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Abstract
It is investigated that a perennial grass leaves orientation provides a hiding place for aphids to escape
from the attack of green lace wings. Traditionally predators of arthropods have been less discussed on the
base of their special prey. The interactions of predator-prey are categorized on three trophic levels (i.e.
Plants, predators and prey). Predators are at the top of food linkage and interact between just for a shared
prey. Research on influence of different hosts on biology of Chrysoperla carnea (Stephens) were
examined under laboratory conditions at 26±2 °C and 65±5% R. H. shows that the incubation period of
eggs of C. carnea females eating different hosts as immatures are significantly (P<0.001) different from
each other. The natural hosts are: cotton aphids, Aphis gossypii (Glov.) (nymphs/adults), American
bollworm, Helicoverpa armigera (Hb.) (eggs), Pink bollworm, Pectinophora gossypiella (Saund.) (eggs),
cotton mealy bug, Phenacoccus solenopsis (Tinsley) (Pseudococcidae: Homoptera) (nymphs) and
Angoumois grain moth, Sitotroga cerealella (Oliver) (frozen eggs). The present study was done to
observe predatory behaviour of chrysoperla carnea and how it can successfully be implied in initializing
an effective biological control programme. The study was started from April, 2016 and research was
finalized on October, 2016.
Keywords: Chrysoperla carnea, green lacewings, feeding behaviour, variety of hosts, interaction with
other vertebrates
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Introduction
Chrysoperla carnea(Green lacewings) are also regarded as aphid-lion possesses a wide range
of hosts like white flies, thrips, mealy bugs, aphids as well as eggs of different
arthropods.(Carrillo and Elanov, 2004) [12]. Green lacewings have been most emphasized in its
family due to effective foraging, abundant occurance, easy raring and habitat parameters.
Larvae feed on different arthropods and adult just feed on products and byproducts of plants.
(El-Serafi et al., 2000) [19]. Family members of chrysopidae family feed on aphids including
Aphis glycines Matsumura (Ragsdale et al., 2011) [36], Myzus persicae Sulzer (Pappas et al.,
2007) [34]. In current scenario, research is conducted on feeding behaviour of C. carnea on
Wheat Aphid (Schizaphis graminum). This helps in utilization of predation behaviour of C.
carnea as an efficient tool in biological control programmes. In past, biological control
programmes have focused on special natural enemies and their close association with target
pest. (Doutt 1964, Beddington et al. 1978, Hassell, 1978) [10, 17, 25]. Some studies have shown
the distribution of general predators by using supplementary resources in an ecosystem which
is highly changed, like ecosystems in annual cropping system. (Ehler and Miller 1978 [18],
Riechert and Lockley 1984[38], Murdoch et al. 1985, Wiedenmann and Smith, 1997) [51].
Supplementary resources may include plant material (Alomar and Wiedenmann 1996) [3] or
alternative prey, including detritivores (Settle et al. 1996) [42]. Uncommon herbivores (Karban
et al. 1994) [27], or even potentially competing other species of predators (Sunderland et
al.1997) [45]. In field enclosures, the praying efficacy of predators can be replenished if the
behaviour of confined arthropod has been changed due to the presence of cages. Field
examinations have shown that caging practices did not enhance the impact of predator in
predator-prey relationships. (Sih et al. 1985) [43]. It is not clarified properly the importance of
food shortage and mortality due to food scarcity but ratio between arthropod prey and plant
nectar has been reported as a certain important food sources. Arzet (1972) and Duelli (1981)
observed the occurrence of cannibalism in the predator Chrysoperla carnea (Stephens) and
studies by B/insch (1964) and Egger (1974) revealed that C. carnea larvae cannibalized eggs.
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It was found also that hunger influenced the extent of
cannibalism (Arzet, 1972; Bond, 1978; Baumg, irtner et al.,
1981). Cannibalism among larvae of Coccinella
septempunctata L. was reported by Johnssen (1930). Several
authors observed egg cannibalism by larvae (Dixon, 1959;
Shah, 1980; Basedow, 1982; Mills, 1982) and Banks (1955)
also observed adults feeding on eggs. In C. septempunctata
the extent of cannibalism was also dependent on hunger (Binsch, 1964; Kehat, 1968). The competitive interactions
between C. carnea and C. septempunctata were studied by
B.insch (1964) and Ickert (1968). Chrysoperla carnea has
been recognised as a potential biological control agent due to
its high adaptability in field, efficient foraging behaviour and
predator of a variety of arthropods. (Morrison, 1985) [33]. C.
carnea can easily be mass reared in the laboratory and used
against insect pest in the field (Syed et al., 2008) [43].
Developmental duration and survival rate of C.carnea are
influenced by temperature, relative humidity, photoperiod,
food quality and quantity (Adane and Gautam, 2002) [1]. One
of the most important influencing factor in the development
rate of a particular insect species is temperature because
different insect species have some different temperature
requirements at different developmental stages. (Birch, 1948)
[1]
. Observations has also been recorded to collect information
on the biology of immature stages of C.carnea, when feeding
on C.cephalonica eggs at three different temperature levels,
which could be usefully employed for mass and quality
production of the predator under local environmental
conditions. Biological control is the natural mechanism of
parasitoids, predators and pathogens in keeping other
organisms’ density at a lower average level than would occur
in their absence (DeBach, 1965) [16]. The advantages of
biological control are a lot. The predators are scattered in
about 167 families of 14 orders of class Insecta. Among the
predacious
insect
orders,
Coleoptera,
Neuroptera,
Hymenoptera, Diptera and Hemiptera contain specially
(natural enemies) predators. It is estimated that possibly up to
one third of the successful biological insect pest control
programmes are attributable to the introduction and release of
insect predators (Williamson and Smith, 1994) [52]. A natural
enemy (either predator, parasite or pathogen) may be used in
inoculative releases, as reported by Warner (2001) [51]. Cost of
rearing and quality control procedures are a necessity. The
easy access and utilization of necessary hosts for the growth
of predator population make it possible. The cost of
developing and maintaining good quality natural enemies is a
small price to pay for consistent and satisfactory performance
in the field (Larock and Ellington, 1996) [28]. The procedures
necessary will vary with the entomophagous species and the
intended usage (Penny et al., 2000; Florkin and Jeuniaux,
1974)[21]. The green lacewings, Chrysoperla carnea
(Stephens) is a cosmopolitan polyphagous predator, often
seen in agricultural systems. It has been recorded as an
effective generalist predator of aphids, coccids, mites and
mealy bugs etc. (Yuksel and Goemen, 1992, Singh and
Manoj, 2000, Zaki and Gesraha, 2001) [55, 54, 44]. It has been
exclusively used in biological control of aphid populations
(Venkatesan et al., 2000, 2002) and other insect pests
(Obrycki et al., 1989) [33] because of its ubiquitous nature,
polyphagous habits, and compatibility with selected chemical
insecticides, microbial agents and amenability to mass rearing
(Ridgway et al., 1970; Ridgway and Murphy, 1984; Obrycki
et al., 1989; Uddin et al., 2005) [38, 33, 50]. Commercial
marketing and mass-rearing has been practiced in North
America and Europe (Liu and Chen, 2001; Balasubramani

