(Details of calculations given in AppendixHf)

• From this also it is evident that a significantly

large number of parasites is produced when pupae are parasitised

by 20 parasites, further, the number of parasites produced

when the pupae are parasitised by 15 parasites is. significantly

larger than v&ien parasitised by 5 parasites, but is not signi

ficantly larger than when parasitised by 10 parasites.
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VII. Effect of different levels of induced superparasitism on
the sex ratio of pupivora bred on pupae of P. peponis;

Table 55 shows ,that the largest proportion of females

is produced when the pupae are parasitised by 5 parasites each.

This proportion shows a progressive decrease corresponding with

the progressive increase in the level of superparasitism from

5 to 20.

Table 55

Sex ratio of T. pupivora bred on pupa of P. peponis when parasitised

^ varying numbers of parasites

SI.

No.

Number of

parasites
parasitising a

pupa

Weight of
host pupa
in Gms *
(average)

Number of

male

Number of

female

Sex
ratio

1. 5 0.317 11.5 334.4 29.242

2. 10 0.312^ 14.6 394*1 27.992

3. 15 0.297 18.9 434.9 26.454

4. 20 0.305 46.8 696.0 15.490

Coefficient of correlation of these two variables is

calculated to be-0.605. Its tabulated value for 38 d.f. at

level is 0.3732. Thus a significant negative correlation be

tween levels of superparasitism and proportion of female para

sites is in evidence. The regression of the sex ratio (O) on

the different levels of superparasitism (x) is calculated to
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® - 0.097x^ + 1.561x + 23.394. In "fehe regression test
the oalGulated f ratio is 15.69 as against tiae tabulated value

of 5.843 at 2 and 37 degrees of freedom at level, indicating

tliat the regression coefficient is highly significant, fhis is

graphically represented in Fig. 6. Ihe above analysis thus

shows that the proportion of the number of females of S* Puiaivora

produeed decreases as the level of superparasitism increases.

Similar observations of the effect of induced super-

parasitism on sex ratio of parasites were made by Salt (1936) on

frichogramma evanesces,Narayanan et. al. (1945) on Bracon

(Miorobracon) gelachiae and Narayanan said Subba Rao (1955) on

Microbracon gelechiae.

fhe analysis of covariance shows that with respect

to the sex ratio of the parasites produeed, the different levels

of superparasitism can be grouped as followsJ-

5 10 15 20

(Details of calculations given in Appendix II g) '
It may be observed that the significantly lowest

proportion of females is produeed ^en the pupae are parasitised
/

by 20 parasites. Shere does not appear to be any significant

difference in the proportion of females produced i^en the pupae

are parasitised by 5, 10 or 15 parasites.

ym. gffeot of different le-yels of sutaerparasltlsm on the

developmental period of T. pupivora bred on pupae of

P. peponis

Prom the Table 56 it may be seen that the total
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duration of development is longest wiien the pupae are para

sitised by 5 parasites, followed iii tke descending otier by.

parasitisation by 10, 15 and 20 parasites.
I

Table 56

Average duration of development of T» pupivora in the pupa of

P. peponis when parasitised by varying numberis of parasites

SI. lumber of parasites Wei^t of pupa Duration of
ITo. parasitising a pupa in Gms. development

(average) in days

\

1. '5 0.317 19.6

2. 10 0.312 17.7

3. 15 0.297 17.3

4. 20 0.305 17.1
/

•

Correlation coefficient (r) calculated is - 0.670

while the tabulated value of 'r' for 78 d:.f . at 1^ level is

0.3732, indicating significant correlation between different

^levels of superparasitism and developmental period. The re

gression of the period of development (k) on different levels

. of superparasitism (x) is calculated to be k = 0.017 x^- 6.583x +

22.025. In the regression test, the calculated F ratio is 18.5

as against the tabulated value of 5.243 for 2 and 37 d.f. at

15^ level, which shows that the regression coefficient is' highly

si^iificant. This is graphically represented in Fig. 7. Thus

it is evident that there exists a negative correlation between

different levels of ^perparasitism and duration of development.
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The conclusion drawn from the analysis of covariance

may be summarised as follows: '

5 10 15 20

Shis explains that the developmental period of. !E»''pupivora is

significantly longest when the pupae are parasitised by 5 para

sites. Fo significant difference in developmental period of

g«' pupivbra is found ^flien the pupae are parasitised by 10, 15 or

•20 parasites. (Details of calculations given in Appendix II h)

Effect of different levels of induced superparasitism on
longevity of ^ults of g. pupivora bred oh pupae of P. peponis

Table 57 indicates that the average longevity of the

parasites is highest when the pupae are exposed to fifteen para

sites followed by the other levels of parasitism in the order^

10 < 5 < 20.

The correlation coefficient (r) calculated is - 0.117,

the tabulated value of 'r' being 0.3732 for 38 d.f. at 19^ level

and 0.3126 at 5^ level. Thus there appears to be ab significant

correlation between the different levels of superparasitism and ,

longevity of parasites. .

Analysis of covariance gives the following conclusion.

15 10 ^5 20
(Details of caloulations given in Appendix II i)

This indicates that the longevity of parasites is significantly

longer ;%hen pupae are parasitised by 15 parasites than when
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parasitised by 5 or 20 parasites but is not significantly

different from that when parasitised by 10 parasites. Further^

longevity of parasites is significantly longer when pupae are .

parasitised by 10 parasites than when parasitised by 20 parasites

but is not significantly diffei^ent from that when parasitised

by 5 parasites.

gable ^57

Average longevity of adults of pupivora bred on pupae of P.
p. pepoT^s when expgsed to different levels of superparasitism

Humber of
parasites

SI.parasitising a
No. pupa

Weight of
pupa in

Gms.(av.)

Longevity in days

Male Female Whole

1. 5 0.317 2.170 3.852 3.799

2. 10 . 0.312 2.020 4.434 4.255

3. 15 0.297 1.617 5.080 4.752

4. ' 20 0.305 1.533 3.202 3.142

Effect of different levels of induced auperparasitism on the,

size of T. pupivora bred on pupae of P. £eponi%

The.various average measurements of the male and

female parasites bred on pupae of P. Peponis, when parasitised
by different numbers of parasites are given in,Table 58.
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gable §8 .

Average size of adults of g. puplvora bred on pupae of P« peponls
when parasitised bv yawing numbers of parasites t

Measurements in mm»

lumber of para- Wei^t
SI, sites parasiti- of pupa y- 4.1, Width of Width of

JTo. sing a pupa. in Gms. head thorax
(av.) —

Male Feamle'Male Female BSale female

1. 5 , 0.317 1.186 1.278 0.357 0.417 0.320 0^350

2. 10 0.312 1.121 1.177 0.338 0.392 0.312 0.311

3. 1® 0.297 1.110 1.172 0.336 0.391 0.301 0.312

4. 20 0.305 1.037 1.080 0.310 0.359 0.284 0.304

' She eoeffieient of correlation 'r' between the head

width of female parasites (which is taken as a measure of size)

and different levels of induced superparasitism is found to be

-0.612, while the tabulated value of 'r' for 38 d.f. at 1^ level

is 0.3732. Highly significant,negative correlation between

size of parasites and different levels of ^perparasitism is

thus indicated. The regression of the size of parasite (h) on

the different levels of induced superparasitism (x) is

h « - O.OOOOSx^ - 0.00197X + 0.426. In the regression test

the calctaated F ratio is 10.7. as against the tabulated value

of §.243 for 2 and 37 d.f. at 1^ leVel.- fhus the regression
\ .

also is highly significant. It is represented graphically in

fig.8. It is thus evident that as the number of parasites
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parasitising a pupa increases the si2se of the emerging parasites

show a corresponding reduction in size.

Similar j'esults aere obtained by Flanders (1936) on

Trichogramma asp.I and Salt (1940) on Trichogramma evaneecens*

Analysis of covariance studies on this relation gives

the following conclusion s-

iT; ^ 20

,This explains that the size of the emerging parasite is signi

ficantly bigger when pupae are parasitised by 5 parasites than

when parasitised by 10 or 20 parasites, but does not vary signi

ficantly from that ?^en psarasitised by 15 parasites. Further,

the ismerging parasite appears to be significantly bi^er when

pupae are parasitised by 15 parasites than when parasitised by

20 parasites but no significant difference is seen when para

sitised by 10 parasites. (Details of calcula.tions given in

Appendix II l)*



SCTiaMRY AHD OONOHJSIOIS

The literature on the effect b% host on parasites

and that on 'Erichospilus pupivora has been reviewed.

