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Chrysoperla externa (Hagen) and Hippodamia convergens (Guérin-Meneville) are voracious generalist predators,
and important aphid control agents. In an environment containing a complex of species, the occurrence of
intraguild interactions can interfere in the predator behavior and consumption. The aim of this work was to know
the number of nymphs of Rhodobium porosum (Sanderson) and Macrosiphum rosae (Linnaeus) consumed by
larvae of C. externa and H. convergens, and the interaction between these predators when confined together.
First, second and third instar nymphs of R. porosum and M. rosae were provided in Petri dishes containing rose
leaflets and second instar larvae of the predators. Intraguild interaction was studied in Petri dishes containing
first instar nymphs of both aphid species and a second instar larva of C. externa plus one of H. convergens. A
third treatment consisted of dishes containing a second instar larva of both predators maintained in the absence
of prey. The evaluations took place throughout the entire instar of the predators. C. externa consumed a greater
number of R. porosum nymphs and H. convergens a greater number of M. rosae nymphs. For both species of prey,
the highest consumption was verified on the last day of evaluation. There was a positive interaction when the
predator’s larvae were confined in the presence of aphid nymphs, with no mortality observed for any of them. In

the absence of prey, there was 70% mortality of H. convergens larvae due to intraguild predation.

Introduction

The use of more than one species of natural enemy can be recommended
to control one or more pests simultaneously, being an important
strategy for the optimization of biological control (Gardiner and Landis,
2007; Chow et al., 2010). However, the simultaneous presence of the
natural enemies and, consequently, the increase in the complexity of
the food chain, can cause changes in the behavior of one or all species
released. These changes occur in the presence or absence of target pests,
due to several interactions mediated by the density of trophic chain
components, including intraguild interaction (Messelink et al., 2012;
Khudr et al., 2020). The results of these interactions can be positive,
due to a complementary action between the natural enemies, causing
an increase in the suppression effect of pest arthropod populations
(Chailleux et al., 2013; Devee et al., 2018; Souza et al., 2019). However,
negative interaction can also occur, such as intraguild predation (IGP),
where members of the same guild compete for resources, resulting
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in the mortality of one of them. This interaction can compromise the
regulation of the pest population, as the dominant predator will feed
on the other, called intraguild prey (Polis et al., 1989), resulting in the
reduction of control agents (Hagler and Blackmer, 2015; Fu et al., 2017).

The use of predators to reduce pest populations forms the basis of
several biological control programs (Sabelis et al., 2008; Messelink et al.,
2012). The ability of generalist predators to remain in the farming
environment at low prey densities or even in the absence of prey,
exploring other food resources, constitutes a main reason to include
this category of natural enemy in such programs (Messelink et al., 2013).
The green lacewing Chrysoperla externa (Hagen, 1861) (Neuroptera:
Chrysopidae) presents a high potential to be used in biological control
programs due to characteristics such as the variety of prey used as
a food resource (Souza et al., 2008), high survival rate and voracity
(Cuello et al., 2019), wide distribution and adaptation to agricultural
environments (Carvalho and Souza, 2009; Salamanca et al., 2015), in
addition to being easy to rear in the laboratory (Bezerra et al., 2017;
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Palomares-Pérez et al., 2020). Similarly, Hippodamia convergens
(Guérin-Méneville, 1842) (Coleoptera: Coccinellidae) feeds on a wide
variety of sap-sucking insects, mainly aphids (Boica-Junior et al.,
2004; Iftikhar et al., 2020) and has a wide geographic distribution and
adaptation to different environments (Vargas et al., 2012; Delgado-
Ramirez et al., 2019).

