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Abstract

populations.

These insects have a cosmopolitan distribution and are especially abundant and diversified in the tropics. Many
cerambycid species are considered pests in various parts of the world because of their ability to damage wood and
wooden constructions. This damage frequently results in important economic losses because of the reduction in
wood quality and commercial value. These insects can also alter the recruitment and age structure of host plant
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Introduction

Distribution and importance

The Cerambycidae is one of the major insect groups, with about
35,000 species [1]. These insects have a cosmopolitan distribution and
are especially abundant and diversified in the tropics [2,3]. Cerambycid
larvae are woodborers and use living [4,5] or dead [5,6] trunks. Attack
by these borers rapidly stresses host plants [7] and leads to their death
in most cases [8]. Many cerambycid species are considered pests in
various parts of the world because of their ability to damage wood and
wooden constructions. This damage frequently results in important
economic losses because of the reduction in wood quality and
commercial value [3,6,9-11].

In addition to their ability to girdle and bore wood, the
Cerambycidae can also cause death of the host plant indirectly by
acting as vectors for nematodes [12], fungi and bacteria [8]. These
insects can also alter the recruitment and age structure of host plant
populations [13,14]. According to Romero et al. [14], 43% of host
plants died after girdling by a cerambycid species and this resulted in
an altered population structure in the next year, with a greater use of
new host plants (Figure 1).

Biol ogy

Habits

Most adult cerambycids are diurnal [5,15,16], but some species are
active during the night [12,17]. The adults feed on the nectar and
pollen of the host plants [6,16], as well as flowers [18-20], fruits, leaves,
bark [5,18] and roots [18]. Matter et al. [19] reported that cerambycids
use flowers as shelter against predators and for mating.

Longevity

The life-span of most adult cerambycids is less than three months
[3,5,6,10,16,21,22], with the entire adult phase being devoted to
reproduction [3,10,16,18,19,21,23,24].

Figure 1: Oncideres sp. girdling a large branch of this host plant.

Mating ecology

Cerambycids generally show no mating behavior since adult females
apparently accept any male, perhaps because of the difficulty in
encountering males [16]. Males search for females and also dispute
them with other co-specific males through aggressive confrontations in
which the winner expels or kills the weaker male and subsequently
monopolizes females, food resources and oviposition sites [12,16].
When the new male wins the confrontation, it immediately copulates
with the female many times between each egg-laying session.
Sometimes the female can pull violently the male or the male can
abandons the female and the host plant to practice other activities. In
other cases, the male may abandon the female to mate with other
females that are close by [12]. Mating with the same female may confer
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a reproductive advantage since females that copulate more than once
have a larger number of fertile eggs and lay more eggs than females
that mate only once [25] (Figure 2).

When the host plants are abundant and uniformly distributed,
males have more difficulty in finding females because they need to
move greater distances to locate them. Consequently, males defend
their females even more aggressively than they do food resources.
Cerambycids defend their host plants aggressively especially when the
plants are disperse and/or limited, at which time the males congregate
on a few plants. In addition, the high density favors the identification
of potential partners. Thus, the mode that the food resources are
distributed can influence the ecology of the mating systems and it also
influences the life-span of cerambycids, which tends to be greater
when the resources are widely distributed [16].

Figure 2: Couple of Temnopis megacephalain mating.

Another important factor in the reproduction of cerambycids is the
diameter of the branches of the host plant on which the larvae will be
develop since this parameter can directly affect the body weight of
adults (adults that develop on stems or branches with larger diameters
tend to be heavier) [18,26]. Reproductively, a greater body weight is
extremely important since larger and heavier females produce larger
eggs and lay more eggs than small females [25]. On the other hand,
larval predation and parasitism are greater and offspring fitness is
lower on girdled stems or branches with a small diameter. In contrast,
stems or branches with a very large diameter can result in unnecessary
energy expenditure; the extra time spent in a given activity does not
result in any major advantage and the females are more exposed to
natural enemies resulting in greater predation and less probability of
concluding the activities necessary for oviposition [14]. Additionally,
the sexual ratio, which in most species is 1:1 [22], can be altered by
parental manipulation when cerambycids lay eggs that will yield
females on thick stems or branches and males on thin stems or
branches [23].

