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Abstract 
Biological control programs in greenhouses increasingly resort to the release of several natural enemies simul-
taneously. In Uruguay, pest management in peppers is based on the release of Orius insidiosus and Amblyseius 
swirskii, to control Frankliniella occidentalis and Bemisia tabaci. Amblyseius swirskii can feed on both preys. 
Zoophytophagous predators not only feed on pests or plant food, but also on natural enemies with which they 
share prey (intraguild predation). Hence, the combined release of generalist predators could have a negative 
result in the control of the target pest. Thus, it was important to evaluate the compatibility of O. insidiosus and 
A. swirskii as predators of F. occidentalis. Studies carried out at Petri dishes level assessed: (1) the effect of the 
density and the composition of the prey on their predation by O. insidiosus, (2) the change of prey by O. insidi-
osus and (3) the effect of the genus of O. insidiosus on prey preference. Results show that if the relative densities 
of F. occidentalis and A. swirskii varied, O. insidiosus always changed to the most abundant prey. Male and 
female O. insidiosus preferred nymphs of F. occidentalis over A. swirskii, and females killed more prey than 
males. Since O. insidiosus fed on A. swirskii, it is advisable to be cautious when combining anthocorids and 
phytoseid mites for the F. occidentalis control. Studies at greenhouse will be necessary to clarify the final effect 
of both predators. 
Keywords: anthocorids, intraguild predation, biological control, change of prey, preference 
 

Resumen 
Los programas de control biológico en invernadero recurren cada vez más a la liberación de varios enemigos 
naturales en forma simultánea. En Uruguay, el manejo de plagas en pimiento se basa en la liberación de Orius 
insidiosus y Amblyseius swirskii, para controlar Frankliniella occidentalis y Bemisia tabaci. Amblyseius swirskii 
puede alimentarse de ambas presas. Los depredadores zoofitófagos no solo se alimentan de plagas o alimentos 
vegetales, sino también de enemigos naturales con quienes comparten presas (depredación intragremio). Por 
lo tanto, la liberación de depredadores generalistas podría dar resultado negativo en el control de la plaga 
objetivo. Por ello fue importante evaluar la compatibilidad entre O. insidiosus y A. swirskii como depredadores 
de F. occidentalis. A nivel de placas de Petri se estudió: (1) el efecto de la densidad y la composición de la 
presa sobre su depredación por O. insidiosus; (2) el cambio de presa por O. insidiosus, y (3) el efecto del género 
de O. insidiosus en la preferencia de presa. Se encontró que si las densidades relativas de F. occidentalis y A. 
swirskii variaban, O. insidiosus siempre cambiaba a la presa más abundante. Los machos y las hembras de O. 
insidiosus prefirieron las ninfas de F. occidentalis sobre A. swirskii, y las hembras mataron más presas que los 
machos. Dado que O. insidiosus depredó a A. swirskii, se recomienda precaución al combinar antocóridos y 
ácaros para el control de trips. Serán necesarios estudios en invernadero para esclarecer el efecto final de 
ambos depredadores. 
Palabras clave: antocóridos, depredación intragremial, control biológico, cambio de presa, preferencia 
 

Resumo 
Os programas de controle biológico com efeito de estufa dependem cada vez mais da liberação de vários 
inimigos naturais simultaneamente. No Uruguai, o manejo de pragas em pimentas é baseado na liberação de 
Orius insidiosus e Amblyseius swirskii, para o controle de Frankliniella occidentalis e Bemisia tabaci. Amblyseius 
swirskii pode se alimentar de ambas as presas. Predadores zoofitófagos não se alimentam apenas de pragas 
ou alimentos vegetais, mas também de inimigos naturais com os quais compartilham suas presas (predação 
intra-guilda). Portanto, a liberação de predadores generalistas pode controlar negativamente a praga alvo. Por 
esse motivo, foi importante avaliar a compatibilidade entre O. insidiosus e A. swirskii como predadores de F. 
occidentalis. Ao nível das placas de Petri, foram estudados: (1) o efeito da densidade e composição da presa 
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na sua predação por O. insidiosus, (2) a mudança de presa por O. insidiosus e (3) o efeito -a do gênero de O. 
insidiosus em preferência de presa. Verificou-se que se as densidades relativas de F. occidentalis e A. swirskii 
variaram, O. insidiosus sempre mudou para a presa mais abundante. Machos e fêmeas de O. insidiosus prefe-
riam ninfas de F. occidentalis a A. swirskii, e as fêmeas matavam mais presas do que os machos. Como O. 
insidiosus é anterior a A. swirskii, recomenda-se cautela ao combinar antocorídeos e ácaros para o controle de 
tripes. Estudos de estufa serão necessários para esclarecer o efeito final de ambos os predadores. 
Palavras-chave: antocorídeos, predação intra-guilda, controle biológico, mudança de presa, preferência 
 
