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ABSTRACT

Apanteles angaleti Muesebeck (Hymenoptera : Braconidae) is an endoparasite of the pink
bollworm, Pectinophora gossypiella, a notorious pest of cotton, that is India’s white gold. Large
numbers of these parasites were bred and sent to the U.S.A. in 1954 for multiplication and
liberation against this pest in the cotton-growing belt of the Southern States. In this paper
the effect of temperature and humidity on the rate of development of the parasite has been
studied in detail. These studies will enable the utilization of the parasite for the biological
control of the pest on a more rational basis.

INTRODUCTION

Apanteles angaleti Muesebeck is a recently discovered braconid parasite
of the pink bollworm of cotton, Pectinophora gossypiella Saunders, which
causes considerable damage to this important fibre crop in India and also
wherever cotton is grown in the world. The parasite was discovered in India
in 1954 and a technique for its mass multiplication was developed (Narayanan,
Subba Rao and Gangrade 1956). Since then the parasite has been shipped
to the United States of America in large numbers for release and colonization
in the cotton-growing belts of that country. The biology of the parasite has
been studied by Narayanan, Subba Rao and Gangrade (loc. cit.). The twin
physical factors of temperature and humidity play an important role in the
successful mass multiplication of the parasite in the laboratory. In this paper
the ecological factors that govern the rate of development and growth of
A. angalett have been studied in detail.

MATERIAL AND METHODS

The alternate host, Corcyra cephalonica St., used in these studies is reared
in large numbers in the parasite laboratory.

Selected humidities were obtained in desiccators by mixing pure potassium
hydroxide and distilled water in certain proportions according to Buxton (1931).
The humidities were checked by paper hygrometer as well as by the wet and
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dry bulb thermometer and necessary adjustments were made by adding water
or potassium hydroxide, as the case may be. Required temperatures were
maintained in thermostatically controlled incubators maintaining constant
temperatures with a difference of +1°C.

The methods adopted for studying the development of different stages
of the parasite were the following:

(@) Incubation period : Suitable stages of host larvae were offered to mated
Apanteles angaleti females in petri-dishes for oviposition. The parasites were

TEXT-FIG. 1.
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allowed to oviposit exactly for two hours. At the end of two hours the petri-
dishes were removed and kept in desiccators with different relative humidities
and then in incubators maintaining the particular temperature under investi-
gations.

Dissections of parasitized larvae were carried out under a binocular micro-
scope by taking 25 larvae at random as standard after certain hours according
to the conditions. Dissections were continued at intervals of 1-3 hours accord-
ing to the condition of development after each dissection, till the maximum
hatchings were obtained (Text-fig. 1, Figs. 1 and 2).

(b) Immature stages : In the case of immature stages also the same method
was followed as in the case of the study of the incubation period. However,
the number of larvae exposed for parasitization was more and the parasitized
larvae were allowed to develop in crushed jowar to which some yeast had
been added. To find out the duration of the first instar, ten larvae were taken
as standard at random and dissected daily. Dissections were carried out
till the maximum number of second instar larvae were obtained. The differen-
tiation of the first and the second instar was made by observing the distinctive
changes in the shape of the head, mandibles and the disappearance of the caudal
tail from the first instar larvae and the appearance of caudal vesicle in the
second instar (Text-fig. 1, Figs. 3, 4 and 5, CH, CV). The emergence of the
fully developed parasitic larvae from the host and the cocoon formation were
taken as an indication of the pre-pupal period, and the emergence of adults as
the pupal period.

(c) Study of the development of the parasite under field conditions : This was
carried out inside the ‘Stevenson’s screen’ chamber installed in the cotton
fields of the Indian Agricultural Research Institute. The chamber was
provided with a ‘ maximum and minimum thermometer’, ‘dry and wet bulb
thermometer’ and a paper hygrometer to record the temperature and
percentage of humidity daily inside the chamber. Observations were made
at 9 a.m.

OBSERVATIONS

Incubation period at different temperatures and 65 per cent R.H.

