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A B S T R A C T

Increasing evidence shows that most insect herbivores of tropical forests show specific
associations with their hosts. Environmental factors as well as foliar characters can mod-
ify insect preference. In the present work, we evaluated in a montane humid forest the

preference and herbivory rate of Actinote sp. caterpillars (Lepidoptera: Acraeidae) on ma-
ture and young leaves of their specific host plant Liabum mandonii (Asteraceae) in two con-
trasting sites. Additionally, the density of non-glandular trichomes in young and mature

leaves of plant at each site was evaluated. Analysis of variance of herbivory showed sig-
nificant effects of site, leaf age, and the interaction of these factors. Higher herbivory le-
vels were found on leaves from the site with lower levels of radiation and on mature
leaves. On the other hand, trichome density was significantly higher in leaves from the

site with higher levels of radiation and in young leaves. This suggests trichomes may ex-
plain the observed pattern of herbivory.

© 2006 Elsevier Masson SAS. All rights reserved.
1. Introduction

In tropical forests, patterns of spatial distribution and local
abundance of herbivorous insects are related to light and hu-
midity (Janzen, 1981; Coley, 1983; Coley and Aide, 1991; Mar-
quis and Braker, 1994; Goehring et al., 2002). Environmental
heterogeneity may affect the palatability of leaves to herbi-
vorous insects (Louda and Collinge, 1992; Kennedy and Bar-
bour, 1992). The nutritional quality of plant tissues also var-
ies with ontogeny (Coley, 1980; Raupp and Denno, 1983; Clark
et al., 2000; Boege and Marquis, 2005). Particularly, leaves de-
fax: +56 41 24 60 05.
na-Montenegro).

evier Masson SAS. All ri
veloped in environments of high radiation tend to show
thick waxy cuticles and/or high trichome density (Crawley,
1997). Trichome density has been related to the maintenance
of water balance (Werker, 2000), reflection of excessive solar
radiation (Levizou et al., 2004), and defense against herbivor-
ous insects (Woodman and Fernandes, 1991; Ågren and
Schemske, 1993; Molles and Westoby, 2000; Kennedy, 2003).
Summarizing, leaf traits and environmental conditions may
affect singly and jointly the preference and performance of
herbivorous insects (Rausher, 1979; Gianoli and Hannunen,
2000).

In a montane humid forest (Nor Yungas, Bolivia), we ad-
dressed herbivory patterns of Actinote sp. (Lepidoptera: Ac-
raeidae) on its specific host plant Liabum mandonii (Astera-
ceae). Particularly, we assessed the pattern of distribution of
ghts reserved.
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Table 1 – Distribution pattern of Actinote sp on L. mandonii
individuals. The number of individuals with eggs and/or
larvae in young and mature leaves from site 1 (open
habitat) and site 2 (shaded habitat) are shown

Site 1 Site 2
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eggs and larvae of Actinote sp. on leaves of L. mandonii of dif-
ferent age (young and mature) in two sites with different so-
lar exposure. In addition, we experimentally evaluated leaf
palatability for caterpillars (no-choice tests) in leaves from
those four groups (two sites and two leaf ages), and mea-
sured the density of non-glandular leaf trichomes.
Young leaves 1 13
Mature leaves 0 1
A Yates-corrected Chi-square indicated marginally significant dif-
ferences between sites and leaves (χ2 = 3.23; P = 0.07).

Table 2 – Two-way ANOVAs of herbivory by caterpillars of
Actinote sp. (consumed leaf area) and density of foliar
trichomes in young and mature leaves of L. mandonii
from sites 1 and 2

Herbivory Trichomes
Factor F (1, 36) P F (1, 36) P
Site (S) 5.28 0.0275 41.58 0.0001
Leaf age (LA) 5.86 0.0207 10.60 0.0020
S × LA 5.23 0.0283 5.55 0.0024
2. Materials and methods

The study was carried out in the Tunquini Biological Station,
Cotapata National Park (16°11′N; 67°52′E), located at 1550 m a.
s.l., 80 km NW of La Paz city, Bolivia (Bach et al., 2003). This
site is a montane humid forest with steep slopes and canopy
species that reach 15 m. Vegetation is mostly of secondary
origin (Paniagua-Zambrana et al., 2003). The climate is hu-
mid subtropical with annual precipitation of 2000 mm and
average monthly temperatures between 17 and 20 °C (Ribera,
1995). For the present study, two sites with different microcli-
matic characteristics and separated by approximately 1.5 km
were used. Site 1 is located in a north-facing slope, character-
ized by high solar radiation and showing an open canopy due
to the predominance of shrubby vegetation. Site 2 is located
in a south-facing slope, with low solar radiation and mainly
arboreal vegetation with a semi-closed canopy and a rela-
tively high humidity.