 
 
1. Introduction 
The application of Integrated Pest Management 
programs is gaining more and more importance 
worldwide, as an approach that combines numer-
ous sanitary techniques aiming to avoid economic 
damage caused by pests(1). The cornerstone of 
these programs is biological control(2), which is 
widely used in many countries and many situations, 
but has been developed especially in protected 
crops due to the high surface value of these produc-
tions(3). Control agents are periodically introduced to 
these crops, one or more times a year, so they can 
multiply in the crops, but without establishing per-
manently(4). In its implementation, several species 
of generalist predators are increasingly being re-
leased simultaneously against common pests(5)(6)(7). 
They are generally zoophytophagous predators, 
which is why they also include plant-provided food 
in their diet, but also other natural enemies(8)(9). 
The species complementarity model suggests that 
herbivore mortality resulting from the combined ac-
tion of different species of natural enemies is equal 
(additive) or higher (synergistic) than the sum of the 
mortality caused by each species of natural en-
emy(10). However, negative interactions between 
natural enemies, such as intraguild predation, facul-
tative hyperparasitism, or interfering behavior, can 
affect herbivore suppression(11)(12). If negative inter-
actions happen between control agents, rather than 
complementary effects, adding species can relieve 
phytophagous from the pressure of predation or 
parasitism(8). Negative interactions between natural 
enemies increase as diversity increases, making it 
necessary to decide between the release of a single 
superior species of natural enemies or multiple spe-
cies against the herbivore pest(13). Intraguild preda-
tion is widespread in populations of natural enemies 

and occurs when one intraguild predator can nega-
tively affect another, either by feeding on it or by 
competing for the shared resource (extraguild 
prey)(9). It can be unidirectional, with one species 
functioning as the top predator (i.e. intraguild) and 
the other as the intermediate predator (i.e. intraguild 
prey), or mutual, where the predators have the abil-
ity to consume each other(14)(15). Therefore, the com-
bined release of generalist predators in these cases 
could have a negative result in the biological control 
of the target pest(16)(17). 
In Uruguay, since 2013, numerous commercial pro-
ducers carry out pest management of pepper culti-
vation under greenhouse based on the release of 
two predators, the mite Amblyseius swirskii (Athias) 
(Acarina: Phytoseiidae) used against whiteflies in 
tobacco, Bemisia tabaci (Gennadius) (Hemiptera: 
Aleyrodidae), and the flower bugOrius insidiosus 
(Say) (Hemíptera: Anthocoridae) for the control of 
western flower thrips, Frankliniella occidentalis 
(Pergande) (Thysanoptera: Thripidae). Such man-
agement is proposed as an alternative to the tradi-
tional one based solely on the application of chemi-
cal insecticides and it follows the guidelines of the 
usual practices in European countries(18) and in the 
United States(19).  
Frankliniella occidentalis is a serious pest, vector of 
diseases (TSWV, Tomato spotted wilt virus) and the 
cause of significant damage due to feeding and ovi-
position(20). Its control with chemical insecticides is 
difficult, since they lay their eggs inside the plant tis-
sues, and both adults and larvae feed in protected 
places, such as flower buds, which protect the pest 
from the action of insecticides(21). Orius insidiosus 
feeds on thrips larvae and adults(22); while A. swirskii 
mainly kills whitefly eggs and nymphs, but can also 
prey on first-stage larvae of thrips(23). Some studies 
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indicate that Orius spp. could also feed on 
mites(18)(24). Therefore, although the generalist na-
ture of Orius spp. can be an advantage when con-
sidering greenhouse pest control, it can also be a 
source of concern, due to the possibility of interfer-
ence with other natural enemies(25). Such is the 
case of A. swirskii(26). 
Due to this, there was a special interest in studying 
the compatibility of A. swirskii and O. insidiosus 
when used for the control of F. occidentalis, so as to 
know if their interaction increases or reduces the 
plague suppression. A second objective was to de-
termine how prey availability may affect the ten-
dency of O. insidiosus to kill A. swirskii. For this, the 
abundance of F. occidentalis was varied in experi-
ments under controlled conditions.  
 

