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The ichneumonid parasitoid, C. chlorideae is an important natural enemy of pod borer/bollworm, Helicoverpa armigera 

(Hubner) in different agro-ecosystems. The sex-ratio of parasitoids has an important bearing on the population build up of 

the natural enemies for biological control of insect pests. Therefore, the present studies were conducted to gain an 

understanding of the influence of mating behaviour and abundance of the insect host on fecundity and sex-ratio of the 

parasitoid, C. chlorideae. There was no significant influence of number of matings and abundance of the insect host on 

cocoon formation, adult emergence, and larval and pupal periods of C. chlorideae. However, fecundity and female longevity 

were significantly influenced by mating and abundance of the insect host. There was a significant and positive correlation  

(r = 0.84**) between longevity and fecundity of C. chlorideae females. The unmated C. chlorideae females produced only 

males. Nearly 20% of the females that had mated twice were able to parasitize the H. armigera larvae successfully. The sex-

ratio of the progeny from females that had mated twice was male biased. Females mated with males from the unmated 

females produced significantly less numbers of females than those mated with males from the fertilized females, indicating 

genetic regulation of sex-ratio in C. chlorideae. 
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The ichneumonid parasitoid, Campoletis chlorideae 

Uchida (Hymenoptera: Ichneumonidae) is one of the 

most important natural enemies of the noctuid, 

Helicoverpa armigera (Hubner) (Lepidoptera: 

Noctuidae), and other lepidopteran insects in different 

agro-ecosystems
1-3

. The parasitism of H. armigera 

larvae by C. chlorideae under natural conditions has 

been reported to be 44.2, 33.1, 32.6, 11.1, 7.1, and 

4.2% in sorghum, chickpea, pearl millet, cotton, 

groundnut, and pigeonpea, respectively
1,4

. It prefers to 

parasitize the late second-instar (4 to 5-day-old) 

larvae of H. armigera
5
. After parasitization, the egg 

hatches in 1.0 to 1.5 days inside the host larva, and 

the parasitoid maggot feeds on the contents of the host 

larva, and completes development in 6 to 8 days
6
. On 

completion of development, the parasitoid larva 

emerges from the host larva, killing the latter in the 

process. It then weaves a cocoon, and the pupal period 

lasts for 5 to 7 days. Total development is completed 

in 12 to 16 days at 27° ± 2°C, and 65 - 75% RH
6,7

.  

Although, there is a significant correlation between 

the age of the host larvae and percent parasitism
8
, 

parasitism potential of C. chlorideae also varies 

across climatic conditions, and crop and insect 

hosts
3,9

. Information on regulation of sex-ratio in  

C. chlorideae has an important bearing on the use of 

this parasitoid for biological control of lepidopteran 

insects. The age of males and females of  

C. chlorideae at the time of mating, and host densities 

have earlier been reported to influence sex-ratio
10-12

. 

Although several sex determination mechanisms have 

been suggested in the hymenopteran parasitoids, most 

of these are species specific, and many of them have 

not been supported with strong evidence
13-17

. There is 

no clear understanding of the mechanism of sex 

regulation in C. chlorideae. Although mating in  

C. chlorideae with single male is well established, 

copulation of two males simultaneously with a single 

female was also observed as has earlier been reported 

in case of Campoletis sonorensis
18

. However, the 

information on influence of such courtship behaviour 

on progeny production and sex-ratio is unavailable in 

case of C. chlorideae. Therefore, we studied the 
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influence of mating and host abundance on progeny 

production and sex-ratio in C. chlorideae.  

 

Materials and Methods 
Insect culture—H. armigera larvae reared on 

chickpea based semi-synthetic artificial diet were 

used as a host for raising C. chlorideae for bioassays 

(27°±2°C, 65-85% RH, and 12:12 h L:D cycle). The 

parasitoid, C. chlorideae culture maintained for over 

40 generations on H. armigera larvae under 

laboratory conditions, was used in the experiments. 

Males and females of similar age were kept in plastic 

cages (2 L capacity) for mating, and fed on 10% 

honey solution. For oviposition, the mated females 

were transferred to 50 ml Plexi glass vials placed in 

an inverted position on a Petri dish. Single second-

instars of H. armigera were offered to the  

parasitoid females for oviposition. After parasitization, 

H. armigera larvae were placed on artificial diet for 

parasitoid development.  

