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The phenomenon of superparasitism
in Trichogramma evanescens minutum RiLEY — I!

(Hymenoptera: Trichogrammatidae)

Trichogramma evanescens minutum RILEY is an important parasite that is
used as a biological control agent against many insect pests. According to
MzTcaLy et al. (1951) the most elaborate attempts to bring about pest control
by rearing large numbers of an entomophagous insect and releasing them have
been with T'richogramma. The genus T'richogramma is world wide in distribu-
tion. It is parasitic on the eggs of many orders of insects, mainly Lepidoptera.
The sugarcane shoot borer Chilo infuscatellus (SNELLEN), the jowar stem borer
Chilo partellus (SwINHOE) (= Chilo zonellus SWINHOE), the sugarcane root borer
Emmalocera depressella SwinaoE, and the paddy stem borer Tryporyza incertu-
las (WALKER) are some of the pests for the control of which T'richogramma is
used in India.

However, opinion is divided as to the utility of this parasite in the control of
insect pests. T'rickogramma is a very important factor in the control of Diatraea
saccharalis FaBricius in. Louisiana (Horroway & Lorrin 1919, Hinps &
SPENCER 1929), in the Rio Grande Valley of Texas (HoLLoway & LorTin 1919),
and in Barbados (Tucker 1932). Evans (1930), on the other hand, states that
ovipositing many times in the same host egg, and ovipositing even in foreign
bodies cause a dissipation of its doubtful beneficial effect. Box (1932) has record-
ed that even a high degree of parasitism by T'richogramma does not appreciably
affect the sugarcane borer population in Antigua. According to TuckrER (1932,
1933), the objections raised against T'richogramma are its limited range of opera-
tion, its random search for host, and its non-specificity. The author’s (1957) own
observations have led him to believe that possibly superparasitism, which
affects the fecundity and longevity of T'richogramma, is another important fac-
tor that limits the efficacy of this parasite.

NARAYANAN & CHACRO (1957) have pointed out that when Trichogramma is
mass multiplied in the laboratory superparasitism is of common occurrence.
Only very little information is available on the fecundity and longevity of T'ri-
chogramma that emerge from superparasitised eggs. The present investigation
was, therefore, undertaken to study in detail the effect of superparasitism on
these aspects as well as on size. :

1 Part of a thesis accepted for the award of the degree of Doctor of Philosophy of Agra University.
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Materials and Methods

Two strains of Trickogramma evanescens minutum, viz., JARI strain and Ajmer strain,
and the crosses between them were used for the experiments.

TARI Strain

A culture of this strain is maintained at the Parasite Laboratory of the Division of Ento-
mology, Indian Agricultural Research Institute. For the present studies a few eggs of
Corcyra cephalonica STAINTON parasitised by this strain of T'richogramma were selected,
and kept in specimen tubes (2" X 1/,'), one egg'in a tube. When the adult parasites emerged
a healthy male and female were selected and introduced into a larger specimen tube
(4" X 1"). The mouth of the specimen tube was covered by a double layer of muslin, held in
position by a rubber band. About fifty eggs of Corcyra cephalonica, which were used as the
laboratory host, were pasted on a rectangular strip of card and exposed to this pair. About
twenty four hours later the card was taken out and kept in another specimen tube for the
development of the parasite eggs that were laid within the eggs of Corcyra cephalonica.
Batches of fresh eggs were exposed daily to this pair for ten days, and the exposed eggs
were kept in specimen tubes for the development of the parasites.

When the adults emerged, host eggs were supplied for parasitisation. Thus a separate
culture, started with a single pair, was built up and maintained for the present studies.

Fecundity and longevity of T'richogramma that develops and emerges singly from a host

egg, i. e., without superparasitism:
About one hundred eggs of Corcyra cephalowica were pasted on a strip of card in such a way
that there was a little space around each egg. These eggs were exposed to a few T'richo-
gramma in a specimen tube for about two minutes, after which all the parasites were taken
out. On the fourth day the card was cut around each blackened (parasitised) egg, so that
each egg could be kept in a separate tube for the development and emergence of the para-
sites. When the adults emerged, only those that emerged singly were selected and the others
discarded. Eight pairs were formed for studying the fecundity and longevity, and the rest
were used for getting the second generation. Each of the eight pairs was introduced into a
small specimen tube along with a supply of host eggs pasted on a card strip. Each succeed-
ing day, till the death of the females, fresh host eggs were given, and the exposed eggs were
taken out and kept in separate tubes. The fecundity was calculated by counting the number
of host eggs that turned black. The longevity of the female was also noted.

From the remaining adults that emerged singly, as many pairs as possible were formed,
and each pair was introduced into a specimen tube. About fifty host eggs were supplied
to each pair. When the host eggs turned black, each was kept in a small specimen tube.
When the adults (second generation) emerged, all those that emerged singly were selected.
Eight pairs were formed, and studies on their fecundity and longevity were made as in the
previous generation.

The third generation was obtained from the remaining adults of the second generation.
Eight pairs were formed, and the fecundity and longevity were studied as in the first and
second generations. .

Fecundity and longevity when two apparently normal parasites, a male and a female,

emerge from the same host egg:
In order to obtain apparently normal male and female parasites, about one hundred eggs
of Corcyra cephalonica were exposed to a number of parasites for about ten minutes, and
the parasite eggs allowed to develop. When the host eggs turned black, each parasitised
egg was kept in a small specimen tube. When the adults emerged, only those which were
apparently normal (i. e., without any apparentilil-effect), and whose development was such
that a male and a female emerged from the same egg, were selected. Studies were made on
the fecundity and longevity of eight females after selecting eight pairs.

