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Abstract Trap cropping is a habitat management strategy
where the aim is to reduce damage to the crop of interest by
mixing it with other plants that are highly attractive to
insect pests. However, despite its potential, the application
of this strategy has been limited mainly due to a lack of
consistent effectiveness. Here, we developed an individual-
based spatially explicit model that accounts for reproduc-
tion, movement and mortality of insects within a mixed
crop system. This model was used to evaluate the effects of
varying trap crop spatial configurations (border, stripes and
patches), cover (2, 4 and 10 %) and supplemental man-
agement strategies (early harvest and pesticide application)
to gain insight into the best control options offered by trap
cropping. As a case study, we considered Liriomyza
huidobrensis, a world known leafminer pest. Our results
showed a maximum reduction of about 34 % in the pest
population of the main crop when using trap plants. The
supplemental management strategy had a stronger effect
than other factors, with pesticide use being the best option.
A sensitivity analysis showed that demographic parameters
were more relevant than the behavioral ones in determining
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the success of the method. Our model suggests that trap
cropping is only suitable for controlling L. huidobrensis if a
pesticide application is added to the trap crop. Individual-
based models, which are cheaper and less laborious than
direct field testing, might provide an important tool to help
define management schemes for the control of herbivorous
pests.

Keywords Herbivores - Individual-based model -
Movement - Pest management

Key message

e Trap cropping is a method of pest control, but its
application is still limited due to a lack of consistent
effectiveness caused by multiple factors.

e We developed a simulation model for a world known
pest to test the efficiency of a highly attractive trap crop
at different spatial configurations, cover and supple-
mental strategies.

e The supplemental strategy had a stronger effect than the
other factors, with the trap crop having the potential to
control pests if combined with a pesticide application.

Introduction

Environmentally friendly methods of pest control, such as
habitat manipulation and diversification, have received
increased attention in recent decades due to the problems
generated by the overuse of pesticides (Landis et al. 2000;
Pimentel 2001; Altieri et al. 2009; Letourneau et al. 2011;
Vasseur et al. 2013). One of these strategies is trap
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cropping, where certain plant species, cultivars or crop
stages are used to attract the pests and thus reduce the
damage on the main crop (Hokkanen 1991; Shelton and
Badenes-Perez 2006). However, in spite of its potential in
pest control the use of trap cropping in agriculture is still
limited mainly due to a lack of predictability and reliability
in its effectiveness, as well as economic and technical
reasons (Banks and Ekbom 1999; Shelton and Badenes-
Perez 2006). A review on the subject by Shelton and
Badenes-Perez (2006) indicates that the majority of the trap
crop systems examined had a good potential as a strategy
of pest control in preliminary laboratory, greenhouse,
screenhouse or field studies. Nevertheless, these authors
state that this may not necessarily be successful at the
commercial level, where additional variables and different
environmental conditions may affect insect behavior. Thus,
it is necessary to develop a general mechanistic framework
in order to understand and predict the response of herbiv-
orous pests to trap cropping (Hannunen 2005), and to the
effects of habitat diversification in general (Ratnadass et al.
2012).

Establishing insect feeding and oviposition preferences
is crucial for identifying an alternative (trap) to the main
crop host plant when attempting to develop a successful
trap cropping strategy, since it is the underlying behavioral
mechanism that leads the pest to attack the trap crop and
stay away from the main crop (Asman 2003; Accinelli
et al. 2005). As the immature distribution is related to adult
movement patterns, a good insect dispersal capability is
critical for pests to be able to reach the trap crop (Jones
1977). In addition, other factors apart from desirable life
history traits of the herbivores are important in the arrest-
ment of the target insect and should be taken into account
when designing successful trap crop strategies (Hokkanen
1991; Potting et al. 2005). Related to this, environmental
manipulations such as the spatial configuration of the trap
crop (i.e., perimeter or intercropped trap crop) and the
percentage of total area covered by the trap plant can have
a significant effect on pest abundance (Banks and Ekbom
1999; Potting et al. 2005). Although perimeter trap crop-
ping is one of the most common strategies used by farmers
(Shelton and Badenes-Perez 2006), it would not be the best
spatial design for herbivorous species which do not colo-
nize the field from the side (Potting et al. 2005). General
guidelines for trap cropping have suggested that about
10 % of the total crop area should be planted with the trap
crop. However, the exact percentage of trap crop needed
varies for each particular system (Shelton and Badenes-
Perez 2006). A recent study has shown that in addition to
elevated trap plant attractiveness, a very high retention is
required for the effective reduction in pest densities (Hol-
den et al. 2012). This necessitates additional practices to
prevent insects from dispersing back to the main crop, such
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as the application of insecticides to the trap crop, the
release of natural enemies or an early harvest (Correa-
Ferreira and Moscardi 1996; Lu et al. 2009; Lin et al.
2014).

