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Abstract

This study aimed to test for vertical stratification and the effects of dry leaf size on herbivore and predator arthropods
and petiole length on insect borers in Cecropia pachystachya. The leaves were sampled in three strata: attached to the
plant, suspended on the vegetation and on the ground. We detected vertical stratification only in the guild of predator
arthropods associated with dry leaves, with lower richness and abundance in the attached stratum. In addition, larger
leaves positively affected the insect herbivore fauna, whereas the richness and abundance of insect borers increased
with petiole length. The greater isolation of leaves attached to trees relative to the surrounding vegetation likely creates
greater difficulty for dispersal and colonization by non-winged predators such as spiders. Larger dry leaves provide
more shelter against predators and climate variations for insect herbivores. Moreover, larger petioles increase the
availability of resources and nesting sites for insect borers. These results are consistent with other studies that found
a similarity in the structure of feeding guilds across vertical strata and with studies that showed an increase in species
richness and abundance of free-feeding insect herbivores with increasing structural complexity of their host.
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Estratificacdo vertical e efeito do tamanho de peciolos e folhas secas de
Cecropia pachystachya sobre guildas alimentares de artrépodes (Urticaceae)

Resumo

Os objetivos do presente trabalho foram testar as hipoteses de que existe estratificagdo vertical e efeito do tamanho de
folhas secas de Cecropia pachystachya sobre artropodes herbivoros e predadores, e efeito do tamanho dos peciolos
sobre insetos brocadores. As folhas foram amostradas em trés estratos: presas a planta, caidas sobre a vegetagdo e no
solo. Foi verificada estratificacdo vertical apenas para os artropodes predadores, com menor riqueza e abundancia no
estrato presa. Além disso, folhas maiores afetam positivamente a fauna de insetos herbivoros, enquanto que a riqueza
e abundancia de brocadores aumentam com o tamanho do peciolo. O maior isolamento das folhas presas em relagdo
a vegetagdo do entorno provavelmente determina maior dificuldade de dispersdo e colonizagao por predadores ndo
alados, como aranhas. Folhas secas maiores oferecem maiores areas de refigio e abrigo contra predadores e variagdes
climaticas para insetos herbivoros. Além disso, maiores peciolos aumentam a disponibilidade de alimento e locais para
nidificag¢@o dos insetos brocadores. Estes resultados sdo consistentes com estudos que encontraram uma similaridade
na estrutura de guildas alimentares entre estratos verticais. Corroboram também estudos que mostram o aumento da
riqueza e abundéncia de insetos herbivoros de vida livre com o aumento da complexidade estrutural do hospedeiro.

Palavras-chave: insetos herbivoros, brocadores, predadores, complexidade do habitat, disponibilidade de recurso.

1. Introduction

Tropical forests provide a wide variety of habitatsand  decreases from the canopy to lower strata (Longino and
resources distributed across vertical strata (Basset etal., 2003). ~ Nadkarni, 1990; Basset et al., 1992,2001, 2003; Stork and
Arthropod diversity usually shows a clear stratificationand ~ Grimbacher, 2006; Schroeder et al., 2009; Davis et al., 2011).
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The stratification of organisms is determined by resource
quantity and quality, microclimate conditions, and the pressure
of interactions such as predation (DeVries et al., 1999;
Basset et al., 2001, 2003; Stork and Grimbacher, 2006;
Brehm, 2007). However, few studies have investigated
whether patterns at the species level are reflected in the
vertical stratification of feeding guilds, which may be more
informative regarding the functional role of arthropods in
tropical forests (Grimbacher and Stork, 2007).

Vegetation structure is an important factor in
determining diversity patterns of associated arthropods
(Strong et al., 1984). However, different mechanisms
determine species diversity at different spatial scales
(Godfray and Lawton, 2001; Storch and Gaston, 2004).
Due to the small size and relatively sessile behavior
of many arthropod species, small variations in host
structure can have a major impact on foraging efficiency
(Price et al., 1980). In addition to foraging sites, these
organisms can use vegetation microhabitats as oviposition
and nesting sites, and for shelter against temperature and
humidity fluctuations and protection against natural enemies
(Lawton, 1983; Halaj et al., 2000a, b; Basset et al., 2003).