Actinote sp. is a butterfly species closely associated with
its host plant L. mandonii (Asteraceae) in the study zone (Val-
divia, unpubl. data). This neotropical genus has specific asso-
ciations with its host plants, belonging to the Asteraceae fa-
mily (Caldwell and Kluge, 1993). The Actinote sp. adult is black
with broad red strips in both pairs of wings (Ledezma, 1998).
The first-instar larvae are 0.3 cm long and cream colored
with black hairs; the fifth-instar larvae are 8–9 cm long and
black (Valdivia, unpubl. data). L. mandonii is a herbaceous
species, characterized by the lack of latex, umbel-type inflor-
escence, and triangular opposite leaves with white abaxial
surface and non-glandular trichomes (Cabrera, 1947).

To evaluate the distribution of eggs and larvae of Actinote
sp. on L. mandonii, we searched on all leaves of 30 individuals
randomly chosen at each site (range of height: 60–90 cm;
range of number of leaves per plant: 16–26). We collected
both young and mature undamaged leaves (young leaves:
fully expanded leaves of the upper third of the plant; old
leaves: non-senescent leaves of the lower third of the plant)
for herbivory bioassays. The distribution pattern was evalu-
ated by a contingency analysis (Chi-square). On the other
hand, in laboratory conditions, we estimated the herbivory
rate of Actinote sp. caterpillars on young and mature leaves
of L. mandonii. A leaf disc (5.6 cm diameter) was placed indi-
vidually in a Petri dish with moistened filter paper (10 repli-
cates per each of the four treatments). Five larvae of Actinote
sp. (three first-instars and two second-instars) were added to
each Petri dish. After 72 h we quantified the leaf area con-
sumed by caterpillars using image analysis software (Sig-
ma-Scan).

We counted the number of trichomes per cm2 in the abax-
ial surface of leaves by observation under stereoscope. This
was done in 10 leaves of each of the four experimental
groups (total: 40 leaves). Results of both the herbivory bioas-
say and the leaf trichome evaluation were analyzed using a
two-way analysis of variance (ANOVA), with leaf area con-
sumed (cm2) and number of trichomes per cm2 as dependent
variables, respectively, and leaf age and site as main factors.
3. Results

Of the 30 plants of L. mandonii evaluated in the field, 15 had
either eggs or caterpillars of Actinote sp. Nearly all of these
plants (14 out of 15) were located in site 2, where the envir-
onment is relatively shaded and humid. In this site most
eggs and caterpillars were found on young leaves (13 out of
14 cases) (Table 1). Likewise, the single plant where Actinote
sp. was found on site 1 had the caterpillars on young leaves.
These patterns suggest an oviposition preference for shaded
sites and young leaves (Table 1).

The factors site, leaf age, and their interaction were sig-
nificant in the ANOVA of herbivory rate of caterpillars (Ta-
ble 2). A greater consumption of leaf tissue was observed in
samples from site 2, and—overall—herbivory was higher on
mature leaves than on young leaves. However, the latter
was clearly observed only in leaves from site 2 (Fig. 1AB).
Likewise, leaf trichome density was affected by the site of
origin, leaf age, and their interaction (Table 2). A greater den-
sity of trichomes was found on leaves from site 1 (the sunny
site), and young leaves showed more trichomes per cm2 than
mature leaves, being this effect greater in leaves from site 2
(Fig. 1AB).
4. Discussion

Plant species occurring in different microhabitats often show
some degree of phenotypic variation functional to the pre-
vailing environmental conditions (Sultan, 1995; Gianoli,
2004). Consequently, insect herbivores associated to such
plant species must deal not only with environmental chal-



Fig. 1 – A. Leaf area consumed by Actinote sp. caterpillars
and B. Density of foliar trichomes in young leaves (black
bars) and mature leaves (gray bars) of L. mandonii from sites
1 and 2 (see details in the text). Different letters indicate
significant differences (P < 0.05, Tukey test).
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lenges, but also with environment-mediated changes in the

traits of their host plants (Weis, 1992; Miller and Weis, 1999).