In order to improve our understanding of trap cropping
strategies, it is essential to disentangle the interplay among
all the involved factors, thereby determining how these can
influence the distribution of the pest. However, considering
the difficulty of experimentally testing all the variables
together in the field, ecological modeling has emerged as a
potential tool that may help to predict the outcome of trap
cropping and to guide further experiments and data col-
lection. These simulation models can be extremely useful
since they allow virtual experiments to manipulate key
variables, which is difficult under field conditions. For this
purpose, it is possible to use available information on
aspects related to preference—performance in herbivorous
insects (i.e., Gripenberg et al. 2010) and on patterns of
searching behavior (i.e., Bell 1990; Schoonhoven et al.
2005), to help predict the population dynamics of pests
under variable conditions in trap crops.

To date, only a few simulation models have been
developed in the context of trap cropping (Banks and
Ekbom 1999; Hannunen 2005; Potting et al. 2005; Holden
et al. 2012), and some of these have overlooked aspects
that may limit the reliability of their results, such as
ignoring pest reproduction (Hannunen 2005; Holden et al.
2012), mortality (Holden et al. 2012), not accounting for
density dependence in behavioral patterns (Hannunen
2005; Holden et al. 2012), or assuming that the pest dis-
perses by simple diffusion and is not attracted to the trap
crop (Hannunen 2005). Moreover, certain investigations
have considered that large portions of the cultivated surface
are dedicated to the trap crop (Banks and Ekbom 1999;
Potting et al. 2005), which is unrealistic in the majority of
systems.

In the present work, we used a simulation model to
evaluate the efficiency of a highly attractive trap crop at
different spatial configurations, percentages of cover and
supplemental management strategy scenarios, taking as a
case study the world known pest species Liriomyza
huidobrensis Blanchard (Diptera: Agromyzidae). Although
the model was only developed for this pest species, we
believe that the general framework could be used as a first
approximation for other insect pests. To achieve our goal,
we developed an individual-based spatially explicit model
that accounts for reproduction, movement and mortality of
insects to examine variations in the population of the pest
in the main crop under different scenarios. We ran simu-
lation experiments to try to gain insights into the best
control options offered by trap cropping, and a sensitivity
analysis was also performed to detect which parameters,
demographical (i.e., mortality, fecundity) or behavioral
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(i.e., movement, preference), most affected the abundance
of the pest in the main crop.

Materials and methods
Study system

Leafminers inflict damage to leaves through punctures
made by females to feed and lay eggs and also by larval
leaf mining in the mesophyll (Weintraub and Horowitz
1995). Liriomyza huidobrensis, known as the pea leafmi-
ner, is a highly polyphagous species that attacks a wide
range of vegetable and ornamental crops throughout the
world (Weintraub and Horowitz 1995). It is in fact the most
important leafminer species of potatoes worldwide, being
capable of completely destroying potato crops (Cisneros
and Mujica 1997; Mujica and Kroschel 2013) and also
infests horticultural and ornamental species such as beet,
spinach, pea, lettuce, celery and bean crops (Steck 1996;
Valladares et al. 1999). The Liriomyza species tend to be
resistant to commonly used pesticides, which also have the
undesirable effect of reducing natural enemy populations
(Weintraub and Horowitz 1995). Thus, alternative strate-
gies of control need to be found (Murphy and LaSalle
1999). Although the use of trap crops as a strategy for
control of this species has not been tested, other cultural
measures such as the use of “intercropping” have been
shown to be suitable for the control of L. huidobrensis on
pepper plants (Chen et al. 2011).

