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GoconntAié‘a cash erop, cultivated in 15.87 lakhs
acres in the Indian Union, yei}ding 415 crores of nuts per ’
annum, valued at Re.54 crores. Of the total cultivated area,
" meerly 70% (i1.75 lakhs scres) is in Kerela producing 325
crofes'of nuts per annum.. By virtue of its great utility,
-and its»eontinnéﬁs and regular supply of ruts. throughout the
year, the coconut paim.is held in high esteem and is éalled
the "KALPA VRIKSHA" meaning Tree of Heaven.

However, cultivation of this valuable palm in Kerala
is conq;ﬁerably-handiéapped, because of the inc;dence of a
lnumbé; of insect pests—some of whieh are very seriéus ones. Of
these, the black-héaded caterﬁillaf-néphantie'serinOEa Meyf.
(Gryptephasidée) is & very importent pest taking a heavy toll
of the crop especially along 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 ﬁh;éh
_usually keépsvtheipest under,eheck,: AmongAthe various para-.
sites which thusvexertva eoﬁtrolling'effect;on this pest in
the west coast areas, the Eulophid pupal parasite Qgiggggg;;gg
pupivora Ferriere, is found to be most effective. Anantha-
'narayanan (1934) found that Irichospilus pupivors could ve
easily reared in the Laboratory in large numbers if p;oper 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 Neghggtis
gserinopa, pupae of several lepideptereus insects eould be used as .

alternate hosts for purposes of mass mnltiplieation of the parasite.

: Iﬁ Kerala control ei‘ the coeeput 'caterpillar is now

..breught about mainly by the mass breeding and liveration of'Trichos-
pilus pupivora in the inrested coconut gardens. Fer'this purpose

| +the Department of Agriculture, Kerala State, has establlshed seven

| parasite breeding stations at different,places along the coastal

traet ‘namely Vellayani, Quilon, Kottayamg-Vytilla, ifiehui, Calicut

and Kasargode. Besides pupae of h. seriso.a, pupae of various |

other lepidopterous insects are being used for the mass mnltipli—

cation of the parasite in these stations.-

)

Now in the host parasite reiationships, the host had |
been usually looked’ upon as a passive vietim of the parasite.
‘But Salt (1941) reviewing the information available on the effect
of host upon. the par351tes ‘has stated that far from being a
fpurely passive victim which is obliterated without a trace, the
host is often able to impress its mark and & very clear mark at
':that, upon the inseet parasitoid that destroys it. He further
pointed out that the eharacters of the parasite like behaviour,
‘pate of reproduction, longevity and even”msrpheiogieal featufes
are modified by the hosts. | |

A From this‘it felloss that the'ﬁass bseeding‘of para-
sites. using different hosts for biological control purposes,

the effieieney will be geverned by the host materials seleeted.

But there exists no knowledge as to how and to what extent the




/

-3-

different host pupae effect the characterietice 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
best control, investigations éresented in the following pages.were
.‘teken up ae an_attempt‘te'filllup the'ebcve mentioned lacuna in

our knowledge.:[ o .7

In these studies a standardised strain of T. gﬁpivera
- has been maintained in the laboratory and used tc parasltise
'different species of host pupae and the effect of these different
hosts on the number of adults produced, sex ratio, duration of
- development, longevity and the sige of the flrst generation of
_'parasites, hefe been'ascertained. Observations have also been
made on the effect of different levels of superparasitism by
I. pupivora on its above mentioned characters. ‘That the host
and the different levels of superparasitism exert significant :
influence on these characters of the paraeites is evident from
these studies. |

The pfesenf thesis also 1ﬁc1nées‘a review of-liteéeture
onithe effects.of hosts on parasites inigeneral and also of the

work so far done on the parasite Trichoepilue pupivora F. o




REVIEW OF LITERATURE

_ The review of literature presented below coneists of
two parts; Part A deals with work done on the effect of host on
parasites and Part B comprises a review of investigations oarried'

out on the EulOphid para31te, Trichospilus gugivora F,

PART"A
Although there is cons1derable amount of 1nformation
available in llterature about the host 1mpart1ng to its par351te
important and sometimes striking morphological, phys1ological
and behaviouristic characters, detailed 1nvest1gat10ns done in-
this field are few and far between. Following is a brief review-

of the prev1ous work done in this field. by various workers.-

 I. Effect of ho§t on-eize‘and morghblogz‘of parasites

:As early as 1844 Ratzburg pointed out that the body
size of the'parasite Pimpla examinator ranges‘from'i 67 mm. to .
-6 mm. depending on the eize of the host on Which the parasite
.develops. Similar findings were later recorded by Toyama (1906)
V_ workingbon Tachina sp.. Morril (1907)Areared the,Proctotrypid

- egg parasite,'Telenomug ashmeadi on eggs~of'3 species of Penta-

tomid bugs namely-Pentatoma'li'ata, Euschistus'servus and Thx ta
custator. The average diameters of the eggs of these bugs were
1.01, 0.88 and 0. 75 mm.. respectively and the average head w1dths
-of the«para31te emerging from.these Were-O.GO,_0f53 and-0.45 mm.

respectively. From these observations he'coneluded that the size
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of the emerged parasites has a positive correlation to the ‘size

of the host in which it develops.

Strickland (1912) found that males of the parasite
Pezomachus flavocinctus (Ichnenmonidae) ocour in winged and |
wingless phases. According to him the apterous,males which are
mch smaller than the ﬁinged forms are pboduced on account of
insufficiency of food due to the small size of the hosts in which
they develop. Similar effecﬁs were noted by other workers in.
subsequent years. Chewyreuv (1913) in his experiments on four
species of'Pim la, (P. instigatof, B. examinator, P. brassicaria
-and P. capulifera) supplied host pupae of different éizQs to
virgin feaale'barasiﬁes for oviposition. The offeprings of
virgin feﬁales were invariably males. He‘obtained giant maies
from the large pupae of Sphinx ligustri, dwarf from the small
pupae of Bupalus_piniarius;and males of me@ium size from the
pupae of Pieris brassicae. ‘Thompson,(1923) who reared. two male
ﬁrogeny from one female of Pezomachus serieious, one on a large
host, a cocoon of Camponotus 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 which develOped
from the latter were small and comple#ély apterous. Mickel
(1924) observed ﬁhat the length of the Matillid wasp Dasymutella
'bioéula;tavarigs from 1.5 mm. to 6 mm. depending on the size of
iﬁs nosts. He plotted the length of a large number of individuals
: and'shéwed that théy form a bimoda; curve. He also fbund‘that_'
this speeies parasitizes,tio different genera of Bembeslid wasps

namely Microbembex monodonta which ranges in length from 8 to 14mm.
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and Bember\pruninOSa‘which varies in length ffom 16 to 19 .mm.

By rearing the Matillid on each of these hosts he showed that
smaller individuals develop at the expensé of the former hosts

. while the larger ones develop on the latter.

Hase and Albreeht‘(1925) noted that the variation in
the size of Trichogramma evanescens was due o the effect‘of
1arge and small hosts. The range in size 'was found to be s0
great that normal copulation could not take plaee between large
and small individuals thus creating, 80 to say a reproduetive
barrier. Flanders (1930) in his studies with Zrichogramma found
that adult females of the parasite that emerged from the eggs
~of Potato tuber moth Gnorimoschema ogereulolla are larger and
more robust than those bred on eggs 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,_whieh was
found to attack the ‘apple maggot’ __ggg;gﬁ;g pomonella as well as
the much smaller,blue berrykmaggot Rhogoletis gggggg. The
‘authorsoobserredlihat apparently there was a tendency for tﬁis
-‘soeciesAof parasite to develop into fwo'strains,‘iarge and small
as a resulf of'Being bred on the large R;-Egggggllg and the

small R. gggggg respectively. They illnstrated the differenoe
in size with the help of" sketches. ' ' '

‘ :Oldroyds and Ribbands (1936) found that the length

“‘0f the wing of Trichogramma evanescéns and the number of macro-

N

trichia formiﬁg\the roqé on the wings are closely correlated
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with}the'size of the whole parasite,:shieh ih.its turn is eor-
related with the size of host. 'Jackson (1937) showed that the
difference in size of parasites as indieated above is the direet
effect of the host and not due to the selection .of 1arge and
small hosts by preexisting strains of large and;small parasites.
He used the Iohneumonid parasite Pimpla examinator for nis experis
- ments. A female of this reared from Abraxas grogsulariata

' measured only 10. 7 mm; in length while that which develOped on
giggig brassicae was 14 mm. long, this being the largest size.
.-The smallest female progeny was reared on Ephestia kuhniells.
"and measured 7.1 mn. in length.» The smallest male descendent

,also was from Ephestia and this measured only 5.6 mm.:in 1ength.'

. Salt (1937, 1940 and\1941) in his series of researeh
papers under the title 'Experimental studies in insect parasi~
tilm' discussed various types of effects of host on parasites.

A striking effect of the species of the host on morphologyof |
parasite wasvdemonstrated by Salt (1937) in the egg parasite of
Sialis lutaria, viz. Triehogramma semblidis. This parasite
exhibits dimorphism mainly as winged and wingless males. They
also differ constantly " and fundamentally in several other ehara—
eters. The parasite was reared on four different kinds of hosts.
Three of them were moths namely Eghestia kuhniella, §;§g§ggg§
cerealella and Barathra boagsica. The fourth was the original
host Sialis lutaria (Neuroptera-Sialidae).‘ The order of the

“gize of the four hosts used was lSitotr;oga $ Ephestia » Sialis>

Barathra. The parasites whieh emerged from these hosts showed '

eorresponding variation in size. But winged males that emerged
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from Sitotroga and Ephestia were smaller, while those from
IBarathra were larger than the épterous_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 diffe:ent«species of hosts. It was aiso pointed out that the
dimorphism of the hymenopterous paras;te appeared to be eontroiled-

by the species of the host on which itfde%elops..

Ih_the case of the egg parasite Tfichogramma'evaneséens,
Salt (1940) showed that the progeny of individual parasites vary
in size according to the size of the species of hosts on whiéh
they are reared.:' Four Epecies of hosts viz. Sitotro a, Ephestia,
Agrotis (in which more than one parasite developed) and Agrotis
(one parasite developed) were used iq fhe experiment. The average
length and diameter of the eggs of these were 0.44, 0.57, 0.56,
0.56 mm. and 0.23, 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 fhéLhost egg and the size of the emerging pérasites.
In a particular case the parent measured 0.40 mm.'in length. 1Its
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, 2
solitary female from the egg of Agrotis C-nigrum attained a length
" of 0.5 mm. Salt (1940) further showed that within the same host
species the size of thg parasite is influenced by varying size
bf'the-individual hosts. In an experiment which was repeated
several times,females of the egg parasite Trichogramma evanescens
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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 mm. respectively. He eompared 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 hostsﬂmeasured on an averaée
0.4 nm. in length,\while those emerging frpm~larger sized eggs
measured on.an average 0.4 mm.. Measurements o 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-wbuld expeet to differenpes in its amount. He had also
‘observed that when 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. Aceording to

him the formation of these runts is the final stage of the reduc- i

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

II. Effect of host on oviposition and feeunditx of parasites

Roubaud (1924) found that the size of the para51tes

- which is influenced by the host in its turn influences the

| fecundity of the parasite. Thus he found that the chalcid o
Pach;;epoidggg sp. has 27, 28 or 20 ovarioles according to its

size whieh in turn is dependent upon its nourishment dufing
the larval stage. Thompson and Parker (1927) in discussing the

problem af host relation with speecial reference to entomophagous
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parasites have :eeérded that "here is marked difference in size
between the adults of gregarious parasites and their hosts."
yThéy further state that it seems a general rule that the number
6f eggs no:mally deposited within a host is roughly proportional
to the emount of food material available. This is dependent
"upon the sizé'gf the host on which it oviposits. Proper (1931)
observed the féeundity.of fé females of the Chaleid Eupteromalus
nidulane 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 1ndividuals of Trichogramma evanescens reared
from the large eggs of Ephestis kuhniella laid on an average of
23.1 eggs each whilé the smalieg<females.reared from smaller

eggs of Sitotroge 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 pafasites by Flanders

(1935;&). He observed the inability of.small specimens of Tricho-
© gramma evaneseens to oviposit in large hosts like the eggs of
Pachysphinx modesta which are readily parasitizéd by large ones.

_ Planders (1935 b) hﬁd also observed that thé hogt in-
fluences the<feeundity of parasités whicﬁ feed on the body fluids
of the host. In his observations on certain parasitic hymenoptera
particglarly the Pteromalids,MDibréehoides,“Peride mia,,Spinxherné

and ' Eutellus, he showed that when the ovarian follieles reach
a certain stage of development a change oceurs in the food habits

'of the female. In the laboratory this change was from a diet of
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eane 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 evipositer in the host egg and secretes a material
varound the ovipositor. Then 1t carefully takes out the ovipositor
. 80 as to leave a waxy tube within the egg. It then sucks up the
egg content_threugh it. '

The direet effect of the host size on the fecundity of _
parasites was noted by Ullyett (1936). He found that Trichogramma
lutea deposits a single egg in the egg of the graim moth Sitotroga
cerealella, whereas 3 or 4 eggs are leid in large eggs of Heliothis
obsoleta. Taylor (1937) noted that the female of the parasite,
Pleuretropis parvul sorhally'has six ovarioles, but srali females
may have only 3. Large females were found to lay 60 to 85 eggs,
medium sized females 35 to. 67 eggs and small females 18 %o 32 eggs.
.He gave similar data for Dimmeckialjgzggg. Further, in his studies
on the parasitie fiies Zenillié_libatrix, Dowden (1939) also |
observed a great variation in the numbertof ovarioles and in the
nnmher of eggs 1aid.‘tAeeerding te his data the large females f
heve”aboutna 100 ovarioles in each ovaryfend tﬁey produce over
2400 eggs.per female thile small females may have'aS»few as é1

ovarioles only on each side and”produee only 820 eggs per female.

Experimehtal'data_for-theleffect o:,host'on size of -
parasites and its effect on their ovipesitien»wes giten by Salt
(19405 He found that the large Trichogramma which emerged from
:Athe eggs of Barathra penetrate the host for oviposition more -
quiekly than the medium sized parasites from Ephestia egg and
‘ much more qnickly than small ones reared from Sitotroga eggs.
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A female of Trichogramma was observed to téke an average éf 66
minutes, to\find,_examine, penetrate and parasitise 10 hostq,
when the parasite is a small individual reared from Sitotroge
eggs, but only 37 minutes when it is a large female reared from

ggrotis eggs; -

Nerayanan and Subbe Rao (1955) studying the effect of
different hosts on the parasite Microbracon geiechiag found
. that the fecundity of the parasite véried when bred on different
hosts. Thus the parasites bred on Pectinophora gossypiella laid
on an average 13.22 eggs per day, those bred on Corcyre ce haloﬁica,
9.75 eggs, those'bréd on Scirpbphaga nivella, 10.42 eggs and those
bred on Dichocrosis punctiferalis,3.1f eggs. FPurther, they observed -

that the parasites bred on D. pﬁnetife;alis laid on an average a
total of only 25_eggs per female on Dichocrosis.' In their studies,
they found that in the second generafion the parasite laid on an
average 54 egge per female. But in the third generation when

the parasites were given ggglgg eggs they laid 106 eggs per female.
The relati%ely high fecundity shown by those paraeiteé bred on

| E. gossyplella was attributed to the high 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 Corcyra egg eitract to be very necessary for
stimuleting the egg laying of thelpafasite. Loﬁering éf feehﬁdity
wés observed when the parasite wes fed only with Corcyra egg
|§rotein without sugar. The fecundity of the parasite was highest

when fed only on 16% solution of glucose, fructose, maltose or
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sucrose in the presence of host egg.

-

III. Effect of host on development of parasites

Variétion in.the period of developmeﬁt of parasites‘in
"accordance with the period of development of host in whieh they
develop was first noted by Pantel (1910) He found that the
' Dachinid fly parasitoid Compsilura ceneiqnate develops~rap;¢1y
in the larvae of Acronyeta and Vanessa in whieh’iﬁ is fuil_grown
in some weeks and slowly in larvae of Pieris in which it takes
gseveral months for full developmenx. 7similarly the larvae of
Tricholygs major (Tachinidae).wee found to develop rapidly on
Vanessa but‘slowiy on Macfetgxlacia rubi. A correlation of life
eycle of host and paresites was‘obeerved by Smith (1912). He
showed that life histery ef Perilamgus hyalinus is modified by
the host it inhabits. He found that as a rule, the larvae in
this case,inyariabiy emerge from the host at the time of pupation.
If it attacks Limnerium yalidum which does not pupate until the
spring the paras;tes remain endeparasitie'an&'underdeveloped\
during winter. if it attacks Variehaeta aidrichi whieh pupafes :
in ‘the autumn but does not emerge until spring, the paranite
~ becomes endoparasitic in the autumn, but develops no further until
i the next season. But if tpe parasite finds itself in a host such
'has‘two other species of Q;gggg;gg,and two Braconids which not only
pupate in the autumn bﬁt alsO‘proeeed to immediate emergence in
the -ame ‘season, the parasite likewise develops quickly and -
emerges as full grown adult. Pierce and Holloway (1912) studying

the deﬁelopment of the Bracenid, Chelonus texanus a parasite of



Laphzg@g frugiperda observed that the time of emergence of the
parasite seems to depend almost entirely upon the size of the
host and that if the host feeds end grows slowly so does the
parasite within. :

Faure (1924) observed the influence of the host inm
determining whether the parasitg should have one or more thaﬁ
one géneration in an‘year. Aceording to him Bracon glaphyrus
normally attacks the larvae of the weevil, ggglg ngiggglli_
whieh is univoltine ‘and in that host the parasite has one genera—
tion in a year. If it aceidentally layl eggs in Baris chloryan
which is partially bivoltine, it completes two generations in
a year., This authdé in a'subseQuent-papef described a similap
host parasite relationship in develépmenj of Apanteles glomeratus
which is a common paraaitg of ?he_eabbaée caterpillar Pieris
‘brassieaef In this case the host pﬁpates usually in the autumn
. and the iérvae of'Aganteles;then'beeomes full grown and they sﬁin
about their host remains, the familiar cluster of cocoons in
which they hibernate as pupae. If by chance the hest does not
pupate in autumn as often happens, the_parasite hibernates as
young larvae inside the host caterpillar. A similar effeet is
seen when it parasitizes Apriacra laegi.

Incomplete synchronism of the host parasite life eycles

was observed by Marchal (1927) in his studies on the egg parasite
Prichogramma cacaecia which attacks eggs of a Tortrieid moth

Cacaecia vasana in France. Cacaecia has only one géneration in

a year. The eggs of these moths enter embfionie diapause and
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cemplete their 1ifé eyele enly next year. But'T.'eaoaeciathas

two generations to eaoh generation of its hosts.‘ Thompeon‘and
"Parker (1928) in describing the life history ef the Iohneumorid |

parasite Dioctes p__otoria stated that’ this parasite is also |

‘affected by univoltine and bivoltine strains of their hosts
Pzrausta nubilalis and. show a eomplete spsggronism between the
';hest Vs, parasite'iife eyele. Tedtﬁﬁiifi(1930) observed marked
variation in the length of the,larvel period of Ptxehogxia ;gggtg,
a Taehinid parasite of Levuana irrideSeeﬁs and it was congidered '
" that this variation is not entirely a haphazard phenomenon but an .

adaptation to the eondition of the host.

