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Resumo

Engenheiros de ecossistemas sdo organismos que direta ou indiretamente
determinam a disponibilidade de recursos para outros organismos, através de mudancgas
fisicas em fatores bidticos e abioticos. Por suas atividades, engenheiros de ecossistemas
modificam, mantém, ou criam novos habitats. Reconhece-se atualmente que muitos
sistemas planta-herbivoro podem ser compreendidos quando as interagdes dos
organismos com o ambiente fisico sdo avaliadas, e integrou-se a ecologia de
ecossistemas o conceito de insetos como modificadores do ambiente ou engenheiros de
ecossistemas. Este estudo aborda, de forma qualitativa e quantitativa, o tema

engenharia de ecossistemas por insetos em dois capitulos.

O primeiro capitulo consiste em uma revisdo qualitativa do papel dos insetos
construtores de abrigos foliares (AFs) como engenheiros de ecossistemas e uma anélise
quantitativa do papel dos abrigos foliares nos padrdes locais de riqueza e diversidade
de artrépodes a partir de dados publicados em 12 estudos. Este capitulo teve por
objetivo avaliar o papel dos insetos como engenheiros de ecossistemas e,
especificamente, como estruturas fisicas criadas por insetos tém o potencial de melhorar
as condicdes abidticas e processos bidticos como predacdo e parasitismo. Avaliou-se
também como as consequéncias da engenharia de ecossistemas podem afetar a estrutura
e composicao de comunidades, com efeitos sobre a biodiversidade local atraves de uma
analise quantitativa dos efeitos de abrigos construidos por insetos sobre a colonizagao
secundaria por artropodes.

O segundo capitulo consiste em um estudo experimental para avaliar o papel de

Pandemis sp. (Lepidoptera, Tortricidae) - uma lagarta construtora de abrigos foliares



em plantas de Trigonia rotundifolia (Trigoniaceae) - na comunidade de artropodes.
Nossos objetivos foram verificar se (i) a presenca dos abrigos foliares aumenta a
frequéncia de ocorréncia, a riqueza e a diversidade de artropodes nas plantas, (ii) se o
tipo de abrigo - natural ou artificial - interfere na colonizagdo de artropodes, e se (iii)
plantas com abrigos foliares presentes apresentam menor taxa de herbivoria foliar. No
primeiro experimento realizamos o levantamento de artropodes em dois grupos de
plantas: 1) controle (abrigos ausentes) e 2) plantas com dois abrigos foliares artificiais
adicionados. Cada grupo amostral foi avaliado em trés censos quinzenais. Neste
experimento encontramos maior abundancia e riqueza de artrépodes em plantas com
abrigos foliares artificiais. No segundo experimento realizamos o levantamento de
artrépodes em plantas de grupos 1) controle, 2) plantas com um abrigo artificial e 3)
plantas com um abrigo natural. Plantas em cada grupo amostral foram avaliadas em trés
censos quinzenais. Neste experimento, obervou-se que apenas a riqueza de artropodes
diferiu entre os trés tratamentos. Para avaliar se a taxa de herbivoria em Trigonia varia
de acordo com a quantidade de abrigos foliares presentes por planta, calculamos a
porcentagem média de area foliar removida. Plantas com dois cilindros apresentaram
maior taxa de remocao foliar quando comparadas as plantas que ndo possuiam abrigos.
Realizou-se também analises de similaridade para comparar a composicdo de
artropodes e guildas de herbivoros nos AFs e fora dos AFs. Observou-se que, nos dois
experimentos, ndo houve diferenca significativa na composicdo especifica de
artropodes em plantas com AFs e sem AFs. Nossos resultados demonstraram que a
comunidade de artropodes em plantas pode ser indiretamente afetada por lagartas
construtoras de abrigos foliares, revelando seu papel como engenheiras de ecossistemas

em area de cerrado no Brasil.



Palavras-chave: Abrigos foliares; construtores de abrigos; diversidade de artrépodes;

engenheiros de ecossistemas; facilitagdo indireta.

