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ABSTRACT: In natural ecosystems, many
insect species can interact in different
ways. Herbivore insects can compete for
host plants, shelter, mating, and oviposition
sites. Additionally, natural enemies can
compete for their herbivore prey (food) or
host (development) in the same habitat.
Therefore, competition can regulate the
populations of herbivore insects, which can
be important pests, and their respective
natural enemies. Competition can affect
the efficacy of biological control strategies.
Competition for resources (prey/host) will
reduce its access to at least one of the
competing species. Also, competition can
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alter the behavior of natural enemies, such
as foraging, predation, and parasitism rates,
which in turn will affect pest populations. In
some situations, competition between natural
enemies may lead to pest resurgence, due
to mutual interference of biocontrol agents
and a lack of efficient pest control. In others,
competition can have a synergistic effect
in pest control, in which multiple natural
enemy actions add up to a complimentary
biological control, increasing its final effect
on pest populations. The understanding
and adequate management of competition
effects in the habitat is essential to guarantee
efficient and sustainable pest control.
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population regulation, resource availability
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INTRODUCTION

Competition in natural enemies

Plants constitute the first trophic level in nature, and their abundance can be regulated
by abiotic (e.g., climate conditions, water availability, and soil properties) and biotic (e.g.,
pathogens, herbivores) factors. In turn, herbivore insects use host plants as food sources,
shelter, sexual encounters, oviposition, and development sites (SCHOONHOVEN et al.,
2005). Thus, insects that use the same plant as hosts will establish intrinsic relationships,
sometimes complex ones, that are affected by biotic and abiotic factors (SCHOONHOVEN
et al.,, 1998). Those interactions among herbivores can be either obligatory or facultative
(SHARMA et al., 2021) and depend on the availability of resources and species involved.
Interactions can vary in a gradient of positive to neutral to negative effects between species
involved, such as mutualism (+,+), amensalism (0,-), commensalism (0,+), and competition
(-,-) (ODUM; BARRETT, 2007, BRONSTEIN, 2015). Among these ecological interactions,
the competition is characterized by the struggle between two or more organisms for the
same resources within a habitat (FIELD; CALBERT, 1998, BATCHELOR et al., 2005,
MAYFIELD; LEVINE 2010, ODE et al., 2022). Thus, one possible result of the competition
is negative effects (e.g., reduction in fecundity and survival) for both organisms involved
due to less availability sharing of resources. It is ubiquitous to have highly asymmetric
competition in nature, in which one species involved suffers negative effects, whereas the
other does not (PAINE, 1966, KRAAIJEVELD; GODFRAY, 1997, KAPLAN; DENNO, 2007,
LAWTON; STRONG, 1981, JARRIGE et al., 2016).

Regarding the top-down effect on insect herbivore populations, natural enemies
will keep their prey/host populations in check. It means that the third trophic level (e.g.,
predators, parasitoids, and pathogens) would help to regulate the population growth of
insect herbivores through interactions of consumption (predation) or parasitism (PRICE et
al., 1980). In turn, natural enemies compete for resources (e.g., prey/host and shelter).
Therefore, they are subjected to similar effects of competition that lower trophic levels are.

Competition among natural enemies can occur within the species, also known as
intraspecific, when individuals of the same species of predators (e.g., cannibalism) or
parasitoids (e.g., superparasitism) compete for the same prey/host in the habitat (ODE et
al., 2022). The possible outcome of intraspecific competition is the reduction of predation
or parasitism effectiveness due to cannibalism, superparasitism, or resource depletion. In
addition, competition can occur between natural enemy species, also known as interspecific
competition for the same prey/host. The possible outcomes are competitive displacement/
exclusion, in which one species becomes dominant in the habitat and displaces the other,
or coexistence, where both species can coexist if they occupy different niches (HARVEY et
al., 2013).
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Regarding how the resource is shared/used by the competing species, natural enemy
competition can be further classified as scramble competition and contest competition
(STERCK et al., 1997, VAN SHAIK 1989). In the scramble (e.g., exploitation) competition
scenario, the resource (prey/host) is accessible to all species competing (none monopolizes
it). In other words, it occurs when different species of natural enemies exploit the same
resource, which is finite and shared equally amongst the competitor species. It causes a
reduction in the resource availability for all species involved. Competitors interact undirectly,
responding to the levels of resources that were reduced by activities of the other competitors.
The shared exploitation of prey/host could lead to a faster depletion of resources available,
affecting the survival and reproduction of natural enemy species that depend on that
resource. In extreme cases, all species involved would die because none would obtain the
amount of resources it needs (PRASAD, 2022).

