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Abstract: The mixed release of predators and parasitoids to control a target pest can produce different results. In some 
cases, this mixed introduction can induce an increase in the predation rates of the pest and even of the parasitoid. To explain 
this phenomenon, it has been hypothesized that the presence of parasitoids (revealed by their mobility or related products) 
and interspecific competition (parasitoid vs predator) could influence such rates of predation. Therefore, in the present 
study we tested the effect of parasitoid mobility, host hemolymph (produced by parasitoid host-feeding) and parasitoid spe-
cies (competing vs. non-competing species of the predator) on the number of prey consumed by the predator. Additionally, 
to add weight to the results of the bioassays, we determined whether the gender of the predators and parasitoids induced an 
effect on prey consumption by the predator by performing three bioassays under randomized block designs. Our results 
showed that neither parasitoid mobility nor host hemolymph presence modified the number of whitefly nymphs preyed 
upon by the predator. However, the number of whitefly nymphs consumed was significantly higher when the predator was 
introduced together with the competing parasitoid species relative to treatments with the non-competing parasitoid. In addi-
tion, we found that the predator preyed upon more mobile than immobile parasitoids and more competing than non- 
competing parasitoids. As for predator gender, we found that female predators consumed more whitefly nymphs relative to 
male predators and wasp gender did not affect predation. Overall, our results suggest that interspecific competition may be 
a more important factor regulating predator consumption than parasitoid mobility or the presence of the host hemolymph.
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1 Introduction

Biological control is a strategy to control pests that employs 
natural enemies to reduce population densities of a target 
pest (Hajek & Eilenberg 2018). One of the essential require-
ments to make this control strategy work (or improve it) is 
to understand the ecology of the organisms involved and the 
way in which they interact (Polis & Strong 1996, Venzon 
et al. 2001). These interactions (e.g. competition, intraguild 
predation or parasitism) can modify the outcome of biologi-
cal control by affecting trophic relationships and population 
density (Rosenheim et al. 1993, Venzon et al. 2001).

Natural enemies such as parasitoids and predators have 
been used in mixed release strategies in order to enhance 
arthropod pest control (Sher et al. 2000, Janssen et al. 2006, 
Chailleux et al. 2013, 2014, Bao-Fundora et al. 2016). In 
some cases, mixing natural enemies has resulted in a better 
control of the target pest relative to the employment of indi-
vidual natural enemy species (Chailleux et al. 2013, 2014, 

Bao-Fundora et al. 2016). However, the mixed release of 
natural enemies has also resulted in a decrease (Rosenheim 
et al. 1993, Sher et al. 2000) or no change in the control of 
the target pest (Janssen et al. 2006). Under these scenarios, 
it becomes difficult to predict the outcome of mixed releases 
of natural enemies to control a target pest. Therefore, it is 
important to understand the complex interactions among 
prey, parasitoids and predators, as well as the factors influ-
encing the performance of natural enemies released in 
combination.

In a previous study under semi-field conditions, the 
predator Geocoris punctipes Say (Hemiptera: Lygaeidae) 
increased its consumption of the whitefly Trialeurodes vapo-
rariorum Westwood (Hemiptera: Aleyrodidae) during the 
mixed release of the predator and the parasitoid Eretmocerus 
eremicus Rose & Zolnerowich (Hymenoptera: Aphelinidae) 
relative to the individual release of the predator (Bao-Fundora 
et al. 2016). Other studies analyzing the effect of mixed use 
of predators and parasitoids to control a target pest have 
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reported similar results (e.g. Rosenheim et al. 1993, Colfer 
& Rosenheim 2001). However, the mechanisms and factors 
underlying this predator’s response are still unclear. Previous 
hypotheses explaining the increase of predation attacks, 
postulate that the presence of parasitoids (revealed by their 
movement or some related signals [see below]) and/or inter-
specific competition (predator-parasitoid) may be influenc-
ing that predator’s response. The biological model consisting 
of the whitefly T. vaporariorum, the predator G. punctipes 
and the parasitoid E. eremicus offers a good opportunity to 
test those hypotheses. Indeed, it is known that G. punctipes 
has acute vision (Readio & Sweet 1982) and responds posi-
tively to prey movement (Eubanks & Denno 2000) and to 
pheromones (Jervis & Kidd 1986, Marques et al. 2000). This 
predator may therefore be able to detect the parasitoid pres-
ence by its movement or related signals (Tapia et al. 2010). 
For example, the odors or semiochemicals emitted when the 
parasitoids feed on their prey (i.e. ‘host feeding’) or during 
the oviposition process (Vet & Dicke 1992, Dicke & Grostal 
2001, Wajnberg et al. 2008). It is known that E. eremicus is 
a parasitoid that performs host feeding whilst foraging for 
prey (Jervis & Kidd 1986, Headrick et al. 1995, Heimpel & 
Collier 1996). During host feeding the parasitoid makes a 
small wound on the dorsal zone of the whitefly nymph and 
feeds on its exposed hemolymph (Headrick et al. 1995). The 
exposed hemolymph and its compounds may emit aromatic 
signals (Vet & Dicke 1992, Dicke & Grostal 2001, Wajnberg 
et al. 2008) that can be used by the predator to locate poten-
tial prey (Epsky et al. 1993, Heath et al. 1995, Piñero et al. 
2009). The aim of this study was to test whether the mobility 
of the parasitoids and the exposed hemolymph of the prey had 
an effect on the number of prey consumed by the predator. 
Additionally, to provide weight to these bioassays and new 
information on our biological model, we aimed to determine 
the effect of predator sex on the number of whitefly nymphs 
preyed upon. Previously, it has been reported that females 
of G. punctipes consumed more prey than conspecific males 
(Crocker et al. 1975, Chivarathanapong & Pitre 1980, Cohen 
1984, Bueno et al. 2016). Thus, we predicted that female 
predators would prey upon more whitefly nymphs than male 
predators.

