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ABSTRACT

Sethorus gilvifrons (Mulsant), Orius albidipennis (Reuter) and
Scolothrips longicornis Priesner are the key predators of Tetranychus
urticae in Egypt. In this study, the intraguild predation (IGP) and
cannibalism of adult females of these predators were studied under
laboratory conditions. Data revealed that in the absence of extra guild
prey (T. urticae), the adult females of IG predator S. gilvifrons
consumed more larvae or nymphs of 1G prey species than I1G
predators of O. albidipennis or S longicornis. Females of S
gilvifrons showed significantly a higher predation rate on
heterospecific young and old nymph instars of O. albidipennis than
on S longicornis. Interactions of adults S. gilvifrons and larvae or
nymphs of O. albidipennis or S. longicornis were highly asymmetric
or unidirectional predation always being the |G predator. S. gilvifrons
had stronger intraguild predator than O. albidipennis or S
longicornis. Intraguild predation could be considered mutual between
O. albidipennis and S. longicornis but there is neither predation nor
egg deposition occurred on young or old larvae of S. gilvifrons. The
IG predator O. albidipennis showed higher predation rate on S
longicornis than on conspecific nymphs. Whereas, S longicornis
showed high predation rate on conspecific larvae. Females of S
gilvifrons provided with conspecific or heterospecific young and old
larvae or nymphs were able to lay eggs when fed on S. gilvifrons, O.
albidipennis and S longicornis. Also, O. albidipennis and S
longicornis laid eggs when fed on conspecific or heterospecific
young and old larvae or nymphs except when fed on larvae of S
gilvifronsas |G prey. Obviously, the presence of T. urticae led to
significant decrease in IGP.

INTRODUCTION

The two spotted spider mite (TSSM), Tetranychus urticae Koch (Acari:
Tetranychidae), is one of the most problematic phytophagous pests not only in
Egyptian fields but also around the world in various ornamental and vegetable crops
(Cranham and Helle, 1985; Helle and Sabelis, 1985; Zaher,1986; Abd-Elhady and
Heikal, 2011). Biological control using natural enemies is a promising strategy for
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managing TSSM mites in agricultural eco-system. The success of biological control
of TSSM depends mainly on the conditions of pests and natural enemies (Rosenheim,
1998; Janssen et al., 2006).

In Egypt T. Urticae on eggplant is usually attacked by several predators such as
Sethorus gilvifrons (Mulsant) (Coleoptera: Coccinellidag), Orius albidipennis
(Reuter) (Hemipterac Anthocoridae) and Scolothrips longicornis  Priesner
(Thysanoptera: Thripidag). While some predators, such as Sgilvifrons and S
longicornis are specialized on mites (Cranham and Helle, 1985; Helle and Sabelis,
1985; Sarhan et al., 1989; Rott and Ponsonby, 2000), others like O.albidipennis have
polyphagous habits and their prey range includes spider mites, thrips, whiteflies
and/or eggs and larvae of coleopteran and lepidopteran species (Tawfik and Ata,1973;
Zaki,1989; Madadi et al., 2008; Madadi et al., 2009).

In pest management, whether introduction of multiple natural enemies is more
effective than that of a single enemy has been debated for a long time (Rosenheim et
al.,1995). The effect of predator diversity on suppression of prey is variable
depending on species composition or intra- and interspecific interactions (Sih et al.,
1998; Griffin et al., 2013). Predation among various life stages may take place
between different species within a guild (intraguild predation) as well as within each
species (cannibalism). Cannibalism and intraguild predation are expected to occur
mainly when the population of the preferred prey is low (Polis, 1981; Polis et al.,
1989). Cannibalism, the consumption of conspecific individuals is a common
phenomenon that occurs in the animal kingdom (Schausberger, 2003). Intraguild
predation (IGP) can occur among mite predators thus reducing their effectiveness in
controlling mite pests. Intraguild predation occurs when one species in a predatory
guild feeds on another predatory species with in the same guild. The aggressor is
called the intraguild predator (1G predator), the victim is called the intraguild prey (IG
prey)whereas the common resource is the extra guild prey (Polis et al., 1989;
Rosenheim et al.,1995; Janssen et al.,1998). Intraguild predation can be classified as:
symmetric (mutual predation) when the interaction goes in both directions, the
predator becoming the prey and vice versa or asymmetric (unidirectional) one of the
guild’s members is always the prey and the other member always the predator (Polis
et al.,1989).

