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ABSTRACT

Biological control isanimportant component in theintegrated management of pests. It isused to reduce or mitigate pests and
it has been the focus of discussionsfor along time. Hundreds of species of natural enemies were introduced, resulting in
the successful control of various pests. However, the ecological processes involved for its success are generally very
complex. In this way, this review focused on all the process of introducing species of arthropods as biological control
agents and how they can affect the environment. The evaluation of environmental risk isthe most critical and difficult part
of the procedures and should contain some elements such astheidentification of potential risksto which the environment
will be exposed. The problems caused by theinvasion of exotic species haveincreased and the high frequency of invasion
isassociated in large part with human activities, such as accidental transport and introduction. All these questions should
be analysed based on rigorous studies and risk analysis, in which ecologi cal interactions, competition, intraguild predation,

and the effects of introduction on non-target organisms as well are considered.
Keywords: Harmonia axyridis; intraguild predation; invasive species; non-target organisms; pests' control.

INTRODUCTION

Biological control, which is the use of live
organisms as control agents against pests, has been
the focus of discussionsfor along time, but currently,
this has been established as an important component
in the integrated management of pests (Waage 1997,
Van Lenteren et al. 2003, Hoelmer & Kirk 2005,
Bebber et al. 2014, Cock et al. 2016). In more than a
hundred years of biological control, several natural
enemy species were imported, bred and released in
nature, resulting in the successful control of various
pest species (Van Lenteren et al. 2003). However,
the ecological processes involved for successful
biological control are generally very complex
(Rosenheim et al. 1995, Cock et al. 2016).

Up to the mid-1980s, it was widely accepted
that the practice of biological control was much more
efficient in relation to chemical control in terms of
environmental safety (DeBach & Rosen 1991, Messing
et al. 2006). However, since then, evidence has
indicated that the introduction of predators and
parasitoids has the potential to impact non-target
species (Messing et al. 2006, Frehse et al. 2016). An

important difference between biological control and
the utilization of chemical pesticides is that natural
enemies are generally self-perpetuating and self-
dispersing, and as aresult, biological control is often
irreversible (Messing et al. 2006).

The most important decision in a biological
control program ismaking surethat the utilization of the
agent isappropriatefor thetarget pest in question. This
decison should bebased on acritica scientificevauation,
which will give areasonable guarantee that the efforts
will not be wasted with ineffective agents (Hoelmer &
Kirk 2005). Thus, when choosing biological agentsfor
pest control, we need to know its effectiveness. There
are various reasons for not using ineffective natura
enemies, including the possibility of undesirableimpacts
on non-target organisms and on the ecosystem inwhich
these organisms occur (Van Lenteren et al. 2003,
Ozsidli & Prischmann-Voldseth 2016).

Investigators have discussed the viability of
predicting the efficacy of arthropod biological control
agentsbeforereleasing themin thefield. However, no
planning or preliminary studies can replacetheempirica
testing of natural enemiesinthefield, and thereareno
reliable criteriafor determining a priori which attribute
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is the best for choosing a biological control agent
(DeBach & Huffaker 1971, Cock et al. 2016).

The procedures of evaluation of environmental
risk related to the rel ease of natural enemiesisthe most
critical and difficult part concerning biological control.
This evaluation involves the identification of potential
risks to which the species will be exposed in the
environment, based on experimental and observational
information (Van Lenteren et al. 2003, 2006, Prakash
etal. 2011, Fujitani et al. 2017). Thereshould dsobea
summary of the risks and benefits of the release of an
exotic natural enemy in comparison with aternative
control methods. Finally, a post-release report is
necessary, describing any adverse effect that could be
minimized and adjusted in possible future releases
(“Guidelines for Registration Requirements for
Invertebrate Biological Control Agents’ - OECD
working group) (Van Driesche & BellowsJr. 1996, Van
Lenteren et al. 2003).

Thevoluntary introduction of speciesshould be
regulated in avery restrictive manner, with avery good
justification for the need of utilizing an exotic species.
Besides, there should be an economic evaluation for
the benefit of such anintroduction, and studies need to
be conducted on the impact of the exotic speciesin
the natural environment. The potential risks of the
release of exotic natural enemies have only recently
received attention in biological control (Van Lenteren
et al. 2003, Ozsisli & Prischmann-Voldseth 2016).

