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Abstract

Our goal was to identify herbivory patterns from two insect guilds associated with Cnidoscolus quercifolius in a
tropical deciduous forest in northeastern Brazil. We sampled four different habitats: (1) forest edge, (2) mesic (near
to the perennial water source), (3) forest interior and (4) rupestrian fields. Habitat edge had lower leaf damage than
rupestrian, mesic and forest interior habitats. Nevertheless, abundance of galls at the edge habitat was higher than at
mesic, forest interior and/or rupestrian habitats. There was no difference in gall mortality by natural enemies among
the four habitats sampled, demonstrating the absence of any influence of top-down controls related to abundance of
galls. Trophic relationships were not related to the patterns of distribution among habitats of two insect herbivorous
guilds associated with C. quercifolius. Our results demonstrated that environmental heterogeneity of dry forests can
significantly alter important ecological interactions and experimental studies are needed to better understand the
mechanisms responsible for differences in herbivory among habitats.
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Herbivoria entre habitats em uma arvore neotropical Cridoscolus quercifolius Polh.
em uma floresta estacional decidual

Resumo

Nosso objetivo foi identificar os padrdes de herbivoria de duas guildas de insetos herbivoros associadas a
Cnidoscolus quercifolius, em uma floresta estacional seca do nordeste do Brasil. Foram amostrados quatro diferentes
habitats: (1) borda florestal; (2) mésico (préximo a uma fonte de dgua perene); (3) interior florestal, e (4) rupestre.
O habitat borda apresentou uma quantidade de dano foliar inferior aos habitats rupestre, mésico e interior florestal.
Diferentemente, a abundancia de galhas no habitat borda foi superior aos habitats mésico, interior florestal e rupestre.
Nio houve diferenca na mortalidade de galhas por inimigos naturais entre os quatro habitats, o que revela auséncia
de influéncia de controles top-down relacionados a abundancia de galhas. Relacdes tréficas ndo parecem influenciar
os padrdes de distribuic@o entre habitats das duas guildas de insetos herbivoros associadas a C. quercifolius. Nossos
resultados demonstram que a heterogeneidade ambiental de florestas secas pode alterar significativamente importantes
interagdes ecoldgicas e que trabalhos experimentais sdo necessarios para uma melhor compreensao dos mecanismos
responsaveis pelas diferencas nas taxas de herbivoria entre habitats.

Palavras-chave: Caatinga, insetos galhadores, herbivoria.
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1. Introduction

Insects make up more than half of biodiversity on the
planet and represent the most important link between plants
and vertebrates (Gaston and Hudson, 1994; Heywood,
1995). Among the insect guilds, the herbivores have an
important role in maintaining the diversity and energy flow
(Janzen, 1987; Mulder et al., 1999; Belovsky and Slade,
2003; Carson and Root, 2009). Herbivores may prevent
high recruitment rates of some plant species allowing co-
existence of higher arboreal species diversity in tropical
forests (Janzen, 1970; Connell et al., 1984). Furthermore,
the association between herbivorous insects and their host
plants originated a series of adaptations such as chemical,
mechanical, and phenological defenses (Herms and Mattson,
1992; Coley and Barone, 1996; Strauss and Agrawal,
1999). Due to their role in maintaining the diversity, many
studies have tried to explain the patterns and mechanisms
related to distribution of herbivorous among habitats in
several ecosystems (e.g., Root, 1973; Fernandes and Price,
1988; Lewinsohn et al., 2005; Ribeiro and Basset, 2007,
Wirth et al., 2008).

On a regional scale, tropical forests have a higher
rate of leaf losses caused by herbivores than temperate
forests. This pattern may have resulted from a greater
herbivores biomass in tropical forests and more host
plants species (Coley and Barone, 1996; Lewinsohn and
Roslin, 2008). Among tropical forests, the dry forests
have higher herbivory rates mainly due to low defense
mechanisms in their ephemeral leaves (Landsberg and
Ohmart, 1989; Coley and Barone, 1996). At a local scale,
a combination of resource availability (bottom-up) and
predator pressure (top-down) seems to define abundance
of herbivores and damage (Gratton and Denno, 2003;
Cornelissen and Stiling, 2009). However, the ecological
forces that control either resource availability or predator
abundance vary according to habitat, possibly due to abiotic
conditions (e.g. soil features, hygrothermal stress), biotic
conditions (e.g. density and vegetation richness) or both
(e.g. primary production) (Root, 1973; Fernandes and Price,
1988; McNaughton et al., 1989; Wright and Samways,
1996,1998; Blanche, 2000; Mendonga, 2001; Cuevas-
Reyes et al., 2004; Lewinsohn et al., 2005; Ribeiro and
Basset, 2007; Wirth et al., 2008). Additionally, herbivores
may respond to habitat in different ways according to the
trophic guild to which they belong. Endogenous might
not be directly affected by secondary compounds, being
able to manipulate them for their own benefit, whereas
galling insects concentrate secondary compounds in their
peripheral tissues of the gall but the larval cameras are
kept secondary compounds-free. Thus, galling insects
avoid natural enemies and benefit from an environment
rich in nutrients (Price et al., 1987). Free-feeding insects,
on the other hand, lack such adaptations, and might be
more susceptible to secondary compounds and mechanical
defenses. Therefore, in the same ecosystem, herbivore
populations might exhibit different patterns, depending
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on the ecological forces that are operating in each habitat
and the guild that they belong to (Price, 1998).