However, the diameter of the host-plant not is the only factor that
affects the interaction between cerambycids and their host plants since
these coleopterous also attack fallen, moribund or stressed trees
[5-9,12,15,18,27-29]. The density of cerambycids is determined by the
abundance of host plants [8,28,30] and these insects are particularly
associated with plants that grow in forest clearings [28].

Introduction into a new habitat

When cerambycids and their host plants are introduced into a new
habitat these insects may become important pests because of the
absence of natural enemies [6,31]. Alternatively, the high level of
physiological stress in the host plants may result in poor adaptation to
the new habitat and this could make the plants more susceptible to
attack by cerambycids and other herbivores [6,7,9].

Localization and use of the host plant

Most adult cerambycids locate their host plants mainly through
scent [9,18,29,31] that is detected by sensillas in the antennas [18].
Host plants with characteristics that favor colonization tend to have a
patchy distribution, which means that adult cerambycids must be able
to disperse well and have a good ability to locate host plants [32]. The
volatile scent compounds released by the host plants must attract
specialist cerambycids and repel generalists, and at the same time
stimulate feeding, mating and oviposition [3,9]. The initial attack by
cerambycids may result in the host plants releasing additional volatile
chemicals that are even more concentrated in order to facilitate their
localization and to attract sexual partners [9,33] (Figure 3). When a
host plant is located, the females of some species girdle suitable
branches and lay their eggs on them [4,5,10,34,35]. In other species,
the females do not girdle their hosts but bore into them [12] while still
others use plants that have already been girdled by other cerambycid
species [6].

Figure 3: Twig with bark damaged by female of O. humeralis aiming
the releasing volatile chemicals in order to facilitate their
localization and to attract sexual partners.

Constraints in the colonization and use of host plants

Many plant species have a variety of constraints to their
colonization and use as host plants by Cerambycidae, e.g., low
nutritional quality [8,31,36], the presence of resin [8], the absence of
compounds that stimulate oviposition, chemical and physical barriers
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that prevent the larvae from crossing the stem suber to reach the pith
and its tissues rich in nutrients [19,36]. Several characteristics of the
wood also limit infestation by borers, including the stem or branch
diameter [4,13,14,36,37], hardness and the absence of stimuli for
feeding [36]. According to Paulino-Neto [38] and Paulino-Neto et al.
[4], cerambycids select branches for oviposition based on their
diameter and the number of secondary branches so that host plants
with a trunk diameter smaller or larger than the ideal diameter range
are not used by these insects.

Plants can also defend themselves indirectly by attracting natural
enemies of their herbivores [33]. In this case, the damages caused by
herbivores causes the release of volatile chemicals that attract the
predators of these herbivores. In some cases, the attraction of predators
can be sufficiently efficient to eliminate 90% of the herbivores [33].

Environmental factors can also affect the level of infestation by
cerambycids by influencing the rate of desiccation, the inner
temperature of girdled branches and the accessibility to natural
enemies [30]. Low temperatures increase the mortality ratio and
reduce the emergence of adults and their body weight [10,22]. Among
the various factors, excessive humidity is one of the most important
because it reduces the egg eclosion ratio [8] and prevents larvae from
reaching the pith [6,7,10,22]. Some species avoid excessive humidity by
infesting stems on the side most exposed to direct sunlight [23].

Host plant selection

The choice of sites for egg laying is critical for woodborers because
the larvae are unable to compensate the low nutritional quality of a
host plant by moving elsewhere as do many other insect groups [25].
Consequently, adult females must select the host plants that provide
the greatest fitness for their offspring [2,14,36].