Abstract

Ecossystem engineers are organisms that directly or indirectly control resource
availability to other organisms, by physical changes in biotic and abiotic factors. By
their activities, ecosystem engineers modify, maintain, or create new habitats. It is
recognized now that many plant-herbivore systems can be understood as the
interactions between organisms and the physical environment are evaluated and
integrated to the ecology of ecosystems the concept of insects as environmental
modifiers or ecosystem engineers. This study approaches, both qualitatively and
quantitatively, the subject insects by ecosystem engineering in two chapters. The first
chapter consists of a qualitative review of the role of leaf shelters builders insect as
ecosystem engineers and quantitative analysis of the role of leaf shelters in the richness
local patterns and diversity of arthropods based on data published in 12 studies. The
objective of this chapter was to evaluate the role of insects as ecosystem engineers, and
specifically as physical structures created by insects have the potential to improve
abiotic conditions and biotic processes such as predation and parasitism. It was also
evaluated the consequences of ecosystem engineering can affect the structure and
composition of communities with effects on local biodiversity through a quantitative
analysis of the effects of shelters built by insects on secondary colonization by

arthropods.

The second chapter consist of an experimental study to evaluate the role of Pandemis
spp. (Lepidoptera, Tortricidae) - a leaf-rolling caterpillar in plant Trigonia rotundifolia

(Trigoniaceae) - on arthropod community. Our objectives were to determine whether



(1) the presence of leaf shelters increases the frequency of occurrence, the richness and
diversity of arthropods in plants, (ii) the type of shelter - natural or artificial - interfere
with the colonization of arthropods, and (iii) plants with leaf present shelters have a
lower rate of leaf herbivory. In the first experiment we conducted a survey of arthropods
in two plant groups: 1) control (absent shelters) and 2) plants with two artificial leaf
shelters added. Each sample group was evaluated in three fortnightly censuses. In this
experiment found higher abundance and richness of arthropods in plants with artificial
leaf shelters. In the second experiment carried out the survey of arthropods in plant
groups 1) control, 2) plants with an artificial shelter and 3) plants with a natural shelter.
Plants in each sample group were evaluated in three fortnightly censuses. In this
experiment, it was observed that only the richness of arthropods differ among
treatments. In order to evaluate whether the herbivore rate on Trigonia varies according
to the number of leaf shelter per plant was calculate the average percentage of leaf area
removed. Plants with two cylinders shown a larger leaf removal rate compared plants
that did not have shelters.It was also conducted to compare the similarity analysis of
the composition guild arthropods and herbivores in plants with and without leaf
shelters. It was observed that in both experiments, there was no significant difference
in the species composition of arthropods in plants with and without shelters. Our results
demonstrated that the arthropod community in plants can be indirectly affected by leaf-

rolling caterpillar, revealing their role as ecosystem engineers in Brazilian Cerrado.

Key words: leaf shelters; shelter maker; arthropod diversity; ecosystem engineers;

indirect facilitation.



Introducéo geral

A facilitacdo e outras interagdes positivas desempenham um importante papel
em comunidades ecolégicas (Stachowicz 2001). Os impactos da competicdo em
comunidades de artropodes por exemplo, sdo intensamente estudados (e. g. Lawton
1982; Denno et. al. 1995), enquanto interagcbes positivas como a engenharia de
ecossistemas por insetos tém sido muito pouco exploradas.

Uma espécie considerada engenheira de ecossistemas tem a capacidade de
causar modificacOes estruturais no ambiente (Jones et al. 1994, 1997, Wright et al.
2006), e pode controlar direta ou indiretamente a disponibilidade de recursos para
outros individuos por meio de transformacgdes fisicas nos componentes abioticos ou
bidticos (Jones et al. 1997, Wright et al. 2002).

A protegcdo contra inimigos naturais, melhoria das condi¢Ges adversas e
manipulagéo da qualidade da planta hospedeira foram sugeridos como forgas potenciais
na evolugdo e manutencdo de insetos construtores de abrigos foliares (AFs) (Lill &
Marquis 2007). A construcgéo de abrigos como minas, galhas, folhas enroladas, folhas
dobradas ou folhas seladas podem aumentar a sobrevivéncia de larvas e influenciar a
comunidade de outros organismos por meio de efeitos ndo-tréficos, tanto diretos
quando indiretos. Varios artropodes, entre aranhas, lagartas, besouros e formigas,
apresentam a capacidade de manipular a folhagem de plantas para a construgdo de
abrigos (Lill & Marquis, 2007). Estes abrigos podem assumir véarias formas e séo
utilizados por seus construtores em pelo menos um estagio de seu desenvolvimento.

