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ABSTRACT
World population is exponentially growing and with it, the need for
quality food that supports this expansion. Current agricultural techniques
rely on a massive use of chemical inputs that at the end jeopardise the
sustainability of crops. New approaches are oriented towards the
promotion of natural control mechanisms that guarantee biodiversity
through the conservation and restoration of natural habitats. In this sense,
conservation biological control is the most promising option to meet an
equilibrium between production and biodiversity conservation. It is based
on the creation of a suitable environment to balance the relationship
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between crop, pests and natural enemies to avoid fluctuations that can
bring about production losses. In this chapter we review the state of the
art of this strategy and we present a case study in Andalusian olive
groves. Along the document we present the controversies that may arise
after the implementation of this strategy and we discuss about possible
solutions.

Keywords: ecosystem services, biodiversity, ground cover, landscape, natural
enemies, crop protection

1. INTRODUCTION
The use of synthetic chemical products to control pests and diseases has
led to the consolidation of farming methods based on a wide use of these
inputs. Along with this practice, a number of problems that threaten both
sustainability and quality of the crops and the health of people and natural
systems have appeared (Meehan et al., 2011). To stop this trend, scientific and
political professionals are demanding a change to pest management techniques
orientated towards more sustainable strategies. Among the possible solutions,
biological control is being studied and, between all the possible strategies of
this method, conservation biological control is the most promising alternative
to reduce the use of chemical products.
Conservation biological control (CBC) differs from other biological
control strategies in that it is not based on an insect release, but rather to
establish, by applying certain methods, an adequate environment where to
develop the crop (Barbosa, 1998). The application of these methods does not
exert its own action to control pests but promotes abundance, diversity and
effectiveness of natural enemies already present in the agricultural ecosystem
for optimal performance against pests (Bianchi et al., 2006; Landis et al.,
2000). An increase in plant diversity in the agroecosystem would result in
increasing the resources that natural enemies can exploit and, consequently, in
improving natural pest control. In traditional farming systems, biodiversity has
been used to protect crops from pests and diseases, minimizing the risk of crop
loss, producing a varied diet and diversifying sources of income (Altieri,
1991). Therefore, in order to perform a conservation biological control
strategy, it is not necessary to carry out specific actions but create an
environment to balance the relationship between crop, pests and natural
enemies to avoid fluctuations that can bring about production losses (Paredes
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et al., 2013a). Landis et al. (2000), suggested several resources that have to be
enhanced to promote conservation biological control: shelter and nesting sites,
supplementary food (nectar, pollen) and alternative hosts or prey. The best
way to provide these resources is through the installation and management of
ecological infrastructures. These are natural or seminatural non-crop lands that
conserve ecosystem functions and provide associated services.
Perennial crops, which are subject to lower levels of disturbance than
annual crops, are potentially more suitable for carrying out a conservation
biological control strategy. The most commonly used approach has been the
installation and management of a ground cover. This normally can be in the
form of a strip between tree lines or, less commonly, continuous on the ground
(Smith et al., 1996). They are mainly composed of planted species belonging
to the families Poaceae and Fabaceae although there are studies in which a
natural and spontaneous cover was allowed to grow (Paredes et al., 2013b;
Rieux et al., 1999; Silva et al., 2010). Other studies chose to design ground
covers with aromatic plants (Song et al., 2010). The study of ground covers
has produced very positive results in the abundance and diversity of natural
enemies in pear (Rieux et al., 1999; Song et al., 2010), pecan (Smith et al.,
1996), apple (Bone et al., 2009), vineyards (Danne et al., 2010), citrus (Silva
et al., 2010) and olive crops (Paredes et al., 2013b). However, despite any
increase in the abundance of predatory and parasitic insects led by the use of
ground covers, it is still uncertain whether this will translate into reduced pest
densities. Much of the existing literature focuses on the effects of ground
covers on natural enemies, implicitly assuming that an increase in their
abundance or diversity will necessarily lead to a decrease in pest abundance.
Those studies that explicitly investigate the effects of ground cover on
herbivore abundance provide inconsistent evidence (Paredes et al., 2015a).
There are two reasons that could explain these controversial results: the
influence of the landscape context and the relationship between biodiversity
and biological control.
If the crop is located within a very diverse landscape (heterogeneous), the
chances of a successful conservation biological control will be greater than
those that would exist if the agricultural activity has developed within a
homogenous landscape. Thies and Tscharntke (1999) provided the first
evidence of this fact and determined that pest damage was negatively related
to the landscape diversity that was surrounding the crop. Other studies in the
same subject, have also found positive results from the abundance of natural
enemies and diversity on the landscape scale, as shown by the latest reviews
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published in this area (Bianchi et al., 2006; Chaplin-Kramer et al., 2011;
Rusch et al., 2016).
The fact that the landscape context has an effect on the quality of
conservation biological control has usually been unnoticed in studies that
implemented ground covers. Most of the studies have focused on non-crop
vegetation (landscape approach) or on the effect that ground cover installation
and management can have on natural enemy performance (farm approach)
(Paredes et al., 2013b; Woltz et al., 2012). Many of the studies that have
assessed conservation biological control techniques have not taken into
account the landscape context, thus ignoring its potential (both positive and
negative) synergistic effects between seminatural habitats and the
implemented techniques (Altieri et al., 2005). However, recent works on the
subject already have this possibility in annual crop (Woltz et al., 2012) and
perennial crops (Paredes et al., 2013b; Paredes et al., 2013c).
According to the theory, an increase in the diversity of natural enemies
will have consequences for biological pest control because increasing the
number of species in the community of natural enemies will increase the
chances that some of these species perform effective pest control (Loureau,
1998; Straub et al., 2008). However, in most cases, the relationship between
biodiversity and biological control is not usually successful (Moonen &
Bàrberi, 2008) and, in cases where the biological control is effective, there is
one natural enemy or a small group of them that are exerting such control
(Denoth et al., 2002; Paredes et al., 2015b). Different ecosystem processes can
underlie the relationship between biodiversity making it positive, neutral or
even negative.
A key factor that can lead to a negative relationship between biodiversity
and biological control is intraguild predation. Intraguild predation occurs when
a predator consumes another predator, which competes for the same prey
(Polis & Holt, 1992). This fact distorts the first predator´s action to the target
species (pest), and decreases the action of the second predator on the pest by
the decline of its abundance. Thus, a biodiversity increase in the
agroecosystem will increase the chances that this process occurs, reducing the
chances of an effective biological control. However, an increase in
biodiversity would also increase the possibility that a functional redundancy
process would occur. This happens when more than one species have the same
functional role within the agroecosystem (Walker, 1992). With this situation,
an increase in natural enemy diversity will not transfer into a decrease in pest
abundance because the ways to reduce it are overlapped, thus leading to a
neutral relationship between biodiversity and biological control. It is also
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conceivable that an increase in diversity would increase the range of functional
strategies of consumption of the pest by different natural enemies. For
example, a natural enemy can chase prey while another can ambush, lurking
and waiting. Thus, a niche complementarity process would lead to a positive
relationship between biodiversity and biological control (Straub et al., 2008).