The specificity of herbivores means that they must carefully assess
several important characteristics of the potential host plant, including
its diameter, age, height, vigor and nutritional quality to ensure
successful colonization [4,5,14,34,38]. A close relationship between the
site chosen for egg laying and subsequent larval development has been
recorded for many herbivorous insects that use specific host plants
[39]. The success rate is generally low in plants already infested or that
have a high level of larval predation [8]. Williams [40] reported high
usage of the more abundant host plants. Coulson [8] observed a lower
rate of usage in more resistant host plants.

Plant families belonging to the order Myrtales have abundant
parenchyma and phloem in the central pith [41] and some cerambycid
borers choose these species as host-plants, as in the case of O.
humeralis Thorms (Lamiinae) which uses Melastomataceae sp. [5] and
other cerambycid species that girdle and bore plant species of other
families, e.g., Myrtaceae that also belongs to Myrtales. Berkov [3]
reported that cerambycids also prefer Lecythidaceae, which belongs to
Ericales; according to Metcalfe et al. [41] these plants also have
intraxillary phloem. Hence, the wood anatomy can be a very important
factor in the choice of host plants by cerambycids (Figure 4). In this
context, understanding how the choice of the host plant influences
subsequent offspring performance is fundamental for studying the
ecological relationships among herbivorous insects and their respective
host plants [3,19,20,36].

Figure 4: Anatomy of transverse section of an M. sellowiana intact
stem.

Egg-laying behavior

Once the host plant has been chosen, females can oviposit in cracks
and bark crevices of the stems or branches [6,15,23]. More specialized
behavior occurs in the genus Oncideres (subfamily Lamiinae), in
which the females use their mandibles to girdle young plants and
branches [5,35,37] and prepare the oviposition site by perforating and
chewing a slit in the bark before introducing the ovipositor organs
beneath the bark [5,24] (Figures 5 and 6).

Figure 5: Girdling process: O. humeralis female saws the branch of
its host plant.
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Figure 6: Oviposition-female laying eggs in the branch bifurcation
of its host plant (M. sellowiana).

Paulino-Neto et al. [5] found that cerambycids can lay their eggs in
branch forks because this region offers optimal conditions for the
initial larval development (Figure 7). The branch forks contain
parenchymal tissue and histological analysis has shown that these sites
are the softest parts of the trunks and branches and provide an
entrance for newly hatched larvae (Figures 8 and 9). Since the presence
of forks in the selected branch is very important for its colonization
and for successful larval development, females select branches by
evaluating the number of secondary branches (ramifications) [4].
Subsequent observations have shown that other cerambycid species
also lay eggs in branch forks. However there are many species of
cerambycid that not lay their eggs exclusively in the forks. These
species usually oviposite along the length of branch girdled [35]. The
extent to which this behavior is common in the Cerambycidae remains
to be determined.

Figure 7: O. humeralislarva, 1% instar, located in the fork of the host
plant (bark was removed to better view).

\
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Figure 8: Anatomy of the intact branch bifurcation of a host plant.

Figure 9: Bored bifurcation in the junction of the main branch with
a secondary branch.

Figure 10: Pupal chamber resulting in galleries prepared by the
larvae are used as shelter against predation and parasitism.
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Egg and larval period

The time between oviposition and eclosion of cerambycid eggs
ranges from three to seven days [15], but may be as long as 25 days [5]
(Figure 7). The first instar larvae feed on bark [6,32] and
parenchymatous cells of the stem [5] (Figure 9), with the entire larval
development occurring within girdled branches; last instar larvae
construct their pupal chamber by obstructing the tunnel with frass
(Figure 10). The galleries prepared by the larvae are used as shelter
against predation and parasitism [5,6,8,22,31].

The duration of the larval period varies considerably from less than
one year [6,22,31], with two offspring per year [6,21,22] to more than
one year [5,10,23,24,42]. The length of the larval phase varies between
males and females, and is generally greater for females since they start
to feed later and therefore emerge after the males [23].