Among of the prey availability to generalist predators, aphids
(Hemiptera: Aphididae) represent an important food source to lacewings
and ladybirds (Khudr et al., 2020). These insects can colonize several
agricultural crops (Riddick, 2017; Smith et al., 2018). In rose bushes
(Rosa sp.), the aphid species Rhodobium porosum (Sanderson, 1901)
and Macrosiphum rosae(Linnaeus, 1758) are important pests, both in
protected environments and in the fields, colonizing plants at different
times of the year (Blackman and Eastop, 2000; Barjadze et al., 2011).
Due to the sap suction, these insects cause atrophy and curling of flower
buds and contribute to the development of sooty mold, compromising
the growth and reducing the commercial value of the plants.

Considering the relationship between aphids and their predators
in rose bushes, as well as the added value to this culture, prior to
establishing a biological control program involving the use of these
mortality agents, it is important to understand their behavior when
isolated and when there is interaction. In this work, we evaluated the
consumption capacity of nymphs of R. porosumand M. rosaein different
instars by second instar larvae of C externaand H. convergens, as well
as the intraguild interaction between these predators, when confined
together, in the presence and absence of aphids.

Material and methods

The study was conducted in the Biological Control Laboratory of
the Department of Entomology (DEN), at Federal University of Lavras
(UFLA), Lavras, MG, Brazil.

The aphids were obtained from stock colonies reared on rose
bushes (Rosasp.), cultivar Avalanche, cultivated in greenhouse. The age
standardization of the nymphs used was performed according to
Fonseca et al. (2000). The predators were obtained from stock colonies
maintained in the Laboratory of Entomology at UFLA, according to the
methodology from Carvalho and Souza (2009) for the green lacewing
C. externa and from Santos et al. (2009) for the H. convergens with the
adaptation of eight pairs per cage.

Newly hatched larvae of C. externa and H. convergens were
individualized in glass tubes (8.5cm height; 2.5cm diameter) and fed
with eggs of Ephestia kuehniella(Zeller, 1879) (Lepidoptera: Pyralidae)
until reaching the second-instar, when they were used in the bioassays.

Predatory capacity of Chrysoperila externa and Hippodamia convergens

The tests were carried out in Petri dishes (5cm diameter) containing
rose leaflets attached to a 5 mm layer of agar-water solution (1%),
with the abaxial surface facing upwards. In each plate were placed
90, 70 and 60 nymphs of first, second and third instar of R. porosum,
respectively. The same procedure was adopted for M. rosae. The number
of nymphs offered to predators was obtained from preliminary
tests. A second-instar larva of C. externa and a second-instar larva
of H. convergens were released in each plate. The plates were sealed
with transparent PVC film and kept at 25+1°C, relative humidity (RH)
of 70+10% and photophase of 12 hours. The surviving nymphs were
counted every 24 hours after the release, throughout all the second
instar of the predators.

The killed aphids, regardless of whether they were totally or
partially consumed, were replaced every day, using age-standardized

nymphs from a parallel rearing. This procedure ensured feeding the
predators with nymphs of the same age throughout the experiment.
The following combinations were tested: second instar of C. externa
with first, second and third-instars of R. porosum and M. rosae, and
second instar of H. convergens with first, second and third-instars of
R. porosum and M. rosae. A completely randomized design with ten
replications was adopted.

Behavior and intraguild interaction between Chrysoperla externa
and Hippodamia convergens in the presence and absence of aphids

Petri dishes containing rose leaflets were prepared in the same
way as in the predatory capacity trial. In treatments with the presence
of aphids, 150 first-instar nymphs of R. porosum or 150 first-instar
nymphs of M. rosae were placed on the leaflets. The number of
aphids offered to the predators was higher than the average daily
consumption in order to avoid possible prey shortages and maintain
the predator/prey equivalence. Prey were used in their youngest
instar because the results of the test on predatory capacity showed
greater consumption in this instar. As for predators, a second-instar
larva of C. externa and a second-instar larva of H. convergens were
released on each plate. The following treatments were tested: a)
C. externa, H. convergens and R. porosum, b) C. externa, H. convergens
and M. rosae, c) C. externa and H. convergensin the absence of prey.
The number of prey consumed and dead larvae of C. externa and
H. convergens was evaluated daily. A completely randomized design
with ten replications was used. For consumption data, analysis of
variance was performed, and the means were compared using the
Tukey test at a significance level of 0.05, using the statistical software
R (R Development Core Team, 2013). For intraguild predation, the
survival rate (%) was calculated.