2. Material and methods 
2.1. Experimental insects and plants 
Colonies of F. occidentalis were established from in-
dividuals collected on pepper leaves and flowers 
(Capsicum annum L., Solanaceae) in the horticul-
tural region of Salto (S 31°23′ - O 57°58′), Uruguay.  
Thrips were multiplied in the Entomology laboratory 
at the Experimental Station of the Agronomy in Salto 
(EEFAS by its Spanish acronym) of the University 
of the Republic, following the protocol described by 
Steiner and Goodwin(27) and Espinosa and oth-
ers(28). As plant substrate, bean seedlings were 
used (Phaseolus vulgaris L., Fabaceae), arranged 
in growth chambers in controlled conditions 
(25±1 ℃, 60±5% RH, 16:8 h L:D ). When the first 
leaves appeared, the petiole was cut off and placed 
in small glasses of water. The glasses were placed 
in glass containers (35 × 20 × 14 cm) with ventilated 
lids covered with fine mesh. Synchronized thrips co-
horts were formed by placing adults on these leaves 
and transferring them to new leaves after 24 hours. 
These bean leaves containing the oviposition of the 
thrips were placed in boxes similar to those de-
scribed above and kept for 6-7 days until the ap-
pearance of the second nymphal stage, or until 13-
14 days when the adults appeared. These two 
states were used in the experiments. The individu-
als of A. swirskii and O. insidiosus were obtained 
from the Argentinian company Brometan. The A. 

