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Absitract

The pteromalid Conomorium sp. is one of the gregarious endopar-
asitoids attacking the pink stalk borer, Sesamia crelica pupa in Egypt.
The biological and morphoiggical studies were not adequately investigat-
ed before. Accordingly, this work was conducted to study this aspect for
the sake. of easy differentiation between this species and other species
belong to genius Conomorium. The different immature stages of Conom-
orium sp. (eqq, four larval instars, prepupa and pupa) were briefly de-
scribed. The mean incubation period is 1.75 £ 0.25 days, the mean total
durations of the larval stage (4 instars) are 2.25 + 0.25, 3.5 + (.09,
3.75 4 0.20 and 4 + 0.18 days, respectively. Whereas the prepupal and
pupal stages lasted 1.13+ 0.12 and 8.5 + 0.23 days, respectively at 25
°C and 65 + 5 R.H. The two sexes of the parasitoid were differentiated
and described. Mating and oviposition processes are described. Pupae of
8 lepidopterous species were tested as hosts for Conomorium sp. Two
species, S. crefica and Agrotis ipsilon were attacked by the parasitoid fe-
male. Effects of difterent types of supplementary food on the longevity
of adults were tested. The suitable temperature for rearing the parasi-
toid is 25 °C, where the female lived for a mean period of 27 days and
produced an average of 189.3 + 32 46 aduilt parasitoids during its life
span with sex ratio of 1 male : 10.47 female. It was found that mating
did not affect the ovipositional activities, life-span. Oviposition partheno-
genesis occurs and unfertilized eggs give rise to males only. The number
of generations of parasitoid per year in laboratory were 13 generations.
Adults (females and males) of the pteromalid Conomorium sp. were
stored at 10 C for ditferent periods of storage. Mortality rates were low-
er among females than males. Also, cold storage ot males for longer peri-
ods more than 25 days caused detrimental effect on the fertility of
males. The cold storage for 35 days led to a sex-ratic of 1 male: 0.2 fe-
male when storage males copulated with freshly emerged females. It was
found that 90 days period of storage may be considered the maximum
favorable period of storage for virgin or mated femates without any det-
rimental effects on their own or their progeny, fecundity or longevity.
Storage studies are important to obtain the greatest numbers of parasit-
ic adults at any required time much early before occurrence of economic
damage of the target insect pest 8. cretica.
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INTRODUCTION

The pieromalid gregarious endoparasitcid, Conomorium sp. was secured from S
cretica pupae collected periodically from the Experimental Farm of Faculty of Agricul-
ture, Moshtohor, Qalubia Governcrate. Dr. Hannes Baur, staff member of the Naturat
History Museum {Bern, Switzerland), identified this parasitoid. Dr. Hannes assured that
this parasitoid is not Conomorium amplum {eremita) (Walker) and it's a new unde-
scribed parasitoid species on §. cretica pupae in Egypt. The present studies deal with

the biology of this beneficial species.

MATERIAL AND METHODS

1. Rearing of the parasitoid hosts: Sesamia cretica egg masses were collact-
ed from maize plants cullivated in the Experimental Farm of the Faculty of Agriculture,
Moshtohor, Qalubia Governorate. After hatching, larvae were reared at an average of
25 + 2 °C and 65 + 5 R.H. using the technique described by Yacoub {1999). Large
numbers of A. jpsilon larvae were collected from the field and reared at an average of

25 + 2 °C and 65 £ 5 R.H. using the technigue described by Gesraha {1993).

2. Rearing of the parasitoid: Rearing began with the adults, which emerged in
the laboratory from parasitized pupae of S. crefica collected from Experimental Farm of
the Faculty of Agriculture. Each group of parasitoids emerged from a singie pupa of S
cretica were confined in a glass jar 13 x 7cm., covered with muslin set in position by a
rubber band. On the outer surface of the muslin cover, droplets of honey were put to
feed the adult parasitoids. Parasitoid adults were left for 24 - 48 hours for feeding and
mating. Females were separated and each one was confined in a glass tube 8 x 2cm. A
freshly formed single pupa of 5. cretica was exposed to adult female within the glass
tube for 24 hours and then removed to be replaced by another pupa for 24 hours and
so on unti! the death of female. The parasitized pupae were kept individually in glass
tubes 8 x 2 cm. until emergence of the parasitoid adults. Rearing of the pa'rasitoid was

conducted at 25+ 2 *C and 65+ 5% R.H.

3. Description and duration of immature stages of Conomorium sp.:
30 newly formed pupae of S. cretica were exposed daily to mated females of Conomor-

ium sp. Two times every day a group of 15 host pupae were dissected under a binocu-
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lar microscope. The egg at different stages of embryonic development, the four larval
instars, the prepupa and pupa were studied; mounted and drawn under a binocular mi-

croscope by the aid of a camera Lucida.

4, Emergence of adult parasitoids from host pupa, sex differentia-
tion, mating process and oviposition were observed and described.

5. Host range in the laboratory: A group of fifty pupae of 8 lepidopterous
species namely; Sesamia cretica Led.; Ostrinia nubifalis Hb.; Chilo agamemnon Bles.; Ear-
ias insulana Boisd., Pectinophora gossypiella Saunders; Agrotis ipsilon Rott.; Anagasta
kuehniella Zell., and Spodoptera littorals Boisd. were individually confined in a glass test
tube. A freshly emerged adult female of Conomorium sp. was introduced in each test
tube and left for 48 hours for oviposition. Pupae were then removed and kept individu-

ally in glass test tubes until emergence of the parasitoid adults or moths of the hosts.