2. GROUND COVER AND CONSERVATION BIOLOGICAL
CONTROL IN OLIVE GROVES
To assess the ability of ecological infrastructures for conservation
biological control of pests is not an easy task, as there are a multitude of
processes, both direct and indirect, that may influence the effect of these
structures on populations of different groups of arthropods. However, there are
new studies where the implementation of these techniques has great potential
but has been little studied. These new works show an innovative approach in
several aspects. First, and to the extent of our knowledge, this is one of the
first works in which the combined effects of different ecological
infrastructures on arthropod abundance are analysed. Second, the detection of
controversies (increased abundance of natural enemies in areas with ground
cover not resulting in a decrease in the abundance of pests in the same areas)
has led to the study of the relationships between the natural enemy community
components and those with pests. Finally, a broad timescale (six years of
observations) and spatial (over 2,528 olive trees scattered throughout the
Autonomous Community of Andalusia) is used to analyse the effect of ground
cover on different pest species, which has contributed to an overview of the
role of this structure in conservation biological control.
The olive tree is a crop of particular importance in the Mediterranean
region and especially in Spain, a country that is the top world producer with
6,538 tons on average between 2010 and 2014, more than a third of the world
production (34.2%) (FAOSTAT, 2014). It also offers optimal characteristics
for the implementation of a conservation biological control strategy based on
habitat management. Being a perennial crop, the installation and management
of a ground cover in the middle of the tree rows is easy. In addition, olive
groves are characterized by an abundant and diverse community of natural
enemies with a parasitic complex represented by 300-400 species of
Hymenoptera order and a predator complex consisting of different orders
(Arambourg, 1986). Among the main groups of predators we can find spiders,
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which are the most diverse with 217 species, followed by Coleoptera order
with 30 species, the group of ants with 24, Hemiptera with 11 and Neuroptera
with 13 species (Cárdenas, 2008; Cotes et al., 2010; Morris et al., 1999;
Redolfi et al., 1999; Rei et al., 2010; Ruiz-Torres & Montiel-Bueno, 2000;
Santos et al., 2007). However, several insect species attack and damage olive
trees, with the key pest species being the olive fly Bactrocera oleae (Rossi)
(Diptera: Tephritidae), the olive moth Prays oleae Bern. (Lepidoptera:
Praydidae), and the olive scale Saissetia oleae Olivier (Hemiptera: Coccidae).
These three phytophagous insects are widely distributed and usually cause
high crop damage by reducing the amount and quality of production
(Arambourg, 1986; Tzanakakis, 2006). In addition, there are other secondary
pests that can cause important losses more sporadically. Among them are
species such as the olive psyllid Euphyllura olivina Costa (Hemiptera:
Psyllidae), the olive borer Phloeotribus scarabaeoides Bern. (Coleoptera:
Scolytidae) or Euzophera pinguis Haw. (Lepidoptera: Pyralidae) (Alvarado et
al., 2008; Campos, 2011; Civantos, 1999).
The olive grove presents varied typologies of landscapes (Duarte et al.,
2009). If we consider that greater structural diversity (trees, spontaneous
ground cover, patches of natural vegetation, etc.) allows a greater diversity of
habitat and specific benefits, it is reasonable to think that each type of olive
grove shall raise its particular way of relating to biodiversity. However, the
benefits of landscape complexity have been poorly quantified in the olive
grove so it is necessary to carry out specific studies and determine the weight
of each of these ecological infrastructures in relation to conservation biological
control, which will develop targeted measures to enhance the action of the
auxiliary fauna and therefore the sustainability of the olive grove (Duarte et
al., 2009).
Synergies between ground cover and adjacent natural vegetation patches
have been detected in some groups of natural enemies. Spiders and parasitoids
were more abundant in plots with ground cover while this structure did not
affect Heteroptera predators. Large patches of woody and herbaceous
vegetation patches influenced natural enemy abundance more than small
patches composed of shrubs. The effect of adjacent natural vegetation was
different for each group and relied on the presence of a ground cover. When
both structures were present in the crop, parasitoids and spiders were
positively influenced by the surrounding vegetation, while this effect was
smaller or even negative in areas of bare soil, especially in the case of
herbaceous vegetation patches for spiders (Paredes et al., 2013a).
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Considering the effects of ground cover on spiders and parasitoids, one
would expect that in areas where this structure was present, pest populations
were lower than in areas where the ground was bare. However, in olive groves,
ground cover did not display an effect on the abundance of P. oleae and E.
