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Induced defense in Eucalyptus trees increases with prolonged herbivory

Defensa inducida en plantas de Eucaliptus se incrementa con prolongada herbivoria

HAMILTON GOMES DE OLIVEIRA!, ADRIAN JOSE MOLINA-RUGAMA?, MARCOS A. M. FADINF,
DANIELA REZENDE*, ALBERTO SOTO G., CLEBER OLIVEIRA® and ANGELO PALLINI’

Abstract: Mechanisms of defense in plants can be activated by external stimuli such as herbivory. It is well-known that
such induced defense occurs after short periods of herbivory, but little is known about long-term induction. In this paper,
we studied the effects of induced defenses of Eucalyptus trees on Thyrinteina arnobia (Lepidoptera: Geometridae) over
four generations. The effects of induction of eucalypt plants seemed to increase gradually with prolonged periods of
herbivory. To our knowledge it is the first demonstration that induced defense changes in a gradual way with long-term
herbivory. This suggests that these trees, and possibly many other plants, gradually invest more in induced defense with
prolonged herbivore attacks.
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Resumen: Mecanismos de defensa en plantas pueden ser activados por estimulos externos como herbivoria. Es bien
conocido que la defensa inducida ocurre después de cortos periodos de herbivoria, pero se conoce poco acerca de la in-
duccion de larga duracion. En este articulo se estudio los efectos de la defensa inducida en arboles de Eucalyptus sobre
Thyrinteina arnobia (Lepidoptera: Geometridae) durante cuatro generaciones Los efectos de la induccion de plantas de
Eucalipto parecieron aumentar gradualmente con periodos prolongados de herbivoria. Seglin nuestro conocimiento es
la primera demostracion que la defensa inducida cambia de modo gradual con la herbivoria a largo plazo. Eso sugiere
que estos arboles, y posiblemente muchas otras plantas, gradualmente invierten mas en defensa inducida con ataques
prolongados de herbivoros.

Palabras clave: Interaccion planta-insecto. Defensas de plantas. Thyrinteina arnobia. Induccion de la defensa. Eficacia

reproductiva del herbivoro.

Introduction

Plant defense mechanisms result from a coevolutionary pro-
cess, where the attack of herbivores promotes an adaptation
for defense in the plant whereas herbivores, in turn, develop
strategies to overcome the defense of plant (Bernays and
Chapman 2000; Vendramin and Castiglioni 2000). Physical
or morphological plant defenses include trichomes, spines,
waxes, and tough foliage, and chemical defenses include pro-
duction of toxins, repellents, and digestibility reducers (Cor-
tesero et al. 2000). The increased production of volatiles by
plants that are attacked by herbivores is often also viewed
as a defense mechanism, because the volatiles attract natural
enemies of the herbivores (Turlings et al. 1995; De Moraes
et al. 1998; Arimura et al. 2005). Plant defenses can be either
constitutive, i.e. always expressed, or induced by herbivory
(Karban et al. 1997; Agrawal 1998). Both mechanisms of de-
fense have the potential to affect abundance, survival, and
rate of herbivore feeding as well as the population dynamics
of natural enemies (Cortesero et al. 2000).

Several studies have shown that induced resistance has
important consequences for arthropod populations (Dicke
et al. 1990; Karban and Baldwin 1997; Agrawal 2005). The

production of substances such as tannins, proteinase inhibi-
tors, lectins and terpenoids can be increased or induced in
response to herbivory (Krause and Raffa 1995; Underwood
et al. 2002). Generally, high levels of such secondary com-
pounds render plants less attractive to herbivores (Rossi et
al. 2004) or affect the life-history and consumption rate of
herbivores (Lill and Marquis 2001; Kopper ef al. 2002). The
effects of induced defenses in different plant species affect
the herbivores that caused the damage (Underwood 1999;
Agrell et al. 2003; Foss y Rieske 2004; Agrawal 2005). The
general idea seems to be that induction of plant resistance is
either activated or not, and occurs quickly after the first dam-
age was caused. Although this kind of rapid induced response
is apparently very common among annual plants, there are
indications that trees or perennial plants also possess delayed
induction; early-season herbivory can alter host quality for
later colonizers (Faeth 1986, 1992; Viswanathan et al. 2005).
However, studies that have examined these interactions com-
monly use induction for a short time by herbivores or me-
chanical defoliation to mimic insect attack (Loughrin et al.
1994; Stevens and Lindroth 2005). To our knowledge, ex-
periments that examine the effect of damage by herbivores
for more that one generation of herbivores on defense of
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plants are particularly scarce. In this paper, we studied for
four generations the effects of induced defences of Eucalyp-
tus trees on Thyrinteina arnobia (Stoll, 1872) (Lepidoptera:
Geometridae).

