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Abstract
Functional response study of Cryptolaemus Montrouzieri Mulsant (Coleoptera: Coccinellidae) 4th instar
and adult male and female fed on cotton mealy bug, Phenacoccus solenopsis Tinsley was carried out
under laboratory conditions of 28±1 °C with 65±5 % % R.H and 16:8 L: D photoperiod. The prey
densities used for 4th in star and adult male and female were kept uniform i.e. 30, 45, 60, 75 and 90.
Results showed that increasing in the prey density the consumed prey number increased up to certain
limit in the 4th instar stage as well as in the adult male and female of C. Montrouzieri. The recorded
highest consumed prey number were 76, 75 and 71 for the highest prey densities of 90 in adult female,
male and the 4th instar stage of C. Montrouzieri, respectively. The average potential regarding the
consumptive rate adult female was found higher followed by adult male and 4th instar stage of C.
Montrouzieri. Also results showed almost lower searching time, handling time and resting time in the
4th larval instar stage followed by the adult male and female of C. Montrouzieri. Results of this study
showed that the C. Montrouzieri, especially the adult female have a good predation potential in preying
of the P. solenopsis. Therefore, by including C. Montrouzieri in control programs the use of the
pesticides against this pest will be minimized. However, for the detailed estimation of the bio-control
potential of C. Montrouzieri further field studies are compulsory.
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1. Introduction
The cotton mealybug, Phenacoccus solenopsis Tinsley (Hemiptera: Pseudococcidae) is an
invasive polyphagous pest in Pakistan [1]. It is a small, oval, soft-bodied, sucking insect
covered with white mealy wax. It attacks on fruits, vegetables, field crops and ornamental
plants. Cotton mealybug has a wide host range and infests over 194 plants [2]. It damages the
plants by sucking the cell sap from leaves and stems depriving plants of essential nutrients
showing the retarded growth and total drying of the plant [3]. The cotton mealybug is
considered the major pest of cotton [4] and yield losses due to this pest were estimated upto
50% [3]. In Pakistan it caused yield losses in cotton production equal to 1.3 million bales. The
potential distribution expanded dramatically indicating that P. solenopsis shows a great
economic threat to cotton crop [5].
Cryptolaemus Montrouzieri Mulsant (Coleoptera: Coccinellidae) is a very efficient natural
enemy of the mealy bugs and has worldwide distribution [6]. Both adults and larvae of these
beetles eat the mealy bug completely [6]. The success control of the mealybug species by this
predator are reported in many control programs [7]. Extensive research has been conducted on
C. Montrouzieri feeding on mealy bugs [8, 9, 10, 11, 12, 13], including demographic data on
development rates and fecundity by [14, 15]. It has received much attention from researchers as
well as farmers as a potential biological control agent [16, 13]. Interest in utilizing this useful
predator as one of the most important components of integrated pest management (IPM)
programs for field and horticultural crops has recently increased as growers have found
alternatives to pesticides for managing insect pests. Since C. Montrouzieri is a generalist
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predator, the effective and proper use of this predators is
essential for a positive effect in the IPM programs.
One of the most important behavior of the predator is
functional response. Functional response of a predator refers to
the number of prey attacked per predator as a function of prey
density [17]. It describes a way in which natural enemy
responds to the changing density of its prey, by killing fewer
or more individuals and it is a commonly measured natural
enemies attributes to pests [18, 19].
There are three types of functional response [20]. In type I there
is a linear relation between numbers of prey killed and prey
density. In type II it is curvilinear and the saturation level is
reached in a gradual way. Type III is described by sigmoid
relation and is considered to be a regulating factor in
population dynamics of natural enemy and pests. The
functional response of a predator is one of the crucial factor in
population dynamics of prey-predator system. This behavior
can be easily determined if the predator has capacity to
regulate the density of its prey [21]. The models of functional
response help to calculate two vital parameters i.e. attack rate
(the rate and time in which predator search its prey) and
handling time i.e. the time taken by predator to consume and
kill a single prey. Several studies have been conducted to carry
out functional response of Hippodamia variegata to different
densities of other aphids. The functional response types and its
parameters values are influenced by different factors such as
(host species, natural enemies, variety of host plants and
physical conditions in the laboratory [22].
A few studies have been performed on the predation capacity
of C. Montrouzieri fed on different hosts under different
environmental conditions and some other related aspects, but
not on the functional response i.e. number of prey killed as a
function of prey density. The objective of this study was to
study functional response of 4th instar and adult male and
female of C. Montrouzieri fed on fed on, P. solenopsis under
laboratory controlled conditions.
2. Materials and Methods
The research work was conducted at laboratories of Insect Pest
Management Program (IPMP), Institute of Plant and
Environmental Protection (IPEP), National Agricultural
Research Center (NARC), Islamabad during 2012.
2.1. Rearing of host insect, P. solenopsis
The culture of P. solenopsis was reared on different vegetables
(Lady Fingers, Potato sprouts and Pumpkin) under controlled
conditions at a constant temperature of 28±1ºC, with 65±5%
R.H and 16:8 L: D photoperiod in insect holding rooms in
wooden cages of size (4׳x6 )׳and also in plastic jars of different
sizes. The mealy bug colonies were renewed by replacing the
older vegetables with new fresh vegetables to ensure
continuous supply of P. solenopsis to the predator throughout
the experimental duration.
2.2. Rearing of predator, C. Montrouzieri
C. Montrouzieri adults were reared under controlled conditions
of 28 ±1°C, with 65±5% R.H and 16:8 L: D photoperiod in
insect holding rooms. Then adults were kept in plastic
container of size 10˝ x 15˝ (Width x Height) and diets were
provided on potato leaves, fresh okra and pumpkin infested
with P. solenopsis crawlers every morning. The diets were
replaced daily with new infested crawlers. The plastic
containers were covered with fine muslin cloth at the top.
Leaves of potatoes, okra and pumpkin were provided as an
oviposition substrate for the collection of eggs. The C.
Montrouzieri adults usually gave eggs singly and the eggs