olivina (Aldebis et al., 2004; Rodríguez et al., 2009; Paredes et al., 2013c).
This could reflect a lack of synchronisms between pest and natural enemies
that have shown a response to the presence of ground cover (Perdikis et al.,
2011).
However, natural vegetation patches displayed a positive effect on
biological pest control in olive groves. In particular, large areas of woody
vegetation reduced the abundance of P. oleae and small patches of woody
vegetation decreased the abundance of E. olivina. The effect of other
ecological infrastructures showed variability between years in the abundance
of the two pest species which may indicate that weather conditions play an
important role in modulating the response of pests to their environment (Logan
et al., 2006; Martinat, 1987).
The relationship between different natural enemy groups and pests has
been explored in order to determine the source of controversy. E. olivina was
associated with the predatory species Anthocoris nemoralis Fabricius
(Heteroptera: Anthocoridae), as occurred in other crops such as pear (Agustí et
al., 2003; Shaltiel & Coll, 2004). A. nemoralis overwinters in the adult stage in
the vegetation adjacent to crops (Horton & Lewis, 2000; Paredes et al.,
2013b). Probably, its presence in the crop is mediated by the release of
herbivore-induced plant volatiles (HIPV´s) (Drukker et al., 1995).
Consequently, when E. olivina reaches high abundance on the tree, the injured
tissues can emit a blend of HIPV´s that attracts A. nemoralis. This is of great
importance since A. nemoralis has also been related to low abundances of P.
oleae. When adults of A. nemoralis appear on the tree at the beginning of the
season, they lay the eggs of the next generation, and because of their small
size, new-borns have no available prey except P. oleae eggs, thus reducing the
abundance of this pest. As a result of this process, A. nemoralis could become
a very effective biological control agent against the anthophagous generation
of P. oleae (Morris et al., 1999; Paredes et al., 2015b). In addition to A.
nemoralis, another group of natural enemies has been identified in a set of
predators consisting of two families of spiders, Araneidae and Linyphiidae,
and the lacewing Chrysoperla carnea Stephen (Neuroptera: Chrysopidae) that
were also associated with a low abundance of P. oleae. These groups could
play complementary roles determined by the way they capture their prey
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(Straub et al., 2008). Nevertheless, further information is needed to confirm
the trends observed in these studies.
Apparently, olive pest abundance is more affected by the presence of
patches of natural vegetation and the natural enemies that they can harbour
than by the presence of a ground cover within the crop. However, there are
certain circumstances (landscape and climate) that could determine the role of
ground cover on biological pest control. These could be masking the true
effect of this structure, drawing on non-valid conclusions if studies do not take
into account these characteristics or are developed at a local scale. The
analysis on the effect of ground cover in a large study area and a large time
scale provided much more robust evidence about the usefulness of ground
cover for the conservation biological control of olive pests. Results indicated
that the ground cover, as a single factor and compared with bare soil, was not
effective in reducing pest abundance in olive groves (Paredes et al., 2015a).
The variability explained by random factors related to the specific conditions
of the plot (local scale), the landscape context (landscape scale) and climatic
variability between years (regional) was much higher than those explained by
ground cover.
Locally, the physical characteristics of the land (topography,
microclimatic characteristics, soil type, cultivar), as well as the farm
management (intensity of pesticides applied, history of land use), can have a
significant effect on pest abundance. Ground cover composition (Drukker
et al., 1995), density (Colloff et al., 2013), width of the strip (Hardman et al.,
2011), or height of the herbs can also have an effect on the abundance of pests
(Tsitsilas et al., 2011). Another factor that can influence pest populations is the
historical application of pesticides (Croft & Brown, 1975). An abuse of these
substances in the recent past could reduce populations of natural enemies to
levels ineffective for biological control. In addition, the lack of natural
vegetation patches can increase the injurious effect of pesticides because
natural enemies do not have places to shelter when olive groves are sprayed
(Landis et al., 2000; Bianchi et al., 2006; Simon et al., 2010).
On a landscape scale, structures are able to influence the colonization of
natural enemies into the crop (Bianchi et al., 2006; Perovic et al., 2010; Thies
& Tscharntke, 1999). Differences in the landscape context can have great
influence on the abundance of pests (Bianchi et al., 2006; Rusch et al., 2013;
Thies & Tscharntke, 1999). Natural vegetation patches characteristics; such as
edge, density and landscape diversity can help to reduce the abundance of B.
oleae (Boccaccio & Petacchi, 2009; Ortega & Pascual, 2014). This does not
necessarily mean that the higher the density of natural vegetation the greater