6. Etfect of different temperatures on total developmental period
and progeny produced throughout the longevity of adult female:

Three groups, each of 10 newly emerged and mated females were kept individually in
glass lest tubes. Every group was kept at a thermal condition of 15, 25 and 35 °C and
65 £ 5 % R.H. A single freshly formed S. cretica pupa was introduced to adult female
within glass test tube for 24 hours and then removed to be replaced by another pupa
for 24 hours and so on until the death of female. The parasitized pupae of each group
were kept individually in glass test tube at the same temperature until emergence of

parasitoids. The aforementioned points of study were estimated.

7. Effect of mating on sex-ratio of Conomorium sp.: Two groups, each
of 10 newly emerged females, one mated and the other unmated, were used in this
study. Each female was confined in a glass test tube. The unmated females were separ-
ated immediately just after emergence and before any copulation tock place. Females
of the two groups were fed on droplets of honey and then left to the end of the pre-
oviposition period. A single pupa of 8. cretica was introduced to each adult female with-
in glass test tube for 24 hours and then was removed. Ten parasitized pupae resulted
from each of the two treatments, those were kept individually in glass test tubes until

the emergence of adult parasitoids and then the sex-ratio was calculated.
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8. Effect of rearing of Conomorium sp. on two different host spe-
cies on the number of emerged adults, sex-ratio and life-cycle: Two

groups, each of 10 newly mated females were kept individually in glass tubes. Each
group was kept at 25+ 2 °C and 70 £ 5 % R.H. Adult females of the first group were
left with pupae of &. cretica, while those of the second one were left with pupae of Ag-
rolis ipsilon. The parasitized pupae were removed after 24 hours to be replaced by an-
other pupa and so on until death of female. The parasitized pupae of each group were
kept individually in glass test tubes which were kept under the above mentioned condi-
tion until emergence of adult parasitoids. The number of the emerged aduits, sex-ratio

and the total developmental period were estimated.

9. Effect of different types of supplementary food on the longevity
of Conomorium sp. adults: Six groups of freshly emerged Conomorium adults

were used in this experiment. Each group consisted of 20 couples; adults were confined
individually, in 2 x 6 cm. glass tubes. Groups of adults were fed on droptets of water,
50 % sucrose solution, pure bee honey and bee honey mixed with 20% dried yeast.
Adults of the fifth group were kept starved. Females of the sixth group were fed for 2
days on 50 % sucrose solution and then left for oviposition and feeding on host fluid.
The tested foods were supplied as fine droplets scattered regularly on the inner surface
of the glass vials. All vials were daily examined and mortality was recorded until the
whole life-span of the experimental adults has finished. This experiment was carried out

under laboratory conditions of 30+ 2 °C 70 £ 5 % R.H.

10. Number of generations of Conomorium sp. / year under labeora-
tory conditions of 25 + 2 °C and 65 + 5 % R.H.: The laboratory cuiture

of Conomorium sp. began with adults that emerged in the laboratory from pupae of S

cretica collected from maize fields. The yearly number of generations was estimated

11. Sterage of Conomorium adults: The newly emerged adults were collected
in glass jars supplied with 50% sucrose solution and stored at 10 °C. Adult's parasitoid
were checked every 3 days for their survival. They were transferred to the room tem-
perature and fed for about two hours, then returned to refrigerator for other 3 days

and so on until mortality.
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a. Effect of storage on mortality rates among Conomorium adults: The ef-
fect of difterent periods of cold storage of Conomorium adults at 10 °C. on the rates of
mortality was estimated for 20, 30, 40, 50, 60, 70, 80, 90, and 100 days. After each
period of starage, a number of 100 adults {50 coupies) were confined in a glass jar
5 x 10 cm. covered with muslin set in position by a rubber band. The jars were kept in
the refrigerator and were checked periodically every 3 days for feeding the adults. Mor-

tality of adults was counted at the and of each period.

b. Effect of storage at 10 °C on mated females of Conomorium sp. stored
for different periods: The effect of cold storage was studied for 30, 60, 90 and
120 days at 10 °C on female adults emerged from Agrotis ipsifon. Ten mated females
were removed after different periods of storage mentioned above, separated and each
one was confined in a glass test tube 8 x 2 cm. A newly single pupa of Agrotis ipsilon
was exposed to adult female within the glass tube for 24 hours and then removed to
be replaced by another pupa for 24 hours and so on until female's mortality. The para-
sitized pupae were Kep! individually in glass tubes until the emergence of the parasitoid
adults. The total number of resulted adults and the number of females and males were

counted. Consequently, the sex-ratio was determined.

¢. Effect of storage at 10 °C on virgin females of Conomorium sp.: The same
technique and conditions used in the aforementioned experiment was also used in this
experiment. Unmated females were stored in the refrigerator for different periods and
then removed out to mate with freshly emerged males before introduction to parasi-

tized pupae of Agrotis ipsifon

d. Effect of different periods of storage at 10 °C on the fertility of Conom-
orium males: Large numbers of freshly emerged males were collected to be stored at
10 °C for 25, 35, and 45 days. The same technique used before was also followed in
this experiment. Each male was confined with one female for 24 hours to insure mat-

ing.



1554 MORPHOLOGICAL AND BIOLOGICAL STUDIES ON CONOMORILM 5P,

RESULTS AND DISCUSSION

1. Description of immature stages

A. Egg stage: The newly deposited egg, Fig. 1A is translucent white to yeliow in col-
our, elongate in shape and its measures 0.70 mm. long and 0.28mm. at its widest part.
it is slightly convex at one side, while concave at the other side. The wide cephalic end
is clearly rounded and gradually tapers towards the posterior end. The chorion is
smooth, glittering and devoid of reticulation, sculpturing, or external processes of any
kind. As development proceeds, there are marked changes in size. Thirty-six hours af-
ter deposition, the egg dimensions highly increase to 1.31 mm. length and 0.437 mm.
width. Just before hatching; the larva could be easily discerned through the translucent

chorion Fig., 1B.

