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Abstract 

This study assessed development, survival and reproductive parameters of a ladybird beetle, Coccinella transversalis Fabricius, 1781 on different 
quantities (viz. scarce, optimum and abundant) of the bean aphid prey, Aphis craccivora under laboratory conditions (27 ±1°C; 65 ±5% relative humidity 
and 14 light: 10 dark hours photoperiod). The pre-oviposition period was the shortest (6.40 ±0.40 days) on abundant prey and longest (9.20±0.49 days) 
on scarce prey. The oviposition period significantly increased with increasing prey quantity, being longest (55.10 ±1.75 days) on abundant prey and 
shortest (38.50 ±2.14 days) on scarce prey. Lifetime fecundity and egg viability were recorded the highest (1604.10 ±45.61 eggs and 90.82 ±0.80%, 
respectively) on abundant diet and lowest (794.60 ±30.84 eggs and 82.72 ±0.67%, respectively) on scarce diet. Reproductive rate, reproductive time 
ratio, longevity of male and female were all highest, i.e. 29.20 ±0.61 egg/day, 3.70 ±0.26, 65.80 ±1days and 70.30 ±1.30 days, respectively on abundant 
diet. These parameters were lowest, i.e. 20.90 ±0.83 eggs/day, 1.95 ±0.16, 58.80 ±1.60 days and 56.20 ±1.75 respectively on scarce diet. Development 
was fastest on abundant prey followed by optimum and slowest on scarce prey. Percentage pupation, percent adult emergence, developmental rate, 
growth index and generation survival were all highest, i.e. 84.00 ±3.68%, 79.00 ±4.09%, 0.077 ±0.00 day-1, 3.50 ±0.19 day-1, 0.54 ±0.05, respectively 
when larvae were reared on abundant prey. The same parameters were lowest, i.e. 65.00 ±04.79%, 57.00 ±4.99%, 0.062 ±0.001 day-1, 10.46 ±0.11 day-

1, 0.25 ±0.0, respectively on scarce prey. It may therefore be concluded that the availability of abundant prey enhances developmental and reproductive 
parameters of C. transversalis, and abundant diet of aphid prey may be used for better mass culture of ladybird beetles in laboratories for augmentative 
biological control of aphids. 
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1 | Introduction 

Food availability in environment is often heterogeneous in space 
and time. Its deprivation has severe effects on life attributes of 
insects (Santos-Cividanes et al. 2011, Singh et al. 2019). The 
amount and quality of food influences directly the biological 
aspects of beetles (Dixon 2000).  When ingested food is limited 
or of poor quality, the development time usually increases and 
the reproductive rates like oviposition, fecundity and fertility 
decrease (Hodek et al. 2012). This is particularly true for ladybird 
beetles that forage in unstable habitats with variable prey density 
(Honek 1980, Agarwala et al. 2001). The ladybird beetles predate 
on a large number of aphid species that inhabit different host 
plants, and vary in density depending upon the geographical 
distribution and the seasons (Winder et al. 1994). Although these 
predators usually aggregate in patches of high prey abundance 

(Evans & Youssef 1992), the short-lived aphid colonies undergo 
rapid changes in density due to individual or combined actions of 
natural enemies, deterioration in host quality or the climatic 
changes (Agarwala & Bardhanroy 1999). Predaceous ladybird 
beetles are highly dependent on prey quality and availability for 
their sustenance. Their food range may be classified as essential 
(prey that support immature growth and adult reproduction) or 
alternative (prey that only maintain the predator when essential 
prey is not available) (Hodek & Honek 1996). The dependency 
on alternative prey like conspecific/ heterospecific eggs or pollen 
may have negative effects on the life attributes of female and her 
progeny (Hattingh & Samways 1992, Jalali et al. 1999, Kumar et 
al. 2014). However, the effects may be more severe in absence 
of alternative prey, and may include retardation of vital processes 
in the predator and/ or cause their mortality (Jalali et al. 1999). 