On the other hand, some predators respond to the pres-
ence of competing species by increasing or decreasing their 
rates of predation on shared prey (Van Buskirk 1988, Soluk 
& Collins 1988, Wilbur & Fauth 1990, Fauth 1990, Sih et al. 
1998, Losey & Denno 1998). For example, Losey & Denno 
(1998) found that the combined predation rate of two preda-
tors was significantly higher than their individual impact on a 
shared prey. These authors postulated predator-specific prey 
defense as the underlying mechanism; prey avoid a predator 
increasing its exposure to the other predator. In the biological 
model studied here, the predator G. punctipes competes with 
the parasitoid E. eremicus for the use of whitefly nymphs. 
Therefore, we sought to determine to which extent preda-

tor and parasitoid competition influences the predation of the 
shared prey (whitefly nymphs). In particular, we assessed 
whether the species of parasitoid (E. eremicus [compet-
ing species] vs. Tamarixia triozae Burks (Hymenoptera: 
Eulophidae) [non-competing species] could affect the con-
sumption of whitefly nymphs by the predator. Additionally, 
female parasitoids may represent a greater competitor (rela-
tive to the male parasitoids) for the predator because they 
use the same resource (i.e. whitefly nymphs). The parasitoid 
females oviposit their eggs in whitefly nymphs while the 
predator G. punctipes feeds them. In contrast, male parasit-
oids do not lay eggs. To better understand the potential effect 
of competition on predation of the shared prey, we tested the 
effect of the parasitoid gender on the predation of G. punc-
tipes on whitefly nymphs. We expected that in the presence 
of female parasitoids (competing individuals) the predator 
consumed more whitefly nymphs than in the presence of 
male parasitoids (non-competing individuals).

The whitefly T. vaporariorum is one of the most impor-
tant pests worldwide affecting crops such as tomatoes, cotton 
and beans (Jong-Kwan et al. 2001, Kennedy 2003, Angeles-
López et al. 2012). The whitefly feeds on the sap of these 
crops, causing damage, either by direct consumption or by 
infecting the plant with viruses (Jones 2003, Wintermantel 
2004). Several aspects of its basic biology and natural history 
have been previously described (Byrne and Bellows 1991, 
Martin 1999, Cardona et al. 2005). The predator G. punc-
tipes and the parasitoid E. eremicus are both natural enemies 
of T. vaporariorum. The predator G. punctipes is known 
as a generalist predator of several pests affecting cotton, 
sugarcane, and other crops (Champlain and Sholdt 1967), 
including whitefly nymphs. The parasitoid E. eremicus is an 
endo-ecto parasitoid that can parasitize all nymphal stages 
of T. vaporariorum whitefly nymphs, but prefers the second 
and third stages (Headrick et al. 1995, Cardona et al. 2005). 
Both natural enemies are commercially available to control 
whiteflies (Van Lenteren 2003). On the other hand, T. triozae 
is an ecto-parasitoid of the potato psyllid Bactericera cock-
erelli Sulc (Hemiptera: Triozidae) (Weber 2013).

In this study we aimed to determine whether parasitoid 
mobility, the prey hemolymph and the parasitoid species had 
an effect on the number of prey consumed by the predator. 
We hypothesized that the predators would increase the num-
ber of whitefly nymphs consumed when: 1) moving para-
sitoids were present, 2) the prey’s hemolymph was exposed 
and 3) a competing species of parasitoid was present.

2 Materials and methods

Plants and insects were grown and reared at 24 ± 3 °C, 50 ± 
10% relative humidity (RH) and 14:10 h (light:dark) photo-
period as established previously by Velasco-Hernández et al. 
(2013) and Bao-Fundora et al. (2016).
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2.1 Plants
Commercial tomato seeds (Solanum lycopersicum L. 
cv. ‘Saladet’) were acquired at La Casa del Hortelano 
(Guadalajara, Jalisco, México) and planted on plastic ger-
minating trays (33.5 × 34.5 × 7 cm) containing Peat-Moss 
(Floragard, INIMEX, Zapopan, México). After reaching 
four leaves of development, plants were transferred to indi-
vidual plastic pots (9 cm high, 11 cm diameter) containing 
Nutrigarden (Sulfatos y Derivados, S. A. de C. V.). Plants 
were irrigated with tap water containing “triple 18” fertil-
izer every third day (0.8 g per 1 L water). This fertilizer 
contained mainly N, K and P (SQM commercial de México 
S.A de C.V.). To avoid exposure to herbivores, plants were 
kept inside containers with their sides covered with anti-
aphid mesh. Plants were used in experiments and for rearing 
insects once they reached seven leaves of development.

2.2 Insects

2.2.1 Whitefly Trialeurodes vaporariorum
Whitefly colonies maintained in our laboratory and used in 
experiments were founded with virus-free whiteflies, pro-
vided by Dr. Carla V. Sánchez-Hernández (Universidad de 
Guadalajara) and reared on tomato plants, placed inside 
acrylic cages (38.5 × 30.0 × 45.0 cm) with the sides covered 
with anti-aphid mesh. Taxonomic identification of whiteflies 
was performed by the Aleyrodidae specialist Dr. Vicente 
Carapia (Universidad Autónoma del Estado de Morelos). 
Experiments were performed using second and third instar 
nymphs, as it is known that E. eremicus prefers to parasitize 
these instars (Headrick et al. 1995, Cardona et al. 2005).

2.2.2 Parasitoids E. eremicus and T. triozae
Parasitoids were provided by Koppert Mexico S. A. de C. V. 
(Querétaro, México). Eretmocerus eremicus were provided 
as parasitized nymphs in cardboard shipping containers. 
These nymphs were placed inside acrylic cages (38.5 × 30.0 
× 45.0 cm) to determine adult emergence date. When these 
adult wasps emerged, they were fed a honey solution (7:3 mL 
honey:water) and tap water (20 mL) offered each day in 
paper towels (7 cm × 7 cm) inside a Petri dish. Eretmocerus 
eremicus adults were 2 to 4 days old when used in experi-
ments, taking into account its reproductive biology and lifes-
pan. This parasitoid species can mate and oviposit on their 
first day as adults (Headrick et al. 1995) and can live up to 
11 days (Asplen et al. 2001). Tamarixia triozae on the other 
hand has a mean life span of 20 days. Females are synovo-
genic and can oviposit an average of 165 eggs throughout 
their lives (Rojas et al. 2015). This parasitoid was provided 
as recently emerged adults (1 to 6 days old) and used in 
experiments when they were 7 to 11 days old, taking into 
account its reproductive biology and lifespan (Rojas et al. 
2015). Tamarixia triozae individuals were maintained and 
fed following the same procedures and conditions as those 
described previously for E. eremicus.