In the last 100 years, many exotic natural
enemies (e.g., Rodolia cardinalis (Mulsant), Adalia
bipunctata (L.), Harmonia axyridis (Pallas),
Rhizobius lophanthae (Blaisdell), and Sethorus
punctillum Weise (Coleoptera: Coccinellidae) were
released ashiological control agents (Greathead 1995,
Gurr & Wratten 2000, Van Lenteren et al. 2003).
However, there have been few reports about the
negative environmental effects caused by the
introduction of these species (Lynch & Thomas 2000,
Howarth 2001, Lynch et al. 2001).

An important difference between biological
control and the use of chemical insecticides is that
natural enemiesare often definitiveand self-dispersing.
These irreversible characteristics are appreciated in
classic biological control programs, because when
correctly executed, they are sustainable and quite
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economical in comparison with any other control
method (Bellows & Fisher 1999, Van Lenteren 2001).

Until recently, testswith native non-target species
had rarely been done as part of eva uation programs of
natural enemies of arthropods (Van Lenteren & Woets
1988, Waage 1997, Barratt et al. 1999, Wolfenbarger
et al. 2008, Romeiset al. 2011, Biondi et al. 2012, Ozsidi
& Prischmann-Voldseth 2016, Riedel et al. 2016).
However, the number of tests has been increasing, as
researches are paying attention to its importance. In
the case of arthropods, there are proposals for the
methodology of risk evaluation of biologica control
agents as a basis for the regulation of the introduction
and inundative releases of exotic natural enemies. This
evaluation integratesinformation on the diverse potentia
and characteristics of the species, for example, ability
to disperse, range of possible hosts, and possible direct
and indirect effects on non-target species (Van Lenteren
et al. 2003, Ozsidi & Prischmann-Voldseth 2016). These
studies of risk evaluation can indicate whether the
specieshashigh or low risk indicesfor itsintroduction.

Therefore, this review approaches the risks
involved in the process of introducing species of
arthropods as biological control agents and in what
ways these introductions can affect the environment
and theintraand interspecific rel ationships.

MATERIAL AND METHODS

This review was based on books, scientific
papers, theses and dissertations present in the library
of the Universidade Federal do Parana (UFPR), as
well as scientific articles available on specialized
search databases. We searched for information about
speciesintroductions acting asbiological control agents
and about successful casesof introductions. In addition,
information about the benefits and harms of these
introductions has been rai sed and organized into topics
discussed throughout the text.

DISCUSSION
Biological invasions

With the destruction of biogeographic barriers
because of anthropic action, there has been a strong
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acceleration of biological invasions. As humans
colonize new environments, they take domesticated
plants and animals for food, pets and ornaments,
providing conditionsfor their dispersion. Therapid and
uncontrolled implementation of transport on aglobal
scale over the last four centuries allowed previously
isolated species to overcome geographic barriers and
to become established in new regions (Ricciardi &
Maclssac 2000, Roderick & Najavas 2015, Peterson
et al. 2016).

This speciesdisplacement iscalled bioinvasion
or bioglobalization of pests, that is, the displacement
of organisms by another in aregion, inadvertently or
intentionally, which can result in incal culable harm on
an environmental, economic, social and cultural scope.
The term bioinvasion is also used to explain the
introduction and/or dispersion of pestsaround theworld
(MMA 2014).

The definition of exotic invasive speciesisany
organismwhichisfound outsideits natural distribution
area and threatens ecosystems, habitats or species,
and through its competitive advantages, favoured by
the absence of predators and by the degradation of
natural environments, it dominatesthe nichesoccupied
by native species, principally in fragile and degraded
environments (MMA 2014). Invasive exotic species
arerecognized as one of the greatest biological threats
to the environment, with enormous harm to the natural
ecosystems, where they are considered the second
major cause of loss of biodiversity. Problems caused
by these speciesin agricultural systemsarewell known,
but the extent of the damage to natural ecosystems
has been recently recognized (Sala et al. 2000).

Onceintroduced, the species can establish itself
successfully in the new environment and eventually
becomeaninvasive species, disrupting the composition
of thelocal community. When an invasion occurs, itis
necessary to consider factors such as adaptation to the
environment, the biodiversity of the ecosystem where
the species are introduced, the existence of natural
enemies, itsrate of growth, etc (Williamson 1996).