and Swamiappan, 1994; Tauber et al., 2000) [30, 7, 48] for
control of many insect pests (Ridgway et al., 1970; Sengonca
et al., 1995; Daane et al., 1996; Legaspi et al., 1996; Atakan,
2000) [42, 38, 15, 5]. It has examined that the influence of
consumption of P. solenopsis nymphs, A. gossipii
nymphs/adults, H. armigera and P. gossypiella eggs, mixed
diet comprising all hosts in equal proportions, all major insect
pests of cotton and compared with the factitious host (S.
cerealella eggs) of C. carnea, one of the major species of
predators in cotton crop ecosystem on development and
survival of C. carnea. Green lacewing, Chrysoperla carnea
generally known as aphid-lion is generalist predator of a wide
range of pest species such as mealybugs, aphids, thrips,
whiteflies and mites (Canard and Principi, 1984; Liu and
Chen, 2001; Yadav and Pathak, 2010) [30, 54].
Materials and Methods
Biology of Chrysoperla carnea on five natural hosts was
studied in Bio- control laboratory, Nuclear Institute of
Agriculture Tando Jam. The natural hosts were cotton aphids,
Aphis gossypii (Glov.) (nymphs/adults), American bollworm,
Helicoverpa armigera (Hb.) (eggs), pink bollworm,
Pectinophora gossypiella (Saund.) (eggs), cotton mealy bug,
Phenacoccus
solenopsis
(Tinsley)
(Pseudococcidae:
Homoptera) (nymphs) and Angoumois grain moth, Sitotroga
cerealella (Oliver) (frozen eggs). The eggs of first four hosts
were collected from cotton field of Institute and reared in
laboratory for experimental purpose on natural diet. Eggs of
S. cerealella taken from laboratory culture, maintained for
this purpose were provided to the larvae of C. carnea under
control conditions (26±2 °C; 65±5% R.H). This experiment
had eight replications and each treatment consisted of 50
individuals. All biological parameters including egg
incubation, larval and pupal period (days), and total food
consumption, pupal and adult survival, longevity of male and
female (days), pre, post and oviposition (days) and fecundity
per female with percent fertility were recorded daily. To avoid
cannibalism, newly hatched (2 h old) larva was kept singly in
glass vials (2.5 cm diameter and 8.5 cm length) covered with
black muslin cloth, was offered weighed host till pupation;
same procedure was used in mixed host diet. The period of
time from egg laying to hatching was considered incubation
period; from hatching till spinning of cocoon was designated
the larval period and from cocoon formation and coming out
from pupal case as pupal period. The time after emergence of
adults and start of oviposition was considered as preovipositional period, the period of egg-laying was considered
oviposition and post-oviposition period of female was
recorded as period between the days female ceased egg laying
to the day of death. To study the percent hatchability, eggs
were harvested with razor and separated along with black
muslin cloth, counted and kept for hatching. Two days old
virgin adults were paired in the rearing glass chimney (4 x 7.5
cm), provided with standardized adults’ diet on hard paper
card and wet cotton was placed in glass vials in chimneys.
The period of survival of each male and female was observed
regularly in order to record longevity (days) and total number
of eggs laid by each female during their oviposition period. In
mixed host diet all five hosts were given in equal proportions
in glass vials (2.5cm diameter and 8.5 cm length) covered
with black muslin cloth piece. The larvae were fed with eggs/
nymphs in these jars till pupation. The developmental period
of the immature stages and all parameters were recorded
daily. Data collected on fecundity, fertility, incubation, larval
instars, pupal period and other various aspects of predator
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biology were subjected to analysis of variance and the
treatment means were compared using Duncan’s Multiple
Range Test (Gomez and Gomez, 1984) [24] with the help of
MSTATC computer software as analysing tool.
Results
The results regarding the immature developmental duration,
survival rate and predatory potential of C. carnea feeding on
S. graminum under controlled conditions revealed that the
mean duration of the egg stage was 3.8 ± 0.047 days with
87% hatchability. Previous authors have reported durations
for egg stage and their hatchability. Qadeer (2012) [35]
indicated that the duration of egg stage was 4.0±0.00 days at
26±1 °C which confirms the result of the present study. The
insect passed through three larval instars before transforming
in to pre-pupa. The average durations of first, second and
third instars were 3.2 ± 0.033, 4.0 ± 0.045 and 4.8 ± 0.029
days with 88.5, 96.1 and 100 percent survival rate,
respectively. Afzal and Khan (1978) [2] reported that the
average duration of first, second and third instars were 3.20
±0.09, 3.4 ±0.05 and 4.7±0.08 days, respectively. Lenardo et
al. (2002) [29] reported the viability for first, second and third
instars was 93.3%, 100% and 89.5% respectively for C.
everes when feeding on S. cerealella eggs. As observed in
previous studies, whole-plant searches indicated that densities
of lacewing larvae and pupae are relatively low in comparison
with densities of lacewing eggs, suggesting that an important
mortality factor is operating on the early developmental
stages. It was observed that a total of 136 neonate
Chrysoperla carnea larvae foraging freely in the ﬁeld for a
cumulative observation period of 448.6 h. Only three
instances of contact between the focal neonate C. carnea and
other lacewing larvae were observed as 0.00669 6 0.00373
encounters/h [mean 6.1 SE]), and none of these contacts led to
an attack. Thus, this study provides no evidence that
cannibalism or interspeciﬁc predation within the family
Chrysopidae were important sources of mortality for C.
carnea larvae. Contacts between neonate lacewing larvae and
non-chrysopid predators occurred far more frequently.
Twenty-six encounters were observed between lacewings and
arthropods that might act as their predators. Only ﬁrst-instar
Orius tristicolor were excluded from consideration as
lacewing predators because of their small size and