The diversity of herbivorous insects generally increases
with the structural complexity of their host (Lawton, 1983;
Campos et al., 2006; Espirito-Santo et al., 2007;
Neves et al., 2013). This effect is also observed in their
natural enemies (Halaj et al., 2000a, b; Ribas et al., 2003;
Sperber et al., 2004; Sanders et al., 2008), even though
some studies have failed to find this relationship
(Riihimaki et al., 2005; 2006; Vehvilainen et al., 2008).
Conversely, even though the diversity of natural enemies
increase, large plants can provide herbivores with more
enemy-free space due to their size and architectural
complexity (Lawton, 1983; Jeffries and Lawton, 1984;
Heisswolf et al., 2005; Obermaier et al., 2008).

The Neotropical genus Cecropia (Urticaceae)
comprises widely distributed trees in the Brazilian flora.
The genus consists of pioneer trees typical of secondary
formations or forest gaps that are easily recognized
by their palmately lobed leaves and spathes enclosing
parts of the inflorescence (Romaniuc Neto et al., 2009).
The Cecropia leaves, depending on the plant size and
architecture, reach differing sizes, with petioles varying
from 30-80 cm in length (Romaniuc Neto et al., 2009).
Therefore, its leaves have a large leaf surface and,
when they dry, acquire the wrinkled appearance with a
large number of cameras and spaces between the folds
of their leaves, providing an important resource that
is used by a variety of arthropod species (Rosenberg,
1990; Servat, 1995). Furthermore, the older Cecropia
leaves dry while still attached to the tree and, after some
time, fall directly on the ground or accumulate on the
aboveground vegetation. The petioles are relatively long
and their diameter enables colonization by some insect
groups, especially beetles in the subfamilies Scolytinae,
Curculionidae, and occasionally Cerambycidae (Jordal
and Kirkendall, 1998; Weng et al., 2007).
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In general, little is known about the distribution
patterns of arthropods associated with dry leaves and the
mechanisms that determine these patterns. Thus, this study
aimed to test the following hypotheses: i. there is vertical
stratification in the herbivore and predator arthropod guilds
associated with dry leaves and in bark beetles associated
with petioles of Cecropia pachystachya; since the fallen
dry leaves have probably more chance to be colonized by
arthropod due to the greater complexity and heterogeneity
of the surrounding environment. ii. the richness and
abundance of herbivore and predator arthropods and insect
borers are positively influenced by dry leaf size and petiole
length, respectively; since the largest physical structure
of largest dry leaves and petioles probably determine a
greater availability of resources, space for herbivores and
predators and food for insect borers.

2. Material and Methods

2.1. Study area

The study was conducted in the Rio Doce State
Park (PERD), the largest Atlantic forest remnant in the
state of Minas Gerais, Brazil. The park encompasses
part of the municipalities of Timéteo, Marliéria, and
Dionisio, and has an area of approximately 37,000 ha
(19°48°18” — 19°29°24” N; 42°38°30” — 42°28°18” W)
(IEF, 2012). Temperature in the park ranges from 28 to
39°C in the summer and from 7 to 20°C in colder and
drier months, whereas annual precipitation ranges from
1350-1900 mm (Feio et al., 1998).

2.2. Sampling design

Thirty-six C. pachystachya individuals were selected
along a transect of approximately 1.5 km, from which
138 dry leaves were collected in three strata: attached
to the tree (attached, n = 31), suspended in arboreal
vegetation (vegetation, n = 53), and lying on the ground
(soil, n=54). The number of samples in each stratum was
determined according to the availability and accessibility
of leaves, and a maximum of three leaves were sampled
per stratum in each individual. Each leaf was placed in a
sealed plastic bag to prevent the loss of species. Petiole
length was measured in the laboratory using a tape measure
and used as an indirect measure of leaf size and resource
for insect borers.

2.3. Sampling of arthropods

The petioles were sorted thoroughly and the leaves
were swept with a fine brush to remove associated
organisms for subsequent identification. The arthropods
were stored in 70% alcohol, sorted to family level and
morphotyped (Borror et al., 2002). Next, the richness
(number of morphospecies) and abundance of herbivores and
predators per leaf and borers per petiole were determined.
All arthropods sampled were deposited in the collection
of the Laboratory of Insect Ecology, Federal University
of Minas Gerais.
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2.4. Statistical analysis

Generalized linear models (GLMs) were constructed
to determine the occurrence of vertical stratification
in arthropod guilds and the effect of petiole length on
arthropod herbivores, predators, and borers (Crawley, 2002).
The richness and abundance of herbivores, predators, and
borers were used as response variables, whereas petiole
length and vertical strata (attached, vegetation, and soil) were
used as explanatory variables. All 138 petioles were used
to construct stratification and resource availability models
for borers, whereas 30 leaves were selected for herbivore
and predator models to standardize the sampling effort
in each stratum. The complete models were submitted to
residual analysis to evaluate adequacy of error distribution
(Crawley, 2007). All analyses were performed using
R software (R Development Core Team, 2013).