were collected daily early in the morning during the time of
observations.
The eggs were kept in another plastic container of size, 3″x4″
and tissue paper was provided at the bottom to avoid
desiccation. Upon hatching the larvae were feed mealy bug
crawlers in the same container till adult emergence. The adults
were shifted to stock colony to maintain the culture
continuously. The rearing jars were checked every morning for
the collection of eggs. Eggs were collected with camel hair
brush and also on respective vegetable leaves. The stock
culture of both C. Montrouzieri and their host P. solenopsis
was maintained throughout the whole experimental durations
for different biological parameters of predator.
2.3. Experimental Procedures
The experiment was performed to calculate the functional
response of 4th instar grubs and adult male and female of C.
Montrouzieri at the same laboratory conditions used for
rearing the predator. Different densities of cotton mealy bug
(crawlers) of the same ages (5-10 days), reared on potato were
30, 45, 60, 75 and 90 nymphs of (1st – 2nd ) nymphal instar
crawlers for 4th instar grubs and adult male and female of C.
Montrouzieri were used in the experiments. 4th instar grubs
and adult male and female of C. Montrouzieri were starved for
24 hours before testing. Newly emerged 4th instar grubs and
adult male and female were transferred to another petri dish
and were starved for 24 hours. After 24 hours starved
predators were transferred to the experimental arena which
was of 10 cm diameter. The observations regarding Searching
time of 4th instar grubs and adult male and female C.
Montrouzieri, handling time of prey, resting time, killing time
and total number of crawlers consumed in 24 hours at each
respective density were recorded with six hour interval.
After 24 hours, number of alive and dead insects was counted
and the functional response of 4th instar grubs and adult male
and female of C. Montrouzieri at different prey densities were
statistically analyzed by fitting the data to Holling’s disc
equation [20].
Na= a +N (1+aThN)
Where, Na= defines the number of prey attacked by a predator
per unit time, a= defines the search rate of a predator, T = is
the total time of exposure (1 day), N= is the original number of
prey item offered to each stage of 4th instar and adult male and
female of C. Montrouzieri at the beginning of the experiment
and Th is the handling time for each prey caught. Search rate
and handling time were calculated by using linear regression
of disc equation.
3. Results
The functional responses of the 4th larval instar of C.
Montrouzieri to P. solenopsis are presented in Fig. 1 & 2. The
results showed that with the increase in the predator density
the consumed prey density had increased up to some extent.
The recorded consumed prey numbers were 20, 37, 42, 58 and
71 for the 4th larval instar of C. Montrouzieri at 30, 45, 60, 75
and 90 densities of P. solenopsis, respectively. Similarly lower
searching time (0.3748 hrs), handling time (0.54298 hrs) and
resting time (0.4973 hrs) were recorded for predator at density
30. These figures were increased as the density of the predator
increased and finally highest figures for searching time,
handling time and resting time were obtained for the predator
at density 90.
The results regarding the functional response study of adult
male of C. Montrouzieri showed higher number of consumed
prey as compared with the figures recorded for 4th larval instar
of C. Montrouzieri (Fig. 1 & 2). The recorded numbers of the
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consumed prey were 22, 42, 56, 64 and 75 for the predator at
densities 30, 45, 60, 75 and 90 respectively. Similarly higher
figures for searching time (0.7984 hrs), handling time (0.7870
hrs) and resting time (0.8768 hrs) were recorded for the
highest prey density.
The greatest maximum predation rate was recorded for the
adult female of C. Montrouzieri as compared with the adult
male and 4th larval instar of C. Montrouzieri (Fig. 1). The
recorded consumed prey numbers were 26, 41, 59, 70 and 76
for the predator at densities of 30, 45, 60, 75 and 90
respectively.