In order to understand the results of intraguild interaction, the
behavior of predators in the first hour of release was evaluated in an
additional experiment. The records were taken from the counting of time
and the observation of behavioral categories (Velasco-Hernandez et al.,
2013), for one hour, using the Etholog 2.2 software (Ottoni, 2000). It is
noteworthy that the behavioral categories “I” (intraguild predation)
and “T” (try to predate) were not included in the analyses, as they
were used only to record negative interactions, in the three conditions
in which the predators were present simultaneously. The tests were
performed in plates prepared in the same way as in the previous assays,
and a second-instar larva of the predator was released with 30 first-
instar nymphs of R. porosum or 30 first-instar nymphs of M. rosae or
no aphids, according to the following treatments: a) H. convergens
and R. porosum, b) H. convergens and M. rosae, c) C. externa and
R. porosum, d) C. externaand M. rosae, e) C. externa, H. convergensand
R. porosum, f) C. externa, H. convergensand M. rosaeand g) C. externa
and H. convergens.

Table 1

Categories used to evaluate the behavior of Chrysoperia externa (Chrysopidae) and
Hippodamia convergens (Coccinellidae), in the presence and absence of Rhodobium
porosum and Macrosiphum rosae (Aphididae). Temperature of 25+1°C, relative
humidity of 70+10% and 12-hour photophase.

Category Description
P (stopped) The predator does not move
R (preying) The predator feed on the available prey

L (cleaning/grooming) The predator cleans its mouthparts

B (searching)
1(IGP)

T (attempted to IGP) One predator attacks the other (there’s no mortality)

Adapted from Velasco-Hernandez et al. (2013)

The predator search for the prey
One predator feeds on the other (there’s mortality)
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For the treatments in which the two predators were released, were
considered six behavioral categories (Table 1). A completely randomized
design was adopted, with five replications. The time spent in each
category was transformed from seconds to percentage.

Statistical analysis

For the aphid instar consumption, the data were submitted to an
analysis of variance and means were compared by Tukey’s test at a
significance level of 0.05. The t test was used to compare the total number
of aphids of each species consumed by each predator and to compare
the consumption between predators. For the behavioral evaluation data
were compared using the non-parametric Kruskal-Wallis and Dunn’s
test at a significance level of 0.05. Data analysis was performed using
the R statistical program (R Development Core Team, 2013).

Results

Predatory capacity of Chrysoperla externa and Hippodamia convergens

The number of R. porosum and M. rosae nymphs consumed by
the predators is related to the prey development stage, as well as the

Table 2

predators’ development during the second-instar, which lasted four days
for C externaand three days for H. convergens. We found that nymphs
on first-instar were predated in greater numbers than those on second
and third (p < 0.001); and regardless of prey instar, predatory activity
increased with predator development, showing higher consumption
on the last day (p < 0.001) (Tables 2 and 3).

When comparing the average total consumption of nymphs of
R. porosumand M. rosae, there were significant differences according to
the prey development stage and also the species of the aphid. Chrysoperia
externalarvae fed on a greater number of first and second-instar nymphs
of R. porosum (263.4 and 222.6, respectively) in relation to the same
instars of M. rosae, however, when on the third-instar, there was a higher
consumption of M. rosae nymphs (162.1) (Table 2). For H. convergens,
the opposite occurred: nymphs of M. rosae on first and second-instar
were predated in greater numbers (184.4 and 150.3, respectively) in
relation to those of R. porosum, but when on the third-instar, R. porosum
nymphs were more consumed than those of M. rosae (98.9) (Table 3).