To the remaining pairs host eggs were exposed, ten to fifteen eggs to each pair. When the
eggs turned black, each was kept in a separate tube. When the adults (second generation)
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emerged, eight pairs were selected and studies on the fecundity and longevity were made as
in the first generation.

From the remaining pairs of the second generation the third generation was obtained.
Eight pairs were selected, and the fecundity and longevity studied as in the first and second
generations. )

Fecundity and longevity when two apparently normal female parasites emerge from the
same host egg:

The same method as in the previous case was adopted, but here only those which were
apparently normal and whose development was such that two females emerged from the
same host egg (and also two males from the same host egg) were selected. Eight pairs were
formed from eight such females and eight males, and the fecundity and longevity studied.
Studies on the fecundity and longevity of the second and third generations which developed
similarly were also made.

Fecundity and longevity when two defective parasites, a male and a female, emerge from
the same host egg:

In order to get defective forms, about fifty eggs of Corcyra cephalonica were exposed to a
large number of parasites for about fifteen to twenty minutes. When the eggs turned black,
each parasitised egg was kept separately, and when the adults emerged, only those which
were defective (having ill-developed wings), and whose development was such that a male
and a female emerged from the same egg were selected. The fecundity and longevity of
eight such females were studied.

No defective second generation was procured. The progeny of the first generation were
either normal, or if two developed in an egg they were apparently normal. So studies on
defective second and third generations were not possible.

Fecundity and longevity when two defective females emerge from the same egg:

The same method as in the previous case was adopted, but only those which were defective,
and whose development was such that two females emerged from the same egg (and two
males from the same egg) were selected. Eight pairs were formed, and studies were made
on their fecundity and longevity. '

As in the previous case the progeny of the first generation were either normal or appa-
rently normal, and, therefore, studies on the succeeding generations were not made.

Ajmer Strain

This strain-of T'richogramma evanescens minutum was obtained from the eggs of Chilo
partellus collected at Ajmer. A culture of this parasite was built up on the eggs of Corcyra
cephalonica. The culture was started with a single pair as in the JARI strain.

The fecundity and longevity of this strain were studied for three successive generations
of the various types of development.
Ajmer Male X TARI Female

This was started with a male from the Ajmer strain and developed singly in a host egg,
and a female from the TARI strain also developed singly in an egg. As in the IARI and
Ajmer strains, the culture was built up and studies on the fecundity and longevity were
made.

TART Male x Ajmer Female

This cross was started with a male from the TARI strain, and a female from the Ajmer
strain. The fecundity and longevity were studied as in the previous cases.
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All the experiments were conducted at a temperature of 25 °C., and at a relative humidi-
ty of 759%. A temperature of 25 °C. was maintained at the Parasite Laboratory of the Indian
Agricultural Research Institute. The relative humidity was maintained by keeping a super-
saturated solution of sodium chloride in distilled water in a desiccator.

The adult parasites were given 109, sucrose solution as food. It was applied daily on the
inner walls of the specimen tubes in thin streaks with the aid of a fine brush.

Every third day the tubes in which the parasites were kept for experimental purposes
were changed, and clean tubes substituted.

Experiments

During the course of the present investigation the effect of superparasitism
on the fecundity and longevity of three successive generations of T'richogramma
evanescens minutum was studied in detail. Two different strains of T'richogram-
ma, viz., IARI strain (the strain that is maintained at the Indian Agricultural
Research Institute), and Ajmer strain (obtained from the eggs of Chilo partellus
collected at Ajmer), and the crosses between them (Ajmer male X TARI female,
and TARI male X Ajmer female) were used for the experiments. The fecundity
and longevity of parasites with the following types of development were studied :

(1) a normal female in a host egg (the term ‘normal’ is used to refer to a parasite that has
developed singly in a host egg without any superparasitism)

(2) two apparently normal parasites, a male and a female, in the same host egg (‘apparently
normal’ refers to a parasite that has developed along with another parasite, but does not
show any visible ill-effect of superparasitism except in size)

(3) two apparently normal females in the same egg

'(4) two defective parasites, a male and a female, in the same egg (‘defective’ refers to a para-
site which has developed along with another parasite, and which shows the ill-effects of
superparasitism, such as malformed wings or absence of wings)

(5) two defective females in the same egg.

Studies were also made on the effect of superparasitism on the size of the
adult parasites.

Observations

The following abbreviations are used to refer to the various types of develop-
ment:
Nf — a female developing alone in an egg
ANfm — two apparently normal parasites, a female and a male developing in an
egg ‘
ANff — two apparently normal parasites, both females
Dfm  — two defective parasites, a female and a male

Dff  — two defective parasites, both females.

The mean fecundity and longevity (of eight replications) of the three genera-
tions of the two strains, and their crosses, and the results of the statistical ana-
lyses are given in Tables 1—4.
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Table 1

Beitrige zur Entomologie, Band 19, Nr. 3/6; 1969

Fecundity and longevity of inbred TARI strain

Nature of Mean fecundity
development I generation ‘ IT generation IIT generation
Nf 185.38 + 21.91 209..88 + 70.77 180.50 + 20.79
(A) (B) ©)
ANfm 33.38 + 4.59 34.13 + 5.20 34.75 + 8.90
(D) (B) )
ANSff 116.25 4+ 5.60 74.00 + 14.10 79.63 + 6.28
(G) (¥) I
Dfm 10.13 + 2.09
&)
Dff 10.38 + 1.68
(X)
Mean longevity of the female
Nf 11.85 + 1.17 9.13 & 1.09 775 &+ 0.75
(4) B ©)
ANfm 275 + 0.37 3.38 + 0.32 3.38 &+ 0.26
(D) (1) ()
ANSf 9.63 + 1.38 10.50 + 1.45 10.75 & 0.56
(@ (H) I
Dfm 2.14 + 0.22
&
Dff 2.00 + 0.19
(K)
Table 2