. A highly speoialised phenomenon of the rate of growth

of host being refleeted by the parasite was descrlbed by Cox
'(1932) _He had observed that in the eggs of the host Asoegaster
earpooapsae the egg parasite Chelonns nn ipes develops step by
,step. If the embrionic development of hest is delayed that of
the parasite, is alse delayed, if the host 1s unfertilised and
therefore never hatohes, the parasite similarly fails to develop.-
" Dowden (1934) stated that the Tachinid parasite Zenillia libatrix
. does not begin te develop rapidly unt11 its host the gypsy moth .‘
pupates so that there 1s a range of two weeks-or longer in the -
- time of development. Dowden (1935) again observed the host’ deter— :

,mining the number of generatien of the parasite Braegxmeria

_eompsilurae. This chaleid attaeks both Sturmia sentillata whioh~
*;has one generation in a. year and Compsilura eeneinnata which may
have two or three generatlons. When 1t parasitizes the former

hosts Brachxmeria remains in the larval stage during the winter
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and has only omne generation a year. But when it. attacke the
latter the parasite may have two or three generatiene. Webber
(1937) studied the development of the Tachinid parasite of
Comgsil a and found that when it attacks its 1epidopterous hosts
late in the season all the progeny hibernate as larvae along
-with the host. If it_attacks the eame,hoet a fortnight earlier

a higher proportion of progeny develops before the host hiber-

nates.

The development of the parasites being delayed by diae

~ pause of the host was observed by Bradley and Arbuthnot (1938) ‘
in their studies on the development of Ghelogus gg Lepes,a Braco-
nid parasite of corn’ borer. This parasite confines itself to

the life cycle of its host at two separate gstages. Its larvag
remains in its £irst instar when the host is about to. pupate.

" If the host matures steadily there is no delay in the emergenee> »
of the parasite. But if the host enters a diapause the parasite
remains underdeveloped until the diapause ie paeeed. Another
instance of incomplete synchronism was- observed by the same

_ authors. They found that in the field the Braeonid parasite,( |
Chelonus annulipes when it attacks the first generation egg of
the multiple generation‘eraustawnubulalis 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 monthe for its development, When the parasitism occurs on
eggs of the gingle generaiion etrain'of the borer the adults

do not appear until approximately a full &ear hes .passed.

‘Salt (1940) observed the size. of host influencing
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the developmental period of a parasite. He notieed certain
variation in the‘developmental'peribd'efxggiggggggggg_gxgggggsggy
,Which'hensnggested might perhaps be attributed\to‘sizes of hosts
- in whiech the parasite was reared.l The parasglte was reared 6n 3‘
-.hosts under identical eonditiona and the time of parasitization
"was the same. The average developmental period in the eggs of
Eghestia wag 243 hours, in Agrotis 250 heurs, and in Sitotroga
256 hours.. When ‘the pereent emergence of the parasites on the
three hostswere plotted against time it was apparent that the
parasite from Ephestia, the smallest'host emerged.earlier than

" those in Agrotis, the slightly bigger host and much earlier then
they did in Sitrotroga the biégest of thefthree. ”Narayanan and
Subba Rao (1955) found that the develepﬁenfal.period of Micro-
gggggg‘geleehiae bred‘iﬁ different.hos%s varied considerably.
Thus the minimum'period of development was 10 days in Corczra‘
cephalonia, 11 days'iﬁiSeiggophage_ ivella, 9 days in Peetinophora
gossypiella, 14-days-1n'Diehocrosis gunctiferalis,i13 deys in

Galleria melenella, 12 days in Plusia orichaleiza, 11 days in

,Chilo zonellus and 11 days in Gnorimogchema OQerculella.

IV. 'Effect of host on the behaviour of garasites

,' lVoukaSSOVitch (1924) found an instance in which the
host influeneed ‘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 yebbing on or between the leaves of the Vine.

- If develops at the‘;exrense of a eaterpillar,'the full grewn
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larva emerges from its hosts and spins a eoeeon for itself
begide the host remaine. If however it develops~in Oeno thera
its larva pupates ingide the covering of ‘the host without Spln-

ning a c¢ocoon.

Hase (1925) showed that when femalee of Triehogr

evaneseens were allowed to oviposit on different hosts including

the ones in which they had developed, they showed no preferenee
to any host. Salt (1934) observed Triehoggamma wasting time in
~ trying to evipesit in false hoate like fragments of glass and
erystals of caleium earbonate in the presenee of 1te original
host, - These obserVations were contrary to the host seleetien

. ‘theory whieh states thet if a paraeite ie capable of feeding

| on three or more -host species, it tends to ovipesit upon the
kind in which it hag develeped. Taylor (1937) who observed the
behavieurs of legostra utilex the egg parasite of eoconut leaf.
‘beetle Promecotheca reichei in Fiji, found that when the parasite
develops in beetle egg it emerges by bitlng its way through the -
‘wall of the egg capsule, But when it develops on eggs of Pro-

mecotheca bieolor whieh have a coverlng of triturated leaf tissue

on their upper surface,»the parasite emerges by biting its way
~in the oppesite direetion ie., through the tissues of the 1eaf

on which the host egg is laid.

Thorpe and Jones (1937)Apu£'fofth pfeof in support
of host selection principle, asing the Iememonia, ‘Neme\ritisj
eahescene, a larval parasite of Ephestia. This eag also be |
reared on the small wex moth 1§rva Meliphora grisella.;f it is



contaminated with the smell of Ephestis \. Aduits' reared from‘ ‘
Ephegxia attaek only larvae of Eghestia in the presence of larvae
of Melighora. But adults reared from Meliphora attack Ephestia
larvae alone even in the presence of Meliéhora. Salt (1941) re--
viewing the literature on "The effect of host ‘upon their inseet
parasites" stated that an instanee in which the paraslte actually
chooses‘its own host species in preference to the aneestral host
is yet to be deseribed in Entomephagoue forms. He gave experi-
'mental proef in eﬁpport'of Hase's (1925) observations. He found
a pure strain of TriehOgr vanegcen which was reared for

‘ 260 generations exclusively on the eggs of Sitetroga cerealella,.
. chose the eggs of Ephestia and Agrotis for ovipositlon in pre-

: ference to eggs of Sitotroga.:‘Similar results were obtained by
Venkataraman. et.al. (1948) who. found £hat g;gggg"(Mierobraeon)l
g;gggl after being reared on larvae of Platyedra gossypiella for
'3 generations did not eeem to reeﬁlt in AA actual p;éferenee fof

the new host over the natural host Eublemma amabilis.

Farayaﬁan endESubpa Rao (1955) conducted olfactometer
experiments to test the selective behaviour of‘Mierobraeon
gelechiae bred on ditferent hosts. In the first set of experi-
ments, the parasite bred en-Scirggphagewg;velle fe{ 4 generatiene‘
did not show_any preference to S. nivella. But those'pa:asites
- bred on Corcyra cephalonica for 7 jears confinnously under con-
trolled conditione,_tend to develop into a distiﬁct race Which
shows preference to the newly adopted host on which it was bred

“even when the natural host GnorimoShema_oRereulellafis available.
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V. Effect of food plant of host on parasites

eiimore_(19ae) foundlmarked difference in the para-
eitisaﬁien by Apanteles congzregatus on the horn worms Protoparce
eexta and P. guinguemaenlata fed on different varieties of
:tebaeee. He found the parasites dying before reaehing maturity
when the hosts were fed on dapk-fired tobacco. He attributed
this mortality, to“the greater nicotine content of dark-fired
tobaeco. 'InveetigatiOns of Flanders (1942) indieated that great -
phyeielogieelvdifferenees exist befween individuals of a eingle
“hoet-epeeies;.if such individuals feed on different food plants.
These physiologieal differences are‘manifested as de#elepmental-
. reactions of parasitee. Thus he found Habrolepis reuxit the
. parasite of red scale Aonidiella aurantii showing this effeet
elearly. When-the host was,on grape fruit only 3.1% of the larvae -
. of parasite died. But when the host was on sego palm 100% of the

larvae of parasites died.

marayanan'and’sﬁbba‘aao (1955) observed that when
grown up Plusia caterpillars eollected from tobacco end.gram
were exposed to Mierobraeon elechiae, both were parasitized.
But all the grubs on tobaeeo eaterpillar died within 3 days of \
feeding while those on the gram caterpillar developed normally.
. When very young stages of nost caterpillar collected from tobaecco
leaves were supplied 8 good (9 out of 22) proportien of grubs
>develeped nermally. It is explained that the death of parasite
grubs feeding on the tobacco caterpillar may be due to the '

toxie substanee in it-nieotine. In the case of yonng hoet




caterpillars, there may not be enough concentration of nicotine

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

vI. Effect ot hoet-oh sex ra%io of parasites

| Attention to the fact, that the size of the individual
hosts influeneee_#he.sex retio of its paresites was first called
to by Chewyreuv (1913). He found that in ___g__ instigator
which was made to parasitlze pupae of different sizes a predo-
minanee of 80% males emerged from small pupae of gggggg, Panolis
and Buga;u and a complete predominance of 100% females emerged
from large pupae of § hinx,'Satﬁrnia and Gastrogache. ~ When

small intermediate and largefpupae‘were furrished to female
parasites, majority of parasites emerging from small and inter-
mediate pupae were males. When the intermediafe and small pupae
‘were furnished, females predominated ameng the peraeitee emergiﬁg’
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 speciee of Pimpla namely

P. examinator, P. brassicae and P. gggg;;ﬁggg.l These observations
were further confirmed by him\with information on pupae infested
by parasites in the field conditions. The suthor collected 2000
cocoons of Lophyrus from the field and out of these he obtained
parasites from_§70'eoeoons. ‘ﬁhe coeoons\out of which the femalee
emerged were twice as large as those out of whieh'the'males had
emerged. Two species-of‘pareeitee were'obtaiﬁed (1) Egggggggg'sp.
of whieh 870 were bred out. Out of the parasites that emerged

from large coeoons 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) Campopléx sp. of which 100 were bred, 30% of the parasites
that emerged from large eocoons were males and 70% were females,
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 greater food supply for the female prdgeny. Holdaway and
Smith (1932) got similar results in their work on Alysia mandu-
cator, a sqlitary parasite in.the puparié 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 incerease in size of the puparia.' This held true between
differenﬁ'épeeies as well as within each gpecies. . In large puparia
of L. gerricata the sex ratio of the parasites was 1:1.3, the
males predopinatiné; whereas fiom the small puparia the ratio

was 135.1, again males predominating. Sejrig (1935) made similar
observations in Madagascai oﬁ'the parasites Echthromorpha hyaline
aﬁd Pimpla maculiscapose which are reared from'pupae of sevéral
épecies of Lepidoptera. He attributed;this différence in sex
‘ratio to the infertility of small females which did not attract
méles g0 readily as did the large females and also to the small
females éelecting thg small pupae and'large females large pupae

for oviposition.

Flanders (1936) found that in certain species of

Coccophagus the males can be produced only hyperparasitically
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wheresas priﬁary prOgepy from eoecid host is exelusively female.
Releted to this phenomenon is the fact that oviposition response
ef the parent female changes at the time of fertilisation. When
unmated, she is attraeted.only to previously parasitized seaies

and places her egg in the body of primary parasite, whereas after
matinglshe oviposifs only in the unpafesitized,scales. In thos;
groups in which this relation is not‘obligatory, unfertilised eggs
. are laid on.smail Goceid hoste.

Brunson (1937) studied the influence of instars of the
Japanese beetle on the sex ratio of its larval parasite Iiphia

| poéilliavora. Both sedond and third instar larvae were aecebted

for'paresitization. Parasites eﬁerging from‘the 2nd instar larvae

were predominantly males offthe'ratio 1:2.8 but the parasite

emerging'from the §rd>inster'lapVae were predominantly females

of the ratio 135.1.- He transferred the eggs of parasites from

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

ance of males was found. Likewise eggs traneferred from 3rd

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

that the sex of progeny is detefmiped at the time tpe.egg is

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

the Chalecid parasite Pleurothrops parvulus. From the first

instar host larvae femalee predominated in the'ratio of 1.66;1.00

whereas in the 3rd instar larvae the preponderance'of females

increased %0'4.3411.06.

Clausen (1959) in his summarisation 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



exceedingly variable and thet it will vary (1) with the sex
ratio ef the ‘host (2) with successive genefation of the host
- (3) with'different hosts (4) upon the same hoet end in the -
same season but in different geOgraphieal regions and (5) in
'succeseive years when host population is increasing or decreas-
"ing rapidly._ Planders (1946) found that.Microglectron fusci-~
pennis, parasitic on spruce saw fly snd Tiphia popillisvora
paraeitie 6nuJépaﬁese Seetle show preference by depoeifing o
fertilised eggs on large hosts and unfert1lised eggs on small
." hosts. Further he found that the eggs origlnally laid on small.
hosts and transferred to bigger hosts did not show an inerease
. 1g 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 ep.'aﬁ endoParesiye of the
adults ef Bagrada ecruciferarum.- He found:enlj a eingle £1y
emerging from;each-host. Maie parasites-which'have small light
| brown puparisa dexelopedffrom mele hosts and female parasites
which haGe“i;;éE”dark brown puparie. developed frem female hosts.
The’causegfnrj this'phenbmehen 1s'inferred to be the determina-
tion of sex due to_the»influehce of sex hormonee of the hosts.
Meéugan (1955) observed that the sexes of the pupel parasite

of budworm.Apeehthis and ggéggggggg did not oecur at random
"amOng mele and female hosts as there wee_a definite tendency
| for female parasite to\emerge from femaie hosts and male parasites
from male hosts. &his is possibly & response to hosf size as

female budworm pupae are somewhat’larger than male.

Narayanan and Subba Rao (1955) in their critical experi-
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- ments found that the number of males and females of. Microbracon
‘geleehia was nearly same when bred on Pectinophora gos xpiella ’
and Scirpophaga nivella. In the: case of the parasite population
developing from Oorcira ce halenica, the female predominated
(73.9%)."Under maess rearing eondltions_alse similar relations
were obtained-between sex ratio of fhe parasites and the different

hosts.

VII. Effect of host eolouration on_the pigmentation of parasite

TheIOnly recorded observation on this aepeet‘apﬁears to
‘be that of Narayanan and Subba Rao (1955) Examination of the f
eggs of Microbracon gelechiae bred continuously for 2=3. genera—
tions in dlfferent ho'ts revealed that the colouratlon of ' the
'eggs laid changed gradually and assumed almost that of their res-
pective hostsf Details of these-observations are given in the

following table..

- ' S ' No. of generatlons :
S1. Name of the General colour ‘Colour of taken for the trans-

No. host - of host ..  egg "ference of the pig-
‘ : : , ments

1. Coreyra capha- o Glistening : :
lonica Pale yellow ypite N

2. Seirpophage  Greenish _ Light yellow 4 generations
.nivella , yellow o a

3, Pectinophors Pinkish ~ ' Pinkish yellow 4  -do-

- gossipiella _ , ‘

4. Dichocrosis Brownish with Yellowish 2 -do-

punctiferalis - yellow and green
' : black patches

5. Plusia ori- : : : -
chalecia : Green Light green 2 -do-

ypsilon Green Light 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
;eocoon instead of the normal glistening white cocoon. Direct
~transference of some pigmented material from host %o fhe yolk:
of ‘the egg during the development of the egg in the ovary. was

suggested as an explanatien for thie pigment phenomenon.
VIII. Effect of superparasitism on gerasitee

| The occurrence of superparaeitism is a matter of some
importance in studying the effect of host, because some or all
of thelparaeites feeding upon it are insufficiently_noufiShed.
Thie in turn alters the effect of host in'its varieﬁs aspects
like size, vigour, behaviour, sex ratio- etc. Thns Vandel (1932)
'stated that in the case of the parasite Nermis eubnigrescens |
males predomigezgpwhen many parasites inhabit a single host. He
_coﬁciuded_that‘thi;:EQSgdue to the effeet of selective elimina-
tion of»feﬁele parasites owiﬁg %o the insufficieney of food.

Planders (1935) obtained a predeminahce of females in the ratie

| 2:1 in Trichogramma evaneseene when three parasites developed'
"in each egg of Eetiggene lactinae. But if only a single egg was
laid.ie a host, the progeny was found to be invariably female.
. Planders (1936) found thet'oﬁe-or'more 1ndi#idnale of Trichogramma
sp. developed in a single egg of codling moth. When a single |
perasite emerged from a single host its 1ength(was foend te be .
twiee that ef.the four small peresites that_develeped in one
host. Further,4he stated that the larger the parasites the more



- 27 =

young ones it can produce. It was also noticed that when a para-
site was superparasitized, only the ‘size of’ the host determines‘

the number of par331tes developing in it. Salt (1936) found that
"when a single female Trichogramma evanescens 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 number of available hosts, revealed a con-
sistent decrease in the proportion of female progegy.' In an
extreme case of superparasitism induced by confining 50 parent

'females with 100 host eggs, the pereent of female progeny . obtained
was 43.,8%. Salt (1940) studied the effect of superparasitism

,bf Prichogramma evanescens on the eggs of Agrotis C-pigrum. He

 placed 50 eggs each of the host in fwo petridishes. In one he
"introduced 10 pérésités~and in the other 75 paragites and kept

the dishes at 25°C, After 4 hours the parasites were removed

andlthe eggé keptyin sépéfaté vials. Two to 3 ﬁarasites emerged

' from each egg in the first and 5 or more,in»the,séeond'vial.

Meésurements showed that when the number éf gregarious pardSifeq

‘increases.thgfgizé#ofijhé\inﬁividual paras;te'dee@ééses. In

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

" degenerate forms called 'runts"wére seen. They were vepyvin- .

active, short lived and in all cases died before laying eges.

Strubtural.deformities observed are modifiéd anténnal segments \

and reduced wings.