The incubation period of the eggs of Apanteles angaleti was studied at
12, 15, 20, 25, 30, 35 and 40° C and at 65 and 85 per cent R.H. Dissections of
the host larvae were made at regular intervals to ascertain the incubation
period of the parasite egg. There were three replicates for each combination
of temperature and humidity. The results obtained in the above experiments
are given in Table I and graphically represented in Text-fig. 2, Fig. 1.

It can be seen from Table I that the humidity has a marked effect on the in-
cubation period within limits—between the temperature range of 25° and 30° C.
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TasLE [

Showing the effect of humidity and temperature on the incubation period of Apanteles
angaleti (in hours)

SL. Temp. in 65% R.H. 859% R.H. 70% R.H.
No. °C Mi | . ] .
in, | Max. i Aver. | Min. ! Max. } Aver, l Min. ‘ Max. ‘ Aver.

1 12 No development Host larvae died after 7 days.
2 15 184 202 [194-3 | 192 220 |207-74] — — —_
3 20 62 76 70-5 71 80 76-1 — — —
4 25 35 39 | 375 30 36 330 | — — —
5 27 — — — - — — 26 31 28<5
6 30 25 29 27267 22 25 23-5 — — —
7 35 20 25 | 22-5 22 24 230 | — — —
8 40 No development Host larvae died after 6 days.

At 15°, 20° and 35° C, higher relative humidity appears to retard the develop-
ment; the incubation period is more at 85 per cent than at 65 per cent R.H.

Effect of temperature and humidity on the rate of development of the first instar
larva

Separate dishes containing freshly hatched host larvae in a thin layer of
maida (fine wheat flour) were exposed for parasitization for one hour only for
each set of temperature and humidity. Experiments at 15° and 35° C were
discontinued as the host larvae died after 7 and 6 days’ exposure respectively.
Ten larvae were taken at random as standard for dissection every day and
dissection was continued till the maximum number of second instar grubs
were observed. The criteria for differentiating the first from second instar
larva was the change in shape and structure of mandible—from strong chi-
tinized structures to fleshy pads in the second; the disappearance of the caudal
horn and the appearance of the caudal vesicle, the latter being the most dis-
tinctive feature of the second instar.

TasLE I1

Ejfect of different temperatures on the rate of development of the first instar ut
659% R.H. and 85% R.H. (in days)

I [ — ’ 659 R.H. 859, R.H. 709 R.H.
< ANO. sn O .
ture in °C Min. ] Max. ] Aver. | Min, 1 Max. ] Aver, | Min. l Max. | Aver.

1 15 Host larvae died Host larvae died Host larvae died.
2 20 28-6 314 30-33] 24.0 | 287 26:3 — — —
3 25 19:5 | 26-3 236 137 16-5 15-1 — —_— —
4 30 10-0 13-8 11-9 11-1 15-0 13-0 v — e
5 35 Host larvae died Host larvae died Host larvae died.
6 27 — ] — ] — | — ] — ] — | 991571128




154 E.S. NARAYANAN, B. R. SUBBA RAO & T. S. THONTADARAYA: EFTECT OF

The results obtained from day to day dissections have been compiled
in Table IT and graphically represented in Text-fig. 2, Fig. 2.

It can be seen from Table II that humidity has a marked effect on the rate
of development of the first instar grub in the temperature range 20°-30° C and
is accelerated at 20° and 25° C with a high percentage of humidity at 85 per cent.
But at extremes of the above temperatures, that is, at 15° and 35° C, the devel-
opment was completely retarded and the host larvae died. The results are
plotted in the figure to show the rate of development of the first instar grub
at different temperatures.

Effect of temperature and humidity on the second instar larva

The same dishes that were kept at different conditions to study the dura-
tion of the first instar were utilized for studying the duration of the second
instar also. As the third instar period in Apanteles angaleti lasts only a few
hours, pupation and construction of the cocoon is taken as the period to find
out the second instar duration. Hence freshly formed cocoons were counted
daily from the date of commencement of the cocoon formation and recorded
till they ceased to do so. The second instar period has been calculated by.
deducting the minimum and the maximum days where more number of second
instar grubs were obtained from the minimum, and the days of maximum pupa-
tion from the date of exposure. The results are tabulated in Table ITI and
graphically represented in Text-fig. 2, Fig. 3.