In the present study, the lepidopteran species Actinote sp.

seemingly showed preference for individuals of its specific

host plant growing in a shaded microhabitat. This field pat-

tern was reflected in the results of the herbivory experi-

ments, where a greater consumption by caterpillars of leaves

of L. mandonii from the shaded site was found. Furthermore,

the observed site-dependent greater consumption of mature

leaves was paralleled by the recorded pattern of trichome

density (Fig. 1). Therefore, it might be concluded that leaf tri-

chome density plays a role in the herbivory patterns herein

described. Density of trichomes has been associated with re-

duced insect herbivory in other systems (Baur et al., 1991;

Fernandes, 1994; Van Dam and Hare, 1998; Letourneau,

1999; Molles and Westoby, 2000; Gassmann and Hare, 2005).

On the other hand, leaves developed under shaded habitats

exhibit greater specific leaf area (SLA) than those grown in

sunny habitats, which would result in softer leaves (Crawley,

1997). Thus, both mechanical (less trichomes) and morpholo-

gical (thinner leaves) plant traits associated with relatively

shaded habitats might contribute to make leaves more pala-

table to herbivorous insects. In addition, the role in the ob-
served herbivory pattern of secondary metabolites that may
covary with leaf trichomes cannot be ruled out.

Young leaves from site 2 were less consumed, and had
more trichomes, than mature leaves from the same site. This
pattern is opposite to earlier work in tropical habitats report-
ing higher herbivory rates on young leaves than on mature
leaves, which was associated with higher contents of water
and nitrogen and lower concentrations of chemical defenses
(Coley, 1980; Dirzo, 1984). From an optimal defense perspec-
tive (McKey, 1979; Rhoades, 1979; Zangerl and Bazzaz, 1992),
the greater endowment of mechanical defenses to young
leaves observed in site 2 might reflect a higher value of these
leaves for the plant. However, we currently lack data to sup-
port such hypothesis.

Although the present study has found some evidence of
intrinsic leaf factors explaining the distribution pattern of
Actinote sp. on L. mandonii observed in the field, other ecolo-
gical factors affecting habitat selection of insect herbivores
such as risk of parasitism (Gonzáles et al., 2001) or avoidance
of extreme temperatures (Blanford and Thomas, 2000)
should also be considered.
Acknowledgements

This study was funded by the John D. and Catherine T.
McArthur Foundation. We thank the logistical support of Luis
F. Pacheco and the staff of Tunquini Biological Station.
R E F E R E N C E S

Ågren, J., Schemsk, D.W., 1993. The cost of defence against
herbivores: an experimental study of trichome production
in Brassica rapa. American Naturalist 141, 338–350.

Bach, K., Schawe, M., Beck, S., Gerold, G., Gradstein, S.R., Mor-
ales, M., 2003. Vegetación, suelos y clima en los diferentes
pisos altitudinales de un bosque montano de Yungas, Bo-
livia: primeros resultados. Ecología en Bolivia 38, 3–14.

Baur, R., Binder, S., Benz, G., 1991. Nonglandular leaf tri-
chomes as short-term inducible defense of the gray alder,
Alnus incana (L), against the chrysomelid beetle, Agelastica
alni L. Oecologia 87, 219–226.

Blanford, S., Thomas, M.B., 2000. Thermal behavior of two ac-
ridid species: effects of habitat and season on body tem-
perature and the potential impact on biocontrol with
pathogens. Environmental Entomology 29, 1060–1069.

Boege, K., Marquis, R.J., 2005. Facing herbivory as you grow
up: the ontogeny of resistance in plants. Trends in Ecology
Evolution 20, 441–448.

Cabrera, A.L., 1947. Las especies Argentinas del género Lia-
bum (Compositae). Bolétin de la Sociedad Argentina de Bo-
tánica 11, 91–98.