Complimentary Contributor Copy

Potential of Ecological Infrastructures …

9

biological control because sometimes it may be the opposite effect due to
negative interactions between organisms belonging to agroecosystem (Martin
et al., 2013) or that these habitats have the opposite effect by removing,
instead of providing natural enemies in the crop (Karp et al., 2013). Resolving
these complexities requires analysing the effects of natural habitat adjacent to
crops on predators, pests and predation rates (Bianchi et al., 2006; ChaplinKramer et al., 2011; Karp et al., 2013).

CONCLUSION
Although a clear effect of ground cover on biological control of olive
pests was not observed, it can help to increase local habitat heterogeneity,
showing its usefulness to maintain populations of beneficial arthropods within
the olive grove. A more detailed analysis of its composition and management
in order to optimize its effect on conservation biological control would be
advisable because it would draw on conclusions capable of generating useful
management guidelines for stakeholders. However, ground cover is
recommended to enhance other ecosystem services such as nutrient recycling,
prevention of erosion (Culler et al., 2008; Hartwig & Ammon, 2002), or
pollination (Tscheulin et al., 2011). Effort should be made in the assessment of
patches of natural vegetation surrounding the farm and in the landscape
composition if the objective is to enhance the conservation biological control
in olive groves.

REFERENCES
Agustí, N., Unruh, T. R. & Welter, S. C. (2003). Detecting Cacopsylla
pyricola (Hemiptera: Psyllidae) in predator guts using COI mitochondrial
markers. Bulletin of Entomological Research, 93, 179-185.
Aldebis, H. K., Avila, A., Mata, M. & Vargas-Osuna, E. (2004). Evaluation of
the damage caused by the olive moth, Prays oleae Bern. in different
varieties and growing conditions. Pest Plant Protection Bulletin, 30, 649656.
Altieri, M. A. (1991). How best can we use biodiversity in agroecosystems.
Outlook on Agriculture, 20, 15-23.

Complimentary Contributor Copy

10

Daniel Paredes, Luis Cayuela and Mercedes Campos

Altieri, M. A., Ponti, L. & Nicholls, C. I. (2005). Manipulating vineyard
biodiversity for improved insect pest management: case studies from
northern California. International Journal of Biodiversity Science and
Management, 1, 1-13.
Alvarado, M., Civantos, M. & Durán, J. M. (2008). Plagas. In: D. Barranco &
R. Fernández-Escobar, L. Rallo (Eds.) El Cultivo del Olivo. (pp. 509593). Madrid: Mundi Prensa.
Arambourg, Y. (1986). Traite d'Entomologie Oleicole. Madrid: Consejo
Oleícola Internacional.
Barbosa, P. (1998). Conservation Biological Control. London: Academic
press.
Begum, M., Gurr, G. M., Wratten, S. D., Hedberg, P. R. & Nicol, H. I. (2006).
Using selective food plants to maximize biological control of pests
vineyards. Journal of Applied Ecology, 43, 547-554.
Bianchi, F., Booij, C. J. H. & Tscharntke, T. (2006). Sustainable pest
regulation in agricultural landscapes: a review on landscape composition,
biodiversity and the natural pest control. Proceedings of the Royal Society
B: Biological Sciences, 273, 1715-1727.
Blitzer, E. J., Dormann, C. F., Holzschuh, A., Klein, A. M., Rand, T. A. &
Tscharntke, T. (2012). Spillover of functionally important organism
between managed and natural habitats. Agriculture, Ecosystem and
Environment, 146, 34-43.
Boccaccio, L., Petacchi, R. (2009). Landscape effects on the complex of
Bactrocera oleae parasitoids and implications for conservation biological
control. BioControl, 54, 607-616.
Bone, N. J., Thomson, L. J., Ridland, P. M., Cole, P. & Hoffmann, A. A.
(2009). Cover crops in Victorian apple orchards: Effects on production,
natural enemies and pests across a season. Crop Protection, 28, 675-683.
Campos, M. (2011). Las plagas y su manejo en el olivar ecológico. In: M. A.
Alonso et al. (Eds.) El olivar ecológico (pp. 155-201). Sevilla: MundiPrensa.
Cárdenas, M. (2008). Análisis de la diversidad ecológica de las arañas en el
olivar. PhD Thesis. Granada: University of Granada.
Civantos, M. (1999). Control de Plagas y Enfermedades del Olivar. Madrid:
Consejo Oleícola Internacional.
Chaplin-Kramer, R., Rourke, M. E., Blitzer, E. J. & Kremen, C. (2011). A
meta-analysis of crop pest and the natural enemy response to landscape
complexity. Ecology Letters, 14, 922-932.

