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Abstract 

The larvae of an aphidophagous ladybird beetle, Propylea dissecta (Mulsant) (Coleoptera Coccinellidae), were reared singly as 
well as at different densities (4, 8, 16, 25 and 35) under controlled laboratory conditions (25 ± 2 °C, 65 ± 5% R.H. and 14L: 10D) 
on third instars of the aphid, Aphis craccivora Koch. Crowding affects larval development, survival of immature stages and adult 
size. However, rearing at a density of four larvae per beaker significantly shortened developmental duration, increased immature
survival and percentage adult emergence in comparison with single and higher densities of larvae. This suggests that P. dissecta 
may be efficiently mass reared in the laboratory at a density of 4 larvae per beaker rather than other densities.  
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Introduction 

Increase in population density of insects leads to nu-
merous physiological and morphological changes ex-
pressed in colouration, gross morphology and develop-
mental rate (Uvarov, 1966). Most populations are af-
fected in a density- dependent manner by both inter- and 
intraspecific competitions. Intraspecific competition af-
fects the development of insects (Applebaum and 
Heifetz, 1999), usually because of variation in the qual-
ity and quantity of food available to larvae (Dethier, 
1959; Putman, 1977; Melanie et al., 2004). 

Insects respond to crowding by rapid changes in their 
performance with lasting impacts. In polynesian tiger 
mosquito, Aedes polynesiensis Marks (Diptera Culici-
dae) (Mercer, 1999), autumnal moth, Epirrita autymnota 
(Borkhausen) (Lepidoptera Geometridae) (Tammaru et
al., 2000) and velvet bean caterpillar, Anticarsia gem-
matalis Hubner (Lepidoptera Noctuidae) (Fescemyer and 
Erlandson, 1993), intraspecific competition, i.e. group 
rearing resulted in longer developmental periods. How-
ever, Australian aiolopus, Aiolopus thalassinus (F.)
(Orthoptera Acrididae), migratory locust, Locusta migra-
toria (L.) (Orthoptera Acrididae) (Staal, 1961), cabbage
moth, Mamestra brassicae (L.) (Lepidoptera Noctuidae)
(Goulson and Cory, 1995), and African armyworm, Spodop-
tera exempta (Walker) (Lepidoptera Noctuidae) (Sim-
monds and Blaney, 1986) developed faster when reared
at higher densities. The differential effects of crowding 
in grasshoppers differs in different species (Dingle and 
Haskell, 1967); with Diabolocatantops axillaris (Thun-
berg) (Orthoptera Acrididae) showing limited migration 
(Reynolds and Riley, 1988), while larvae of Pyrgodera 
armata Fischer de Waldheim (Orthoptera Acrididae) 
marched together in dense populations (Rubtzov, 1935). 
Slow rates of development are considered disadvanta-
geous, as they limit the chance of survival by increasing 
window of exposure to natural enemies (Klok and 
Chown, 1999) and also decrease reproduction (Gotthard 
et al., 1994; Fischer and Fiedler, 2000). 

Studies also indicate that the effect of varying densi-
ties on rates of development differ within the life stages 

of a species as seen in speckled wood butterfly, Pararge 
aegeria (L.) (Lepidoptera Nymphalidae) where larval 
development increased with increasing density while 
pupal mass and size decreased (Gibbs et al., 2004). In 
Pink stalk borer, Sesamia nonagrioides Lefèbvre (Lepi-
doptera Noctuidae) crowding during larval stages did 
not significantly increase mortality but resulted in pro-
longed larval development period with reduced pupal 
weight (Fantinou et al., 2008). 