observations that they may be preyed upon by neonate C.
carnea. Of the 26 encounters, 9 resulted in redation of the
focal neonate C. carnea (0.0202 6 0.0068 predatory
encounters/h). It was observed that neonate C. carnea being
preyed upon by ﬁve species of hemipteran predators: Orius
tristicolor, 4th instar nymph (1) and adults (2); Geocoris
pallens, adults (2); Geocoris punctipes, adult (1); Geocoris
sp., 4th-instar nymph (1); Nabis sp., 3rd-instar nymph (1); and
Zelus renardii, adult (1). The results on the developmental
duration of immature stages of C. carnea when feeding C.
cephalonica eggs at three different temperature levels
indicated that incubation period of C.carnea eggs was
4.9±0.08, 3.8±0.08 and 3.0 ±0.06 days at 24+1 °C, 28+1 °C
and 32+1 °C, respectively. Josain and Sonia (2003) [26]
reported that incubation period was 4 days at 25 °C, while
Afzal and Khan (1978) [2] reported that incubation period of
C.carnea eggs was 4.8 ± 0.4 days under laboratory
conditions. The insect passes through three larval instars
before transforming into pupa. The average duration of the
first, second and third instars were 3.6 ± 0.07, 3.4± 0.11 and
4.9 ± 0.10 days at 24±1 °C respectively. Similarly, at 28±1 °C
and 32±1 °C the average duration of first, second and third
instars were, 2.7 ± 0.11, 3.0 ± 0, 4.0 ± 0.06 and 2.0±0.06,
2.8±0.07, 3.4±0.13 days, respectively. The result indicated
that with increasing temperature developmental duration for
different instars of C.carnea are significantly decrease.
Previous workers reported different developmental duration
for different instars Afzal et al. (1978) [2] reported the average
duration of the first, second and third instars were 3.2±0.49,
2.8 0.20 and 6.9 0.49 days respectively, while Mari et al.
(2006) [32] reported that developmental duration of first,
second and third instars were 2.46±0.05, 4.36±0.10 and
5.91±0.19 days when feeding on aphid.
Incubation period: The results showed that the incubation
period of eggs of C. carnea feeding on different hosts was
significantly different from each other (F= 117.06; DF= 5, 42;
P<0.001). It was 2.25, 2.28, 2.36, 3.85, 2.25 and 2.80 days on
A. gossypii, P. solenopsis, S. cerealella, H. armigera, P.
gossypiella and mixed host diet, respectively. The minimum
incubation period of 2.25 days was recorded for eggs laid by
females fed on A. gossypii and S. cerealella as larvae.