Caldwell, P.M., Kluge, R.L., 1993. Failure of the introduction of
Actinote anteas (Lep, Acraeidae) from Costa Rica as a biolo-
gical-control candidate for Chromolaena odorata (Astera-
ceae) in South Africa. Entomophaga 38, 475–478.

Clark, K.L., Lawton, O., Butler, P., 2000. The physical environ-
ment. In: Nadkarni, N.M., Wheelwright, N.T. (Eds.), Monte-
verde. Ecology and Conservation of a Tropical Cloud For-
est. Oxford University Press, New York, pp. 15–38.

Coley, P.D., 1980. Effects of leaf age and plant life history pat-
terns on herbivory. Nature. 284, 545–546.



Co

Co

Cr

Dir

Fer

Ga

Gia

Gia

Go

Go

Jan

Ke

Ke

Le

Le

Lev

Lo

Mc

Ma

Mi

Mo

Pa

Ra

Ra

Rib

Rh

Su

Va

We

We

Wo

Za

150 A C T A O E C O L O G I C A 3 0 ( 2 0 0 6 ) 1 4 7 – 1 5 0
ley, P.D., 1983. Herbivory and defensive characteristics of
tree species in a lowland tropical forest. Ecological Mono-
graph 53, 209–233.
ley, P.D., Aide, T.M., 1991. A comparison of herbivory and
plant defences in temperate and tropical broad-leaved
forest. In: Price, P.W., Lewinsohn, T.M., Fernandes, G.W.,
Benson, W.W. (Eds.), Ecology of Plant–Animal Interactions:
Tropical and Temperate Perspectives. John Wiley and
Sons, New York, pp. 25–49.
awley, M.J., 1997. Life history and environment. In: Crawley,
M.J. (Ed.), Plant Ecology. Academic Press, New York, pp. 73–
131.
zo, R., 1984. Herbivory: a phytocentric overview. In: Dirzo,
R., Sarukhán, J. (Eds.), Perspectives on Plant Population
Ecology. Sinauer Associates Press, Sunderland, pp. 141–
165.
nandes, G.W., 1994. Plant mechanical defenses against in-
sect herbivory. Revista Brasileira de Entomologia 38, 421–
433.
ssmann, A., Hare, J.D., 2005. Indirect cost of a defensive
trait: variation in trichome type affects the natural ene-
mies of herbivorous insects on Datura wrightii. Oecologia
144, 62–71.
noli, E., Hannunen, S., 2000. Plasticity of leaf traits and in-
sect herbivory in Solanum incanum L. (Solanaceae) in
Nguruman. SW Kenya. African Journal of Ecology 38, 183–
187.
noli, E., 2004. Plasticity of traits and correlations in two
populations of Convolvulus arvensis (Convolvulaceae) dif-
fering in environmental heterogeneity. International Jour-
nal of Plant Science 165, 825–832.
ehring, D.M., Daily, G.C., Şekerçioğlu, Ç.H., 2002. Distribu-
tion of ground-dwelling arthropods in tropical country-
side. Journal of Insect Conservation 6, 83–91.
nzáles, W.L., Gianoli, E., Niemeyer, H.M., 2001. Plant qual-
ity versus risk of parasitism: within-plant distribution and
performance of the corn leaf aphid, Rhopalosiphum maidis
(Fitch) (Hemiptera: Aphididae). Agricultural and Forest En-
tomology 3, 29–33.
zen, D.H., 1981. Patterns of herbivory in a tropical decid-
uous forest. Biotropica 13, 271–282.
nnedy, G.G., 2003. Tomato, pest, parasitoids, and predators:
tritrophic interactions involving the genus Lycopersicon.
Annual Review of Entomology 48, 51–72.
nnedy, G.G., Barbour, J.D., 1992. Resistance variation in nat-
ural and managed systems. In: Fritz, R.S., Simms, E.L.
(Eds.), Plant Resistance to Herbivores and Pathogens. Uni-
versity of Chicago Press, Chicago, pp. 13–41.
dezma, M.J., 1998. Guía de campo de mariposas del Parque
Nacional y Área de Manejo Integrado Amboro. Santa Cruz,
Bolivia.
tourneau, D.K., 1999. Ants, stem borers, and pubescence in
Endospermum in Papua New Guinea. Biotropica 31, 295–
302.