Complimentary Contributor Copy

Potential of Ecological Infrastructures …

11

Colloff, M. J., Lindsay, E. A. & Cook, D. C. (2013). Natural pest control on
citrus as an ecosystem service: integrating ecology, economics and
management at the farm scale. Biological Control, 67, 170-177.
Cotes, B., Campos, M., Pascual, F. & Ruano, F. (2010). The ladybeetle
community (Coleoptera: Coccinellidae) in southern olive agroecosystems
of Spain. Environmental Entomology, 39, 79-87.
Croft, B. A. & Brown, W. A. (1975). Responses of arthropods natural enemies
to insecticide. Annual Review of Entomology, 20, 285-335.
Cullen, R., Warner, K. D., Jonsson, M. & Wratten, S. D. (2008). Economics
and adoption of conservation biological control. Biological Control, 45,
272-280.
Danne, A., Thomson, L. J., Sharley, D. J., Penfold, C. M. & Hoffmann, A. A.
(2010). Effects of native grass cover crops on beneficial and pest
invertebrates in Australian vineyards. Environmental Entomology, 39,
970-978.
Denoth, M., Frid, L. & Myers, J. H. (2002). Multiple agents in biological
control: improving the odds? Biological Control, 24, 20-30.
Drukker, B., Scutareanu, P. & Sabelis, M. W. (1995). Do anthocorid predators
respond to synomones from Psylla-infested trees under field conditions?
Entomologia Experimentalis et Applicata, 77, 193-203.
Duarte, J., Campos, M., Guzmán, J. R., Beaufoy, G., Farfan, M. A., Cotes, B.,
Benítez, E., Vargas, J. M. & Muñoz-Cobo, J. (2009). Olivar y
biodiversidad. In: Guzmán-Alvares, J. R., Gómez, J. A. & Rallo L.
Sostenibilidad de la Producción de Olivar en Andalucía (pp. 119-149).
Sevilla: Consejería de Agricultura y Pesca.
FAOSTAT. (2014). Statistics of the Food and Agriculture Organization.
Available at: http://faostat3.fao.org/browse/Q/QC/E.
Hardman, J. M., Franklin, J. L., Bostanian, N. J. & Thistlewood, H. M. A.
(2011). Effect of the width of the strip on herbicide in apple orchards mite
dynamics. Experimental and Applied Acarology, 53, 215-234.
Hartwig, N. L. & Ammon, H. U. (2002). 50th Anniversary - Invited article:
Cover crops and living mulches. Weed Science, 50, 688-699.
Horton, D. R. & Lewis, T. M. (2000). Seasonal distribution of Anthocoris spp.
and Deraeocoris brevis (Heteroptera: Anthocoridae, Miridae) in orchard
and non-orchard habitats of central Washington. Annals of the
Entomological Society of America, 93, 476-485.
Landis, D. A., Wratten, S. D. & Gurr, G. M. (2000). Habitat management to
conserve natural enemies of arthropod pests in agriculture. Annual Review
of Entomology, 45, 175-201.

Complimentary Contributor Copy

12

Daniel Paredes, Luis Cayuela and Mercedes Campos

Logan, J. D., Wolesensky, W. & Joern, A. (2006). Temperature-dependent
phenology and predation in arthropods systems. Ecological Modelling,
196, 471-482.
Loureau, M. (1998). Biodiversity and ecosystem functioning: a mechanistic
model. Proceedings of the National Academy of Science USA, 95, 56325636.
Karp, D. S., Mendenhall, C. D., Sandí, S. F., Ehrlich, P. R., Hadly, E. A. &
Daily, G. C. (2013). Forest bolsters birds, pest control, and coffee yield.
Ecology Letters, 16, 1339-1347.
Martin, E. A., Reinekin, B., Seo, B. & Steffan-Dewenter, I. (2013). Natural
enemy interactions constrain pest control in complex agricultural
landscapes. Proceedings of the National Academy of Science USA, 110,
5534-5539.
Martinat, P. J. (1987). The role of climatic variation and weather in forest
insect outbreaks. In: P. Barbosa & J. C. Schultz (Eds). Insect Outbreaks.
(pp. 241- 268). New York: Academic Press Inc.
Meehan, T. D., Werling, B. P., Landis, D. A. & Gratton, C. (2011).
Agricultural landscape simplification and insecticide use in the
Midwestern United States. Proceedings of the National Academy of
Science USA, 108, 11500-11505.
Moonen, A. C. & Bàrberi, P. (2008). Functional biodiversity: An
agroecosystem approach. Agriculture, Ecosystem and Environment, 127,
7-21.
Morris, T. I., Campos, M., Kidd, N. A. C. & Symondson, W. O. C. (1999).
What is consuming Prays oleae (Bernard) (Lep.: Yponomeutidae) and
when: a serological solution? Crop Protection 18, 17–22.
Ortega, M. & Pascual, S. (2014). Spatio-temporal analysis of the relationship
between landscape structure and the olive fruit fly Bactrocera oleae
(Diptera: Tephritidae). Agricultural and Forest Entomology, 16, 14-23.
Paredes, D., Campos, M. & Cayuela, L. (2013a). El control biológico de
plagas de artrópodos por conservación: técnicas y estado del arte.
Ecosistemas, 22, 58-63.
Paredes, D., Cayuela, L. & Campos, M. (2013b). Synergistic effects of ground
cover and surrounding natural vegetation on natural enemies of olive
pests. Agriculture, Ecosystems and Environment, 173, 72-80.
Paredes, D., Cayuela, L., Gurr, G. M. & Campos, M. (2013c). Effect of noncrop vegetation types on conservation biological control of pests in olive
groves. PeerJ, 1, e116.