Theinvasion of communities by exotic species
is not only a concern for the academic and scientific
community, but also for different segments of the
society, since this phenomenon has increased
dramatically in the whole world (Mooney & Hobbs
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2000, Roderick & Navajas 2015). To tackle the
problems brought about by theinvasions of species, it
is necessary to determine clearly the modalities of
decontamination or of quarantine and these guidelines
need to be based on rigorous scientific studies.

A classic exampleof biological invasionwasthe
case of the harlequin ladybird Harmonia axyridis
(Pdllas, 1773) (Coleoptera: Coccinellidag), a native
species from Northeast Asia (Hukusima & Kamei
1970) and used in biological control of aphids
considered as pests worldwide (Koch 2003).

Harmonia axyridis was introduced as a
biologica control agent in different periodsinthe United
States of America, however, its establishment occurred
only in 1988 (Chapin & Brou 1991). It was also
introduced in some localities of Mexico (Koch et al.
2004), Canada (K och 2003) and in several European
countries, such as Grece (Katsoyannos et al. 1997),
Southeast France (Iperti & Bértand 2001), Germany
(Klausnitzer 2002), Belgium (Adriaenset al. 2003) and
England (Majerus et al. 2006). In South America, H.
axyridis was intentionally introduced in Mendoza,
Argentina, inthelate 1990sfor biological control, and
in 2001, it was detected in BuenosAires (Saini 2004).

In Brazil, this specieswas observed for thefirst
time in 2002, in Curitiba (PR), probably introduced
accidentally, feeding on Tinocallis kahawal uokalani
(Kirkaldy, 1907) (Hemiptera, Aphididae) in
Lagerstroemia indica Linnaeus (Lythraceae), an
ornamental speciesutilized in urban landscaping inthe
southern region, and on the aphid Cinara atlantica
(Wilson, 1919) (Hemiptera: Aphihidae) in Pinnus sp.
(Pinaceae) (Almeida & Silva 2002). After the
introduction of this Coccinellidae species, studieswere
carried out in order to determineitsimpact on the native
species. Martinset al. (2009) studied theimpact of H.
axyridis on native species and found that there was a
reduction and variation in the diversity of the
Coccinellidae collected, with a predominance of H.
axyridis, indicating the displacement of native species.

Harmonia axyridis behaviour has been studied
in the laboratory at different temperatures for the
evaluation of its performance as a predator, showing
that there can be competition with the native species
(Castro et al. 2011, Castro-Guedes & Almeida 2016).
It shows a high rate of consumption (Santos et al.
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2014), even being able to utilize alternative food
resources, such as cultivated fruitsin the absence of a
preferred food, representing arisk to fruit cropsin the
country (Guedes & Almeida 2013). According to the
literature, littleisknown about the potential impacts of
the natural enemies of H. axyridis on its populations.
Some authors include the pathogenic
fungus Metar hiziumanisopliae (Metchnikoff) Sorokin
(Deuteromycotina: Hyphomycetes), Beauveria
bassiana (Balsamo) Vuillemin (Deuteromycotina:
Hyphomycetes), and Hesperomyces virescens
Thaxter (Laboulbeniales: Ascomycetes) as its most
important natural enemies (Kenis et al. 2008). In
addition, some hirds species are also considered as
natural enemies of H. axyridis, such as Picus
canus (Gmelin, 1788) (Piciformes:. Picidae) and Sitta
europaea (L. 1758) (Passeriformes: Sittidae). The
parasitoid Dinocampus coccinellae (Schrank, 1802)
(Hymenoptera: Braconidae), which occursin sympatry
with H. axyridis, seems to be a main natural enemy
of this species and has been reported as larvae, pupae
and adult parasitoid, with a low rate of parasitism
(Hoogendoorn & Heimpel 2002, Koyama & Majerus
2008, Berkvenset al. 2010, Castro-Guedes & Almeida
2016). Srongygaster triangulifera (Loew, 1863)
(Diptera: Tachinidae), Medina luctuosa (Meigen, 1824)
(Diptera: Tachinidae), Medina separata (Meigen,
1824) (Diptera: Tachinidae) (Kenis et al.
2008), Oomyzus scaposus (Thomson, 1878)
(Hymenoptera: Eulophidae) (Riddick et al. 2009)
and Phalacrotophora philaxyridis (Disney, 1997)
(Diptera: Phoridae) (Comont et al. 2014) are also used
asbiological controlsfor H. axyridis. Other predators
of H. axyridis are the nematodes Heterorhabditis
bacteriophora Poinar (Rhabditida: Heterorhabditidae)
and Seinernema carpocapsae (Weiser) (Rhabditida:
Steinernematidae) which occur in laboratory (Kenis
et al. 2008) and the parasitic mite Coccipolipus
hippodamiae (McDaniel & Moril, 1969) (Actinedida:
Podapolipidae) (Riddick et al. 2009).