In IGP the outcome of an encounter between two guild partners depends on
their general characteristics: relative body, mobility, vigour, aggressiveness, defensive
strategies and degree of feeding specificity.|GP and cannibalism have been shown to
directly limit predator populations (Wagner and Wise, 1996; Wissinger et al.,1996)
and hence, the outcome of biological pest control (Colfer and Rosenheim, 2001). In
greenhouses, it has become common practice to apply several biocontrol agents not
only against different pest species but also against one pest species. Evaluation of the
IGP potential and intensity among biocontrol agents is essential in the selection of
appropriate combinations of beneficial species for biologica control (Meyling et al.,
2004).

Therefore, the aim of the current study was to determine, under laboratory
conditions, the likelihood of intraguild predation and cannibalism among adult
females of S. gilvifrons, O. albidipennis and S. Longicornis as |G predator and young
and old larval or nymphal stages of each predatory species as |G prey in the absence
and presence of extraguild prey (T. urticae).
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MATERIALSAND METHODS

Mite colony:

The stock colony of (TSSM) Tetranychus urticae was established from
individuals collected from eggplant (Solanum melongena L.) a the Experimental
Farm, Ismailia Agricultural Research Station, Egypt. The colony of T. urticae was
kept on detached sweet potato branches kept with their upper part of stem in contact
with water in glass vials at 25 °C, 60-80% RH. (Sarhan et al.,1989; Sarhan et al.,
1991).

Predatorsrearing

Cohorts of Sethorus gilvifrons, Orius albidipennis and Scolothrips longicornis
were collected in 2011 from eggplant infested with T. urticae at the Experimental
Farm, Ismailia Agricultural Research Station, Egypt. Adults of S gilvifrons were
reared on potato leaves, heavily infested with T. Urticae as described earlier by
(Sarhan et al., 1989; Rott and Ponsonby 2000). Adults of O. albidipennis were reared
on detached bean pods (Phaseolus vulgaris L.) as an ovipositional substrate infested
with T. urticae (Sobhy et al., 2010; El Basha et al., 2012). Whereas, colonies of S
longicornis were reared in glass jars covered with muslin and provided with pieces of
cabbage leaves heavily infested with T.urticae as oviposition site (Sarhan et al.,
1991). Adult predators of a specific age class were obtained by rearing neonate larvae
in synchronous cohorts until they reached the desired stage. |G preys were classified
as "young" (less than 24h) and "old" larvae (48h) at 25°C. Adult predators were
starved for 24h prior to testing in order to increase their motivation. Rearing unites
and experimental arenas were held at 25+1°Cand 60-70% R. H. Preliminary tests
showed that a supply of either thirty young or twenty five old larvae or nymph per day
is sufficient for females of all predators to survive and reproduce.

Experimental set up

We characterized the level of IGP among larval or nymphal stages of each of
the three predator species as |G prey in the absence and presence of extra guild prey
(T. urticae). Acouple (7days old) of each species (10 replicates/treatment per species)
was added to 4 cm diameter bean leaf discs with an excess of mites and placed on a
layer of filter paper sheet on water-saturated cotton pad in 8 cm diameter Petri dishes,
which used as the experimental arena. After 24h, each female was transferred to a
fresh arena without the prey T. urticae and with bean pod (Phaseolus vulgaris) as the
oviposition site for O. albidipennis and S. longicornis. Adult predators starved for 24h
prior to testing in order to increase their motivation for predation and only females
that laid at least one egg during starvation were used for the experiments. During the
starvation period only tap water on a cotton ball was provided to the predator. Three
experimental sets up were conducted with three sub setsin each set.