Flanders (1945) postulated that increase in the pro-

portion of males of Macrocentrus &nc livorus, a2 parasite of
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‘Potato tuber moth, has eorrelation with superparasitism by
unimpregnated femalest He stated that the presenee of unimpreg-'
nated femalee resulting from multiple mating na& nullify much,
‘ef the work ef impregnated females if euperparasitiem‘oceurs.
Martin, Glen and Finney (1946) obtained data of parasites emerg-
._ing from hosts superparasitized by lots of female of the parasite
Macroeentrue ancxlivorus which 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 effeet on sex ratio of Braeen (MicrobracOQ)
gelechise a parasite of potato tuber moth larvae in different in-
tensities of superparasitism on the 1arvae-of Corcyra caphalonica.
' They ebeerVed'that when the number of parasitic grubs which share
a hqet increases, the number of males also increeses oriin other
words when food supply is sufficient more females are produced.
They also found out that when the nuuber of parasitic grubs that
share a eingle~hoet‘increases tne developmental period elso in-
creases. Narayanan and Subba Rao (1955) studied the effect of

'indueed superparasitism on Microbracon gelechiae.: The hosts

used were the final instar larvae of Corecyra. The nnmber of grubs
“per nost was increased from 3 to 30. In the correlation studies
Athey obtained a hibhly 31gnificant negetive correlation between .
ﬁthe number of grubs per host and percentage of female and also

. between the number of grube per ‘host and percentage of develop-
ment. The correlation coeffieients obtained were -=-0.98 and

~0.96 respectively which are significant at_1% level. .
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PART B -

'I. Description of tgg,parasite

The species was described by Ferriere (1930) whieh for

' easy reference, is given below.-’

Trichospilus pu 1vora,‘sp.n.

“ QdﬂBody orang&‘yellow, forms so&etiﬁes with a faint viéla-
~ eious shine, éheeks with a brown stripe extending from eye to mouth.
Anfennae yellow, pedicel and funicle mdre-ér léss brownish. Legs .
quite yéllOWs Abdomen brownish black, the petiolus yellow and the
middle of the second segment also more or less yellowish. The éﬁ

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

Wings hyaline more or less smoky brown in the middle.

S?.Head]qnite[éﬁboth and shining. Ocelli close fogethér.
ﬂhq.latera1~oeelli nearer to the .anterior ocellus then to the eye
margins. Cheeks as long as half the length of the eye. Antennae
sﬁert, $he seaﬁe narrow, nbt‘:eaehing to the front ocellus, pedi-
cel elongate about 3 times as long as broad; the 2 ring-joints
short_ana transverse, the 2 funicle joints‘subguadrafé, the. 1st
a little longer then the second, club elongaté much pointgd 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 truneate at

apex with, a straight transverse furrow before the post scutellum,



- 30 - ‘ , \

smooth in the middle, longitﬁdinally densely striate on the side;
post scutellum broad in the middle, rounded behind; propodeon |
_elongate with a median'carina and small lateral spiraéular furrows,
spiracles small and rbunded. Wings large; the hairs forming the
tufts much thicker;than the other disecal eiliafion, which begins

" only below the 2nd tuft; there are abaﬁt 8 long hairé on the mérgi-
nal vein after which the marginal ciliae are small and weak. Sub-
mérginai vein not brbken; stigmal vein small with a strong club;
post marginal almost absent. Legs with the,hind‘eoxae large,
strongly reticulated on the outer side; hind femora only slightly
broﬁdened; the 4 tqrgal joints elongafe;vm;ddle tibial-spﬁr longer

than the 'metatatsus.

Abdomen rounded br’oadef'much‘ shorter than the thorax,

) smooth, very finely reticulated from the end of the 2nd segment;.
petiole quadrate or a llttle longer than broad, shorter than the
hind coxae; 2nd segment the largest reaehing to the middle of the
abdoﬁen, the following seghenfs transverse. Ovipdsitér not

visible. from above.

| d Smaller than ¢ antennae shorter scape and pedicel
ﬂbroader,‘the 18t ring joint very small; the 2nd not lbnger much
broader, almoat as broad as the funicle joints; the 2nd funicle. '
joints quadrate, club not much: 1onger than the pedicel, legs
shorter and somewhat thieker, especially the femora, tarsi very

short, the 3 first joints as long as.broad. o

o ‘ : A
Lengths Q 1-1.2 fm.,d 0.9-1 mn.

Ananthansrayanan (1934) noted specimens measuring 1.5 to 2 mm.
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II. Life history snd hsbits

Our knewledge of life history and habits of T. pﬂpivora '
is derived malnly from the investigationsof Ananthanarayanan (1934)
at Galicut and of Jayaratnam (1941) at Peradenla'in Ceylon. The
review glven below is based on Ananthanarayanan s studies. Any
difference of.additienal observations made by other workers are
also indicated. The mating habits were observed by both the authors.

These habits as observed by them are as follows s~

: Phe female appears'norhally $0 be fertilized while within
" the hdst pupa. Parasites fhax emerge in the natural way weré not .
observed te ﬁate. But mating was always noticed when they were

" let out by artificially puncturing the ‘host .pupa. In sueh caees
the parasites were given opportunity to mate as otherwise they
would not oviposit on the host pupae. It was notieed that.one -

“ male fertilised a large numher of females accounting for ‘the rela— |

tlvely emall nnmber of males.

Ovigositiog.- Ananthanarayanan (1934) found that the parasite
:shows 1ittle or no choice as to the part of the pupa in which

eggs are laid and unfertilised females do not oviposit. Jayaratnem
(1941) found that when a variety of host pupae were supplied to
this parasite in a tube no partlality was shown to pupae of. any

‘ .kind including those of the natural host.

Life history:- Eggs of the parasite are very minute, barelyL,
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, reunded at one end and bluntly tapering at the

BT EE Y
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other and meésnres 0.2 mm. by 0.06 mm. The eggs'hateh in about
24 hours. The grubs feeding on the content of the pupa beeome
full grown in 5-7 days after having devoured the whole contents ’

A "of the host and then turn into pupa. According to Jayanatgam

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

devoid of any appendage measﬁres_2imm. by 0.6 mm. and is a naked

© pupa cé%ered oniy by a very thin transparent membrane. - In about

5 to 6 days afﬁer pupation the eompound eyes and the 3 ocelli

beeeme'bright red, the antennae are eiearly marked and‘the abdo-
minal ventral streak of the female is falntly visible. Iﬁ about

8 to 10 days after pupation the parasites whieh are closely paeked
within the pupa; case of the host beeome adults and emerge by
biting tiny holes in the now brittle pupal cell. During hot dry
weather from March to April the 1i£éteyele iS«eomplefed in 15
dajs but during\wetiwéaﬁhsr it takes upto 20 days. Jayératnam
on the other hand observed that the life.éyele’is completed in
16 to 23 days. He further stated that in a year, 17 to 18
generations are eompleted with an average period of development

of 20.4 days at Peradenia, Ceylon. But at Galieut 22 generations

‘are completed in a2 year with an average peribd of develbpment of

16.5 days.

Phe adult parasite‘usaally lives for 7 days after -~
emergence but they live only for a shorter period in hot dry
weather. Feeding them with sugar solution, yeast or dilute‘honey'

does not affeet their 1ongev1ty;».Jayaratnam-étated that in

 Ceylon the adult parasite lives upto 11 days in Peradenia and
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7 days in Batticola and 12 days in Kurunegala.
III. Artificisl breeding of the pafasité

) This parasite has been found eminently suitable for
mass mnltlplication in the laboratory especially because the pupae
of other lepidoptera can be used equally well as its natural hoat
for breediné purposes.  An ordlnary glass specimen tube 15 cm. by
2.5 cm. with bored corks, the holes of which are c¢losed with 90
mesh wire'gauge, forms/a suitable breeding cage. In each tube
one or two host pupae are put'an& 5-10‘parasites are intraduéed.
The tiny'ereatufes as soon as introduced settle on the pupae and.
begin to lay eggs in the course of 2-6 hours and die in 2-6 days
after oviposition. In the course of about 6 days the attacked
pupae begin to show eharaeterlstic sickly dark colour. The para-
sites emerge in 16 to 22 days. They are then exeeedingly active
and crowd towards the lighted part of the. cage. In the laboratory
during eertain parts of the year the parasitlzed pupae become |
subject to fungal -and bacterial attack. So considerabie nnmber'
of parasitized host pupae are destroyed. The eondensatlon of
moisture favours the growth and multiplication of these organisms.
By sterllising the tubes and the corks before use theldifficulties

may be avoided. -

IV. Influence of weather in nature and in laboratory

This parasite is highly susceptible -to weather changes.
They are at their bestAduring wet weather from Qctober to February -

-

and praciically disappear from the field during the hot dry
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weather from March to May. In the lsboratory too during hot
dry weather the host‘pupae themselves dry up killing all thé
contained parasites. Further the egg 1aylng capaclity of the
parasite is reduced and the few emerging parasites are small
and feeble. Ramskrishna Ayyar and Ananthanarayanan ’(1935)
‘ eXperlmentally found 1aboratory rearing was successful at a
temperature of 78 op, -82 °F, and relative humidity 92-94%. At
~high temperature sueh as 85°F. the deveIOpment is aceelerated
but many of the grubs are killed because the host material gets
dried up. The feW‘specimens tha§ emerge will_be,weak_and under-
sized. On the other hand.a mpre»humié climaté encourages the
‘growth of destructive bacteria and fungi. In addition to this -
those that develop inside the pupae are unable to come out by
' puneturing the pupal skin, as 1t is tough. But if exposed to
the sun for a shnrt time they are able to emerge. To overcome
the difficulties in b:eeding parasites in the dry weather,'g
paraeite‘breeding box wherein temperature and humidity condi-
tions could be suitably regulated, has been devised.

Dr. Hutson (1922) stated that in his attempts to trans-
fer this Eulophid, which was found functioning efficiently in
the North-west Province of Ceylon, %o dfien conditions in Battidi
| ecaloa Distfiet in the Eastern‘Provincevproved unsuccessful.
Remachandre Reo et;al. (1948) stated that under the peculiar
‘elimétie conditions of the West éoagt the parasite would appear
to thrive best only during the prevalence of the South West
monsoon, and it is fairly active duflng ﬁﬁe comparatively cool

and moist period‘between‘00ﬁober and February and becomes
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. eonsiderably reduced in population during dry hot monxhs frOm ,
March to May. They further stated that on the West coast the -
ecological conditions needed for-the speeies to thrive, prevail
'duriﬁg‘thé greater part df.the year, and 8o the degree of para-
sitism rises to 75%. On the 6ther hand in the.East coabt where
climatie eonditions are comparatively much drier, this para31te

could not establish ‘itself.

V._'Potentialitx of the wasp as_a paragite

" The avergge number of parasites emerging from the
axtaeked pnpae‘in the field was found to be 55. In the laboratory
frem a single pupa of Tiracola, Spodoptera and Prodenia, Jayaratnam.
obtained 1211, 904 and 823 parasites respectively. One parasite
is capable of ‘laying 100 to 200 eggs. A parasite attacks more |
then one pupa. More than 6ne'§ara§1te'attaeﬁ'the same pupa at

e time.

Further, Jayaratnam stated that under laboratory condi-

tions 7 to 8 days old pupae of natural hest, ten days old pupae _
of Tiracola and 6 days 0ld pupae of Prodenia are parasitized by

this parasite.

Eventhough the parasites become rapidly reduced during
hot seasons, the existing parasites or the liberated ones attaek

a goed proportion of the then existing host pupae in the field

and prevent the emergence of the moth.

By field observations it was found that (1) the para-

gite at its best could destroy 75% of the existing population




in thg pupal stage (2) 1ive parasites are practically absent

-when the host pupae are also few (3) there always exist in the

field some pupae inaccessible to the parasites.

VI, Causes for the efficiency of the parasites

According to Ananthanarayanan, the réasons for the
efficiency of the éarasite in the field.gre as follows:-
(1) 1t is é 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 strueture and a&tive habits
for easy and distant dispersal. (It has been recorded 3 miles
awaj from the place of introduction.) ' (5) Absence of hyper-

parasites.

Albng with some'of the above mentioned causes Jayatatnam‘
also pointed out some -other causes also, ie. (1) It has a short
1ife cyecle of 16.5 days (averagg), whereas that of its host is
60 days (averége) (2)’It ¢an parasitize host pupae of 8 déyS'old.
(3) Females eutnnpber males and a single ﬁale.is capable of ferti-

lising many females.

Ramachandra Rao et.al. (1950) stated that it can breed
on alternative bosts in natuare and is thus capable of surviving

unfavourable seasons when pupae of Nephantis are not available.

‘VII. Tricheégilus gn!ivora as hxge:!arasite

Jayaratnam (1941) found T. pupivora aleng with an

Encyrtid and an BEulophid, Syntomosphyrum obscuriceps F. hyper-
parasitic on a Tachinid larval parasite of.Neghantis gserinopa.
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~ Stomatomyia bezziane.‘

VIII. Susceptibility of T. pupivora to insecticides |

~ Nirula et.al (1958) studled the residusl toxiecity ef
field weathered ineeeticidal residues to T. pupivora. In tneir -
“experiments using leaves sprayed with 0. 2% DBT suspension, they
found that DDT was toxie to this parasite even after 8 weeks from
the date of spraying,,althoughlan exposurelperlod e: 72 hours was
required to give 50% mortality. in the eese of BHC héwever e
similar low degree of toxieity reached after 5-6 days but its
action was rapid until after the 2nd day on which it caused 50%
eortality after an average peried of exposure of 6.25 hou:s. ‘
Neither eprey affect the immature stages of the parasites which-
are paesed within the hest.' In 1abofatory.experiments, Joseph
(1959) found that DDT spray at O. 02573 and above, caused 100%
mortality  to this parasite, 35 days after spraying.

Hosts of 2. pupivora

Hosts attacked in nature

Gexlon , .
(1) Nephantis serinopa M. First noted by Hutson (1919) in

Negembo distriet in- Oeylon.
(2) Thosea eervina W.

(3) Spodoptera meuritis B ,
(4) Puperia of Tachmid parasite of Nacolea apnubilata S.

- These three hosts are recorded by Hutson from

'Peradenie, Iunuwale, Bessara and Karunagals, guoted by Ferriere

=



Java
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. (1930) Jayaratnam (1941) is of opinion that more eéidence is
necessany regarding Thosea and Sgodoptera as the former was not
attacked in the laboratory and the latter pupate in soil. o

Indis

(1) Nephantis sefinopa M noted in Cochin on the Malabgr
" coast of South Indie in (1925), quoted by Jayaratnam
(1941)

(2) Sylepta Qerogata.F, Cotton leaf roller. Recorded by
Anenthenarayanan (1939) at Oslicut. -

Malaya Peningula

(i)JTirathaba rufivena W.. Recqrded'by Corbett at Sepang,
quoted by Ferriere (1930)'

(1) Tirattaba spp. Recorded by Paine at Buittenzorg
A quoted_by.Ferrieré (1530)
Hosts attacked in the ta&afaqu ‘

!

, Hbst pupae attacked by the parasite in the laboratory
as listed by Ananthanarayanan (1939) and Jayeratnam (1941) are

as follows.-

At Coimbatore (South India
(1) Cotton semilooper - AcOntia graellsié P
(2) Paddy leaf roller - Cnaphslocrosis medigalis G.
(3) A pyralid on grape vine.
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(4) Castor butterfly - Ergolis merione c.
‘(5) A Hesperid coconut caterpillar.

(6) Cotton leaf roller - Sylepta derogata.F.
(7) Paddy army worm - Sgodegtera mauritia B.

‘(8) Tebacco cut worm - Prodenia litura F.
In the laboratory of Peradenia Ce 1on

(1) Tiracola glagiaﬁa'ﬁ, -

(2) Cosmoghiléiggégglﬂé N

(3) Z1usta sop- | S

(4) Terias silhefana

(5)'Parnaré béda W,

-(6) Parnara:nathias W._
(7). Borolia venella W.
KB) Ebmona ebfferia .

(9) Catopsila erocal C.
(10) Pgara bigunctalis F.
(11) Polytella.gloriosae F.

) (12) Margafonia éaésall . ’
- (13) Puparia of Stomatogxia ezziana ,
(14) Tachnid puparia of larval parasite of Sgodoptera

mauritia.
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MATERTALS AND METHODS

A. MATERTALS

(2) Host pupae used

(1) Phytometra (Plusia) peponis F. (Noetuidae)

"Caterpillars were collected from 1eaves of snakegourd
in the College Farm and reared in the. laboratory on snakegourd
leaves. When they reaehed the prepupal stage they'were removed
' and kept in petridishes. 4 small opening was made in the leaf
'fold to observe as to’when they ﬁupeied.‘-As.soon“as the pupae
had been formed, they were removed from the cell and used for

the experiments.

| '(2) Prodenla 1itura F. (Noctuidae) |

Caterpillars were collected from banana leaves and
rearedfin the laboratory on tender'banana leaves. The cater-
pillars when about to pupate went into the soil provided in the
icages.ﬂpe‘soil wasvexemined daily for pupae or prepupae, and

. freshly formed pupae were used for the experiments.

' (3) Orthaga exvinacea~W.i(ﬁootuidae) ’\. |

Larvae were collecte& from,mango trees'in:the College
rFarm and reared in the labora#ory on mango leaoes.\ As;soon as /
cocoons were forﬁed;'they were.seperated.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) leegta derogata P. (Pyralidae)

The eaterpillars which 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‘(Peliemﬁatus) boeticus L. (Lycaenidae)

The cateipillars are pod borere. They were collected
| from'the'field and reared in the’labbrapor& on‘pede of cowpea.

The larve pupated oﬁteide the pode.7 As soon as the pupae werei

formed, . they were used for the experiments.

(6) Margafonia lgg;gg S. (Pyralidae)

The eaﬁerpillars were collected from the field on.
leaves of bittergourd and reared in the laboratory. The full
grown larvae. pupated inside leaf folds. Such leaf.folde were

removed to petridishes and as soon as they pupated the pupae

were remeved for the,experimenxs.

(7) Nephantis serinopa M. (Cryptophaeldae) | o |
Caterpillars were collected from the field and reared

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

j'pupated within eval flattened cocoon of frass and silk among

| the galleries. These oocoons ‘Were. removed carefully to petri-

dishes. As there 18 only a wall of silk at the base of the

coeoon the pupation ‘could be eaeily.observed.

(8) Gracillaria goyella D. (Gracillaridae)

The eaterplllars are tep shoot webbers of pulsee.
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They were eolleeted frem the field from ggania maeropgx
Ny and were reared en Qeghania leaves. The prepupae were removed
'vi tO/petridishes.< Whensthe.pupae-were formed they ‘were used for:

the experiment. o

'(b)A Parasites used

Parasites used for the purpese of rearing a stock
eulture ef parasites were ebtained from the Parasite Breeding

B Station attaehed to The Division of Entomology, Agricultural '

'1ﬂ0011ege and Researeh Institute, Vellayani. o

(c) Glassware
(i) Hurricane chimneys - size 17 em. x 11 em.

(ii) Speeimen tubes ‘;‘ﬁ 7. 5 cm. X 1.3 cm. &
~ - 7.5 em. X 2.5 cm.

(d) Cettonweol plug_
) Cd:tton wool was rolled into small balls and the balls
»we e covered with pieees of muslin cleth. The tOp was tied -and

’ ithese were,used,for,elesing tubes,'

‘l:(e)jTube staﬁdi-‘135uem;:r 38 cm. 'ro hold .72 tubes R
‘(&:) Tube rack =~ 45 eni. X 37 cm. to hold 30 ‘tubes o

- (g) Camel hair brushes | | .

'(h) Diluted sugar solution - 10% sugar solutlon for feeding',

parasites.