Estima-se que pelo menos 18 familias de Lepidoptera podem ser consideradas
engenheiras dos ecossistemas (Lill & Marquis 2007). Vérias espécies de mariposas e

borboletas séo capazes de construir abrigos foliares em plantas (Nakamura & Ohgushi



2003, Martinsen et al. 2000, Fukui 2001, Lill & Marquis 2004, 2007) e estes abrigos
conferem protecao e sitios de forrageamento para a larva construtora (Lill et al. 2007).
Estudos ja relataram que a construcéo destes abrigos foliares craidos por lepiddpteros
permite a ocupacao secundaria por vérias espécies de artropodes ap6s o abandono do
construtor (Lill & Marquis 2003, 2004, Marquis & Lill 2006, Vieira & Romero 2013).

Este trabalho aborda o tema da engenharia de ecossistemas por insetos em dois
capitulos. O primeiro capitulo consiste em uma revisao qualitativa do papel dos insetos
construtores de abrigos foliares como engenheiros de ecossistemas e em uma analise
quantitativa do papel dos abrigos foliares nos padrdes locais de riqueza e diversidade
de artropodes em 12 trabalhos. O segundo capitulo consiste em um estudo experimental
para avaliar o papel da lagarta construtora de abrigos foliares Pandemis sp. em plantas

de Trigonia rotundifolia na comunidade de artrépodes



Capitulo 1: Shelter-building insects and their role as ecosystem

engineers



SHELTER-BUILDING INSECTS AND THEIR ROLE AS ECOSYSTEM ENGINEERS

Resumo

A melhoria de condicdes adversas, manipulacdo da qualidade da planta hospedeira e
protecdo contra inimigos naturais tém sido sugeridos como forcas potenciais na
evolucdo e manutencdo do habito de construgdo de abrigos foliares por insetos. A
construcdo de abrigos - quer sob a forma de minas, galhas e rolos de folha — podem
aumentar a sobrevivéncia da larva e influenciar outros organismos da comunidade
atraves de efeitos diretos e indiretos nao-troficos quando abrigo sdo co-ocupados ou
ocupados ap6s abandono, colocando os construtores de abrigos em folhas e troncos no
contexto da engenharia ecossistema. Nesta revisdo foi avaliado o papel dos abrigos
construidos por insetos para reduzir a pressao exercida por inimigos naturais, aumentar
a qualidade do tecido e fornecer abrigo contra condi¢Ges abidticas adversas durante o
desenvolvimento do inseto. Através de uma analise quantitativa, foram avaliados os
efeitos de abrigos de insetos em padrdes de riqueza e abundancia das comunidades
locais, revendo os dados publicados em 12 estudos. Nossos resultados mostraram fortes
efeitos os abrigos em varios artropodes, com 0 aumento da riqueza e abundancia quando
abrigos estdo presentes nas plantas hospedeiras. Estes resultados reforcam a
importancia das estruturas fisicas criadas por insetos que, embora sutil, possa ter um
papel importante nas interacdes de facilitacéo.

Palavras-chave: facilitacdo, abrigos de insetos, diversidade local, alimentacédo

escondida.



Abstract

Amelioration of harsh conditions, manipulation of host plant quality and protection
from natural enemies have all been suggested as potential forces in the evolutions and
maintenance of concealed feeding in insects. The construction of shelters - either in the
form of mines, galls and leaf rolls - are expected to increase larva survivorship and
might influence other organisms of the community through non-trophic direct and
indirect effects when shelter are co-occupied or occupied after abandonment, placing
leaf and stem shelter-builders within the context of ecosystem engineering. In this
review we evaluate the potential of shelter built by insects to reduce pressure exerted
by natural enemies, increase tissue quality and provide shelter against abiotic conditions
experienced during insect development. Through a quantitative analysis, we also
examined the effects of insect shelters on patterns of richness and abundance of local
communities, reviewing the data published in 12 studies. Our results have shown strong
effects of shelters on several arthropods, with increased richness and abundance when
shelters are present in the host plants. These results reinforce the importance of the
physical structures created by insects that although subtle, might have important roles
in facilitative interactions.