2.2.3 Predator G. punctipes
This predator is a hemimetabolous species with the egg, 
five ninfal instars and the adult stage as part of its life cycle 
(Champlain and Sholdt 1967). Predator nymphs provided by 
Organismos Benéficos para la Agricultura SA de CV (Autlán 
de Navarro, Jalisco, México) were maintained inside poly-
styrene cages (40 × 30 × 31 cm) and fed ad libitum with 5 g 
of artificial diet (Cohen 1985), tap water (20 mL) offered in 
a paper towel (7 × 7 cm), commercial pollen (1.8 g, Apiarios 
Rancaño, Mexico City, Mexico) and sorghum seeds (3.4 g 
var. UDG-101, Zapopan, Jalisco Mexico) to improve devel-
opment (Tillman and Mullinix 2003, Dunbar and Bacon 
1972). The artificial diet and water were replaced every 
day, whereas pollen and sorghum seeds were replaced once 
a week (Velasco-Hernández et al. 2013). Predators were 
starved for 24h inside a plastic “clip cage” (23 mm high × 
63 mm in diameter) that contained only tap water before use 
in experiments. Predators used in experiments were 8 to 20 
days old, taking into account their pre-mating and pre-ovi-
position period and their lifespan (up to 108 days) (Dunbar 
1972, Champlain and Sholdt 1967).

2.3 Bioassays
Bioassays were conducted inside an acclimatized room at 
24 ± 3°C, 50 ± 10% RH and 1155 lux of light intensity at 
the Biological Control Laboratory (BCL) of the University 
of Guadalajara following Velasco-Hernández et al. (2013, 
2017).

Bioassays were performed using ‘arenas’ that consisted 
of Petri dishes (15 mm high × 90 mm in diameter) contain-
ing a 5 mm layer of 1% (m/V) agar to provide humidity. The 
agar layer was covered with filter paper (ISOLAB medium 
porosity, 8.5 cm diameter) to aid predator movement. Each 
arena was covered with a lid containing two holes (3 cm in 
diameter) covered with anti- aphid mesh for ventilation, and 
a third hole (1 cm in diameter) to introduce natural enemies, 
which was subsequently covered with cotton to avoid insects 
escaping. All Petri dishes were sealed with Parafilm® (Bemis 
Company Inc., Neenah, Winsconsin, E. U. A).

The whitefly nymphs were individualized using a 1/8 
metal cork-borer (Enestra 3mm diameter) to cut off the leaf 
area surrounding each nymph. Circles containing only one 
whitefly nymph were placed randomly and equidistantly 
over the filter paper inside the arena. All bioassays were per-
formed following a randomized block design, with day as 
the blocking factor. Each treatment was replicated 20 times 
and for each replicate new insects and plants were used to 
avoid pseudoreplication.

2.3.1 Effect of parasitoid mobility on the number of 
T. vaporariorum nymphs preyed upon

The aim of this bioassay was to assess the effect of parasitoid 
mobility, and parasitoid and predator gender on the number 
of prey (T. vaporariorum nymphs [hereafter referred as ‘Tv’] 
or E. eremicus [hereafter referred as ‘Ee’]) consumed by  20
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G. punctipes (hereafter referred as ‘Gp’). We used a random-
ized block design with the main factors ‘parasitoid mobility’ 
(levels: mobile vs. immobile), ‘parasitoid gender’ (levels: 
♀Ee vs. ♂Ee) and ‘predator gender’ (levels: ♀Gp vs ♂Gp) 
and the experimental day as the blocking factor. The factor 
‘parasitoid gender’ was included to establish if the predator 
exhibited different consumption rates depending upon the 
gender of the parasitoid. This may be possible if it is con-
sidered that female parasitoids are the ones who oviposit and 
use the Tv nymphs, thereby representing a direct competitor 
for the predator, perhaps more so than male parasitoids.

As a result, we tested 11 treatments (details in Table 1):  
i) Tv alone, ii) Tv + ♀Gp, iii) Tv + ♂Gp, iv) Tv+♀Ee mobile 
(hereafter referred as ‘Mob’)+♀Gp, v) Tv+♀Ee immobile 
(hereafter referred as ‘Im’)+♀Gp, vi) Tv+♂Ee Mob+♀Gp, 

vii) Tv+♂Ee Im+♀Gp, viii) Tv+♀Ee Mob+♂Gp,  
ix) Tv+♀Ee Im+♂Gp, x) Tv+♂Ee Mob+♂Gp and,  
xi) Tv+♂Ee Im+♂Gp. All treatments contained 36 Tv 
nymphs at 2nd-3rd nymphal stage not previously exposed to 
wasps or predators. This number was chosen based on pre-
vious results investigating the rate of consumption of this 
predator under similar experimental conditions (see Velasco-
Hernández et al. 2013). In treatments where parasitoids 
were used, we introduced 7 parasitoids to maximize pres-
ence (and detection probability) and avoidance of compe-
tition among Ee female wasps, accounting for their rate of 
parasitism (Powell and Bellows 1992). Following Provost 
et al. (2006) we used a freezing procedure to immobilize 
individuals. Preliminary tests were then performed to assess 
a freezing procedure that immobilized parasitoids without 

Table 1.  Experimental design for the bioassay 1: ‘effect of parasitoid mobility on the number of T. vaporariorum nymphs consumed 
by G. punctipes’.

Treatment

Details

Setup descriptionparasitoid 
movement

# individuals, 
parasitoid 

gender

# individuals, 
predator 
gender

i Tv alone [emergence 
control] – – –

Whitefly nymphs followed the same procedure as 
those used in the other treatments but without 
exposure to predators or parasitoids. They were 
supervised until whitefly adult emergence. The 
number of whitefly adults was recorded.

ii Tv+♀Gp [control of 
female predator] – – 1,♀ Once the arena containing Tv nymphs was ready, the 

predator was released.

iii Tv+♂Gp [control of 
male predator] – – 1,♂ Once the arena containing Tv nymphs was ready, the 

predator was released.

iv Tv+♀Ee Mob+♀Gp Mob 7,♀ 1,♀
Once the arena containing the Tv nymphs was ready, 
parasitoids were introduced in the arena and 
immediately after this, the predator was introduced.

v Tv+♀Ee Im+♀Gp Im 7,♀ 1,♀

Parasitoids were first immobilized following the 
freezing procedure described in detail in the text. 
After this, the arena containing the Tv was setup. Ten 
minutes before the introduction of the predator, 
parasitoids were ready and placed inside the arena. 
Just after introduction of parasitoids, the predator 
was introduced into the arena.

vi Tv+♂Ee Mob+♀Gp Mob 7,♂ 1,♀ This treatment was similar to treatment iv but using 
male parasitoids.

vii Tv+♂Ee Im+♀Gp Im 7,♂ 1,♀ This treatment was similar to treatment v but using 
male parasitoids.

viii Tv+♀Ee Mob+♂Gp Mob 7,♀ 1,♂ This treatment was similar to treatment iv but using a 
male predator.

ix Tv+♀Ee Im+♂Gp Im 7,♀ 1,♂ This treatment was similar to treatment v but using a 
male predator.

x Tv+♂Ee Mob+♂Gp Mob 7,♂ 1,♂ This treatment was similar to treatment iv but using 
male parasitoids and a male predator.

xi Tv+♂Ee Im+♂Gp Im 7,♂ 1,♂ This treatment was similar to treatment v but using 
male parasitoids and a male predator.