When comparing the consumption of R. porosum nymphs, the
larvae of C. externafed on a greater number of individuals in the three
instars, in relation to those of H. convergens (p < 0.05), resulting in a
higher daily average of aphids consumed (Table 4).

For M. rosae, there was no significant difference in the consumption
of first (p = 0.193) and second-instar (p = 0.711) nymphs between

Daily average consumption (+ standard error) of nymphs of Rhodobium porosum e Macrosiphum rosae (Aphididae) by second instar larvae of Chrysoperla externa
(Chrysopidae). Temperature of 25+1°C, relative humidity of 70+10% and 12-hour photophase.

Average number of aphids predated during the second instar of the predator

Aphid species Aphid instar
1t day 2 day 3 day 4 day Total average

R. porosum 1t instar 54.2+0.62Ad 62.5+0.50Ac 70.7+0.47Ab 76.0£0.63Aa 263.4*
2 jnstar 42.5+0.56Bd 52.0+0.53Bc 61.0£0.25Bb 67.120.40Ba 222.6*

3 instar 30.1£0.56Cd 36.1£0.37Cc 42.6%0.37Cb 47.1%0.37Ca 155.9*

M. rosae 1t instar 48.5+0.50Ad 58.6+0.61Ac 68.4+0.60Ab 73.520.54Aa 249.0*
2" instar 40.8+0.62Bd 47.2+0.48Bc 53.5+0.37Bb 58.1£0.54Ba 199.6*

3rinstar 33.4+0.61Cd 38.3+0.59Cc 42.9+0.64Cb 47.5+0.76Ca 162.1*

Means followed by the same letters, uppercase in the columns and lowercase in the rows, do not differ from each other according to the Tukey test, p<0.05. *Significant
differences between the average total consumption in the first, second and third instar between each aphid species, according to the ¢ test, p<0.05.

Table 3

Daily average consumption (+ standard error) of nymphs of Rhodobium porosum e Macrosiphum rosae (Aphididae) by second instar larvae of Hippodamia convergens
(Coccinellidae). Temperature of 25+1°C, relative humidity of 70£10% and 12-hour photophase.

Average number of aphids predated during the second instar of the predator

Aphid species Aphid instar = = =
15t dia 2 dia 3rd dia Total average

R. porosum 1t instar 49.1+0.45Ac 59.3+0.42Ab 69.0+0.39Aa 177.4*
2" instar 36.8+0.59Bc 46.3+0.55Bb 53.4+0.49Ba 136.5*

3t instar 27.4+0.42Cc 32.8+0.35Cb 38.7+0.47Ca 98.9*

M. rosae 1t instar 51.320.63Ac 62.1£0.52Ab 71.0+0.51Aa 184.4*
2 instar 41.4+0.54Bc 50.8+0.53Bb 58.1+0.48Ba 150.3*

3dinstar 24.840.59Cc 28.3+0.47Cb 31.5+0.68Ca 84.6*

Means followed by the same letters, uppercase in the columns and lowercase in the rows, do not differ from each other according to the Tukey test, p<0.05. *Significant
differences between the average total consumption in the first, second and third instar between each aphid species, according to the ¢ test, p<0.05.

Table 4

Average number (+ standard error) of nymphs of Rhodobium porosum (Aphididae) consumed by second instar larvae of Chrysoperla externa (Chrysopidae) and Hippodamia
convergens (Coccinellidae). Temperature of 25+1°C, relative humidity of 70+10% and 12-hour photophase.