3. Results

A total of 334 arthropods (136 herbivores and
198 predators) divided into 130 morphospecies (53 herbivore
and 77 predator morphospecies) were sampled associated
with dry leaves of C. pachystachya. The family Psyllidae
was the most abundant among the herbivores with
27 morphospecies, whereas spiders were the most diverse
arthropods among predators with 84 individuals and
32 morphospecies. In addition, 183 Coleoptera borers
were sampled associated with the petiole. The subfamily
Scolytinae was the most abundant with 182 individuals
and eight morphospecies, whereas a single individual of
the family Buprestidae was sampled.

There were no significant differences in richness and
abundance of herbivores per leaf (p > 0.05) and borers
per petiole (p > 0.05) between the strata. Conversely, the
richness and abundance of predators were lower in leaves
attached to the host plant (attached) and did not differ
significantly between leaves in the vegetation and on the
soil (Table 1; Figure 1). The richness and abundance of

predators were not affected by petiole length (p > 0.05).
However, the richness and abundance of herbivores
associated with leaves and bark beetles increased with
petiole length (Table 1; Figures 2a-d).

4. Discussion

This is the first study to demonstrate with empirical
results the effect of vertical stratification on the community
structure of distinct arthropod feeding guilds associated
with a specific microhabitat. In this study, we detected
vertical stratification only in the guild of predator
arthropods associated with dry leaves of C. pachystachya.
The isolation of dry leaves attached to the plant relative to
the surrounding vegetation likely creates greater difficulty
for dispersal and colonization by non-winged arthropods,
especially sessile groups and those living in nests or
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Figure 1. Richness and abundance (mean + standard
error) of predators associated with dry leaves of Cecropia
pachystachya along three vertical strata (attached,
vegetation, and soil) in an area of Atlantic forest at Rio Doce
State Park, Minas Gerais, Brazil. Different letters between
bars indicate statistically significant difference (p < 0.05).

Table 1. Generalized linear models to the test for vertical stratification and the effect of dry leaf size on arthropod species;
and the effect of petiole length on insect borers in Cecropia pachystachya in an area of Atlantic forest at Rio Doce State Park,
Minas Gerais, Brazil. All models followed the quasipoisson error distribution.

. . . 1 Deviance

Response variable Explanatory variable d.f. Deviance resigdual Residual p value
Abundance of Stratum 2 2.71 82 128.96 0.420
herbivores Petiole length 1 56.74 83 186.62 <0.001
Richness of herbivores Stratum 2 9.76 82 233.6 0.287
Petiole length 1 15.88 83 115.79 0.001
Abundance of predators Stratum 2 48.83 82 230.87 0.001
Petiole length 1 2.37 83 277.33 0.483
Richness of predators Stratum 2 19.62 82 109.27 <0.001
Petiole length 1 0.67 83 128.22 0.495
Abundance of bark Stratum 2 12.17 135 403.69 0.165
beetles Petiole length 1 30.90 137 415.87 0.002
Richness of bark beetles Stratum 2 34.38 135 122.08 0.106
Petiole length 1 7.27 137 125.52 0.002
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Figure 2. Effect of petiole length on richness (a) and abundance (b) of herbivore arthropods and richness (c) and abundance
(d) of bark beetles in an area of Atlantic forest at Rio Doce State Park, Minas Gerais, Brazil. The curves were constructed
using the generalized linear model parameters (p < 0.05; Table 1).

galleries such as spiders (Moran and Southwood, 1982;
Stork, 1987). In fact, vegetation connectivity may act as
a promoter of arthropod dispersal and has been used to
explain the increase in richness and abundance of these
organisms in tropical habitats invoke (Basset et al., 2003;
Campos et al., 2006; Powell et al., 2011).