The caterpillars 7. arnobia (Lepidoptera: Geometridae)
that lived on native Myrtaceae in Brazil turned voracious
defoliators of various eucalypt species (Anjos et al. 1987,
Zanuncio et al. 1994, 2000). Although eucalypt plants con-
tain high concentrations of secondary compounds such as es-
sential oils, tannins and phenols (Fox and Macauley 1977),
these metabolites do not prevent 7. arnobia from attacking
eucalypt (Berti Filho et al. 1991). Little is known about the
interactions between this defoliator and eucalypt trees, but
it has been observed that 5t and 6! instars of 7 arnobia
change their feeding habits; they move from leaves to feed
on the bark or on branches (Berti Filho and Wilcken 1993).
In addition, this herbivore rarely attacks eucalypt plants that
were previously damaged by conspecifics (J.C. Zanuncio,
personal communication). Possibly, this feeding behavior is
associated with the induced response after prolonged periods
of damage. Here, we present results of attack in Eucalyptus
trees for four generations on the fitness of 7. arnobia.

Materials and Methods

Rearing of 7. arnobia. Adults of T. arnobia were collected
during an outbreak in eucalypt plantations in the municipal-
ity of Trés Marias, state of Minas Gerais, Brazil. A culture
was maintained at 25 + 2°C, 60 = 10% of RH and 12 h pho-
toperiod. The culture was initiated by placing pairs of males
and females in plastic cups (500 ml). Each cup was provided
with a strip of paper as oviposition substrate. Newly-hatched
caterpillars were reared in insect cages (0.45 x 0.45 x 0.45 m)
and could feed ad libitum on Eucalyptus spp. leaves until pu-
pation (Holtz et al. 2003). Pupae of T arnobia were removed
from the cages, the sex was determined, and one male-female
pair was put in clean plastic cups until adults emerged. After
they had mated, females were transferred to oviposition cups
as described above and eggs were collected and treated as
above.

Induced resistance on Eucalyptus plants. To determine how
induced resistance affects the performance of 7. arnobia, we
compared its development and reproduction on two groups
of eucalypt trees during four generations. A cohort of 20
plants of E.cloeziana (F. Muell.) (Myrtales: Myrtaceae), ap-
proximately 2 m tall and 1.5 years old was used. These plants
were located outdoors near to the laboratory of Entomology
of the Federal University of Vicosa, and were checked daily
to remove and avoid attacks by other herbivores. The first
group of trees consisted of plants without damage and each
generation of caterpillars was allowed to feed and develop
on different no induced trees. The second group consisted of
plants that were previously injured by conspecifics. Thus, was
hoped that damaged plants produced volatiles in response to
herbivore damage, and these volatiles provide information
about the presence of herbivores on these plants. Caterpillars
were reared on the same group of trees for four generations;
hence, the trees were induced for a prolonged period. The
two groups of trees thus started differing in the period of in-
duction after the first generation of caterpillars, because gen-
eration of Thyrinteina arnobia on damaged plants was longer
that on the undamaged plants. Each treatment consisted of

four replicates. Each replicate was represented by one tree
containing 36 caterpillars.

The eucalypt plants were infested according to the fol-
lowing procedure: Newly-hatched 7. arnobia caterpillars
were taken from the culture and divided into groups of six
individuals and placed inside a mesh bag (0.25 x 0.20 m).
Each host plant received randomly a total of six bags, en-
closing part of a branch with intact foliage. The mesh bag
served to confine the caterpillars on a part of the plant and
to reduce the action of natural enemies. When the caterpil-
lars had consumed between 50 and 60% of the total leaf area
inside the bag, they were switched to another branch. In this
way, competition for food among caterpillars was avoided.
The herbivores were removed upon reaching the pupal stage
and transferred to plastic cups (500 ml), and incubated in the
laboratory until adult emergence. Adult females from not in-
duced and induced eucalypt plants were mated with males
of the same origin and placed in oviposition cups. Newly-
hatched caterpillars were again introduced in a bag on either
an undamaged tree or the tree that was previously damaged
by their parents. Newly, as in the first experiment and in
the next generations on each plant where put 36 caterpillars
per plant. This procedure was repeated for three subsequent
generations. Larval and pupal development, larval and pu-
pal survivorship, the total number of eggs, egg viability and
longevity of males and females were measured during each
generation on both groups of eucalypt plants.