Aphid instar

Predator - - - .
1+t instar’ 2 jnstar? 3t instar’ Daily average!
C externa 65.85+0.40 55.65+0.34 38.98+0.36 53.49
H. convergens® 59.13+0.36 45.50+0.35 32.97+0.40 45.87

ISignificant differences between means, the according to the ¢ test, p <0.05. 2Consumption period (second instar): four days for Chrysoperia externa (Chrysopidae) and three

days for Hippodamia convergens (Coccinellidae).
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Table 5

Average number (+ standard error) of nymphs of Macrosiphum rosae (Aphididae) consumed by second instar larvae of Chrysoperia externa (Chrysopidae) and Hippodamia
convergens (Coccinellidae). Temperature of 25+1°C, relative humidity of 70+10% and 12-hour photophase.

Aphid instar
Predator - - - -
1t instar 2 jnstar 3rd jnstar! Daily average
C externa® 62.25£0.49 49.900.41 40.53%0.61 50.89
H. convergens® 61.47+0.29 50.10£0.33 28.20£0.27 46.59

'Significant differences between means, the according to the ¢ test, p <0.05. 2Consumption period (second instar): four days for Chrysoperila externa (Chrysopidae) and three

days for Hippodamia convergens (Coccinellidae).
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Figure 1 Survival rate of predators Chrysoperla externa(Chrysopidae) and Hippodamia
convergens (Coccinellidae) in the presence and absence of Rhodobium posorum and
Macrosiphum rosae (Aphididae). Temperature of 25+1°C, relative humidity of 70+10%
and 12-hour photophase.

#C. externa + R. porosum
#C. externa + M. rosae

u C. externa + H. convergens + R. porosum
uC. externa + H. convergens + M. rosae
uC.externa + H. convergens

Time (%)

. /i

R (Preying) L (Cleaning)
Behavioral categories avaluated for Chrysoperia externa

B (Searching)

Figure 2 Time spent by Chrysoperla externa(Chrysopidae) in each behavioral category
evaluated in the presence and absence of prey and another predator (Hippodamia
convergens- Coccinellidae), during 60 minutes. Temperature of 25+1°C, relative humidity
of 70+10% and 12-hour photophase. Average time (%) followed by the same letters do
not differ from each other by the Kruskal-Wallis and Dunn’s Test p<0.05

predators. However, C. externa consumed a significantly higher number
of third instar nymphs of this aphid (p < 0.05) (Table 5). Nevertheless,
this difference did not significantly reflect the average daily consumption
of nymphs by both predators.

Behavior and intraguild interaction between Chrysoperla externa
and Hippodamia convergens in the presence and absence of aphids

The survival rate of C. externa and H. convergens larvae was 100%
when confined together, in the presence of either prey species (Figure 1).
In the absence of prey, only 30% of the larvae of H. convergenssurvived,
as a result of intraguild predation (Figure 1). In treatments involving
both predators and the prey R. porosum, the total consumption during
24 hours was 119.2 nymphs, a higher value (p < 0.05) than the average
obtained for the sum of consumption of each of them when kept separated

Table 6

Individual daily average, together and sum of individual averages of first instar nymphs
of Rhodobium porosum e Macrosiphum rosae (Aphididae) consumed by second
instar larvae of Chrysoperia externa (Chrysopidae) and Hippodamia convergens
(Coccinellidae). Temperature of 25+1°C, relative humidity of 70+10% and 12-hour
photophase.

Aphid species Predator 24-hour consumption
Rhodobium porosum Chrysoperla externa 54.20 ¢
Hippodamia convergens 49.10d
Sum of individual averages 103.30b
Predators released together 119.50 a
Macrosiphum rosae Chrysoperla externa 5130 ¢
Hippodamia convergens 48.50 ¢
Sum of individual averages 99.80 b
Predators released together 10720 a

Means followed by the same letters for each prey species did not differ from each
other according to the Tukey test, p<0.05.

(103.3 nymphs) (Table 6). In the presence of M. rosae, consumption was
also higher (107.2) (p < 0.05) than the sum of consumption of each of
them when evaluated individually (99.8) (Table 6).