The northeast of Brazil is the region where there is
a greater area of deciduous forests or dry forests. This
ecosystem is called Caatinga and is formed by an arboreal
(8-12 m), shrub (5-8 m) and herbaceous vegetations (up to
2 m) (Rizzini, 1979). The aim of this study was to describe
herbivory patterns in Cnidoscolus quercifolius Polhem. in
four different habitats from a tropical dry forest in northeast
Brazil and test the hypothesis that Cnidoscolus quercifolius
individuals suffer different herbivory rates according to the
habitat in consequence of hydrothermal stress (Fernandes
and Price, 1988). C. quercifolius Pohl (Euphorbiaceae)
known as “faveleira” is a deciduous species, heliophytic,
which occurs in xerophytic woods and exhibits irregular
dispersion. The tree supports extreme heat, drought and
solar radiation (Maia, 2004). Its spines or thorns function
as adaptations to minimize the transpiration rate and
secrete an urticating substance that when introduced
into the skin, cause a painful inflammation, which is
important to avoid browsing (Ribeiro Filho et al., 2007).
The species has been used in reforestation of eroded areas
of different soil habitats in the Caatinga. C. quercifolius
also has high economic value to be used as a food source
for local populations and livestock (Ribeiro Filho et al.,
2007). For these reasons, C. quercifolius is an appropriate
ecological model to test hypothesis related to differences
in herbivory among habitats.

2. Material and Methods

2.1. Study area

The study was carried out at Parnamirim town, located
in Pernambuco state (8° 79 00” S and 39° 57° 00” W).
The climate is BSh (semi-arid and hot), according to
Koppen classification, with average annual temperature
of 26 °C and precipitation of 569 mm, and the rainy
season is concentrated between January and April. The
local vegetation is represented by a hyperxerophilous
Caatinga, with deciduous forest patches presenting areas
with podzol, latosol litholic and bruno-non-calcareous
soils (Silva et al., 2000).

2.2. Experimental design

In April 2010, 20 individuals of C. quercifolius were
arbitrarily sampled in four different habitats from a
hyperxerophilous caatinga in Parnamirim: (1) forest
edge, (2) mesic (near to the perennial water source), (3)
forest interior, (4) rupestrian (rupestrian outcrop); totaling
80 individuals. We collected five branches in each individual,
and placed them inside labeled plastic bags, and then took
them to the laboratory. One leaf per branch were randomly
selected (n =5 leaves per individual; 400 leaves total) and
we recorded (1) leaf area lost (free-feeding herbivores), (2)
gall abundance, (3) gall mortality. All galls were opened for
observation of the factors associated with mortality of the
galling organism. The number of galls dead was recorded for
each leaf. The factors included hymenopteran parasitoids,
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lepidopteran larvae, and predation by chewing insects and
causes related to desiccation. To assess the rates of leaf area
removed, the leaves were scanned and the areas measured
in the software Image Tool (University of Texas Health
Science Center at San Antonio, San Antonio, TX, USA).

2.3. Data analysis

To test the hypothesis that C. quercifolius individuals
suffer different herbivory damage according to the habitat,
we used Kruskal-Wallis test. The four habitats: (1) forest
edge, (2) forest interior, (3) rupestrian, (4) mesic, represented
the explanatory variables while (1) number of galls, (2)
leaf area lost and (3) mortality represented the response
variables. When the test results indicated differences among
the explanatory variables (p < 0.05), Dunn’s post hoc test
was used to detect the variation source (Zar, 1999).