Table I: Effect of feeding of C. carnea on different hosts on different developmental parameters under laboratory conditions (Mean±S.E.).
Developmental
parameters

Aphis
gossypii
(nymph/adults)

Phenacoccus
solenopsis
(nymphs)

Helicoverpa
armigera
(eggs)

Pectinophora
gossypiella
(eggs)

Sitotroga
cerealella
(eggs)

Mixed
host diet

Figures followed by same letter with in a row are not significantly different from each other at 5% DMRT.

Larval period: The results indicated that larval period of C.
carnea feeding on different hosts is significantly different (F=
34.34; DF= 5, 42; P<0.001).

Duration of first larval instar was 2.62, 2.87, 4.00, 3.00, 2.50
and 2.87 days, while duration of second instar was recoded as
2.75, 3.00, 4.12, 4.12, 2.75 and 3.50 days and that of third
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instar was 3.12, 3.62, 4.25, 4.25, 3.00 and 4.62 days,
respectively, on A. gossypii, P. solenopsis, H. armigera, P.
gossypiella, S. cerealella and mixed host diet. The order of
complete larval developmental period on different insect prey
species was S. cerealella > A. gossypii > P. solenopsis >
mixed host diet > P. gossypiella > H. armigera. The
complete larval developmental period was 8.50, 9.50, 12.37,
11.37, 8.25 and 11.00 days on A. gossypii, P. solenopsis, H.
armigera, P. gossypiella, S. cerealella, and mixed host diet,
respectively. The shortest and the longest larval period of C.
carnea were recorded as 8.25 and 12.37 days on S. cereallela
and H. armigera eggs, respectively.
Pupal period
The pupal period of C. carnea was significantly different on
various hosts (F= 5.31; DF= 5, 42; P<0.001). The cocoon
period of C. carnea was 7.75, 7.75, 8.37, 8.50, 7.37 and 8.25
days fed on A. gossypii, P. solenopsis, H. armigera, P.
gossypiella, S. cerealella, and mixed host diet, respectively.
The maximum to the minimum pupal period was in the order
of S. cerealella >
A.gossypii > mixed host diet, H. armigera, P. solenopsis > P.
gossypiella.