In Argentina, studies designed to evaluate the preference
and performance of L. huidobrensis on different crops
(broad bean, beetroot, potato, chard) have shown that the
selection of the host plant appears to be driven primarily by
variations in nutritional quality (Videla et al. 2006, 2012).
The broad bean Vicia faba L. is highly preferred by L.
huidobrensis, as the insect leaves a greater number of eggs
and the offspring develop faster and tend to have a high
survival rate, with emerging adults reaching larger body
sizes in this plant than in other species such as chard or
potato. Moreover, a study conducted in Guatemala suggests
that the broad bean crop has an excellent potential as a trap
crop for L. huidobrensis in bean fields (Sullivan et al.
2000). In the present investigation, we tested the efficiency
of the broad bean as a trap crop for the control of the pea
leafminer in potato cultures using a simulation model.

Model structure

We developed an individual-based and spatially explicit
model that simulates the movement of L. huidobrensis, its
reproduction and mortality to predict the population
dynamics of the pest in a field with both the focal and the

trap crop plants. This model keeps track of the age,
movement and position of each individual, with predictions
being made of the total number of leafmining larvae found
on the main crop after the evaluation of different spatial
configurations and cover of the trap crop, as well as sup-
plemental management strategies of pest retention.

The environment is represented by a grid where each
cell represents a plant of a specified crop species (i.e.,
potato for the main crop and broad bean for the trap crop),
which can be occupied by none, one or more insects. The
model proceeds at daily time steps, and the simulation lasts
120 days as this is the approximate duration of the cycle of
a potato crop (Celis-Gamboa 2002).

An initial number of adults were chosen to have their
origin on the main crop, and these were located randomly
within the field. At each time step, the individuals (adult
female) can remain in the plant (landscape cell) where they
are, or they can decide to move away (Fig. 1). There are
two types of movement that an insect can perform: (1)
long-distance dispersal, where the insect moves into the air
column and is then randomly relocated anywhere within
the crop and (2) a local dispersal to any of the eight
neighboring plants. These types of movements were
selected based on evidence that agromyzid flies are con-
sidered to be “moderate fliers” (Yoshimoto and Gressitt
1964). In fact, leafminers tend to fly very short distances
between host plants (Zehnder and Trumble 1984), but at
the same time, they can move longer distances by wind
dispersal (Yoshimoto and Gressitt 1964).

Individuals are more likely to decide to climb into the
air column if they are on a crop plant than if they are
located on a trap plant. Then, from the air column, they are
then randomly relocated to any of the plants in the simu-
lated area, as we assumed that although insects can control
whether or not to disperse, they cannot decide where to
land. This assumption is based on findings that very small
insects, such as the one modeled here, depend on air cur-
rents to carry them to new sites and consequently have little
control of landing sites (Pasek 1988). We also assumed that
as many insects are leaving the simulated area as they are
entering it from neighboring crops. Thus, every insect that
decides to climb into the air column is relocated within the
study area. For local dispersal, the probability of leaving a
plant depends on the plant species that the individual came
from, whereas the probability of choosing a new plant
depends on the preference for or the attractiveness of the
main or trap plants. This was based on the fact that adults
of L. huidobrensis, as in the case of many other herbivo-
rous insects, use visual and olfactory cues to recognize a
preferred host plant while in flight (Prokopy and Owens
1983; Kang et al. 2009).

Once a female arrives at a plant, it lays a number of
eggs according to a Poisson distribution, where the
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Fig. 1 Flow diagram of events
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average was set to the amount of eggs that a female
usually lays on potato or broad been (Table 1). We
modeled density dependence at the larval stage by
making daily larval survival an exponentially decreasing
function of the number of competing larvae at the plant.
The rate of decay in survival depended on the plant
species where the larvae were located, with daily adult
survival depending on whether the adult was born on a
potato plant or on broad bean. Although parasitoids are
an important source of mortality of L. huidobrensis
(Videla et al. 2012 and references therein), they were not
included in the model.