3. Results and Discussion

The Edge habitat (Mean: 5.76 + 0,21 SE; n = 100)
exhibited a lower percentage of leaf area lost to herbivores
than mesic (Mean: 9.95 + 1.01 SE; n = 100), forest interior
(Mean: 11.12 + 1.06 SE; n = 100) and/or rupestrian
habitats (Mean: 15.9 = 1.43 SE; n = 100) (K = 34.16;
DF = 3; p = 0.01; n = 400) (Figure 1). Several studies
have reported the susceptibility of free-feeding insects to
the hygrothermal stress to explain the higher incidence
on wetlands than in xeric habitats (Fernandes and Price,
1988, 1992; Preszler and Price, 1988; Fernandes and Lara,
1993; Price et al., 1998; Blanche, 2000; Bjorkman, 2000;
Blanche and Ludwig, 2001; Lara et al., 2002; Veldtman
and Mcgeoch, 2003; Cuevas-Reyes et al., 2004). Our
results support this hypothesis as the desiccating factors
are more amenable in mesic and interior forest habitats,
causing higher herbivory rates by chewing insects on
C. quercifolius individuals. C. quercifolius located at
rupestrian habitat are more abundant (MSCoelho personal
observation). According to the resources concentration
hypothesis, abundant populations of plants are associated

Figure 1. Cnidoscolus quercifolius leaves with damage
caused by free-feeding insects and attacked by unidentified
Cecidomyiidae species from a seasonally deciduous forest,
northeastern Brazil.
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with higher insects’ richness and, consequently leaf area
losses (Root, 1973; Gongalves-Alvim and Fernandes, 2001;
Cuevas-Reyes et al., 2004). Moreover, populations immersed
in diverse communities have lower herbivory rates from
those located in less diverse communities (Andow, 1991;
Jactel and Brockerhoff, 2007). The rupestrian habitat is
floristically less diverse with fewer tree species (MSCoelho
personal observation). Therefore, the high C. quercifolius
abundance and the low diversity in rupestrian habitats
reinforce the pattern found. Only the rupestraian habitat
exhibited herbivory loss (14.2%) similar to the tropical
dry forests (Coley and Barone, 1996). The other habitats
sampled exhibited herbivory losses (11%) similar to those
detected in wet forests (Coley and Barone, 1996). These
results reinforce the strong influence of the habitat in the
herbivory patterns at tropical dry forests.

The species C. quercifolius hosts a conical, green and
hairless gall species, with only one chamber induced by
an insect belonging to the Cecidomiidae family (Mean:
4.4 £ 0.2 SE; n = 100) (Figure 2). There was a higher
abundance of galls at the edge habitat (Mean: 7. 56 + 1.22 SE;
n = 100) than mesic (Mean: 3.85 = 0.9 SE; n = 100), forest
interior (Mean: 2.37 + 0.37 SE; n = 100) and rupestrian
habitats (Mean: 2.61 +0.49 SE; n=100) (K = 12.56; DF = 3;
p = 0.006; n = 400) (Figure 3). Abiotic conditions at the
forest edges are extreme and many studies show these effects
on the insect fauna (Wirth et al., 2008). Galling insects,
as endogenous insects, are protected from desiccating
factors and benefit from increased nutritional quality of
their host plants when under stress (Price et al., 1998).
Another pressure factor in this ecological system would
be the higher abundance of natural enemies (herbivores,
fungi and parasites) in wet habitats, but there was no
differences in gall mortality amongst the four habitats
sampled, demonstrating the absence of any differential
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Figure 2. Leaf damage (% leaf area lost) caused by free-
feeding herbivores in individuals of Cnidoscolus quercifolius
from a tropical deciduous forest, northeastern Brazil.
Kruskal-Wallis Test (K =34.16; DF = 3; p=0.011; n =400).
The line indicates the median, boxes quartiles (25%-75%),
bars are maximum and minimum values. The different
letters represent statistical differences in the Dunn multiple
comparison test (p < 0.05).
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Figure 3. Galls abundance caused by an insect
belonging to the Cecidomyiidae family on individuals of
Cnidoscolus quercifolius from a tropical deciduous forest,
northeastern Brazil. Kruskal-Wallis Test (K= 12.56; DF =3;
p = 0.005; n = 400). The line indicates the median, boxes
quartiles (25%-75%), bars are maximum and minimum
values. The different letters represent statistical differences
in the Dunn multiple comparison test (p < 0.05).

trophic selective pressure (K = 2.51, DF =3, p = 0.47;
n = 400). Trophic relationships are not related to distribution
patterns among habitats of two insect guilds associated with
C. quercifolius. In addition, C. quercifolius individuals
located at the edge habitat had high gall abundance, which
confirms the pattern found (Root, 1973; Gongalves-Alvim
and Fernandes, 2001; Cuevas-Reyes et al., 2004; MSCoelho
personal observation).

Although diverse, few studies are dedicated to tropical
dry forests compared to tropical rainforests (Quesada et al.,
2009). Even rarer are studies about herbivory patterns, as well
as their mechanisms (Janzen, 1981, 1987; Neves et al., 2010).
Our results demonstrated that environmental heterogeneity
of dry forests can significantly alter important ecological
interactions and experimental studies are needed to better
understand such mechanisms responsible for differences
in herbivory among habitats.
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