The total number of adults produced, sex ratio,

developmental, period, longevity and size of T. pupivora were

ascertained when bred on eight different species of host pupae,

namely (1) Phvtometra peponis* (s) Prodenia lityja, (3,) Orthaga

exvinacea, (4) Sylepta derogatSt (§) Lampides boeticus,

(6) Margarohia indica, (7) Hephantis serinopa, and (8)Graoillarla

soyella.

Correlation and regression studies show that there

exist;, a highly significant and positive linear correlation

between the weight of the host pupa on the one hand and the

number of parasites emerged, the proportion of females> the

developmental period and the size of the parasites on the other.

There does not appear to be any correlation between longevity

of parasites and wei^t of host pupa.

Analysis of covariance shows that the different host

pupae can be r^ked as followss- '

(a) With respect to number of adt^t parasites

produced;-

^1 3 : 2 7 5 4 6 8 :
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(b) With reference to the proportion of females

produced r-

1 2 3 5 4 6 7 8

(c) With reference to developmental periodJ-

1 3 2 5 6 7 4 8

(d) With reference to longevityJ-

8 1

It may^thus be concluded that of the eight pupae

ixnder study, Phytometra pupa is the most suited for mass

multiplication of T. pupivora in the laboratory because it

produces the largest number of adult parasites and largest

proportion of females.

The variations in the total number of adult parasites

produced, sex ratio, period of development, longevity and size

of T. pupivora bred on pupa of P. peponis when parasitised by

5, 10, 15 and 20 parasites have "been ascertained.

Correlation and regression studies have sfiown that

there exists a highly significant positive correlation between

the levels of superparasitiam (i.e. the number of parasites

parasitising the pupa) and the number of adults produced and
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a significant negative correlation between the different levels

of superparasitism on the one hand and the proportion of females
' " . • ' - • -r, -• . .

produced, developmental peaSiod and, size of the parasites on the

other. There is no^ correlation between the number of parasites

parasitising the pupa and the longevity of. the parasites.

Based on analysis of covariance, the different levels

of superparasitism with respect to the various characters of

the parasite can be ranked thus J- ^

(a) With respect to number of parasites produceds-

20 , 15 1Q 5

(b) With reject to proportion of female parasites

produceds-

5 ' 15 20 . ,

(ts) With respect to developmental period s-

5 ' 10 15 20

(d) With respect to lohgevitys-

15 10 5 20

(e) With respect to sizes-

5 15 10 20
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It may thus be ooncluded that greater numbers of

the parasite are produced vshen the host pupa is subjected to
• ' '' •• "A • ' •

hi^er levels of superparasitism, but this advantage appears'

to be offset by ,^he related reduction in the proportion of

females. ' .
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APPENDIX I

Iable 1

Daration of developaent of g.« pupivQra in pupa of P. peponis

SI. Weight of pupa Date of Date of Durati?m.of cieve-
expo sure. emergen®e lopmen G in clays

1 0.311 21-9-1962 7—10-1962 17

2 0.330 23-9-4962 10-10-1962 18

3 0.355 9-10-1962 27-10-1962 19

4 0.355 10-10-1962 29-10-1962 20

5 0.289 10-10-1962 28-10-1962 19 .

6 0.308 11-10-1962 1-11-1962 22

7 0.286 17-10-1962 7-11-1962 22

8 0.299 17-10-1962 3-11-1962 18

9 0.351 17-10-1962 §-11-1962 20

10 0.316 20-10-1962 9-11-1962 21

Average 0.320 19.6

Table 2

pupa of P . peponis

SI.
No.

Weigkt of
pupa

Total number
of parasites

,

Number of
males

Number of
females Mafl f^ilemale

1 0.311 433 16 417 26.06

2 0.330 247 10 237 23.70

3 0.355 270 10 260 26.00

4 0.355 301 8 293 36.63

-5 0.289 401 11 390 * 35.45

6 0.308 316 12 304 25.33

7 0.286 268 9 259 28.75

8 0.299 561 16 545 34.06

9 0.351 480 18 462 25.57

10 0.316 452 12 440 36.67

Average 0.320 372.9 29.822
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Table 3

longevity of adalta of T. pupivora bred on pupa of P. peponis

q-i Wt• of
pupa

in Crms

Date of
emergense

Number of parasites dead .
ons- (days after emergen@e)

1 2 3 4 5 6 7 8

Longe-
Total vity

9 (days)

1 0.311 7-10-1962 4 115 301 13 433 2.74

2 0.330 10-10-1962 0 0 89 69 87 1 1 247 3.98

3 0.355 , , 27-10-1962 0 19 23 98 117 11 2 270 4.31

4 0.355 29-10-1962 0 26 21 .59 193 0 1 0 1 301 4.43

5 0.289 28-10-1962 1 9 141 30 134 85 0 0 1 401 4.36

6 0.308 1-11-1962 48 121 36 25 42 29 14 0 1 316 3.13

7 0.286 7-11-1962 23 26 86 m. 48 29 10 8 268 3.84

8 0.299 3-11-1962 519 40 1 1 • 561 1.08

9 0.351 5-11-1962 102 77 206 65 16 8 6 480 2.90

10 0.316 9-11-1962 217 90 79 38 28 452 2.05

AvJ 0.320 372.9 3.282

gable 4 '

Measurements of adults of T, pupivora bred on pupa of P, pepowia

cn
Wei^t of Measurement s in mm. .

SI • pupa Lenatk ~ Width S lieS Width of thorax
in (Ms. Male Female Male female. Male female

1 0.311 1.212 1.293 0.402 0.423 0.354 0.351

2 0.330 1.266 1.278 0.354 0.447 0.348 0.387

3 0.355' 1.245 1.344 0.372 0.438 0.315 0.375

4 0.355 1.203 1.338 0.363 0.453 0.345 0.360

5 0.289 1.215 1.251 0.378 0.411-: 0.339 0.354

6 0.308 1.317 1.236 0.372 0.432 0.342 0.363

7 0.286 1.248 1.350, 0.378 0.435 0.330 0.^9

8 0.299 1.116 1.164 0.333 0.378 0.291 0.306

9 0.351 #;A28 1.269 0.327 0.468 0.303 0.345

10 0.316 1.149 1.203 0.375 0.423 0.336 0.324-^r

Ays 0.320 1.210 1.273 0.365 0.431 0.330 0.^53
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Table 5
Daratiqn of development of T, Bujoivgra in pupa of M.^_indica

1
i3i(0 1O
H

1•
•

I

Date
of

exposure
Date
o

f
emergence

Duration
ofdeve^ lopment

indays

1 0.070
22-9—1962
8—10-1962
17,

2 0.066
22-9—1962
9-10-1962
18,

30.072
23-9—1962
9-10-1962
17

4 0.070
23-9--1962
10-10-1962
18

50.075
23-9—1962
9-10-1962
17

6 0.066
24^9—1962
10-10-1962
17

7 0.065
24-9—1962
10-10-1962
17

8 0.068
24-9—1962

10-10-1962
17"

9 0.073
28-9—1
962
14-10-1,962
17

100.073
28-9—1962
15-10-1962
18

Av:
0.070
17.3

Table 6

Number of adults produced and sex ratio of T. pupivora bred on

pupa of M. indica

eNo.

Weight of
pupa

in Gms

Total number
of parasites

produced

Number of
males

Number of
females

1 0.070 121 6 115 19.11

2 0.066 134 9 125 13.89

3 0.072 140 8 132 16.50

4 0.070 158 14 144 10.29

5 0.075 244 ^ 22 222 10.55

6 0.066 145 13 132 10.15

7 0.065 183 15 168 11.60

8 0.068 232 14 218 15.57

9 0.073 . 147 10 137 13.70

10 0.073 133 8 125 15.63

Avx 0.070 163.7 13.699



Longevity of adults o

SI.
No

in Sms

Date of
emergenc

8-10-1

9-10-1

9—10-1

10-10-1

9—10-1

10-10-1

10-10-1

10-10-1

14-10-1

15-10-1

1

2

3

.4

5

6

7

8

9

10

Av.

0.07J

0,066

0.072

0.070

0.075

0.066

0.065

0.068

0.073

0.073

0.070

Measurements of adult

SI.
No.

1

2

3

'4
5

6

7

8

9

10

Avs

Weight of
pupa

in, Gms.

0.070

0.066

0.072

0.070

0.075

0.066

0,065

0.068.