Effect of different mating regimes on progeny 

production in C. chlorideae—To study the influence 

of courtship behaviour, oviposition, and mating 

regimes on progeny production, the C. chlorideae 

adults were monitored for the courtship behaviour 

visually. Numbers of probings by same or different 

parasitoid females on the same H. armigera larva, and 

their effect on survival of the host larvae were 

recorded (data not reported). Fifteen females (0 to  

5 days old) were monitored for their mating behaviour, 

and those mating with two-males simultaneously 

(referred to as two male-mated females hereafter) 

were collected individually along with the males, and 

kept in another cage (2 L capacity). Females mated 

with a single male were used as controls. There  

were three replications (one female per replication, 

i.e., N = 3) for each one- and two-male mated 

females. Only 3 females (mated with two-males out of 

the 15 females in a cage) were able to parasitize the 

H. armigera larvae successfully. Observations were 

recorded on fecundity (numbers of host larvae probed 

during total adult life), cocoon formation, adult 

emergence, and sex-ratio of the progeny. 

Influence of different mating and parasitism 

regimes on biology and sex-ratio of C. chlorideae—

The biology and sex-ratio of C. chlorideae reared on 

H. armigera larvae were studied under four mating 

schemes. The C. chlorideae females were allowed to 

mate for 72 h inside a cage (2 L capacity), except for 

one treatment, where the unmated females were used 

for parasitization. The following mating and 

parasitization schemes were used:  

(i) Males and females kept in companionship 

throughout the life span, and 20 H. armigera 

larvae exposed for parasitism daily (T1).  

(ii) Males removed after 72 h of mating, and the 

females used for parasitizing 20 H. armigera 

larvae daily (T2). 

(iii) Males and females kept in companionship 

throughout the life span, and allowed to 

parasitize as many H. armigera larvae as 

possible daily (T3).  

(iv) Unmated females (72 h old) used to parasitize as 

many H. armigera larvae as possible daily (T4).  

All the females were allowed to parasitize  

H. armigera larvae till death. No fresh larvae were 

offered to the females for parasitism when a female 

took >10 min for egg laying. After parasitism, the  

H. armigera larvae were transferred to the artificial 

diet. There were five replications for each experiment 

(one female per replication, i.e., N = 5), in a 

completely randomized design. Data were recorded 

on longevity and fecundity of the parasitoid females, 

larval and pupal periods, cocoon formation, adult 

emergence, and sex-ratio of the progeny in each 

treatment.  

The unmated C. chlorideae females produce only 

males. The role of males and females from mated 

and/or unmated females on progeny production  

and sex-ratio was studied in the following three cross-

combinations:  

(i) Progeny from unmated females (UF).  

(ii) Progeny from mated females × males 

(designated as F1).  

(iii) F1 females × males from unmated females 

(designated as BC1F1).  

The parasitoid females of similar age were used in 

combinations (i) and (ii). There were four crosses for 

each combination (N = 4), and the observations were 

recorded on fecundity, cocoon formation, adult 

emergence, and sex ratio of the offspring in each 

cross. 

Statistical analysis—The data were subjected to 

normality and homogeneity tests, and the data on 

percentages and insect numbers were transformed 

using Arcsine and square root transformation, 

respectively. Data were subjected to analysis of 

variance (ANOVA) using GenStat® 10
th
 version 

statistical analysis program. Significance of 
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differences between the treatments was judged by  

F-test, and the means were compared using least 

significant difference (LSD) at P ≤ 0.05. The 

association between female longevity and fecundity 

was analyzed using Spearman’s correlation analysis. 

 

Results  

Effect of different mating regimes and courtship 

behaviour on progeny production in C. chlorideae—

Only 20% (3 out of 15 females observed) females 

mated with two-males were able to parasitize the  

H. armigera larvae, while 87% (13 out of 15 females) 

of the females mated only with one-male were able  

to parasitize the host larvae successfully. There were 

no significant differences between the females  

mated with one- or two-males in terms of fecundity  

(P = 0.433, F = 0.95, df = 2), cocoon formation  

(P = 0.163, F = 4.68, df = 2), and adult emergence  

(P = 0.153, F = 5.07, df = 2). However, there were 

significant differences in sex-ratio of the progenies of 

the females mated with one- or two-males (P = 0.017, 

F = 57.94, df = 2). Proportion of females and males 

obtained from the progenies of the females mated 

with one-male were almost equal, but the sex-ratio 

was male biased in case of progeny obtained from 

females mated with two-males (Table 1).  

The C. chlorideae females located the H. armigera 

larvae quite rapidly (within 2 to 3 min). When a single 

second-instar H. armigera larva was offered for 

parasitism, the female parasitoid moved towards the 

larva, and started moving the antennae around the 

larva. This process was repeated several times till it 

found a suitable site for oviposition. After 

parasitization, the females moved away from the host 

larva. In the absence of another host larva in the 

immediate vicinity, the parasitoid female attempted to 

parasitize the same larva twice. Up to 7 probings were 

observed on the same larva at an interval of 20 to  

60 seconds, but only one cocoon was recovered from 

each H. armigera larva. During multiple probings  

(by one or more females), survival of host larvae was 

very low, and sometimes the host larvae died during 

the parasitism process. 