'B. METHODS

ﬂ(i)*:Rearing stoekﬁeultureAof_g,ﬂﬁugivera L

"Wiih a7vieW;te ﬁinimise the variations in size, vigour '



- 43 -

etc, of the parasite a standard method was adopted for reariug
the parasites.i For fhis purpose, a stock culture was reared

on pupae of Margaronia indiea. In the methpd'of exposing pupae
to the parasites single pupae were taken in specimen tuoes,

(7.5 cm. x 2.5 cm.) and five parasites were introduced and kept.
" in the tube until all the parasites died. Partioular care wasg
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 femgle parasites were introduced, this being
possible by selecting the larger individuals in a group as.the

larger oneslare the females.

!

- (2) Rearing parasite on different hos t pupae to studz the effect
' of host on_the parasite

7 'The-first process cOnsisted 15 exposing the pupae to
the parasites in specimen tubes (7.5 em. x 1.3 em.). Five female
parasites were selected from the spock eulture.and-introduced in-
to fhe tube. For seleoting the females alone the following Pro- .
cedure was adopted. At first some parasites from the rearing
Ltuhes ‘were allowed to orawl out under an inverted petridish placed
on a sheet of white paper, under the light of a work-table lamp.
One edge of the petridish was then slightly lifted for allowing |
a_few parasites to. move oux nn 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 then closed with a cotton
wool plug'and the parasites were/examined against 1igh£ with
a hand lens to eusure that the five parasites: introduced were -

all females. (When examined against light theffemales 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 i3 clear and the streak is absent. )
: (See plate 1) ‘

" The host pupa'sas then geﬁtly cleaned with a camel
hair brush snd weighed in a chemical balance individually. : The
pupa was then carefully introduced into the tube containing the
.5 parasites. A small strip of blotting paper soaked in sugar
vsolui;ion_ was placed inside the ‘tube to serve as food for the
parasites. The tubes closed with’eotton 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 plaeed in this way minimised the effort of the
parasites in 1ooating the pupae and thus ensured the effieieney
: of parasitism to the maximum. The pupae were thus kept exposed
to the parasites t111 all: the five parasites died. The para-
sitised pupae were then cleaned, removed to clean specimen tubes_
‘l(7.5 cm. X 2.5 em,) plugged with‘eotton wool and placed on a
‘tube stand. -(See plate 2-5)' When the parasites”emerged thej

,‘were supplied with sugar solution on filter paper as mentioned

:earlier.

(5) Determipation of period of development
The period of development is salculated as the number

of days from the date of oviposition by the parasites to the
date of emergence of the parasites.

-
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(4) Determination of longev1tz, total number emerged and sex
ratio

L The nnmber of parasites that died on - each day after
the day ef emergence wesg-counted. For this purpose, the live>
parasites in the rearing tubes were made to move $o the bottom
of the tube by keeping that side towarde light. The cotton .
plug was removed, care being taken fo put Baek'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 petredish. (See plame 2-e) A fresh strip of filter
paper soaked with sugar solution was supplied to parasites in
.the tube. The hoet pupal shell was breken open on . the white :
paper and the live parasites if any were put back into the tube.
A1l the dead parasites were grouped into small nnmbere of about .
30 within the petridieh and each group was examlned under Bino-
eular mlcroeeope, eeparated 1nto malee and females and counted.
This was continued each day till all the parasites died. Thus _
in the end,data on the total number of paraeites emerged and the

number of the two sexes were obtained.

| " Longevity was determined as the average number of
days 1ived by the parasitee that emerged f£rom a pupa. For this
purpoee, the number of parasites ‘dead each day was multiplied
by the nnmber of days it has lived“ The total of these producte

was divided by the total number of parasites emerged.

(5) Measurements of parasites \
’ Measuremente were made of 5 male and 5 female parasites
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selected at_raﬁdom ffom all the &ead parasites emgrging from a -
host'pupa; The pafasites weré ﬁounfed'on 8 slide?in glycerin .
with.dorsal side‘upwards. The measurements were done under e
mieroséope with the help of micrometers. Length of male measured .
was thet from the base of antenna to the tip of adeagus, while:
in femeles it was ffom the base of antemna tb the tip of abdomen.
Head width in béth thé‘cases was ﬁeasuréa-acr@ss.fhe region of
the eyé, and widthiof'thbrax measured was bétyeen the bases of

the forewings.

II. STAEISTICAL STUDIES

SN

The data obtained 1n the present investigations were
statistically analysed using the methods of correlation, re-

_gression and analysis of covariance.




. EXPERIMENTS AND OBSERVATIONS

. - o - - [ .
I. Studies on the effect of different host pupae on L. pupivora

_ A series‘ofVB experimenfs'were carried out in the
~1eboretory with fhe pﬁrpoee>ef ascerteining the eotai number of
adults produced, Sex ratio, develepmental period, longevity and
‘size of I. gugivora bred on 8 different speeies of host pupae.

These experiments are given below. -

Exp iment 1

Host gupa o 'ngtometre peponis F.

£
r""# -

Exgerimental details.
Number ef pupae useds | - .10
- Age of pupae: Less than 24 hours

VNumber of female parasites _
" used for parasitising each S
host pupas . ' :

- Age of parasitee used for
parasitisation.b .

- Period during which the
experiment was conducted
and concluded. _

. ?emperature during the
_period of experiment:

' Relative humidity during
_ the period of experimentsv

~ Less than 24 hours
| 21==9--1962 -

to

"f74-411—WQ62,>

Mnm. 760 - 80’ F.
Mxm ec - 87 F.

85% - 92%

Procedure - Pupae were: weighed, exposed to parasites and varieus

observatlons made as described on pages 43, 44 and 45,

Details regardlng weights of pupa used, datee of ex—"

pcsure and emergence of parasites- are given in Table 1.
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| Results:- Results of the experiment are given in: Appendix I, |
Pables 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 tetal nnmber of adult parasites
which emerged from each pupa expo sed 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 ratie
of male $ female parasitee 1s seen to be on an average 1329.822.
Table 3 givee the number of, parasites dying on. each day fqllowu}'
ing their emergence and the calculated 1ongevity. It may be
noted that the para91tes emerging from pupae of P. peponis live
'for an average period'of 3.28 days. Table 4 shows the average
.measurements ef iength, width of head and width of thorax of
- 5 males and 5 females of the parasites emerging from each of
"the ten pupae of B. peponis and the calculated average measure-
| ments of” the total of 50 para51tee. It will be geen that the
' averagelmeasurements are 1.210, 04365, 0 330 and 1. 273, 0.431,

: 0.353 mm. respectively.

‘Expériment 2 . o

Heet pupa o Mggggggg;g_iggigg
Experimental details Ty 3 |
‘Period during which the experiment  992-9--1962 t0

- was conducted and coneluded. ' | -21-—10—1962

'Temperature during the experimentz . -Mnm. 76° 80° P, .
. | Mxm. 80° sv° P.

Relative hnmidity during the ex—; _
~ periment: o _ 85%.- 91%
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Details of weight of pupa and dates of exposure and emergence of

_parasites are given in Table 5.

Rest of the details as in Experiment 1. _

Results.- Reeults 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. indiea 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 perasites emerging from

a pupa varies frem i21 to 244, the average being 163.7 and that
the ratio effmele : female parasites is 1:13.699. Tablev7'showe
that the longevity of tﬁe paraSites.emerging from pupa of‘M.';gg;gg
' is on en average 2.298 days. Table 8 which gives the data on
 the avefage.measurementseof 1eng£h, width of head end width of |
thorax of male and female parasites bred on pupa of M. indiesa
;shows that these measurements are 1. 137, G 343, 0.318 and 1 137,
0 379, Q. 353 mm. respectively.

g Experiment‘s o . ' _ -
Host pupa - . Lampides boeticus »
Experimenial details |

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

Teﬁperature during the experiments Mnm. 76 80 F{

.Relative humidity during the ex- ,
periment. | : 79% - 91%

Details of weight of pupa and dates of exposure and - emergence
of parasites are given in Table 9.

" Rest. of the details are as in Experiment 1.
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‘Resultg:- Results.are.presented in Appendix I, Tables 9450 12,
Data on the'develdpmeﬁtai peried of T. phpivora when bred on pupa
of L. boeticus given in table 9 show that the developmental period
varies frem 17 to 22 days, the average being 18.5 days, Itvmay
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 female parasites on an average is 13 15. 458. |
From table 11 it is observed that the longevity of parasites

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

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

] 1ength, width of head and width of thorax of male and female

' parasites bred on pupa of L. boeticus 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. respeefively.

Experiment 4
Host pups ’ 4 \ . Prodenia litura 3

Exgerimental’details

Period during which the experiment 2--10--1962 to
was conducted and coneluded. _ 21=12--1962

Te erature during the experiment: Mnm. 76° - 84° P,
e 8 Mxm. 81° - 88°2 F,

Relative. hnmidity during the ex- _
periment. | o 82% - 95%

Details of veight of'pupa and'daﬁes of exposure and emergence

of pe.rasitest. are given in Table 3.

Rest of the;details as in Experiﬁeht 1. .

Resultsgs:- Results are presented in Appendix I,‘?ables‘13 to -16.
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A perusal of the data in Table 13'shnws that developmental peried
varies from 17 %o 20 dayé, the average being 18.5 ddys. Table 14
gives the number of parasites emerged and their sex.ratio.. It ié
_seeﬁ that the number of parasi%gs emerging from é pupa varies'frem
161 to 233, the average being 2091 The ratio of male f§male
‘parasites is seen to be on an ave;age 1:17. 270._ Table 15 gives
'.the lopgev;ty of the parasites emgrglng from the pupa of B, litura
and the average loﬁgevity is observed to be 4.066 days. Table 16
records the data on the ﬁeasurements éf léngth, ﬁidth of head, and
width of therax of male and female parasites bred on pupa of

P. litura. These measurements (average of 50 1nsects) are 1. 142,

0.333, 0,302 and,1.205, 0.401, 0.322 mm., respectively. -

Experiment 8§

Host pupa . : . leeéta derogata
Experimental details

Period during which the experiment . 10-=10--1962 +to
was condueted and concludeds 9--—12--1962

Temperature during the experimentz . linm. 782 - 84 F. ,
. _ . Mxm. 82° - 88° F.

Relative humidity during the ex~ :
periment 79% - 95%

Detaiis regarding weight of pupa and dates of exposure and emer-“
gence "of parasites are glven in Table 17. |
Rest of the details as in Experiment 1.
‘Resultst- Results are presented in Appendix I, mables 17 to
20. Table 17 gives the developmental period of T. Eggggggg

when bred on pupa of S. derogata.
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The deveiOpmental'period~is obsereed to varyvfroq 16 to 18 days,
the average being 16. 9 days. Table 18 gives the total number of
7parasites which emerged from each pupa and their sex ratio. '
'The number. of parasites emerglng from a pupa varies from 103 to
248, the average being 167, 1.‘ The ratio of male ¢ female para—
sites is. seen to be on'an average 1314.995. From Teble 19 it

- may‘be'seen'fhat the“;ongevity of,&he pa:aeitee.emerging from

" the pupa of S. derogata is 4.963 daye. Table 20__si15ws that the
average measurements of length, width of head and width of thorax
0f the. male and the female para31tes bred on pupa of S. derogata
4are 1366, 0.350, 0.323 and 1. 234, 0. 411, 0 333 mm. respectively.

2

Experiment 6 . _ '

. 'Host pupa - ' Orthaga exviﬁaeéa
| Exgerimenfal detaiis ' - |
Period during whieh fhe experimeﬁt 16=-=10-=1962 to
was conducted and concludeds 20--12--1962
Temperafure'during the experiments 'Mnm.478 - 840 P,

Mxm. 82° - 86° F, -

Relative humidity during the ex- - o :
~ periment: © 9% - 95%

Details of the weight of pupa and dates of exposdre and emergenee‘
of parasites are given in Table'21.

Rest of the details as in Experlment Te-

Resu;ts.- Results are presented in Appendix I, Tables 21 to 24.
Table 21 gives the developmentaliperiod of T. pupivora when bred
en pupa of O. exivinaeéa. The‘developmental period varies from
17 to 20 days, the average being 18.7 days. Table 22 gives the

' nnmber'of parasitea that emerged from each pupaxand their sex

PR
d
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ratio. It is seen that the  number of parasites emeeglng from
a pupa varies from 135 to 351, the average being 235.4. The
ratio of male '8 female parasites is gseen to be en an average
- 13817.943. Table 23 gshows that ghe 1ongev1ty of the parasites

‘ emerglng from the pupa of 0.~exv1nacsa is on an average 4 874

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

width of head and width of therax of male and femsle parasites
bred on pupa of Q,‘exvinacéa.' The measu;ements (average of 50

" insects) are seen %o be 1.156, 0.359, 0.323 gnd'1,234; 0.413,
0.345_mm,‘respeetively. |

Experiment i .
Hogt pupa | : - . ‘Nephantisg serinopa

h xgerimental dete

Period during Whieh the experiment_‘ <'22_g11__1gégﬁfoy

was conducted and concludeds . . 16==12--1962
‘VTemperature’during-ﬁhefexperiﬁeniz B Mnm. 80° - 84 F.

: Mxm. 82 - 860 P.

' Relative humidity during the ex- - -~
perlment. | T 81% - 95%

o Details of weighx of pupa and dates of exposure and emergenee .
of parasites are given in table 25.

Rest of ﬁhe details as in Experlment 1.

Results.- Reaults are presented in Appendix I Tables 25 to 28.
‘Tables 25 shew that the develepmental period of T. pupivora when
bred on the pupa of N. serlnepa varies from 17 to 18 days with
an average of 173 days. Frem Table 26 it may be seen that the
-nnmber of parasites emerging from a pupa varies from 141 to 286,

the average being 227 7 and that the ratio of male s female -



- 54 -

parasites is 1:15}859. Table 27 shows that the longevity of
parasites emerging from the pupa of ¥. gerinopa is on an averége
of 3.781 days. Table 28 gives the date on the averege méaéure-
ments of length, width of head and ﬁidth of thorax of male and

- female parasites bred on the pupa of N. gerinopa. It may be
seen that the measurements(average of 50 insects) are 1. 121,

0.336, O. 304 and 1.181, 0.391, 0.313 mm. respectively.

Experiment 8
Host pupas _ ‘ Gracillaria soyella

Experimental details

Period during which the exﬁeriment 28~-1-=1963 to
was conducted and concluded: 17==2~=1963

Temperature during the experiment Mnm., 78 80 P.
, ' Mkm 80° - 86 F,

Relative humidity durlng ‘the ex-
periment: | 79% - 89%

Details regarding the weight of pupa and dates of exposure and
emergence of parasites are given in Table 29.

Rest of the details as in Experiment 1.

Results.— Results are presented in Appendix 1, Table 29 to 32.
Table 29 givés the developmental period of . pupivora when bred
on pupae of G.Iscxella which shows fhatAthe devel opmental peri&d
- varies from 16 to 18 days,the average being 17 days. Ffom\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 3 female parésifes is on an-average 1:9.050.Table 31
shows that fhe longevity of parasites emerging from the pupa of
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G. sozella isg on an average 1.445 days. Table 32 which gives
the data on the average measurements of length, width of head
and width of therax of male and female parasites bred on pupa
of &. sozélla shows that the measurements, average of 50 insects
~are 0.998, 0,308, 0.278 and 1.m24,'o.3va, 0.319 mm. respectively.

II. Studies on the effect of induced supeggarasitism on E;Eggigggg

Aeseries ofﬁé eiperiments were éondueted with a'view;
to ascerxainwﬁﬁe effect of 4 levels of inﬁueea sﬁperparasitism
by L. Qﬁéivoraion the total number of adults produced, sex ratio,
deyelopmenxal be?iod, 1onéevity and size of parasites when bred

~

on pupa of Plusia peponis.

. E—B——-——-———. *
xperimont 9 Pupae parasitised by five garasites
' Exgerimental details s

Number of pupaauseds : ' 10

Age of pupasv ' Less than 24 hours

Age of parasites used for R

parasitisations ) Less than 24 hours

Period during which the ex- 18-=1-=1963

periment was condncted and | “to

concluded s - ' 14-—2--1963 , » _
Temperature during the J iinm. 78 - 80 Fo SR
period of experiments - Mxm. 80 86° F. _

Relative humidity during ,

the period of experiment 9% «~ 90%

A.Praeedure - Same as in Experiment 1.

Details regarding the weights of individual pupa used, of.
exposare and emergence ofvparasites are given in Table 38.

Resultsi- Results of the experiment are given in Tables 3§_toi-
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41. (Appendix T). A perusal of the data in Table 38 shows

that the‘develebmental.peried.sari;s frem'17 to 22.days, the
average being 19.6 days. Prom Table 39 it may be seen that

the number of parasites emerging from a pupa varles from 266 to
461, the average being 372.,9. The ratio of male : ‘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_ealeulated lengevity. It will be observed'.
“that the parasites survive for an average period of 3. 799 days.
Table 41 gshows that the average measurements (of 50 parasites)
of 1ength, width of head and width of thorax of male and female
~parasites as 1.186, 0.357, 0. 320 and 1.278, 0,437, 0.350 mm.

respectively.

-Experiment 10 o
Pupae’ perasitised by 10 parasites R o -A\“

] Experlmental detalls

Period during which the experiment 18--1--1963 %o
was conducted and cencluded. C 9--2--1963 }
Temperature during the period of Mnm. 78° - 80° -

experiment: - o Mxm. 80° - 86° Fo

. Relative humidity during the peried o Lo
- ‘of experiments N C 9% - 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 Bxperiment 9.

- Resultss~ ﬁesults are presented'in Appendix I, Tables 42 to 45.
’Table 42 shows that the deveiopmentalﬂperiod varies from~16lto
20»dajs, the average being 17.7 days. From tabie 43 it is seen

that the number of parasites emergiﬁg-from a pupa varies from
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318‘50 529 the average being 408.7. The ratio of male $ female
parasites is 1:27. ‘992. Table 44 showe that the parasites that
emerge from the pupa of B. 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 ef thoraxafmae

': aﬁafenmle parasites are presented in Table 45, - Ehe-average~

' measurements gre 1.121, 00538’ 00312 and‘. 1.177’ 0.592, 00312 Pm.

respectively.

Experiment 11 o

Pupae'parasitizgd by 15 garasitee

Exgerlmental details | ot
Period during which the experiment.. | 19-;{--%953,ﬁo

was conducted and concluded: 21-q2-—1963__
| Temperature during the period of '_, Mhm. 78 ‘80°F.\"

. experiments - Mxm. 80° - 86°F

Relative humidity dnring the ex-. ‘ S
periments | _ . 9% - 90%

‘Detaile of weight of: pupa and dates of exposure and. emergence
of parasites are given in Table a6.

Rest of the details as in Experiment 9.