0.073

0.07S

0.070

- iv -

Table 7

^ pupivora bred on pupa of ^ indiea

962

362

962

962

962

962

962

962

962

962

lumber of parasites dead j^q
on:-(days after emergenee) Total y

35

5

6

23

20

102

101

196

8

6

-L-
83

16

92

25

146

43

79

33

111

4

_3_

3

101

39

99

59

26

13

11

3

11

19

2

26

5 6

62 22

121

134

140

158

244

145

183

232

147

133

e-

(days)

1.77

2.90

2.28

2.99

2.32

1.27

1.46

1.15

2.15

4*69

163.7 2.298

Table 8

s of T. pupiv^a bred on pupa of M. indiea

Measurements in mm.

Length
Male Female

1.170 1.227

0.939 0.912

1.185 1.212

1.173 1.194

1.188 1.137

1.122 1.068

1.125 1.137

1.050 1.095

1.140. 1.167

1.275 1.224

1.137 137

Width of head Widthof thora:
Male Female Male Female

0.339

0.285

0.357

0.342

0.366

0.327

0.336

0.330

0.369

0.380

0.343

0.366

0.279

0.408

0.387

0.390

0.372

0.405

0.381

0.411

0,393

0.379

0.360

0.252

0.321

0.318

0.339

0.309

0.303

0.297

0.321

0.360

0,318

0.390

0.258

0.369

0.324

0.333

0.306

0.324'

.0.309

0.336

0.384

0.333
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Table 9

Duration of development of T. pupivora in pupa of boeticus

SI,
No.

1

2

3

4

5

6

7

8

9

10

Av:

Weight of pupa
in Gms.

0.103

0.069

0.092

0.084

0.079

0.070

.0.071

0.082

0.101

0.072

0.082

Date of
exposure

24-9-1962

25-9-1962

25-9-1962

25-9-1962

7-10-1962

7-10-1962

7-10-1962

7—10-1962

8-10-1962

8-10-1962

Date of
emergence

Duration of^deve
lopment in days.

10-10-

11-10-

11-10-

12-10-

28-10-

24-10-

25-10-

26-10-

25-10-

26-10-

1962

1962

1962

1962

1962

1962

•1962

1962

1962

1962

17

17

17

18

22

18

19

20

18

19

18.5

Table 10

Number of adults prod^^ced and sex ratio of T. pupivora bred on

pupa of L. bo^y^eus

e
SI.
No.

Weight of
pupa

in Gms.

Tc
oj

ital number
' parasites
produced

Number of
males

Niunber of
females

Sex ratio
male sfemail

1 0.103 289 19 270 14.74

2 0.069 164 10 154 15.40

3 0.092 177 9 168 18.67

4 0.084 131 7 124 17.71

5 0.079 189 12 177 14.75

6 0.070 169 13 156 12.00

1' 0.071 196 13 183 . 14.08

8 0.082 144 8 136 I'Jf.OO

9 0.101^ 298 18 280 15.56

10 0.072* 188 12 176 14.67

Avs 0.082 194.5 15.458



SI.
No.

Wt. of
pupa

in Gms.

" yi -

Table 11

Longevity of adults o^ pupivora bred on pupa of ,L, boetieus

Date of
emergenoe

Number of parasites dead. « ^ , Iiong
ons-(days after emergenee) Total yity

1 2 3 4 5 6, (day

Iionge-

(days)

1 0.103 10-10-1962 52 54 129 51 3 289 2.65

2 0.069 il-10-1962 86 43 32 3 164 1.69

3 0.092 11-10-1962 43 25 71 36 2 177 2.60

4 0.084 12-10-1962 10 15 71 22 9 1 128 3.06

5 0.079 28-10-1962 117 72 189 1 .41

6 0.070 24-10-1962 78 42 28 14 7 169 1.99

7 0.071 25-10-1962 86 45 40 21 . 4 196 2.17

8 0.082 26-10-1962 10 26 68 19 13 8 144 3.16

9 0.101 25-10-1962 56 62 119 48 13 298 2.66

10 0.072 26-10-1962 108 51 29 188 1.53

AvJ 0.082 194.5 2.292

Table 12

Measurements of adults of T. pupivora bred on pupa of It, boetieus

SI.
No.

Weight of Measurements in mm.
pupa

in Gms. Length
Male Female

Width 1
Male ]

of head
female.

f thorax
female.

1 0.103 1.008 1,023 0.300 0.360 0.285 0.279

2 0.069 1.038 1.170 0.318 0.411 0.291 0.333

3 0.092 1.098
/

1.182 0,342 0.426 0.312 0.318

4 0.084 1.206. 1.242 0.357 0.423 0.327 0.381

5 0.079 1.104 1.170 0.321 0.378 0.288 0.300

6 0.070 1.047 1.164 0.321 0.399 0.294 0.327

7 0.071 1.038 1.1 70 0.315 0.420 0.288 0.321

8 0.082 1.194 1.248 0.354 0.426 0.327 0.378

9 0.101 1.020 1.008 0.321 0.357 0.282 0.291

10 0.072 1.125 1.146 0.318 0.378 0.3G6 0.297

Avs 0.082 1.088 1.152 0.327 0.398 0.300 0.325
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!Dable 15

1

Duration of development of T. pupivora in pupa of litura

SI.
NOi

Weight of pupa
in Gms.

Date of
exposure

Date of Duration of deve-
emergenee lopment in days

1 ' 0.180 2-10-1962 21-10-1962 20

2 0.169 2-10-1962. 20-10-1962 19

3 0.17? 3-10-1962 22-10-1962 20

4 0.149 16-10-1962 3-11-1962 19

5 0.208 22-11-1962 9-12-1962 18.

6 0.166 22-11-1962 8-12-1962 17

7 0.156 22-11-1962 9-12-1962 18

8 0.172 22-11-1962 9—12-1962 18

9 0.162 23-11-1962 10-12-1962 18

10 0.180 24-11-1962 1t-1-2-1962 18

Avs 0.172 18i5

Table 14

Number of adults produced and sex ratio of T, puplvora bred on

pupa of V. litura

SI. Weight of Total number
of parasites

produced

Number of Number of Sex ratio

No.
pupa

in G-ms.
males females male{female

1 • 0.180 233 12 221 18.42

2 0.169 208 11 197 17.91

3 0.177 217 13 204 15.69

4 0.149 201 11 190 17.27

5 0.208 161 8 153' 19.11

6 0.166 199 12 187 15.58

7 0.156 191 11 180 16.36

8 0.172 233 .13 220 16.92

9 0.162 218 11 207 18.83

10 0.180 229 13 216 16.61

AvJ 0.172 209 17.270



LongeTity of adults of T. pupivora bred on pupa of P. lltura

Wt. of -no+a STumber of parasites dead ,
pupa ox on:- (days after emergence)

in &ms emergaace ^ g ^ ^ ^ g 7 8 9 10 11 12 13 14 15 16

1 0.180 21-10-1962 14 67 102 18 26 6

2 0.169 20-10-1962 22 76 24 26 16 23 12 9

3 0.177 22-10-1962 20- 14 15 17 9 10 32 29 18
s

4 0.149 3-11-1962 20 98 19 22 16 5 21

5 0.208 9-12-1962 6 2 2 2 5 47 56 7 3 3 0 9 0 10 6 3

6 0.166 8-12-1962 18 12 10 85 9 7 13 27 9 4 3 1 3 5 3

7 0.156 9-12-1962 18 102 14 20 13 8 16

8 0.172 9-12-1962 12 67 118 12 20 4

9 0.162 10-12-1962 20 98 18 25 19 17 21

10 0.180 11-12-1962 18 20 79 19 4 6 13 29 30 11

Av: 0.172

Total
Longe
vity

(days)

233 3.05

208 3.00

217 5.28

,201 3.05

161 7.36

209 4.96

191 3.15

233 2.88

218 3.28

229 4.65

209 4.066

ha 1

& <J
H H'
<!> H«

i_i.

—k

1

CJl 1
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Table 16

Measurements of admits of I. pupivora bred on pupa of P. litura

SI ^^^u^a Measurements in mm,
S'o! in Gms. Length Width of head With of thorax

male female male female male female.