(0.81362 hrs), handling time (0.8366) and resting time
(0.91001 hrs) at the highest host density (90) of the predator.

Fig. 2. Functional response of C. Montrouzieri to P. solenopsis in the
controlled laboratory conditions

Fig. 1. Type II functional response of C. Montrouzieri to P.
solenopsis in the controlled laboratory conditions

Fig. 2 shows that at lowest density (30) of the adult female of
the predator, least values were recorded for searching time
(0.4786 hrs), handling time (0.5974) and resting time (0.6889
hrs). Like the 4th larval instar and adult male of C.
Montrouzieri an increasing trend up to some extent was
observed in these values with the increase of the consumed
host density. Highest figures were recorded for searching time

4. Discussion
The present findings showed that C. Montrouzieri is an
efficient predator of P. solenopsis, which corroborates the
findings of Gautam et al. [23] and Kairo et al. [24], who reported
that C. Montrouzieri is the best biological control agent for
hibiscus mealy bug, M. hirsutus. Result showed that the 4th
larval instar and adult male and female of C. Montrouzieri
showed a good predation potential to the P. solenopsis, but
adult female of C. Montrouzieri were found more effective on
this prey. The potential regarding the consumptive rate of the
adult female of C. Montrouzieri was found higher than that of
the adult male and 4th larval instar of C. Montrouzieri. Similar
results were reported by Kaur & Virk [25] and Rosas-Garcia et
al. [26] that the adult stage of C. Montrouzieri was the most
efficient predatory stage as compared with the other
development stages of the predator. The higher predation of
the adult stage is a logical reflection of its larger size and thus
an ensuing higher voracity. Before experimentation starvation
for a fixed time period may have a significantly influenced on
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the 4th larval instar and adult male and female of C.
Montrouzieri. Also increase in the movement speed with C.
Montrouzieri in the adult stage may likewise play a role [27].
Our results showed lower searching time, handling time and
resting time in the 4th larval instar followed by an increase in
the adult male and female of C. Montrouzieri. It should be
noted that search rate and handling time values from the
fictional response curves represent the mean values of these
parameters for 24 hour exposure time which the predator was
starved before lead to decreasing of starvation levels
throughout the duration of the experiment at different rate of
prey density. This change in the starvation level carries on
secondary components affects the values of the searching rate,
handling and resting time [20]. Stark and Witford [28] referred to
similar type of functional response of C. carnea feeding on H.
virescens eggs.
Hassel [18] described that for the type II response, consumed
prey is not density dependent i.e. consumed prey intensity
does not increase with prey density. The parameters estimated
for functional response are not accurate measurement by
laboratory testing and could not be linked to the field
conditions [29]. Wiedenmann and O’Neil [30] described that
under simple laboratory conditions the attack rate is limited
mostly by consumptive behavior (e.g. handling time), where as
in the field conditions the attack is limited by searching
behavior. However, even though several factors e.g. host
plans, weather conditions, interference from conspecifies and
from competing beneficial and presence of alternative prey,
may influence the effectiveness of the predators [20, 31, 32]. The
laboratory studies are only useful in comparing the
effectiveness of natural enemies required as a bio-control
agent [19, 33].
5. Conclusion
The present findings showed that C. Montrouzieri is an
efficient predator of P. solenopsis, and thus can play an
important role for the development of pest management
strategies based on the biological control. Also by including C.
Montrouzieri the use of pesticides will be minimized.
However before drawing firm conclusions, further research
work under field conditions are required for better
understanding of these predator-prey interactions.
6. Acknowledgements
The authors would like to thank the Department of Insect Pest
Management Program (IPMP), Bio-control labs, National
Agricultural Research Center (NARC), Islamabad, Pakistan
for providing facilities and cooperation for the conduction of
this study.
7. References
1. Abbas G, ARIF MJ, Saeed S. Systematic status of a new
species of the genus Phenacoccus Cockerell
(Pseudococcidae), a serious pest of cotton Gossypium
hirsutum L. in Pakistan. Pakistan Entomologist 2005;
27:83-84.
2. Vennila S, Deshmukh AJ, Pinjarkar D, Agarwal M,
Ramamurthy VV, Joshi S et al. Biology of the mealy bug
Phenacoccus solenopsis on cotton in the laboratory.
Journal of Insect Science 2010; 10:1-6.
3. Joshi MD, Butani PG, Patel VN, Jeyakumar P. Cotton
mealy bug Phenacoccus solenopsis Tinsley a review.
Agriculture Review 2010; 31:113-119.
4. Tanwar RK, Jeyakumar P, Singh A, Jafri AA, Bambawale
OM. Survey for cotton mealy bug, Phenacoccus
solenopsis (Tinsley) and its natural enemies. Journal of