Tasre ITT

Showing the effect of huwanidity on the rate of developmen? of the second instar stage of
the parasite A, angaleti at different temperatures (n days)

65% R.H. 859 R.H. 70% R.H.
51, No.; Temp. in
°C Min. | Max. | Aver. | Min. | Max. | Aver. | Min. | Max. | Aver,
1 20 7 10 8.5 6 9 7-5 — — —
2 25 5 9 7.0 4 7 55 — — —
3 30 4 5 4.5 5 7 6.0 — — —
1 27 —_ — — — —_ — 4 6 5

It can be seen from Table I1I that humidity has a marked effect on the
development of second instar larva where it is 8-5, 7 and 4-5 days at 65 per cent
relative humidity and 7-5, 5-5 and 6 days at 85 per cent R.H. The higher tem-
perature of 30° C with 85 per cent R.H. is found to retard the development.
The results have been plotted in Text-fig. 2, Fig. 3, to show the effect of tem-
peratures and humidities on the duration of development of the second
instar larva.

5B
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Third instar larva

Under normal conditions, fully developed parasitized host larvae with the
second instar grubs will start spinning their silken cocoons. After completing
the cocoon formation host larva rests for some time and prepares itself for pupa-
ting. The fully developed second instar grub at this time emerges from the
body of the host larva by piercing the body wall. The fully grown second
instar grub almost assumes the form and structure of the third instar except
for the caudal vesicle which is still evaginated. The second instar grub moults
while emerging from the host body and turns into the third instar, which is
of extremely short duration. The duration of the third instar varies from
half an hour to one to three hours under normal conditions. Hence the study
of the third instar period was deleted as its exact duration is difficult to find
out under different conditions.

Pupal period

The pupal period has been calculated by deducting the day of commence-
ment of pupation and the day at which the highest number of cocoons formed
from the date of commencement of emergence, and the day at which the largest
number of adults emerged, from the date of exposure. The results obtained
are given in Table IV and graphically represented in Text-fig. 2, Fig. 4.

TasBre IV

Showing the effect of different humidities on the pupal period of A. angaleti at
) different temperatures

00
?U
as

659%, R.H. 70% R.H.

SL No/ TergE- i

v’
1
Min., | Max. {Aver ! Min. y Max, | Aver.| Min. | Max. I Aver,

4
|
7 l 10 ¥ — — ’ —

1 20 7 12 9-5 8-3

2 25 5 10 7-5 1 8 6-0 — — —
3 30 4 7 55 No emergence — — | —
4 27 — — — - — — 3 7 ‘ 6

It can be seen from Table IV that the effect of humidity is marked at
different temperatures. Higher humidity of 85 per cent has retarded the
growth and emergence. While 65 per cent humidity is more congenial for
pupal development at 20°C, emergence is poor at 25° and 30°C. A con-
solidated table has been given to show the effect of different temperatures
and humidities on the rate of development of the immature stages and the
total of the average periods of all the stages.

It can be seen from Table V that the total averages of all the stages is
51, 39, 23 days at 20°, 25° and 30° C and 65 per cent R.H. and 45-5 and 28 days
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TaBLE V

Showing the average duration of all the immature stages of the parasite A. angaleti
and the total period taken to complete the development (in days) under a slight
Sluctuating condition

. . First ' Second Third

81, No. Terxgg. m Hm]._}/ldlty Incubg t(;on instar instar instar P“P a,(ll Total

: 0 perio period f period period perio
i

1 20 65 2-9 30-1 | 8-5 9-5 51-0
2 25 65 1-6 22:9 | 7.0 £ 75 | 390
3 30 65 1-1 119 | 45 £ 3 55 230
4 20 85 2-2 26-3 | 745 @ = 85 455
5 25 85 1-4 151 ! 55 i ‘? 6-0 28-0
6 30 85 1.0 130 | 60 g No emergence
7 27 70 1-0 13-0 i 50 60 i 25.0

at 20° and 25° C and 85 per cent R.H. The period taken at 27°C and 70 per
cent R.H. is 25 days (see Text-fig. 3, Fig. 5).