In the first set of the experiment of each |G predator, one adult female was
confined with thirty young larvae or nymphs of each tested con-or heterospecific prey
(IG preys), ten replicates were used 10 times for each species (experimentl). In the
second set of the experiment twenty five old larvae or nymphs of the |G preys were
used in each replicates with ten replicates for each predatory species (experiment 2).
In the third set of the experiment twenty five old larvae or nymphs in each IG preys
were offered for the tested 1G predators with the presence or absence of extra guild
prey of T. urticae (experiment 3). In the presence of extra guild prey of T. urticae,
three hundred individuals of deuto nymphs were provided in each replicate. Predation
(number of prey individuals consumed) and oviposition rate (number of laid eggs)
were recorded dailly among the three predators. Shriveled corpses of the dead
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immatures were taken as evidence of predation. Every 24h, all immature stages were
renewed and the eggs laid by females were removed. The experimental period lasted a
maximum of 10 days. The mortality of |G prey (young or old larvae) in the absence of
predators was measured as a control, all individuals of three species of the predators
survived throughout the 10 days experiment regardiess of TSSM present or not except
O.albidipennis and Slongicornis when feeding on Sgilvifrons in the absence of
TSSM.
Statistical analysis

All experiments were subjected to analysis of variance (ANOVA), using Co Stat
6311 Windows Computer Program. The mean predation and oviposition rates of
predators provided with either con-or heterospecific prey were compared using
Duncan’s Multiple Range Tests (DMRT). Data of the predation and oviposition rates
were calculated as a daily mean for each female and used for interspecies comparison.
Data were fitted with the assumptions of normality, not transformed, and the
differences were compared for each predator species between al prey species.

RESULTS

Experiment 1: In case of feeding on con- or heter ospecific young larval or nymph instars

The first IG predator S. gilvifrons showed significantly a higher predation rate
on heterospecific young nymphal instar of O. albidipennis and it showed a low rate on
conspecific young larval instar and heterpecific young larval instar of S longicornis
(Table 1).

Table 1: Daily mean predation and oviposition (+SE) for S. gilvifrons, O. albidipennis and S longicornis females
provided with con- or heterospecific young larval or nymphal instars for 10 consecutive days under
laboratory conditions of 25+1°C and 60-70% R.H.

|G predator I1G prey Predation* Oviposition**

S gilvifrons S gilvifrons 7.98+0.21b° 0.26+0.06 b“°
0. albidipennis 21.71+0.46 a* 0.65+0.07 a”
S longicornis 6.26+0.21 c© 0.18+0.03 bP®

Fvalue 758.375 15.157

Pvalue 0.000 0.000

O. albidipennis O. albidipennis 5.99+0.26 b© 0.36+0.08 b°©
S gilvifrons 0.00+0.00 c" 0.00+0.00 c®
S longicornis 8.40+0.16 a® 0.52+0.07 a”

Fvalue 813.523 27.009

Pvalue 0.000 0.000

S longicornis S longicornis 5.13+0.16 a" 0.42+0.07 &*°
S gilvifrons 0.00+0.00 cF 0.00+0.00 bE
0. albidipennis 3.31+0.16 bE 0.33+0.04 &°

Fvalue 550.996 22527

Pvalue 0.000 0.000

F value 968.810 16.640

Pvalue 0.000 0.000

*Mean number of larvae or nymphs eaten /female /day

** Mean number of eggs deposited /female /day

Meansin ablock for each predator species followed with the same SMALL letters are not significantly different.
Means in awhole column followed with the same CAPITAL letters are not significantly different at5% level
probability. In each predator (differences within each prey species) df=2.97; In awhole column (differences
among all |G preys) df =8.9.