1 0.180 1.098 1.143 0.318 0.357 0.294 6.309

.2 0.169 1.104 1.146 0.312 0.354 0.300 0.303

3 0.177 1.110 1.221 0.336 0.432 0.276 0.357

4 0.149 1.113 1.164 0.312 0.375 0.300 0.300

5 0.208 1.350 1.398 0.396 0.471 0.366 0.360

-6 0.166 1.104 1.218 0.315 0.432 0.270 0.327

7 0.156 1.110 1.167 0.348 0.375 0.300 ^0.300

8 0.172 1.218 1.227 0.369 0.393 0.333 0.390

9 0.162 1.-110 1.146 0.312 0.363 0.303 0.303

10 0.180 1.104 1.218 0.315 0.462 0.273 0.330
AvJ 0^172 Iili§._Ii§05__2i333___0.401

Table 1 7

Duration of development of T. pupivora in pupa of S; d_eroga^

SI. Weight of pupa Date of Date of Duration of deve-
Uo. in Gms, exposure emergence lopment in days

1 0.078 24—-9-1962 10-10-1962 17

2 0.075 25—9-1962 12-10-1962 18

3 0.085 25—9-1962 11-10-1962 17

4 0.093 12-11-1962 28-11-1962 , 17 :

5 0.079 13-11-1962 29-11-1962 17

6 0.096 13-11-1962 29-11-1962 <17

7 0.084 14-11-1962 29-11-1962 16

8 0.083 14-11-1962 30-11-1962 17

9 0.100 14-11-1962 30-11-1962 17

10 0.077 14-11-1962 29-11-1962 16

Av: 0.085 16.9
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Table 18

Number of adults produced and sex ratio of T, pupivora bred on

pupa of S. derosrata

31.
No.

Weight of
pupa

in Grms.

Total number
of parasites

produced

Number of
males

Number of
females

Sex ratio
malesfemal.

1 0.078 196 16 180 11.31

2 0.075 119 7 112 16.00

3 0.085 192 10 182 18.20

4 0,093 147 11 136 12,36

•5 0.079 146 9 137 15.22

6 0.096 124 7 117 16.71

7 0.084 248 15 233 15.53

8 0.083 103 6 97 15.17

9 0,100 207 11 196 17.83

10 0.077 189 15 174 11.60

Ars 0.085 167.1 14.993



f r-'.. • • "r ^ i- • 1: •• . 1-, ^ • .v^ •;/

Longevity of adults of. T, pupivora bred oh pupa of S. derogata

m. - No. of parasites dead on -n
SI' Suna ^ate of ' (days after emergence) Total °if5"
Ho. emergence 1 23456789 10 11 12 13 14 15 16 (dayfe)

1 0.078 10-10-1962 86 35 59 11 5 196 2.05

2 • • 0.075 12-10-1962 19 42 49 7 2 119 2.47

3 0.085. 11-10-1962 10 39 57 76 8 1 1 192 3.21

4 0.093 28-11-1962 10 6 6 15 4 3 0 8 .11 14 25 1 15 25 3 1 147 9.14

5 0.079 29-11-1962 34 68 40 0 2 2 146 2.13

6 0.096, 29-11-1962 0 0 10 1 1 8 6 48 39 9 2 124 7.87

7 0.084 29-11-1962 8 9 18 12 ^4 ' 0 7 46 62 32 29 18 3 s 248 7.81

8 0.083 30-11-1962 10 11 6 9 3 5 52 7 103 4.88

9 0.100 30-11-1962 11 81 9 4 7 4 81 10 207 4.46

10 0.077 29-11-1962 16 33 9 2 2 3 96 15 7 6 189 5.61

Avs 0.085 167 4.963

H3

%'
H M
CD H'

I
<o
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Table 20

Measurements of adults of T. pupi^rora bred on pupa of S. deroficata

0
-vi. ••

SI.

ITo.

Weight of
pupa

in Grms.

Measurements in mm.

Length. Width of head
Male Female . Male Female.

Width of thorax
Male Female

1 0.078 i.oer •1.116 0*330 0.387 0.318 0.312

2 0.075 1.179 1.083 0.354 0.384 0.315 0.306

3 0.085 1.194 1.146 0.336 0.405 0.315 0.330

4 0.093 1.182 1.311 0.363 • 0.420 0.345 0.309

5 0.079 1.179, 1.332 0.375 0.426 0.333 0.345

6 0.096 1.254 1.317 0.384 0.453 0.351 0.378

7 0.084 1.122 1.269 0.333 0.399 0.303 0.333

8 . 0.083 1.026 1.245 0.312 0.423 0.288 0.345

9 0.100 1.224 1.296 0.369 0.426 0.339 0.339

10 0.077 1.230 1.221 0.345 0.390 0.327 0.330

Av: 0.085 1.166 1.234 0.350 0.411 0.323 0.333

Table 21

Duration of development of T. pupivora in puroa of Q.exvinaoea

SI.
ITo.

Weight^of pupa
in &ms.

Date of
exposure

Date of Duration of
emergence lopment in

1 0.145 27-9-1962 16-10-1962 20

2 0.099 1-4.0-1962 18-10-1962 18

3 0.094 1—.10-1962 19-10-1962 19

4 0.127 16-10-1962 4-==11 -1962 20

5 0.117 20-10-1962 7-11-1962 19

6 0.11b 11-11-1962 28-11-1962 18

7 0.125 11-11-1962>, 27-11-1962 17

8 0.124 18-11-1962 6-12-1962 19

9 0.120 23-11-1962 10-12-1962 18

10 0.112 26-11-1962 '14-12-1962 19

Ay: 0.117 18.7

days
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Q?able 22

Number of adiilts' produced and aex ratio -of T. poEivgra bred on

pupa of 0. exvinacea

SI.

-No.

Weii^t of
pupa

in Gms.

Total.number
of parasites

produced

Number
males

of Number of
feamles

Sex ratio
male:female

1 0.145 135 6 129 • 21.50

2 0.099 196 10 86 18.60

3 0.094 247 13 234 18.00

4 0.127 337 19 318 16.k

5 0.117 351 18 333 18.39

6 0.110 171 12 159 13.25

7 0.125 256 15 241 16.07

8 . 0.124 . 160 7 153 21.86

9 0.120 274 12 262 21.83

10. 0.112 227 16 211 ./ 13.19

Av« 0.117 235.4 *
17.943



Wt. of
SI. pupa

• in Gma

1

2

3

4

5

6

7

8

9

10

Ar:

0.145

0.099

0.094

0.127

0.117

0.110,

0.125

0.124

0.120

0,112

- 0.117

r- V'V;

Longevity of adults of £. pupivora bred on pupa of Q,exyinacea

Date of
emergence

16-10-1962

18-10-1962

19-10-1962

4—11-1962

7_»11-.1962

28-11-1962

27-11-1962

6—12-1962

10-12-1962

,14-12-1962

1

Ho. of parasites dead ons- Bonge-r
(days after emergence) Total
4 5 6 7 8 9 10 11 12,13 14 15 (days)

5 42 84 4

19 173;. 4

10 12i9 77 31

0 7 12 8 6
li

9 6 16 38 30

2 8 14 13 O

17 8 5 5 51

0 3 5 2 10

10 51 95 28 40

44 104 66 10 1

71 89 142 2

92 103 57

6 3 26 40 48

91 25 16 39 •

10 2 3 5 8 J59 34 4

50

2 • ' '

7 4

135 2.64

196 1.92

247 2.52

337 6.87

351 5.39

171 7.85

256 5.95

8 160 9.61

: 274 3.64

227 2.35

' 235.4 4.874

A.

g-^ M.
" <

tp I

I
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'Eable 24

Measurements of adults of I. pupivora bred on pupa of 0. exvinaeea

Weight of Measurements in mm.

• in^ims. Length Widtli of head Width of thorax
msQ.e female male female. male female.

1 0.145 1.260 1.311 0.387 0.459 0.354 0.381

2 0.099 1.104 1.239 0.363 0.432 0.315 0.360

3 0.094 1.071 1.888 0.339 . 0;354 0.297 0.318

4 0.127 1.143 1.212 0.354 0.399 0.342 0.360

5 0.117 1.134 1.173 0,360 0.420 0.339 0.354

6 0.110 1.257 1.272 0.357 0.429 0.330 0 .357

7 0.125 1.122 1.218 0.360 0.393 0.303 0.318

8 0.124 1.233^ 1.350 0.369 0.444 0.333 0.366

9 0^120 1.185 1.296 0.351 0.417 0.315 0.327

10 0.112 1.050 1.083 0.354 0.381 0.306 0.306

Avs 0.117 1.156 1.234 0.359 0.413 0.323 0.345 ,

Table 25

Duration of Development of T. pupivora in pupa of W. serinopa

SI. Weight of pupa Date of Date of Duration of deve

ISTo. in &ms. exposure emergence lopment in days.