This type of competition is frequent in ecosystems where the resources are distributed
more evenly and spread, reducing the frequency of direct interactions between competitors
(DENNO et al., 1995; MA et al., 2009). Also, some species of exotic lady beetles can adapt
to new habitats, compete with native species for local prey, and cause a reduction in prey
availability, resulting in smaller populations of native lady beetle populations (EVANS et al.,
2011). For instance, the lady beetle Harmonia axyridis Pallas (Coleoptera: Coccinellidae)
caused a reduction of biodiversity of different native species worldwide after introduction,
such as in Michigan (USA) with the displacement of Cycloneda munda (Say), Coleomegilla
maculata (DeGeer), Brachiacantha ursina (F.) e Chilocorus stigma (Say) (COLUNGA-
GARCIA; GAGE, 1998; BAHLAI et al., 2015; ROY et al., 2016; CAMACHO-CERVANTES et
al., 2017; ZAVIEZO et al., 2019).

In the contest (interference) competition between natural enemies, there is direct
physical interaction between competitors to secure the resources. In this case, there will be
a winner and a loser, and resources can be conquered totally or not at all (ODE et al., 2022).
Each successful species obtains all the resources it requires for survival or reproduction. It is
common when resources (prey/hosts) are stable in the habitat. In some parasitoid species,
it is possible to find individuals that interact directly to get the host with aggressive behaviors
towards other competitors, such as bites, stings, and kicks (HARDY et al., 2013). Female
parasitoids of Mymaridae, Bethylidae, and Scelionidae show parental care and interference
competition, in which females fight for and protect parasitized hosts. They may attack and kill
competing females of the same (superparasitism) or different species (multiple parasitisms)
that try to oviposit in the same host and guard the host until progeny emergence (HARDY;
BLACKBURN, 1991; PEREZ-LACHAUD et al., 2002; PEREZ-LACHAUD et al., 2004).
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Influence of natural enemies competition on community structure

Competition is considered one of the major biotic factors modulating distribution,
abundance, and diversity in multispecies communities (BARABAS et al., 2016). lts
importance relies on the fact that competition (intra- and inter-) regulates niche size and
occupancy, the evolution of life history traits, and functions in ecological communities. In
such communities, natural enemies are fundamental regulators of prey/host populations
through direct and indirect interactions (GUILLER et al., 2012; COURBAUD et al., 2012).
As they compete for a shared resource, the intensity of selection pressure increases and
some natural enemy species are favored against others (KAPLAN; DENNO, 2007; GAO;
REITZ, 2017). In addition, the selection pressure among natural enemies may affect their
behavior to avoid potential competition (KOIVISTO et al., 2016, MUELLER et al., 2016).
For instance, predatory beetles of the genus Pterostichus (Coleoptera: Carabidae) avoid
territories where ants Formica polyctena (Foerst.) (Hymenoptera: Formicidae) are present.
Authors observed that beetles changed their walking path when attacked directly by the
ants, increased their walking speed, and reduced the number and time of stops to avoid
competition (REZNIKOVA; DOROSHEVA, 2004). Additionally, some species adapt to use
varied resources or the same resource in different ways, which is known as niche partition
(BONSALL et al., 2002, MESZENA et al., 2006, KALMYKOV; KALMYKOV, 2013). For
instance, parasitoids that attack the same host can show behaviors to avoid competition, as
follows: i) parasitize specific host developmental stages, ii) explore different microhabitats,
and iii) temporal separation, in which parasitism can occur in different hours of the day
(YAMAMOTO et al., 2007; FLEURY et al., 2009; HACKETT-JONES et al., 2009). This
partition reduces the intensity of direct competition, allowing the coexistence of different
natural enemy species in the multispecies community.