Hence it is evident that the shortest life-cycle is completed only under
30° C and 65 per cent R.H. and also at 27°C and 70 per cent R.H. Temper-
atures higher than 30° C are detrimental to the growth and development of
both the host and the parasite.

While studying the effect of temperatures and humidities on the duration
of different instars, it was necessary to remove the petri-dishes containing the
parasitized larvae from the temperature cabinets for removing some larvae
for dissection. Hence the rate of growth was not studied very accurately
under constant temperatures and humidities. So, to find out the possible
differences, a set of experiments was conducted in which the larvae were not
disturbed from the time of oviposition to the emergence of the adult parasites.
Table VI shows the data collected from the experiments (see also Text-fig. 3,
Fig. 6).

TaBre VI

Showing the duration of developmental period at various temperaiures and
humidities under undisturbed conditions

659% R.H. 839 R.H, 70% R.H.
81. No.{ Temp. in °C
Min, | Max. | Aver. | Min. | Max. l Aver. | Min. | Max. ’ Aver,
I

1 12 No development No development No development.
2 15 Ditto Ditto Ditto
3 20 48 58 53 45 52 48-5| — —_ —
4 25 37 45 41 24 30 270} — — l —
5 30 19 25 22 No emergence No emergence.
6 35 No development No development No development.
7 40 Ditto Ditto Ditto
8 — — —_ —- — — — 23 28 255
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By comparing Table VI with Table V it can be seen that at 20°C and
85 per cent R.H. the life-cycle is completed in 53 days under controlled constant
conditions as against 51 days at 20° C and 85 per cent R.H. under slightly
fluctuating ones. In the same manner in other experiments also the develop-
mental duration is reduced to a slight extent.

Studies on the development under field conditions

Experiments were conducted inside ‘ Stevenson’s screen ’ that was placed
in the cotton fields of the Entomology Division. The following is the meteoro-
logical data for the months of December 1954 to July 1955 when the experi-

ments were conducted.
TapLe VII

Temperature and humidity for the months of December 1954 to July 1955

Temp. in °F Humidity %
Month Year —
Max. Min. Aver Max. Min. Aver.
December ..| 1954 80-2 | 32:2 56-2 98 72 86
January ..| 1955 72:3 31-0 55-2 100 74 91
February ..| 1955 85-3 373 60-0 95 56 78
March .. 1955 991 49-2 73:0 98 30 72
April .. 1955 102-3 52-2 76-9 83 19 45
May .| 1955 107-3 64:2 86:4 77 72 43
June ..t 1955 113-2 76-2 93-6 99 22 35
July . 1955 102-2 73-3 88-0 99 49 74
TaBrE VIII

Showing the rate of development during the differemt months under field conditions

!

[ !
[ Temp. during the Humidity during |
g1, | Months studied period of development the period of * No. of days taken
No. in °F i development . to complete one
' ‘ : i life-cycle
From— | To-— Max. ’ Min, i[ Aver. | Max. | Min. | Aver. ;
: | :
| [— \ :
1 8-12-54 | 30-3-55 99-1 } 31-0 61-1 \ 100 30 82.0 ) 112:0
(16-1° C)
2 2-2-55 14-4-55 991 373 70-0 1 98 30 65-0 ’ 60-5
| (16-1° C) -
3 | 15-3-55| 29-4-55| 102-3 { 492|760 98 | 19 [ 585 | No emergence
\ (24-4° C)| ! '
4 26-6-55 | 10-8-55 | 1051 | 73-0 88-0 99 49 86:0 | No emergence
l r(31-1° ) |

It can be seen from Table VIII that the parasite was able to complete
its development only during the months of December to April when the mean
temperature was 37-3°C and 65 per cent R.H. humidity. After this period
the parasite was not able to complete its development.
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DiscussioxN

The importance of ecological studies in relation to the mass breeding
of parasites and predators needs no emphasis. The very success or failure
of a biological control programme depends on the efficient mass rearing of
healthy parasites and their timely release in the field for colonization.

