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This study examined the competition between the insect predator, Chrysoperlacarnae (Stephens)and 
the mite predator, Neoseiuluscalifornicus (McGregor), feeding on the two-spotted spider mite, 
Tetranychusurtica Koch as prey of both predators under the laboratory conditions. Results revealed that, 
C. carnea 2nd larval instar prefers to feed on N.californicus eggs and/or females in case of lack of the 
prey mite, T. urticae. Nevertheless, C. carnea larvae still prefers to fed on eggs and/or females of the 
predatory mite in the presence of T. urtica. However, the Intraguild predation of N. californicus by C. 
carnea larva in the existence of T. urtica was lower than that in the lack of the prey. Generally, the larvae 
of C. carneapreferred T. urticafemales, as a prey, when compared with N. californicus females, and 
reverse is true in case of the predator’s eggs. In addition, in the present study, the predation efficiency 
on T. urticae females was increased with increasing the density of T. urticae females, i.e., the function 
response Type-II was achieved. Also, as the density of T. urticae increased the predation of C. carnea 
larvae on the predatory mite females was decreased. It is obvious that, C. carnea larvae preferred T. 
urticae than the predatory mite, N. californicus. In addition, C. carnea larvae reflect Type-II function 
response behaviour when feeding different prey densities. 

Keywords: Chrysoperla carnae, Neoseiulus californicus, Tetranychus urtica, Acari, Intraguild predation, function 
response.   

 
INTRODUCTION 

The two-spotted spider mite, Tetranychus 
urticae Koch (Acari: Tetranychidae), is one of the 
main destructive pests to many horticultural fruit 
trees and several greenhouse ornamental crops. 
Direct effects run from minute spots on the upper 
surface of the leaf due to chlorophyll reduction, 
webbing, defoliation, up to necrosis in young 
leaves and stems, or even the death of the plant 
(van der Geest, 1985). 

In recent years, more attention in the use of 
biological control to manage crop pests has led to 
an increase in the natural enemies producing 

companies, including parasitoids and predators 
(van Lenteren, 2003, Jokar and Zarabi, 2012a). 
Predatory phytoseiid mites have been used 
effectively in the management of spider mites in 
greenhouses and open fields on strawberries 
(Helle and Sabelis, 1985; McMurtry and Croft, 
1997). One commonly used predator, Neoseiulus 
californicus(McGregor) (Acari: Phytoseiidae) is a 
useful biocontrol agent of spider mites (especially 
Tetranychus spp.) infesting tree crops, flowering 
shrubs and protected crops (Gotoh et al., 
2006).Additionally, N. Californicus was used 
successfully in the management of Tarsonemidae 
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mite pests (Easterbrook et al., 2001; Jovicich et 
al., 2008) and thrips on pepper (van Baal et al., 
2007; Rahman et al.,2009). 

Green lacewings (Chrysopids) can predates 
on more than 12 tetranychid mite species and 8 
insect species and they are efficient for the 
biological control of numerous greenhouse and 
field pests (Sattar et al., 2007; Zia et al., 2008).  

Chrysoperla carnea (Stephens) (Neuroptera: 
Chrysopidae) is a polyphagous natural enemy 
commonly distributed worldwide (Stark and 
Whitford, 1987; Jokar and Zarabi, 2012b). The 
larvae of C. carnea predates on a broad range of 
pests while adults are free living and just feed on 
honeydew, pollen and nectar (El-Serafi et al., 
2000). 

Adults of the brown lacewings (Micromus 
variegates Latreille, 1802) are predators, which 
feed like its larval stage on soft-bodied insects 
such as aphids, mealybugs and insect eggs 
(MacLeod and Stange, 1981), in addition, Brown 
lacewings are uncommon in agricultural fields and 
occur primarily in wooded or brushy areas.  

Larvae of C. carneaare voracious predator 
feed on small soft-bodied arthropods like whitefly, 
mite pests, aphids, thrips, armyworms, eggs of 
lepidopterous insects, American bollworms, small 
larvae of beetles, etc..., and other preys like 
leafhoppers, scale insects and larvae of butterfly 
(Lingren et al., 1968; Ridgway and Jones, 1968; 
Lingren and Green, 1984; Carrillo et al., 2004; 
Sattar, 2010; Batool et al., 2014). 