1 0.076 22-11-1962 10-12-1962 19

2 0.070 22-11-1962 8-12-1962 17 .

3 0.080 23-11-1962 9-12-1962 17

4 0.058 24-11-1962 10-12-1962 17

5 0.070 24-1i-1962 10-12-1962 17

6 0.058 25-11-1962 11-12-1962 17

7 0.060 25-11-1962 12-42-1962 18

8 0.060 25-11„1962 11-12-1962 17

9 0.059 25-11-1962 11-12-1962 17

10 0.064 26-11-1962 12-12-1962 17

AvJ 0.066 . 17.3
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Table 26

Ntunber of adults pgoduced and sex ratio of T, pupivora bred on

pupa of N. serinopa

SI.

No.

Weight of
pupa

in Gms.

Total number
of parasites

produced

Nipiber of Number of Sex ratio
males females malesfemale

1 0.076 148 14 134 9,57

2 • 0.070 237 18 219 12.17

3 0.080 286 21 265 12.62

4 0.058 • 244 15 229 15.27

5 0.070 237 16 221 13.75

6 0.058 254 18 236 13.11

0.060 141 9 132 14.67

a 0.060 230 14 216 15.43

9 0'.059 ' 247 19 228 12.00

1© 0.064 . ' . 0^/ ; 23 230 10.00

Ats 0.066 227.7 12.859
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longevity of adults of T. pupivora bred on pupa of H, eerinopa

SI.
No.

Wt. of

' pupa
in Gms

Date of
emergence

lumber of parasites dead
on:-Idays after emergenoe}

2 3 4 5 6 7 8 910 11

1 0.076 10-12-1962 3 36 16 9 36 44 4

2 0.070 8-12-1962 9 9 15 16 90 77 10

3 0.080 9—12-1962 0 9 58 29 12 68 73

4 0.058 10-12-1962 10 25 4 6 72 103 10

5 0.070 10-12-1962 1 40 94 13 26 57 6

6 0.058 11-12-1962 145 80 21 3 5

7 0.060 12-12-1962 7 17 42 75

8 0.060 11-12-1962 4 9 5 56 128 18

9 0.059 11-12-1962 86 115 44 2

10 : 0.064 1^-12-1962 48 83 46 76

AvJ 0.066

11

Z4 8

4 3

2 1

0 12

„ ^ , Longe-
Total vity

12 (days)

2

1

148

237

286

244

237

254

141

230

247

253

4.26

5.09

5.62

4.99

3.92

1.57

3.28

4.64

1.85

2.59

227.7 3.781

,/'•

H3

V a
•nJ I
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Table 28

SI.
No.

Weight of
>

Measurements in mm.

-

pupa
in Sms.

1fi11<I>Q)1
1*^31

1

gth
Female

Width of head
Male Femiale

Width of thorax
Male Pemale.

1 0.076 1.1 70 1.218 0.360 0.426 0.330 0.324

2 0.070 1.158 1.239 0.324 0.378 0.303 0.324

3 0.030 1.176 1.167 0.342 0.402 0.321 0.312

4 pi 058 1.053 1.140 0.330 0.393 0.291 0.306

5 0.070 1.041 1.125 0.306 0.378 0.270 0.294

6 0.058 1.083 1.179 0.345 0.381 0.300 0.312

7 0.060 1.191 1.239 . 0.366 0.387 0.321 0.336

8 0.060 1.149 1.164 .0.333 0.3^ ^ 0.315 0.303

.9 0.059 1.080 1.194 0.315 0.381 0.294 0.306

10 0.064 1,107 1.146 0.342 0.393 0.297 0.309

Ay: 0.066 1.1E1 1.181 0.336 0.391 0.304 0.313

'

(Dable 29

Duration of development of T. t>UBivora in uuBa of G. sovella

SI.
No.

Weight of pupa
in Gms.

Date of Date of Duration of deve-
exposure emergence lopment in days

1 0.003 28—1 -1962 13-2-1963 17

2 0.003 28—1 -1962 13-2-1963 17

3 0.003

P3.
CO

1

1

-1963 13-2-1963 17

4 0.005 28—1 -1963 13-2-1963 17

5 6.004 28—1 -1963 14-2-1963 18

6 0.004 31—1 -1963 16-2-1963 17

7 0.004 31—1 -1963 16-2-1963 17

8 0.004 31—1 -1963 16-2-1963 17

9 0.004 31—1 -1963 15-2-1963 16

10 0.003 31—1 -1963 16-2-1963 17

Avs , 0.004 17
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Table 50 *

Nimber qS adults produced and sex ratio of 0?« gUBivg^ bred an

pupa of G« soyella

SI.
Wei^t of

pupa
in Grms.

Total number
of parasites

produced
Number of

males
Number of
Females

Sex ratio
malesfemale

1 0.005 14 2 12 ^ 6.00

2 0.005 15 1 12 12.00

5 - 0.005 17 2 15 7.50

4 0.005 12 1 11 11.00

5 0.004 16 1 15 15.00

6 0.004 19 2 17 8.50

7 0.004 16 2 14 7.00

8 0.004 12 2 10 . 5.00

9 0.004 15 2' 15 . 6.S0

10 0.005 15 1 '12 12.00

Av8 0 004 14.7 9.050

Table 51

Longevity of adults of T. mpivora bred on pupa of &. ^oyella

SI.
Ho.

1

2

5

4

5

6

7

8

9

10

AvJ

Wt. of
pupa

in Gas.

0.005

0.005

0.005

0.005

0,004

0,004

0.004

0.004

0.004

0.005

0.004

Date of number of parasites dead. ^ Lonse-
emergence ons—\days axter emergenoe) Total viijy

1.2 5 4 (days)

13-2-1965

13-2-1965

13-2-1963

13-2-1963

14-2-1963

16-2-4.965

16-2-1965

16-2-1965

15-2-1963

15-„2-1965

14 14

o
o

•

1 10 2 15 2.08

1 16 17 1.94

12 12 1.00

8 5' 5 16 1.00

19 19 1.00

15 1 16 1.06

2 1 8 1 12 2.67

3 12 15 1.80

15 15 1 .,00

14.7 1.455
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Table 32

Measurements of adults of pupIvora "bred on pupa of G, soyella

Weight of Measurements in mm.
pupa " "—^ p——

in Gms. Length Width of head Width of thorax
Male Female Male Female Male Female

1 0.003 0.915 1.023 0.270 0.345 0.277 0.360

2 0,003 1.080 r.206 0.315 0.396 0.300 0.330

3 0.003 0.938 1,07? 0.300 0.351 0.285 0.300

4 0.005 0.900 0.966 0.255 0.226 0.240 0.288

5 0.004 - 1.065 1.1 73 0.330 0.400 0.280 0.30b

6 0.004 0.990 1.107 0.308 0.399 0.270 0.290

7 0.004 0.953 '1.158 0.308 0.363 0.278 0.300

8 0.004 1.088 1 .239 0.338 0.417 0.295 0.348

9 0.004 0.975 1 .065 0.308 0.369 0.270 0.288

10 0.003 1.080 1.224 0.345 0.454 0.285 0.390

Avs 0.004 0.998 1 .124 0.308 0.372, 0.278 0.319
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Table 58

Duration of development of T. pupivora in pupa of P. peponis

parasitised by five parasites

SI. Wt. of pupa Date of Date of Duration of ^

No. in Gms. exposure emergence lopment in

1 6,311 18»»1-1963 8—2—1963 22

2 0.324 18-1-1963 4=._2—1963 18

3 0.288 19„=,1_1963 4-»2—1963 17

4 0.292 19-1-1963 8—2—1963 21

5 0.294 2a~1-.1963 8—2—1963 20

6 0.300 20-1-^963 8—2—1963 20

7 0.345 20-1-1963 9—2—1963 21

8 0.355 20-1-1963 7„-.2—1963 .19

9 0.318 21-1-1963 9-.==2—1963 20

10 0.338 21-1-1963 7—2—1963 18

Ay: 0.317 19.6

Table 39

Number of adults produced and sex ratio of T. pupivora bred on

pupa of P. peponis parasitised

by five parasites

SI.
m.