Certainly, there are successful cases of
biological control. Some examples are Cotesia
flavipes Cameron (Hymenoptera: Braconidae) to
control Diatraea saccharalis (Fabricius)
(Lepidoptera: Crambidae); Ageniaspis citricola
Logvinovskaya (Hymenoptera: Encyrtidae) to control
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the citrus leaf miner, Phyllocnistis citrella Stainton
(Lepidoptera: Gracillariidae), and parasitoids of the
genera Praon, Ephedrus and Aphidius (Hymenoptera:
Braconidae) to control the wheat aphids (Hemiptera:
Aphididae) (Parra et al. 2004, Parra 2014).

Risk analysis

Thebiological control of invasivespeciesutilizing
natural enemies has been considered safe, effective
and agood tool for the management of pests, but recent
studies have questioned the negative impacts of
imported natural enemies on the populations of non-
target species (Messing & Wright 2006, Obrycki et
al. 2009, Almeida& Ribeiro-Costa2012, Van Lenteren
2012, Parra 2014, Cock et al. 2015). The disruption
of ecological processesby invasive speciesisaserious
threat and has been well documented (Mooney &
Hobbs 2000). The threat of invasive species can be
faced by quantitative procedures that impede its
entrance, and one of the most important procedureis
the adoption of risk analysis before importing any
species (Lodge et al. 2006). This procedure has also
been suggested for theintroduction of biologica control
agents, because it can represent a threat to non-target
species (Loudaet al. 2003, Van Lenteren et al. 2003,
Messing et al. 2006).

Such procedures have been implemented in a
safe manner and there is important progress for the
application of quantitative procedures of risk analysis
for each proposed introduction of biological control
agents (Messing et al. 2006). Meanwhile, any type of
risk assessment is complex because of the large
number of factors documented, scarcity of data on
these risk factors, nature of the analyses (Simberloff
2003, Messing & Wright 2006) and determination of
how much risk is acceptable.

The analysis and evaluation of therisksfor the
introduction of control agents should consist in the
correct identification and studies of potential risks
(Wapshere 1989, Greathead 1995, Messing 2000).
Laboratory tests for specificity and adequate
knowledge of basic ecological relations are also needed
(McCoy & Frank 2010). Risk analyses of non-target
organisms were carried out systematically in the
introduction of control agentsin Florida (USA), for
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example, clearly illustrating the complexity and urgency
of this establishment. Such results showed that 42%
of the agents established had native species in their
range of potential hosts and that the release of widely
generalist agents occurred. However, the risk was
restricted to a small number of species belonging to
ten families, and the documented cases of the effects
on non-target organisms were rare (McCoy & Frank
2010). Thisexample demonstratesthat therisk factors
should always be analysed to provide abalance between
risks and their associated costs (Shrader-Frechette &
McCoy 1992, Frehse et al. 2016).

Ecological interactions

To understand and predict the dynamics of a
pest andits control agent, effortsare generally focused
on the direct interactions between them, but the host-
parasitoid or predator-prey interactions are not
independent of the rest of the community they belong.
The direct and indirect effects of the community on
thistype of interactions can significantly influence the
pests species and their control agents (Brodeur &
Boivin 2006).

Knowledge about the life history of native
species is essential for the understanding of their
relationships with the environment. The dynamicsin
plant-pest-predator/parasitoid interactionsis essential
for the use of speciesin biological control.