Larval and pupal survival
Analysis of data indicated a non-significant effect of hosts on
the survival of C. carnea pupae (F= 1.35; DF= 5, 42; P>0.05)
and adults (F= 1.40; DF= 5, 42; P>0.05). However, the
maximum survival of pupae and adults was recorded when C.
carnea was feeding on eggs of S. cerealella followed by
nymphs and adults of A. gossypii. The minimum survival to
pupal and adult stages was observed on eggs of P.
gossypiella.
Reproductive attributes
Feeding of different hosts to larvae of C. carnea significantly
affected its fecundity (F= 87.17; DF= 5, 42; P<0.001).
Similarly, significantly (F= 36.37; DF= 5, 42; P<0.001)
higher fertility of eggs of C. carnea was recorded when feed
on eggs of S. cerealella as larval host followed by A. gossypii.
The maximum mean adult male and and female longevity was
recorded for C. carnea feeding on S. cerealella as a host
followed by A. gossypii. There was significant (F= 17.13;
DF= 5, 42; P<0.001) male and (F= 30.61; DF= 5, 42;
P<0.001) female variation in adult longevity due to feeding
on different hosts.
Predation of Chrysoperla carnea. The data showed significant
differences (P<0.05) in the mean consumption of C. carnea
on different stages of P. solenopsis.

Table II: Effect of feeding on different hosts on different reproductive attributes of C. carnea under laboratory conditions (Mean±SE).
Reproductive
parameters

Aphis
Phenacoccus
Helicoverpa
Pectinophora
gossypii
solenopsis
armigera
gossypiella
(nymph/adults)
(nymphs)
(eggs)
(eggs)
Pre-oviposition period (days)
3.37±0.18 b
3.62±0.18 ab
4.12±0.12 a
3.87±0.22 ab
Oviposition (days)
27.62±0.42 b
21.62±0.49 c
19.12±0.61 d
19.25±0.36 d
Oviposition/ day/ female (days)
15.21±0.27 c
17.82±0.44 b
17.74±0.23 b
17.58±0.30 b
Post-oviposition (days)
6.87±0.47
7.00±0.56
7.62±0.26
7.62±0.32
Fecundity/ female
419.80±6.35 b
384.00±3.15 c 338.90±9.19d 337.80±3.61 d
Fertility (%)
87.88±0.74 a
85.09±0.70 b
82.75±0.52 b
75.10±1.11 c
Figures followed by same letter with in a row are not significantly different from each other at 5% DMRT.

The feeding potential of C. carnea increased significantly
with the advancement of larval stage of the predator. The
third instar larvae of C. carnea consumed significantly higher
number of 645.9 total first instar nymphs of P. solenopsis
which differed significantly from 406.0 nymphs consumed by
first instar and 426.3 nymphs consumed by second instar
larvae of C. carnea. Similarly the average number of total
second instar nymphs of P. solenopsis consumed by first
instar larvae of C. carnea was significantly less than the other
developmental stages of C. carnea. The first instar of C.
carnea consumed minimum number of 62.12 second instar
nymphs of P. solenopsis whereas; third instar of C. carnea
consumed maximum number of 144.7 second instar nymphs
of P. solenops.
Discussion
Predation risk may also decrease as lacewings grow.
However, it is suspected that while some small-bodied
predators, such as Orius tristicolor, may impose less mortality
on larger lacewing larvae, larger predators, such as the Nabis
spp. and Zelus renardii may become more important. Zelus
renardii appears to respond strongly to moving prey (Cisneros
and Rosenheim 1997) [14], and larger lacewings, which cover
more substrate while foraging, may be at a much higher risk.
The survival rate is 82%, 68% and 42% respectively. The
shortest larval period is recorded on S. cerealella eggs, while
longest on H. armigera eggs. The longest pupal period is also
recorded while on feeding upon H. armigera eggs.