In coccinellids, the presence of too many conspecifics 
in a limited space is also suggested to decrease growth 
and development rate, and adult weight (Hodek and 
Honek, 1996). However, effects of population density 
and intraspecific competition among coccinellids have 
been poorly studied, perhaps due to the obvious difficul-
ties of cannibalism. To address this lacuna, the present 
study has been designed to study the effect of crowding 
(i.e. varying larval density) on larval development, imma-
ture survival and adult size in ladybird, Propylea dissecta
(Mulsant). It is an aphidophagous ladybird of Oriental 
origin quite common in agricultural and horticultural 
landscapes and is highly specific for aphids, viz. Aphis
gossypii Glover, Aphis craccivora Koch, Brevicoryne 
brassicae L., Lipaphis erysimi (Kaltenbach), Myzus per-
sicae (Sulzer), Rhopalosiphum maidis (Fitch) and Uro-
leucon compositae (Theobald) (Pervez and Omkar, 2004; 
Omkar and Mishra, 2005). P. dissecta is a better model to 
investigate the life history attributes owing to marked 
sexual dimorphism (Omkar and Pervez, 2000), easy 
availability, higher reproducing ability, shorter life cycle 
and easy laboratory maintenance (Omkar and Mishra 
2005). This study aims to add information to the knowl-
edge on the effects of larval density during rearing on the 
life attributes; further the data may be helpful in the mass 
multiplication of a potential bioagent. 

Materials and methods 

Stock culture 
Adults of P. dissecta, were collected from fields of 

bean aphid, Dolichos lablab (L.) infested with aphid A.



36

craccivora in areas surrounding Lucknow (26°55'N 
80°59'E), were paired in separate Petri dishes (9 x 2 cm) 
under controlled laboratory conditions (25 ± 2 °C, 65 ± 
5% RH and 14L: 10D) in growth chambers providing 
them with ad libitum third instars of A. craccivora col-
lected from infestations in our maintained fields of D. 
lablab. Third instars of A. craccivora were selected to 
ensure intermediate size for maximum prey biomass 
utilization and consumption (Roger et al., 2000) and also 
to standardize the size of prey across all the rearing den-
sities in terms of biomass. The eggs so obtained were 
collected and incubated under controlled conditions as 
mentioned above in order to get requisite life stages for 
use in experiments. 

Experimental Protocol 
R e a r i n g  c o n d i t i o n s  
(a) Single rearing: 

A total of 100 neonates were selected from the above 
stock and kept singly in beakers (11 x 9 cm; height x 
diameter) forming 100 replicates. Two hundred aphids 
were provided every 24h throughout the experiment and 
the containers cleaned to maintain prey quality and to 
avoid microbial contamination. The time between 
moults and number of larvae surviving each moult were 
recorded every 24h. Pre- pupal and pupal duration along 
with the number of pupae formed were recorded. The 
total larval duration (from first instar to pre-pupae), total 
developmental period (duration from oviposition to a-
dult emergence), percent immature survival [(pre-pupae 
÷ eggs) x 100], percent pupation [(number of pupae ÷ 
total eggs) x 100], percent adult emergence (number of 
adults emerged ÷ number of pupae x 100) and growth 
index (1 ÷ total developmental period) were calculated. 
After emergence, adults were sexed and weighed. Prey 
and abiotic conditions were the same as in the stock cul-
ture. 

(b) Group rearing: 
For this purpose, the larvae with similar hatching time 

were grouped at densities of 4, 8, 16, 25 and 35 in plas-
tic beakers with 5 replicates of each combination. The 
beakers were cleaned and changed every 24 h to prevent 
microbial contamination. Recordings and calculations 
done were similar to that of single rearing. Prey and 
abiotic conditions were maintained similar to the stock. 
Two hundred third instars were provided per day in 
each setup. Number of prey provided were kept constant 
across all the rearing conditions, viz. single and group 
rearing so as to simulate field conditions and to avoid 
dilution of crowding effect. 

Statistical analysis 
The data obtained were checked for normal distribution 
using Bartlett’s test, and Levene's test for assumption of 
approximately equal variances before being subjected to 
One-way ANOVA using statistical software MINITAB 
(2003). Comparisons of means were done using post 
hoc Tukey’s honest significance test at 5% levels. Total 
developmental period was also correlated with larval 
density and weight of adults. 