Competition between natural enemies can also affect the population dynamic of
prey/hosts. When two different prey or host species share the same natural enemy, they
can affect each other’s presence by the population density of the natural enemy. This
phenomenon is known as apparent competition, similar to competition for resources, and
could lead to the exclusion of the prey or host species (HOLT, 1977; HOLT; LAWTON, 1993;
HOLT et al., 1994). In the same way that two species of natural enemies could not coexist
exploring exactly the same resource, it is expected that two host/prey species could not
coexist if they share the natural enemy species in the same habitat. Moreover, competition
displacement or exclusion is not exclusive of prey/hosts, parasitoids and predators can also
be eliminated from the environment by displacement (BRODEUR; ROSENHEIM, 2000).
This can result when one natural enemy species is more efficient in using resources than
the other, depleting or using the resource completely to the detriment of the competitor.
Therefore, competitive exclusion can reduce the diversity of natural enemies in the
ecosystem, hence the population abundance and diversity of prey/hosts in the same habitat
(HOLT; BONSALL, 2017).
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Insect parasitoids develop in/on the host. Occasionally, parasitoids can feed on hosts
(WAAGE; HASSELL, 1982; KIDD; JERVIS, 1991). For this reason, they are considered
as eventual predators. In turn, parasitized hosts can be attacked by other predators of
the same host (prey), known as intraguild predation (ROSENHEIM et al., 1995). This is a
combination of predation and competition, as different natural enemy species competing for
the same resource attack each other. In addition, when one host is attacked simultaneously
by multiple parasitoid species, the developing larvae can attack and consume one another,
with the survival of the best competitor under those circumstances. Some factors affecting
the outcome of multiple parasitism competition are host developmental stage, age, and
aggressive behavior of parasitoid larvae (HARVEY et al., 2013, THIERRY et al., 2022).
Thus, the interactions between natural enemies (e.g. predator-predator, predator-parasitoid,
parasitoid-parasitoid) can compromise the efficacy of biological control, as it may cause a
reduction in parasitism or predation rate of the target pest species (POLIS et al., 1989;
DIXON, 2000; HEMPTINNE et al., 2012, FRAGO, 20186).

TOP-DOWN AND BOTTOM-UP EFFECTS AS REGULATORS OF
POPULATIONS

Besides competition, other interactions are major forces regulating the distribution
and abundance of species in habitats. The top-down and bottom-up effects explain how
different trophic levels (within the food chain) regulate insect herbivores, parasitoids, and
predator populations (HUNTER; PRICE, 1992).

The top-down effect occurs when higher trophic levels exert pressure on lower
levels. Generally, it involves predator-prey interactions exerted by natural enemies on
herbivore populations through tri-trophic interactions, and it affects the structure and
dynamics of organisms in the same ecosystem. The top-down effect is important to prevent
herbivore population peaks, reaching threshold levels, and crop yield loss. Thus, predators
and parasitoids have a role in maintaining ecological equilibrium in the habitats (COCO
et al., 2022). In addition to the pressure exerted by the higher trophic levels on herbivore
populations due to direct consumption, there is another possible way the top-down effect
interferes with herbivore populations, also known as “trophic cascade”. It occurs when
variations in population densities of higher trophic levels (natural enemy species) cause an
indirect impact on herbivore populations (BRODIE et al., 2014; RIPPLE et al., 2016). For
instance, one natural enemy species is excluded due to intraguild predation or invasion of
an exotic species, and this can either increase or release pressure on herbivore populations
below. Moreover, this cascades down on plant community composition and structure in the
same ecosystem (KINDLMANN et al., 2011).
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In contrast, the bottom-up effect refers to the impact of lower trophic levels (plant
community) on higher trophic levels (herbivores and natural enemy populations). In this
context, plants depend on abiotic factors such as water, light, and soil nutrients to grow
and reproduce; hence, plant biomass will be available to sustain herbivore populations.
When plant productivity increases, herbivore populations have more food available and
can expand, and this can also relay to higher trophic levels, as more host/prey is available
to predators and parasitoids (HAN et al., 2022). In ecosystems where plant community
(abundance and diversity) availability is low, there is restriction in the population growth of
higher trophic levels (herbivores and their natural enemies) due to lack of resources (HAN
et al., 2020, BLUNDELL et al., 2020).