swirskii mite was multiplied on pepper leaves, fed 
with eggs and nymphs of B. tabaci collected in com-
mercial crops in Salto's horticultural region. The an-
thocorid O. insidiosus was reared using fresh bean 
pods as oviposition substrate and eggs of the flour 
moth, Ephestia kuehniella Zeller (Lepidoptera: Pyr-
alidae) as prey, coming from the Production Unit of 
the Agronomy College. Each colony was placed in 
glass containers (35 × 20 × 14 cm) covered with 
low-density polyethylene (LDPE) stretch wrap with 
high transparency, in a climate-controlled chamber 
at 25 ± 1 ℃, 60 ± 5% RH 16:8 h (L: D). 
Pepper plants (cvar Bilano type Lamuyo) and cow-
pea bean (Vigna unguiculata L. Walp.) grew individ-
ually in plastic pots of 20 cm in diameter and 10 cm 
deep, under controlled conditions (25 ℃ and 70% 
RH) with irrigation, in a polyethylene greenhouse of 
the Department of Plant Protection-Entomology at 
EEFAS, until they reached a suitable size for the ex-
periments (20-30 cm in height).  
2.2. Experimental unit and experiment condi-
tions 
The experiments with predators and thrips were car-
ried out in an experimental unit that included a pep-
per leaf disk (6 cm in diameter) placed on filter paper 
moistened with distilled water. Said unit was placed 
in a 9.5 cm diameter x 1.5 cm deep Petri dish, 
vented through a hole in the lid covered with mesh 
(20 x 10 threads per cm2). During the 24-hour-long 
experiments, the plates were kept at 25 ± 1 ℃, 60 
± 5% RH, 16: 8 h (L: D). O. insidiosus adult females 
were deprived of food for 24 hours before their use.  
2.2.1 Effect of O. insidiosus sex on A. swirskii and 
F. occidentalis predation  
To evaluate possible differences in the predation of 
F. occidentalis and A. swirskii by males and females 
of O. insidiosus, 10 adults of F. occidentalis and 10 
adults of A. swirskii were placed with a male or fe-
male of O. insidiosus in the experimental units de-
scribed above. Twelve repetitions were performed 
for each sex of O. insidiosus. The number of dead 
prey was counted 24 hours after the introduction of 
the anthocorids. To estimate prey mortality due to 
manipulation or possible predation of F. occidentalis 
by A. swirskii, 12 repetitions were carried out with-
out the presence of O. insidiosus.  
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2.2.2 Effect of different densities of F. occidentalis 
or A. swirskii on predation by O. insidiosus  
The predation capacity of O. insidiosus was evalu-
ated on individuals of the second nymphal stage (6-
7 days of life) and adults of F. occidentalis (13-14 
days of life), and adults of A. swirskii, following the 
protocol described by Chow and others(26). Three 
densities were tested: 5, 10 and 20 preys (thrips or 
mites) per plate. Approximately one hour after the 
prey were placed, a single adult female of O. insidi-
osus was introduced. To avoid leaks, each plate 
was sealed with its lid and plastic wrap. At 24 hours, 
the number of dead preys inside the plates was 
counted. 
Mortality due to handling was estimated from 10 
repetitions for each type of prey (second stage or 
adult thrips) using 20 prey per plate without O. in-
sidiosus. The handling was done with a fine tip 
brush. 
2.2.3 Prey change by Orius insidiosus 
Following the protocol established by Chow and 
others(26), the prey change of O. insidiosus females 
was evaluated by offering two combinations of prey: 
5 F. occidentalis and 15 A. swirskii (1:3 ratio), 10 F. 
occidentalis and 10 A. swirskii (1:1 ratio), 15 F. oc-
cidentalis and 5 A swirskii (3:1 ratio). This experi-
ment was repeated with second-stage nymphal and 
adult F. occidentalis individuals. In all cases, A. swir-
skii adults were used. Ten repetitions were com-
pleted for each relationship. 
To do this, the required number of thrips was trans-
ferred to each plate, then the mites were incorpo-
rated and finally an O. insidiosus female. The dead 
preys were counted 24 hours after the introduction 
of the anthocorids.  
The controls consisted of jointly depositing in the ex-
perimental units 20 F. occidentalis: 20 A. swirskii 
with no O. insidiosus. This experiment was con-
ducted with second-stage nymphal and adult F. oc-
cidentalis individuals. In all cases, A. swirskii adults 
were used. Ten repetitions of each situation were 
performed. 
2.3. Statistical analysis 
All counts and proportions were checked for normal-
ity and homogeneity of variance (homoscedasticity). 

For the experiments with different prey densities, 
prey change and choice with both sexes of O. insid-
iosus, a two-way ANOVA was performed with “prey 
type” and “prey density” as factors to detect signifi-
cant differences in the total number of dead and re-
covered prey between treatments. A one-way 
ANOVA was performed to compare the numbers of 
dead and recovered prey in controls. Tukey's hon-
estly significant difference (HSD) test was used to 
determine significant differences between pairs of 
mean values after parametric tests. 
2.4. Data transparency 
Available Data: all the data set that supports the re-
sults of this study was published in this same article. 

 
3. Results 
3.1. Effect of the O. insidiosus sex on A. swir-
skii and F. occidentalis predation 
The mean number of prey killed by O. insidiosus fe-
males was about 30% higher than the prey killed by 
males for the two prey types (p = 0.023). The num-
bers of thrips and mites killed by the O. insidiosus 
males were not different from each other 
(p = 0.756), while the females killed more thrips 
than mites (p = 0.038) (Figure 1). 
Mortality of A. swiskii and F. occidentalis in the con-
trol plates was less than 10% of each type of prey 
and did not vary between the two types of prey 
(p = 0.842).  
 