Results 

No significant difference was recorded in incubation 
period of eggs at varying densities. There was however 
significant effect of larval densities (1, 4, 8, 16, 25 and 
35) during rearing on the durations of different imma-
ture stages, viz. first, second, third, and fourth instars, 
pre-pupae and pupae (table 1). Significant effect of lar-
val density was also recorded on total larval period, total 
developmental period, percent adult emergence and 
weight of adults. Highest immature survival, i.e. mini-
mum mortality was seen at both larval density of 4 and 8
per beaker. Significant effect of higher densities on can-
nibalism and larval mortality due to unknown factors 
was observed (table 2). Cannibalism was not found to 
play an important role in mortality up to the larval den-
sity of 8, thereafter at higher densities, an increase in 
percent cannibalism was seen (table 2). Mortality due to 
unknown factors was highest at larval density of 1 and 
35. Highest percent adult emergence, growth index and 
heavier individuals were found at the density of 4 in-
stars per beaker (tables 1 and 2). Negative correlation 
between total developmental period and increasing lar-
val densities (r = 0.512; P < 0.005) and a positive cor-
relation between weight and different larval densities   
(r = 0.125; P < 0.05) was observed. 

Discussion 

The results reveal that larval density during laboratory 
rearing affected the development, growth index, sur-
vival of immature stages and size (in terms of weight) of 
adults of P. dissecta. Larvae reared at the density of four 
per Petri dish showed faster development, higher devel-
opmental rate, growth index, and adult emergence and 
weight than those reared at the density of 1, 8, 16, 25 
and 35 per beaker. Almost similar immature survival 
was seen at larval densities of 4 and 8, however, based 
on the other attributes, larval density of 4 seems to be 
the most suited for rearing of P. dissecta.  

The poor performance at high larval density may be 
ascribed to (a) decreased food consumption owing to 
competition for common food source, (b) increased in-
terference between larvae because of the limited space, 
leading to the involvement of larvae in prolonged ag-
gressive encounters, ultimately causing heavy mortality, 
and (c) increased chances of infection due to close con-
tact.

The negative effects of larval crowding due to prob-
able increased competition of food have been observed 
in a number of insects, viz. Pierid butterfly, Anthocharis 
scolymus Butler and yellow meal worm, Tenebrio mo-
litor L. which showed lower larval survival on the 
plants with higher larval density than those of lower 
density (Masumoto et al., 1993; Barnes and Siva-Jothy, 
2000). Crowding also resulted in smaller adults because 
of the probable decreased foraging success (Evans, 
1976; Wise, 1975; Evans, 1983). 

The increased amounts of waste products (urea), as a 
result of crowding, have been implicated in the slower 
development and reduced survivorship of Drosophila 
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melanogaster Meigen (Botella et al., 1985). The in-
creased number of direct contacts between insects as a 
result of crowding may increase the rate of transmission 
of certain infectious agents In lepidopteran larvae of Ju-
nonia coenia Hubner and Colias philodice eurytheme
Boisduval, crowding induces disease by viruses, bacte-
ria and occasionally protozoan (Microsporidia) (Stein-
haus, 1958). Also the increased concentration of infec-
tious material released by infected insects due to crowd-
ing, increases the risk of healthy insects encountering 
contaminated food or other objects in surrounding 
(Steinhaus, 1958). 

In predaceous organisms, like the ladybird under 
study, cannibalism is invariably observed at high larval 
densities (Tschinkel et al., 1967; Savridou and Bell, 
1994) and has been suggested to increase the risk of 
pathogenesis (Pfenning et al., 1998) as a result of con-
sumption of con- as well as heterospecifics diseased or-
ganisms (Tschinkel et al., 1967; Savridou and Bell, 
1994; Pfenning et al., 1998). 

But crowding doesn’t always produce harmful effects, 
and under many conditions there are also some benefi-
cial results, viz. increase in body mass (Wiklund and 
Forsberg, 1991) due to increased food consumption (Ra-
hman, 1969), increase in social feeding, to mate search, 
and reduced predation risk (Alee, 1931; Stamp, 1980; 
Thornhill and Alcock, 1983; Nahrung et al., 2001). 