Tv = Trialeurodes vaporarioum nymphs; Gp = Geocoris punctipes; Ee = Eretmocerus eremicus; Mob = mobile; Im = immobile
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killing wasps or affecting predator consumption. As a result, 
Ee parasitoids were immobilized by freezing them at –14°C 
during 90 min.

For all treatments, each arena was first set up without 
predators and subsequently predators were released and 
allowed to forage for 6 hours. After 6 hours, predators were 
extracted and the number of Tv and Ee preyed upon were 
recorded by checking each arena and the individuals within 
it under a Carl Zeiss stereoscope (Carl Zeiss de México S. A. 
de C. V. Mexico City, Mexico). In addition, we recorded 
the time at which predators made the first attack on Tv by 
observing the arenas after the predators were released.

At all bioassays and for each factor the selection of the best 
approximating model was made using the Akaike’s informa-
tion criterion (AIC) (Symonds and Mousalli 2011). In addi-
tion, when the control group (Tv + Gp) was included in an 
analysis (e.g. for the analysis of ‘Tv preyed upon’ and ‘time 
to first attack on Tv’ in bioassays 1 and 3), a 1-way analysis of 
variance per factor was performed because the control group 
included levels not shared with the others factors. When the 
control group (Tv + Gp) was not included in an analysis (e.g. 
for the analysis of ‘Ee preyed upon’ in bioassay 1 and 3 or 
response variables in bioassay 2), full factorial (2 or 3-way) 
analyzes of variance were performed. All analyses were per-
formed using R, V.3.5.1 (R Core Team 2014) and compari-
sons among treatments were performed using the contrast 
derived from the models (Crawley 2007). When specified, 
data transformations were performed to fit the requirements 
of normality and homoscedasticity (Zar 1998).

For the first bioassay, the effect of the factors ‘parasitoid 
mobility’ and ‘parasitoid gender’ on the response variable 
‘mean number of Tv preyed upon’, were analyzed using 
linear mixed models (LMMs) with those factors as fixed 
effects and the block (days) as the random factor. The effect 
of the factor ‘predator gender’ on the Tv nymphs consumed 
was analyzed using a generalized linear model (GLM) with 
a Gaussian error and an identity link function (Crawley 
2007). The ‘mean number of Ee preyed upon’ was analyzed 
via a linear three-way ANOVA after data were subjected to 
a square root (x + 0.5) transformation (Zar 1998). In this 
3-way ANOVA, the three factors were integrated into the 
model as fixed effects and the block (days) as the random 
factor. The effect of factors ‘parasitoid mobility’ and ‘preda-
tor gender’ on the response variable ‘time to first attack on 
Tv’ was analyzed using a one-way ANOVA per factor, after 
response variable was log (x + 1) transformed (Zar 1998). 
The effect of factor ‘parasitoid gender’ on the time to first 
attack was analyzed using a LMM with the host species as 
the fixed factor and the block (days) as the random factor 
(Crawley 2007).

2.3.2 Effect of recently exposed Tv hemolymph on 
the number of Tv nymphs preyed upon

The aim of this bioassay was to assess the effect of recently 
exposed Tv hemolymph on the number of prey consumed by 

G. punctipes. We performed a randomized block design with 
the factors ‘Tv hemolymph’ (levels: presence vs. absence) 
and ‘predator gender’ (levels: ♀Gp vs. ♂Gp) as main factors 
while the day of experimentation was the blocking factor. 
To obtain enough Tv nymphs with presence of hemolymph, 
Tv nymphs were prepared with a puncture simulating the 
one made by the parasitoid during host-feeding (according 
to preliminary observations). The required Tv nymphs were 
therefore punctured once in the dorsal part of their body, 
using a very fine pin (13 mm length and 0.25 mm diameter) 
(Terumo, Terumo Medical de Mexico SA de CV, Mexico 
City, Mexico). All the wounds were made just before starting 
the observations to ensure the presence of recently exposed 
hemolymph before the introduction of the predators. It should 
be noted that Tv were punctured only once and this was done 
using a Carl Zeiss DV4 stereoscope in order to achieve high 
precision (Carl Zeiss de México S. A. de C. V. Mexico City, 
Mexico). The factor ´predator gender´ was included in this 
second bioassay by taking the results of the bioassay 1 into 
account (see Fig. 1A) and aiming to increase robustness to 
this second bioassay. As a result, we tested five treatments 
(details in Table 2): i) Tv alone, ii) Tv hemolymph absent + 
♀Gp, iii) Tv hemolymph present + ♀Gp, iv) Tv hemolymph 
absent + ♂Gp, v) Tv hemolymph present + ♂Gp.

After all arenas were set up we released the predators and 
allowed them to forage for 6 hours. After 6 hours, the num-
ber of Tv preyed upon by G. punctipes was recorded using a 
Carl Zeiss DV4 stereoscope (Carl Zeiss de México S. A. de 
C. V. Ciudad de México, México). In addition, we recorded 
the time to first attack on Tv.

The effect of the factors ‘Tv hemolymph’ and ‘predator 
gender’ on the ‘mean number of Tv nymphs preyed upon’ by 
G. punctipes was analyzed using a two-way ANOVA, after 
data were square root (x + 0.5) transformed (Zar 1998). The 
effect of the factors ‘Tv hemolymph’ and ‘predator gender’ 
on the response variable ‘time to first attack on Tv’ was ana-
lyzed using a two-way ANOVA, after the response variable 
was log (x + 1) transformed (Zar 1998).