In the presence of prey, the time spent by C. externa larvae to
predate both aphid species was higher than the other combinations,
except for the one in which the larvae were maintained individually
with M. rosae (X? = 19.70; p < 0.05). The aphid species did not change
the average time that C externalarvae spent preying, and corresponded
to 67.13% for R. porosum and 62.65% for M. rosae (Figure 2).

The time that individual C. externa larvae (in the absence of
H. convergens) were preying when confined with R. porosum was
higher (63.49%) than when confined with M. rosae(49.60%) (X*>=19.70;
p < 0.05). Regarding searching time category, C. externa larvae were
more agile in the presence of H. convergens than when individually.
In a presence of the coccinellids larvae, C. externalarvae spent 16.70%
of the time searching for R. porosumand 16.01% searching for M. rosae.
Individually, the searching time was 25.43% e 28.89%, in the presence
of R. porosum and M. rosae, respectively. In the absence of prey, the
higher time of stopped category (27.65%) (X*> = 17.07; p < 0.05) and
searching (61.48%) (X?=19.57; p < 0.05) was observed when C externa
larvae were not supplied with prey (Figure 2).

Larvae of both predators confined together spent more time preying
when supplied with M. rosae nymphs (67.30%) than with R. porosum
nymphs (42.30%) (X? =18.04; p < 0.05). In the same conditions of
confinement, the time spent to prey M. rose nymphs was higher
than when was individually and with R. porosum nymphs (44.84%)
(X?=18.04; p < 0.05) (Figure 3).

Regarding the searching time, it was observed that, similar to
C externa, H. convergens spent more than half of the time foraging
(60.57%) in the presence of the competitor and absence of prey (X*=20.87;
p < 0.05). Under these conditions, the coccinellid larvae remained
still for a longer period (35.59%) compared to the other combinations
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= H. convergens +R. porosum
#H. convergens + M. rosae
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Figure 3 Time spent by Hippodamia convergens (Coccinellidae) in each behavioral
category evaluated in the presence and absence of prey and another predator (Chrysoperia
externa - Chrysopidae), during 60 minutes. Temperature of 25+1°C, relative humidity
of 70+10% and 12-hour photophase. Average time (%) followed by the same letters do
not differ from each other by the Kruskal-Wallis and Dunn’s Test p<0.05.

(X? = 21.83; p < 0.05). It was observed that, when the predators met
each other, H. convergens remained inhibited with the proximity of
C. externa, inducing them to remain still.

Discussion

The greater number of first-instar nymphs of R. porosum and
M. rosae consumed by both predators is directly related to the smaller
size and body mass of the aphids. The lower body content to be ingested
requires less handling time and, consequently, a greater number of
preys consumed. The consumption of prey with smaller body size was
also higher for C. externa and H. convergens larvae fed on nymphs of
Cinara spp. (Hemiptera: Aphididae) compared to the larger nymphs
(Cardoso and Lazzari, 2003a, 2003b). These results are related to the
ease of capturing smaller prey, which leads to greater consumption
of nymphs in this stage, as also observed for C. externa larvae fed on
nymphs of Schizaphis graminum(Rondani, 1852) (Hemiptera: Aphididae)
(Fonseca et al., 2000).

The increase in the consumption of nymphs from the first to
the last day of evaluations is due to the growth and development
of the predator, even at the same instar, which demands greater
consumption. H. convergens and C. externa also consumed more
nymphs of Myzus persicae (Sulzer, 1776) (Hemiptera: Aphididae) as a
result of their development and increase in body size (Katsarou et al.,
2005; Barbosa et al., 2006). The greater demand for prey as predators
develop is attributable to the increasing requirement of nutrients for
their growth, as well as for other physiological processes necessary to
complete their life cycle (Guedes, 2013).