Fecundity and longevity of inbred Ajmer strain

Nature of Mean fecundity
development I generation II generation IiI generation
Nf 41.13 + 1.58 48.50 + 38.27 48.50 + 4.90
(A) (B) (©)
ANfm 21.88 4 2.48 25.13 + 2.09 2413 £+ 2.09
). (B} (F)
ANff 31.68 + 3.71 35.38 + 2.10 32.13 4 3.57
(&) (H) ()
Dfm 2.00 + 0.19
[¢)]
Dff 3.00 £+ 0.87
(X)
Mean longevity of the female
Nf 3.00 + 0.33 3.75 + 0.16 5.38 + 0.32
(A) B) (©)
ANfm 3.00 + 0.33 2.50 4+ 0.19 2.25 + 0.25
(D) (B) (1)
ANff 3.13 4 0.29 3.63 &+ 0.26 3.38 + 0.26
(® (¥ e
Dfm 1.13 4+ 0.13
€]
Dff 1.50 + 0.19
(X)
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Table 3

M. J. CHACRO: Superparasitism in Trichogramma evanescens minutum RILBY-I

Fecundity and longevity of Ajmer male X TARI female

Nature of Mean fecundity
development I generation 1I generation III generation
Nf 128.25 -+ 21.58 138.88 + 19.65 145.63 -+ 33.83
(4) (B) ©)
ANfm 34.38 + 5.12 37.00 + 7.90 34.38 + 3.66
(D) (E) (¥)
ANff 50.00 + 6.54 49.63 + 5.12 51.63 4+ 4.92
(@) (H) @
Dfm 4.63 & 0.86
(€))
Dff 538 + 0.53
(X)
Mean longevity of the female
Nf 10.38 + 0.94 9.256 + 1.25 11.25 + 2.11
(4) (B) ©)
ANfm 5.66 + 0.80 5.25 + 1.03 4.63 + 0.32
D) (B) ¢}
ANff 5.88 + 0.97 5.38 4 0.46 5.38 + 0.6b
(@) (H) @
Dfm 1.38 + 0.18
)
Dff 1.63 + 0.18
(X)
Table 4

Fecundity and longevity of IARI male X Ajmer female

Nature of Mean fecundity
development I generation i IX generation IIT generation
Nf 239.88 + 24.17 226.75 + 9.61 238.13 4 6.37
(4) B) ©)
ANfm 55,63 + 10.79 65.13 + 5.16 57.25 + 5.08
(D) (B) )
ANSf 85.25 + 12.34 88,25 + 9.30 85.00 + 5.73
(@) (I) @
Dfm 12.13 + 1.51
(€))
Dff 18.00 + 1.46
(X)
Mean longevity of the female
Ny 18.50 + 2.24 18.88 + 0.40 17.63 + 1.16
(A) (B) (©)
ANfm 5.88 + 0.95 6.75 + 0.59 6.25 + 0.70
(D) (B) )
ANff 9.50 + 1.28 11.38 + 1.48 10.00 + 0.46
(®) (3) @
Dfie 213 + 0.28
)
. Dff 2.25 + 0.25
(X)
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Table 5
Results of the statistical analyses of the data
Significance
Fecundity Longevity
Combi- ‘ Ajmer JARI Ajmer IARY
nations 1
IARI Ajmer | Al male IARI Ajmer | male male
strain strain x x strain strain X x
TARI Ajmer ) TARI Ajmer
female female female female
1 2 3 4 5 8 7 8 9
A&B N8 NS NS NS N8 N8 NS N8
A&C N8 N8 N§ NS * b NS NS
A&D EZ2 ] * % d * % EX ] NS E2 3 >
A&E Y ) L % #x NS EE) =%
A&F * % * % EL LA £ NS ® "
A &G o * * £k NS& NS % %
A&H R * * %k £ NS NS * *
A &I * ¥ ® £ * sk N§ NS * % ok
A&T a3 * % * % L2 * R X3 E2 *
A &K * % *k Bl ok LES * % % ok
B&C N8 N8 N8 NS NS wk NS NS
B&D * £ L3 % *k NS * L]
B &E * ok * % L L] EEd * L2
B&T * £ 2] * ¥ LR LEd # ¥k L] 2
B&G NS *w * i NS NS N§ b
B&H NS * #x o NS NS * *x
B&I NS i *x *x NS NS * *
B&J * L2 E3d £ % * EEd *
B &K * ETY ET3 * % % *% (23 o
C &D L] L1 2 & LEd LR #% * ok
C&E % o =k * % =k # LT
C&¥P *% Ex % * % % o *% LS
C &G * ok * * 2 NS EE2 * E2 3
C&H *ok * * w N8 ok * £
c&l * % * * 4 % % * %
C&J *k ETS o % ELs EE £ *#
C &K R k% * % #* % ¥k *x %k EX 3
D&E NS NS NS NS NS NS NS N8
D&¥ NS NS NS NS N8 NS NS NS
D&G *x * N8 NS ** NS NS *
D&H * *x NS * *® NS NS *®
D&l b4 * * * o NS NS *
D &J ok & * ok % NS R * % wE
D &I{ ok * & ok *% NS Ex 3 * % E1 3
E&F NS NS NS N8 NS N8 NS NS
E&G E N8 NS NS * NS NS N8
E&H * * % NS #* ok F 4k NS *
E&I e N8 N8 * ** * NS o
E &J ¥ * A * & * * %k EE ] EX 3 ¥k
E&K % *k L3 L4 * ok % %
F&G & NS NS NS ** * NS *
F &H * * % * * * & &k NS o
P&l w % N8 * *% * % % N8 0k
F &J * ok £33 o L2 * & *% oy
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Table 5 (continued)

1| 2 4 ' 5 6 I s 7 8 9
P&K * % ok ok : Hon * wk %
¢ &H * NS NS NS NS NS NS NS
G &1 s NS NS NS NS NS NS NS
G &J R % EX EX 3 EX LR * %k EE3
G &1{ * % £33 £ EE %k o EE 3 L EX 3
H&l NS NS NS NS NS NS NS | NS
H &J EE 3 ¥ %% EE * % L33 *® % EX 3
H &I{ % Exd * % EX 3 LS £ * % EZ 3
I &J LR RS EES EX EX 3 EX 3 * % LR
1&K % % *% ok % b % w%
T&K NS NS NS NS NS NS NS NS

NS = Not Significant
o Significance at 19, level
* Significance at 5% level

Fecundity

A consolidated account of the data on the fecundity of the three generations
of the crosses and the inbred forms is given in Table 6.