mailto:mahadevbista2026@gmail.com
https://orcid.org/0000-0003-2130-7047


Nepalese Journal of Zoology 4(1)  Bista   

 9  
 

Clutch size and oviposition rates are known to be influenced by 
the availability of prey quantity to the females at the time of 
oviposition (Dixon & Guo 1993, Dixon 2000), and are maximum 
when females are reared on abundant prey (Ware et al. 2008). 
The development of offspring is influenced by both the nutrient 
reserve in eggs and the food provided to them during 
development (Singh et al. 2019, 2020). Prey deprivation severely 
affects the development and survival of ladybirds (Omkar & 
Pervez 2003, Singh et al. 2016). It is believed that under prey 
scarce conditions, the energy resources are utilized to maximize 
the survival and reproduction (Legaspi & Legaspi 1998). During 
prey scarcity, a female is likely to devote all of her resources that 
she obtains from the relatively few preys consumed to her own 
self-maintenance, and use some of the energy and nutrients to 
initiate the egg production (Omkar & Pervez 2003). Individuals 
that acquire abundant prey from a resource rich environment may 
benefit by transferring their resources to their offspring, thus 
enhancing the offspring fitness (Qvarnström & Price 2001, 
Bonduriansky & Head 2007). Moreover, females invest a limited 
degree in egg production even in absence of aphid prey, to 
enhance their ability to oviposit quickly upon locating the patches 
of high aphid density (Singh et al. 2019). It appears that females 
use the resources from limited prey consumption to support the 
modest egg production.  

Aphids are the most destructive and widely distributed 
herbivorous insect pests that are predominantly found in both 
temperate and tropical climatic regions of the world (Nelson & 
Rosenheim 2006) including India (Ghosh 1974) and Nepal 
(Sharma 2000, Thapa 2015). They cause damages directly by 
sucking the plant sap, secrete honeydew resulting in development 
of sooty mould on leaves and shoots, and indirectly as vectors of 
plant viruses (Kennedy et al. 1962, Raboudi et al. 2002). The 
ladybird beetles are of great economic importance in agro-
ecosystems through their successful application in the biological 
control of many injurious insects (Agarwala & Dixon 1992).  

Coccinella transversalis Fabricius, 1781 is a predaceous ladybird 
beetle of the Oriental region, native to India and abundant in all 
the countries of south Asia (Omkar & Pervez 2000). The beetle 
has black head with two yellow patches on either side of the 
middle line, the pronotum is black with two yellowish to red spots 
at the anterior end. A black stripe runs down the middle line 
connecting the two elytra and is broadened at the anterior end to 
form a dot like structure. Each elytron possesses three transverse 

wavy black stripes against a reddish background. In the Indian 
subcontinent, the beetle is found actively feeding on aphids from 
December to April, being relatively abundant in December and 
January, and during mid-March. The beetle becomes active again 
from July to September (Chakraborty & Korat 2014). The beetle 
inhabits both urban and rural areas feeding on aphids. It is 
commonly found predating on aphids, like Aphis craccivora, Aphis 
gossypii and Lipaphis erysimi in agricultural and horticultural fields 
(Omkar & Bind 1993), and is one of the important members of 
the local predator complex. The wide prey range and acceptance 
of a variety of aphid species, make this species as a potential 
biocontrol agent in aphid management programs.  

The present investigation has therefore been designed to 
evaluate the effect of quantity of food on the growth, development 
and reproduction of C. transversalis. This information can be 
exploited for rapid mass multiplication of C. transversalis in 
laboratories. The result may be helpful in developing future 
Integrated Pest Management (IPM) approaches for augmentative 
biocontrol of aphids on various agricultural crops of Nepal. 

2 | Materials and methods 

2.1 | Establishment of stock culture 

Adults of C. transversalis (n=100) were collected by the hand-
picking method from bean plants (Dolichos lablab; Fabaceae) 
around the city of Lucknow, India (26º50' N, 80º54' E). They were 
brought to laboratory of Department of Zoology, Lucknow 
University to establish the stock in environmental test chamber at 
optimum abiotic conditions, i.e. 27 ±1°C; 65 ±5% RH and 14L:10D 
light: dark hour photoperiod. They were supplied with the bean 
aphid, A. craccivora infested on bean plants reared in 
greenhouses (at 28 ±1°C; 65 ±5% relative humidity and 14L:10D). 
The adults were paired in plastic Petri dishes (14.5 × 1.5 cm2). 
The aphid supply was replenished every 24 h and the oviposition, 
if any, was recorded, after which mating pairs were transferred to 
new dishes. The Petri dishes containing eggs were observed for 
hatching and the newly emerged larvae were reared in beakers 
(14.5 × 10.5 cm2) on daily replenishment of an exclusive ad 
libitum supply of the aphid species provided to the parents.  