Larval competition

Various studies have shown that competition for food resources at
high larval densities increases the mortality rate in Cerambycidae
[8,9,22,26,37] and/or decreases the body weight of adults [22]. Larval
cannibalism may occur when the competition is intense [9].

Natural enemies

The most important natural enemies of the Cerambycidae are
parasitoid wasps such as the Braconidae [5,23,26,43], Encyrtidae,
Eurytomidae [43] and Ichneumonidae [23,26,42,43] as well as the
Megalyridae, Pteromalidae, tachinid dipterans [43], woodpeckers [24]
and ants [5,11]. Cerambycidaelarvae are also killed by fungi and other
pathogenic microorganisms [8].

Biology of adults

Cerambycid adults emerge from the pupal chamber by chewing a
circular exit hole through the bark [5,6,22,31] but can remain within
their host plants until there are favorable environmental conditions for
them to emerge [8]. As soon as the adults emerge, they fly to host
plants where they feed on the bark of young branches [5,37]. Feeding
on young branches is an important physiological necessity that allows
the maturation of immature eggs in the emerging females [37]. The
availability of food, e.g., nectar, pollen and sweet secretions, and
favorable climatic conditions (temperature and humidity) increase
adult longevity and female fecundity [44].

Specificity levels

Cerambycids may show host plant specificity [2,15,45] by using
plant species of the same genus or family [2,4-6,14,21,22,24,31,36,45]
or may show no specificity [23,45] (Figure 11).

On the other hand, a single plant species may be colonized
simultaneously by two cerambycid species [5,38] or many species may
share the available resources by occupying different layers from the
bark to the center of the pith or different parts of girdled stems or
branches [5] (Figure 12) [46]. Monophagy is apparently uncommon in
forests with a high diversity and, where observed, may represent an
artifact of the sampling profile or protocol [2].

Figure 11: Two Melastomataceae species used as host plant by O.
humeralis (Cerambycidae): Miconia sellowiana (left) and Miconia
latecrenata (right).

Figure 12: Two cerambycid species colonizing simultaneously
Miconia latecrenata (Melastomataceae). O. humeralis (right) saws
M. latecrenata and its larvae bores this girdled branch. T
megacephala (left), species, species smaller than O. humeralis, uses
opportunistically this sawed branch to oviposit and its larvae bore
the branch’s extremities, avoiding interspecific competition.

Camouflage

Paulino-Neto [38] and Paulino-Neto et al. [5] discussed the
camouflage shown by O. humeralis in which the color pattern of these
species elytra resembled that of the bark on the lower parts of the
melastome branches used as host plants. Some adult females of this
species had shown an interesting phenotypic variation in which their
elytra have dark speckles. These females usually girdled Miconia
jucunda Triana (Melastomataceae) in which the speckled pattern of the
stem bark was very similar to that of these variant elytra. Female O.
humeralis that had not dark speckles used other species of
Melastomataceae in the study area (Figure 13).
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Figure 13: Camouflage in O. humeralis: females beetles used as host
plants with pattern coloration similar to their elytra. Females with
dark speckles in the elytra used Miconia jucunda that also have
dark speckles in the bark (above). Oncideres females with elytra
presenting speckled pattern used M. sellowiana as host plant, plant
species showing bark with similar pattern color, also speckled
(bellow).

Figure 14: Camouflage in 7' megacephala: This beetle species has
elytra with the streaked clear and dark brown pattern and this is the
same color pattern in the branch tips on which females lays their
eggs and larvae develop.

In a similar arrangement, the streaked clear and dark brown pattern
of adult 7. megacephala Germ (Lamiinae) blended well with the

branch tips on which these insects occurred most commonly. The color
patterns of these species probably represent a defense strategy to avoid
or minimize their detection by visually predators such as birds and
wasps. However, camouflage as a defense strategy needs be studied
better in the two species mentioned above, as well as in other
cerambycids (Figure 14).
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