B. Larval stage: The larva of Conomorium sp. molis three times during its growth;
i.e., the larva has four larval instars. All moultings occur inside the host pupae. Through-
out its development, the larva of Conomorium sp. could be detected and described as

follows:

*First instar larva: The first instar larva, Fig.2A measures 1.40-mm. long and 0.525
mm. wide. it is translucent white in colour and after feeding, it atiains the colour of the
consumed host i.e., creamy pink. The body has 13 segments. The digestive tract is
clearly visible, especially after feeding. The head capsule is well developed and sclero-
tized, most chitinized dorsally and faterally. it measures 0.210 mm. long and 0.210-
mm. wide. The mouthparts protrude from the ventral side of the head. The falcate
mandibles are well developed and each measures 0.140-mm. length and 0.070-mm.

width, Fig., S5A.

*Second instar larva: The body, Fig., 2B is creamy in colour and measures 2.625
mm. in length and 0.7 mm. in width. lts body tends to taper towards both ends and is
characteristic by presence of one tracheal branch extending along of each lateral side
of body. The head is more or less rounded in shape and fleshy and measures 0.245
mm. long and 0.42-mm. wide. The mandibles are about 0.175-mm. long and 0.105
mm. wide. The alimentary canal is clearly seen occupying most of the body cavity, Fig.,
5B.
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*Third instar larva: The third instar larva measures 4.2-mm. long and 0.875-mm,
wide. The undigested portion of the ingested food accumulaies (throughout the larval
stages) in the alimentary tract which attains a homogenous pale yellow appearance and
occupies atmost all the body cavity Fig., 2C. For this reason, the larva appears darker in
color than in the previous instars and body becomes curved and notably swollen. The
head capsule measures 0.21 mm. long and 0.315 mm. wide. The mandibles are larger
in size and more pigmented than in the preceding stage. Each mandible has a broad
rounded base and tapers to sharp end Fig., 5C. It is about 0.21-mm. in length and 0.14

mm. in width at its base .

*Fourth larval instar: The fourth larval instar measures 3.325 mm. long and 0.857
mm. wide and is quite similar in the shape and structure as to the third instar, except
the size of head capsule which measures 0.179 in length and 0.208 mm. in width, The

mandible is 0.28-mm. long and 0.193 mm. wide Figs 2D & 5D.

C. Pre-pupal stage: The prepupal stage Fig., 4 measures 2.90 mm. in length and 1.0
mm. in width. The head capsule becomes not clear. The posterior part of this stage is
characterized by absence of segmentation. The mid-gut opens to the hind-gut and sc
the meconium is discharged out of the body. This stage is also formed inside the host

pupa.

D. Pupal stage: Inside the host pupa, the prepupa is subsequently transferred to
pupa. The latter Figs. 4 is typically of the free type. It measures about 3mm. in length
and 2.24 mm. in width. At the beginning of this stage, the pupa is creamy in colour,
the compound eyes and ocelli appear red. As development proceeds, the body darkens
gradually starting with the head and thorax, which becomes black. L.egs appear brown

with yellow in some parts.

2. Duration of Conomorium sp. immature stages at 25 °C and 65 +
5 % R.H.

The duration of various immature stages of Conomorium sp. reared on S. cretica
pupae are presented in Table 2, Data showed that the incubation period of the egg
stage occupied 1.5 — 2 days with an average of 1.75 & 0.25 days. The first instar larva

lasted 2 - 2.5 days with an average of 2.25 + 0.25 days. The second larval instar, sub-
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sequently, averaged 3.5 + 0.09 days with a minimum of 3 and maximum of 4 days. The
third instar larva lasted (3.5 - 4) with an average of 3.75 + 0.20 days. The fourth in-

star larva ranged between 3.75 and 4.25 with an average of 4 + 0.18 days.

The total larval period, lasted 13.5 £ 0.72 (12.25 - 14.75) days. Subsequently,
the pre-pupal and pupal stages lasted 1.13 + 0.12 (1 - 1.25) and 8.5 £ 0.23 (8 - 9)
days, respectively. The total developmental period of the parasite (from egg deposition
to adult emergence), averaged 24.88 + 1.32 days with a minimum of 22.75 and a

maximum of 27days at 25 °C and 65 + 5 % R.H.

Table 1. Durations of Conomorium sp. immature stages reared on 5. cretica pupae, at

25«Cand 65+ 5 R.H.).

Duration (in days)
Stage
Minimum Maximum Average = S.E.
Egg 1.5 2.00 1.75 = 0.25
Larva:
1% instar 2 2.5 2.25 x 0.25
2" instar 3 4 35 & 0.09
3" instar 3.5 4 3.75 £ 0.20
4" instar 3.75 4.25 4 +0.18
Total larval period 12.25 14.75 13.5 = 0.72
Pre-pupa 1 1.25 1.13 = 0.12
pupa 8 9 8.5 = 0.23
Total developmentai period 22.75 27.00 24.88 + 1.32

Fig. 1. Egg stage of Conomorium sp.

A. deposited egg B. Egg before hatching
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0.25 mm. 0.5 mm.
A B C D

Fig. 2. A. First instar larva. B. Second instar larva.

C. Third instar larva. D. Fourth instar larva of Conomorium sp.

0.5 mm.

Fig. 3. Prepupal stage of Conomorium sp. Fig. 4. Pupa of Conomorium sp.