2.3.3 Effect of parasitoid species on the number of 
Tv nymphs preyed upon

This bioassay was performed mainly to assess the effect 
of two parasitoid species (Ee [competing species] and 
Tamarixia triozae, hereafter Tt [non-competing species]) on 
the number of Tv preyed upon by Gp. We then performed 
a randomized block design with the factors ‘parasitoid spe-
cies’ (levels: Ee vs. Tt), ‘parasitoid gender’ (level: ♀ vs. ♂) 
and ’parasitoid mobility’ (levels: mobile vs. immobile) as 
main factors and the experimentation day as the blocking 
factor. The factors ‘parasitoid gender’ and ‘parasitoid mobil-
ity’ were also included in this bioassay taking into account 
results of bioassay 1 (see Figure 1B) and aiming to increase 
robustness to this third bioassay. Only female predators were 
used in this bioassay because they had higher rates of preda-
tion (Figure 1A) and to focus on the factors related to the 20
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210    Laura Izascum Pérez-Valencia et al.

Fig. 1.  Mean  (±  SE)  number  of  whitefly  nymphs  (A)  and  parasitoids  (B–E)  preyed  upon  by  Geocoris punctipes.  
♀Gp =  female Geocoris punctipes, ♂Gp = male Geocoris punctipes, Mobile = mobile parasitoids present,  Immobile = 
immobile parasitoids present. Different letters indicate significant differences (P < 0.05).

Table 2.  Experimental design for the bioassay 2: ‘effect of T. vaporariorum heolymph on the numer of T. vaporariorum nymphs con-
sumed by G. punctipes’.

Treatment

Details

Setup descriptionprey 
hemolymph

# individuals, 
predator 
gender

i Tv alone [emergence control] – –

Whitefly nymphs followed the same procedure as those 
used in the other treatments but without exposure to 
predators or parasitoids. They were supervised until 
whitefly adult emergence. The number of whitefly adults 
was recorded.

ii Tv hemolymph absent +♀Gp Absent 1,♀ Once the arena containing Tv nymphs was ready, the 
predator was released and allowed to forage for 6 h.

iii Tv hemolymph present +♀Gp Present 1,♀

All Tv nymphs were first punctured to simulate a host-
feeding wound. Immediately after Tv puncture, nymphs 
were placed in the arena and the predator was released and 
allowed to forage for 6 h.

iv Tv hemolymph absent +♂Gp Absent 1,♂ This treatment was similar to treatment ii but introducing a 
male predator.

v Tv hemolymph present+♂Gp Present 1,♂ This treatment was similar to treatment iii but introducing a 
male predator.

Tv = Trialeurodes vaporarioum nymphs; Gp = Geocoris punctipes; Ee = Eretmocerus eremicus; Mob = mobile; Im = immobile
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parasitoids. As a result, we tested 10 treatments (details in 
Table 3): i) Tv alone, ii) Tv + Gp, iii) Tv + ♀Ee Mob + Gp, 
iv) Tv + ♀Ee Im + Gp, v) Tv + ♂Ee Mob + Gp, vi) Tv + ♂Ee 
Im + Gp, vii) Tv + ♀Tt Mob + Gp, viii) Tv + ♀Tt Im + Gp, 
ix) Tv + ♂Tt Mob + Gp, x) Tv + ♂Tt Im + Gp. The number 
and stages of Tv nymphs employed were the same as those 
in bioassay 1. To immobilize parasitoids, we followed the 
freezing procedure described in bioassay 1. However, Tt was 
immobilized by freezing individuals without killing them or 
affecting predation rate at –14°C during 22 hours. For all 
treatments, the time that the predators were allowed to for-
age was 6 hours. After this period of time, predators were 
extracted and the number of Tv, Ee and Tt preyed upon were 
recorded. In addition, the time to the first attack on Tv was 
also recorded.

The effect of factors ‘parasitoid species’, ‘parasitoid 
gender’ and ‘parasitoid mobility’ on the ‘mean number of 
Tv nymphs preyed upon’ was analyzed using a LMM per 
factor modeling those factors as fixed effects and the block 
(days) as the random factor. The effect of the factors ‘para-
sitoid species’, ‘parasitoid gender’ and ‘parasitoid mobility’ 
on the ‘mean number of Ee preyed upon’ was analyzed using 
a LMM with the three factors integrated into the model as 
fixed effects and the block (days) as the random factor. The 
effect of the factors ‘parasitoid species’, ‘parasitoid gender’ 
and ‘parasitoid mobility’ on the ‘time to first attack on Tv’ 
was analyzed using a one-way ANOVA per factor, after a 
square root (x + 0.5) transformation of the response variable 
(Zar 1998).

Table 3.  Experimental design for the bioassay 3: ‘effect of parasitoid species on the number of T. vaporariorum nymphs consumed 
by female G. punctipes’.

Treatment

Details

Setup description# individuals, 
parasitoid 

species

Parasitoid 
gender

Parasitoid 
movement

i Tv alone [emergence 
control] – – –

Whitefly nymphs followed the same procedure as those 
used in the other treatments but without exposure to 
predators or parasitoids. They were supervised until 
whitefly adult emergence. The number of whitefly 
adults was recorded.

ii
Tv+Gp [control of 
female predator 
consumption]

– – –
Once the arena containing Tv nymphs was ready, a 
female predator was released.

iii Tv+♀Ee Mob+Gp 7, Ee ♀ Mob
Once the arena containing the Tv nymphs was ready, 
parasitoids were introduced in the arena and immedi-
ately after this, a female predator was introduced.

iv Tv+♀Ee Im+Gp 7, Ee ♀ Im

Parasitoids were first immobilized following the 
freezing procedure described in detail in the text 
(bioassay 1). After this, the arena containing the Tv 
was setup. Ten minutes before the introduction of the 
predator, parasitoids were ready and placed inside the 
arena. Just after introduction of parasitoids, a female 
predator was introduced into the arena.

v Tv+♂Ee Mob+Gp 7, Ee ♂ Mob This treatment was similar to treatment iii but using 
male parasitoids.

vi Tv+♂Ee Im+Gp 7, Ee ♂ Im This treatment was similar to treatment iv but using 
male parasitoids.

vii Tv+♀Tt Mob+Gp 7, Tt ♀ Mob This treatment was similar to treatment iii but using Tt 
as the parasitoid species.

viii Tv+♀Tt Im+Gp 7, Tt ♀ Im This treatment was similar to treatment iv but using Tt 
as the parasitoid species.

ix Tv+♂Tt Mob+Gp 7, Tt ♂ Mob This treatment was similar to treatment iii but using Tt 
male parasitoids.

x Tv+♂Tt Im+Gp 7, Tt ♂ Im This treatment was similar to treatment iv but using Tt 
male parasitoids.