Figure 1. Mean number of dead prey (+SEM) of A. 
swirskii and F. occidentalis adults per female and 

male of O. insidiosus 

 
Black-F. occidentallis, Light gray-A. swirskii, Dark gray-Total 

prey, SEM: standard error of the mean 
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3.2. Effect of different densities of F. occiden-
talis or A. swirskii on predation by O. insidio-
sus  
Predation was affected by the type of prey 
(p = 0.013) and the density of the prey (p = 0.023). 
There was no interaction between prey type and 
density (p = 0.475). Predation of O. insidiosus in-
creased with prey density (Figure 2). Prey mortality 
caused by the predator was higher than that regis-
tered in the controls (p = 0.019). In these, the mor-
tality of both thrips and mites was less than 5% and 
did not vary with the prey type (p = 0.152).  
 
Figure 2. Mean number of dead prey of A. swirskii 

(adult) and F. occidentalis (2nd stage, adult) 
(+SEM) by a female of O. insidiosus exposed to 
three prey densities 5, 10 and 20 of each type 

 

 
Black-A. swirskii adult, Light gray- F. occidentalis adult, Dark 
gray-F. occidentalis nymph, SEM: standard error of the mean 
 
Predation of F. occidentalis by O. insidiosus female 
increased with prey density (p = 0.047), as well as 
the predation of A. swirskii adults (p = 0.032). No 
differences were found between F. occidentalis 
adults and A. swirskii adults killed per Orius female 
(p = 0.613) at similar prey densities. On the other 
hand, the predation of F. occidentalis nymphs was 
greater than that of F. occidentalis and A. swirskii 
adults (p = 0.035), which did not differentiate be-
tween themselves.  
3.3. Change of prey by O. insidiosus  
The total predation of O. insidiosus was influenced 
by the type of prey, the number of prey and the nu-
merical relationship between the prey. The females 
of O. insidiosus opted for the most abundant type of 

prey (p = 0.038), increasing consumption when 
there was a greater number of prey available 
(p = 0.045). When A. swirskii adults and F. occiden-
talis adults were available in equal numbers, the fe-
males of O. insidiosus showed no preference for 
one type of prey (p = 0.811) (Figure 3). However, 
when the adults of A. swirskii and the second nym-
phal stage of F. occidentalis were available in equal 
numbers, the females of O. insidiosus killed twice 
as many thrips as mites (p = 0.013) (Figure 4). 
 
Figure 3. Average number of F. occidentalis adults 
and A. swirskii adults killed (+SEM) by an O. insidi-

osus female exposed to different numerical rela-
tionships between preys 

 

 
Black- F. occidentalis adults, Gray- A. swirskii adults, SEM: 

standard error of the mean 

 
 

Figure 4. Average number of F. occidentalis 
nymphs and A. swirskii adults killed (+SEM) by an 

O. insidiosus female exposed to different numerical 
relationships between preys 

 
Black- F. occidentalis nymphs, Gray- A. swirskii adults, SEM: 

standard error of the mean 

 
The total number of dead prey was influenced by 
the numerical relationship between prey (p = 0.015). 
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In all combinations, the most abundant prey was 
preferred (Figures 3 and 4).  
Prey mortality was very low in the control treat-
ments, and the number of dead prey of A. swirskii 
and adults or the second nymphal stage of F. occi-
dentalis did not differ for each of the prey combina-
tions (p = 0.620) and the average mortality ranged 
from 4 to 8%. 