Each simulated individual leafminer passes through the
different stages of egg, larvae and adult. The pupal stage,
whose length is approximately of 7 days (Lizarraga 1990),
was not modeled in order to simplify the simulation pro-
cess. Thus, the model only takes into account the duration
of the egg and larval stages, but is not differentiated by
plant species. In addition, the model considers which plant
species the adults have originated in, giving a higher
chance of remaining on its original plant when this is the
preferred host plant, and assumes that previous experience
does not influence female decisions.

The parameters used in the model are summarized in
Table 1, which were obtained from the literature for L.
huidobrensis, from our own experience of the system or
from estimates for related species. As the initial condition,
the number of adult individuals starting the simulation was
defined as n = 400, which was estimated using a study
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where adult fly populations were followed throughout the
growing season of the potato crop and reported the number
of adults found per plant 1 month after the planting of the
potato crop (Cisneros and Mujica 1997).

Simulation experiments

We performed a simulation experiment (Fig. 2) following a
factorial design and considering the following three levels
of trap crop configuration: (a) plants located at the borders
of the field, (b) plants located on strips in the field and
(c) patches of plants placed at the edges and the middle of
the field (Fig. 2). Regarding percentage of trap cover, the
three levels tested were: (a) 2 %, (b) 4 % and (¢) 10 %.
The supplemental management strategies of pest retention
applied to the trap crop were: (a) a control with no reten-
tion measure, (b) early harvest and (c) pesticide
application.

Early harvest was applied on day 60 by removing all
plants of the trap crop and allowing the model to keep
running in the remainder of the plants. Under this condi-
tion, individuals in the air column were simulated to fall on
the main crop, because if they fall into an empty space,
then sooner or later, they will move to find a host plant.
Pesticide application was simulated by considering egg and
larval mortality caused by abamectin, which is a frequently
used product that has shown to be effective in controlling
leafminers (Mujica et al. 2000) (Table 1). A pulse of pes-
ticide was applied on day 60 as well, whose effect lasted
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Table 1 Details of parameters used in the simulation model to represent the different processes for the pest L. huidobrensis in the main (potato)

and trap (broad been) crops

Process Parameter description Plant species Parameter name Value
Fecundity Average number of eggs per female per day Potato ng, 4*
Broad bean ngp 20P
Survivorship Adult survival rate Potato vay, 0.8
Broad bean vay, 0.9°
Egg survival rate Potato vgn, 0.7
Broad been vgny, 0.9
Coefficient for the larval survival model by denso-dependency Potato ddv, 0.01
Broad bean ddvy, 0.01
Egg survival rate after abamectin application Broad been vga 0.20¢
Larvae survival rate after abamectin application Broad been vla 0.25¢
Dispersal Probability of adults of getting in the air column from Potato Cp 0.5
Broad bean Cp 0.1
Probability of adults of moving from Potato pa, 0.1
Broad bean Pay 0.01
Probability of adults of choosing a plant species Potato my, 0.1*
Broad bean my, 0.9*
Development time Number of days at egg stage Both ed 3be
Number of days at larval stage Both vd 9P

 Videla pers. comm.

® Videla et al. (2012)

¢ Chien and Chang (2012)
d Mujica et al. (2000)

¢ Lizarraga (1990)

Spatial configuration

(a) (b) (c) (a) (b)

Fig. 2 Schematic representation of different factors regarding the
trap crop used in experimental simulations. Spatial configuration:
a plants in the border, b plants in strips ¢ plants in patches. Percentage

for 5 days. For the remaining days, the eggs and larvae on
the trap crop were affected only by natural mortality.

Each combination of factors was replicated 100 times,
and for each replicate, the total number of larvae on the
main crop was registered at the end of the simulation time.
Possible differences between treatments were assessed
using a three-way ANOVA with a Tukey test a posteriori,
with the relative importance of each factor being evaluated
through partition of the sum of squares. A control without
the trap crop was also generated and compared to the
management strategy represented by the best previous
combination of factors. The response variable was log;o-
transformed to achieve residual normality.

Percentage of cover

(c)

Supplemental management strategy
(a) (b) (c) >

-
none .