Influence of mating and parasitism regimes on 

biology and sex-ratio of C. chlorideae—Mating and 

parasitism regimes had no significant effect on 

cocoon formation (P = 0.065, F = 3.15, df 12), adult 

emergence (P = 0.615, F = 0.62, df = 12), larval 

period (P = 0.603, F = 0.64, df = 12), and pupal 

period (P = 0.145, F = 2.16, df = 12) of C. chlorideae 

(Table 2). However, the mating and parasitism 

regimes showed a significant influence on female 

longevity (P = 0.020, F = 4.84, df = 12), fecundity  

(P = 0.011, F = 6.33, df = 12), and the sex-ratio  

(P < 0.001, F = 191.19, df = 12). Fecundity and 

longevity of the females of T2 were significantly 

greater than the females of T1 and T4 (Table 2). 

There was a significant and positive correlation  

(r = 0.84, P ≤ 0.01) between fecundity and longevity 

of the parasitoid females. The unmated females 

produced only males. However, the proportion of 

females obtained in the progeny from T1 were 

significantly more than the progeny from T2, while, 

the proportion of females in T2 and T3 were 

significantly on par with each other (Table 2). 

Fertility status of C. chlorideae males obtained 

from unmated females—There were no significant 

differences for fecundity (P = 0.31, F = 1.44, df = 6), 

cocoon formation (P = 0.09, F = 3.75, df = 6), and 

adult emergence (P = 0.49, F = 0.81, df = 6) in 

progenies of C. chlorideae females from unmated 

females or the females mated with males from mated 

or unmated females. The sex-ratio varied significantly 

across different cross combinations (P < 0.001, F = 

264.48, df = 6). The unmated C. chlorideae females 

produced only males, while the females mated with 

the males obtained either from mated or unmated 

females produced both females and males (Table 3). 

There was a significant reduction in proportion of 

females in the progeny derived from F1 females × males 

from unmated females BC1F1 as compared to the 

progeny obtained from a normal mating system (F1).  

Table 1—Fecundity, survival, and sex ratio of the progenies from Campoletis chlorideae females mated with one- or two-males 

[Values are mean ± SE from 3 replications. Figures in the parenthesis are a) square root transformed, and b) Arcsine transformed.] 

Treatments Fecundity female-1 Cocoon formation  

(%) 

Adult emergence  

(%) 

Proportion females  

(%) 

One-male mated females 262.7 ± 10.6 (16.2 ± 0.3)a 81.8 ± 3.0 (64.9 ± 2.3)b 56.9 ± 4.0 (49.0 ± 2.3)b 48.0 ± 2.1 (43.9 ± 1.2)b 

Two-male mated females 205.3 ± 53.0 (14.0 ± 2.0) 72.8 ± 1.2 (58.5 ± 0.7) 45.0 ± 1.5 (42.2 ± 0.9) 29.5 ± 2.3 (32.9 ± 1.4) 

LSD (P ≤ 0.05) NS NS NS (6.22) 

NS = Non-significant at P ≤ 0.05. 
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Discussion 

Sex-ratio of the offspring from females that had 

mated with two-males was male biased, indicating a 

disadvantage of mating with more than one male. The 

loss in parasitism potential of the females mated with 

two-males may be due to physical distortion of 

ovipositor. Campoletis sonorensis symbiotic 

Polydnavirus (CslV) transmitted with the egg into the 

host larvae during parasitism has been reported to 

interact with the prothoracic glands to reduce 

ecdysone levels resulting in reduction of growth of 

the parasitized host, and increase the parasitoid 

survival
8,19,20,21

. Oviposition by C. chlorideae in larvae 

of H. armigera has also been reported to transmit 

oviduct calyx associated polydnavirus (CcIV) 

resulting in phenoloxidase inhibition due to 

suppression in expression of prophenoloxidase 

(proPO) or accelerate the degradation of proPO in the 

host hemolymph
22,23

. Low survival/recovery of the 

parasitoid larvae in case of multiple probings could be 

because of early mortality of host larvae due to lack 

of phenoloxidase activity and higher amounts of 

CcIV. Low hemolymph protein content in the host 

larvae has also been reported to result in delayed and 

abnormal development of parasitoid larvae
24

.  

There were no significant effects of mating and 

parasitism regimes on the survival and post-

embryonic development of C. chlorideae. However, 

mating and parasitism regimes showed a significant 

effect on fecundity and female longevity. The sex-

ratio governs the success/failure of any biological 

control program. Earlier reports indicate that the age 

of males and females at the time of mating, and host 

density can influence the sex ratio in C. chlorideae
10-12

. 

However, Comins and Wellings
25

 suggested that sex-

ratio in arrhenotokous parasitoids may be a function 

of male parasitoid population density, female 

parasitoid population density, host population density, 

and the ratio of parasitoid females to hosts. In the 

present studies, we did not observe a significant effect 

of different mating and parasitism regimes on the sex-

ratio of C. chlorideae (except for unmated females, 

which produced only males). In many hymenopterans, 

sex is determined at a single polymorphic sex locus. 