Intraguild predation (IGP), defined as killing 
and eating among potential competitors (Polis et 
al., 1989), is a well-known interaction in the 
natural enemy populations that in latest years has 
been studied for a range of species (Rosenheim 
et al., 1993; Rosenheim et al., 1995; Eleawa et 
al., 2014;Björklund et al., 2016). Intraguild 
predation, that happens when one species (the 
intraguild predator) feeds on and competes with 
another species (the intraguild prey) on a shared 
prey (extra guild prey). Intraguild predation may 
influence the result of the biological control of 
pests (Colfer and Rosenheim, 2001and Björklund 
et al., 2016). Particularly in greenhouses, it has 
become widespread practice to apply some bio 
control agents at the same time not only against 
different pest species but also against just one 
pest species (Madadi et al., 2008). Rosenheim et 
al., (1993) pointed to that the successful bio 
control of aphids done by lacewing larvae were 
hindered by the existence of other predators such 
as assassin bugs and damsel bugs in cotton 
fields. In the same context, Rosenheim (2005) 

found that Oriustristicolor (White) (Heteroptera: 
Anthocoridae), which alone successfully 
suppresses spider mite population in cotton fields, 
often fails to prevent pest outbreaks when other 
predators such as Geocorisspp. (Heteroptera: 
Lygaeidae) are present. Nearly, the same results 
were achieved by Eleawa et al., (2014) when 
applied the insect predators, Oriuslaevigatusand 
Chrysoperlacarneain an agroecosystem. 

These models show that estimation of the IGP 
potential and potency among biocontrol agents is 
necessary in the choice of suitable combinations 
of the natural enemies used for biological control 
(Meyling et al., 2004).  

The aim of the present work was to study the 
competition behaviour between the insect 
predators, Chrysoperlacarnae and the mite 
predator, Neoseiuluscalifornicus, feed on the 
same prey, Tetrenychusurtica. 

 
MATERIALS AND METHODS 

Tetranychusurticae was obtained from 
colonies that had been in the laboratory for about 
one year before the beginning of the study in the 
laboratory at NRC, Cairo, Egypt. They were 
reared on potted kidney bean plants (Phaseolus 
vulgaris L.) with well-developed leaves. Clean 
leaves were placed on a wet cotton layer in a 
Petri-dish. When spider mite densities on the 
potted plants reached a sufficient level, highly 
infested leaves were cut and placed on non-
infested leaves and mites walked across. 
Additional water to saturate the cotton wool layer 
was added daily. Petri-dishs were maintained at 
28±2ºC, 70±5% RH and L 16: D 8 hours 
photoperiod in an incubator (Momen et al., 2014). 
 
Stock culture of the predatory mite Neoseiulus 
californicus 

Neoseiulus californicus was maintained on 
leaves of kidney bean infested with T. urticae. 
Each leaf was placed on a wet cotton layer in a 
Petri-dish; a water-saturated cotton strip was 
placed around the leaf margin to prevent escaping 
mites and to maintain the leaf fresh. On each leaf, 
a few cotton threads served as shelter and ovi 
position site. Predatory mite, N. Californicus were 
transferred to the leaf with a thin paint brush, and 
fed daily on T.urticae. Water supply was added 
daily and Petri-dishes were kept in an incubator at 
28±2 C, 70±5% RH and L 16: D 8 hours 
photoperiod. Predators were transferred to new 
and fresh leaf discs weekly to keep the culture 
healthy (Momen et al., 2014). 
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Stock culture of predatory insect Chrysoperla 
carnae 

Chrysoperla carnea egg cards were originally 
purchased from the Biological Control Laboratory, 
Cairo University (Cairo, Egypt) and were 
maintained in an incubator at 28±2ºC, 70±5% RH 
and L:D 16:8 hours photoperiod untill hatching. 
The newly hatched larvae were fed on Ephestia 
kuehniella Zeller eggs. The larvae of 2nd instar 
were used in our experiments.  

Experiments 
Plant leaves discs (3.5cm diameter) were 

used as experimental units. Each leaf disc was 
placed on moist cotton layer (to prevent mites 
from escaping) and placed in a Petri-dish (6 cm 
diameter). 
All the experiments described here were 
conducted separately under constant conditions 
(28±2ºC&70±5% RH and photoperiod L:D 16:8 
hours). The numbers of dead and survive 
individuals were recorded at the end of the 
experiments (72 hours). Twelve replicates were 
made of each experiment and the corresponding 
control. 