izou, E., Drilias, P., Psaras, G., Manetas, Y., 2004. Nondes-
tructive assessment of leaf chemistry and physiology
through spectral reflectance measurements may be mis-
leading when changes in trichome density co-occur. New
Phytologist 165, 463–472.
uda, S.M., Collinge, S.K., 1992. Plant-resistance to insect
herbivores—a field-test of the environmental-stress hy-
pothesis. Ecology 73, 153–169.
Key, D., 1979. The distribution of secondary compounds
within plants. In: Rosenthal, G.A., Janzen, D.H. (Eds.), Her-
bivores: Their Interactions with Secondary Plant Metabo-
lites. Academic Press, New York, pp. 55–133.
rquis, R.J., Braker, E.H., 1994. Plant–herbivore interactions:
diversity, specificity, and impact. In: McDade, K., Bawa, H.,
Hespenheide, Hartshorn, G. (Eds.), La Selva: Ecology and
Natural History of a Neotropical Rainforest. The University
of Chicago Press, Chicago, pp. 261–281.
ller, W.B., Weis, A.E., 1999. Adaptation of coyote brush to
the abiotic environment and its effect on susceptibility to
agall-making midge. Oikos 84, 199–208.
lles, A.T., Westoby, M., 2000. Do small leaves expanded
faster than large leaves, and do shorter expansion times
reduce herbivore damage? Oikos 90, 517–524.
niagua-Zambrana, N., Maldonado-Goizueta, C., Chuma-
cero, C., 2003. Mapa de vegetación de los alrededores de
la Estación Biológica de Tunquini, Bolivia. Ecología en Bo-
livia 38, 15–26.
upp, M.J., Denno, R.F., 1983. Leaf age as a predictor of her-
bivore distribution and abundance. In: Denno, R.F.,
McClure, M.S. (Eds.), Variable Plants and Herbivores in
Natural and Managed Systems. Academic Press, San Die-
go, pp. 91–124.
usher, M.D., 1979. Larval habitat suitability and ovoposi-
tion preference in three related butterflies. Ecology 60,
503–511.
era, M., 1995. In: DeMorales, C.B. (Ed.), Aspectos ecológi-
cos, del uso de la tierra y conservación en el Parque Nacio-
nal y Área Natural de Manejo Integrado Cotapata. Cami-
nos de Cotapata. Instituto de Ecología- FUNDECO, La Paz,
pp. 1–84.
oades, D.F., 1979. Evolution of plant chemical defense
against herbivores. In: Rosenthal, G.A., Janzen, D.H. (Eds.),
Herbivores: Their Interactions with Secondary Plant Meta-
bolites. Academic Press, New York, pp. 4–53.
ltan, S.E., 1995. Phenotypic plasticity and plant adaptation.
Acta Botanica Neerlandica 44, 363–383.
n Dam, N.M., Hare, J.D., 1998. Differences in distribution
and performance of two sap-sucking herbivores on gland-
ular and non-glandular Datura wrightii. Ecological Ento-
mology 23, 22–32.
is, A.E., 1992. Plant variation and the evolution of pheno-
typic plasticity in herbivore performance. In: Fritz, R.S.,
Simms, E.L. (Eds.), Plant Resistance to Herbivores and
Pathogens. The University of Chicago Press, Chicago, pp.
140–171.
rker, E., 2000. Trichome diversity and development. Ad-
vances in Botanical Research 31, 1–35.
odman, G.W., Fernandes, G.W., 1991. Differential mechan-
ical defence: herbivory, evapotranspiration and leaf-hairs.
Oikos 60, 11–19.
ngerl, A.R., Bazzaz, F.A., 1992. Theory and pattern in plant
defense allocation. In: Fritz, R.S., Simms, E.L. (Eds.), Plant
Resistance to Herbivores and Pathogens. University of
Chicago Press, Chicago, Illinois, USA, pp. 363–391.


	Leaf trichome density may explain herbivory patterns of Actinote sp. (Lepidoptera: Acraeidae) on Liabum mandonii (Astera...
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References