A. dorsal view. B. Ventral view.

0.25 mm,
Fig. 5. Mandible of Conomorium sp. larvae.

A. First instar. B. Second instar. C. Third instar. D, Fourth instar.
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3. Emergence of adult parasitoids from host pupa

Emergence takes place at any time during the day or night. When it fully devel-
oped, the parasitoid adults gnaw through any part of the emptied host pupae, making a
circular hole of sufficient diameter, about (1-1.5 mm.}) that enabies it get ocut through.
It was found that the wasps may make second hole for emergence. Out of 200 parasi-
tized 5. cretica pupae 163 had one emergence hole and 37 had two holes. In all cases,
the parasitoid adults emerged from a single host pupa within few hours. Through the
hole of emergence, the head of the parasitoid protrudes, followed by fore-legs, then
the rest of its body. The adulls in their gradual emergence attain an upright position.
As the whole body of the adult becomes free, it moves randomly inside the vial for
about 2 hours before it comes in rest on any place inside the vial. It was also observed
that some of the emerged aduits may re-enter the host pupa through the hole of emer-

gence.

4, Sex differentiation

-The two sexes of Conomorium sp. could be differentiated by examination of the
ventral surface of abdomen, which is characterized by the presence of a pale yellow
ring in the case of male, but absent in case of female. It alsc noted that the motion of
male is more quickly than female. The end of female abdomen is wide and slightly
curved, but elongate and narrow in male. The close examination of antenna and genital-
ia (Figs. 6, 7, 8, 9) perform other differences between the two sexes. The antenna is
of geniculate type and consists of a long scape, a shorter pedical and a 7-segmented
flagelium in both of the two sexes. The flagellum is longer in male (1.22 mm.) than fe-
male {1.05 mm.). The male genitalia consists of numerous lobes composed of an ae-
deagus extending in between the caulis, which is formed by the paramere and basipara-

mere. All these lobes are provided distally by pairs of dark spines.

5. Mating process

Mating occurs immediately just after emergence. The two sexes usually appear
excited, moving quickly. The male can recognize the female only at a short distance of
about 1 cm. then male run behind female vibrating his wings. The male suddenly climbs

the female’s back holding her neck with his fore-legs, then bend down his head vibrat-
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ing quickly up and down his antenna touching the antennae of female. This process
continues for 2-3 seconds where female becomes motionless. Then, the male goes
back until his middle part of abdomen reaches the end of female's abdomen then bends
down his abdomen towards the female's abdomen trying for copulation. At the same
time, the female stays quietly with her antenna stretched forward or vibrating up and
down. Sometimes, the female moves forward before copulation, but the male quickly
moves again forward to touch female's antennae and trying again and again until suc-
cessful mating occurs. Males were able to mate at any time during their whole life and
the process might be repeated several times within one day. Copulation was repeated

aiso during the female’'s life.

0.5 mm. ] :
0.25 mm.

Fig. 6. Aduit male of Conomorium sp. Fig. 7. Antenna of Conomerium sp
(dorsal view)

TR

0.25 mm. . 0.25 mm, -

Fig. 8. Male genitalia of Conomoriumsp.  Fig. 9. Female genitalia of Conomorium sp.
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6. Oviposition

The female coutd recognize its host, only, at a short distance (about 1- 1.5 cm.)
during its random movement. The female suddenly climbs the pupae making flagella of
her antennae held vertically and moving rapidly up and down, tapping most of the sur-
face of the pupae with the tips of antennal flageliae. It was found that this process
elapsed (1.5 — 3.5 min.) . In this process the female aim to determine the suitable posi-
tion for insertion. The adult parasite shows, suddenly, the next stage of behavior pat-
tern as female stops tapping flexes her body and begins drumming with tip of her abdo-
men on a restricted area of the surface of the pupae. After drumming, the female
places the tip of her ovipositor in the correct position for drilling. In this stages the full
length of the oviposiior could be observed extended vertically between the mid and
the hind legs. Also, the female either kept her antennae motioniess or vibrating them

slowly up and down.

Once the tip of the ovipositor is in position, the female body becomes in a
shape of semicircle by partly straightened the fore tegs and bending the mid and hind
legs. The female starts, then, to drill through the wall of the pupa. After piercing the
wall of pupa and the hole is large enough for insertion of the female ovipositor, it in-
serts the entire length of her ovipositor. The female partly withdraws the ovipositor,
but not completely out the hole, to be in that position for 0.5 —1.5 min. Female again
inserts the ovipositor throug‘h the hole and the aforementioned steps repeated several

times to make a feeding tube.

if the host is suitable, the female lays her eggs and on getting out the oviposi-
tor a feeding tube is formed. After removing the ovipositor, the female returns by her
back goes seeks for the end of the feeding tube with her antennae and sucks up the
host haemolymph for nutrition. The time required for making the feeding tube and ovip-

osition lasted about 6 {4.1- to 10.5) minutes.

7. Host rang in the laboratory

In a laboratory experiment, pupae of 8 lepidopterous species namely Sesamia
cretica Led., Ostrinia nubilalis Hb., Chilc agamemnon Bles., Earias insulana Bois., Pectino-

phora gossypielia Sounders, Agrotis ipsilon Rott, Anagasta kuehniella Zell. and Spodop-
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tera fittoralis Boisd. were tested as a host of Conomorium sp., Table, 2. Three species
were found to be atiacked by the parasitoid female. Higher percentages of parasitism
were obtained on &, cretica and A. ipsilon. In case of S. fitforalis, the females of parasi-
{oid attacked the pupae; however parasitism was not successful in all cases. Out of 50
S. littoralis pupae exposed to aduit female's parasitoid, only one showed successful par-

asitism by Conomorium sp.