The experiments examined the predation 
capability of C. carnea 2nd larval instaron eggs 
and females of the predatory mite N. californicus 
either in absence of T. urticae prey or with 
presence of different prey densities (5, 10 or 20 
individuals). The fixed combinations of species 
were tested in experiments lasting 72 hours (the 
following numbers of N. californicus or T. urticae 
were added each 24 hours until the end of the 
experiments. The whole experiment lasts 72 
hours because of C.carnea 2nd larval instar were 
moulted for the 3rd larval instar starting from the 
4th day): 
 
A- Separate experiments: 
1- One larva of C. carnea+30 eggs of N. 
californicus (control). 
2-One larva of C. carnea+20 females of N. 
californicus (control). 
3- One larva of C. carnea+20 females of T. urtica 
(control). 
Each of the abovementioned experiments were 
carried out separately.  
B- Combination experiments:  
1- One larva of C. carnea+30 eggs of N. 
californicus+5 females of T. urticae. 
2- One larva of C. carnea+30 eggs of N. 
californicus+10 females of T. urticae. 

3- One larva of C. carnea+30 eggs of N. 
californicus+20 females of T. urticae. 
4- One larva of C. carnea+20 females of 
N.californicus+5 females of T. urticae. 
5- One larva of C. carnea+20 females of 
N.californicus+10 females of T. urticae. 
6- One larva of C. carnea+20 females of 
N.californicus+20 females of T. urticae. 

Statistical analysis 
 Analysis of variance (ANOVA) F-test was 
applied. Duncan multiple Range test (Duncan, 
1955) was carried out to differentiate between 
means. Student t-test was applied. Function 
response equations according to Holling (1959) 
were used. 
 
RESULTS 

The obtained results clarify that Chrysoperla 
carnea 2nd larval instar, in separate experiments, 
can prey on Neoseiulus californicus eggs 
(66.58±1.94) or females (34.92±1.48) and it also 
can prey on female Tetranychus urticae 
(39.58±1.99) within 72 hours; being significantly 
different (F=88.703**, df=2, 33, P=0.000) between 
preying N. Californicus eggs and others; while 
insignificant difference was observed between the 
mean number of total consumed N. californicus 
and T.urticae females within 72 hours (Fig. 1). Our 
results was matched with that reported by Madadi 
et al., (2008) where he found similar results of the 
pirate bug,Oriusalbidi pennis (Reuter) 
(Heteroptera: Anthocoridae) that feeds on eggs 
and adults of the predatory mite, Neoseiulus 
cucumeris (Oudemans) (Acari: Phytoseiidae), in 
the absence of Thripstabaci (Lindeman) 
(Thysanoptera: Thripidae) as a natural prey for it. 

In addition, it was observed that, Chrysoperla 
2nd instar larva preferred to consume 
N.californicus eggs more than females by about 2 
folds, while it was consumed about 1.5 folds of 
T.urticae females (Fig. 1).  

On another experiment (combination 
experiments), in case of the presence of 5 T. 
urtica females, highly significant differences were 
observed between the number of predatory eggs 
and T. Urtica females (30.33±1.51 and 
12.58±0.51) consumed by C. carnea larvae 
(T=11.0.99**, df=22) (Fig. 2). The same trend was 
observed in case of 10 T. urtica females 
(30.00±1.67 and 19.08±1.36) (T=5.0.66**, 
df=22)(Fig. 2) 
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Figure. (1): One Chrysoperlacarnea2nd larval instar offered daily 30 eggs of Neoseiulus 
californicusor 20 N. californicus females or 20 Tetranychus urtica females separately within 72 
hours. 

 

 
Figure. (2): One Chrysoperla carnea 2nd larval instar offered 30 eggs of Neoseiulus californicusin 
combinations with different densities of Tetranychus urticae females for 72 hours. 
 

At the highest tested T. urtica density (20 
females), there was also a significant difference 
between the number of consumed predatory eggs 
(33.41±1.41) and T. urticafemales (28.67±1.48) 
(T=2.324*, df=22)(Fig. 2).  