5.

6.

7.

8.

9.

10.

11.
12.

13.

14.

15.

16.

17.
18.
19.

20.
21.

~ 414 ~

Environmental Biology 2011; 32:381-384.
Wang Y, Watson GW, Zhang R. The potential distribution
of an invasive mealy bug Phenacoccus solenopsis and its
threat to cotton in Asia. Agricultural and Forest
Entomology 2010; 12:403-416.
Clausen CP. Introduced parasites and predators of
arthropod and weeds: a world review. In (Ed. Clausen, C.
P.), Agriculture Handbook No. 480. USDA Agricultural
Research Service, Washington, D.C., 1978.
Bartlett BR. Pseudococcidae. In: Clausen, C. P. (Ed.).
Introduced parasites and predators of arthropod pest and
weeds: a world review U. S. Department of Agriculture,
Washington, D. C 1978; 480:137-171.
Babu TR, Azam KM. Studies on biology, host spectrum
and seasonal population fluctuation of the mealy bug,
Maconellicoccus hirsutus Green on grapevine. Indian
Journal of Horticulture 1987; 44:284-288.
Mani M, Krishnamoorthy A. Biological control studies on
the mango green shield scale Chloropulvinaria polygonata
Cockerell (Homoptera: Coccidae) in India. Entomon
1998; 23(2):105-110.
Mani M, Krishnamoorthy A. Predatory potential and
development of the Australian ladybird beetle,
Cryptolaemus Montrouzieri Muls. (Col.: Coccinellidae)
on the spiraling whitefy, Aleurodicus disperses Russel.
Entomon 1999; 24(2):197-198.
Mani M, Krishnamoorthy A. Suppression of
Maconellicoccus hirsutus (Green) on guava. Insect
Environment 2001; 6(4):125.
Parabal S, Balasubramanian A. Feeding potential and
larval development of Cryptolaemus Montrouzieri Muls.
(Col.: Coccinellidae) on aphids and mealy bug. Journal of
the Agricultural Science Society of North East India 2000;
13(1):8-11.
Al-Khateeb N, Raie A. A study of some biological
parameters of the predator Cryptolaemus Montrouzieri
Muls. Introduced to Planococcus citri (Risso) in Syria,
and estimate of its predation rate in the laboratory. Arab
Journal of Plant Protection 2001; 19(2):131-134.
Persad A, Khan A. Comparison of life table parameters
for Maconellicoccus hirsutus, Anagyrus kamali,
Cryptolaemus Montrouzieri and Scymnus coccivora.
Biocontrol 2002; 47:137-149.
Özgokce MS, Atlihan R, Karaca I. The life table of
Cryptolaemus Montrouzieri Mulsant (Coleoptera:
Coccinellidae) after different storage periods. Journal of
Food, Agriculture & Environment 2006; 4(1):282-287.
Ghorbaniani S, Aghdam RH, Ghajariehi H, Malkeshi SH.
Life Cycle and Population Growth Parameters of
Cryptolaemus Montrouzieri Mulsant (Col.: Coccinellidae)
Reared on Planococcus citri (Risso) (Hem.:
Pseudococcidae) on Coleus. Journal of Entomology
Research Society 2011; 13(2):53-59.
Solomon ME. The natural control of animal populations.
Journal of Animal Ecology 1949; 4:369-383.
Hassell MP. The dynamics of arthropod predator prey
system. Princeton University Press, New Jersey 1978,
248.
Ives AR, Kareiva R, Perry R. Response of a predator to
variation in prey density at three hierarchical scales lady
beetles feeding on aphids. Ecology 1993; 74(7):19291938.
Holling CS. Some characteristics of simple types of
predation and simple types of predations. Canadian
Entomologist 1959; 91(7):385-398.
Livdahi TP, Stiven AE. Statistical difficulties in the