Apanteles angaleti Muesebeck is an indigenous parasite that has attracted
the attention of many economic entomologists all over the cotton-growing
areas of the world. This braconid wasp was first discovered in India and later
described as a new species to science. A technique for the mass production of
this parasite species in the laboratory was evolved for the first time in the
world. Apanteles is a shy parasite that fails to oviposit under laboratory
conditions. This was a problem to economic entomologists. By a mani-
pulation of temperature, humidity and oviposition technique, the mass pro-
duction of the parasite was made possible under laboratory conditions. These
parasites were then multiplied in thousands and sent to the parasite receiving
stations at Moorsetown, New Jersey, U.S.A, There the scientists followed the
technique evolved by us and sent regular consignments of the parasite to the
cotton-growing belt, particularly in Texas, for liberation and colonization for
the control of the pink bollworm, Pectinophora gossypiella.

Temperature and humidity are the two most important physical factors
affecting the rate of development of animals and the parasitic species are no
exception. This has been substantiated by Flanders (1931) in the case of
Trichogramma evanescens minutum R., Lund (1934) in the case of the same
species, Fallis (1942) in the case of Apanieles carpatus Say, Van der Merwe
(1943) in the case of Mormoniella vitripennis Walker, and Simmonds (1953) in
the case of Spalangia drosophilae Ashmead. These workers found that an
increase in temperature within a certain range decreases the total period of
development, that is, an increase in temperature accelerates the velocity of
development. It is also known that increase in humidity, again within certain
limits, accelerates development—especially if there is a concurrent increase in
temperature as well. However, very high temperature and very high humidity
retards development. ‘

In Apanteles angaleti it is seen that there is no development of the eggs at
the extreme temperatures of 12°, 15°, 35° and 40° C and the incubation period
of the egg is prolonged at 20° and 30° C if the humidity is 85 per cent R.H. as
compared to the incubation period at the same temperature and 65 per cent
R.H. The same holds good in the case of first and second instars also. Again,
at 30° C and 85 per cent R.H. there was no emergence of adults from pupae
due to the combined effect of high temperature and high humidity. Similar
results were obtained by Payne (1933), Maercks (1933) and Harries (1937) in
Bracon hebetor Say and Ahmad (1936) in Nemeritis canescens Craw.
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Apanteles angaleli seems to prefer a humidity of 65-85 per cent for com-
pleting its life-cycle in the shortest possible duration at the comparatively low
temperatures of 20° and 30° C, but at higher temperatures and higher humi-
dities the development is retarded. Similar results were obtained by Flanders
(1931) and Lund (1934) in T'richogramma minutum. But Fallis (1942) ob-
served in the case of Apanteles carpatus Say that the comparatively low humi-
dity of 30 per cent was suitable for the development of the parasite; whereas
experiments carried out on A. angaleti showed that even a humidity of 45
per cent was detrimental to its development.

The effect of humidity on the rate of development of the first and second
instar grubs is apparently not so pronounced as that of temperature. The
effect of the latter seems to ‘mask’ the effect of the former. On the other
insects too, and more specially on endo-parasites, there has been a considerable
amount of controversy regarding the effect of humidity on the rate of develop-
ment. Ahmad (1936), while studying the influence of ecological factors on the
rate of development of the larvae of Nemeritis canescens, attributed the
differences in the rate of development to temperature alone. He concluded
that since N. canescens is an endo-parasite, external changes in humidity would
not bring about any appreciable changes in the rate of development of larvae.
The present investigations, on the other hand, seem to support the view that
humidity does play an important role in the physiology of parasitic insects,
both endo- and ecto-parasites. It is but logical that if the host larva is pro-
foundly influenced by the ecological factors, the parasitic grubs contained in it
should also be affected. This opinion has been supported by Uvarov (1931)
and Shelford (1926).