Mean predation rate of S gilvifrons was 21.71 young nymphal instar of O.
albidipennis, while it was 7.98 on feeding conspecific young larva and it was 6.26



Intraguild Predation and Cannibalism among mite predators. Stethorus gilvifrons 5

larvae of S longicornis. Daily fecundity of S gilvifrons provided with con- or
heterospecific young larvae or nymphs were 0.26,0.65 and 0.18 eggs/day when
feeding on S gilvifrons, O. albidipennis and S. longicornis, respectively. In case of O.
albidipennis, it showed predation rate of 8.40 larvae of S longicornis, while on
conspecific nymph it was 5.99. On S, gilvifrons neither predation nor laying eggs was
observed. O. albidipennis females provided with con- or heterospecific young larvae
or nymphs laid 0.52 and 0.36 eggs/day/female when fed on S longicornis and O.
albidipennis, respectively. Regarding the |G predator Slongicornis, it showed
predation rate on conspecific young larvae by5.13 and 3.31 on O. albidipennis but
failed to feed on S gilvifrons. Females of S longicornis laid on average 0.42 eggs
/day on conspecific young larvae and 0.33 eggs on heterospecific nymphs of O.
albidipennis, but no eggs were deposited when fed on S, gilvifrons (Tablel).

Experiment 2: In case of feeding on con- or heter ospecific old larval or nymphal instars

Females of S gilvifrons consumed more larvae of the tested IG preys than
females of O. albidipennis and S. longicornis. Mean predation rates of S gilvifrons
were significantly higher when feeding on heterospecific old nymphs of O.
Albidipennis (12.73) with subsequent higher daily fecundity as compared to S
longicornis (3.15) larvae and cannibalized 4.94 |larvae per day (Table2).

Table 2: Daily mean of predation and oviposition (+SE) for S gilvifrons, O. albidipennis and S longicornis
females provided with con- or heterospecific old larval or nymphal instars for 10 consecutive days under
laboratory conditions of 25+1°C and 60-70% R.H.

G predator |G prey Predation QOviposition

Sgilvifrons S gilvifrons 4.94+0.124 b® 0.49+0.067 a”*
O. albidipennis 12.73+0.4154" 0.57+0.049 a”
Slongicornis 3.15+0.160c” 0.19+0.037 b®¢

F value 526.681 13.114

P value 0.000 0.000

O.albidipennis O. albidipennis 2.77+0.187 b°®  0.18+0.055 a®
Sgilvifrons 0.00+0.000 c” 0.00+0.000 b P
Slongicornis 3.92+0.172 & 0.27+0.131 a®

F value 264.186 14.591

Pvalue 0.000 0.000

Slongicornis Slongicornis 3.59+0.120 & 0.24+0.061 a®
Sgilvifrons 0.00+0.000 c¢” 0.00+0.000 c®
0. albidipennis 2.47+0.110 b® 0.10+0.039 b

F value 339.562 12.985

Pvalue 0.000 0.000

F value 570.768 21.343

Pvalue 0.000 0.000

Meansin ablock for each predator species followed with the same SMALL |etters are not

significantly different at 5%level of probability.

Means in a whole column followed with the same CAPITAL letters are not significantly different at 5% level of
probability.

In each predator (differences within each prey species) df = 2.97; In awhole column (Differences among |G preys)
df =8.91.

Daily fecundity of S. gilvifrons provided with con- or heterospecific old larvae
or nymphs were 0.49, 0.57 and 0.19 eggs/day when feeding on Sgilvifrons,O.
albidipennis and S. longicornis, respectively. Intraguild predation was 3.92 larvae in
IG predator of O. albidipennis when fed on S Longicornis and cannibalize 2.77
nymphs. O. albidipennis females provided with con- or heterospecific old larvae or
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nymphs laid 0.27 and 0.18 eggs/day/female when fed on S longicornis and O.
albidipennis; respectively. Mean predation rate of |G predator S. Longicornis on
conspecific were 3.59 larvae. While, when fed on O. albidipennis were 2.47. Females
of S longicornis laid on average 0.24 eggs/day on conspecific young larvae and 0.10
eggs on heterospecific nymphs of O.albidipennis. Both IG predators of O.
albidipennis and S. longicornis failed to feed or oviposit eggs on S. gilvifrons (Table
2).

Experiment 3: In case of feeding on con- or heterospecific old larval or nymphal instar

in presence and absence of extraguild prey T. urticae.