Tv = Trialeurodes vaporarioum nymphs; Gp = female Geocoris punctipes; Ee = Eretmocerus eremicus; Mob = mobile; Im = immobile
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3 Results

3.1  Effect of parasitoid mobility on the number 
of T. vaporariorum nymphs preyed upon

The factors ‘parasitoid mobility’ and ‘parasitoid gender’ 
did not significantly affect the mean number of Tv nymphs 
preyed upon by G. punctipes (F2,190 = 1.628; P = 0.198 
and F2,190 = 1.593; P = 0.206, respectively). The predator 
preyed upon (mean ± SE) 23.5 (± 1.1) Tv nymphs in pres-
ence of mobile parasitoids and 23.4 (± 1.2) when immobile 
wasps were present. When female parasitoids were present 
G. punctipes consumed 22.9 (± 1.2) Tv nymphs and 24.0 
(± 1.1) in presence of male parasitoids. Contrastingly, the 
factor ‘predator gender’ significantly influenced the num-
ber of Tv nymphs preyed upon (F1,191 = 121.77; P < 0.001). 
Female predators consumed significantly more Tv nymphs 
than male predators (Figure 1A).

The factors ‘parasitoid mobility’, ‘predator gender’ and 
their interaction showed a significant effect on the number 
of Ee preyed upon (F1,145 = 197.003, P < 0.001; F1,145 = 
10.258, P = 0.001 and F1,145 = 4.587, P = 0.033, respec-
tively). Female predators preyed upon significantly more 
parasitoids than male predators (Figure 1B). The predator 
consumed significantly more mobile parasitoids than immo-
bile counterparts (Figure 1C). Additionally, when parasitoids 
were mobile, female and male predators preyed upon similar 
number of parasitoids (Figure 1D); however, when parasit-
oids were immobile, female predators significantly preyed 
upon more parasitoids than male predators (Figure 1D). Our 
findings also indicate that both, female and male predators 
consumed significantly more mobile parasitoids than immo-
bile counterparts (Figure 1E). On the other hand, the factor 
‘parasitoid gender’ did not significantly affect the number of 
parasitoids preyed upon by G. punctipes (F1,145 = 2.222, P = 
0.138). The predators consumed 3.3 (± 0.2) female parasit-
oids and 3.6 (± 0.2) male parasitoids.

Regarding the time to first attack on Tv nymphs, results 
indicate that none of the tested factors modified this response 
variable significantly (parasitoid mobility: F2,190 = 1.055, 
P = 0.349; parasitoid gender: F2,190 = 1.013, P = 0.364; 
predator gender: F1,191 = 2.259, P = 0.134). The predators 
performed their first attack on Tv nymphs after 4332.4 s 
(± 666.5 s) when mobile parasitoids were present and after 
5065.9 s (± 734.4 s) when immobile parasitoids were intro-
duced. The time to first attack of predators on Tv nymphs 
was 4941.5 s (± 757.5 s) when female parasitoids were pres-
ent and of 4456.8 s (± 641.5 s) when male counterparts were 
introduced. Female predators took 3513.2 s (± 531.6 s) to 
perform their first attack on Tv nymphs while male predators 
took 5208.3 s (± 663.7 s).

3.2  Effect of recently exposed Tv hemolymph on 
the number of Tv nymphs preyed upon

Our results showed that the number of Tv nymphs preyed 
upon by G. punctipes was not significantly affected by the 
presence of Tv hemolymph (F1,70 = 0.091; P = 0.763). 
Predators consumed 23.1 (± 1.6) nymphs in the presence of 
Tv hemolymph and 22.9 (± 1.6) Tv nymphs in the absence 
of Tv hemolymph. In contrast, the gender of the predator sig-
nificantly influenced the number of Tv nymphs preyed upon 
(F1,70 = 39.937; P <0.001). Female predators consumed 28.5 
(± 1.0) Tv nymphs while male predators consumed 17.4 
(±1.6) Tv nymphs. The interaction of both factors was not 
significant (F1,70 = 1.462; P = 0.230).

Similar results were found when the response variable 
‘time to first attack on Tv nymphs’ was analyzed. The factor 
‘Tv hemolymph’ did not influenced the time to first attack of 
the predator on Tv nymphs (F1,70 = 1.156; P =0.285). The 
mean time that predators took to perform their first attack on 
Tv nymphs in the presence of Tv hemolymph was 4511.4 s 
(± 1103.8 s) while in the absence of hemolymph it took 
5946.5 s (± 1197.5 s). Contrastingly, the gender of the preda-
tor significantly influenced the time at which they performed 
their first attack on Tv nymphs (F1,70 = 8.727; P = 0.004). 
Female predators took 2680.8 s (± 697.0 s) to perform their 
first attack on Tv nymphs while male predators took 7777.1 s 
(± 1363.9 s). The interaction of both factors was not signifi-
cant (F1,70 = 0.087; P = 0.768).

3.3  Effect of parasitoid species on the number 
of Tv nymphs consumed

Our results showed that parasitoid species significantly influ-
enced the number of Tv nymphs preyed upon by G. punctipes 
(F2,170 = 5.626; P = 0.004). The predators consumed signifi-
cantly more Tv nymphs in the presence of Ee (the competing 
species) than Tt (the non-competing species) (Fig. 2A). When 
the factors ‘parasitoid gender’ and ‘parasitoid mobility’ were 
analyzed, we found a significant difference between the con-
trol group and the two treatments (F2,170 = 7.268, P < 0.001 
and F2,170= 7.582; P < 0.001, respectively). However, when 
subsequent paired comparisons between ‘female’ (♀) vs. 
‘male’ (♂) and ‘mobile’ vs. ‘immobile’ treatments were per-
formed, we found no significant differences (t1,170 = 1.098, P 
= 0.273 and t1,170 = 0.100, P = 0.919, respectively). Predators 
preyed upon (mean ± SE) 27.6 (± 1.2) Tv nymphs in the pres-
ence of female (♀) parasitoids and 29.3 (± 1.0) Tv nymphs in 
the presence of male (♂) parasitoids. When mobile parasitoids 
were present, the predators consumed 28.4 (± 1.1) Tv nymphs 
compared to 28.5 (± 1.1) nymphs when immobile parasitoids 
were present.