Interferences of predators and parasitoids

Several characteristics of a natural enemy are
likely to makeit an effective control agent, including a
high degree of prey specificity, short development time
relative to prey, and high reproductive potential
(Debach & Rosen 1991, Snyder & Ives2003). Among
entomophagous arthropods, predatorsand parasitoids
are the most commonly used species. Hymenoptera
and Diptera parasitoids exemplify better these
characteristics, since parasitoids generally attack only
afew prey speciesand develop withintheir prey. Thus,
parasitoids and host must have similar generation time
and, generally, parasitoids have highly fertile adult
femal esthat can attack many hostsduring their lifetime
(Parra2014, Castro-Guedes & Almeida 2016, Peterson
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et al. 2016). Therefore, it is very important to know
the popul ation dynamics of these agentsand their hosts
and prey.

When the biological control agent and another
natural enemy exploit the same resource, both can
survive most of the time or maybe one succeeds and
the other fails (competitive exclusion) (Tilman 1982,
Gonzélez-Changa et al. 2016, Hajek et al. 2016). In
some cases, the release of polyphagous predators has
not only led to a decimation of pests but has also
affected non-target organisms, resulting in declinesin
populations of native predators and even other
populations (Simberloff 1992, Hajek et al. 2016, Riede
et al. 2016).

Interspecific competition is difficult to be
detected in nature. Therefore, even though introduced
control agents quite often compete with native
species, itisnot surprising that their effects on natural
communities are not documented (Simberloff &
Stiling 1996). However, a few studies assessed this
issue. Oneof the casesthat called substantial attention
was the introduction of the European species
Coccinella septempunctata (Linnaeus, 1758)
(Coleoptera: Coccinellidae), the seven-spot ladybird,
in North Americato control the Russian wheat aphid
(Gordon & Vandenberg 1991, Elliott et al. 1996),
displacing various native species of Coccinlellidae.
Also, in Brazil, like in other countries, H. axyridis
displaces native species (Martins et al. 2009), and is
amore effective predator in aguild of aphidophagous
insects, because besides utilizing available food
resources more efficiently and competing for food
with other species of aphidophagous coccinelids, it
can also prey on other predators (Hodek et al. 2012).
However, in both cases, all effects of such dramatic
changein numerous taxain diverse communities and
ecosystems are unknown and greater impacts
probably occurred.

Intraguild predation (IGP), which is defined as
“an association of competitive speciesthat kill and prey
for feeding, utilizing the same resources’, can reduce
the efficacy of biological control (Dixon 2000). IGP
was initially seen as a rare interaction and with few
effects on food web dynamics (Janssen et al. 2006).
Thisview waspartially dueto thetheoretical prediction
that omnivory and | GP destabilize food web dynamics
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and could thereby be unimportant, which led to a
scarcity of studies on this interaction (Janssen et al.
2006, Mirande et al. 2015). Studies of |GP generally
model populations of three species. an intraguild
predator, an intraguild prey and a shared source or a
prey that is attacked by the predator and by the
intraguild prey (Janssen et al. 2006, Mueller et al.
2016). Consequently, |GP can producediverseindirect
effects between the co-existing species (Mller &
Brodeur 2002). Their consequences on the dynamics
of the prey population and community structure have
become one of principal topics concerning biological
control (MUller & Brodeur 2002, Mueller et al. 2016),
because it represents a possible threat to the control
success (Rosenheim et al. 1995).

Intraguild predation may influence the
suppression of pest speciesbecauseit occursinvarious
communities. When the target pest speciesisaplant,
for example, IGP appears to be less common. On the
contrary, communities of biological control agents
associated with arthropods appear to be replete with
IGP (Rosenheim et al. 1995, Peterson et al. 2016).

When thebiological control agentisanintraguild
predator of another natural enemy, its suppression can
indirectly reduce predation in its prey population,
generally herbivores (Rosenheim et al. 1995). Thiscan
lead to temporal outbreaks or to an increase in
predators that are freed from their competitors (Van
Lenteren et al. 2003).

The utilization of complexes of natural enemies
or asinglenatural enemy inbiological control programs
has been discussed for along time (Dixon 2000). There
are cases in which it is assumed that complexes of
enemies provide an increase in the suppression of the
pest, but there are cases in which the complexes of
predators appear to be less effective than a single
natural enemy in the reduction of pest populations
(Rosenheim et al. 1995, Dixon 2000, Mirande et al.
2015).