"Regultsgs- Results are presented in Appendix I, Table 46--49.
From Table 46 that the developmenta}-period-varlee from 17 to
15 days with an ’average 17-3‘days. . Table 47 shows that ‘the
number of parasites emergang frem a pupa varies from 401 to \
528, the average being 453.8. The ratio of male s female
parasites ie leen to be en an average 1“26 454.1 Table 48 shows

Hﬁhe longevity of the paras1tes and it ie seen that the average
period of survival for the paraeitee ie 4,752 daye. Table 47
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-gives data. on measurements of 1ength, width of- head and width |
of thorax of male and female parasites. The average measure-
ments are 1. 110, 0. 336, O, 301 and 1 172 0. 391, 0.312 mm.- res;
. pectively. ‘ ’ | |

Experiment 12

'Pupae Earasitised bx 20 parasite |

Expe;imental details o R
Period during which the experiment . . 20-1-%963 to

was conducted and concludeds = - 19-2-1963
Temperature duning the experimentz | Mnm. 782- 803 P,

Mxm. 80°~ 86° P,

Relative humidity during the ex- A
periments - S £ R 89%

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

~of parasites are given in Table 50.

‘Rest~ef‘the detdils as in Experiment 9.

Resultss- ' Results. are presented in Appendix I Tables 50 to 53.
‘Table 50 shows that the develOpmental period of the parasite varies
ffrem<17 to 18 days, with an average of 17.1 days. Table 51 gives
; the number ef parasites emerged and their sex ratio. The number
-of parasites emerging from a pupa varies from 612 to 901 the
| average being 742, 8. The ratio of male s female parasites is seen

fﬁ”to be on an average 1315.49. Table 51 shows that the average perioc

‘qufjof-survival of the parasite is 3. 142 days. Table155 gives the
" "1';L.'._'5;aata on the measurements of length, width of head and width of
| 1thora§'of male and femsle of parasites and these measurements are

' 1.037, 0.310, 0.284 and 1.080, 0.359, 0.304 mm. respectively.




- DISCUSSION - . +

I, Effect of different hosts on_the nnmber of adults. of
I, gupivora produced

" (a) 'RelatiOn,petween weight of host pupa and number of
adults of I. pupivora produced

With a view to ascertain if there exists any relation'
between weight of host pupa- and the number of adults of .
' . pupivo ra 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
h 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. The correlation coefficient (r) is fOund to
be 0. 764. Test for significanée shows the tabulated value ef |
(r) for 78 d.f a% 1% level as 02867, Lndicating significant
correlation between the weight of host pupa and the number of

parasites produced..

Further, the regression of the number of parasites (b)
‘on weight of -host pupa (a) was - calculated end found.to be ﬁr'
| 911 875a-+-94 109 and - Fig. 1 gives the best fitting line fcr
::the data. In the test for regression the calculated ¥ ratio

is 126 76 as against the tabulated value of 7.008 for 1 and 78&.f.

‘ A"at 1% level, which. shows that the regression coefficient is

-fhighly significant.
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The results of these analysas thus show that there
- exists a positive linear correlation between the size of host
pupa. ‘and the nnmber of parasites produced. This observation

 agrees with- that made by Ullyet (1936) on richogramma lutea.

1 -
:. <

(b) Number ef adults roduced b !different s eeies of host
pupae ' : T ’

The average number of parasites produeed by the diffe-,

'rent speeies of hest pupae are given in Table 35.

Table 33 -

Average number of adults of T. gupivera produeed by different

: geeies of host gugae T
5 .f”‘gff B _ ,'Weight of' ‘Number of J
" 81. ... Name of-pupa : pupe in Gms. . parasites
Foo - o e . ‘average. - préduced,
1e fgztometfa geéoﬁie, :7_1' f ,A550w520,l ~ ~1‘ '37?.9 :,V
2. Prodenis litura . ' 0.72 " U 209.0
‘73.: Orfthags sxvinseea . . 1'9¢5i7~A - 235.4
‘4. Sylevta derogata . . - " 0.085 T
" 5. Lempides boetious e Cooe.082  C 1945
‘6. Méresronis ipliea . 0.0%0 - 163.7
7. Nephentis serimops . . 0.066 Ce2ma
8. Gfacillsriafsozelis)‘ L 1ff' b-@pi‘ | 1447 B

It will be seen that Phxtometra pupa produces the jﬂ :
| 1argest nnmber of paras1tes followed in the deecending order by
~0rthaga, Ne h tis, Predenia, Lam ides, S 1e ta, Margaronia and

Graciilaria.»
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From the~§tatistieal anélysis usiﬁg the analysis of
covariance technique the following conclusion -has been arrived

at.

1 3 2 % 5 4 6 8

in which the numbers denote the different speéies ass-

1.  Phytometra peponis

2. - Prodenia litura
3. Orthaga exvinacea

4, Sylepta derqgata
5. Lampides boeﬁieas
6. Margaronia indica

Te Nephantis serinopa
8. Gracillaria soyella -

The details of the caleulations are given in Appendix IIa.

Prom this it is evident that ggxzometga pupa pro-
duces significantly nigher number of parasités‘than the other
host pupae. Among the -rest, there is no'signifieaﬁt difference
. in the number of péﬁééites produced by the host pépae 2 to 7

while pupa 8 produces the least number of paras;tes.

II. Effect of host on sex ratio of 1. pupivora

(a) Relation between the weight of hogt pupa and sex
ratio of I. pupivora

Correlation coefficient calculated from all the 80 -

host pupae irrespective of the species is 0.893. The tabulated
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. value-of 'r' for 78 d f. at 1% 1evel was found o be 04 2867.
.'This shows that the oorrelation between the weight of host pupa

and sex ratio is highly significant. -

MY

The regression of the sex ratio (0) on the weight of
iho-t pupa (a) is ealculated to be o = 63, 5a 4-9 151. In the
| regresaion test, caleulated F ratio is 282 as’ against the _
&tabulatea value 7. oos, for 1 and 78 4. £ -at 1% level: Thus the
regréssion. coefficlent also is highly 51gnifioant. ihis.is
-)graphically represented in Fig. 2.

("

H The above analyses show that the proportlon of the
nnmber of female par351tes of I. pupizora produced, increases
as the size of the pupa inoreases. Similar observations on the :
 effect of host on sex ratio were made by Chewyreuv (1913) on o
-gggg__ gtigator, Exegterus sp. and Gampoplex SPes ‘Smith (1932)

" on A 1xsia manduoator, Seyrig (1935) on Eethromorpha hy ina

and 1ggla maculisoa osa, Brunson (1937) on p pogiliawora
,and Taylor (193?) on @haloid parasite Pleuroﬁhrogs parvulus.h

(b)) Sex ratio of T. pugivora produeed by different species of
host pupe o

Table 34 shoﬁs that Ph;fometfé pupa produees‘the

o largest proportlon of females followed in the desoending order

by ‘Orthaga, Prodeoia, Lempides, Sj Ler pte, Margaronia, Nephantis
2 and Gracillaria. SR f— *"3} . i '>x o ' _
| Analysis of covariance shows that with respect to the

;sex ratio of the parasites produced, the dlfferent host pupae g
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~can be grouped as follows:-;' ‘

"1 2 3 5 3 8 7 8

(The numbers are simjlar-as referred to earlier. Details of

calculations are glven in Appendix II b)

It may be observed that Phxtometra (1) pupa produces
signifieantly larger pr0portion of female parasites than the
other host pupae. ,Fnrther'in the preportlon of females proe
dﬁeed,;pupae'z; 3. and 5'differ signifieently from pupa 8 while

there exists no difference among the pupae 2 to 7.
Table 34

_Sex ratio of T, pupivora pro&ﬁced by different species of host
. u a . ) .

. Weight of = Number Number

mol | Temotyme . pmedn o enme rabo

1. .-ngtometre.gepepis\ . 0.320 . 12.2  360.7 29.822
2. Prodenia litura 072 . 11.5 197.5  17.270
3. QOrthaga exvinacea : '}0,117‘4 12.8 222.6 17.943

4. Sylepta derogata  0.085  10.7 156.4 14.993

5. Lamgides_boetieas’ " _f0.08é 12,1 182.4 15,458

6. Mergaronie.;ég;gg | 10.070 - 11.9  151.8  13.699

7.  Nephentis sérigepaf 0.066 . 16.7 211.0  12.859

8. Grecillaria soyella A_0.004‘ 1. 6  13.0 9.050
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III. Effeet of host on the developmental‘period of T. pupivora

: (a) Relation between the weis ht of host upa and the
developmental period of I. pupivora

Correlation coefficient caleulated from all the 80
' host'pupae irrespective of the species is 0.647. The tabulated .
value of ‘f' for 78 d.f. at 1% 1eve1 ig 0.2867. Thus a highly
significant eorrelation between the weight of host‘pupa and

"develOpmental period is indicated..

+

_ L., The regreesion oi the developmental period (k) on the
weight of host pupa (a) is caloulated‘to'be k = 9.625a + 16, 965.
In the teet for regression the ealculated 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-signifieapt,’ This is re-
presented graphieally in Fig. 3. It is evident that there exists
a positive 1inear 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 Triehogramma evenescens. HeJelso

'observed similar correlations as observed in the present studies.

(b) Developmental period of T, gugivora in aifferent
pecies of host pugae

From table 35 it may be seen that the total duration

of development is 1engest in Phytometra pupa followed by the
.other host pupae 1n the order, Orthaga > Prodegia = pides >.
Margaronigs = Nephantie > Graecillaris :> Szlegta. |

I3
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- Table"35 ,

Average duration of development of T, gugivora in different
species of host pupa

Weight of Duration of

| gik», Name' of pupa - g#pa in . Development
. E ms, (av.) .in days
1. Phytometra pepomis . 0.320 . 19.6 :
2. Prodenis litura 0 oam 18.5 o
3. Qrthaga exvinaééa | - ‘ 65137 X 18.7
4. Sylepta derogata - 0,085 - . 16.9
5. pides boetieus ' ?fé$682l ‘ 18.8 -
6. lMargeronis indica . - 0.070 . 17.3
7 Nephaptis'serinopa o 0.066 _‘ ~ 17.3
8. Graeilléria goyella 0,004 17.0

The conclusions drawn from the'apalygis of covariance
‘may be summarised as:-

13 5 5 6 7 4 8

This explains that the developmental period of the parasites is
: significantly longer in the pupa of sztometra (1) than 1n the

pupae 6, 7, 4 & 8 and is not significantly 1onger than in the
pupae 3, 2 and 5., (Details of calculations given in Appendix IIe)

IV. - Effect of host'on the longevity of adults of T. pupivorsa
(a)‘ Relation between weight of host pupa and longevity

of T. pupivora




- 66 -

The correlation coefficient caléulated from all the

~ B0 host pupae irrespective of the species is 0.122. The tabu-

lated value of 'p? for 78 d.f. at 5% level is 0)2%36. This

indicates that there appears to be no significant corgelatioh

between the size of h0st‘pupa and the longevity of the adult

parasites which emerge from them.

(b) Longevity of edults of T. pupivora produced by

different species of host pupae.

L

The average longevity of Z. pupivore adults bred om '

different host pupae are given in Table 36.

. Table 363

Average longevity of adults of T. pupivora bred on different

species of host pupae

0.004

1.050

51. _;f —f- 'WeigEE of --igggevity in days
To. F1e of pupd .(avgggZe) Male Female Whole
1. Phytometra peponis 0.320 2,146  3.368 5,282
2. Prodenis litura 0.172 1,721 4.273 4.066
3. Orthaga exvinacea 0.117 2.158 5.118 4.874
4. Sylepte derogata 0.085 1.952 5.219 4,963
5. Lampides boeticus 0.082 1.303 2.351 2,292

- 6. Margaronia indica 0,070 1.336 2.340 2.298
7. Nephantis serinopa' 0.066 1.631  3.919  3.781
8. Gracillaria soyella 1.535

1.455
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It is seen. thatithe'longevity of parasites is .greatest when bred
on Szlepta pupae. It decreages in‘the descending order in‘othér

hosts as Orthega, Prodenia, Nephantis, _gytometra, Margaronia,

"Lamgides and Graeillaria.:

By the applieation of anaiysis of covariance the

following conclusions has been mades-

4 3 7" 2 6 5 8 1

(Details of calculations given'ih'Aptendix II&S

This shows that' the longetity’ef"%arasites produced in pupa of
Sylepta (4) is significantly longer than that of ‘the parasites
predueed in pupa of Phytometra (1) and that it does not vary.
from the longev1ty of parasites produeed by pupae 3, 7y 24 6,
- 5 and 8. '

Y. Effect'of'hOst on the size of T. pugiﬁbra

-(a) Relation between the weight of host pupa and the size
. of . pupivora ‘

, : ) : :
To study this, the head width of female parasites has

been taken ‘as a measure of the size of parasites. The eorre-
latlon coeffioient between the head width of female parasites

'and the weight ef host pupa has been calculated to be 0. 556, ‘
'while the tabulated value of 'r' for 78 da. £. at 1% level is O. 2867.
This indicate a 31gnificantlyvh1gh eorrelat;on between the two ‘

variablesy

The regression of the size of the.parasites‘(h) on the .~

weight of host pupae (a) ish = 0.2a 4 0.377. 1In the regression

N - .
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test the calculated B ratio ie 20.9 as against the tabulated
value 7 008 for 1 and 78 4.f. at 1% level. Thus the regresslon
also is highly - significant. It is represented graphically in
Fig. 4. All these go to show that there exists a highly signi—
fieant and positive linear. correlatlon between the weight of host
}myﬁe and the size of - paras:.tes.  Similar results were obtained :

: by many previous workers like Ratzburg (1844), Toyama (1906),
Morril- (1907), Chewyreuv (1915), Thompson (1923), Mickel (1924),
“Flanders (1950), Lathrop and Newton ' (1935), Jakson (1937) and

Salt (1940) in various other parasites.

(b)'Size of adults of'g, pupivora bred on the different
species of host ngae ' |

'The-various‘measurements]ofrthe male and female adult
parasites bred on the different speeies of host pupae are given

\

in Table 37. With & view to -understand the extent of veriation
I : ; ~

existing in the size of the parasftes produced in the different |
host pupae, analysis of covariance was done using the head width

- of. female parasites ag the effect. The F ratio was not found

to be significant, indicating that there is no signiflcant |
Tdifference in the size of parasites emerging from +the different

_species of hosts.
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' Table 37

Average measurements of adults of T. pupivora bred on different
‘ ' “'species of host pupae

A}

Measurements in mm.

si“ . .. Weight of -
Yo. Ngme of pupa tms. (av) Length = "pegg ' thorax

» Male Female-Male FPemale Male Female-

1. Pﬁxtometra peponis 0.320 1.é10 1;2?3f6;365 0.431 0.330 0.353
2. Brodenia};ggggg 0.172 1,142 1.205 0.333 0.401 0.302 0.322 .
3. Orthaga exvinacéa 0.117 0 1.156 .1.234 0.359 0.413. 0.323 0,?45
4, Sziégﬁa 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 0.300 0.3?5
6. Margaronia indica 0.070 1.137 1.137 0.343 0.379 0.318 0.333
‘7.‘_Ne2hantis‘serinopa 0.666 1.121 1.181 0.336 0.391 0,304 0.313

‘8. Grecillaria soyella 0.004 0.998 1.124 0.308 0.372 0.278 0.319

-——— ——— o cmane e

VI. Effectﬁdf different levels of”induced sugérparasitism‘on
"~ the number of adults of I. pupivora produced by pupae of

Phytometra peponig

The average numbérs of parasites producéd in P. peponis

pupa as a result of parasitigation by varying numbers of para-

\

sites are given in Table 54.

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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'i.5rparasiﬁes followié desceqding Qrder. -" .

Table 54

’

Average number. ef adults ef I. Euplvora produced in pupa of

peponis when parasitised by different numbers

of parasités

' Number of parasites - ‘Weight of Number of

Sl;‘_;barasitieing a pupa. - . - . host pupa . parasites
No. - o Lo o 'everageil © 7 produeed.
. s o T emr - 3Bl
2.0 - osiz L 4087
- DI . 115:_ RURE o 0. 297 o - asdis
4. 20 o 305 S  742.8

’

In order te understand whether there ex1sts any corre-

. lation- between the differenx levels of induced superparas1tism -

*.and the number of adults of T. pugivora produeed, the coeffieient

] of eorrelatlon has been ealculated. For thls all the 40 host
'>Fpupae under: etudy have been eon31dered as.a sample of the pepula-
Qtion._ The different levels of euperparasitlsm and'the number of
»sparasites emerged are’ considered ag the two variables. The corre-
lation coeffleient (r) is ealeulated to be 0.807. Test for signi-;v
ficeﬁée ehows the tabulated value of r for 38 d. f; at 1% level as |
VO 5732, 1ndicat1ng signiflcanu correlatien between the dlfferent
" levels of superparaeltismyandrthe number o£ ‘parasites emerged.

3

',Further,‘the»regressien ef-the1nnmber‘ef‘parasites (b)-

Sy
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'ion different levels of superparasitism (x) has been calculated.
f~It is seen that tnere is no 1inear regre531on. When these two'-
are plotted the points have been seen to 1ie very closely along
a 2nd degree curve (Fig. 5). The equation of which is

.b; = 2. 252x2i- 31 564xy+-460 35.; In the test for regression, the

o ealeulated P ratio is 57 as against the tabulated value of 5. 243

for 2 nd 37 degrees of freedom at 1% 1evel and this shows that

the regressien coefficient is highly signlficant.

~rThevresslts of the-analyses thds show that there exists
faahighly gignificant and positive correlation between the differ-

ent 1eve1s,of,sdperparasitisﬁ'and‘the~nnmber'of parasites emerged.m.

This observation agrees with that of Salt (1940) on

Trichogramma evanescens.

Analysis of covariance has enabled the following
o conclusion. ' ' ‘

200 15 10 s
. in which the numbers dénote the different numbers of parasites

, used for parasitisation.(Details of calculations given in AppendixI[

From this also it is evident that a signifieantly

;1arge number oP para81tes is produced when pupae are parasitised

'\; by 20 parasites. Further, the number of parasites produced

‘"when the pupae are parasitised by 15 parasites is. s:l.gnificantly

B ‘flarger than When parasitised by 5 parasites, but is not signi-‘

fieantly.larger than when parasitised by 10 parasites.
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VII. Effect of different levels of induced superparasitism on
the sex ratio of T. pupivora bred on pupae of 2. peponis:

Table 55 shows that the largest proportion of females.
 is produced ﬁhen the pupse are parasitised by 5 parasites each.

This proportion shows & progressive decrease corresponding with

the progressive inérease in the level of superparasitism from

5 %o 20.