E

of cover: a2 %, b 4 %, ¢ 10 %. Supplemental management strategy:
a none, b early harvest, ¢ pesticide application

Sensitivity analysis

Tests of the sensitivity of the model were carried out to
identify the most influential parameters. By varying the
default value of individual parameters by 5 %, we were
able to evaluate how each parameter influenced the out-
come of the model. For discrete parameters, the default
value was altered by adding or subtracting one. The sen-
sitivity analysis was performed using the model that
revealed the lowest pest abundance (see “Results”). The
percentage of change on the final abundance of larvae (day
120) in the main crop was used to compare the effect of
individual parameters on the simulation model.
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Results

Our simulations showed that the lowest abundance of L.
huidobrensis larvae on the main crop was recorded when
the trap crop was placed in strips and covered 10 % of the
field, with an insecticide also being applied as a supple-
mental management strategy for pest retention (Fig. 3).
This trap cropping strategy accounted for a 34.32 %
reduction in the pest population compared to a control
scenario (without a trap crop) (Fig. 3).

The supplemental management strategy had a stronger
effect than the spatial configuration or percentage of trap
cover (Fig. 3) and accounted for 91.72 % of the variation
in the final abundance of the pest in the main crop, whereas
the other factors and their interactions explained <8 %
(Table 2). Among the strategies evaluated, the application
of pesticide to the trap crop at the middle of the season was
the best option (Fig. 3) to retain the pest there, since a
reduction of 29.86 % of pest abundance in the main crop
was achieved compared to the control. Few differences
were observed between early harvest of the trap crop and
no application of a supplemental management strategy,
which only reduced pest abundance by 5-6 % with respect
to the control. Regarding the other two factors, the per-
centage of trap cover was more important than its spatial

configuration, since the former accounted for a higher
proportion of the variability (7.8 vs. 0.005 %; Table 2). A
trap crop that covered 10 % of the field was the option
where the lowest abundance of larvae in the main crop was
registered (Fig. 3), resulting in a reduction of 18.64 % of
the pest compared to the control. Related to this, when the
trap crop covered 2 and 4 % of the landscape, the reduction
in abundance in relation to the control was only between 10
and 12 %. The effects of spatial configuration, independent
of other factors, were negligible (Fig. 3), with similar
values in pest abundance reduction for the three configu-
rations compared to the control being observed (border:
14.08 %, strips: 13.90 %, patches: 14.14 %).

The sensitivity analysis showed that five parameters had
an important influence on the predicted pest population size
(Fig. 4), of which the number of days at the larval stage,
the average number of eggs per female per day in potato
and the survival rate of adults originated in potato were the
three parameters having the most impact (between 10 and
11 % of change) on the model outcome. The remaining two
parameters, the coefficient for the larval survival model by
denso-dependency in potato and the egg survival rate in
potato, did not exceed a 5 % of change in the pest abun-
dance in the main crop. The other parameters had an even
smaller effect on the mean expected pest abundance.
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. — Bo
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| . H
percentage of cover of the trap - EEE o e = =
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. i ’ I
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Table 2 Three-way ANOVA

to test the effects of trap spatial Source 4 S8 F ratio P value
configuration, percentage of trap g, 41 configuration 2 62e—04 4354 <0.0001
cover, supplemental
management strategy applied to Percentage of cover 2 0.82 57,979.49 <0.0001
the trap crop and interactive Supplemental management strategy (SMS) 2 9.64 677,823.68 <0.0001
effects, on the final pest Spatial configuration x percentage of cover 4 0.01 21590  <0.0001
abundance in the main crop Spatial configuration x SMS 4 1.70e—03 6029  <0.0001
Percentage of cover x SMS 4 0.02 546.30 <0.0001
Spatial configuration x percentage of cover x SMS 8 2.80e—03 48.79 <0.0001
Error 2673 0.02
Total 2699 10.51
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Fig. 4 Sensitivity of the simulation model to standardized changes in
individual input parameters. The reference value is the average pest
abundance in the main crop after using a trap crop of 10 % cover, in
strips and with pesticide application on the trap crop. Model
parameters: ¢, probability of adults of getting in the air column from
broad bean, c,, probability of adults of getting in the air column from
potato, gd number of days at egg stage, ng, average number of eggs
per day per female in broad bean, ng, average number of eggs per day
per female in potato, m,, probability of adults of choosing broad bean,
m,, probability of adults of choosing potato, va,, survival rate of adults
originating in broad bean, va, survival rate of adults originating in
potato, pa, probability of adults of moving from broad bean, pa,
probability of adults to move from potato, vd number of days at the
larval stage, vgn;, egg survival rate in broad bean, vgn,, egg survival
rate in potato, vga egg survival rate after abamectin application, via
larval survival rate after abamectin application, ddv,, coefficient for
the larval survival model by denso-dependency in broad bean, ddv,
coefficient for the larval survival model by denso-dependency in
potato