IGP is generally recognized as influencing the
interactions between multiple predators and their
control effects on the prey (Snyder 2009). IGP
between predators can be intense, resulting in high
mortality of intraguild prey, while additional mortality
imposed on the shared prey popul ation can be minimal
(Katsanis et al. 2013).
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Investigatorsinterested in the use of arthropod
predators as biological control agents have conducted
studies to determine if they act in a simple additive
manner or if the addition of another predator species
improves or reduces the ability of native predatorsin
reducing the number of pests(Dixon 2000). Therefore,
it isvery important, from atheoretical-practical point
of view, to know if the mortality caused by all species
inaguild of natural enemies on a prey population is
greater than the sum of mortalities caused by each
species.

Harmonia axyridis is a predator that is often
involved in IGP, in most of cases with predators of
aphids (Pell et al. 2008, Hodek et al. 2012, Katsanis
et al. 2013) but also with parasitoids and
entomopathogens (Roy et al. 2008, Meisner et al.
2011). It has some characteristics that can explain the
success of itsestablishment asaninvasive speciesand
intraguild predator, as well as an optimal biological
control agent. Oneof itscharacteristicsisthe chemical
protection against predation from aphidophagous
species (Sato & Dixon 2004). It has a high rate of
fecundity (lablokoff-Khnzorian 1982, Castro et al.
2011) and rapid devel opment of immaturesin relation
to native species (Lanzoni et al. 2004). In addition, it
shows an aggressive behaviour (Yasuda & Ohnuma
1999), which givesit advantages over its competitors,
high mobility (Osawa 2000), allowing it to takerefuge
in unfavourable situations, to procure food and to have
low susceptibility to pathogens (Hoogendoorn &
Heimpel 2002).

IGPisavery important interaction in biological
control systems (Hodek et al. 2012), whereit can often
lead to their collapse (Katsaniset al. 2013). Still, there
is limited evidence for the positive effect of IGP on
the densities of pest species. Thus, | GP does not appear
to have negative effects on biological control (Janssen
et al. 2006). The use of generalist natural enemies
(generally intraguild predators) does not appear to be
asrisky for biological control as predicted up to now
(Van Lenteren et al. 2003).

What still needsto be explainedisif IGPreally
has no negative effects on biological control and why.
The theory predicts that intraguild predators would
always have positive effects on shared pest species,
aslong asthey areinferior competitors. However, the
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effectsof 1GP on the population dynamics of intraguild
prey and shared prey can be unpredictable due to the
complexity of the food web and to anti-predator
behaviour (Janssen et al. 2006). Although there is a
consensus about the effects of 1GP regarding the use
of arthropods as control of pests, empirical studiesare
needed to test the possible damage caused by multiple
predators and to determinewhether only one or various
enemies should be released to achieve the maximum
control of the pest.

Effects on non-target organisms

Many exotic species have caused various
impacts on the communities where they were
introduced or invaded. Theseimpacts may beamplified
if the speciesis an invasive generalist insect predator
(IGIP), which generally reaches much greater densities
than similar native species (Snyder & Evans 2006,
Frehse et al. 2016). The commercia trade and the
introduction of generalist predatorsfor useashiological
control agents have increased the frequency of
invasions by IGIP (Mack et al. 2000, Parry 2009,
Mirande et al. 2015).

The frequency with which 1GIP ecologically
displace similar native species during their course of
invasionisimpressive (Snyder & Evans 2006), because
they compete with native predatorsfor shared sources
and use mechanisms of interference, such as|GP (Polis
et al. 1989, Rosenheim et al. 1995). However, those
mechanisms are still poorly understood (Crowder &
Snyder 2010).

Some studies showed the connection between
the exploitation of resources and the displacement of
native predator species (Crowder & Snyder 2010).
Evans (2004) sampled alfafafieldsin Utah before and
after the invasion of the coccinelid Coccinella
septempunctata Linnaeus, 1758 (Coleoptera:
Coccinellidae). Before the invasion, various native
species of Coccinellidae were abundant in the fields,
and afterwards, those species were widely displaced.
However, when the density of aphids was
experimentally restored, the native coccindidsreturned
tothefields, suggesting that competition for resources
drove the native species out of the habitats and that
the alternative food source maintained the popul ations
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of ladybugs. Inthiscase, thebiologica control of aphids
was improved by the invasion of ladybugs to the
detriment of the biodiversity of native coccinelids
(Crowder & Snyder 2010).