The factors ‘parasitoid species’ and ‘parasitoid mobility’ 
significantly affected the number of parasitoids preyed upon 
by G. punctipes (F1,145 = 8.590, P = 0.003; F1,145 = 11.428, 
P < 0.001, respectively). Predators consumed significantly 
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Fig. 2.  Mean (±SE) number of whitefly nymphs (A) and parasitoids (B and C) preyed upon by Geocoris 
punctipes. Ee= Eretmocerus eremicus parasitoids, Tt= Tamarixia triozae parasitoids, Mobile=mobile 
parasitoids present, Immobile=immobile parasitoids present. Different letters indicate significant dif-
ferences (P <0.05).
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more Ee (the competing species) than Tt (the non-competing 
species) parasitoids (Fig. 2B). In addition, predators con-
sumed significantly more mobile parasitoids than immobile 
counterparts (Fig. 2C). In contrast, the factor ‘parasitoid 
gender’ did not significantly affect the number of parasitoids 
preyed upon by G. punctipes (F1,145 = 0.223, P = 0.636). 
When predators were introduced together with female para-
sitoids, the mean number of consumed parasitoids was 4.9 
(± 0.2), while 4.7 (± 0.2) parasitoids were consumed in the 
presence of male parasitoids.

The time that predators took to perform the first attack 
on Tv nymphs was not significantly affected by parasitoid 
species (F2,170 = 0.211, P = 0.809), parasitoid gender (F2,170 
= 0.539, P = 0.584) or parasitoid mobility (F2,170 = 1.207, 
P = 0.301). Predators took (mean ± SE) 1711.5 seconds  
(± 228.4 s) to attack Tv nymphs in presence of Ee parasit-
oids and, 1464.9 s (±185.8 s) when Tt counterparts were 
present. When female parasitoids were present, predators 
took 1688.9 s (± 216.4 s) to perform the first attack on Tv 
nymphs, while they took 1487.6 s (± 166.3 s) in presence of 
male parasitoids. As for parasitoid mobility, predators took 
1596.2 s (± 204.8 s) to perform the first attack on Tv nymphs 
in presence of mobile parasitoids, and 1580.2 s (± 212.5 s) in 
presence of immobile parasitoids.

4 Discussion

Previous studies have reported that the mixed release of 
natural enemies (predators and parasitoids) can induce an 
increase in pest predation rates (Rosenheim et al. 1993, 
Finke and Denno 2003, Bao-Fundora et al. 2016, Tan et al. 
2016). Several factors have been put forth to explain this 
phenomenon, including the proximal detection of parasitoids 
by the predator (revealed by their mobility or related semio-
chemicals) and the role of inter-specific competition (pred-
ator-parasitoid). However, to our knowledge, the effects of 
parasitoid mobility and the presence of the hemolymph on 
the prey (produced during host-feeding) on pest predation 
levels have not been tested empirically. In the present study, 
we aimed to determine whether parasitoid mobility, the pres-
ence of nymphs’ hemolymph and the species of parasitoid 
affected the number of nymphs preyed upon by G. punctipes. 
Our results showed that neither parasitoid mobility nor the 
presence of hemolymph of the nymphs induced a significant 
change in the number of nymphs preyed upon by G. punc-
tipes. In contrast, the species of parasitoid affected the num-
ber of Tv nymphs preyed upon by the predator. The predator 
consumed more Tv nymphs when it was in the presence of 
E. eremicus parasitoids (the competing species) than when 
it was in the presence of T. triozae (the non-competing spe-
cies) (Figure 2A). Other results of this study are discussed in 
detail below.

4.1  Effect of parasitoid mobility on the number 
of T. vaporariorum nymphs preyed upon

We initially tested the hypothesis that parasitoid mobility 
would induce an increase in the number of nymphs preyed 
upon by the predator. However, we found no evidence to 
support this hypothesis. The number of nymphs preyed upon 
was similar in the presence of mobile and immobile parasit-
oids. As G. punctipes consumes more mobile than immobile 
prey (Eubanks and Denno 2000), we postulated that the pres-
ence of mobile wasps would cause a higher overall consump-
tion of all organisms present in the arenas, including the Tv 
nymphs. However, our results show that this is not the case. 
Parasitoid mobility induced a higher attack on mobile para-
sitoids (Figure 1C, 1E), but not on the Tv nymphs present in 
the arenas. Our results therefore confirm that the predator G. 
punctipes consumes more mobile prey (Figure 1C, 1E) but 
showed that the presence of mobile prey does not affect the 
rate of predation of other prey present in the system. In terms 
of trophic interactions, when both whitefly natural enemies 
are present (predator and parasitoid), the whitefly may bene-
fit if the predator attacks the parasitoid. However, that benefit 
does not seem to occur because parasitoid presence resulted 
in greater whitefly predation (Bao-Fundora et al. 2016). As 
discussed below, our results indicate that this negative inter-
guild interaction for the whitefly is perhaps more closely 
related to inter-guild competition. In addition, the higher pre-
dation of mobile parasitoids helps to better understand why 
the rates of parasitism are significantly reduced in mixed 
releases of predator-parasitoid compared to the isolated 
release of parasitoids (Bao-Fundora et al. 2016). Parasitoid 
mobility leads to a higher rate of mortality and consequently, 
a potential reduction in parasitism.

We expected that the number of nymphs consumed by the 
predator would increase when it was found in the presence of 
female parasitoids as females can compete with the predator 
either by parasitizing the Tv nymphs or by consuming them 
(Headrick et al. 1995, Giron et al. 2002, Cardona et al. 2005, 
Hirose et al. 2009, Zang and Liu 2010, Yang et al. 2012). 
However, our results showed that parasitoid gender did not 
significantly influence the consumption of nymphs by the 
predator. This suggests that the predator cannot discriminate 
parasitoid gender, and is therefore not able to identify which 
individuals are competitors at this level. Geocoris punctipes 
has an acute vision (Readio and Sweet 1982) enabling it to 
distinguish mobile from immobile prey (Eubanks and Denno 
2000). However, its apparent inability to recognize E. ere-
micus females from males might be explained by the similar 
size and appearance of both genders (Rose and Zolnerowich 
1997). In applied terms, our results therefore indicate that 
similar rates of pest control may be obtained using arrhe-
notokous parasitoids (individuals of both genders) or thely-
tokous wasps (only female individuals) (Ramirez-Romero 
et al. 2012) as parasitoid gender will not affect predator 
consumption.
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We found that female G. punctipes consumed sig-
nificantly more Tv nymphs compared to male predators 
(Figure 1A). This result is in line with previous studies 
reporting that G. punctipes females consumed significantly 
more eggs of Pseudoplusia includens (Walker), than males 
(Crocker et al. 1975). This result is potentially related to 
the fact that females need to consume more prey due to the 
metabolic demand of egg production (Crocker et al. 1975). 
In terms of biological pest control, our results indicate that 
females should preferably be released because they would 
consume more individuals of the pest than males. However, 
additional observations are needed to verify this hypothesis.