Table 6

Consolidated account of the fecundity of three successive generations of the two
strains and the crosses between them

Type 8train First Second Third
of development Or Cross generation generation generation

IARI strain 185.38 + 21.91 209.88 + 70.77 180.50 + 20.79

Nt TARI male x Ajmer female, 289.88 + 24.17 226.75 + 9.61 238.13 + 6.37
Ajmer male x TARI female] 128.25 + 21.58 138.88 + 19.65 145.63 + 33.83
Ajmer strain 4113 + 1.85 48.50 + 8.27 48.50 + 4.90
TARI strain 33.38 + 4.59 3418 + 5.20 34.75 + 8.90

ANFm IARI male X Ajmer female 55.63 4+ 10.79 65.13 + 5.16 57.256 + 5.08
Ajmer male X TARI female 34.38 + 5.12 37.00 = 7.90 |° 34.38 &+ 3.66
Ajmer strain 21.88 + 2.48 25.13 + 2.09 24.13 + 2.09
TARI strain 116.25 + 5.60 74.00 + 14.10 79.63 + 6.23

ANS TARI male x Ajmer female 85.256 + 12.34 88.25 + 9.30 85.00 + 5.73 !
Ajmer male X IARI female 50.00 4 6.54 49.63 + 5.12 51.68 4+ 4.92
Ajmer strain 31.63 + 3.71 35.38 + 2.10 32.13 £ - 3.57
TART strain 10.13 4+ 2.09

Dim TARI male x Ajmer female 12.183 4+ 1.51 No defective forms
Ajmer male x TARI female 4.63 + 0.86 procured
Ajmer strain 2.00 =+ 0.19
TARI strain 10.38 + 1.68 .

Dff TARI male X Ajmer female 13.00 £ 1.46 No defective forms
Ajmer male x- TARI female 5.38 4+ 0.53 procured
Ajmer strain 3.00 + 0.87
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Normal parasites (Nf):

It is seen from Tables 1—4, and 6 that the parasites from the cross IARI
male X Ajmer female have the highest fecundity in all the generations. The
next best result is shown by the IARI strain ; this is followed by the Ajmer male
X IARI female; the Ajmer strain has the least fecundity. Within the same
strain or cross no significant difference in the mean fecundity of the three gene-
rations has been observed (Table 5).

Apparently normal female that develops with apparently normal male (4 Nfm):
Here again the maximum fecundity has been observed in the IARI male X
Ajmer female, and it is about one-third to one-fourth that of Nf (of IARI male X
Ajmer female). The Ajmer male X IARI female shows the next best reproduc-
tive capacity, the fecundity being one-third to one-fourth that of Nf. This is
followed by the IARI strain with a fecundity of one-sixth to one-fifth that of NY.
The least fecundity is obtained in the Ajmer strain, and it is about half that of
Nf.

Within the same strain or cross there is no significant difference in fecundity
from generation to generation. However, the reduction from all the three gene-
rations of Nfis significant at 19, level in both the crosses and in the Ajmer strain.
In the TARI strain, the reduction from the first and third generations of Nf is
significant at 19, level, while the reduction from the second generation is signi-
ficant at 59, level only.

Apparently normal females that develop together (ANff):

The JARI strain shows the highest fecundity in the first generation, but in the
succeeding generations it has dropped down to less than that of any generation
of the cross JARI male x Ajmer female. The difference in fecundity between
the first and second generations is significant at 59, level, and between the
first and third generations at 19, level; there is no significant difference between
the second and third generations. The fecundity is less than that of Nf; the
reduction in any generation from the first and third generations of Nf is signifi-
cant at 19, level, while the reduction from the second generation is not signifi-
cant at all. The fecundity is more than that of ANfm; the increase in the first
and third generations is significant at 19 level, and in the second generation at
59, level.

In the TARI male x Ajmer female the difference in fecundity in the three
generations is not significant. The fecundity is only one-third that of Nf, and
the reduction is significant at 19, level. Although the fecundity is more than
that of ANfm, the increase in the first generation is not statistically significant;
the increase in the second generation is significant at 59, level; the increase in
the third generation is significant at 59, level with the first and second genera-
tions, and at 19, level with the third generation of ANfm.

In the Ajmer male X TARI female the difference in the fecundity of the three
generations is not significant. The fecundity is less than that of Nf, and is about
one-third to two-fifths; the decrease from the first and second generations of

40 Beitr. Ent. 19, H. 3/6
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Nf is significant at 19, level, while the decrease from the third generation is
significant at 5%, level only. The increase in fecundity from that of ANfm is
not significant except in three instances, viz., between the third generation of
ANff, and the first as well as third generation of ANfm (all at 59, level); and
between the second generation of ANff and the third generation of ANfm
(again at 5%, level only).