The greater consumption of third-instar nymphs of M. rosae in
relation to R. porosumby C. externa may be related to the behavior of
the larva, that pierces the body of the prey and abandon them without
being completely consumed. In the evaluations, the larvae were observed
introducing their mouthparts in the prey, but because of their relatively
large size, they release it quickly. This behavior caused higher mortality
of nymphs compared to those of R. porosum, which are smaller and
were entirely consumed. Theoretically, prey consumption involves
capturing, handling, killing and ingesting its contents and/or its body
parts, activities that are included in accounting for handling time
(Veeravel and Baskaran, 1997; Aljetlawi et al., 2004). The fact that the
prey is not completely consumed does not affect the predator’s ability
to search and attack; and partial consumption of the prey can result in
higher mortality due to less time spent in handling (Moradi et al., 2020).

For H. convergens, the higher consumption of first and second-instar
nymphs of M. rosae compared to R. porosummay be associated with the

nutritional quality of the prey, as well as the nutritional requirement
of the predator (Eubanks and Denno, 2000; Mirhosseini et al., 2015;
Farooq et al., 2018; Souza et al., 2019). Aphidophagous coccinellids
depend on essential food for reproduction and embryonic and post-
embryonic development. However, nutrients from other types of prey
can be important for complementing their diet (Souza et al., 2019),
which might vary in relation to palatability (Lundgren, 2009). Thus,
the greater consumption of M. rosaeby H. convergenswhen compared
with R porosum can be related to these aspects. Furthermore, the
size of the prey plays important roles since M. rosae has a larger body
volume than R. porosum. Another factor that may have interfered in
the capture of prey is the color of the nymphs of M. rosae, and the
shape of their body. Some species of coccinellids tend to feed on prey
with coloration that distinguishes them from the host plant (Mondor
and Warren, 2000). Therefore, the nymphs of M. rosae, may have been
more easily detected by the predator. According to Lim and Ben-Yakir
(2020), coccinellids use visual cues to select prey, including chromatic
sensitivity and geometric perception.

The third-instar nymphs of R. porosum were predated in greater
numbers than the nymphs of M. rosae probably because they are
smaller. There was a certain difficulty for H. convergens larvae in
capturing larger nymphs, compared to C. externa larvae. This may be
due to the different types of mouthparts of these predators. A predator’s
efficiency and greater attack capacity are dependent on the chances
of contact between it and its prey. Here, this contact is related to the
maximum distance at which the predator is able to attack the prey
and, therefore, the skill and speed of movement have an important
impact on the predation rate (Veeravel and Baskaran, 1997; Bayoumy
and Awadalla, 2018). In this regard, coccinellid larvae require greater
proximity to the prey in relation to those of lacewings, generating a
disadvantage in the capture activity.

The results of the intraguild interaction between predators indicated
anegative response only in the absence of prey, which was characterized
by the predation of H. convergens by C. externa. In the absence of
extraguild prey, there is an increase in the foraging behavior of predators
and, consequently, an increase in the encounter rate, contributing to
the occurrence of intraguild predation (Zarei et al., 2020). Silva et al.
(2022) demonstrated a reduction in intraguild predation between
coccinellids and lacewings in intercrop system due to presence and
increase herbivore movement, making the shared prey more vulnerable
than the intraguild prey. According to Michalko; Pekar (2014), in the
presence of shared prey, generalist predators choose which prey they
will consume according to nutritional composition, defense behavior
and size.

In the case of lacewings and coccinellids, there is a preference and
competition for aphids (Khudr et al., 2020). Therefore, the results obtained
in this work reiterate those obtained in other studies that demonstrated
the performance of C, externalarvae as intraguild predators when in
the absence of prey. However, in addition to the presence of extraguild
prey, the density of their populations is also a factor that interferes in
predation (Lucas, 2005; Néia et al., 2008; Trotta et al., 2015; Devee et al.,
2018). The results of this study show that not only the presence of the
prey, but also the density of individuals, are factors that interfere in
the occurrence of intraguild interaction, since the number of nymphs
consumed by the two predators when confined together was higher
than the daily consumption of each predator evaluated separately.