Journal of Entomology and Zoology Studies

22.

23.

24.

25.
26.

27.
28.

29.

30.

31.

32.

33.

analysis of functional response. Canadian Entomologist
1983; 115:1365-1370.
Messina FJ, Hanks JB. Host plant alters the shape of the
functional response of an aphid predator (Coleoptera:
Coccinellidae). Journal of Environmental Entomology
1998; 27:1196-1202.
Gautam RD, Chi WD, Lessey M. Preliminary studies on
inoculative releases of Australian beetle Crypto-laemus
Montrouzieri Mulsant and another Indian ladybird,
Scymnus coccivora Aiyar against pink mealybug, Maconellicoccus hirsutus Green at point Fortin. Proceedings of
the First Symposium on the Hibiscus Mealybug (Centeno,
Trinidad and Tobago), 1998, 25-29.
Kairo MTK, Pollard GV, Peterkin DD, Lopez VF.
Biological control of the hibiscus mealybug, Maconellicoccus hirsutus Green (Hemiptera: Pseudococcidae)
in the Caribbean. Integrated Pest Management Reviews
2000; 5:241-254.
Kaur H, Virk JS. Feeding potential of Cryptolaemus
Montrouzieri against the mealybug Phenacoccus
solenopsis. Phytoparasitica 2012; 40(2):131-136.
Rosas-Garcia NM, Martinez DEP, Luna-Santillana de E
DJ, Villegas-Mendoza JM. Potential of depredation of
Cryptolaemus Montrouzieri Mulsant Hacia. Plano-coccus
citri Risso. Southwestern Entomologist 2009; 34:179-188.
Houck MA, Strauss RE. The comparative study of
functional responses: Experimental design and statistical
interpretation. Canadian Entomologist 1985; 91:617-629.
Stark SB, Witford F. Functional response of Chrysopa
carnea (Neuroptera: Chrysopidae) larvae feeding on
Heliothis virescens (Lep. Noctuidae) eggs on cotton in
field cages. Entomophaga 1987; 32:521-527.
O’Neil RJ. Comparison of laboratory and field
measurements of the functional response of Podisus
maculiventris (Heteroptera: Pentatomidae). Journal of
Kansas Entomological Society 1989; 62:148-155.
Wiedenmann RN, Neil O’ RJ. Laboratory measurement of
the functional response of Podisus maculiventris (Say)
(Heteroptera: Pentatomidae). Environmental Entomology
1991; 20:610-614.
De Clercq P, Mohaghegh J, Tirry L. Effect of host plant
on the functional response of the predator Podisus
nigrispinus (Heteroptera: Pentatomidae). Biological
Control 2000; 18:65-70.
Ding-Xu L, Juan T, Zuo-Rui S. Functional response of the
predator Scolothrips takahashii to hawthorn spider mite,
Tetranychus viennensis: Effect of age and temperature.
Biocontrol 2007; 52:41-61.
Lee J, Kang T. Functional response of Harmonia axyridis
(Pallas) (Coleoptera: Coccinellidae) to Aphis gossypii
Glover (Homoptera: Aphididae) in the laboratory.
Biological Control 2004; 31:306-310.

~ 415 ~