In the Ajmer strain too there is no significant difference in the fecundity of
the three generations. The fecundity is less than that of Nf; the difference from
the first and third generations is significant at 5%, level, while the difference
from the second generation is significant at 19, level. The fecundity is more
than that of ANfm; the increase in the second generation is significant at 19,
level; the increase in the first'and third generations from the first generation of
ANfm is significant at 5%, level, but the increase from the second and third
generations of ANfm is not significant.

Defective female that develops with defective male (Dfm):

The maximum fecundity has been observed in the cross TARI male X Ajmer
female. The IARI strain shows the next best fecundity, and is followed by the
Ajmer male X IARI female and the Ajmer strain.

In the two strains and their crosses the fecundity is much less than that of
Nf, ANfm, and ANff. The difference is significant at 19, level, except in two
cases of the TARI strain (i. e., from the second generation of Nf, and from the
third generation of ANfm) where the difference is significant at 59, level only.

(As the progeny of the first generation were not defective, observations on
the fecundity of the succeeding generations were not made:)

Defective females that develop together (Dff):

Here again the maximum fecundity has been observed in the TARI male X
Ajmer female. The fecundity of the TARI strain is a little less than that of IART
male X Ajmer female. The IARI strain is followed by the Ajmer male X TARI
female, and the Ajmer strain.

The fecundity is much less than that of Nf, ANfm, and ANff in the two
strains and their crosses. The statistical significance is the same as in Dfm.
There is no significant difference between the fecundity of Dfm and Dff in any
strain or cross.

(As in Dfm the progeny of the first generation were not defective, and hence
observations on the succeeding generations were not made.)

Longevity

A consolidated account of the data on the longevity of the three generations
of the inbred forms and their crosses is given in Table 7.
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Table 7

Consolidated account of the longevity of three successive generations of the two
strains and the crosses between them

627

Type Strain First Second Third
of development or cross generation generation generation

IART strain 11.85 4 1.17 913 4+ 1.09 775 + 0.75

f IARI male X Ajmer female 18.50 + 2.24 18.88 4 0.40 17.63 £ 1.16
Ajmer male x IARI female 10.38 + 0.94 9.25 4 1.25 11.256 + 2.11
Ajmer strain 3.00 + 0.33 3.75 £ 0.16 5.38 + 0.32
TARI strain 2.75 4 0.87 3.88 + 0.32 3.38 + 0.26

ANfm IARI ma}exAjmer female 5.88 & 0.95 6.75 + 0.59 6.25 + 0.70
Ajmer male x IARI female 5.66 + 0.80 5.256 + 1.03 4.63 + 0.32
Ajmer strain 3.00 + 0.33 2.50 + 0.19 2.25 + 0.25
IARI strain 9.63 4+ 1.38 10.50 4+ 1.45 10.75 + 0.56

ANYF IARI male X Ajmer female 9.50 + 1.28 11.38 4 1.48 10.00 + 0.46
Ajmer male X IARY female 5.88 + 0.97 5.38 + 0.46 5.88 + 0.65
Ajmer strain 3.13 + 0.29 3.63 + 0.26 3.38 + 0.26
TARI strain 2.14 + 0.22

Dfm IARI male X Ajmer female 2.13 + 0.23 No defective forms
Ajmer male X TARI female 1.38 + 0.18 procured
Ajmer strain 1.13 + 0.13
TARI strain 2.00 + 0.19

Dff IARI male X Ajmer female 2.25 + 0.256 No defective forms

Ajmer male Xx IARI female 1.68 4 0.18 procured
Ajmer strain 1.50 -+ 0.19

Normal parasites (Nf): )
The IARI male X Ajmer female shows the maximum longevity. This is followed
by the Ajmer male X IARI female, the IARI strain, and the Ajmer strain. In
the TARI strain the difference between the longevity of the first and third gene-
rations is significant at 5%, level, and in the Ajmer strain the difference in the
third generation from the first as well as the second generation is significant at

19 level (Table 5). In both the crosses of the strains there is no significant dif-
ference in the mean longevity of the three generations.

Apparently normal female that develops with a,pparently normal male

(ANfm):
The maximum longevity is obtained in the IARI male X Ajmer female, and it
is about a third of Nf. The Ajmer male X IARI female comes next, its longe-
vity being about half that of Nf. This is followed by the IARI strain. The Aj-
mer strain has the least longevity. o

There is no significant variation in the longevity. of the three generatlons
within the same strain or cross.

In the TARI male X Ajmer female, and in the TARI strain the longevity is
much less than that of Nf, and the difference is significant at 1%, level.

In the Ajmer male X IARI female the decrease in longevity from.the first
generation of Nf is significant at 19 level; the decrease from the second genera-
tion is significant at 5%, level with the first and second generations; and at 1%

40*
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level with the third generation; the decrease from the third generation is also
significant at 59, level with the first and second generations, and at 19, level
with the third generation.

In the Ajmer strain the difference in the longevity from the first generation
of Nf is not significant at all; the difference from the second generation of Nf
is not significant with the first generation, but significant at 19, level with the
second and third generations; the difference from the third generation of Nf is
significant at 1%, level for all the three generations.

Apparently normal females that develop together (ANff):

The longevity of the IARI male X Ajmer female and the IARI strain is more
or less the same. The longevity of the Ajmer male X TARI female is much less,
while that of the Ajmer strain is the least.

No significant variation is observed in the longevity of the three generations,
either in the inbred forms or in the crosses.

In the TARI male x Ajmer female the reduction in longevity from that of Nf
is significant at 19, level in all cases except one, viz., the difference in the second
generation from the first generation of Nf, and here the significance is at 59,
level only. The increase in longevity from the first generation of 4 Nfm is signi- -
ficant at 59, level for the first generation, and at 19, level for the second and
third generations; the increase from the second generation of ANfm is not signi-
ficant in the first generation, but is significant at 59, level for the second genera-
tion, and at 19, level for the third generation; the increase from the third gene-
ration of ANfm is significant at 5%, level for the first generation, and at 19, level
for the second and third generations.