-~

Table 55

Sex ratio of T. ﬁupivora bred on pupa of P. peEOnis when parasitised

by yarying numbers of parasites

D oot - ameun

Number of Weight of ‘ :

S1. parasites host pupa Number of Number of Sex
No. parasitising a -  in Gms. male female ratio -

pupa . (average) ' -
1. 5 - 0.7 11,5  334.4 29,242
2. - 10 . 0.312,. 14.6 - 394.1 . 27.992
3. ‘ 15 S 0.297 “18.9 434.9 . 26.454
4. 20 0.305  46.8 696.0 15,490

COefficienf of correlation of these tﬁo variables is
calculated to be-0.605. Its tabulated-value for 38 d.f. at 1%
lé§e1 is 0.3732. Thugra~significant'negative correlation be-
tween lévels of superparasitism and proportion of female para-
sites is in evidence. The regression of the sex ratio (0) on

the different levels of superparasitism (x) is éaleuiéted to
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be 0_;%:‘- 0. O9%x 4 1.561x 4= 23, 394. In the regression test
the calcnlated P ratlo is 15.69 as against the tabulated value

of 5.243 at 2 and 37 degrees of freedom at 1% level, indicatlng‘ |
l_that the regressicn coefficient is highly signlflcant. Thisg is
graphlcally represented in Fig. 6. The above analys1s thus

shows that the proportion of the number of females of T. puglvcra

produeed decreases as the 1evel of superparas1tism increages.

Similar_osservaticns'of the effect of indcced super-
parasitism on sex ratio of -parasites were mede by Salt (1936} on
Erichogramma evanescens Narayanan et. e1; (1945) on Bragon |
(Mierobracon) gelechiae’aﬁd'ﬁarayanen'and Subba Rao (1955) on
‘Mierobracon gelechiae. | - |

The analysis of ccveriance shows that with respect.
- to the sex ratlo of the parasites produced, the different levels

~of superparasitism can be grouped as follows:-

5. 10 15 20 o
" (Details of calculetioﬁs giyen ih'Appendix II g)
It may be observed that the significantly lowest

. prcportion'cf femaies is produced when the pupae-are'parasitised',
by 20 parasites. There does nct’appear t0 be any significant
difference in the prcporticn cf females prcduced when the pupae

are parasitised by 5, 10 or 15 parasites.

VIII. Effect of differ_e;_gt levels of sup erparasifiém on the
developmental period of I. pupivora bred on pupae of

P. gegonis'

Frcm the Table 56 1t may be seen that the total



- duration of development is 10ngeet when the pupae are para-
eitised by 5 parasites, £ o1lowed in the descending order by
paraeitieation by 10, 15 and 20 parasites.

.Table 56

Average duration of development of T. pupivora in the pupa of
P. peponig when parasitised by varying numbers of parasites

S1. Number of parasites  Weight of pupa  Darasion of
No. ‘parasitising a pupa in Gms. - development
o . (average) in days
1. .5 S oy L 19.6
2. ‘ 10 . 0.312 17.7
&% 15 - 0.2 1m3
4. 20 o 0.305. 17

Correlation coefficient (r) caleulated is = 0.670
| while the tabulated value of 'r' for 78 £, 8t 1% level is

3 ,0 3732 indicating eignifieant correlation between different

levels of superparasitism and developmental period. The re-
7_‘greeeion of the period ‘of development (k) on different levele;

. of euperparaeitiem (x) is calculated to be k = = 0.017 x2- 0 583x-+ :

':”22 025. In the regreseien test, the caleulated F ratio is 18. 5 -

as. agaiaet the tabulated value of ‘5. 243 for 2 and .37 d. f. at
1% level, which shows that the regression eoeffieient is' highly

X sighificant. This is graphically represented in Pig. 7. . Thus
lit is evident that there existe a negative correlation between

. different levels,of euperparasitiem and duration of development.
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The conclusion drawn from the analylis of covariance S

1

' may be summarised as follows.»

.5 10 15: 20

P
P W, -

This explains that the deve10pmental perlod of. .- gupi ra is
_significantly longest When the' pupae are parasitised by 5 para—
sites. No eignifieant differenee in developmental period of

B, gupivora is found when the pupae are parasitised by 10, 15 or
' ~20 parasites. (Details of calculatione given in Appendix II h)

‘Ix@ Effect of different levels of igﬂueed superparasitism on
10ngevity of adults of T. pupivora bred on pupae of P. peponis

'. Table 57 indieates that the average 1ongevity of the
para31tes is highest when the pupae are exposed to fifteen para-
sites followed by the other levels of parasitism in the order

~10< § <20.

i

- The correlation coefficient (r) calculated is - 0. 117; -
-the tabulated value of 'r being 0. 3732 for 38 d. f.,at 1% level
and 0.3126 at 5% level. Thus there appears t0 be no 81gnificant
correlation between the different levels of superparasitism and:.

g‘longevity of parasites. o , . '_ ..

! : . [

. Analysis of covariance givee‘fhe following conclusion.

15 10 5 \5 20 . ,
) (Details of caleulations given in Appendix II i)
This indicates that the longevity of paraeites is significantly

‘1ongeri§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 parasitlsed by 10 paragites. Further,
1ongev1ty of parasites is signiflcantly longer when pupae are
parasitised by 10 perasites than when parasltised by 20 parasites
but is not significantly diffetent from that'whén parasitised o

by 5 parasites.

~ Table 57

Average longevity of adults of 1. pupivore bred on pupae of P.

P. peponis when exppsed to different levels of superparasitism

Number of Weight of “Lpngevity in days

parasites pupa in . - e
Sl.parasitising a Gms.(av.) Male Female Whole
1. 5 " 0.317  2.170  3.852  3.799 .
2. 10 . 0.312 2.020  4.434 - 4.255
5. 15 0.207 1.617  5.080 . 4.752

4. 20, . _ 0.305-  1.533  3.202 . 3.142

-~ Ko Effect of different 1evels of 1nduced sugerparasitism on the

size of T. pugivera bred on pupae of P. peponis

The. various average measurements of the male and
" female parasites bred on pupae of P Pegonis when parasit1sed

by different pumbers of parasites are glven "in.Table 58



| Table 58

_Average size of adults of . pupivora bred on pupae of P. geponis)”
. when parasitised bx varying numbers of parasites o

Measurements in mm,

- Number of para- We'ighfv-‘;_“ —— —— S—
Sl. sltes parasiti- of pupa - Width of Width of -

‘No. . sing a pupa. . in Gms. Len gth_', head ‘thorax

' Male Feamle lMale Female Male Female

1. - 5. . 0.317 1,13641;278'0‘557 0.417 0.320 0.350

T 10 0.312 1.121 1. 577 0. 338 0.392 0.312 0.311
3. s 0;297,'1 110.1. 179 0.336 0.391 0. 301 o 512
4. t 20 .. 0.305° 1. 037 1.080 0,310 0.359 0.284 0.304

| The eoefficient of correlation 'r' between the head
Vf“width of female perasites (which is taken as .2 measure of size) |
l'and &ifferent levels of induced superparasitiém‘is foﬁnd to'be  ;
‘ =0. 612, while the tabulated value of 'r' for 38 d.f. at 1% levelx
is 0.3732, nghly 51gni£ieant negative eerrelation between ' “
size of para-ites and ﬁlfferent 1evels of superparasitism is ,.:
_‘thus 1ndicated._ The regression of the size of parasite (h) on-
the different levels of indaced superparasitism (x) is ,
B om- 0. oooossz- 0. 00197x-+ 0.426. 'In the regression test
Athe caleulated B ratle is- 10 7. as against the tabulated value
of 5.243 for 2 ‘and 37‘d,f.,atv1% level.- Thns the regression
‘glso isﬁhfghly éiénificant;* It,is»répyesented graphically in
| Fig.8. It is thus evident that as the nuﬁber‘ef'pafasites‘ 
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parasitising a pupa increases the size of the emerging parasites‘q,

show a oorresponding reduction in size.

N,

Simllar pesults were obtalned by Flanders (1936) on -

Trichogramma sp.;f and Salt,(1940) on Triehogramma gvanescens.

Analysis of covariance studies on this relation givee

the follow1ng conelu51on.- -

5 0 20 ‘
This expiains that %pezsize»efythe eserging pafasite.isesignié
‘.ficantly bigger'wheh”pﬁsae'are'psrasitised by 5 ssresites than.
when parasitised'by 10 or 26 parasites, but'does not vary signif>
ficantly frem that when parasitised by 15 parasites. Furﬁher;'
. the emerging parasite appears to be significantly blgger when -
. _pupae ‘are parasitised by 16 parasites +than when parasitised by
4_20 parasltes but no s1gnifieant difference is seen when para-

sitised by 10 parasites. (Details of calculations glven in )
é Appendix II j)




'number of parasites emerged, the proportion of females, the

SUMMARY AND _CONGLUSIONS

The 1iterature on the effect 6? host on parasites

and that on Triehospilus gupivora has been reviewed.

The total nnmher of adults produced, sex - ratio,

developmental period, longev1ty and size of I. pupivora were

ascertained when ‘bred on eight different sPecies of host pupae, .

namely (1) Phxtometra peponi s, (2) Prodenia 11tura, (3) Orthaga

‘ Aexv1nacea, ' (4) Svlepta derogata, (5) Lamgides boeticus,

(6). Margaronia indica, (7) Nephantis lerinopa, and (S)Graeillaria

sozella.n )

Correlatlon ‘and regression studies show that there |

exisﬁ, a highly signlficant and positive linear correlation ‘

4between the welght of the host pupa on the one hand ‘and the

3

E developmental period -and the s1ze of the paras1tes on the other.v

There does not appear %0 be- any correlation between lonuevity

: of_perasites and Weight‘of host pupa.‘

Analysis of covarlance shows that the - differenx host

pupae can be ranked as follows.-i\

(a) With respeot to nnmher ef adult parasites
produced.-~' ' ‘ '

1 3.2 7 5 4 6 8
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" (b) With reference to the proportion of females

"~ produced ="

_'(c) With reference to developmental periods-

(@) With reference to- longevity:-

T

i

4 3 7 2 6 5 8 1

It may .thus be concluded that of the eight pupae
under study, Phxtometra pupa is the mOSt suited for mass

l, multiplicatlon of I puplvora in the 1aboratory because 1t

produces the largest number of adult’ paras1tes and largest

proportion of femalee.

/
The variatlons in the total number of adult para31tes
_ produced, sex ratio, period of development, longev1ty and size
of T. pupivora bred on pupa ofﬂga peponis when paras1t1sed by

5, 10, 15 and 20 parasites have been ascertained.

Correlation and regreseion studies have shown that -
. there exists a highly significant positive correlation between

the levels of superparasitism (i.e, the number of parasites.

parasitising the pupa) and the number of adults produced and



a signiflcant negative correlatlon between the different levels 21
'of superparasitism on the one hand and the pr0port10n of females
"produced develoPmental perimiand size of the parasites on the

other. There is no correlation between the number of parasites_l

Based on: analysis of covariance, the dlfferent levels

‘of superparasitism w1th reepect to the varlous dharacters of

a8r -

.‘ ‘ ,par351tising the - pupa and the longev1ty of the parasites..

the parasite can be ranked thue.—

@

o produeed.-

(o)

“(d)»'_.

‘With respect to number of parasites produced:-

20 .15 10 5

Wlth.respect to proportlon of female parasites

o

5" 10 15 20

Withzreepectfto,deﬁelbpmental ﬁeriodza

’

5. 10 15 20-

With\;egpeet'to“longeﬁityz—:

*

15 10 - 5 . 20

:With‘;espedt_to_sizeg—f

5 15 10 20
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It may thus be concluded that greater numbers'of
' the para51te are produced when the host pupa is subaected to
hlgher levels of superparasitism, but this advantage appears
- to be effset by ﬁhe related reductlon in the proportlon of

T -

- females.,ﬁ:ﬁ‘ R SR
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Table 1

Duration of development of T. pupivora in pupa of 2. geponié

‘Date of

Sl. Weight of pupa Date of rati f geve~~
No. in Gms. . exposure. emergence _ Pmeﬂ 8
1 0.311 21==9=1962 7==10-1962 . 17

2 0.330 . 23--9-3962 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

8 0.308 11=10-1962 ~1--11-1962 22

” 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 5--11-1962 20

10 0.316 20-10-1962 9-=11-1962 21
Average - 0.320 ' 19.6

Table 2

Tumber of adults pro&ueed and sex ratio of I. pugivora bred on

pupa of P. peponis

‘Weight of Total number

S1. Numgfr of Numher of S

No..-ig?g;s‘ Ogrggggg%?es es females %ﬁfg r%ﬁemale
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 1 390 T 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 37249 29.822
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Table 3v

Longevity of adults of g.'gupiﬁora bred on pupa of'P; peponis -

: gg: Wgﬁpg? : eggggegge gﬁ?ﬁefa3§sp§§%§§t§§e§§2gee) | Totang? g-
in Gms _ 2 3 4 56 7 89 (days)
1 0,311 7--10-1962 4 115 301 13 433 2.74
2 0.330  10-10-1962 0 O 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 01 301 4.43
5 0.289 28-10-1962 ~ 1 914130134 85 0 01 401 4.36
6 -0.308 1-=11-1962 48 121 36 25 42.29 14 01 316 3.13
7 0.286  7--11-1962 23 26 86 38 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
Av: 0.320 . 372.9 3.282
Table 4

Measurements of adults of T pupivora bred on pupa of P. peponis

_ AWeight of - : o Measurements in mm.
Sl. _pupa . Length _ . Width of head Width of thorax
§0. in Gms. Male emale 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 0.369
8 0.299  1.116 1.164 0.333 0.378  0.291 0.306
9 0.351 ‘15128 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.
0.330 0.353

Av: - 0.320 -1.210 1.273 . 0.365

0.431
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Table 5

Duration of develggment of T. Rugivora in pupa of M, indica

Date of

. Date of

Daration of deve-~

g%: Weiﬁhémgf pups -exposure emergence lopment in days
1 0.070 22-9--1962 8--10-1962 17
2 . 0.086 22-9--1962 9--10-1962 - 18,
3 0.072 23-9--1962 9--10-1962 17

4 0.070 ' 23-9-21962° 10-10-1962 18
5 0.075 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--1962 14-10-1962 17

10 - 0.073 28-9--1962 15-10-1962 18

Avs 0.070 o BT X

Table 6

Numher of adults produeed and- sex ratio of I. gugivera bred on

-pupa of M. indica

Weight of Total number

Wo:  pupa of parasites Nanbex of “"?‘e’ﬁgl‘é% m?&’é .§%§He
1 0.070 121 6 115 19411
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

Avs 163.7 - ;.

0.070 13.699
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Table 7.

Ldngevity of adults of T. gupivéra bred on pupa of yé~iﬂdica :

Wt. of

5 ﬁ%: pupa égzggegg : - oﬁﬁf?giygfafigiséﬁgiggﬁgg) . Total Ls%%y’
- in Gms Hele®. F 1 .2 g, . 4 5 6 _ (days)
1 0.070  8--10-1 3 83 . 3 121 1.7

2 0,066 9--10-1 5 16 101 M 1 134 2.90
3 0,072  9--10-1 6 92 39 3 - 140 2.28
4 0.070  10-10-1 25..26 99 11 158 2.99
5  0.075 9--10-19 20 146 59 19 244 2,32
6  0.066 10-10-19 102" 43 - 145 - 1.27
7. 0.066 10-10-1 101 79 3 183 1.46
8 0.068 10-10-1 196 33 232 1.15
9 0.073  14-10- 8 111.. 26 2 - 147 2.15
10 - 0.073  15-10-1 6 4 13 26 6222 133  4.69
Av.  0.070 ‘~ IR I 163.7 2.29€
Table 8

" Measurements of adults of T. pupivora bred on pupa of M. indica -

Sl' Weight‘of_f' e Measurements in mm. - ::::
‘No. . 45'Bms.. | .  Length  Width of head Widthofthor
_ ‘ ‘ ’ Male Female _ Male Femgig Male ESE&%S
1 0,070~ | 1.170 1.227 0,339 0,366 0.360 0,390
2 0.066 " |  0.939.0.912 0.285 0.279° 0.252 0.258
3 0.072 | ° 1.1851.212 0.357 0.408 0.321 0.369
4 . 0.070. | 1.173 1.194 0.342 0.387 0,318 0.324
§ 0.0 .| . 1.188 1.137 0.366 0.390 0.339 0,333
6 0.066 - " 1.122 1.068 0.327 0.372 0.309 0.306
7 0.065 | . 1.125 1.137 0.336_ 0.405 0.303 0.324
8 '0.068. ° 1,050 1.095 0.330 0.381 0,297 0.309
9 ©0.073 . | 1.140,1.167 0.369 .0.411 0.321 0.338
10 ©0.073- || 1.275 1.224 0.380 0.393 0.360 ' 0.384
Avi.  0.070 1.137 4,137 0.343 0.379 0.318 0.333

(\
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Table 9

A

1t of T. pupiﬁora in pﬁpa of L. boeticus

Duration of developmer

No. 'CiOiY GRe™P® | Ciresare  emergente ?3;‘%2&%3%3;‘;?-

1 0.103 24--9-1962 - 10-10-1962 17

2 0.069 . 25--9-1962  11-10-1962 o

3 0.092 25==9-1962 11-10-1962 17

4 0.084 25-~9-1962  12-10-1962 18

5 0.079 7--10-1962 - 28-10-1962 22
6 0.070 | 7-=10-1962 24-10-1962 18

7 0.071 - 1. 7==10-~1962 25-10-1962 19

8 0.082 Pe=10-1962 26-10-1962 20

9 0.101 8--10-1962  25-10-1962 18

10. 0.072 - $8--10-1962 26-10-1962 19
Avs 0.082 ] 1845

i Table 10

Number of adults produced and sex ratio of T gugivora bred on

pupa of L. boetleus

‘s1.
NQ. )

©C O mMaoe U bk GN -

'Avsi

W;Eght of

pupa
in

mSe -

S S > S e G A P G AR S e G G WIS s S W W

—— -

ytal nnmher

of parasites ““EEf€s°f Ngubet of mgiﬁs Snate
289 19 270 14.74
164 10 . 154 15.40
177 9 168 - 18.67
131 7 124 17.7M
189 12 177 14,75
| 169 13 156 12.00
196 13 183 14,08
144 - 8 136 17.00
298 18 280 15.56
188 12 176 14.67
194.5 )

© 15.458
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Table 11

Longevity of adults of T. pupivora bred on pupa of L. boeticus

R, W o e ore i R S U S 3§%§e'
in'gms. ‘ ' 1 =2 3 4 5 6 (days)
1 0,103 10-10-1962 52 54 129 51 3 289 2.65
2 0.069 11-10-1962 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
Av:  0.082 194.5 2.292
Table 12

Measurements of adults of 2._gugivora bred on pupa of L., boeticus

0.082

1,088

0.398

0.300

. we%é%g of T Meggurehents in ma, i
Wo.  4p Gms. oy TOPESR.  NASSP RE.Dfad  WidMh of thorex
1 0.108  1.008 1.083 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 1.170. 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 0.578‘ 0.306 0.297 -
Avs 1.152  0.327 0.325
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Table 13

pupivora in pupa of P. lltura

S1. Weight of pupa . Date of  Date of Duration of deve-
No. ‘in Gms. exposure  emergence lopment in days
1 0.180 - 2--10-1962 21-10-1962 20
2 0.169 2--10-1962 20-10-1962 19
3 0.177 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 11-12-1962 .18
Avs 0.172 185

Table 14

- pupa of P. litura

Number of adults produced and sex ratio of T. pupivora bred on

g1, VWeight of Total number ygunuper of Number of Sex ratio

No. - ;% . °fP§§§3§;§?s males females malesfemale
1 " 0.180 233 12 . 221 . 18.42
2 0.169° 208 . 11 197 . 1m.e1
3 10,177 " e 13 208 15.69
4 . 0.149 2000 M 190 17.27
5 0.208 - 161. g . 183 19.11
6  0.166° 199 - 12 187 15.58
7 0.56 - - 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

~ Ave 0.172 209 A | o 17.270




Longevity of

adults of T. pupivora bred on pupa of P. lituras

Wt. of

0.172-

papa .~ Date of oﬁlﬂm galgg ﬁ?ﬁif».igﬁgrggﬁge VT_ot‘al Lg'? y.

in Gms pmergence 4 ¢ 3 4 5 6 78 9 101112131415 16 (days)
0.180 21-10-1962 14 ‘67 102 18 26 6 233  3.05

© 0.169 20-10-1962 22 76 24 26 16 23.12. 9 208  3.00

0.177 '23-1of1962 20. 14 “35"i7 9 10 32 29 18 217 5.28 .
0.149 ' 3--11-1962 20 98 19 22 16 521 201 3.05 |2 &
0.208 9--12-1962 6 2 2 2. 574756 7 3 3 09 010 6 3 161 7.36 ; 't:“
0.166 8--12-1962 18 12 10 8 9 71327 9 4 3 1 3 5 3 209 4.96
0.156 94¢121{962 ‘18 102 14 20 13 ;‘s 16 - | 191 3.15
0.172 9--12-1962 * 12 67 118 12 20 4 233  2.88
0.162 10-12-1962 20 98 18 25 19 17 21 218  3.28
0.180 11-12-1962 18 20 79 19 4 6 13 29 30 1 229  4.65
: . R - oo

4.066
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Table 16 » _
Measurements of adults of T. pupivora bred on_pupa of P, 11tura

T

- Weight Of Measurements in.mm.
S1.  pupa - . _
No. in Gms. - Len h "Width of head With of thorax
o - male female male . female male female.
1 0.180 1,098 1.143 0.318 0.357  0.294  0.309
.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 0.330
9  0.162 1.110 1.146 0.312 0.363 ~ 0.303- 0.303 -
0 0.180 1.104 1.218 0.315 0.462  0.273  0.330
Vi 0.172 1.142_ 1.205__0.333___0.,401____0.302__. 0.322
Table 17

Duration of development of T. pupi vora in pupa of S: derogata

' Date
No.