2.2 | Experimental design 

Adults of C. transversalis were selected from the main stock 
culture for the maintenance of sub-culture. Prior to the 
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experimentation, ten females of each species were reared on 50 
mg aphids/ female for 24 h to standardize the optimum quantity 
of prey consumed. Supply of 25 mg aphids/ female was 
considered for the scarce condition whereas supply of 75 mg 
aphids/ female was treated as abundant prey condition. Similar 
standardization of the prey quantity was done for the larval 
instars. Males and females were paired in separate Petri dishes 
(9.0 × 1.5 cm2) on daily replenishment of one of the three different 
quantities of aphid prey conditions, viz. scarce (25 mg), optimal 
(50 mg) and abundant (75 mg) for a generation and the resultant 
F1 larvae were used in experiments (see Bista & Omkar 2014). 
They were kept at abiotic conditions similar to the main stock (27 
±1°C; 65 ±5% RH; 14L: 10D photoperiod) and were provided with 
the quantity of prey similar to their parents replenished every 24 
hours. All experiments were conducted on environmental 
conditions similar to that in the stock culture. 

a. Effect of prey quantity on reproductive attributes 

To investigate the effects of prey quantity on reproduction, 
sexually mature adult males and females of C. transversalis, 
obtained from each of the scarce, optimal and abundant prey 
conditions were paired in plastic Petri dishes and allowed to mate 
for lifetime under the optimum abiotic conditions similar to the 
main stock (i.e. 27 ±1°C; 65 ±5% RH; 14L: 10D photoperiod). 
Aphid prey was replenished every day. Oviposition was recorded 
and all the observations were taken every 24 hours. Daily 
fecundity, percent egg viability, pre-oviposition, oviposition, post-
oviposition periods and longevity of adults were recorded. 
Reproductive rate (Fecundity/oviposition period) and reproductive 
time ratio (reproductive period/non reproductive period) was also 
calculated.  

b. Effect of prey quantity on offspring development and 
survival 

To investigate the effects of quantity of prey on offspring 
development and survival, eggs laid by the females in the above 
experiment were collected and their incubation period was 
recorded. One hundred first instar larvae (zero day old) were 
randomly selected from each of the scarce, optimal and abundant 
prey conditions. The larvae were reared in the petri dishes (9.0 × 
1.5 cm2) (single larva/ Petri dish) under prey scarce (25 mg/ larva/ 
day), optimal (50 mg/ larva/ day) and abundant (75 mg/ larva/ 
day) conditions. The aphid supply was replenished every 24 h, 
and the observations were made. When ecdysis occurred, 

duration of each instar and their survival were recorded. 
Thereafter, pre-pupal and pupal periods along with their survival 
were recorded. The experiment was performed in 10 replicates. 
Percentage pupation (number of pupae × 100/ number of first 
instars hatched), adult emergence (number of adults emerged × 
100/number of pupae), development rate (1/developmental 
period, i.e. the period from the day of oviposition to adult 
emergence), generation survival (Number of female 
emerged/number of first instar) and growth index (i.e. ratio of 
percentage pupation and mean larval duration) were calculated 
following Dubey et al. (1981).  

2.3 | Statistical analysis 

Data obtained on various reproductive and developmental 
parameters were subjected to one-way ANOVA followed by 
Tukey’s post-hoc comparison of means. All data were checked 
for normal distribution using Bartlett’s test for normality prior to 
being subjected to one-way ANOVA followed by post hoc Tukey’s 
significance test at 5% level. All percent data were subjected to 
arcsine square root transformation prior to ANOVA. The age 
specific fecundity graphs were plotted. All statistical analyses 
were performed on MINITAB 16 (Minitab Inc., State College, 
Pennsylvania, USA). 

3 | Results 

3.1 | Effect of prey quantity on reproductive attributes 

Data on reproductive attributes of C. transversalis expressed in 
pre-oviposition, oviposition and postoviposition periods, fecundity, 
percentage viability of eggs, mean reproductive rate, reproductive 
time ratio and adult longevities when fed on three different food 
quantities are presented in Table 1. Significant variations in pre-
oviposition period (F = 10.87; P <0.0001), oviposition period (F = 
24.88; P <0.0001), post oviposition period (F = 4.02; P =0.030), 
fecundity (F = 123.32; P <0.0001) and percentage viability of eggs 
(F = 27.73; P <0.0001) were recorded. All these parameters were 
recorded highest on abundant prey condition and minimum on 
scarce prey conditions. The mean reproductive rate of the female 
ladybird beetle varied significantly (F = 46.20; P <0.0001), was 
highest on abundant prey condition and lowest on scarce prey 
condition. The reproductive time ratio differed significantly (F = 
16.76; P <0.0001) on the three prey conditions. The age specific 
fecundity graphs showed triangular pathways (Fig. 1). 
Interpretation of graphs through calculated measures revealed 
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statistically significant changes (F = 210.85; P <0.0001) in 
oviposition rate at peak with change in prey quantities. The peak 
of oviposition was high on   abundant prey and low on scarce 
prey condition (Fig. 1). The longevity of male (F = 10.25; P 
<0.0001) and female (F = 21.72; P <0.0001) ladybird beetles 
varied significantly with maximum on abundant prey condition and 
minimum on scarce prey condition. 