In the Ajmer male x TARI female the decrease in longevity from the first
generation of Nf is significant at 19, level; the decrease in the first generation
of ANff from the second generation of Nf is not significant, while the decrease
from the second generation of Nf is significant at 5%, level in the second and
third generations; the decrease from the third generation of Nf is also significant
at 5%, level in all the three generations. There is no significant difference between
the longevity of any generation of ANff and any generation of ANfm.

In the TARI strain there is a significant difference between the longevity of
the third generation of ANff and the longevity of the third generation of Nf.
Here the significance is at 19, level.” However, there is a marked increase in
longevity from that of ANfm, and the increase is significant at 19, level in all
cases,

In the Ajmer strain the difference in the longevity from the first and second
generations of NVf is not significant, while the difference from the third genera-
tion is significant at 1%, level. The increase in longevity from the first genera-
tion of ANfm is not significant in any generation ; the increase from the second
generation of ANfm is not significant in the first generation, but is significant
at 1%, level in the second generation, and at 5% level in the third generation;
the increase from the third generation of 4 Nfm is significant at 5%, level in the
first generation, and at 1%, level in the second and third generations.
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Defective female that develops with defective male (Dfm):

The longevity of the TARI strain and IARI male X Ajmer female is more or
less the same, while that of Ajmer male x IARI female, and Ajmer strain is a
little less.

The decrease in the longevity from any generation of Nf, ANfm, and ANff is
significant at 1%, level in the Ajmer strain and in the two crosses. In the IARI
strain the difference from the first generation of ANfm is not significant, but
the difference from any generation of the other types of development is signifi-
cant at 1%, level.

(As the progeny of the first generation were not defective, observations on the
longevity of the succeeding generations were not made.)

Defective females that develop together (Dff):

The longevity of the JARI male X Ajmer female is a little more than that of the
two strains and the other cross.

In the two crosses the reduction in longevity from any generation of the first
three types of development is significant at 19 level. In the IARI strain too the
reduction is significant at 1%, level except in one case, viz., from the first gene-
ration of ANfm and here the difference is not significant. In the Ajmer strain
also the difference is significant at 1%, level, except from the third generation
of ANfm, where the reduction is significant at 59, level.

There is no significant difference between the longevity of Dfm and Dff in
any strain or cross.

(As in Dfm the progeny of the first generation were not defective, and there-
fore observations on the succeeding generations were not made.)

Size

It is seen from the data given in Table 8 that when two parasites develop in
an egg a reduction in size occurs. It is also noted that when apparently normal
parasites develop together, and if they belong to the opposite sexes, then the
male is larger than the female. If the parasites that develop together are two
females, then each is slightly larger than the female that develops along with
a male. If the parasites that develop together are two males, then the size of
each is less than that of the male that develops along with a female.

Table 8
Effect of superparasitism on the size of the parasites

Average length in mm
Type of development (of eight observations)

Male Female
Normal 0.4112 0.4189
Apparently normal male and female 0.3594 0.3267
Two apparently normal females 0.3612
Two apparently normal males 0.3232
Defective male and female 0.3310 0.3103
Two defective females 0.3465
Two defective males 0.8275
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The same observations hold good in the case of defective forms also.

It is interesting to note that the average size of the defective males that devel-
op together is slightly more than that of the apparently normal males that de-
velop together.

Conelusions and Diseussion

It is evident from the data obtained during the course of the present investiga-
tion on the two strains of Trichogramma evanescens minutum and their crosses
that Trichogramma that develops singly in the egg of Corcyra cephalonica has
the maximum fecundity and longevity. It is also larger than those that develop
together in a host egg. This is because it gets sufficient nourishment for the
successful completion of the life cycle and emergence as a normal adult. There-
fore, its reproductive capacity, longevity, and size are not impaired. It is also
observed that there is no marked difference in fecundity and longevity from
generation to generation if the development continues to be normal.

However, when two parasites develop together in an egg of Corcyra cephaloni-
ca, superparasitism occurs. If the two parasites that develop together are appa-
rently normal females, then the fecundity, longevity, and size are much less than
those of the normal parasites. The reduction in fecundity and longevity is con-
tinued without any significant variation from generation to generation if the
development continues to be similar.

A further reduction in fecundity, longevity, and size is observed if two appa-
rently normal parasites belonging to the opposite sexes develop in the same egg.
The reduction in fecundity and longevity is maintained in the succeeding genera-
tions that develop similarly.

Naravanan & Cracro (1957) have observed that when superparasitism
oceurs in Trichogramma, the fecundity is reduced and is much less than that
of normal forms. The present observations too corroborate this view. Reduced
fecundity as a result of superparasitism has been observed by ULLyErT (1945)
in Microbracon hebetor Say. It has been reported by SimmonDs (1943) that the
reproductive capabilities of Nemeritis canescens GRAVENHORST might be impaired
when superparasitism occurs. The author’s (1963, 1964) observation that super-
paragitism lowers the fecundity of Bracon gelechiae ASHMEAD may also be point-
ed out in this connection. He has also reported that in Bracon gelechiae no signi-
ficant variation in fecundity and longevity occurs in successive generations,
both when the development is normal and when superparasitism occurs. A si-
milar observation has been made during the present investigation.

When two larvae of T'richogramma develop in an egg of Corcyra cephalonica,
the amount of food available in the egg is shared by them, with the result that
neither gets sufficient nourishment for the successful completion of the life
cyele into a normal adult. This, undoubtedly, affects the fecundity, longevity,
and size. It has been pointed out by Sart (1936), and by NARAVANAN & CHACKO
(1957) that when superparasitism occurs in T'richogrammae evanescens WEST-
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woop, and T'richogramma evanescens minutum respectively, the competition be-
tween the developing parasites for the available amount of food in the host egg
appears to be the factor that inhibits the normal development of the parasites.
In his studies on Bracon gelechiae, the author (1963, 1964) has observed that
when superparasitism occurs the competition among the developing parasites
for the available food inhibits the development of the parasite into normal
forms.