Discussion

General guidelines concerning the application of trap
cropping have pointed out that it is very important to
understand aspects of the behavior of the pest, the level of
preference for the trap crop, as well as the different factors

involved in the management of the trap crop (Ratnadass
et al. 2012). Our results suggest that of the three factors we
analyzed in relation to the trap crop management, the
supplemental management strategy to pest retention was
the most influential factor in determining the final abun-
dance of the pest in the main crop, at least for the species
studied here. In addition, pest demographic parameters
were more relevant than behavioral ones in shaping the
success of the trap crop.

Our simulations showed that trap cropping is a strategy
that may be suitable for controlling L. huidobrensis if a
pesticide is added to the trap crop. Under this scenario, a
reduction of almost 35 % in the abundance of the leafminer
in the main crop was obtained. Although various field
studies have reported decreases of 5070 % in population
density or crop damage as the ideal values after the
application of a trap crop (Asman 2003; Michaud et al.
2007; Lu et al. 2009), other works have pointed out that
reductions between 30 and 40 % are also useful (Accinelli
et al. 2005; Moreau and Isman 2012). Thus, our finding is
auspicious since it has demonstrated that a relatively sim-
ple model is able to produce estimated outcomes close to
these empirical works. Moreover, if we consider that L.
huidobrensis spends the winter as pupae in the soil’s sur-
face, a reduction of over 30 % in the population of larvae at
the end of the season would therefore result in a lower
abundance of adults the following year. The dynamics of
the pest population using a trap crop should now be eval-
vated in a temporal series in order to have a complete
picture of its impact.

In our model, the supplemental management strategy
applied to control the pest in the trap crop played a fun-
damental role in the effectiveness of the method. This
result is in agreement with other authors who have sug-
gested that the use of supplemental management alterna-
tives that can prevent insects from dispersing away from
the trap crop is necessary to adequately reduce insect
density (Shelton and Badenes-Perez 2006; Holden et al.
2012). Here, we found that the application of insecticide
was the best way to prevent the redistribution of herbivores
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to the main crop, as previously suggested (Hokkanen 1991;
Potting et al. 2002; Holden et al. 2012). In agreement, field
studies that have used this approach have achieved a
greater effectiveness of the trap crop (Dogramaci et al.
2004; Cavanagh et al. 2009; Lu et al. 2009; Lin et al.
2014). Sprays on trap crops are usually applied every
10 days, but our single pesticide application at the middle
of the season was enough to moderately reduce insect
abundance in the main crop. Thus, trap cropping with the
assistance of pesticide treatments could be an important
tool to complement other pest management strategies,
since it eliminates the need to spray the entire field and
minimizes negative effects on natural enemies in the main
crop (Carcamo et al. 2007). Moreover, considering that
parasitoids of L. huidobrensis developing on broad bean
can exert a control of 30 % (Videla et al. 2012), the fre-
quent application of insecticide might not be necessary if
parasitoids prefer the hosts that are on the trap crop (Ko-
vacs et al. 2013; Kaasik et al. 2014).

The other factors evaluated in our model revealed that
the fraction that the trap crop vegetation occupied in the
environment was next in importance to the supplemental
management strategy. In particular, we found that a 10 %
cover for the trap crop resulted in the lowest herbivore
population registered in the main crop, thereby corrobo-
rating theoretical suggestions concerning effective trap size
(Hokkanen 1991). However, we cannot rule out that the
relevance of the trap cover may depend on the selected
scale of individual movement.