S1. ~ Weight of pupa of Date of Duration of deve-
in Gms. exposure  emergence lopment in days
! 1 0.078 24--9-1962 10-10-1962 17
2 0.075 265--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 ar
7 0.084 © 14-11-1962 29-11-1962 * 16
8 0.083 14-11-1962 30-11-1962 1
9 0.100 14-11-1962 30-11-1962 m
10 0.077 14-11-1962 '29-11-1962 16
Avs 0.085 SRR 1649




Table 18

Number of adults produced and sex ratio of T. pupivora bred on

pupa of S. derogata

DD 2 s D et W D 7D sty i T 67 MY, o 2D T —y =0 o

Weight of Total number

VS IS €T R TN D S 7S g NS 1T £ ket I ceatp P D T T e T G

Yoo (U of parasites TWIEF Of Nben o Lo ifemcie
1 0.078 . 196 18 180 . 11.31
2 0.0 . 119 " 112 16.00
3 0.085 192  ' 10 182 18.20
4 0.093 | 147 1M 136 ié.ze
‘5 0.079 146 9 137 15.22
6  0.096 124 S 4 M7 167
7 - 0.084 | 248 15 233 15.53
8 0.083 103 6 ‘ 97 15.17
9  o0.100 207 . 11 196 17.83
0 0,077 1e 15 174 11,60

Av:  0.085 Co1e7a | 14.993
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Longevity of adulte of T. pupivora bred on pupa of S. derogata

I age S —r— cR a- om LD cou TS ~ v D STV D T WD R TS U T A Y ) (R Y e D oy LD T s T TE T A T IS e et S gy

No. of parasites dead on

€L ®Tqey
- TX =

W;&ég?, ‘Date of - . f . - (days after emergence) | ‘ | Totalhb?%e- 3
in Gmg _STOTSSRCE 12 34 5 67 8 9 (10 1112 13 14 15 16 (day¥)
0.078 10-10-1962 86 35 59 11 5 196 2,05
0.075  12-10-1962 19 42 49 7 2 119 2.47
0.085.  11-10-1962 10 39 5776 8 1 1 | 192 .21
0.093 28-11-1962 10 6 615 4 3 0 8 11 14 25 11525 3 1 147 9.14
0.079 ;29-11’1952 34 68 40 0 2 2 * - 146 2.13
,o.ogéQ_: 29-11-1962 0 0 10 1 1 8 6 48 39 9 2 124 7.87
0.084 29-11-1962 8 9 1812 4 0 7 46 62 32 29 18 3 . ‘. 248 - 7.81
0.083 30-11-1962 10 11 6 9 3 552 7 | 103 4.88
0.100  30-11-1962 11 81 8 4 7 481 10 . j | 207 4.46
0.077 29-11-1962. 16 33 9 2 2 396 15 7 6 . | 189 5.61

- 0.085 ) T | ) 167 4.963
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Table 20

of I.

bred on pupa

of S. derogata

Measurements of adults

7N TR

EI S

2
5
¥

pupivora
. i.;{ -, ‘_-.;T‘"f I

si. We;sgz of _NMeasurements in mm} _ _
No. in Gms. " Length Width of head  Width of thorax
- o Male Female . Male Pemale. @glé Female
1 0.078 1.068"°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 0.338
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 I. pupivora in’pupa of Q.exvinaéea

Date of

Duration of deve-

%%: Weigthgg.ngg L Eiggsﬁgé emeérgence lopment in days

1 0.145 27--9-1962 16-10-1962 20

2 0.099 1--30-1962 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 - 0.110 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
Avs 0.117 18.7
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. Pable 22

Number of adults produced and sex ratio .0f T. pupivora bred on

pupa of 0. exvinacea

S1. We%%%g of ﬂg%t%érgggggg -}.Nuﬁbér Qf.Number of Sex ratio
No-. in Gms. produced - ~_males feamles male:female
1 0.145 135 S8 129 © 21.50
2 0.099 t:“_196 T 8 | 18.60
3 0.094 247 13 - 23 18.00
a 0.127 . . 337 19 38 16.78
5 o.17 31 . 18 335 18.39
6 0.110 oam 12 159 13.25
e 0.125 256 15 . 241 16.07
8§ 0,124 "_» 160 7 153 "31.66
9 . 0.120 .~ 2m Coaz 262 . 21.83
i10_‘ o.112. - 22m 16 . 21 S 139
Avs 0117 235.4 | "Q , 17.943




Lohgevity of adul£s~of‘2,~pugivora bred on pupaﬂqf'g.exvinacea'f

Wk, of - - Co No. of parasites dead ons- - o RS ;(;?' ~
SL.” pupa Date of .- : (days after emergence) '  Total ?3?%5 ML
No. in Gms emergence 4 2 3 4 5 6. 7 8 9 10111213 14 15 (days)

0.145 ~16-10-1962 - 5 42 84. 4 n ‘1355 2.64
0.099  18-10-1962 - 19 173 & - ) S 198 1.92
0.004  19-10-1962 10 129 7T 8 a7 '2.52

O T

T 0,127  4--11-1962 0O 12 8 6 ™ 89142 2 337 6.87

i

0.117 7--11-1962 ~'9° 6 16 38 30 92 103 57 o 351 5.39

g otdes
-ATX =

0.110  28-11-1962 2 . 14 13 0 ° 6 3 2640 48 7 & - 171 7.85
5 5851 91 25 1639 - - 256 5.95

5 210 10 2 3 5 8 59344 7 8 160 9.61

0.125  27-11-1962 17
0.124  6--12-1962 O

w o o o =

0.120 . 10-12-1962 10 51 95 2840 850 . . L 274 3.64

- A N ) N
o . .® ¥ o O

| 0.112  14-12-1962 44 104 66 10 1 2 - o 227 2.35
CoAvs L0.m1T. o o . - e%a 487

-~ - - it - —~
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Table 24'

Measurements~ofiadults of T. pupivora bred on pupé of 0. exvinaeeé

- am -

a1l We%ﬁhg of. _ ___ﬂ-ﬁeasurements in mm.
No. in Gms. Length Width of head Width of thorax
' male female male female. male female.
1 10.145 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 7 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 10.125  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
hys 0.117  1.156 1.234 0.359 0.413 0.323  0.345
Table 25

Duration of Deévelopment of T. pupivora in pupa of N. serinopa

Date of .

- qut s

S1. Weight of pupa  Date of . Duration of deve-
'No, in Gms. - exposure  emergence lopment -in days.
1 - 0.076 22-11-1962 10-12-1962 19
2 0.070  / 22-11-1962 8--12-1962 i 17 .
3 0.080 23-11-1962 9--12-1962. L
4 0.058 24-11-1962 - 10-12-1962 17
5 0.070 24-11-1962 10-12-1962 17
6 0.058 25-11-1962 ' 11-12-1962 17
7 - 0.060 . 25-11-1962 12-32-1962 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
- Avs - 0,066 17.%
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 Tab1e 26

Number of adults'pfbduced\and sex ratio of T. pupivora bred on

pupa of N. serinopa

s1.. Weight of = Total number |
No pupa - of parasites .
ot in Gms. produced

Number of ' Number of Sex ratio
males females malesfemale .

p

0.076 148 14 .. 134 9,67

R N

0.070  2sr . . 18 219 12.17
'~ 0.080 286 21 265 C azee
0.088 ©« . 244 15 220 15.27
0.070 237 16 . @2 1875
- 0.058 f'2541“’ 1’ '.256‘4",3 13;11_1"
o.060 . 14i .9 182 14.67
0.060 - 80 .. 1a - 216 15.43
0.059 . zar 19 228 12.00
.6.064)  ’\'ﬂiégs;g,~ |  23"r_- 230 - - 19;69' |
Cavs o0.086 . e2m7T . 12.869

© © ® I O 4 b ;W




Longevity of adults of _TE. pupivora bred on pupa of Ii. serinopa

r

= TTAX -~

s1. &W;;‘Zf . onereenee. b (LR S i) . roter OPES"
No. inGms -~ 1 2 3 4 5 6 7 8 9 10 11 12 (days)
1 0.0  10-12-1962 36 16 9 36 44 4 i3 148 4.26
2 0.070 8--12-1962 9 9 1516 90 77 10 11 237 5.09
3 0.080 9--12-1962 O 9 5829 12 68 73 24 8 2 1 2 286 5.62
4 0.058 . 10-12-1962 10 25 4 O 72 103 10 4 3 0 12 1. 244 4,99
5  0.070 19-12;1962 1. 40 9413 26 57 6 237 .92 |8
6 0.058  11-12-1962 145 80 21 3 5 254  1.57 |0
7 0.080 12-12-1962 7 17 42 75 PURNEET N
'8 0.060 11-12-1962 4 9 556128 18 230  4.64
9 0,059 11-12-1962 86 115 44 2 247 - 1.85
10 0.084  12-12-1962 48 83 46 76 253  2.59
Avi  0.066 ' \ 227.7 3.781
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Table 28 |
Measuremeﬁts of adults of T, pugivora bred on pupa of N. serinoga
81 Weight of __ ' Measurements in mm. : o
No. 4o Bos Length Width of head  Width of thorax
' _ ’ Male Female Male Female Male TFemale.
1 0.076  1.170 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 . 0.080 ' 1.176 1.167 0.342  0.402 0.321 - 0.312
4 0.058 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  0.390 - 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
Av: 0.066  1.121 1.181 0.336 0.391  0.304 10.313
" Table 29

Duration of development of T. pupivora in pupa -of @. soyella

Weight

of pupa  Date of

- -

1
- g . T D aEp S0 G T D S T aw D P Gk ot S R

‘Sl1. Date of = Duration of deve-
No.’ in Gms. exposure -emergence lopment in days i
1 0.003 28-=1-1968 13=-2-1963 17
2 0.003 28--1-1963 13--2-1963 17
3 10.003 58--1-1963 13--2-1963 17
4 0.005 28-~1-1963 13--2-1963 17
5 0.004 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 31221-1963  16--2-1963 17
9 '0.004 31--1-1963 15--2-1963 16
10 0.003 31-=1-1963 16--2-1963 17
Ave . 0.004 | L | 17
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Table 30
Number of adults_broduced and sex ratio ofig. pupivora bredJaﬁ

7

pupa‘of G. soyella

S1. Weight of Total number

pupa of parasites MNumber of Number of Sex ratio
in Gms.  produced males = Females malesfemale
1 0.003 14 2 12. . 786.00
2 0.003 13 1 12 . 12.00
3 0,003 - 17 2 15 - 7.50
4 . 0.005 12 1 11 11.00
5 0,004 - 18 1 15  15.00
6 0.004 19 2 1m 8.50
7 0.004 16, 2 14 7,00
8 0.004 12 2 10 . 5.00
9 0.004 BREST 2 13 . 6.50
10 0.003 13 - 1 “12 12,00
Av: 07004 1447 L 9,050
Table 31

Longevity of adults of 2. pupivora bred on pupa of G. soyella

sl. wgﬁpgf ' 'eggﬁgegge ' omin Sgy%fa§%£%s§$§§g§§3§) Potal ng%;-‘

No. in Gms. - ~ ;- 1 . 2 5 4 (days)
1 0,003 '  13--2-1963 14 - .. 14 1.00
2 0,003 - 13--2-1963 1 10 - 2 13 2.08
3  0.003 . 13--2-1963 1 186 _ 17 1.94
4 0,005 = 13--2-1963 12 R ‘ o 12 1.00
5 0,004  14--2-1963 ' 8 3 5 16 1.00
6 0,004 16--2-4963 = 19 -~ 19 1.00
7 0.004 16--2-1963 15 1. : 16 1.06
8  0.004. 16--2-1963 - 2 - 1 '8 1 12 2.67
9  0.004 15--2-1963 .3 12 C 15 1.80
10 .

0.003 15==2-1963 13. " 13 1.00
0.004 . - - ' . 14.7 1.455

g
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Table 32

Measurements of adults of T. pupivora bred on pupa of G. soyells

- - s - e v -

s1. Weégg: of ) Meffuremen#s,in ?T:f . .

No. ih 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 1.206 0.315 0.396 0.300° 0.330 |
3 0.003 ©0.938 1.077 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 1.173 0.330 0.400 0.280 0.300
8 0.004 0;990 1.107° 0.308 0.399 ” 0.270 0.290
7 0.004 6.955 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 1.085  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 38

Duration of development of 2. pupivora in pupa of F. penonis

parasitised by five parasites

B Sy s I LT e ST TR £ - e e — €2 D - Ty D S A D XD R A T D T DT C8 D i S D D s emy

81, - Wt. of pupa Date of Date of Duration of deve-
Yo. in Gms. exposure emergence lopment in (days)
1 0.311 18==1=1983 8-w2-—1963 ' 22
2 0.324  18--1-1963 4==2--1963 18
3 0.288 1911963 4--2--1963 17
4 0.292  19--1-1963 8--2--1963 21
5 0.294  20--1-1963 8-=2-=1963 20
6 0.300 20~=1-4963 8==2--1263 ) 20
7 0.345  20==1-1963 9--2--1963 | 21
8 0.355  20==1-1963 7--2--1963 o 19
9 L 0.318  21==1-1963 9==2~-1963 20
10 0.338  21--1-1963 7—=2-~1963 13
Av: 0.317 19.6
Table 39

Number of adults produced and sex ratio of I. pupivora bred on

pupa of P. peponis parasitised

by five parasites

WP M T e P S - e =B o w0 ecm — ey =3 - - oy - ——

Wt. of Total number

W pige  of parasites RS TR ol iiome
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 0.204 411 13 398 30.61
6 0.300 3860 9 351 . 39.00
7 0.345 324 10 314 31.40
8 0.355 . 283 11 e 24.73
9 0.318 461 - 14 447 31,93
10 0.338 266 . 11 255 23.18

Av: 0.317 345.9 29.242

D s S i S P D o P T - CHA G A TP T D W

= o emm e e = e - e D - -
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( | - Table 40
Longevity of adults of T. pupivora bred on pupa of P. peponis

Parasitised by five parasites

‘Wtc Of
pupa
No. in Gms

| A D 1 I S A W TS AP NG =H

1 0.311

81,

0.324
0.288
0.292

" 0.294
0.300
0.345

© O -3 Qi N > W

0,318
100 0.338
- Av: 0.317

0.355

Measurements of

. : Number of parasites dead __Longe-

~ Date of on:—{(days after emergence) Total vity

emergence .. \ o " (days]

1 2 3 4 5 6 78.910 IS,

8—2--1963 . 52 132 25 18 56 18 11°42 - 308 2.95 °
4--2--1963 . 8102 311 14 6 441 2.79
4--2--1963 12 65 81 15 58 0.4 32 46.14 327 4.81
8--2--1963 ' 25 .28 80 42 52 31 182 278 3.87
8=m2-=1963 4 12 121 40 14681 07 411 4.43
8--2--1963 16 82 134 22 42 16 28 0 12 8 360.4.07
'9--2--1963 0 40 18 68172 15 011 324 4.46
7--2--1963 .2 26 18 92 128 12 5 283 4.32
9--2—1963 202 B89 102 36 32 | 461 2.13
M--2--1983 0 2 68102 79 9 6 266 4.16 -

- - 3459 3.799

‘Table 41

adults of T, pupivora bred on pupa ‘of P. peponis

—— e T T T

parasitised by five parasites

Wt. of

Measurements in mm.

i+ pupa Length  Width of nead  Width of thorax
_fn fo, ;yale_fggg}e ma}e female _-male female
T 0.311 . 1.282 1.308 0,368 0.426 0.338 0.363
2 0.324  1.209 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 1.350A“d}34a,402435 0,360  0.339
5 0.294  1.209 1.254 0.375 0.4§17  0.336  0.357
6  0.300  1.047 1.206 0.321 0.369  0.291 0.306
7 0.345  1.206 1.338 0.360 0.456 . 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 0.357 0.453 0.345 0.387
Av:  0.317 1.186 1.278 0.357__0.417 0.320___0.350




 Table 42
Duration of Development of T. pupivora in pupa of B. Peponis

paragitised by ten paragites

S1. Wt. of pupa

Date of

—— ey v D S I G S g A T W

Date of Duration of deve-
%2:----32-5?5: ' exposure emergeneg_-__;EOPment iE- days
1 0.292 18--1-1963 3-~2-1963 17
2 0.298 . 18--1-1963 4--2-1963 18'
3 . 0.294 192=1=1963 5--2-1963 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--1=1963 12-2-1963 19
‘Avs 0.312 | | 17.7
Pable 43

Number of adults produced and sex ratio of T. pupivora bred on

pupa of P. peponisg parasitised by ten parasites

-—d

S1. W;ﬁ gf ggtaérggﬁggg Number of Number of Sex ratio
No. ih Omg pgodueed ‘males females malesfemale:
1 0.292 437 14 423 30.21
2 0.298 331 10 321 32.10
3 0.294 356 15 341 22.73
4 0.349 - 526 19 507 26.68
5 0.295 437 15 . 422 28.13
6 . 0.358 469 25 444 17.76
7  0.340 B3 12 326 27.17
8 0.293 346 ‘ 11 - 335 30.45
9  0.291 318 . 11 307 27 .91
0 0.312 529 14 515 36.78
Avs 0.312 408.7 27.992

Exae— -
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o Table 44 : _ ,
Longev1ty of adults of T. gupi ra bred on pupa of P..pegdnis

garasitlsed bz ten parasites ‘

Si. W;ﬁpg; egggee°f _— og?? ggygfa %gisegggggggg)Total L3§%§7
No. in Gms ~ . coc. 1 2 3 4 5 6.78 910 (days)
1 0.292 3--2-1963 60 160 36 4 15 38 883 437 3.91
2 0.298 4--2-1963 . 28 5 5 13 92 50 4069 29° 331 5.92
'3 0.294 5-22-1963 27 16 21 72 92 32 14 6 50 26 356 5.39
4 0.349 4--2-1963° 112 88199 78 22 18 9 526 2.81
5 0.295 4--2-1963 2 71 56 .35 104 58 9116 4 437 5.10
6 0.358 8--2-1963 157 28 6 95 36 28 446312 469 3.79
7 0.340 8--2-1963 33 15 8 67 24 68 6238 16 7 338 5.43
'8 '0.293 8--2-1963 . 27 20 25 72 102 36 4810 6 346 4.70
9 0.291 10-2-1963 14 68 90 25 42 —- 2849 2 318 4.20
10 0.312 12-2-1963 429 86 10 2 8 . 529 1.30
Avi 0,312 S 408.74,255

Table 45

Measurements of adults of T. nugivora bred on pupa of gegoni
' parasitlsed bv ten garasites "

- Wt 08 - '/i“ Measurements in mm.