The presence of the extraguild prey T. urticae had significant effect on the IGP
level. The mean number of O. albidipennis old nymphs consumed by S. gilvifrons female
significantly decreased from 12.73 in the absence of T. urticae to 3.12in presence of T.
urticae. In case of the IG prey S gilvifrons and S .longicornis, the mean number of old
larvae consumed were 4.94 and 3.15 in absence of T. urticae and 1.97and 0.94 in
presence of T. urticae respectively. The mean number of Larvae S longicornis consumed
by adults O. albidipennis decreased from 3.92 to 1.12 larvae in absence and presence of
T. urticae. While, cannibalizing old nymphs of O. albidipennis were 2.77 and 0.77 in
absence and presence T. urticae. The cannibalizing rate of 1G predator, S longicornis
decreased from 3.59 to 0.60 old larvae in absence and presence of T. urticae. The mean
predation of S longicornis on heterosecific nymph of O. albidipennis decreased from
2.47to 0.28. The IG predators S. longicornis and O. albidipennis failed to feed on S
gilvifrons but oviposit eggs as a result of feeding on T. urticae. The oviposition rates
increased significantly in presence than in absence of T. urticae. The highest oviposition
of S gilvifrons fed on O. albidipennis was 1.28 eggs, while the highest oviposition of O.
albidipennis fed on Slongicornis was 1.07 eggs. Whereas, the highest oviposition of S.
longicornis was 0.93 eggs when, cannibalized its larvae (Figs.1, 2).
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Fig. 1: Mean predation rate for adult females of S. gilvifrons (A), O. albidipennis (B) and S. longicornis (C)
provided with conspecific or heterospecific old larval or nymphal instars in the absence and presence of the
extraguild prey T. urticae.
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Fig. 2: Mean oviposition rate for adult S. gilvifrons (A), O. Albidipennis (B) and S longicornis (C)
females provided with conspecific or heterospecific old larval or nymphal instars in the absence
and presence of the extraguild prey T. urticae.

DISCUSSION

Intraguild predation IGP is particularly common in generalist predators as they
will often consume other natural enemies as well as the target pest (Polis et al., 1989;
Momen and Abdel-Khalek, 2009). In this study and with the absence of the extra
guild prey T. urticae, females of 1G predator S. gilvifrons consumed more larvae of |G
prey species than the IG predators, O. albidipennis or S longicornis. Females of S.
gilvifrons showed significantly higher predation rate on heterospecific young and old
nymphal instars of O. albidipennis. Interactions of the |G predator S. gilvifronsand |G
prey young and old larvae or nymphs of O. albidipennis or S. longicornis were highly
asymmetric or unidirectional predation aways being the IG predator due to the
effectiveness of the defensive alkaloids that coccinellid are synthesized in fat bodies,
and secreted as defensive fluids (reflex bleeding) in larvae and adults (Laurent et al.,
2002). S gilvifrons was more aggressive and stronger intraguild predator than O.
albidipennis or S longicornis. Aggressiveness among species has previously been
shown to be an important factor in interactions of the three mite predators. There is
neither predation nor egg deposition occurred on young or old larvae of S gilvifrons
byadults of O. albidipennis or S longicornis. IGP could be considered mutual
between O. albidipennis and S longicornis. The heterospecific individual proved to
be more attractive prey for females of S gilvifrons and O. albidipennis but in case of
|G predator S. longicornis, the conspecific individuals were more acceptable as preys.
Predators can discriminate heterospecific preys from conspecifics and feed
preferentially on the prey. Cannibalism or IGP could supply the predator with the
required energy to molt to the subsequent stage till reach adulthood (Schausberger,
2003).

Data showed that adults S. longicornis cannibalized their own larvae in presence
and absence of TSSM, but a significant reduction took place in presence of T. urticae.
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These findings are in line with those recorded by Farazmand et al. (2014) for S
longicornis, which showed a cannibalistic behavior on its own first and second instar
larvae, however when TSSM was added, females of S longicornis fed only on TSSM.
Therefore, cannibalizing larval stages of thrips would help to sustain its population in
lack or absence of TSSM. This is an adaptive mechanism to environmental factors
such as limitations in the quality or quantity of food (Richardson et al., 2010). S
longicornis revealed predation rate on heterospecific young or old nymph of O.
albidipennis. However, in contrast to the earlier study, which showed that S
longicornis is monophagus and was not able to feed on larval stages of two
phytoseiid predators, Neoseiulus californicus and Typhlodromus bagdasarjani
(Farazmand et al., 2013).