Wt. of
pupa

in Gms

Total number
of parasites

produced

.Number of
male s

Number of
females

Sex ratio
malesfemale

1 0.311 308 12 296 24.67

2 0.324 441 15 426 28.40

3 0.288 327 10 317 31.70

4 0.292 278 10 268 26.80

5 0.294 411 13 398 30.61

6 0.300 360 9 351 39.00

7 0.345 324 10 314 31.40

8 0.355 283 ,11 272 • 24.73

9 0.318 461 14 447 31.93

10 0.338 266 . 11 255 23.18

Ays 0.317 345.9 29.242
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Table 40

Longevity of adults of T. pupivora bred on pupa of P. peponis

Parasitised by five parasites

•Wt. of

SI. p^pa
^0 • in Grms

1

2

3

4

5

6

7

8

9

10

0.311

0.324

0.288

0.292

0.294

0.300

•0.345

0.355

0.318

0.338

Avs 0.317

Date of
emergence

8—2—1963

4—2—1963

4—2—1963

8—2—1963

8—2—1963

8—2—1963

9—2—1963

7—2—1963
/

9—2—1963

-7—2—1963

Number of p
ons—(days af

arasites dead , Longe-:
ter emergence) xotal vity

5 6 7 8,9 10 (days)

56 18 11 4 2 .308 2.95

6 441 2.79

58 0 4 32 46 ,14 327 4.81

1

52 132 25 18

8 102 311 14

12 65 81 15

25 -28 80 42

4 12 121 40

16 82 134 22

0 40 18 68

- 2 26 18 92

202 89 102 36

0 2 68 102

52 31 18 2

146 81 0 7

42 16 28 0 12 8

172 15 0 11

128 12 5

32

79 9 6

278 3.87

411 4.43

360.4.07

324 4.46

283 4.32

461 2.13

266 4.16

3459 3.799

Table 41

Measurements of adults of T. pupivora bred on pupa of g. pepbnis

parasitised by five parasites

SI.
Uo.

Wt. of
pupa

in Gms
Iiength

Male female

Measurements in mm. ,

Width of head Width of thorax

male female male female

1 0.311 - 1.242 1.308 0.368 0.426 0.338 0.363

2 0.324 1.2^9 1.293, 0.399 0.423 0,354 0.366

3 0.288 1.023 1.206 0.321 0.339 0.285 0.306

4 0.292 1.248 1.350 0.348 0U35 0.360 0.339

5 0,294 1.^09 1.254 0.375 0.4|li 1 0.336 0.357

6 0.30:0 1.047 1.206 .0.321 0.369 0.291 0.306

7 0.345 ,1.206 1.338 0.360 0.€56 . 0.342 0.363.

8 0.355 1.245 1.335 0.375 0.438 0.324 0.378

9 0.318 1.155 1.212 0.347' 0.420 0.321 0.333

10 0.338 1.272 1.281 p. 357 0.453 0.345 0.387

Av: 0^,317 ____1_.186__ n278_0^357_ 0.417 0.350
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Table 42

Duration of Development of -pupivora in pupa of B, peponis

parasitised by ten parasites

SI. Wt. of pupa Date of Date of Duration of
No. in Gms. exposure emergence lopment in

1 0.292 18—1 -1963 3-2-1963 17

2 0.298 18--1 -1963 4-2-1963 18'

3 0.294 19—1 -1963 963 18

4 0.349 19—1 -1963 4-2-1963 20

5 0.295 20-'-1 -1963 4-2-1963 16

6 0.358 23—1-1963 8-2-1963 17

7 0.340 23—1 -1963 8-2-1963 17

8 0.293 23—1 -1963 8-2-1963 17

9 0.291 24—1 -1963 10-2-1963 18

10 0,312 25—I'-1963 12-2-1963 19

Avs 0.312 17.7

days

Dable 45

Niimber of adults produced and sex ratio of pupivora bred on

pupa of P» peponis parasitised by ten parasites

Wt. of Total number Number of Number of Sex ratio
No! of parasites

produced

1 0.292 437

2 0.298 331

3 0.294 356

4 0.349 526

5 0.295 437

6 0.358 469

7 0.340 33a

8 0.293 346 .

9 0.291 318

10 0.312 ^ 529

AvJ 0.312 408.7

males females malesfemaie

14 423 30.21

10 321 32.10

15 341 22.73

19 507 26.68

15 , 422 28 ..1.3

25 444 17.76

12 326 27.17

11 335 30.45

11 307 27.91

14 51,5 36.78

27.992
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Table 44

Longevity of adults of I. pupiyoig^ bred on pupa of E. peponis

parasitised by ten parasites

Wt . of

1

2

3

4

5

6

7

8

9

10

Av:

0.292

0.298

0.294

0.349

0.295

0.358

0.340

0.293

0.291

0.312

0.312

Date of

3-2-1963

4-2-1963

5^^2-1963

4-2-1963

4-2-1963

8-2-1963

8-2-1963

8-2-1963

10-2-1963

12-2-1963

1

Number of parasites dea;d^ Iionge-
ons-(days after emergence)Total vity

2 3 4 5 6=78910 (days)

60 160

28 5

36

5

16 21

88 199

71 56

4 15 38 88 36 437

13 92 50 40 69 29 331

72 92 32 14 6 50 26 356

78 22 18 9 526

3.91

5.92

5.39

2.81

5.10

3.79

5.43

4.70

4.20

1.30

408.74,255

27

112

2

157

33

27

14

429

28

15

20

68

,6

8

25

90

10

35 104 58 91 16 4 437

95 36 28 44 63 12 469

67 24 68 62 38 16 7 338

72 102 36 48 10 6 346

25 42 — 28 49 2 318

2 8 529

Table 45

Measurements of. adults of T. Bup.ivora bred on pupa of P. Begonia

parasitised by ten parasites

Wt. of

II:
in Gms Length •

Male female

Measurements in mm.

Width, of head
male female

Width of thorax
male female

1 0.292 n082 1.082 0.336 0.378 0.306 0.330

2 0.298 1.113 1.182 0.351 0.381 0.312 0.279

3 0.294 1.161 1.215 : 0,369- 0.420 '0.348 0.318

4 0.349 1.280 1.281 0.330 0.453 0.315 0.348

5 0.295 1.101 1.188 0.327 0.378 0.303 0.303

6 0.358 1.086 1.137 0.330 0.375 0.303 0.300

7 0.340 1.077 1.140 0.315 0.375 0.303 0.294

8 0.293 1.161 1.212 0.369 0.405 0.348 0.318

9 0.291 1.029 1.206 0.321 0.369 0.285 0.306

,10 0.312 1.119 1.128 0.336 0.378 0.306 0.330

Ays 0.311 1.121 1.177 0.338 0.392 0.312 0.311
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Table 46

Daration of development of T. pupivora in pupa of P«

parasitised by fifteen parasites

days
SI.
No.

Wt. of pupa
in Gms.

Date of
expo sure

Bate of
emergence

Duration of i
lopment in *

1 0.305 19_-.1-1963 5-_2--l963 18

2 0.300 19-1-1963 4—2—1963 17

3 0.288 V 20-1-1963 5»«2—1963 17

4 0.307 20-1-1963 5—2—1963 17

5 0.293 23-1-1963 8—2—1963 17

6 0.305 23-1-1963 8—2—1963 17

7 0.298 23-1-1963 8—2—1963 17

8 0.286 24—1-1963 9—2—1963 17

9 0.286 26-1-1963 12-2-4.'1963 18

10 0.302 26--1-1963 12-2—1963 18

Ay: 0.297 17.3

(Table 47 ,

Number of adult parasites produced and sex ratio of T« pupivora

bred on pupa ofjEr peTtonia parasitised by fifteen parasites

SI.
No.