3.2 | Effect of prey species on offspring development and 
survival 

The duration of different life stages of C. transversalis when 
provided with three different prey conditions are listed in Fig. 2. 
The significant effect of prey quantity was observed on all the life 
stages when the larval instars were fed with three different 
quantities of food. This included incubation period (F=11.26; 
P<0.0001), first (F=35.00; P<0.0001), second (F=24.92; P 
<0.0001), third (F = 26.41; P <0.0001) and fourth instar (F = 

13.86; P <0.0001), pre-pupal (F = 6.02; P = 0.003) and pupal 
periods (F = 6.88; P <0.001). The total developmental period 
differed significantly (F = 94.56; P <0.0001), and was minimum 
on abundant and maximum on scarce prey condition. Significant 
difference was also observed in percent pupation (F = 5.46; 
P=0.005), percent adult emergence (F = 6.94; P <0.001), 
developmental rate (F = 70.86; P <0.0001), generation survival 
(F = 6.78; P <0.001) and growth index (F = 51.59; P <0.0001) 
(Table 2). Thus, the results suggested that abundant prey 
quantity increased the growth, development and immature 
survival of C. transversalis. 

4 | Discussion 

Growth, development and reproduction of ladybird beetles are 
closely associated with the quantity of aphid prey offered (Singh 
et al. 2020). Results of this study revealed that the non-
reproductive (pre- and post-oviposition) periods were shortest, 
whereas reproductive or oviposition periods and longevity of 
males and females were the longest under the abundant prey 
condition. Fecundity, egg fertility and reproductive rates were 
also highest when prey was abundantly available and lowest on 
scarcity condition. Experimental and field studies indicate that 
there is a density of aphids below which ladybirds are unlikely to 
lay eggs (Dixon 2000, Das & Dixon 2011, Singh et al. 2019). 

Absence of reproduction under prey scarcity condition (during late 
summers from May to July) is common among ladybirds when 
the energy goes to survival (McNamara & Buchanan 2005, Britto 
et al. 2009, Singh et al. 2020). Thus, the rate of reproductive 
maturation and fecundity are sensitive both to the quality and 
quantity of prey (Reznik & Vaghina 2012, Chaudhary et al. 2016). 
The longer pre-oviposition and shorter oviposition period under 
prey deprived condition may be attributed to late ripening of 
ovarioles due to non-availability of sufficient prey. Yasar and 
Ozger (2005) observed that increasing Hyalopterus pruni density 

Table 1. Effect of prey quantity on reproductive attributes of C. transversalis (Values are Mean± S.E; ** denote F-values to be significant at P <0.01, (d.f. = 2, 29); 
NS denotes F-values to be non-significant at P >0.05; Values followed by different alphabets show significant differences) (also see Bista & Omkar 2014). 

Prey 
quantity  
 

Pre-
oviposition 
(days) 

Oviposition 
(days) 
 

Post-
oviposition 
(days) 

Fecundity 
(No. of eggs) 
 

Percent 
viability 
 

Reproductive 
rate (egg/day) 

Reproductive 
time ratio 
 

Female 
longevity 
(days) 

Male 
longevity 
(days) 

Scarce 9.20±0.49b 38.50±2.14a 11.10±0.71b 794.60±30.84a 82.72±0.67a 20.90±0.83a 1.95±0.16a 58.80±1.60a 56.20±1.75a 

Optimum 7.00±0.45a 52.70±1.61ab 10.10±0.55ab 1561.30±44.91b 89.87±0.87b 29.71±0.72b 3.17±0.23b 69.80±1.26b 64.20±1.58b 
Abundant 6.40±0.40a 55.10±1.75b 8.80±0.44a 1604.10±45.61b 90.82±0.80b 29.20±0.61b 3.70±0.26b 70.30±1.30b 65.80±1.48b 
F-value 10.87** 24.88** 4.02* 123.32** 27.73** 46.20** 16.76** 21.72** 10.25** 

 

 
Figure 1. Effect of prey quantity on age specific fecundity of adult C. transversalis. 
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as prey resulted in shorter preovipositional period in Adalia 
fasciatopunctata revelierei. Omkar and Pervez (2003) also 
reported that the pre-oviposition period of female Propylea disecta 
increased with increase in the duration of prey deprivation. The 
finding agrees with the optimal foraging theory, which states that 
females desist from laying eggs in habitats that cannot support 
progeny survival (Kindlmann & Dixon 1993, Singh et al. 2016). 