|G predator O. albidipennis showed higher predation rate on S. longicornis than
on conspecific nymphs. As a polyphagous predator, Orius may not discriminate
between predatory and phytophagous insects and mites (Madadi et al., 2008). This has
led to some concerns about interference with other biological control agents. Indeed,
laboratory experiments generally showed that predatory bugs readily preyed on
several natural enemies, but field observations never justified this concern
(Bradsgaard and Enkegaard, 1997) For example, O. insidiosus was reported preying
on Scolothrips sexmaculatus and Leptothrips mali (McCaffrey and Horsburgh,1986).
Cannibalism has been observed in several Orius species, both in the laboratory
(Askari and Stern, 1972; Mituda and Calilung, 1989) and in the field (Nakata, 1994).
Bradsgaard and Enkegaard,(1997) reported that the combined use of Orius majuscules
and Phytoseiulus persimilis delayed the control of Tetranychus urticae due to the
intraguild predation of O. majusculus on P. persimilis.

Although 1G predator Sgilvifrons is acarophagous and specialist on mites,it
showed higher predation rate when feeding on heterospecific nymphs of O.
albidipennis and consumed fewer larvae of S longicornis and conspecific larvae.
These results are in agreement with studies of other species of Sethorus that attack
other predators. Lucas (2005) reported that small acarophagous ladybirds Stethorus
pusillus attacked young stages of the mired bug Campylomma verbasci. Also, Putman
(1955) observed predation of Sethorus sp. upon phytoseiids.

Females of S gilvifrons provided with conspecific or heterospecific young and
old larvae or nymphs were able to lay eggs when feeding on S. gilvifrons, O.
albidipennis and S. longicornis. Also, O. albidipennis and S longicornis laid eggs
when feeding on conspecific or heterospecific young and old larvae or nymphs except
when feeding on larvae of S gilvifron as |G prey.

The presence of spider mites did not prevent IGP or cannibalism. These findings
partially confirm that |GP decreases if extraguild prey T. urticaeis present. Adding T.
urticae modified the IGP levels. A significant reduction in IGP was observed during
the present experiment than in absence of T. urticae. The presence of extraguild prey
usually decreases the intensity of IGP (Lucas et al., 1998; Hindayana et al., 2001).
The oviposition rates of 1G predators significantly increase in presence of mite prey
than in its absence. The IGP and cannibalism events were inversely correlated with
abundance of food (Lucas et al., 1998; Hindayana et al., 2001), hypothesized that
interactions among individuals would be expressed most strongly at low food
availability.

CONCLUSION

This study presents experimental evidence that intraguild predation and
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cannibalism exist among the studied mite predators. In the absence of extra guild prey
TSSM, studying IGP among mite predators revealed that S. gilvifrons acts as a strong
predator on young and old stages of O.albidipennis, Slongicornis; but O. albidipennis
was prone strongly to IGP. S. gilvifrons demonstrated asymmetric or unidirectional
predation always being the 1G predator and seems to be a more voracious intraguild
predator than others and may play an important role in population dynamics of mite
predators. IGP could be considered mutual between O. albidipennisand S longicornis
our findings partially confirm that IGP decreases if extra guild prey present, the
significant reduction in |GP was observed following the addition of T. urticae.

The laboratory results may give indications as to interactions among the three
species in the field. However, ecologists are interested in knowing whether multiple
predators lead to lower prey densities than the most effective single predator,
especialy in the context of biological control (Cardinale et al.,2003). In case of no
IGP, releasing multiple control agents will provide better suppression of the pest
population than a single control agent. However, if either unidirectional or mutual
IGP may occur, single control agent will be more effective in suppressing the prey
popul ation than multiple control agents combined.

Further research need to be conducted under field conditions on biological and
ecological aspects of the Sgilvifrons, O.albidipennis and Slongicornis to complement
information on their successful application against mites before any ultimate
conclusion could be drawn.
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