Complimentary Contributor Copy

Potential of Ecological Infrastructures …

13

Paredes, D., Cayuela, L., Gurr, G. M. & Campos, M. (2015a). Is ground cover
vegetation an effective biological control strategy against olive pests?
PLoS ONE, 10, e0117265.
Paredes, D., Cayuela, L., Gurr, G. M. & Campos, M. (2015b). Single best
species or natural enemy assemblages? A correlational approach to
investigating ecosystem function. BioControl, 60, 37-45.
Perdikis, D., Fantinou, A. & Lykouressis, D. (2011). Enhancing pest control in
annual crops by conservation of predatory Heteroptera. Biological
Control, 59, 13-21.
Perovic, D. J., Gurr, G. M., Raman, A. & Nicol, H. I. (2010). Effect of
landscape composition and arrangement on biological control agents in a
simplified agricultural system: A cost-distance approach. Biological
Control, 52, 263-270.
Polis, G. A. & Holt, R. D. (1992). Intraguild predation: the dynamics of
complex trophic interactions. Trends in Ecology and Evolution, 7, 151154.
Redolfi, I., Tinaut, A., Pascual, F. & Campos, M. (1999). Qualitative aspects
of myrmecocenosis (Hymenoptera: Formicidae) in olive orchards with
different agricultural management in Spain. Journal of Applied
Entomology, 123, 621-627.
Rei, F., Campos, M. & Torres, L. (2010). Beneficial arthropods associated
with the olive tree canopy in Alentejo (South region of Portugal).
IOBC/wprs Bulletin, 53, 117-127.
Rieux, R., Simon, S. & Defrance, H. (1999). Role of hedgerows and ground
cover management on arthropod populations in pear orchards. Agriculture,
Ecosystems and Environment, 73, 119-127.
Rodríguez, E., González, B. & Campos, M. (2009). Effects of cereal cover
crops on the main insect pests in Spanish olive orchards. Journal of Pest
Science, 82, 179-185.
Ruiz-Torres, M. & Montiel-Bueno, A. (2000). Introducción al conocimiento
de la entomofauna del olivar en la provincia de Jaén. Aspectos cualitativos
(I). Boletín de sanidad vegetal. Plagas, 26, 129-147.
Rusch, A., Bommarco, R., Jonsson, M., Smith, H. G. & Ekbom, B. (2013).
Natural flow and stability of pest control services depend on complexity
and crop rotation at the landscape scale. Journal of Applied Ecology, 50,
345-354.

Complimentary Contributor Copy

14

Daniel Paredes, Luis Cayuela and Mercedes Campos

Rusch, A., Chaplin-Kramen, R., Gardiner, M. M., Hawro, V., Holland, J.,
Landis, D., Thies, C., Tscharntke, T., Weisser, W. W., Winqvist, C.,
Woltz, M. & Bommarco, R. (2016). Agricultural landscape simplification
reduces natural pest control: A quantitative synthesis. Agriculture,
Ecosystem and Environment, 221, 198-204.
Santos, S. A. P., Cabanas, J. E. & Pereira, J. A. (2007). Abundance and
diversity of soil arthropods in olive grove ecosystem (Portugal): Effect of
pitfall trap type. European Journal of Soil Biology, 43, 77-83.
Shaltiel, L. & Coll, M. (2004). Reduction of pear psylla damage by the
predatory bug Anthocoris nemoralis (Heteroptera: Anthocoridae): The
importance of orchard colonisation time and neighbouring vegetation.
Biocontrol Science and Technology, 14, 811-821.
Silva, E. B., Franco, J. C., Vasconcelos, T. & Branco, M. (2010). Effect of
ground cover vegetation on the abundance and diversity of beneficial
arthropods in citrus orchards. Bulletin of Entomological Research, 100,
489-499.
Simon, S., Bouvier, J. C., Debras, J. F. & Sauphanor, B. (2010). Biodiversity
and pest management in orchard systems: A review. Agronomy for a
Sustainable Development, 30, 139-152.
Smith, M. W., Arnold, D. C., Eikenbary, R. D., Rice, N. R., Shiferaw, A.,
Cheary, B. S. & Carroll, B. L. (1996). Influence of ground cover on
beneficial arthropods in pecan. Biological Control, 6, 164-176.
Song, B. Z., Wu, H. Y., Kong, Y., Zhang, J., Du, Y. L., Hu, J. H. & Yao, Y. C.
(2010). Effects of intercropping with aromatic plants on the diversity and
structure of an arthropod community in a pear orchard. BioCcontrol, 55,
741-751.
Straub, C. S., Finke, D. L. & Snyder, W. E. (2008). Are the nature
conservation of biodiversity and biological control enemy compatible
goals? Biological Control, 45. 225- 237.
Thies, C. & Tscharntke, T. (1999). Landscape structure and biological control
in agroecosystems. Science, 285, 893-895.
Tscheulin, T., Neokosmidis, L., Petanidou, T. & Settele, J. (2011). Influence
of landscape context on the abundance and diversity of bees in
Mediterranean olive groves. Bulletin of Entomological Research, 101,
557-564.
Tsitsilas, A., Hoffman, A. A., Weeks, A. R. & Umina, P. A. (2011). Impact of
groundcover manipulations within windbreaks on mite pests and their
natural enemies. Australian Journal of Entomology, 50, 37-47.

Complimentary Contributor Copy

Potential of Ecological Infrastructures …

15

Tzanakakis, M. (2006). Insects and Mites Feeding on Olive. Distribution,
Importance, Habits, Seasonal Development, and Dormancy. LeidenBoston: Brill.
Walker, B. H. (1992). Biodiversity and ecological redundancy. Conservation
Biology, 6, 18–23.
Woltz, J. M., Isaacs, R. & Landis, D. A. (2012). Landscape structure and
habitat management differentially influence insect natural enemies in an
agricultural landscape. Agriculture, Ecosystems and Environment, 152,
40-49.

BIOGRAPHICAL SKETCHES
Daniel Paredes Llanes, PhD
Departamento de Protección Ambiental.
Estación Experimental del Zaidín.
Consejo Superior de Investigaciones científicas.
Research and Professional Experience: His research focuses on the
study of ecosystem services in agricultural landscapes.
Education: Ph.D. Universidad Granada, Spain
Education at other institutions: MSc, Universidad de Granada; BSc
Universidad de Extremadura, Spain
Honors: Cum Laude Doctor Europeus
Publications Last Three Years:
Paredes, D.; Moreno-Chocano, J.; Cano, A.; Ruano, F.; Campos, M.. (2015).
Estudio de fecundidad y ciclo de vida de Anthocoris nemoralis
(Heteroptera: Anthocoridae) en el olivar. Revista de Fruticultura 44, 18 –
25.
Paredes, D.; Cayuela, L.; Gurr, G.M.; Campos, M. (2015). Is ground cover
vegetation an effective biological control enhancement strategy against
Olive Pests? PLoS ONE, 10.