The costs of crowding appears to be higher in females 
as compared to males because smaller body size more 
strongly affects fitness attributes, such as life span, fe-
cundity, etc. (Ellers et al., 1998; Hardy et al., 1992). Fe-
cundity is known to be largely dependent on the re-
sources accumulated during larval stages (Kaddou, 1960; 
Smith, 1965; Kawauchi, 1990; Ng, 1991; Masumoto et
al., 1993; Wiklund et al., 2001; Bergström et al., 2002). 

Thus, based on the above account of negative influence 
of crowding on life attributes, it is expected that the sin-
gly reared larvae should perform better. However, our 
results show otherwise. Singly reared larvae were found 
to have increased larval and total developmental periods, 
lower immature survival and relatively smaller adults 
despite prey being provided in equal numbers across all 
experimental sets. This corroborates well with the find-
ings on A. thalassinus (Heifetz and Applebaum, 1995). 

However, in the present study, the larvae reared at 
density of four have developed faster, with lesser mor-
tality, into healthier adults than those reared at larval 
density of 1 despite there being reduced competition for 
food as well as no interferences in the latter. This could 
be attributed to (a) poor predation due to relatively lar-
ger size of aphid, (b) lack of social feeding, and (c) pro-
bable lack of some fitness increasing social behaviours. 
Larger size aphids have been known to kick away smal-
ler sized ladybird instars or employ other defensive me-
ans (Dixon, 1958; Lucas and Brodeur, 2001), thereby 
causing them injury or even mortality. The large size of 
aphids in comparison to that of first instar could be re-
sponsible for poor consumption. Also, the walking spe-
ed of first instar is also probably lower than that of an 
aphid third instar, thereby, making predation a doubly 
difficult proposition. It has been previously reported that 
first instars of ladybirds exhibit social feeding (Hempt-

inne et al., 2000), which increases the chance of capture 
of the first prey by the first instar which is critical de-
terminant of its survival to the second instar. The above 
outlined difficulties in prey capture and the absence of a 
chance to indulge in social feeding may together be re-
sponsible for the relatively poor biological attributes 
displayed at single rearing. Other than social feeding, 
there might also exist certain social behaviours which 
increase fitness. The nature of these social influences is 
largely unclear but it might lead to social stimulation of 
feeding (Nahrung et al., 2001; Stamp, 1980) and faster 
development under influence of pheromones. 

Social feeding, should theoretically lead to attainment 
of better biological attributes at higher densities, but the 
absence of such a scenario at the higher densities of 16, 
25 and 35 can be probably explained through the inter-
play of multitude of factors, viz. (a) benefits of social 
feeding vs. costs of increased aggressive encounters, (b) 
increased competition for food, and (c) increased prob-
ability of infection. Social feeding is probably required 
at the first instar stage, which are poor foragers, to in-
crease their chances of obtaining food. However, later in 
larval life, it probably becomes redundant due to sharp 
increase in predatory efficiencies of the later instars. So 
in the group rearing setups, social feeding allows the 
advancement of the first instar to the next stage. 
Whereas in single rearing, the lack of social feeding 
may probably reduce the chance of the survival of the
first instar due to insufficient food, thereby explaining 
the poor developmental attributes. 

The increased mortality due to cannibalism at higher 
densities is clearly due to increased aggression and limi-
tation of food resources due to increased competition for 
food. The high mortality due to unknown reasons at 
group rearing of 16 and above could be due to increased 
infections. 

It is thus apparent from the present findings that group 
rearing at the rate of four larvae per beaker helps in ob-
taining increased number of fitter individuals of P. dis-
secta, thereby having implications in mass rearing and 
the augmentative field releases for the biocontrol of in-
sects pests, especially the aphids. Of course, these re-
sults are subject to multiple number of factors, such as 
change in prey density and size of experimental arena. It 
is however, our opinion that though prey density is defi-
nitely a confounding factor, size of experimental arena 
is unlikely to change the result and interactions obtained 
in the case of this ladybird if prey and predator density 
is maintained. 
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