Sitotroga
cerealella
(eggs)
2.37±018 c
29.50±0.82 a
17.13±0.47 b
6.75±0.25
503.30±9.17a
88.61±0.68 a

Mixed
host diet
3.37±0.18 b
20.12±0.74 cd
20.15±0.83 a
7.50±0.42
401.63±5.30bc
82.92±0.95 b

Balasubramani
and
Swamiappan
(1994)[7]
studied
development of C. carnea on different hosts in laboratory and
found that larval development was rapid on eggs of Corcyra
cephalonica (8.20 days) and longest on neonates of H.
armigera (11.10 days). In present study, larval duration
remained maximum (8.50 days) while feeding upon
P.gossipiella. Mannan et al. (1997) [31] studied biology of C.
carnea on A. gossypii and M. persicae and observed that
larval duration was long when fed on M. persicae.
Saminathan et al. (1999) [8] and Bansod and Sarode (2000)[39]
studied biology and feeding potential of C. carnea on
different hosts and noted developmental period of C. carnea
ranged from 18.6 days on Aphis cracivora to 22.7 days on H.
armigera neonate larvae. On feeding upon mixed hosts, it was
studied that the male development period was (20 days) and
that of female was (31.25days) Giles et al. (2000) [23] studied
nutritional interactions among alfalfa, Medicago sativa and
faba bean, Vicia faba, as host plants, pea aphid,
Acyrthosipnon pisum an herbivore and C. carnea a predator.
It was shortest when larvae were fed A. gossypii followed by
M. persicae and Lipaphis erysimi (Liu and Chen, 2001) [30].
Ballal and Singh (1999) [6] and Bartlett (1984) [9] studied the
host plant-mediated orientational and ovipositional behaviour
of three species of chrysopids and found that C. carnea
females had significantly higher preference for sunflower and
cotton, while pigeonpea was less preferred. On cotton
C.carnea preferred to lay more eggs on underside of leaves
than on buds. Flint et al. (1979) [20] reported that damaged
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cotton plants release the terpenoid β caryophyllene which
attracts C. carnea. Balasubramani and Swamiappan (1994) [7]
studied development of C. carnea on different hosts in
laboratory and found that larval development was rapid on
eggs of Corcyra cephalonica (8.20 days) and longest on
neonates of H. armigera (11.10 days). Mannan et al. (1997)
[31]
studied biology of C. carnea on A. gossypii and M.
persicae and observed that larval duration was long when fed
on M. persicae. Saminathan et al. (1999) [8] and Bansod and
Sarode (2000) [39] studied biology and feeding potential of C.
carnea on different hosts and noted developmental period of
C. carnea ranged from 18.6 days on Aphis cracivora to 22.7
days on H. armigera neonate larvae. Giles et al. (2000) [23]
studied nutritional interactions among alfalfa, Medicago
sativa and faba bean, Vicia faba, as host plants, pea aphid,
Acyrthosipnon pisum an herbivore and C. carnea a predator.
Chemical analysis showed that aphids reared on faba bean
had 6.3 times more levels of myristic acid. The duration of
development of C. carnea was significantly different on three
aphid species.
Conclusions
Of 136 neonate lacewing larvae observed foraging freely in
the ﬁeld for a total of 448.6 h, 9 are observed to be killed by
generalist hemipteran predators. How should this central
result be interpreted? At ﬁrst, predation may seem to be a rare
event. However, because the observed lacewings for only a
tiny fraction of their total immature developmental period (4 h
out of 12 d 5 1.4%), the fact that observed 9/136 5 6.6% and
killed by predators indicates that predation is a major source
of mortality. The task of projecting the total risk of predation
during the three larval instars from the observed predation
risk experienced by neonates is made difﬁcult by two
important lacunae in our knowledge. There is no estimate of
predation rates during the night, and do not have an estimate
of predation rates for older-lacewing developmental stages. A
simplest case is described in which it is assumed that the risk
of predation is constant at the value observed in the study
(0.0202 predatory encounters/h) across the entire period of
lacewing larval development. Assuming a 12-d larval
developmental period, only 0.3% of neonate lacewing larvae
are expected to survive to the pupal stage (95% CI: 0.006–
14.3%). Predation risk may decrease at night; if it is assumed
that a zero predation during the 10-h scotophase that is typical
for mid- and late-season conditions in California, the estimate
of larval survivorship is 3.4% (95% CI: 0.4– 32.1%).. The
results of the present studies indicates that temperature have
significant effect on the developmental duration and survival
rate of immature stages of C.carnea. The result further
indicates that out of the three-tested temperature T, one is
more suitable temperature for rapid development and high
survival rate. The results demonstrate the need for further
studies on the effect of temperature for efficient and quality
mass production of the predator. Larval food significantly
affects the length of larval period. The shortest larval period is
recorded on S. cerealella eggs, while longest on H. armigera
eggs.
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