Keywords: facilitation, insect shelters, local diversity, concealed feeding.



Introduction
“And there’s never a leaf nor a blade too

mean to be some happy creature’s palace”
James Russel Lowell

Facilitation and other positive interactions play a critical role in ecological
communities (Stachowicz 2001), but are much less frequent in the ecological literature
than other interactions that involve at least one negative signal. The impacts of
competition on insect community structure and organization, for example, have been
extensively reviewed since the 1980’s both qualitatively (e.g., Lawton 1982, Denno et
al. 1995) and quantitative (see meta-analyses by Kaplan & Denno 2007, Radville et al.
2014). Positive interactions, including ecosystem engineering by insects, on the other
hand have been much less explored with observational and experimental data. A simple
search in Web of Science (1945-2015) for example, gathered fewer than 120 studies
indexed using “ecosystem engineering” and “insects” in the last 50 years, whereas the
topics “competition” and “insects” generated more than 4,000 studies in the same time
period.

In facilitative interactions at least one of the organisms benefit from the
interactions and causes no harm in others involved (Stachowicz 2001). Ecosystem
engineering can be addressed as one type of these positive interactions involving non-
trophic relations amongst species (Jones & Gutiérrez 2007). The definition of
ecosystem engineering merges into the facilitation theory when organisms create or
modify physical structures altering the local environment through habitat modification
or amelioration of abiotic stress, with direct and indirect effects on other components

of communities and ecosystem properties. As pointed out by Hastings et al. (2007)
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ecosystem engineers and their consequences span the full breadth of ecology and their
effects can be measured at the population, community and ecosystem levels.

Amelioration of harsh conditions, manipulation of host plant quality and
protection from natural enemies have been suggested as potential forces in the
evolutions and maintenance of concealed feeding in insects (Lill & Marquis 2007). The
construction of shelters — either in the form of mines, galls and leaf rolls — are expected
to increase larva survivorship and might influence other organisms of the community
through non-trophic direct and indirect effects when shelter are co-occupied or
occupied after abandonment, placing leaf and stem shelter-builders within the context
of ecosystem engineering.

The structure and altered conditions created by shelter-building insects,
therefore, have the potential to alter community composition and functional structure,
especially when shelters are abandoned or its inhabitant dies, leaving a physical
structure in the plant that can be later used by other organisms.

In this review we evaluate the role of insects as ecosystem engineers and,
specifically, how physical structures created by insects have the potential to ameliorate
abiotic conditions and influence biotic processes such as predation and parasitism. We
also evaluated how the consequences of ecosystem engineering can impact community
structure and composition, with final effects on local biodiversity through a quantitative
analysis of the effects of shelters built by insects on secondary colonization by

arthropods.

Shelter-building insects
Several arthropods, including spiders, caterpillars, beetles and ants manipulate

plant foliage to construct shelters (Lill & Marquis 2007). These shelters assume several
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forms and are used by arthropod builders in at least one part of their life. When
abandoned, these structures might persist on the plants and can be later used as shelter
by other groups, including herbivores and predators. Shelters vary among species and
also across ontogenetic stages within a species (Lind ez al. 2001).

Many larval insects construct simple structures externally on host plants by
covering, tying, folding, cut-and-folding or rolling plant leaves with silk (Weiss et al.
2004) (Figure 1). Shelter construction may be initiated at the leaf margin or in the center
of the leaf, and may involve a small portion of a leaflet, an entire leaf or multiple leaves
(Lind et al. 2001). These simple shelters differ markedly from other shelter-built
structures such as mines and galls, in which plant manipulation is more extensive and
usually a single structure is used throughout entire insect development, ensuring
nutrition, amelioration of microclimatic conditions, as well as protection from natural
enemies.

In conjunct, these shelter-building herbivores (Figure 1) can be considered

“microhabitat manipulators” (Lill & Marquis 2007) and are depicted below.