A very important and interesting observation made during the present in-
vestigation is that when superparasitism occurs, and if the two parasites that
emerge belong to the opposite sexes, then the fecundity is less than that of
either of the two females that develop together in an egg. In both the cases two
parasites emerge from one host egg, and they should have opportunity for an
equal sharing of the available food, and the development of the females should
have been alike. However, the development of the male along with the female
brings about a reduction in the fecundity of the latter, as compared to the fecun-
dity of either of the two females that develop together. Here it must be men-
tioned that, as a general rule, the males are smaller than the females in the
Hymenoptera, and this appears to be so, to some extent, in the case of normally
developed Trichogramma, as will be seen from the measurements given in
Table 8. It is, therefore, easy to consider that the normal food requirement of
males is somewhat less than that of females. However, when superparasitism

“occurs in Trichogramma with the development of two parasites, the females
that develop together are larger than the female that develops along with a
male (Table 8), which is quite contrary to the expectations under the above
postulate. The inference that can be drawn from the above finding is that the
males have a quicker rate of food intake than the females. Therefore, when a
male and a female develop together, the quicker food absorption coupled with
the lesser food requirement enables the male to complete the minimum nutri-
tional requirement to become an adult, thus leaving little food for the female.
Such a female does not get even as much nourishment as either of the two fema-
les that develop together. Hence its fecundity is less than that of the latter. Tts
longevity and size are also similarly affected.

Sanr (1936) has observed that when superparasitism occurs in Trichogramma,
and when the number of parasites feeding on the same host increases, there is
a preponderance of males. The author’s (1963, 1964) work on Bracon gelechiae
also shows that more males than females complete development and emerge
as adults when superparasitism occurs. In view of the dietary habit and require-
ment of males this is just what can be expected. In severe cases of superparasi-
tism the developing larvae of T'richogramma go on sharing the available food,
but the males absorbing quicker are able to complete their minimum require-
ment to become adults, and thus they leave no food for the females which may
succumb. Probably this accounts for the preponderance of males when super-
parasitism occurs in T'richogramma.
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Whenever superparasitism occurs with the production of defectively formed
adults, there is a highly significant reduction in the fecundity and longevity.
Probably more than two parasite larvae share the food in a host initially, with
the result that none gets enough nourishment to become even an apparently
normal adult. Therefore, the fecundity, and longevity are very adversely affect-
ed. The progeny of the defective parasites appear to be normal, if their devel-
opment is without superparasitism; Naravanan & Cracko (1957) have also
observed this phenomenon. However, further work is necessary to ascertain
whether such parasites are actually normal. '

In general it may be remarked that the difference in the fecundity and longe-
vity between the IARI and Ajmer strains appears to be due to the fact that the
Ajmer strain was originally obtained from the eggs of Chilo partellus, whereas
the TARI strain has been adapted for years to development in the eggs of Cor-
cyra cephalonica. This is substantiated by the fact that in the succeeding genera-
tions of Ajmer strain the fecundity has increased, showing that from generation
to generation the strain is getting more adapted to the new host (Corcyra cephalo-
nica). This is also borne out by the trend in the increase in the longevity of the
succeeding generations.” This observation appears to corroborate MARCHAL’s
(1936) view that Trichogramma immediately on emergence from its host seems
to have a very generalised conception of the host, and that the female’s inte-
rest becomes restricted after she meets with a normal host similar to that from
which it has emerged. However, this observation does not agree with that of
Hase (1925) who has stated that when eight different host eggs are present
simultaneously, no preference for any one is shown by T'richogramma evanescens,
and that parasites bred from one species readily attack the eggs of all others,

It is noteworthy that when the cross is made between IARI male and Ajmer
female, there is an increase in fecundity compared to that in which Ajmer male
is crossed with TARI female. Bearing in mind that Ajmer strain has not be-
come much adapted to the eggs of Corcyra cephalonica as the TARI strain, this
may be interpreted as due to the male carrying the instinct towards the selection
of the host rather than the female. It may be possible that if the original host
of the Ajmer strain had been provided, the record of fecundity would have been
the reverse, a fact which has to be borne out by further experimentation.

Fisgxr (1910) has shown that the combined reproductive capacity of two para-
sites that develop on a host large enough for one is much less than that of one
developing under identical conditions. A similar observation has been made
during the course of the present investigation.: However, this does not hold
good in the case of the Ajmer strain, probably because the later generations
have become more adapted to the eggs of Corcyra cephalonica.

There is hardly any need to point out here that superparasitism is a very
potent factor which determines the success or failure: of the colonisation of
Trichogramma. As has been mentioned earlier in this paper, a good deal of con-
troversy exists as to the exact role that this parasite plays in the biological con-
trol of insect pests. It is clear from the data obtained during the present investi-
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gation that superparasitism brings about a marked reduction in the fecundity
and longevity of Trichogramma. In the laboratory breeding of this parasite
superparasitism invariably occurs, and when parasites emerging from super-
parasitised eggs are used for the control of insect pests; one cannot expect them
to be of much value. Therefore, for the laboratory breeding of this parasite it
is essential to develop a method whereby the incidence of superparasitism can
be lessened, if not avoided altogether.

Results

1. The present work was undertaken to find out whether superparasitism affects the fe-
cundity, longevity, and size of Trichogramma evanescens minutum.