Statistical analysis. Data from life history parameters were
subjected to analysis of variance to compare the effect of
induction of host plants on performance of 7. arnobia. All
biological parameters are presented as means + standard er-
ror. In order to estimate the effects of induction on the rate of
increase of the population, the intrinsic rate of increase (r,y,)
was estimated. The formula used was:

T
lemxe_r’" (D)
x=0

where x = age; T = maximum age; l, = probability of surviv-
ing to age x; my = number of female offspring/female of age
x (Carey 1993).

Results and Discussion

Induced and not induced trees differently affected sever-
al life-history parameters of the 7. arnobia (Table 1). It is
known that plants produce chemical substances that can act
as constitutive or induced defenses against herbivores (Un-
derwood et al. 2002). Induction of plant defenses systems
can affect the abundance, the attack rate, the survival and
the development of herbivorous arthropods (Karban and
Baldwin 1997; Rossi et al. 2004). The tree studied here, E.
cloeziana, apparently does not possess an efficient system of
constitutive defense against attacks of 7° arnobia caterpillars,
because the herbivore growth rate on plants without previous
injury is high (Fig. 1). However, we found negative effects
on the development and reproduction of 7. arnobia on plants
that were previously attacked by co-specifics (Table 1). We
always offered ample undamaged leaves to the caterpillars,
thus these effects cannot have been caused by lack of food.
Hence, the quality of leaves was reduced on plants that were
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Table 1. Life history traits of 7. arnobia fed on un-induced or induced E. cloeziana trees during four

generations (n = 4).

Biological parameter of

FEucalyptus cloeziana trees

Thyrinteina arnobia'

Uninduced Induced

Larval period (days)™ 27.12+0.16 26.88+0.17
Pupal period (days)™ 8.16+0.21 8.15+0.32
Larval survival (%)" 87.50 +3.11 63.72 £17.83
Pupal survival (%) 95.03+2.74 81.58£0.32
Total eggs laid per female® 1051.24 £22.54 786.45 +237.69
Hatching (%)" 95.03+1.42 79.33 +£11.88
Male longevity (days)™ 4.92+0.21 4.46+0.33
Female longevity (days)™ 9.27+0.38 8.13+1.14

' Parameters (mean + SE) that were not significantly different are followed by (™), those that were different by (*) (F-test, P < 0.05).
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Figure 1. The intrinsic rate of increase (r,) of 7. arnobia reared on E.
cloeziana plants during four generations. <: Each generation of 7. ar-
nobia was reared on different plants (=uninduced plants); m: All four
generations of 7. arnobia were reared on the same plants (=induced
plants).

previously attacked, probably as a consequence of induced
defense. Although we did not evaluate the phytochemistry of
eucalypt leaves, it is known from other trees that early season
herbivory results in changes in condensed tannins and pro-
teins in damaged leaves (Faeth 1986).

Although the duration of the larval and pupal stages were
similar in both treatments, juvenile survival as well as the
total number of eggs laid and the percentage of eggs hatched
were lower on induced plants than on not induced trees af-
ter four generations (Table 1). Eucalypt plants are rich in es-
sential oils and contain high concentration of tannins (Fox
and Macauley 1977). Such secondary compounds have been
reported to cause adverse effects on the growth and devel-
opment of important pest insects (Faeth 1986; Coley and
Barone 1996; Oliveira ef al. 2004). Probably, the production
of these and other secondary metabolites in eucalypt plants
might change with herbivory, as it was found in other species
of plants either in the laboratory or in the field (Schultz and
Baldwin 1982; Underwood et al. 2002; Kranthi e al. 2003;
Rossi et al. 2004). Although high densities of 7" arnobia can
defoliate eucalypt trees completely, our results show that un-
damaged eucalypt leaves of trees that have been attacked by
herbivores for a long period are of inferior quality for the de-

velopment of 7. arnobia. This could explain why the geome-
trid does not feed on the same eucalypt trees in the field for
several generations.

In conclusion, the effects of induction of eucalypt plants
seem to increase gradually with prolonged periods of her-
bivory. To our knowledge it is the first demonstration that
induced defense changes in a gradual way with long-term
herbivory. This suggests that these trees, and possibly many
other plants, gradually invest more in induced defense with
prolonged herbivore attacks.
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