8. Effect of different temperatures on total developmental period
and progeny produced throughout the whole longevity of aduit fe-
males

Adult female of Conomorium sp. were left to parasitize on S. cretica pupa for 24
hours and then the host pupa removed to be replaced by another for 24 hours and so
on until the death of female. Associating with the three temperatures 15, 25 and 35
°C, the experimented mated females lived for an average periods 47.8, 27 and 15 days,

respectively.

The total developmental periods from egg to adult were 40.8, 24.2 and 16.5 by

rearing on 15, 25 and 35 °C, respectively showing significant different between them.

The mean total progeny number of Conomorium adults resulted by an adult fe-
maie during its life-span varied, in turn, with the associated temperature. These num-
bers were 142.3, 189.3 and 83 adults/ female by rearing at 15, 25 and 35 °C, respec-
tively. Generatly, as shown in Table 3, the total numbers of resulting females dominated
those of males (10.2, 16.5 and 7.9 males opposed to 132.1, 172.8 and 75.1 females
at the three temperatures, respectively indicating the sex-ratios 1: 12.95, 1: 10.47

and 1: 9.5 (male: females).

From all the aforementioned data it is clear that 25 C is the most favourable
temperature for the activity of Conomorium sp. At this temperature, the mated fe-
males produced the highest number of total progeny {1839.3 adults} among which

172.9 females (highest number) were also produced.

At the highest temperature (35 “C), many of both of the host pupae and the in-
ternal parasitoid immature stages died and subsequently the total progeny/female was

found to be reduced to 83 parasitoid adults/female. This observation of mortality due
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to high temperature was also observed during rearing through the period of mid-July

and August when many parasitoids failed to emerge through the host pupae.

Table 2. Host range of the parasitoid, Conomorium sp. Under laboratory conditions (Ex-

posure period, 24 hours at 25+ 2°C and 65+ 5 R. H.)

No. of No. of % of
Host species exposed parasitized parasitism

pupae pupae
Sesamia cretica 50 22 44
Ostrinia nubilalis 50 0.00 0.00
Chilo agamemnon 50 0.00 0.00
Earis insulana 50 0.00 €.00
Pectinophora gossypiella 50 0.00 0.00
Agrotis ipsilon 50 18 36
Anagasta kuehniella 50 0.00 0.00
Spodoptera littoralis 50 1 2

9. Effect of different temperatures on pre, post and oviposition pe-
ricds

The oviposition period of the experimental females varied with changing the rear-
ing temperature; showing the similar trend of the female longevity. The shortest period
{averaged 11days) was reported at 35 “C. At the moderate temperature (25 °C), the
oviposition period was 19.4 days being significantly different from the shortest peri-
ods. At the lowest temperature (15 °C), the oviposition period (36 days) was signifi-
cantly, the highest, compared to the other two records, Table 3. The average pre-
oviposition periods of the experimental females under the different temperatures
ranged from 1.0 to 5.3 days, Table 4. Such pericds were in respective, 5.3, 1.7 and 1
days by rearing on 15, 25 and 35 °C, respectively showing significant difference be-
tween the moderate temperature and the lowest one, but this difference was insignifi-
cant belween the moderate temperature and the highest one, Table 4. The post-
oviposition period varied insignificantly between 6.5 days at 15 °C and 6 days at 25 °C.

Such period, which recorded at 35 °C (2.2 days), was varied significantly compared to
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the other two records.

Table 3. Effect of different rearing temperatures on the oviposition period, females lon-

gevity and total developmental period of Conomorium sp. reared on 5. crefica.

Total
Longevity of | developmental Progeny produced / female Sex- ratio
Temp. adult period from g:9Q
temale egg to adult
Total Males Females
15 478 = 158 40.8 + 225 1423 = 2224|102 = 5711321 = 2202 | 1:12.95
(40 — 58) (40 — 42) (55 — 256) 4 - 22) (43 — 244)
25 27 £ 1.35 242 £ 0.2 189.3 + 3264 | 165 = 3.71|172.8 + 2B.78 | 1:10.47
(22 -34) (23 - 286) (72 — 375) (5 — 24) {59 — 33B)
35 156 + 0.62 16.6 = 0.25 83.0 £ 7.72 7.8 + 116 75.1 + 6.77 1:9.50
(12 - 17) {15.8 — 18) (62 - 130) {4 - 15 (57 — 115)
L.5.D. 2.99 0.69 52.45 5.64 48.15

Table 4. Effect of different temperatures on the pre, post and oviposition period .

] Average periods in days
Properties L.S.D.
15 °C 25 °C 35 °C
Pre-ocviposition | 5.3 + 040 (4 - 7) 1.7 £ 0.33 (1 — 4) 1z 0.00 (1} 0.72

Qviposition 36 + 1.61 (29 — 43){ 19.4 = 1.28 (14 - 23) |11 £ 0.56 (9 - 13){ 7.45

Post-oviposition | 6.5 + 0.88 2 - 12) | 6=x1.15(2—-10) |22:013(2-3) | 3.5

10. Effect of mating on sex ratio in Conomorium sp.

As previously mentioned, by rearing at 25°C (the optimum temperature), most
of progeny produced by mated females were females, and the sex-ratio was almost 10
females: 1 male. While, by allowing the virgin females to oviposit in S. cretica pupae,
the deposited eggs hatched normally and the developing larvae transferred to pupae
which developed to normal adults, but all were males. Thus, confirming that the species

under study is a parthengenetic arrhenoilckeous parasitoid.
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11. Effect of the host species on the number cof progeny, sex-ratio
and life-cycle