In Brazil, tritrophic rel ationshi ps of aphids-plants-
coccinelids and the occurrence, abundance and
population dynamics of H. axyridis were studied in
comparison with native species, and the authors
observed that this species competes mainly with
Cycloneda sanguinea (Linnaeus, 1763), the most
common species recorded. A large reduction in
coccinellid abundance and diversity occurred after the
introduction of H. axyridis in 2002, suggesting a
possible displacement of native or established
coccinellid species (Martins et al. 2009).

One way of reducing the risks of the release of
natural enemies to non-target species would be to
conduct prior tests as part of a pre-release evaluation
for arthropod control agents (Barratt et al. 1999, Van
Lenteren et al. 2003, Frehse et al. 2016). Another
way of reducing theseriskswould beto limit the number
of releases, increasing the utilization of native natural
enemies. However, many exotic biological control
agents have been imported and released without a
complete evaluation of their characteristics (Van
Lenteren et al. 2003).

For an anaysisof environmental risk, any known
or potential direct effects should bereported, especially
inrelationto speciesintroduced as control agents. Based
on the ability of intraguild species to establish
themselves, their rate of attack on non-target species
and theregul atory mechanismspresent inthe non-target
population, potential effects of the biological control
agent and the occurrence of 1GP should beinvestigated.
When considering the possibility of large impacts on
the natural communities, additional tests are required
(Van Lenteren et al. 2003, Frehse et al. 2016).

Secondary effects

Several indirect effects in the ecosystems can
be expected when using biological agents for pest
control dueto the complexity of thetrophicinteractions,
such as protection, pollination and dispersion
impairment (Van Lenteren et al. 2003, Lourenco et
al. 2014, Frost et al. 2016).
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Apparent competition is a type of indirect
interaction between two speciesthat is mediated by a
third species. Inthelast decades, therewas anincrease
in interest in indirect interactions among ecologists
(Schmitt 1987, Wootton 1994, Mller & Godfray 1999,
Werner & Peacor 2003, Van Veen et al. 2006), and
they are usually classified as density (or trophically)
mediated or trait (or behaviorally) mediated (Werner
& Peacor 2003, Van Veen et al. 2006, Frost et al.
2016). The simplest model of apparent competition
suggests that predators and hosts cannot coexist in
the same environment if they share a natural enemy,
which is equivalent to the principle of competitive
exclusion. The speciesthat survivesistheonethat, in
equilibrium, withstands the greater density of natural
enemies (Van Veen et al. 2006, Frost et al. 2016).

This interaction may occur when the control
agent affects non-target organisms by sharing natural
enemies (Van Veen et al. 2006). For example, an
herbivorousinsect introduced to control aweed could
be attacked by generalist native parasitoids, which also
have native hosts (Hawkins & Marino 1997). When
the biological agent and the weed share the same
parasitoids, competition may occur between them (Van
Veen et al. 2006).

CONCLUSIONS

The indirect harmful effects caused by the
introductions of biological controlscannot beignored
and should always be assessed. Many exotic natural
enemies were released in nature as biological control
agentswithout information about their negative effects
on the environment, as the case of H. axyridis. Most
studies involving the risks and impacts caused by
biological contral only report successful casesand, for
many regions, there are no reports of introductionsthat
wereprevioudy tested. Moreover, thelack of evidence
of negative environmental impacts does not mean they
do not occur.

Thearrival of individualsin anew habitat does
not necessarily imply in its establishment. The
colonization success of a species depends on its
adaptation to the environment, biodiversity of the
ecosystem, existence of predators and its population
growth rate. Regarding ecological impacts, competition
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with autochthonous species can lead to the
disappearance of natural species, including their
extinction. These changes can cause multiplevariations
in the ecosystem functioning and, consequently, lead
to a decline in biodiversity. Such problems are
increasi ng with worl dwide consequences, and severa
invasions of exotic species are associated with human
activities, such as accidental transport and purposeful
introduction.

In the last years, the scientific community has
considered the question of the introduction of exotic
species, based on the ecol ogical and economicimpacts
resulting from the invasion of various ecosystems by
those species. However, the gquestion of biological
invasions overcomes the academic interests. The
conseguences of biological introductions need to be
addressed based on rigorous scientific studies and not
only on bureaucratic requirements. All these questions
should be analysed based on rigorous studies and risk
analysis, in which ecological interactions, such as
competition and intraguild predation, and the effects
of introduction on non-target organismsaretaken into
account.
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