Generally, the intraguild predation ofN. 
californicus by C. carnea larva in the existence of 
T. urtica prey was lower than that in the lack of the 
prey as shown in figures (2&3) compared with 
figure (1). Similar declines in the intraguild 
predation level occur by adding a prey have also 

been reported by other authors (e.g.Sengonca 
and Frings 1985; Gillespie and Quiring 1992;  
 
Cloutier and Johnson 1993; Lucas et al., 1998; 
Hindayana et al., 2001; Christensen et al., 2002; 
Madadi et al., 2008; Eleawa et al., 2014).  

      In addition, the larvae of C. Carnea 
preferred T. Urtica females as a prey when 
compared with N. Californicus females(Fig. 3), 
while it preferred predatory eggs than T.urticae 
females (Fig. 2). In a laboratory experiment, 
Sengonca and Frings (1985) observed a great 
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decline in IGP between C. Carnea larvae and 
Coccinella septempunctata (Linnaeus) 
(Coleoptera: Coccinellidae) when aphids were 
introduced. They also found high levels of IGP on 
eggs and small larvae even in the existence of 
aphids. Gillespie and Quiring (1992) suggested 
that Orius tristicolor may prefer thrips over 
Amblyseius cucumeris, or may capture thrips 
more easily than A. cucumeris. 

The present study explains that the 
consumption of T. urticae females was increased 
with increasing its density (Fig. 3). Similarly, 
Gillespie and Quiring (1992) found that when 
thrips was available as prey for O. tristicolor and 
A. cucumeris, the adult thrips mortality was 
increased as the available numbers of thrips 
increased.  

In addition, as the density of T. urticae 
females increased the predation of C. carnea 
larvae on the females of the predatory mite were 
almost decreased (Fig. 3).  

Gillespie and Quiring, 1992 reported that, with 
increasing the density of thrips, the predation by 
O. tristicoloron A. Cucumeris decreases, these 
results were similar to our present results. The 
effect of prey density on IGP level between the 
first larval instar of Chrysoperla 
rufilabris(Neuroptera: Chrysopidae) eatingthe 1st 

larval instar of the predator, Coleomegilla 
maculatalengi (Coleoptera: Coccinellidae)- adults  
and larvae feed primarily on aphids and used as 
a biological control agent- was studied by Lucas 
et al., (1998) and their results showed that there 
was a great decrease in IGP when aphid had 
been added in the system. However, IGP level 
declined quickly with increasing aphid density. In 
addition, it was reported that, on the plant 
substrate, C. rufilabris larvae were highly 
aggressive toward Coleomegilla maculate De 
Geer competitor in the first instar (Noppe et al., 
2012). 

At the two highest tested densities of T. 
urticae (10 and 20 females), the mortality of T. 
urticae females (21.67±1.21 and 34.08±1.43) was 
significantly higher than that of N. californicus 
females (15.17±1.08 and 14.42±1.03) (T=4.013** 
and T=11.161**, df=22), respectively (Fig. 3). This 
result mean that the Chrysoperla 2nd larval instar 
is still preferred to fed on Tetranychus females 
than fed on Neoseiulus females. 

Chrysoperla predator consumed higher 
number of prey with higher prey availability. The 
negative linear parameter, reflect Type-II 
functional response. 
 

 

 
 
Figure. (3): One Chrysoperlacarnea 2nd larval instar offered 20 females of Neoseiuluscalifornicusin 
combinations with different densities of Tetranychusurticae females for 72 hours. 
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Figure. (4): Function response chart of Chrysoperla carnea offered different prey densities in 
combination with food types. 
(A) Neoseiulus californicus eggs (B) N. Californicus females (C) Tetranychus urtica females

 
 Figure (4) resembles the function response 

behaviour when the prey density was changed; all 
treatments exhibit the “Type-II” Function 
Response shape. 

CONCLUSION 
The current result points out that the intra guild 
predation that becomes possible when the two 

tested predators applied together at the same 
time for the same pest. It may cause a reduction  
 
in N. californicus population and therefore the 
outcome of T. Urtica ebio control may become 
less than addition. In order to expect the 
interaction outcomes among different predator 
species, care should be taken when transfer the 
results from the laboratory experiments to the 
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greenhouses and/or open-field conditions. 
Therefore, additional studies under semi-field or 
greenhouses conditions are required to clarify 
practically the intra guild relationship between 
Chrysoperla carnea (insect predator) and 
Neoseiulus californicus (mite predator). Also, it 
needs deep research when trying to release any 
two or more predators and/or parasitoids or any 
combination between bio control agents. 
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