Data obtained and recorded in Table 5 indicate shorter total developmental peri-
od by rearing on S. cretica pupae (16.81 days) than that recorded in case of rearing on
A, ipsilon {17 .44 days). The difference between the two periods was statistically signif-
icant. A parasitized 5. cretica pupa produced an average of 19.06 (5 — 45) Conomori-
um adults, of which 16.93 adults were females and2.12 adults were males indicating a
sex-ratic of 1male: 7.9 females. While, in case of rearing on A. ipsilon, the parasitized
pupa produced an average of 22.31 (15 — 30) Conomorium sp. Adults, being more
than that produced from a 5. cretica pupa. But, from the adults emerged from A. ipsi-
fort pupa, 18.37 were females and 3.93 males; i.e., a sex-ratio 1male: 4.67 females, Ta-
ble, 5. Thus, confirming more percentage of females by rearing on 5. cretica pupae. Al-
though of higher percentage of females by rearing on S. crefica pupae, it is worth
mentioning to indicate that during the present study, the parasitoid was reared on A.
ipsifon pupae because of the much easier laboratory rearing on this host which led to

obtaining more adults of the parasitoid.

12. Number of generations of Conomorium sp. per year in the la-
boratory

13 generations of Conomorium sp. could be obtained throughout one year by
rearing it in the laboratory, for two years. The period of life-cycle was, mostly, a tem-
perature dependent; i.e., generally shortened as the temperature increased. The long-
est life-cycle (46 days) occurred during December — February at mean temperature 15
‘C. & 55 % R.H., while the shortest life-cycle (16 days) was obtained during May-June
at 27.5°C & 60 % R.H.

Number of generations of the parasitoid in comparison to genera-
tions of the host in laboratory

According to El-Naggar (1967}, Ismail (1968) and Kira et al., {1974), S. cretica
has five overlapping generations under laboratory conditions. However, Conomorium sp.
has 13 annual generations at almost the same conditions. By comparing the life-cycle
of the parasitoids with that of the host, the result seems to be in favor to the parasi-

toids since its life-cycle takes only (28 — 30) days compared to about 73 days for a
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generation of the host at the same period. This host parasitoid relationship ratio seems
to indicate that, there are 2 to 3 generations of the parasitoids for each generation of
the host. Usually, such situation leads to a more considerable impact of the parasitoids

in regulating the population of its host.

13. Effect of different types of supplementary food on the longevi-
ty of Conomorium sp. adults

Adult males and females were kept and supplied with either of bee-honey; bee-
honey with 20% dried yeast, 50% sucrose solution or water droplets, or kept starved
without nutrition at 30 £ 2 *C and 70 £ 5% R.H. As shown in Table 6, the longevity of
both sexes was considerably short under the state of starvation and when water only

was supplied.

Statistical analysis (F. test), in case of male, showed insignificant difference be-
tween male longevities when kept starved, or supplied with water or 50 % sucrose so-
{ution. Considering the L.S.D. values, the differences between longevities of adults fed
on bee honey with 20 % dried yeast and those given honey only were significant and in

the favor to the former.

In case of femaies, the statistical analysis showed insignificant difference be-
tween longevity of adult’s fed on water (5.2 £0.79} and those left without food (4.4 £
0.18 days). The L.5.D. value showed that the longer lite-spans (12.7 + 0.77; 12.85 =
0.94 and 9.2 + 0.73 days) were recorded by feeding the adult females on 50 % su-
crose solution, bee honey with 20 % dried yeast and bee honey. Cn the other hand,
aduit females which were teft to deposit their eggs and fed on the heamolymph of their
host manifested the longest life-span (17 + 0.9 days) at the same temperature (30 +
2°C& 70 £ 5% R.H).

14. Cold storage of Conomorium sp. adults

Storage of the aduit parasitoids is important to obtain the greatest numbers of
parasitic adults at any required time much early before occurrence of the economic

damage of the target insect pest.
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Four laboratory experiments were carried out at 10 °C to study the effect of low

temperature on adults of Conomorium sp. The parasitoid was reared on its factitious

host pupae, Agrotis ipsilon. In all experiments and after each period of storage the par-

asitoid was mass-reared at 15 “C. also, this study was conducted to determine the

maximum period for which aduits of the pteromalid could be stored.

Table 5. Effect of rearing the parasitoid on two different host species on the number of

progeny, sex ratio and total developmental period (30°C+ 2 & 70 £ 5% R.H.)

properties

Number of adults / pupa

t. value

8. cretica

Agrotis _ipsilon

No. of famales
No. of males

No. of emerged adults

Sex ratio { male: femalg)
Total developmental period in days

19.06 + 2.85 (5 — 45) | 22.31 = 1.29 {15- 30)

16..93 + 271 (3 - 45) | 1837 + 0.99 (12 - 24) | 1.38

2.12 £ 0.33 (0.0- 6)
1:7.9

3.93 £ 0.44 (1 -8) 0.7

1:4.67

16.81 + 0.14 {16 -18} | 17.44 = 0.22 (16 -19) | 2.41°

Table 6. Effect of different types of supplementary food on the longevity of Conomori-
um sp. adults (30 £ 2 and 70 + 5% R.H.)

Treatment

Longevity of aduits in days

Male

Female

Without nutrition
Water

50 % sucrose solution
bee honey

bee honey with 20 % dried yeast
50 % sucrose for 2 days and then
host fluid (female only)

3.05: 0.14 (2 — 4)
3014 (2 -4)
3.6 £ 01 (2 - 4)

425 £ 0.35

.55 = 0.68 {3 — 9)

4.4 + 0.18 (3 — 5)
52+ 079 (2-8)
12.7 + 0.77 (6 -17)
9.2 + 0.73 (5 — 15)

12.85 + 0.94 (2 - 16)

17.45 + 1.06 (7 — 24)

L.S.D.