Regarding to the predators involved in the negative interaction, only
C externalarvae behaved as intraguild predators. Golsteyn et al. (2021)
found a negative interaction between larvae of Chrysoperia carnea
(Stephens, 1836) (Neuroptera: Chrysopidae) and larvae of Cryptolaemus
montrouzieri (Mulsant, 1853) (Coleoptera: Coccinellidae) both in the
presence and absence of prey, observing greater aggressiveness of
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the lacewing in relation to the coccinellid. The fact that a predator is
characterized as more aggressive compared to another is associated
with body morphology and speed of movement. The lacewing larvae
have prominent mandibles and are more agile compared to coccinellid
larvae, which favors their success in intraguild interaction (Michaud
and Grant, 2003).

Another factor that interferes in the intraguild predation is the size
of the species involved, with the intraguild predator usually having
greater body volume (Lucas, 2005; Devee et al., 2018). However, in
the case of lacewings and coccinellids, when both are of equal size,
lacewing larvae have an advantage over coccinellids in terms of
competitiveness and predation behavior (Sengonca and Frings, 1985;
Lucas, 2005; Zarei et al., 2020). The larvae of the predators involved
in the present study were in the second instar and had similar sizes,
therefore, the predation of C. externa on H. convergens is a result of
its greater aggressiveness and agility.

Regarding the results obtained for predator behavior, the longer time
spent by C externalarvae in predating R. porosumnymphs, compared
to M. rosae, is in line with that obtained for predatory capacity, since
there was a higher consumption of R. porosum nymphs compared to
M. rosae. For H. convergens, the longest time spent in predation was
verified in the presence of M. rosae, both together with C. externaand
individually, coinciding with the result obtained for the predatory
capacity of this coccinellid.

The greater time invested in predation by larvae of C. externaand
H. convergens, when confined together, indicates a behavioral change,
especially of those of C. externa, when they notice the presence of
H. convergens. This perception may have been responsible for the
increase in the number of aphids consumed, in relation to the condition
in which they were kept alone, resulting in a longer predation time.
Janssen et al. (1998) report that when two competitors forage in the
same area, in addition to competition for the same resource, changes
in search behavior may occur, reflecting changes in the attack rate.
Thus, the shorter foraging time of C. externalarvae in the presence of
the competitor may be associated with greater speed and agility in the
search for prey, resulting in a greater number of prey consumed and
a greater time spent in predation, as discussed earlier. On the other
hand, in the absence of the competitor, C. externalarvae were able to
search for prey more slowly, generating a longer search time. Thus, the
change in the behavior of C. externaagainst another predator resulted
in a positive effect defined by the reduction in the number of nymphs
of both aphid species studied.

In the absence of prey, a situation in which a negative interaction was
verified, only the larvae of C externaattacked the larvae of H. convergens.
It has been observed that lacewing larvae can reach coccinellid larvae at
a greater distance due to their prominent mouthparts, which facilitates
capture. According to Zarei et al. (2020), the confinement of C. carnea
larvae with Hippodamia variegata(Goeze, 1777)larvae results in higher
mortality of H. variegatadue to the ease of capture by C. carnealarvae,
whose mouthparts are introduced into the abdominal tergites of the
coccinelid, paralyzing and making it impossible to defend itself.

Conclusion

The greater consumption capacity of C. externaand H. convergens
larvae was observed when offered first-instar nymphs of R. porosum
and M. rosae. During the development of the predator inside the instar
an increase in the consumption capacity was observed. The intraguild
interaction in the presence of prey was positive between C. externa
and H. convergens, with intraguild predation only in the absence of
prey. Although both R. porosumand M. rosae have consumed a greater
number of different species, both preys are targets of these predators.

These results point out to the success of the isolated or simultaneous
use of these predators to control aphids in rose bushes. The results
obtained in this work are important to assist in biological control
programs using generalist predators.
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