Another interesting finding in these investigations was that the duration
of the first instar larva was comparatively longer than the other instars at all
temperatures. However, the parasite larvae developing at the low tem-
perature of 20° C were found to be slightly bigger than those that developed
at the other temperatures. This fact may be explained by assuming that the
first instar parasite larvae that develop at 20° C take some time to complete
their development and thus consume more food, quantitatively, than those
that develop more quickly at the higher temperatures. Also the host larvae
are bigger at lower temperatures than at higher temperatures because of the
great accumulation of fat bodies; and the parasitic grubs developing in these
larger hosts naturally also have more food to feed on.

The results obtained under field conditions on the rate of development of
the immature stages during the months of January to April 1955, when average
temperature was 21-1°C and the average humidity 65:9 per cent, seem to
follow the trend seen in the experiments at 20° C and 65 per cent R.H. in the
laboratory. However, the maximum and minimum temperatures were
102:3° ¥ and 37-3° F in the field.
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Narayanan and Choudhry (1954) studied the development of the parasite
Stenobracon deesae (Cam.) during the different months of the year and found that
it took 141 days in June-July when temperature ranged between 82° and 102°
F and the humidity between 29 and 99 per cent, and 43-7 days in November-
December when the temperature ranged between 57° and 74° F and the humidity
between 14 and 49 per cent. The results of the present investigations seem to
corroborate the above findings. During December to March (1954-55), when
the temperature ranged between 31° and 99° F and humidity between 35 and 100
per cent, 4. angaleti took 112 days to complete its development, but during
February-April, when the temperature ranged from 37-3° to 102-3° F and humid-
ity between 30 and 98 per cent, the duration was reduced to an average of 60-5
days. However, the parasite was not able to emerge in March and April when
the temperature was fairly high and the humidity low. These observations
parallel the results obtained by Hafez (1947) on Apanteles ruficrus Hal. in the
months of June and July in Egypt when the temperature ranged between
73°and 105° F and humidity between 49 and 99 per cent. He also observed that
. high temperature coupled with high humidity was responsible for the non-
emergence of the adults. These results are comparable to those obtained in
the laboratory at 30° C and 85 per cent R.H.

SUMMARY

The results of investigations on the rate of development of Apanteles
angaleti Muesebeck, a braconid endo-parasite of the pink bollworm, Pectino-
phora gossypiella (Saunders), under different conditions of temperature and
humidity in the laboratory and also under field conditions, are summarized
below:

(@) Incubation period.—The °threshold ’ of development for this parasite
seems to be between 12° and 15° C and 65 per cent R.H. since at 12° C the eggs
did not hatch because of the death of the host larvae themselves within 6 days,
and at 15° C the hatching was prolonged. The results were similar at 85
per cent R.H., and it may be concluded that humidity does not have a marked
influence on the development of the embryo at these comparatively low
temperatures. At %0° C with 65 per cent R.H. and 85 per cent R.H. no
development was observed either. So the upper fatal limit of temperature
seems to be between 35° and 40° C.

(b) Larval instars.—The lower temperature limit for the development of
the grubs is 15° C and the upper limit 35° C. At the latter temperature the
first instar grubs die before completing their transformation into the second
ingtar. 20° Cand 25°C and 85 per cent R.H. appear to accelerate the develop-
ment of the grubs, as compared to 65 per cent R.H., but 30° C and 85 per cent
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R.H. retards development. The development of the grubs seem to be accel-
erated most at 27° C and 70 per cent R.H.

(¢) Pupal stage.—The rate of development of the pupae is also accelerated
with the rise in temperature between 20° and 30°C. The effect of humidity on
the development of this stage is similar to its effects on the larval instars.

Tt is concluded that the optimum conditions of temperature and humidity
for the development of the different stages of the parasite are: lgg stage
25°C and 85 per cent R.H.; larval stage 27°C and 70 per cent R.H.; pupal
stage 30° C and 65 per cent R.H.

(d) The duration of the total development of the parasite is shortened
by rise in temperature and humidity between 20° and 25° C, but at 30° C higher
humidity (85 per cent R.H.) retards the emergence of the imagines.

(e) The rate of development of the immature stages under field conditions
is governed by the variability of both temperature and humidity. The
parasite seems to be unable to complete its life-cycle during March—June at
Delhi because of the higher temperature and low humidity prevailing at that
time of the year.
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