We observed that the herbivores richness and abundance
remained similar between the studied strata, as well as for
predators among vegetation and soil strata. Although our
data were based only in dry leaves, our results corroborate
studies done at larger scales, such as tree species and
forest strata, indicating a probable relationship of cause
and effect. Based on a comparative study about the guild
composition of arthropod communities in trees, Moran and
Southwood (1982) found a striking proportional constancy
in the numbers of species in each guild among different
tree species and between South Africa and Britain. Stork
(1987) reported a similar result with canopy insects in
Borneo. Similarly, our results showed that the structure
of herbivore and predator guilds in dry leaves along the
different vertical strata was highly similar. Our results
are similar to those of Grimbacher and Stork (2007), who
failed to find vertical stratification among most ground
and canopy beetle feeding guilds. However, Stork and
Grimbacher (2006), using the same dataset, checked the
effect of vertical stratification on the composition of the
beetle community. The contrasting results of vertical
stratification at the species and feeding guild levels suggest
an uniformity in resources between the studied strata, but
also suggest that resource partitioning occurs at a finer
scale (Grimbacher and Stork, 2007).

The richness and abundance of the herbivore guild
increased with petiole length. The increased size of dry
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leaves determines the occurrence of a greater number
and complexity of chambers where herbivores can find
shelter against microclimate fluctuations and protection
against natural enemies (Lawton, 1983; Bell etal., 1991).
Predator-herbivore interactions should occur more frequently
in less structurally complex leaves than more complex ones
(Cuddington and Yodzis, 2002). In general, herbivores
appear to respond positively to an increase in habitat size
and structure regardless of the spatial scale investigated,
which can range from small scales such as in this study to
larger ones such as host plant size (Campos et al., 2006;
Neves et al., 2013).

We expected that larger leaves had a greater number and
complexity of chambers and supported a higher diversity of
predators. Several studies have shown a positive relationship
between the structural complexity of vegetation and
diversity of predators (Halaj et al., 2000a, b; Klein et al.,
2002; Ribas et al., 2003; Souza 2007; Sanders et al., 2008).
Souza and Martins (2005) in a study using artificial branches
concluded that the architecture of the branches is the most
important factor that determines the abundance of spiders
associated with plants. In addition, a recent meta-analysis
showed that habitat structure plays an important role in
determining the abundance of invertebrate generalist
predators (Langellotto and Denno, 2004). Nevertheless, in
this study we did not find a relationship between the richness
and abundance of predators and leaf size. Rithimaki et al.
(2006) found a negative effect of canopy structure on spider
diversity and attributed this relationship to the foraging
patterns of spiders. Moreover, the lack of relationship
between leaf size and diversity of predators in our study
may be related to the habitat scale used, i.e., dry leaves,
which represent a small space to be colonized by these
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organisms. The competition between predators, especially
spiders, for shelter against desiccation (Riechert and Tracy,
1975) or predators (Rosenberg, 1990), and foraging sites
(Schmalhofer 2001; Romero and Vasconcellos-Neto,
2003) may also act at the scale investigated in our study,
preventing the increase in species diversity in this guild.

As in our study, a high dominance of Scolytinae species
has also been reported on the same system in Costa Rica
(Jordal and Kirkendall, 1998). Insect borers, especially
scolytids, feed and develop on recently cut or injured
trees or nutritionally weakened plants (Wood, 1982).
Thus, they significantly contribute to the maintenance
and balance of the entire ecosystem, as they help recycle
and eliminate dead or dying plants (Wood, 1982). In our
study, petiole length positively influenced the richness
and abundance of insect borers. Coulson (1979) suggested
that borer survival is associated with trunk diameter, as
larger plants provide more resources and protection against
desiccation, climate variation, and natural enemies, and
support a higher number of beetles. This guild seems to
respond positively to plant architecture with respect to
food and offspring development (Caraglio et al., 2001;
Paulino Neto et al., 2005).

The different arthropod guilds are affected differently
by the vertical stratification and resource availability,
probably due to their biological requirements. Predators
showed vertical stratification possibly due to the isolation
of leaves in the attached stratum relative to the surrounding
vegetation, but are not affected by petiole length. Herbivorous
and borers insects were positively affected by petiole
length, but not by vertical stratification. The increase in
leaf size may increase the availability of shelter against
predators and climate variations, for the herbivores, and
larger petioles have greater availability of food and nesting
sites for borers.
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