We found no significant influence of wasp gender on the 
number of ‘Ee preyed upon’. However, mobile wasps were 
consumed more by G. punctipes than immobile parasitoid 
counterparts (Figure 1C) and female predators consumed 
more wasps than male predators (Figure 1B). Additionally, 
we found a significant interaction between the factors ‘para-
sitoid mobility’ and ‘predator gender’, indicating that when 
wasps were mobile, both female and male predators con-
sumed a similar number of wasps (Figure 1D). Contrastingly, 
when parasitoids were immobile, female predators consumed 
significantly more parasitoids than males (Figure 1D). This 
indicates that female predators may have better abilities to 
detect immobile prey than male predators. Studies at the 
level of signal perception are necessary to determine if dif-
ferences between female and male predators exist at that 
level. Alternatively, female predators may be more willing to 
attack immobile prey, as they require less investment of time 
and energy compared to mobile prey. Such energy saved 
could be invested in the high metabolic demand of egg pro-
duction and reproduction (Calow 1979).

4.2  Effect of recently exposed Tv hemolymph on 
the number of Tv nymphs preyed upon

We tested the hypothesis that the presence of hemolymph 
of Tv nymphs would increase their rates of predation by G. 
punctipes. When E. eremicus practice ‘host-feeding’ on Tv 
nymphs, they may generate a signal revealing the presence 
of wasps or nymphs and thereby cause an increase in preda-
tion rates. In fact, as a result of its organic and inorganic 
components (Jervis and Kidd 1986, Godfray 1994, Handke 
et al. 2013, Gill et al. 2017) hemolymph can emit aromatic 
signals that can be detected by a predator (Rittschof et al. 
1992, Epsky et al. 1993, Heath et al. 1995, Small and Thacker 
1994, Piñero et al. 2009). Previous studies have shown that 
predators can modify their predation rates due to the influ-
ence of preys’ hemolymph (Müller and Brakefield 2003, 
Lundgren et al. 2009). Additionally, G. punctipes has been 
reported to respond positively to pheromones (Marques et al. 
2000). However, contrary to our predictions, for our biologi-
cal model and under our experimental conditions, we found 
that the number of Tv nymphs preyed upon by the predator 
was similar in the treatments with and without hemolymphs. 

This suggests that the hemolymph produced through host-
feeding of E. eremicus on Tv nymphs, does not influence the 
rate of predator consumption of prey. This result also indi-
cates that other mechanisms of finding prey are more impor-
tant for this predator species (e.g. vision [Readio and Sweet 
1982]) or require further investigation (e.g. mouthpart struc-
tures [Shimoda et al. 1997]). Finally, the results of ‘predator 
gender’ were similar to those of bioassay 1, confirming that 
females of G. punctipes consume more Tv nymphs than male 
predators.

4.3  Effect of parasitoid species on the number 
of Tv nymphs consumed

Some predators respond to the presence of competing spe-
cies by increasing or reducing their rates of predation of the 
shared prey (Wilbur and Fauth 1990, Wissinger and McGrady 
1993, Leppanen et al. 2012). For example, Leppanen et al. 
(2012) found that predators can reduce or increase their rates 
of predation depending on the competitor species that they 
are confronting. Similarly, competition between parasitoids 
can also reduce or increase pest control. For instance, Tang 
et al. (2016) reported that the combination of two parasit-
oid species produced different pest control outcomes. These 
authors highlighted the importance of analyzing these inter-
actions in mixed release programs. In the biological model 
studied here, the predator G. punctipes competes with the 
parasitoid E. eremicus for the use of whitefly nymphs. As 
a result, we predicted that in the presence of the compet-
ing species, the predator would increase its consumption of 
whitefly nymphs (the shared prey) to secure resources. In 
line with our predictions, the number of Tv nymphs preyed 
upon by G. punctipes in the presence of E. eremicus (Ee) was 
higher relative to treatments where T. triozae (Tt) was pres-
ent (Figure 2A). In addition, G. punctipes preyed upon more 
Ee parasitoids than Tt counterparts (Figure 2B). These results 
suggest that G. punctipes may be able to detect a competing 
species and modulate its consumption behavior accordingly. 
Vision may be important in discriminating prey. However, 
the process of selection and discrimination of prey seem to 
be more complex than simply choosing a more conspicuous 
prey (in terms of color and size) (Velasco-Hernández et al. 
2013) as the less conspicuous parasitoid (E. eremicus) was 
the most preyed upon by predators. Mechanisms other than 
vision such as contact discrimination using cuticular com-
position (Singer 1998) or parasitoid escape behaviors (Card 
2012) might therefore also be operating to aid in competi-
tor identification and predator selection. While G. punctipes 
seem to discriminate competitor species, this predator does 
not discriminate at the level of parasitoid gender. This sug-
gests that the discrimination of competitors could occur at an 
inter-specific level but not at an intra-specific one. A possible 
explanation for this may be that inter-specific differences are 
greater than those at intra-specific level. Subsequent analy-
ses of mechanisms underlying G. punctipes prey selection 
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and recognition of competitors is warranted. As for the effect 
of parasitoid mobility on the number of parasitoids preyed 
upon by G. punctipes, we found similar results to those dis-
cussed in the first bioassay; predators consumed significantly 
more mobile parasitoids than immobile counterparts.

5 Conclusions

Integrated pest management (IPM) programs are strongly 
reliant on the understanding of the role of natural enemies 
in ecosystems and the study of their ecology is fundamental 
to make better decisions (Kogan 1998). Results of the pres-
ent study are an important contribution showing that neither 
wasp mobility nor the presence of host’s hemolymph mod-
ify the number of Tv nymphs preyed upon by G. punctipes. 
However, the number of whitefly nymphs consumed was 
significantly higher when the predator was introduced with 
a competing parasitoid species. In addition, we found that 
the predator preyed upon more mobile than immobile para-
sitoids and more competing than non-competing parasitoids. 
These results suggest that interspecific competition may be a 
stronger factor regulating predator consumption than parasit-
oid mobility or the presence of a host’s hemolymph. Finally, 
our results showed that female predators consumed more 
whitefly nymphs than male conspecifics and preyed upon 
more immobile prey than male predators. This last finding 
suggests that female predators have a better ability to detect 
prey relative to male counterparts.
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