Results further revealed that the prey quantity is directly 
proportional to the fecundity and egg viability. The lowest 
fecundity and egg viability were observed under prey scares 
condition and highest on abundant prey condition. Such prey 
abundant conditions are generally observed in 
the agricultural farms from late November 
(winters) till March (spring). The longevity of 
adults of C. transversalis decreased under prey 
scarce conditions. The decrease in fecundity, 
egg viability and longevity under prey scarce 
condition may be attributed to the non-availability 
of sufficient prey quantity or due to nutritional 
deficiency. Studies on the effect of prey quantity 
on the longevity and fecundity of other predators 

are also in agreement with the present findings (Yasar & Ozger 
2005, Agrawala et al. 2008). Studies have shown that the 
reproductive rate decreases under the scarcity or unavailability of 
aphid prey (Omkar et al. 2010). Under prey scarce or prey 
deprived conditions, instead of reproduction ladybirds invest most 
of their energy for their maintenance and survival, since 
reproduction is a costly process (Dixon 2000), or the reproduction 
may be ceased. The findings of the present study are also in 
agreement with those reported by Atlihan and Guldal (2009) in 
ladybird beetle Scymnus subvillosus. 

Table 2. Effect of prey quantity on immature development and survival parameters of C. transversalis. 
(Values are Mean± S.E; ** denote F-values to be significant at P <0.01, (d.f. = 2, 29); NS denotes F-
values to be non-significant at P >0.05; Values followed by different alphabets show significant 
differences) (also see Bista & Omkar 2014). 

Prey 
quantity 

Percent 
pupation (%) 

Percent adult 
emergence (%) 

Development
al rate (day-1) 

Growth Index 
(day-1) 

Generation 
survival 

Scarce 65.00±04.79a 57.00±4.99a 0.062±0.001a 10.46±0.11a 0.25±0.04a 

Optimum 79.00±4.09b 73.00±4.46b 0.073±0.001b 12.68±0.25b 0.45±0.05b 

Abundant 84.00±3.68b 79.00±4.09b 0.077±0.001c 13.50±0.19c 0.54±0.05b 

F-value 5.46** 6.94** 70.86** 51.59** 6.78** 

 

 
Figure 2. Effect of prey quantity on development of immature stages of C. transversalis 
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C. transversalis exhibited triangular fecundity function i.e. daily 
oviposition initially increased with age to a peak, and then 
declined with further increase in age (Dixon & Agarwala 2002). 
The peak in oviposition occurred earlier in adult life under 
favourable conditions when prey availability is abundant. 
Difference between the time of peak oviposition indicate the age 
specific fecundity is prey quantity dependant. The results are 
similar to those reported by Dehkordi et al. (2013) in Hippodamia 
variegata. 

Incubation periods, durations of larval instars, pre-pupal and 
pupal periods and total developmental durations were shortest 
under prey abundant conditions and longest under prey scarce 
conditions. Studies have shown that optimal amount of suitable 
aphid prey in the form of parental diet is necessary for the 
development of embryos (Omkar & Srivastava 2003, Pervez & 
Omkar 2004, Omkar et al. 2010, Sun et al. 2017). Such a slowing 
down of larval development under prey scarce conditions may be 
ascribed to the decreased availability of nutrition. Pervez and 
Omkar (2004) have reported that consumption of aphid prey in 
lesser quantity resulted in delayed moulting and pupation, thereby 
increasing total developmental periods of larvae and ultimately 
reducing their fitness levels. Effects of prey quantity on larval 
development, revealing similar results have earlier been reported 
in ladybirds on aphid prey (Agarwala et al. 2008, Atlihan & Guldal 
2009, Chaudhary et al. 2016, Singh et al. 2020). It is inferred that 
the life history traits of ladybird beetle change in response to 
nutrient stress. However, the successful development of both 
larvae and adults under food stressed conditions suggest the 
occurrence of strong selection pressure in natural population of 
ladybird beetles for survival and reproduction even under adverse 
conditions.  

Conclusions  

Based on the results of the present study, it may be concluded 
that the availability of abundant prey conditions causes higher 
reproductive performances in ladybirds. The developmental 
durations of immature stages decrease and the larvae have 
maximum survival rates with least mortality when reared on 
abundant prey. On the contrary, scarce prey conditions induce 
poor reproductive performances in adult ladybird beetles, and 
cause the slower development with higher mortality in their 
offspring. Hence, for successful mass multiplication of ladybird 

predators in laboratories, abundant prey condition should be 
provided.  
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