 
4. Discussion 
The research studies that quantify the benefits of 
combining species of Orius and predatory mites for 
the control of F. occidentalis in greenhouse crops 
are few and their results vary since there are no dif-
ferences between the release of a single agent com-
pared to the release of both(26)(29)(30), to a greater re-
duction in the number of thrips if both agents are 
used simultaneously(31)(32). 
In the present study, the intraguild predation model, 
which includes a higher predator (IG predator), an 
intermediate consumer (IG prey) and a shared re-
source (33), was confirmed in the interaction O. insid-
iosus - A. swirskii - F. occidentalis on a pepper leaf. 
Thus, Orius insidiosus killed the mite A. swirskii 
when it was available alone or in the presence of F. 
occidentalis. When the number of both preys was 
equal, O. insidiosus preferred the second nymphal 
stage of F. occidentalis over A. swirskii, and did not 
show differences between preys when considering 
adults of F. occidentalis and A. swirskii.  
Our data show that the total and relative predation 
of F. occidentalis and/or A. swirskii by O. insidiosus 
depends on the type and number of prey available. 
When the number of individuals of the different 
types of prey was different, the preference in all 
cases was for the most abundant prey. Thus, when 
A. swirskii was the most abundant, that prey was 
preferred by O. insidiosus over F. occidentalis, 
which would indicate the possibility that O. insidio-
sus would replace the target prey, feeding on the 
other predator when thrips are scarce. Moreover, 
when A. swirskii is present in the crop, a significant 
increase in thrips would be necessary before O. in-
sidiosus would prefer them. The statement by van 
Baalen and others(34) is reaffirmed, who state that 
changing prey can improve biological control by 

keeping predators on alternative prey when the tar-
get pests are rare, but it can also reduce control by 
distracting predators from attacking target pests, es-
pecially when they are not abundant.  
These results demonstrate the need for caution 
when combining anthocorids and phytoseid mites 
for the control of F. occidentalis. Similar prey 
change patterns were found for O. insidiosus tested 
in combinations of A. degenerans and F. occiden-
talis(29), and of A. swirskii and F. occidentalis(26), 
both on greenhouse roses. This situation is also 
documented for other species of Orius against 
mites, such as O. majusculus(35), O. laeviga-
tus(18)(24)(36) and O. tristicolor(25). 
The results of this study were obtained by confining 
the two predators in a small plate. Caution is re-
quired when using small-scale laboratory experi-
mental results to predict potential greenhouse inter-
actions(37). Confrontations between O. insidiosus 
and A. swirskii are more likely in an experimental 
plate than in whole plants in a greenhouse. In addi-
tion, several factors may influence the intensity and 
outcome of intraguild predation, such as prey mobil-
ity, predation strategy, feeding specificity, relative 
prey size, and presence of extraguild 
prey(15)(37)(38)(39). 
While much attention has been devoted to the influ-
ence of prey density and distribution on the feeding 
behavior of predators(40), these may also be influ-
enced by the characteristics of the plants hosting 
their prey(41). Shipp and Whitfield(42) showed that the 
large number of trichomes in cucumber leaves, 
compared to pepper leaves, interfered with the 
search pattern of A. cucumeris (Oudemans). In ad-
dition, cutting leaves can affect the erection of the 
trichome and the chemical composition of the 
leaves, which in turn can influence the species ob-
served(37).  
It would be necessary to carry out complementary 
studies at the greenhouse level in order to clarify the 
final effect of using both predators together on the 
effectiveness of thrips control. According to Brodeur 
and others(43), intraguild predation by generalist 
predators is less important in greenhouses than in 
annual or perennial agroecosystems, since green-
house crops are considered simple ecosystems 
with low biodiversity(44). The strength of the various 
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interactions depends not only on the individual spe-
cies involved but also on the suitability of the abiotic 
and biotic environment where the interactions take 
place. Interactions that appear very promising under 
controlled laboratory or greenhouse conditions have 
often been ineffective in the field due to unknown 
environmental constraints(45). Therefore, more re-
search would be required for a better understanding 
of the interactions of change between anthochorids, 
predatory mites, and thrips in complex plant envi-
ronments, and how these interactions would affect 
the suppression of thrips populations.  

 
5. Conclusions 
The effect of intraguild predation between O. insidi-
osus and A. swirskii requires caution if released sim-
ultaneously to control thrips F. occidentalis on pep-
pers in Uruguay. 
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