Complimentary Contributor Copy

16

Daniel Paredes, Luis Cayuela and Mercedes Campos

Paredes, D.; Cayuela, L.; Gurr, G.M.; Campos, M. (2014). Single best species
or natural enemy assemblages? a correlational approach to investigating
ecosystem function. BioControl 60, 37- 45.
Paredes, D.; Campos, M. (2014). La vegetación nativa y el control de plagas
en el olivar. Revista de Fruticultura, 34, 2-8.
Paredes, D.; Cayuela, L.; Gurr, G.M; Campos, M. (2013). Effect of non-crop
vegetation types on conservation biological control of pests in olive
groves. PeerJ.
Paredes, D.; Cayuela, L.; Campos, M. (2013). Synergistic effects of ground
cover and adjacent vegetation on natural enemies of olive insect pests.
Agriculture, Ecosystems and Environment, 173, 72- 80.
Paredes, D.; Campos, M. (2013). Importancia de la biodiversidad en la gestión
integrada de plagas en olivar. Vida Rural, 363, 30-34.
Paredes, D.; Campos, M.; Cayuela, L. (2013). El control biológico de plagas
de artrópodos por conservación: técnicas y estado del arte. Ecosistemas
22, 58 – 63.

Luis Cayuela Delgado, PhD
Área biodiversidad y conservación. Universidad Rey Juan Carlos I
Research and Professional Experience: He is interested in forest
ecology, conservation biology, agroecology and environment statistics
developed under R software.
Professional Appointments: Associated Professor
Education: Ph.D. Universidad Alcalá, Spain
Education at other institutions: MSc in Conservation, University College
of London (United Kingdom)
Honors: European PhD and Cum Laude
Publications Last Three Years:
Albuquerque, F.S.; Assunção-Albuquerque, M.J.T.; Cayuela, L.; Zamora, R.;
Benito, B.M. (2013). European bird distribution is "well" represented by
special protected areas: mission accomplished? Biological Conservation
159: 45-50.

Complimentary Contributor Copy

Potential of Ecological Infrastructures …

17

Albuquerque, F.S.; Benito, B.; Beier, P.; Assunção-Albuquerque, M.; Cayuela,
L. (En prensa). Supporting underrepresented forests in Mesoamerica.
Natureza & Conservação.
Altamirano, A.; Aplin, P.; Miranda, A.; Cayuela, L.; Algar, A.; Field, R.
(2013). High rates of forest loss and turnover obscured by classical
landscape measures. Applied Geography 40: 199-211.
Benito, B.M.; Cayuela, L.; Albuquerque, F.S. (2013). The impact of modeling
choices in the predictive performance of diversity maps derived from
species distribution models: guidelines to build better models. Methods in
Ecology and Evolution 4: 327-335.
Cayuela, L.; Gotelli, N. J.; Colwell, R. K. (2015). Ecological and
biogeographical null hypotheses for comparing rarefaction curves.
Ecological Monographs 85: 437-455.
Cayuela, L.; Hernández, R.; Hódar, J. A.; Sánchez, G.; Zamora, R. (2014).
Tree damage and population density relationships for the pine
processionary moth: prospects for ecological research and pest
management. Forest Ecology and Management 328: 319-325.
De Miguel, R.; Gálvez-Bravo, L.; Oliva-Paterna, F.; Fernández-Delgado, C.;
Cayuela, L. (En prensa). Recolonization process and fish assemblage
dynamics in the Guadiamar River (SW Spain) after the Aznalcóllar mine
toxic spill. River Research and Applications.
Espinosa, C.; Cayuela, L. (2015). Biodiversidad escondida. Investigación y
Ciencia 466 (julio): 52-53.
Garibaldi, C.; Nieto-Ariza, B.; Macía, M.; Cayuela, L. (2014). Soil and
geographical distance as determinants of floristic composition in the
Azuero peninsula. Biotropica 46: 687-695.
Ledo, A.; Cayuela, L.; Manso, R.; Condés, S. (2015). Recruitment patterns and
potential mechanisms of community assembly in an Andean Cloud Forest.
Journal of Vegetation Science 26: 876-888.
Miranda, A.; Altamirano, A.; Cayuela, L.; Pincheira, F.; Lara, A. (2015)
Different times, same history: native forest loss and landscape
homogenization in three physiographical areas of south-central Chile.
Applied Geography 60: 20-28.
Newton, A. C.; Oldfield, S.; Rivers, M.; Mark, J.; Schatz, G.; TejedorGaravito, N.; Cantarello, E.; Golicher, D.; Cayuela, L.; Miles, L. (2015).
Towards a global tree assessment. Oryx 49: 410-415.
Paredes, D.; Campos, M.; Cayuela, L. (2013). El control biológico de plagas
de artrópodos por conservación: técnicas y estado del arte. Ecosistemas
22: 56-61.