Resource nutritional quality is also an important factor of the bottom-up effect
modulating community structure. For instance, low-nutrition value plants or rich in defense
compounds (e. g. alkaloids, glucosinolates, terpenoids, and tannins) can have a direct
impact and restrict herbivore population growth, regardless of the top-down pressure exerted
by predators (MITHOFER; BOLAND 2012; HAN et al., 2022). In this sense, isoprene can
reduce feeding by Manduca sexta (L.) but not by Pieris rapae (L.) and Plutella xylostella (L.).
In contrast, M. sexta is not affected by nicotine in tobacco plants (LAOTHAWORNKITKUL et
al., 2008; LOIVAMAKI et al., 2008). Thus, the effect of plant nutritional value will depend on
the species of insect herbivores feeding on those plants. For herbivore species negatively
affected by plant quality, this effect can relay up to higher trophic levels (predators and
parasitoids) by reduction of prey/host available for natural enemies. In contrast, herbivore
species adapted to toxic plant compounds may sequester plant toxins, and toxicity can be
conveyed to higher levels, negatively affecting natural enemy populations, in turn, relaxing
the pressure on herbivore populations (FURSTENBERG-HAGG et al., 2013).

Finally, another important factor that can affect community structure is human
agriculture activity. Farming promotes rapid habitat transformation due to human
fragmentation of land to produce crops. In this case, humans are key agents disrupting the
natural equilibrium in habitats, altering the abundance and distribution of plants, herbivores,
and natural enemy species in the area, affecting the top-down and bottom-up effects
(BANSE, 2007; HOPCRAFT et al., 2010; ESTES et al., 2011).

POSITIVE EFFECTS OF COMPETITION

Up until now, we have enumerated a list of possible negative effects of competition
on community structure and biological control in previous sections. For instance, when there
is multiple parasitism or superparasitism on the same host, we could have a reduction in the
population of both parasitoid species. Therefore, the efficacy of either parasitoid species is
compromised, leading to a reduction in pest control, and the pest population could reach
levels higher than that subjected to suppression of only one parasitoid species (MAY;
HASSELL, 1981; COMINS; HASSELL, 1996; BONSALL; HASSELL, 1999). In contrast,
there are specific circumstances where competition interactions may have positive effects,
suppressing herbivore populations, and species may coexist in the same habitat.
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Different species can act together in a broad sense as population control agents.
For instance, the occurrence of many natural enemies competing for the same resources
in a crop field would, in theory, increase the number of prey consumed or hosts parasitized,
which could reflect in more efficient and broad pest control. Even if one of the natural enemy
species (predator or parasitoid) involved is less efficient, the presence of the other species
could mitigate this limitation, securing the pressure upon the herbivore population and
avoiding pest population threshold levels. But, for this to work, it depends on the species
and life stages of the insects involved (LAW; ROSENHEIM, 2011; TAKIZAWA; SNYDER,
2011). An example of broad-sense pest control and the coexistence of different natural
enemy species is in some brassica crops infested by the cabbage root fly Delia radicum
(L.).Young larvae of D. radicum are parasitized by the specialist parasitoid Trybliographa
rapae (Westw.), and pupae are preferred by the beetle Aleochara bilineata (Gyllenhal).
Beetles can also attack eggs of the pest (READER; JONES, 1990). Thus, niche partitioning
and multiple natural enemies contribute to this pest control in brassica crops.

Another potential positive point of competition is that it could favor natural selection
and stimulate adaptation, which in turn can favor niche diversification, as noted in a previous
section of this chapter. It would induce sympatric species to evolve and explore the same
resources differently (ACKERMANN; DOEBELI, 2004). The evolution of adaptive traits
would increase the efficacy in prey capture, host parasitism, and natural enemy survival
under adverse conditions. Adaptations could involve changes in foraging behavior and
physiology, leading to more specialized natural enemies over time. Niche diversification
would reduce the intensity of direct competition and allow the coexistence of multiple natural
enemies in the community (ROBINSON; PFENNING, 2013).
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