Wt. Of
pupa

Total number
of parasites Number

males
in Gms produced

1 0.305 442 13

2 0.300 528 29

3 0.288 440 12

4 0.307 443 26

5 0.293 463 ' 23

6 0.305 401 24

t 0.298 474 26

0.286 418 11

:"h' 0.286 453 14

10 0.302 476 11

Av: 0.297 453.8

Number of Sex ratio
f emale s male sf em^e

429

499

428

417

440

377

448

407

439

469

33.00

17.21

35.67

16.04

19.13

15.71

17.15

37.00

31.36

42.27

26.454
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Table 48

Longevity of adults of puplvora bred on pupa of P» peponis

parasitised by fifteen.parasites

SI.
Wt. of
pupa

^ ^ dumber of parasites dead.
Date of on:-(days after emergence) Total

Longe
vity

No,
in Gms

emergence i -j 2 3 4 5 6 7 8 9 10 (days)_

1 0.305 5--2—1963 55 49 28 69 72 49 120 442 4.54

2 0.300 4—2—1963102 68 92 52 105 64 32. 13 528 3.71

3 0.288 5—.2—1963 118 13 13 17 28 66 91 49 40 15 450 4.95

4 0.307 5—2—1963 87 7 13 120 96 108 8 4 i 443 4.14

5 0.293 8—2—1063 92 17 10 99 96 128 21 463 4.18

6 0.305 8—2—1963 24 25 12 53 87 18182 401 5.03

7 0.298 8—2—1963 24 :i6 28 40 82 48 198 58 .474 5.80

8 0.286 9-2-19 63 47 8 10 30 77 89115 32 418 5.25

9 0.286 12-2—1963 65 29 28 71 69 142 49 453 4.46

10 0.302 12-2—1963 53 16 28 10 92 102 89 68 18 476 5.46

AvJ 0.297. 454.8 4.752

gable 49

Measurements of adults of T. pupivora bred on pupa of P. peponis

parasitised by fifteen parasites

Measurements in mm.

SI.
Ho,.

Wt. of
pupa

in &ms
Length Width of head Width of thorax

Male female male female male female.

1 0.305 1.056 1.206 0.294 0.390 0.291 0.297

2 0.300 1.055 1.077 0.318 0.369 0.294 0.294

3 0.288 1.101 1.20^ 0.327 0.381 • 0.297 0.315

4 , 0.307 1.074 1.197 0.327 0.375 ,0.300 0.297

5 0.293 1.074 1.191 0.327 0.375 0.300 0.315

6 0.305 1.137 1.140 0.345 0.384 0.333 0.309

7 0.298 1.149 1.218 0.303 0.423 0.300 0.336

8 0.286 1.152 1.179 0.342 0.420 0.300 0.327

9 0.286 1.056 1.092 0.330 0.372 0.294 0.303

10 0.302 1.143 1.212 0.342 0.420 0_. 303 0.327

Av: 0.297 1.110 1.172 0.336 0.391 0.301 0.312
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Table 50

ParatiQn of development of T. 2uaiv0£§i pupa of P. geEon^

parasitised by twenty parasites

SI. Wt. of pupa Date of Date of Duration of
¥0. in Gms. expo sure emergence lopment in

1 0.315 20-1-1963 5—2—1963 17

2 0.328 23-1-1963 5-.2—1963 17

3 0.228 20-1-1963 6—2—1963 18

4 0.320 23-1-1963 8—2—1963 17

5 0.297 23--1-1963 8—2—1963 17

6 0.310 23-^1-1963 8—2—1963 17

7 0.312 25-1-1963 10-2—1963 17

8 0.300 27-1-1963 12-2-+1963 17

9 0.310 27-1-1963 12-8—1963 17

10 0.331 28-1-1963 13-2—1963 17

Av: 0.305 17.1

days

Table 51

lumber of adults produced and sex ratio of T. pupivora bred on

pupa of P. peponis parasitised by twenty parasites

SI. Wt. of Total number
of parasites

produced

lumber of lumber of ^ex ratio
Ho.

pupa
in Gms

males females ^ malesfemale

1 0.315 643 44 59^ 13.61

2 0.328 967 40 927 23.18

3 0.228 709 . 55 654 11.89

4 0.320 746 32 714 22.31

5 0.297 612 40 5 72 14.30

6 0.310 683 48 635 13.23

7 0,312 657 63 594 9.43

8 0.300 637 44 593 ; 13.48

9 0.310 873 41 832 20.29

10 0.331 901 61 840 13.77

Av: 0.305 742.8 15.40
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Table 52

Longevity of adults of 3?. pupivora bred on pupa of P. peponis

parasitised bv twenty parasites

csT Wt. of BTumber of parasites dead Longe-I>ate of ons-Idays after emergence) Total vify^
in '' ^ 3 4 5 6 7 8 (days)

1 0.315 5—2—1963 225 104 81 21 58 92 48 14 643 3.19
2 0.328 5-2-^1963 86 70 24 16 26 33 302 410 967 6.29
3 0.228 6—2—1963 238 128 60 82 102 42 48 9 709 3.06
4 0.320 8—2—1963 170 48 44 255 229 746 3.43

5 0.297 8—2—1963 92 162 138 220 612 2.79
6 0.310 8—2—1963 259 150 49 150 48 19 8 683 2.54

7 0.312 10.-2—1963 263 153 42 155 20 15 9 657 2.39

8 0.300 12-2—1963 294 62 82 23 72 96 8 637 2.74.

9 0.310 12-3—1963 484 176 82 68 26 28 9 873 1.96.
10 0.331 13-2—1963 96 189 211 405 901 3.03-
Ay: 0.305 _ _ _

Table 53

Measurements of adults of T. pupiyora bred on pupa of P. peponis

parasitised by twenty parasites

Wt. of

pupa
in Gms

Measurements in mm.

SI.
Length

Hale female

Width of head
male female

Width of thorax
male female

1 0.315 1.068 1.104 0.318 0.363 0.306 0.360

2. 0.328 1 .023 1 .143 0.318 0.387 0.288 0.321

3 0.228 1.074 1.095 0.305 0.372 0.303 0.291

4 0^320 1.074 1.098 0.318 0.363 0,270 0.288

5 0.297 0.999 1.020 0.306 0.351 0.270 0.312

6 0.310 0.987 1.053 0.285 0.342 0.273 0.291

7 0.312 0.987 1.053 0.285 0.342 0.264 0.290

8 0.300 J.068 1.104 0.327 0.357 0.306 0.291

9 0.310 1S.026 1.056 0.318 0.351 0.285 0.300

10 0.331 1.059 1.076 0.321 0.366 0.276 0.297

Ay: 0.305 1.037 1.080° 0.310 0.359 0.284 0.304
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APPMDIX II

A. Analyses'of covariance of different characters of Trichospilus

pupivora with, respect to different species of host pupae.

Design:- Completely randomised design. Tr

Treatments:- 8 species of host pupae.

Heplication:- 10

Ancillary variate:- The weight of host pupa.

(a) Number of T. pupijgoxa produced

Table of analysis of variance and covariance

2 p Adjusted E
Source S.S.(b ) S.P.(ab) S.S.Ca*^) S.S. d.f.Variance ratio

Total 920880.688 576.643 0.655 78

Treat- 684176.188 579.576 0.641 7
ment

Error 236704.500 -2.933 0.041 236089.639 71 3325.206

Error 4 920880.688 576.643 0.655 413220.918
treat

Treat. 7 25225.415 7.6

** Significant at 1^ level.

Where a s weight of host pupa b - Humteer of parasites
produced.

S.»S.s sum of squares S.P. ~ sum of products.

d.f.« degrees of freedom
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Table of nuaiber of T. puprgoi^ produced adjusted for weight of

host pupae

Mean number of parasites
Treatment Mean v/eight of produced

number ,.' host pupa. —
Unadjusted Adjusted

1 0.320 372.9 ,416.072
3 0,117 235.4 236.029

2 0.172 209.0 221.155

7 0.066 227.7 217.536

.5 0.082 194.5 , 11877794

4 0.085 167.1 161.024

6 0,070 163.7 , 154.479

8 \ 0.004 14.7 , -8.416

Standard error of'adjusted mean (S.B.) = 70.811

Critical differehce of adjusted mean (C.D) = 141.339.