0.64

4.14

a. Effect of cold storage on mortality rates among Conomorium sp.
adults: Adults of the pteromalid Conomorium sp. were stored at 10 °C for 9 different

periods (from 20 to 100 days). At each period of storage, a number of 50 males and

females were used. Data in Table 7 indicated that among the stored adults, the mortali-
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ty percentage increased with the lengthening of the period of storage. The lowest mor-
tality rates (10 and 8 % for females and males, respectively} occurred when adults
were stored for 20 days. These percentages increased, successively, by lengthening
the storage period until reached the highest mortality rates by storage for 100 days

(82 and 92 %, respectively, Table 7.

From data in Table 7, it could be, generally, observed that the mortality rates, at
all periods of storage {(except for 20 days), were lower among females than males, indi-
cating that females could resist cold storage more than males. Also, storage of adults
tor one month may be considered safe as in this case about 27 % of the stored adults
died, while the remaining adults did not. By lengthening the sterage period to 40 days,
about 49 % of adults died. While, storage of adults for longer periods led to mortality

of most of the stored parasitoids.

b. Effect of different periods of storage at 10 °C on the fertility of
Conomorium sp. males: Conomorium sp. males were stored for 25, 35 and 45

days and then allowed to mate with freshly emerged females and the resulted proge-

nies were counted and sexed.

Data presented in Table 8, indicated that, on the contrary of females, which
were able, to resist storage at 10 °C for a period exiended to 3 months, male’s fertility
was, greatly, atfected due to cold storage. Conservation of males at 10 *C for 25 days
may be considered the longest safe period as the progeny / female mated by a stored
male consisted of average of 14.5 males and 106.4 females indicating a sex-ratio of 1:
7.3 opposed to 1: 12.7 in case of progeny from a control female. While, cold storage
of males for longer periods caused detrimental effect on the fertility of males, as the
cold storage for 35 days led to a sex-ratio of 1 male: 0.2 female and by male’s storage
for 35 days then mating with fresh females, no females were produced and all the

progeny consisted of males.

c. Effect of cold storage at 10 “C for different periods on mated
females of Conomorium sp.: In this experiment the effect of cold storage was

measured for 30, 60, 90 and 120 days at 10 *C on adult females emerged from A. jpsi-
lon. Data obtained in Table 9 indicated that the experimented mated females lived for

the respective periods 36, 38, 36.1 and 25.2 days at 10 *C. Longevity recorded for
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the 30, 60 and 90 days of storage, varied insignificantly between them and induced

19.64, 14.29 and 19.41 % reducticn in the longevity of aduits than control.

Table 7. Rate of mortality among Conomorium sp. adults stored for different periods at

10 °C (Data from 50 adulis of each sex at each period)

Females Males
Period of storage -
Mortality Mortality
No %o No %
20 5 10 4 8
30 13 26 14 28
40 23 46 26 52
50 30 60 34 68
60 31 62 36 72
70 34 68 39 78
80 37 74 43 86
90 39 78 45 90
100 41 82 48 92

Table 8. Effect of storage of Conomorium sp. males at 10 °C, then mating with fresh

females on number of resultant progeny and sex-ratio.

Period of Sex-ratio
Number of o

storage % reduction in g9
(days)} Males Females females

Control 10.2 = 5.71(4- 22) 1291+ 22.02(58- 244)|  ....... 1:12.65
25 145 = 4.68{(12- 21) 106.4+ 11.02(60-140) 17.58 1:7.3
35 150.2 + 41(20- 319) 29.3x 10.54(44- 103} 77.88 1:0.2
45 206.4 x17.87(146-266) 0.00 100 1:0.00
L.S.D. 51.39 31.18

While, those of 120 days found to be varied significantly from the other three

recorded and control. The means in number of adulls resuited per a mated female af-

ter different periods of storage and until mortality were 101.3, 83, 75.1 and 72.2

adults / female stored for 30, 60, 90 and 120 days, respectively opposed to 142.5

aduits / a control female, Table 9. Thus, indicating 28.91, 41.75, 47.3 and 49.33 % re-
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ductions in the number of progeny than control, respectively. Among the adulis pro-
duced from different storage periods, 91.6, 74.5, 67.1 and 63.7 adult females, respec-
tively showing the sex-ratios 1: 9.4, 1: 8.8, 1: 8.4 and t: 7.5 (male: females), respec-
tively, Table 9.

While, those of 120 days found to be varied significantly from the other three
recorded and control. The means in number of adults resulted per a mated female af-
ter different periods of storage and untit mortality were 101.3, 83, 75.1 and 72.2
adults / female stored for 30, 60, 90 and 120 days, respectively opposed to 142.5
adults / a control female, Table 8. Thus, indicating 28.91, 41.75, 47.3 and 49.33 % re-
ductions in the number of progeny than control, respectively. Among the adults pro-
duced from different storage periods, 91.6, 74.5, 67.1 and 63.7 adult females, respec-
tively showing the sex-ratios 1: 9.4, 1: 8.8, 1: 8.4 and 1: 7.5 (male: females),
respectively, Table 9. While, inspection of the progeny produced by a control female
showed 129.1 females indicating a sex-ratio of 1; 9.8. These data indicated that long
term cold storage led to significant reduction in the total number of resultant progeny
/ female, on one hand and increasing the percentage of males in the progeny, on the

other hand.