- No. 1§“§:s ~ f_-_neng;ﬂ”; —Tf Wldth of head Wldth of thorax
‘ Male female male female male female
1 0.292 1:082 1.082 . 0.336 0.378 0.306 _ 0.330
2 0.208  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 04340 . 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

0  0.312  .1.119 1.128 . .. 0.336 0.378 0.306 . 0.330

0.311-  "1.121 1.177 - 0.338  0.392 0.312  0.311




/
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Table 46 .

Duration of development of T. pupivora in pupa of P. peponis

para51tised by fifteen parasites

Sl

Wt. of pupa Date of Date of Duration of déve=
No. © in Gms. exposure emergence lopment in days
1 - 0.305 19--1-1963  5--2--1963 18
2 0.300. 19~=1-1963  4=—2--1963 17
3 0.288 .  20--1-1963 5--2--1963 Rl2
4 0.307 20--1-1963 5--2--1963 7
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  12-2-31963 18
10 10302 26-~1-1963  12-2--1963 18"
Av:  0.297 o m.3
 Table 47 .
Number of adult par331tes produced and sex ratio of I. gugivora

bred og_pupa of;___ggﬂgg;g parasitised by fifteen parasites

Wt. of Total number . - .
Yo, jpupa  of parasites N‘*ﬁ‘éié‘s°f Neaneieo’ maissfensle
1 0.305. . - 442 13 429 . 33.00
2 0.300 . 528 S 29 499 S17.217
3 0.288 440 12 428 T 35.67
4 0.307 443 26 417 16.04
-5 0.293 463 23 440 19.13
6.  0.305 401 24 377 S 15.71
C A, 0.298 474 26 448 17.15
7? 0.286 a8 R 407 37.00
9 0.286 453 ' 140 439 31.36
10 0.302. 476 R 468 42,27
Avs  0.297 . 453.8 | 26,454




iyl C o I
S . Table 48

Longevity of adults of I. pupivora bred on puﬁa of P. peponis |
‘ ' parasitised by fifteenuparagites

j sl,_w;&pgf Date of . - on.-?ggygfa %giségggggggg) Total Lon%y— 4
10: in tme SUOTEONC 11 2 3 8 8. T B (aays) -
1 0.305 5--2--1963 55 49 28 69 72 49 1200 = 442 4.54
2 0.300 4--2--1963102 68 92 52 105 64 32 13 528 3.7
'3 0.288 5--2--1963118 13 13 17 28 66 91 4940 15 450  4.95
4 0.307 5--2--1963 87 7 13 120 96 108 8 4 | 443 4.14
5 0.293 8--2--1863 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 16 28 40 B2 43198 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
Av: 0,297 o . 454.8 4.752

Dable 49

Measurements of adults of T gugivora bred on pupa of P, pegoni

parasitised by flfteenigaras1tes

Measurements in mm,

s . W of ' _ '
- No. Ppupa -Length Width of head Width of thorax
* . in Gms 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 1.206 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 1472 0.336 0.391 0,301 0.312
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Table 50

pugivora in pupa of P,

parasitised by twenty parasites

EeQOnlS

Date

Date of “

sl. Wt. of pupa of Duration of deve-'
No. o in Gms. exposure emergence  lopment in days
1 0.315 20==1=1963 5--2--1963 17
2 0.328 . M ==1-1963 B5==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--1983 17
6 0.310 23--1-1963 8--2--1963 17
? 0.312 25-=1-1963 10-2--1963 17
8 0.300 27-=1-1963 12-2-31963 1”7
9 0.310 27-=1-1963 12-2--1963 17
10 0.331 28-~1-1963 13-2--1963 17
Avs 0.305 C17.1

* Number of adults produced and sex ratio of I. pupivora bred on

pupa of 2.'peponié parasitised by twenty parasites

- = = e S v e

o e o ey et

-

Wt. of Total numbef . . 5
Sl. . ' . Number of Number of ex ratio
No. ipu a °fp£%g32:§es mal es females male.female
1 0.315 643 44 599 . 13.61
2 0.328 967 40 - 927 23,18
3 - 0.228 709 55 - 654 11.89
4 0.320 748 32 714 22,31
5 0.297 612 40 . 572 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 15,49
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Table 52

Longev1ty;9f adults of T. pupivora bred on pupa of P. Eegonis

parasitised by twentx parasites

- -

-—

. W of . L Number of garasites dead - ?%e
Yo, - pupa emergegge y os.- %ays a ter emerggnceg Total B
: in Gms ays
1 o. 515 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  0.298 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
v 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 3.0%
Av: 0,305 ‘ 7428 3.142
Table 53
Measurements of adults of T. pupivera bred on pupa of P, peponis .
gara31tised by twenthparas1tes
31," Wﬁ? of . meésu?ements zE ﬁ%. . _
No. in Gms Length Width of head  Width of thorax
- : L Male female male female  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 0.2870  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 1 0.300 §.068 1.104 0.327  0.357 0.306 0.291
9 0.310 - 3,026 1.056 0.318 0.351 0.285 0.300
0 0.331 1.059 1.076 0.321 0.366 0.276  0.297.
Av: 0,305 1.037 1.080° 0.310 0.359  0.284  0.304




APPENDIX II

A, Analysesfof covariance of different characters of Irichospilus
pupivora with respect to different species of host pupae.

Designs- Complétély randomised design. Tr
Treatments:fi 8 species of host pupae.
Replication:-~ 10

Ancillary variate:~ The weight of host pupa.

" (a) Number of T. pupi#éra produced

Table of analysis oi,variance and covariance

‘ 2 a 2 Adgusted : R
- Source - S.8.(b”) S.P.(ab) S.S8.(2) s.s. d f£.Variance ratio
Total  920880.688 576.643 0.655 78
Treat- 684176.188 579.5%76 0.641 N
nent : ' S _
Error  236704.500 ~2.933 0.041 236089.639 71 5325.206 .
Error ¢ 920880.688 576.643 0.655 413220.918 o
treat : &
. ' o SR *
Treat. | | 17@8$3Y,273. 7 25225, 415 7.6

-—— - - e - o oy o s D -y = o - —

** Slgniflcant at 1% level.

Number of para51tes
produced.’

1§

Where a = welght'of_host pupa b

t

S;S}g sum of squares S.P. sum of products.

| d.f.= degrees of freedom
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Table of number of T guplvora produced adausted for Welght of

host pupae '
. . S : . Mean number of parasites
Treatment : Mean weight -of . produced
number ;" host pupa. ' : :
' ‘ S -Unad justed- Adjusted .
1  0.320 S 372.9 - a16.072 -
3 0,117 » 235.4 - 236.029
2 0.172 . 209.0 . 221,155
7 0,066 . . 2277 217.536
5 - 0.082 . 194.5° . 11877794
4 0.085 o 187.1  161.024
6 0.070 | - 163.7 154,479
8 - - o0.006 14.7 L -8.416
Standard error of ‘adjusted mean (S.B.) =z 70.811
'.Critlcal difference of ad;usted mean (C D) 141 339.
.
(v) Sex ratio of T guglvore -
Table of analxsis of var&ance and covariance
. BRI 5 A&justed Vari- P
~ Source S.S. (o ) 8.B.(s0) S.5.(a2) S.S5.. d.f.ance.-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 + . . o n - ,
treat 3267.9808 39.7265  0.655 §58.0988 .
treat S ' _192.9623 71 27.566 2.9

0 = Sex ra%io'of‘g, pupivora.
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Table of sex ratio of I. pupivora adjusted for weight of host

pupae
.. Mean mﬁgﬁiat&b-pf:@}fﬁﬁﬁivora
Treatment Mean weight of Coprnlanpdion T
number host pupa e e e e e e : :
Unad justed Ad justed
1 0.320 29.822 32,780
2 0.172 17.270 18.102
3 0.117 17,943 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 ¢.D. = 7.502

(c) Developmental period of T. pupivera

Table of analysis of variance and covariance

_ Treat

Y g “Adjusted Vari- F

' Source S.5.(k"). 8.P.(ak) sS.5.(a®) S.S. d.f.ance 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 < Y
treat. 143.95 .  5.501 0.655 97.750 | o
©21.181 7 3.026 2.8

.

= Developmental period

u
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P

Table of developmental period of T. QupivoraAadjustédgfdr weight
‘ ~ of host pupa . | B r

¢

"—’--.-ﬂ- -

o o - - Mean @eveloPmenﬁal Derlod Qf
Treatment Mean weight of L T.NEHQIVOI&
-pumber - host pupa .

n »:Uﬁadjusted- - AdjuSted
0.320 . - 19.6 9. 909

- 0117 . 18.%7. 7 . 18,704
Coame T 18i5 1 18,587
0.082° - . 18.5 18.452
0.070 - .7 173 17.239
04066 T A'T?.s,]' _ 17.228
0.082 . - 16.9 .  i6.852
0.082 .m0, . .16.835

W P 3 U NN -

S.E. “=11;272 . C.D. =z 2.539

j(d) Longevity of T. puplvora il- o - o

A Tab;e of analxsis_og vaglance~and covariance

| TETTEmSeTeITe T —~adiusted . . Vapi- B
Source 8.8, (12) . S.P.(al) 8. S (az) g § d. f.a%g% ratio

‘Total . 304,033  3.1008 . 0.655 . 78
Treatment  114.389 ~ -2.9621 - 0.641 . 7.
Error . 189.644 1 0.1387 0,014 1331268,71’2;652

- Erforyé : e T L
Treat, 304,033  3.1008 . 0.655 289.352 e

Treat. - C 101,084 714445 5.4

1 = Iongevity of 1. pupivors. '

Al
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. Table of longevityvéf TI.

pupivora :adjusted for weight of host .

uat c\

B

- Mean ; Meanjh&ngev1ty*ofrT.-puglvora
Treatment _Weight of host . [ mPRS s :
. T ,fUnadjuste@; _ Adjustedh,
4 . 0.085 o 4.963. 5.250
5 o.117 0 4.8M 4.844 -
S . 0.066 3.781 . 4.247
2 L 0.172 . 4.066 3,491
6 0.070 - - 2.298 R.724
5 0,082 - . 2.202 2.609
8 - 0,004 1,455 . 2,545 -
AR 0.320 - 3.282 1.241
», SOE. - 2 ' : __“ " ‘ . COD. =n 30992 ’
_(e) Size of 'R pupivora .‘~\u.
Table of analvsis of varlance and covarlance

~ Error - .

. Brror -+

treat.

Source S.S.(h_)v S B¢ (ah) S s (: Z)Ad%usted at. gﬁgé. Ny
Total  *0.120531 “0.117816, 0.655“ 78
' Treatment 0.025446 ~ 0.106609 0.641" o

Treat.

0.013.

0.095085 0. 011207 o, 014 £ 0.086 © 71 0.0012 -
'0;126531f “0.117816_ 0.655 0.099 .~ iz

7°0.0018 1.5

F ratio not significant.



- xxxiv -
"B, Analyeee‘of ccVariance of'different characters of .
Trichcspilus pupivora bred on pupa of Phxtometra peponl

with respect tc different levels of induced super-

parasitism.

Design:- Completely randomlsed design. ,

Treatﬁents.— 4 levels of induced superpara81tism {i.e. the
number ‘of pa:asltes parasitlsing\the pupa).

' Replication:- 10. | -

Aucillary'variapez;A The weight of hostfpupa.

| (£) ‘Number of T. pupivora produced:" |

Table of analysis of variance and covariance

o 5 - Adjusted - Vari- P
Source - 8.8, (b ) S, P.(ab) S.S. (a ) S.s. d.f. ance ratio
Total. 1181861.9 -0.7124  0.02175 - - 38

Treatment 925061.8 =19.1457  0.00218 -, -3

Error. . 256800.1 '18.4333 - 0.01956 239470.3 35 6842.0

Error + | - ' o

treat. - 1181861.9 - -0.7124 . - 0,02175 1181838.8 "
Treat S . .942368.5 B 314122.9 45.9

Table of number of T, nuglvora produced adgusted for welght of

* host pupae. .
[ : P

- - e ane - o o s -

Mean number of parasites

Treatment Mean Welght of - produced 1
number host pupa - -
: Unadausted Ad justed
20 0.5 . . . 742.8 . 750.338
15 0.297 . 453.8 . 464.858
10 0.312 | 408.7 404.470

5 © s 0.317. - . 34B.9 337.628
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(g) Sex ratio of T. pupivora
Table of'anaiysis of #ariance and -covariance
5 a: Adjusted Vari- P
Source (O ) S.E. (aO) 8.8, (a } B.S. d.f. ance ratio
Total 2480.086 ~0.2758 *0.02175~ 38
Treat.  .1182.366 +0.5981 0.00218 - T
Error 1297.720 -0.8739  0.01956 1257.676 = 35 35.933
Brror + .
treat. 2480.086 -0.2758  0.02175 2476.588 -
Treat 1218.912  3406.304 11.307
Table for. sex ratio of T. pupivora adjusted for weight of host
- pupa ‘
- Treatment Mean weight of ___%fffﬂfex ratle“of To«EEEAIQEQ _
aumber host pupa Unadjusted Ad justed:
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.B. = 2.73 C.D. = 5.546

-~

(h) Developmental period of T. pupivora

Table of analysis of variance and covariance

e oo T o s w2 e eare. e

= e

. : ‘ Adjusted = Vari- P
Source S.S. (k ) s.B.(ak) 8. S.(a ) .S.. d.f.ance ratlo
Toteal 76.775 _ . 0.2061  0.02175 . . 38
Treatment 392.275 0.22586 - 0500218-> .i 3 .

Error T 37.500 -0.0195 0.0195%7 37.483/ 35‘1.0709
Error. + ‘

treat. . 76.775 -  0.2061  0.02175 = 74,824 . .
Treat. ’ 312.447 11.62

37.341

i e 2 o e e e - s s e 0t 7 ca S




- XXXV1 -

- Table for develoPmental period ' of T. pupivora adausted for

weight of host pug_

Mean developmental period of

‘Mean : ,
Treatment weight of host : 22211222
number pupa - o e e -

' o Unad justed 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 = a7 C.O: 57T .

(1) Longev1ty of T. pupivora .

Table of analysis of variance and covariance

—— R T . I T D (T T oy afe SR (TP G i TS T I M Y T YT CIR oM TS e S G Ciut CHES auin S U SIS T IS TS S WS S M O CHl Kb -

' 2 Adjusted - Vari- F
Source S.8.(17) s.p.(al) (S-S,(az) g.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 + - , v y ' .
treat. 61.784 -0.1514 0.02175 60,731 *w
Treat. . _ 16,242 _3 5.418 4.26

reme e - - 0 - e T T i R TS -

Table of. longevity of T. nglvora adjusted for welnht of host

,‘Pupa
: Mean longevity of T. pupivora
* Treatment .Mean weight of —Ean. EEVNY Q.= RERLTRER
number . host pupa Unadjusteq Adjusted
15 ° . 0.297 . 4.932 ' 4.895
10 ' 0.312 4,285 " 4.270
5 0.317 | 3.799.  3.829
20 0.305 ‘ 3.142 .3.133

i}
——
L ]
o
=
o

0.512 - ¢.D.



\ ,f a ’.._, - xxxvii -

(j) Size of T. gupivora'

A'Tableof Analv51s of varlance and covariance -

-

w2 T T Adjusted Wari- . F..
Source s,s.(h ) 5.2 (ah) 5.5, (a ). S.8. d.f.ance ratio

Total = 0. 04118“10.0096 . 0.02175 - . 38
‘Treat. =  0.01668 0.0031 -, 0.00218 3
‘Error  0.02450 0.0065 ~  0.01967 . 0.0223 " 35 0.00064

--—a———-—_- o s 4, st e

Error + - N L .
treat. 3Qc041$8. 0.,0096 | Oa02T75L _0,0370 s

CPreat .. . - o 0.0147 .3 0.00490 7. 2

‘Table for size of T. pubivora adjusted for weight of host pupa

- a I o o .

Treatment Mean ﬁeighﬁ»df‘ ____%fff;fzfe of T R%§%§92§

- number  ‘host pupa Unadjusted Adgusted

s o317 - oo o 4141

15 0.297 . 0.3910 . . 0.3945
10 . 0.1z 0.3920 - 0.3901
20 0.305 . . . 0.3590 .0.3609

S.E. 7 2 0.01155 C.D. = 0.0235<,




o &

PLATES



PLATE 1



PLATE. 1
Trichospilus pupivora F.

Ventral view of adult male and female -
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PLATE 2

3. Host pupaé set for parasitisation by T. pupivora.

b. Rearing tubes with parasitised host pupae within,

on tube stand.
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 PLATE 3



PLATE 3

Showing method of ‘removing dead parasites

from the rearing tubes.
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