2. . Trichogramma that develop singly in the eggs-of Corcyra cephalonica have the maxi-
mum fecundity, longevity, and size. There is no significant increase or decrease in the fe-
cundity or longevity from generation to generation if the development continues to be nor-
mal. :

3. When two parasites, either two females or a male and a female, develop in an egg of
Corcyra cephalonica, superparasitism occurs adversely affecting the fecundity, longevity,
and size.. This reduction in fecundity and longevity is maintained without any significant
variation in the succeeding generations, if the development continues to be similar.

4. The competition between the developing parasite larvae for the limited food appears
to be the factor that inhibits the normal development.

5. If two parasites belonging to the opposite sexes emerge from an egg, then the fecundity
longevity, and size of the female are less than those of either of the females that emerge
from an egg.

6. The inference that is drawn is that the male has a quicker rate of absorption of nourish-
ment in the larval stages, and this coupled with its lesser food requirement enables it to
complete the development leaving little food for the female. Such a female does not get
even as much nourishment as either of the two females that develop together. Hence the
reduction in its fecundity, longevity, and size as compared to the latter.

7. In severe cases of superparasitism the quicker food absorption by the males results in
the elimination of the females, thus accounting for the preponderance of males.

8. When defective forms are produced as a result of superparasitism, there is a highly
significant reduction in fecundity and longevity.

9. Tt is suggested that the difference in fecundity between the IARI strain and the Ajmer
strain is probably due to the fact that the latter which was obtained from the eggs of Chilo
partellus has not become quite adapted to the eggs of Corcyra cephalonica which is the labora-
tory host.

10. There is an indication of increased fecundity and longevity in the succeeding genera-
tions of the Ajmer strain showing that the parasites are getting more adapted to the eggs of
Corcyra cephalonica.

11. The experiments with the two strains and their crosses-indicate that the instinct
towards the selection of host is transmitted through the male parent.

12. The combined fecundity of two parasites that develop in an egg of Corcyra cephalonica
is less than that of one developing in an egg.

13. Tt is suggested that a method should be developed whereby the incidence of super-
parasitism may be lessened or altogether avoided in the laboratory breeding of Tricho-
gramma.
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Summary

When superparasitism occurs in Trichogramma evanescens minutum there is a reduction
in fecundity, longevity, and size. If two parasites belonging to the opposite sexes emerge
from a superparasitised egg of Corcyra cephalonica, then the fecundity, longevity, and size
of the female are less than those of either of the females that emerge from an egg. It appears
that the male has a quicker rate of absorption of nourishment in the larval stages, and this
coupled with its lesser food requirements enables it to complete the development, leaving
very little food for the female. In severe cases of superparasitism the quicker food absorp-
tion by the males results in the elimination of the females, thus accounting for the prepon-
derance of males. When defective forms are produced as a result of superparasitism, there
is & further reduction in fecundity and longevity.

Zusammenfassung

Wenn bei Trichogramma evanescens minutum Hyperparasitismus auftritt, gehen Frucht-
barkeit, Lebensdauer und GroBe zuriick. Wenn zwei Parasiten verschiedenen Geschlechts
aus einem hyperparasitierten Ei von Corcyra cephalonica schlipfen, sind Fruchtbarkeit,
Lebensdauer und GréBe des Weibchens geringer als die eines Weibchens, das mit einem
anderen Weibchen aus einem Ei schlipft. Anscheinend zeichnet sich das Ménnchen in den
Larvenstadien durch eine schnellere Nahrungsaufnahme aus, die es ihm in Verbindung mit
seinem geringeren Nahrungsbedarf ermoglicht, seine Entwicklung zu vollenden und dem
Weibchen sehr wenig Nahrung zu lassen. In schweren Fillen von Hyperparasitismus
fuhrt die schnellere Nahrungsaufnahme der Mannchen zur Beseitigung der Weibchen, was
das Uberwiegen der Minnchen erklirt. Wenn infolge von Hyperparasitismus verkiimmerte
Formen entstehen, sind Fruchtbarkeit und Lebensdauer noch geringer.

Pesiome

Ecaun y Trichogramma evanescens minutuwm BOSHMKAET TUIEPIAPASUTHPOBHA,
TO TOTIA YMEHbIIAeTCA IIOOTBOPHOCTE , IPONOIKUTENBUOCTD JRUSHI ¥ BeJIWIHNHA,
Ecau pBe mapasuTsl PasHOrC I0Ja M3 OJHOTO THIEPIADASHTHPOBAHHOIO SULA
Corcyra cephalonica BHNIYIHBAIOTCH, TOrLA INIOZOTBODHOCTS, HPOMOIKATEINLHOCTD
JHUBHH U Bel4YUHA CaMKHU (oJiee MaJleHbRYU 4eM Y CaMKM, KOTOpas BMecTe ¢ IpYyroi
CaMKOHI BRUIyIIMBANIACh M3 OJHOro Auna. O4YeBUAHO BHIABISIOT CaMIBl B JIHYHHOY-
HOH (aze GoJiee OBICTPOE IUTAHNE, KOTOPOE UMHU TI03BOJIAET, BMecTe ¢ fojiee HUSKUM
yuorpeGiaeHueM UK, OHCTpee OKOHYKTH PA3BUTHE U [JIf CAMKH OCTAHETCS 04eHb
MaJo IUINK. B cephe3HBIX Ciiyuyaes MHIepIapasuTU3Ma 9T0 NPUBOIUT K VIAJNEHAIO
CAMOK, 9TO U 00bsICHAET TOTHA BLICOKYIO HOJII0 caMIloB. EciM BIIOCIeNCTBHY IUiiep-
NapasuTU3Ma BOSHUKAKT HEN0PAa3BHUTHE YOPMBL, TOTHA IIJIOKOTBOPHOCTS M IIPOHOJI~
FKUTEJNBHOCTD FRU3HI eLIe HuzKe.
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