1. Gall-formers

Gall-inducing insects are amongst the most remarkable, bizarre and interesting living
organisms (Shorthouse et al. 2005) due to their ability to manipulate host plant tissues and
create a physical structure in which their developing larva grows. This sophisticated guild
(Shorthouse et al. 2005) is characterized by inducing cellular differentiation (by hyperplasia
and/or hypertrophy) on structures and organs of their host plants by the feeding activity (e.g.,
Mani 1964; Price et al. 1987; Raman et al. 2005, Rohfritsch 2010). Several advantages have
been associated to the gall-inducing habit, including microclimate habitat and protection from
natural enemies to larva (e.g., Price et al. 1987, Stone & Schonrdgge 2003) and efficient

manipulation of plant metabolism to increase tissue nutritional quality (e.g., Haiden et al. 2012,
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Fernandes et al. 2014). Gall-inducing insects also are species-specific, meaning that each insect
species occurs in only one host-plant species, with extremely rare exceptions (Carneiro et al.

2009).

Galls usually occur on leaves and stems, but also they may occur on any vegetative and
reproductive plant parts. Gallers are able to control gall morphology producing an enormous
variety of structures of different types, complexity, colors, hairiness, tissue type, etc (Stone &
Schonrogge 2003). Estimates of global species richness of gall-formers range between 21,000
to 211,000 species with an average of 132,930 species (Mani 1964, Espirito-Santo & Fernandes
2007), although difficulties associated to insect rearing, identification and taxonomy might

impair the recognition of the real number of species within this guild.

Gall-inducing insects can be considered microhabitat engineers, because they might be
inhabited by various organisms after gall development. Galls can influence the distribution and
abundance of organisms in diverse communities as galls provide shelter from the physical
environment, protection from natural enemies, and availability of food resources (Fukui 2001).
This new habitat can then be exploited by various organisms such as predators, herbivorous,

omnivorous, inquilines and secondary gall users that do not feed on the gall-inducing insects.

Inquilines are a good example of opportunistic organisms on galls that constitute a
direct/indirect trophic linkage. This group is defined as other organisms, themselves incapable
of inducing a gall, but that have evolved specific adaptations for exploiting galls attributes, such
as food resource and shelter. A large percentage of insect galls are host to numerous inquilines
(e.g.; Maia 2012). Sanver & Hawkins (2000) compiled literature data on inquilines of insect-
induced galls for 112 galler systems in order to examine patterns of diversity of inquilines.
They found a total of 242 inquilines (average 2.38 = 1.77), but only 63 of those 242 cases
provide information on the feeding biology of the inquiline. In these 63 cases, the relationship
ranged widely in the degree to which inquilines affected the gall-inducing insects, such as
secondary gallers, parasitic inquilines, accidental inquilines/visitors, fungal pathogens, and
fungivorous organisms. Although inquilines are primarily herbivores and do not directly target

13



the galler, they concluded that the inquilines majority kill the galler either directly by feeding
on it or indirectly by degrading the gall’s structure. More recently, Almeida et al. (2014) have

shown the occupancy of abandoned galls induced in a tropical plant by several ant species.

2. Leaf-Miners

Leaf mining is a feeding habit defined by consuming "live foliage while
simultaneously dwelling inside it" (Connor & Taverner 1997). In practice, a leaf mine
can be distinguished from most other forms of herbivory by the presence of at least
partially intact epidermal layers on both surfaces of a leaf (Hering 1951). Leaf mines
are usually visible on the exterior of the leaf as serpentine paths, blotches, or other
characteristic shapes of discolored tissue. Mines may be occupied throughout an
insect's feeding life, or may be abandoned for other feeding habits at some point in
development. Some leaf miners, especially larger leaf-mining lepidopterans, excavate
more than one mine during the course of development. Most, however, develop
completely inside a single mine. In comparison to external folivores, leaf miners are
relatively small insects, physically constrained by the thickness and area of leaves they
occupy.

Within the insects, there are approximately 10,000 described species of leaf
miners (Faeth 1991), but density estimates and demographic data are available for only
1% of these species (Auerbach ef al. 1995). The habit is known from taxa in 51 families,
but only in larvae of the holometabolous orders Coleoptera, Diptera, Hymenoptera, and
Lepidoptera (Connor & Taverner 1997). Lepidoptera include more leaf mining families
and species than any other order (Hespenheide 1991) and leaf mining appears to be

derived from other feeding habits, both external and internal forms of herbivory.
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Several ecological hypotheses have been proposed to explain the adaptive
significance of leaf mining habit (reviewed by Connor & Taverner 1997), such as
escape from natural enemies (predators, parasites and pathogens), protection from the
physical environment (desiccation, UV radiation, dislodgment by weather), and
avoidance of plant defenses (selective feeding to maximize intake of most
nutritious/least noxious tissues). Recent analyses of mortality for leaf miner species
revealed that parasitoids and, in early life stages, plant quality can be the most important
factors that influence leaf miner abundance and survivorship (Cornelissen & Stiling

2006, 2008).