Regarding the spatial configuration of the trap crop, it
seems from our results that this factor was not so important
in determining the final level of the plague. The strip
design has been previously mentioned as being the most
useful way of obtaining a rapid reduction in pest population
possibly because it maximizes the perimeter to area ratio of
crop patches, whose significance depends on pest motility
(Hannunen 2005). However, we were not able to corrob-
orate this, despite our expectation that this system would be
useful for L. huidobrensis, since it has been proved that this
species does not start its attack from the edges of the fields
(Neder de Roman et al. 1993). In the case of herbivores that
actively immigrate from a nearby source via the field edge,
simulation studies have shown that a surrounding border
trap crop is the optimal strategy, because it intercepts the
population and reduces movement to the crop area (Potting
et al. 2005).

Our sensitivity analysis revealed that the final pest
abundance in the main crop was much more sensitive to
demographic parameters than to behavioral ones, thereby
contradicting a previous finding (Potting et al. 2005). For
the three parameters that most influenced the pest abun-
dance in the cultivar of interest, the number of eggs that
females usually laid on potato was the only one related to
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pest behavior. Indeed, only a small increase in the number
of eggs laid per female per day in the main crop could raise
pest abundance by 10 %, which may signify a considerable
change.

On the other hand, the movement tendency and move-
ment rate of L. huidobrensis were irrelevant parameters for
the final outcome of the model, which may in part be
explained by some limitations of the developed model. In
fact, it would be expected that the highest efficiency of a
trap crop strategy would be for insect species that use
visual cues to find their preferred host plants and move
relatively fast (Potting et al. 2005). Liriomyza huidobren-
sis, as in the case of many other herbivorous insects, use
both chemical and visual cues to find its host plants (Pro-
kopy and Owens 1983; Kang et al. 2009), but adults need
only move short distances to find acceptable hosts once
they have landed in a habitat (Zehnder and Trumble 1984).
In this regard, we assumed that the females of the leafminer
made just one local movement per day and to neighboring
plants, which may limit the probability of finding trap
plants. Thus, a further step in developing this model should
consist of incorporating several flights from plant to plant
toward the preferred host. Moreover, for parameters asso-
ciated with both types of dispersal (to and from different
plant species) we did not have any previous information,
except that the broad bean was the preferred host. Conse-
quently, we assumed there would be a lower difference in
leaving rates to the air column between potato and broad
bean than for local movement, since dispersal to the air
column it is not a completely voluntary movement. How-
ever, while it would be interesting to estimate what hap-
pens in reality, our sensitivity analyzes have shown that
these parameters may not influence the outcome a great
deal.

Concerning the demographic parameters, the number of
days in the larval stage and the survival rate of adults born
in potato were the most important ones. Although these
findings might be due to a real effect of these processes on
the dynamic of the pest under the trap cropping strategy, it
could also imply that it is necessary to have a better
specification of key biological parameters in order to
improve predictions.

In conclusion, our model results demonstrated that trap
cropping could be suitable as a strategy to control L.
huidobrensis if a pesticide application is added. According
to Holden et al. (2012), preventing insects from dispersing
back onto the main crop is very important when repro-
duction is considered, as in our case. Therefore, individual-
based models might be an important tool for developing
management schemes for the control of herbivorous pests
using trap crops. Considering that these types of models
have rarely been used for such purposes on pests (Vinatier
et al. 2009), we have highlighted the advantages of a
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method that allows different simulation scenarios to be
used, by addressing pest reproduction and mortality in the
main and trap crops, and simulating direct movement
toward plants. Although our model would be best suited for
the pest selected, we encourage its application to other
agromyzid pests similar to L. huidobrensis in motility and
sensory abilities, such as L. trifolii (Burgess), L. brassicae
(Riley) and L. sativae Blanchard. Future studies are now
necessary that field scale test the model, taking into
account trap crop designs that appear to have the highest
potential for controlling pest attacks (Hannunen 2005). The
theoretical study of the trap cropping strategy is much less
costly and laborious than direct field testing and provides a
useful alternative in the search for more efficient methods
of pest control that complement the conservation efforts in
the context of an integrated pest management.
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