d. Effect of cold storage for different periods on Conomorium sp.
virgin females : virgin Conomorium sp. females were stored at 10 °C for the same

periods as that occurred with mated ones. After the storage period, females were al-
lowed to copulate with newly hatched male. Data obtained in Table 11 shows that dif-
ferent length of stored had effect on the longevity of adult's females. It could be note
varied significant for the longevity of adult females stored for 30 days from those
stored for 60, 90 and 120 days. Also, insignificant found between the longevity of
aduit females stored for 30 and 90 days. On the other hand, the lowest longevity aver-
aged (27 = 0.89) days which recorded for 120 days being significantly within the first
three treatment checked. The different length of periods storage induced percentages
reduction in the longevity by 16.81, 7,42, 18.55 and 41.05 % respectively. Resulis
showed that after sterage for 30, 60, 90 and 120 days, an adult female produced an
averages 102.5, 86, 80.1 and 69.7 parasitoid adults, respectively opposed to 145.5
adults resulted / a control female, Table 10, thus showing 28.3, 40.8, 45.6 and 53 %

reductions in the total progeny / female due to cold storage, respectively. These re-
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duction percentages increased by the increase in the storage period. While, the sex-
ratio among adulis resulted from stored females were almost not affected by the stor-
age period as those ranged from 1: 9 1o 1:10 opposed to 1: 12 {male: females) in case
of progeny from control females, Table 10. In all cases, the dominance of females in

the progeny was confirmed.

Conclusion: from all the aforementioned data, it could be concluded that 90 days
period of storage may be considered the maximum favorable period of storage for the
virgin females. At this period, the female lived for 37.3 days during which it produced
80.1 aduits from which 73 + B.28 adults were females. tt could be generally conciuded
that mating of females before or after storage did not affect, greatly, the reproductivi-
ty of the stored females, Tables 9 & 10. Gautam (1986) studied the influence of cold
storage on the adult parasitoid Telenomus remus. The author found that males of the
parasitoid did not survive beyond 3 and 4 days of storage at 5 and 10 °C, respectively.
The females survived up to 7 days at both temperatures and parasitized 27.3 % of the
host eggs at 5 Cand 24.2 % at 10 ‘C on the 7'P day. Both sexes could be stored up to
3 days al both temperatures without any detrimental effects on their own or their
progeny, fecundity or longevity. Jalali et al., (1990) studied the effect of low tempera-
tures on the survival of Cotesia morginventris (braconidae). One day old mated adults
were slored at 10 °C for 30 and 40 days. The mortalities of adult females were 2, 13,
59.3 and 100 % when stored for 10, 20, 30 and 40 days, respectively. Males were
more susceptible to low temperatures than females. El-saied {1992), indicated that the
adults of Bracon brevicornis could be stored for up to 18 weeks at 4 <Cand |: d 8: 16
photoperiod and feeding them on 20 % honey without adverse effects on their survivai

or fecundity.



Table 9. Longevity, number of adults and sex-ratio of progeny resulted for mated females of Conomorium sp. stored for different peri-

ods at 10 C.
Longevity Progeny resulted / female
Period of % %
storage reduction reduction Sex-ratio
Days Adults Females Males

(days) than than

contro! control
Control |44.8 =+ 2.37(26-50) 142.5 +22.15 {55-256)| ..... 120.1 = 22.02 (58-244)|13.4 + 3.07 (4-36)] 1:9.6

+
+

30 |36 = 3.46 (22-44) | 19.64 | 101.3 = 9.03(68-140) | 28.91 | 91.6 + 7.36 (66-133) | 9.7 + 2.63 (2-22) | 1:9.4

60 38 + 2.32 (26-51) 14.29 83 = 7.72 (61-130) 41.75 745 + 8.34 (55-110} 1 8.5

1+
i+

1.67 (5-20) | 1:8.8
90 |36.1

I+

1.66 (27-44)| 19.41 75.1 + 5.65 (56-96) 47.3 67.1 + 4.82(38-84) 8 = 0.92 (4-12) 1:8.4

+

120 252 = 0.99 (21-29}| 43.75 72.2 £ 9.31 (23-101) | 49.33 | 63.7 + 8.61 (20- 105) | 8.5 + 1.35 {3-18) 1:7.5

L.S.D. 5.38 26.35 15.68 4.9

1B 18 4 4 AGYIVHS
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Table 10. Longevity, number of adults per female and sex-ratio of progeny form virgin females of Conomorium sp. stored for different

periods at 10 °C. then mated by newly hatched males.

Longevity Progeny resulted / female
Pericd of % Yo
storage reduction reduction Sex-ratio
Days Adults Females Males
{days) than than
control control
Control | 45.8 2219 (30-48)| ..... 145.5 +£22 (62-262) e 11343 = 20.6 (56-248)|11.2 = 1.82 (4-22)} 1:11.99

30 138.1 £3.13 (25-57)| 16.81 |102.5 + 20.67(10-201)| 28.31 | 94.2 = 19.39 (8-187) | 8.3 21.37 (2-14) | 1:11.34

H+

60 |42.4 = 232 (26-46)] 7.42 | 86 + 13.99 (40-171) { 40.82 |78.4 +12.96 (44-131)] 7.9 = 1.17 (3-14) | 1:0.92

+

90 37.3 + 1.8 (30-44) | 18.55 | 80.1 + 8.81 (43-116) | 45.57 | 73 + 8.38 (35-101) | 7.1 = 0.56 (5-10) | 1:10.28

I+

120 | 27 + 0.89 (25-32) | 41.05 | 69.7 = 8.96 (41-121) | 52.09 [ 63.5 + 8.32 (40-110) | 6.2 = 1.03 (2-11) | 1:10.24

L.S.D. 5.1 36.76 34.43 2.93
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