(b) Sex ratio of T. pupiva^
V ' . , • i' •

Table of analysis of vartstnce and covariance
- /'

v:ari^ F\ 2^ •' / < / Adjusted
Source • S.S.(0 ) S.P. (aO) S.S.Ca^) S.S., d.f •aricei- ratio

Total 3267.9808 39.7255 0.655 78_

Treatment 2599.9613 39.9264 0.641 7

Error ; 668.0195 -0.2009 0.014 665.1365, 71 9.368

Error -s-
treat 3267,9808 39.7265 0.655 858,0988

treat 192.9623 71 27.566 2,9

0 s Sex ratio of T. pupivora.
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DUTjae

Treatment
nyrnb <®t*

Mean weight of
host pupa

Mean iaex^ ratd^ QfrTilfempivora

Unadjusted Adjusted

1 0,330 29.822 32.780

2 0.172 17.270 18.102

3 0.117 1 7.943 17.986

5 0.082 15.458 15.004

4 0.085 , 14.993 14.568

6 0.070 13.699 13.061

7 0.060 12.859 12.174 ,

8 0.004 9.050 7.471

S.E. = 1.874 P.D. = 7.502

(c) Developmental period of T, Dupivora

Table of analysis of variance and eovarianoe

Source S.S.Ck^X S.P.(ak)
^ „ Adjusted

S.S.(a2) S.S.
VaH- f

d.f.anoe ratio

Total 143.95 5.501 0.655 78

Treatment 67.35 5.522 0.641 ' 7

Error 76.60 -0.021 0.014 76.569 71 1.078

Error
treat. 143.95 , 5.501 0.655 97.750

**

Treat 21.181 7 3.026 2.8

*

m Developmental period



gable of developmental period of T. pupivg^ adjusted, for weight

of host pgpk

Treatment

number

Mean weight of
ho st pupa

Mean,;Idie^erppment ^ d •oif
" ' ^iT-^^tiupij^cyra "'

Unadjusted Adjusted

0.320
- \ ^

19.6 "TiTioi"
3 0.117 18.7 • 18.704

2 ; 0.172 18/5 : 18.587

5 0,082' , • 18.5 18.452

6 0.070 ; ' - 17.3 , 17.239

i 0.066 17.3 17.228

4 0.082 16.9 • \ 16.852

8 0.082 ' 17.0 . 16.835

S.E. - 1.272 O.D. - 2.539

(d) Iiongevity of T. gupivora

Sable of analysis of variance and eovarianoe

Source

Total

Treatment

Error *
Treat.

Treat.

S.S.(l^) S.P.(aiy S.S.(a2)^^^?l^®'̂ d.f.anee"ratio
304.033 3.1008 0.655 78

114.389 2.9621 0.641 7

189.644 0.1387 0.014 188.268 712.652

304.033 3.1008 , 0.655 289.352^

101.084 7 14.445 5.4^

1 = Longevity of T* pupivora.
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Table of longevity of T, pupivora'adjusted for weight of host ,

pupa' ' \ •

Treatment

Mean

Weight of host
Mean 'ittr bf.rT-.r:-p'iip^v6ra

number pupa
Unadjusted Adjusted

4 0.085 ,4.;963, 5.250

3 0.117 4.874 4.844

7 0.066 3.781 4.247

2 , 0.172 4.066 3.491

0.070 2.298 . 2.724

5 „0.082 2.292 2.609 ^

8 0.004 1.455 2.545

'; r :• 0.320 3.232 1.241

S.E. =2 G.D. • 3.992

(e) Size of T. pupivora ^ .

Table of analysis of variance and oovariance

Source
Ev-^dl^ited ,S.S. (h ) S.P. (ah) S.Si ia^)

Total 0.120531 0.117816 0.655

Treatment 0.025446 ^0.106609 0.641
" ^ ' . ..

Error 0.095085 0.011207 0.014 0.086

: Error

treat. 0.120531 0.117816 0.655 0.099

0.013Treat.

I* ratio "not significant.

.Yari- F
d.f.ahce. ratio

78 '

7

71 0.0012

' . \ •

7 ' 0.0018 1.5
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B. Analyses of eovarianee of different characters of ^

Trichospilus pupivora bred on pupa of Pliytometra peponis

with respect to different levels of induced super-

parasitism.

Design:- Completely randomised design.

Treatments:- 4 levels of induced superparasitism (i.e. the

number of parasites parasitising the pupa).

• Replication:- 10.

Ancillary variates- The wei^t of host pupa.

(f ) Number of T. pupivora produced

Table of analysis of variance and eovarianee

Source

o Adjus.ted ' Vari- i*
S.S.(b'=^)' S.P.(ab) S.S.(a<^) S.S. d.f. ance ratio

Total 1181861.9 -0.7124

Treatment' 925061.8 -19.1457

Error .256800.1 18^4333

Error
treat.

-Treat

1181861.9 -0.7124

0.02175' 38

0.00218 , 3

0.01956 239470.3 35, 6842.0

0.02175 1181838.8

942368.5

**

3 314122.9 45.9

Table of number of T. pupivora produced adjusted for weight of

.host pupae

Treatment
number

20

15

10

5

Mean weight of
host pupa

0.305

0.297

0.312

• 0.317.

3.E. =37.67

Mean number oj/'parasites
produced •

Unadjusted

742.8

453.8

408.7

345.9

G.II. s 76.527

Adjusted

750.338

464.858

404'. 470

337,628



- XXXV

(g) Sex ratio of pupivora

Table of analysis of variance and covariance

Adjusted Yari- P
Source S.S.(O^) S.P.(aO) S.S.(a'^) B.S, d.f. ance ratio

Total 2480.086 ,-0.2758 0.02175 38

Treat. 1182.366 +0.5981 0.00218 3 .

Error 1297,720 -0.8739 0.01956 1257.676 35 35.933

Error 4 •
treat. 2480.086-0.2758 0.02175 2476.588 #*

Treat \1218.912 3 406.304 11.307

Table for sex ratio of T. puiaivora adjusted for weight of host

pupa

Treatment
number

Mean weight of
ho st pupa

Mean aex', ratifS of i-T«j.pupivora

Unadjusted Adjusted

5, 0.317 ,29.242 29.680^

10 0.312 27.992 28.216

15 0.297- 26.454 25.921

20 0.30 5 15.549 15.420

S. E. - 2.73 O.D. = 5.546

(h) Developmental period of T. pupivora

Table of sinalvsis of variance and covariance

Source S.S.(k^) S.B.(ak)
, 2v Adjusted Yari- F

S.S.(a ) S.S.- d.f.ance ratio

Total 76.77P ^ . 0.2061 0.02175 38

Treatment 39.275 0.2256 0.-00218 ^ 3 ,

Erro r" 37.500 -0.0195 0.01957 37.483 ' 35 1.0709

Srror, *
treat. , 76.775 0.2061 0.02175 : 74.824 **

Treat.
1

37.341 3 12.447 11.62
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Table for developmental period'of T. pupivora adjusted for

weight of host pupa
\

Mean Mean developmental period of
Treatment weii^t of host ' —*

number pupa — ——————— —
Unadjusted Adjusted

5 0.317 19.6 19.609

10 0,312 17.7 ^ 17.704

15 0.297 17.3 17.289

20 0.305 17.1 17.097

S.E=c>-^vt c.o »

(i) Longevity of T. pupivora

Table of analysis of varianoe and covarianoe

,2. A » , / 9 Adjusted ^ Vari- 5*
Source S.S.(l ) S.P.(al) (S.S.Ca*^) S.S. d.f.ance ratio

Total 61.784 -0.1514 0.02175 38

Treat. 17.061 -0.0836 0.00218 3

Error 44.723 -0.0678 0.01957 44.489 35 1.271

Error ,
treat. 61.784 -0.1514 0.02175 60.731

Treat. 16.242 3 5.418 4.26

Table of. longevity of T. pupivora adjusted for weight of host

, Pupa

Mean longevity of T. pupivora
Treatment •Mean weight of — —•— —

number host pupa Unadjusted Adjusted

15 • 0.297 4.932 4.895

10 0.312 4,255 4.270

5 0.317 3.799 3.829

20 0.305 3.142 3.133

S.S. - 0.512 O.D. = 1.040
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:(j) Size of T. pupivora

Table of Analysis of variance and oovarianoe

2 2 -^^j^sted "Vari- I -Source ) S*P,{ali) S*S'«(a )l , S*S.« d»f»ance raiiio

Total 0.04118 0.0096 ,0.02175 38

Treat., 0.01668 0.0031 , 0.00218 3

Error ,0.02450 0.0065 0.01967 0.0223 35 0.00064

Error +
treat.

Treat

0.041$8 0.00&6 0.02175 0.0370

0.0147 3 0.00490 7.2

Table for size of T. pupivora adjusted for weight of host pupa

Treatment Mean weight of
number host puj^a

5

15

10

20

0.317

0.297

0.312

0.305

S.E. - 0.01155

Mean size of T. pupivora

Unadjusted Adjusted

0.4170

0.3910

0.3920

0.3590

0.4141

0.3945

0.3901

0.3609

C.D, - 0.0235
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PLATB 1

griohospjlus pupivora P.

Ventral view of adult male and female
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PLATE 2

a. Host pupae set for parasitisation by T. pupivora.

b. Rearing tubes with parasitised host pupae within,

on tube stand.
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PLATE 3

Showing method of removing dead parasites

from the rearing tubes.
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