Complimentary Contributor Copy

18

Daniel Paredes, Luis Cayuela and Mercedes Campos

Paredes, D.; Cayuela, L.; Campos, M. (2013). Synergistic effects of ground
cover and adjacent vegetation on natural enemies of olive insect pests.
Agriculture, Ecosystems and Environment 173: 72-80.
Paredes, D.; Cayuela, L.; Gurr, G. M.; Campos, M. (2015). Is ground cover
vegetation an effective biological control enhancement strategy against
olive pests? PLoS ONE 10(2): e0117265.
Paredes, D.; Cayuela, L.; Gurr, G. M.; Campos, M. (2015). Single best species
or natural enemy assemblages? A correlational approach to investigating
ecosystem function. BioControl 60: 37-45.
Paredes, D.; Cayuela, L.; Gurr, G.M.; Campos, M. (2013). Effect of non-crop
vegetation types on conservation biological controlof pests in olive
groves. PeerJ: e116.
Zamorano-Elgueta, C.; Cayuela, L.; Rey-Benayas, J.M.; Donoso, P.J.;
Geneletti, D.; Hobbs, R.J. (2014). The differential influences of humaninduced disturbances on tree regeneration community: a landscape
approach. Ecosphere 5: 90.
Zamorano-Elgueta, C.; Rey-Benayas, J. M.; Cayuela, L.; Hantson, S.;
Armenteras, D. (2015). Native forest replacement by exotic plantations in
southern Chile (1985-2011) and partial compensation by natural
regeneration. Forest Ecology and Management 345: 10-20.

Mercedes Campos Aranda, PhD
Departamento de Protección Ambiental. Estación Experimental del Zaidín.
Consejo Superior de Investigaciones Científicas
Research and Professional Experience: She is the head of the crop
protection group at Spanish Council of Research and has and strong
background in biological control of pest in olive groves.
Professional Appointments: Professor of Research
Education: Ph. D. Universidad Granada
Honors: Cum Laude
Publications Last Three Years:
Pascual, J.; Blanco, S.; García-López, M.; García-Salamanca, A.; Bursakov,
S.A.; Genilloud, O.; Ramos, J.L.; van Dillewijn, P. (2016). Assessing
bacterial diversity in the rhizosphere of Thymus zygis growing in the

Complimentary Contributor Copy

Potential of Ecological Infrastructures …

19

Sierra Nevada National Park (Spain) through culture-dependent and
independent approaches. PLoS ONE, 11(1): e0146558
Santos, S.A.P.; Mota, L.; Malheiro, R.; Silva, F.; Campos, M.; Guedes de
Pinho, P.; Pereira, J.A. (2016). Changes in volatile compounds of
Dittrichia viscosa caused by the attack of the gall-forming diptean
Myopites stylatus. Industrial Crops and Products, 87: 71-77
Gonzalez, D.; Nave, A.; Gonçalves, F.; Nunes, F.M.; Campos, M.; Torres, L.
(2016). Effects of ten naturally occurring sugars on the reproductive
success of the green lacewing, Chrysoperla carnea. BioControl, 61: 5767
Paredes, D.; Moreno-Chocano, J.; Cano, A.; Ruano, F.; Campos, M. (2015).
Estudio de fecundidad y ciclo de vida de Anthocoris nemoralis
(Heteroptera: Anthocoridae) en el olivar. Revista de Fruticultura, 18-25
Cárdenas, M.; Pascual, F.; Campos, M.; Pekár, S. (2015). The spider
assemblage of olive groves under three management systems.
Environmental Entomology, 44: 509-518
Paredes, D.; Cayuela, L.; Gurr, G.M.; Campos, M. (2015). Is ground cover
vegetation an effective biological control enhancement strategy against
Olive Pests?. PLoS ONE, 10(2): e0117265.
Paredes, D.; Cayuela, L.; Gurr, G.M.; Campos, M. (2014). Single best species
or natural enemy assemblages? a correlational approach to investigating
ecosystem function. BioControl 60:37-45.
Paredes, D.; Campos, M.. (2014). La vegetación nativa y el control de plagas
en el olivar. Revista de Fruticultura, 34:2-8.
Molina, L.; Udaondo, Z.; Duque, E.; Fernández, M.; Molina-Santiago, C.;
Roca, A.; Porcel, M.; De La Torre, J.; Segura, A.; Plesiat, P.; Jeannot, K.;
Ramos, J.-L. (2014). Antibiotic resistance determinants in a Pseudomonas
putida strain isolated from a hospital. PLoS ONE: 9(1): e81604
Jerez-Valle, C.; García, P.A.; Campos, M.; Pascual, F.. (2014). A simple
bioindication method to discriminate olive orchard management types
using the soil arthropod fauna. Applied Soil Ecology 76: 42-51.
D. Paredes; L. Cayuela; G.M. Gurr; M. Campos. (2013). Effect of non-crop
vegetation types on conservation biological control of pests in olive
groves. Peer J. 1:e116.
Paredes, D.; Cayuela, L.; Campos, M. (2013). Synergistic effects of ground
cover and adjacent vegetation on natural enemies of olive insect pests.
Agriculture, Ecosystems and Environment 173:72-80.
Paredes, D.; Campos, M. (2013). Importancia de la biodiversidad en la gestión
integrada de plagas en olivar. Vida Rural 36:30-34.

Complimentary Contributor Copy

20

Daniel Paredes, Luis Cayuela and Mercedes Campos

Paredes, D.; Campos, M.; Cayuela, L. (2013). El control biológico de plagas
de artrópodos por conservación: técnicas y estado del arte. Ecosistemas
22: 58-63.
Porcel. M.; Ruano, F.; Cotes, B.; Peña, A.; Campos, M. (2013). Agricultural
management systems affect the green lacewing community (Neuroptera:
Chrysopidae) in olive orchards in southern Spain. Environmental
Entomology 42:97-106.

Complimentary Contributor Copy