The individuals that are heterozygous at this locus 

develop as females, whereas homozygotes develop as 

Table 2—Influence of different mating regimes and numbers of Helicoverpa armigera larvae offered for parasitism on survival and 

development of Campoletis chlorideae  

[Values are mean ± SE from 5 replications. Figures in the parenthesis are asquare root transformed, and bArcsine transformed.] 

Treatments Fecundity  

female-1 

Cocoon formation 

(%) 

Adult emergence 

(%) 

Larval period 

(days) 

Pupal period 

(days) 

Female longevity 

(days) 

Proportion 

females (%) 

T1 242.9 ± 28.6  

(15.4 ± 1.0)a 

76.5 ± 3.6  

(61.2 ± 2.3)b 

57.4 ± 1.4  

(49.3 ± 0.8)b 

7.4 ± 0.03 5.8 ± 0.12 14.8 ± 1.1  

(3.8 ± 0.1)a 

52.9 ± 2.6  

(46.7 ± 1.5)b 

T2 335.2 ± 11.4  

(18.3 ± 0.3) 

80.3 ± 1.1  

(63.7 ± 0.8) 

53.9 ± 0.7  

(47.2 ± 0.4) 

7.3 ± 0.04 5.9 ± 0.02 18.8 ± 0.4  

(4.3 ± 0.04) 

44.2 ± 4.2 

(41.6± 2.4) 

T3  308.2 ± 26.5  

(17.5 ± 0.7) 

76.2 ± 3.0  

(61.0 ± 2.1) 

55.2 ± 3.3  

(48.0 ± 1.9) 

7.3 ± 0.05 5.9 ± 0.02 16.0 ± 1.2  

(4.0 ± 0.2) 

47.0 ± 1.9  

(43.3 ± 1.1) 

T4 219.2 ± 17.6  

(14.8 ± 0.6) 

84.2 ± 1.3  

(66.6 ± 1.0) 

56.5 ± 1.3  

(48.7 ± 0.7) 

7.4 ± 0.06 6.0 ± 0.03 13.3 ± 1.1  

(3.6 ± 0.2) 

00.0 ± 0.0  

(00.0 ± 0.0) 

LSD (P ≤ 0.05) (2.11) NS NS NS NS (0.42) (4.91) 

T1 = Males and females kept in companionship throughout life span, and 20 host larvae exposed for parasitism each day. T2 = Males 

removed after 72 h of mating and 20 host larvae exposed for parasitism per day. T3 = Males and females kept in companionship 

throughout life span, and host larvae exposed to maximum parasitism potential per day. T4 = Unmated females and host larvae exposed 

to maximum parasitism potential per day. NS = Non-significant at P ≤ 0.05. 
 

Table 3—Fertility status of C. chlorideae males obtained from unmated females (haploid males)  

[Values are mean ± SE from 4 replications. Figures in the parenthesis are asquare root transformed, and bArcsine transformed.] 

Treatments Fecundity female-1 Cocoon formation  

(%) 

Adult emergence  

(%) 

Proportion females  

(%) 

Unmated females 247.3 ± 11.3 (15.7 ± 0.4)a 74.7 ± 2.5 (59.9 ± 1.7)b 56.7 ± 1.6 (48.9 ± 0.9)b 00.0 ± 0.0 (00.0 ± 0.0)b 

F1
¥ 268.5 ± 9.5 (16.4 ± 0.3) 78.9 ± 3.2 (62.8 ± 2.2) 57.0 ± 2.8 (49.1 ± 1.6) 47.7 ± 2.3 (43.7 ± 1.3) 

BC1F1
§ 259.5 ± 10.8 (16.1 ± 0.3) 66.2 ± 2.8 (54.5 ± 1.7) 51.7 ± 3.7 (46.0 ± 2.1) 36.7 ± 2.8 (37.3 ± 1.7) 

LSD (P ≤ 0.05) NS NS NS (5.02) 

¥F1 = Standard females × standard males (females/males obtained from pooled population). § BC1F1 = F1 females × males obtained from 

unmated females. NS = Non-significant at P ≤ 0.05. 
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diploid, and hemizygotes as haploid males
26

, which 

under inbreeding, produce more males, and accounts 

for single-locus complimentary sex determination 

mechanism
17

. The ichneumonid parasitoid, C. chlorideae 

produced fertile males in both the cases, either 

obtained from unmated or mated females. However, 

the mated braconid females produce sterile males
27,28

. 

A significant reduction in females was recorded in the 

progeny from males obtained from unmated females, 

suggesting the role of some nuclear factors in 

regulation of sex-ratio in C. chlorideae.  
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