3. Leaf-tents, leaf-rollers and leaf-tiers

Leaf-tents (“cut-and-fold”) are defined as constructions in which the insect larva
cuts with its mandible a flap of a leaf and this flap is folded over and usually fastened
to the main leaf with silken wires (Lind et al. 2001). Larva resides within the “tent” for
a portion of the development and most of them feed upon the leaf portion under the
peaked tent, ensuring therefore protection natural enemies and/or climatic unsuitable
conditions. Some species construct and abandon tents as they grow, such as the skipper
Epargyreus clarus (Lepidoptera, Hesperiidae), which are obligate-shelter builders and
construct five shelters, of four different styles, during ontogeny (Lind ef al. 2001, Weiss
et al. 2004). For Lepidoptera, at least 24 families are reported to construct shelters from
leaves and most engineering species can be found within the microlepidoptera (Lill &
Marquis 2007).

Although leaf-tiers and leaf-rollers resemble each other, these two shelter-
building insects can be distinguished by the way they web their leaves. Leaf-rollers

encompasses insects such as caterpillars and beetles that roll entire or part of leaves
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with silken threads and use these rolls as shelters. The larva of Lepidoptera, especially
Tortricidae and Gelechiidae, can be easily found by unrolling the leaf or the partially
folded leaf. Some species actually feed inside the rolls, whereas others use rolls as
shelters against abiotic factors and natural enemies (Lill & Marquis 2007).

Leaf-tiers, on the other hand, bind two or more leaves together with strands of
silk and usually feed and rest between them. The larva is usually found inside by
separating tied leaves. In temperate plants, Tortricidade is the most common
Lepidoptera family tying leaves in their hosts (Lill & Marquis 2007).

These groups of insects, although small in size, are very important components
of the herbivore community in several systems. Both leaf-rollers and leaf-tiers are
important defoliators of temperate plant species such as oaks (Lill & Marquis 2003),
cottonwood (Martinsen et al. 2000) and birch (Kozlov et al. 2012), but few studies have
been so far conducted to evaluate their impacts in tropical hosts (see Costa & Varanda

2002, Vieira & Romero 2013).

New roles for old structures

The fauna associated to old shelters is vast and usually formed by other
herbivores, predators and parasites. Beauvisage (1833), cited in Mani (1964) and
Fernandes et al. (1988) is probably the oldest record of secondary use of galls by other
species, which he referred to as “locatari” when co-occurring with the developing
larvae, and “successori” when inhabiting galls after insect emergence.

Plant galls are an important resource for many species other than the gall-
formers, especially when the insect abandons galls, but the structure remains attached
to the host plants. Fernandes et al. (1988) was one of the first studies to detect secondary

use of insect shelters in Neotropical plant species. They evaluated the ant fauna
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associated to galls induced by coleopterans on Xylopia aromatica (Annonaceae) in
gallery forests along an island in southwestern Brazil. More than 40% of the galls
sampled were occupied by ants of 11 different species, with Azteca sp. being the most
frequent species. This study also showed how ants modified the internal structure of
galls to accommodate colonies, with larger colonies at galls with greater diameter.
Recently, Almeida et al. (2014) have also shown the role of galls as ecosystem
engineers. The pre-formed cavities left by galls act as an important resource benefiting
local ant colonies. Senescent galls in trees of Eremanthus erythropappus (Asteraceae)
offer colonization sites for ants after gall development, being occupied by eight ant
species, with Crematogaster being the most common genus found in the abandoned
galls.

When leaf-miners complete their development, they leave the mine usually
making an emergence whole through which the larva exits. The vacant leaf mine may
then be used by other arthropods, as demonstrated by Kagata & Ohgushi (2004) for
mines induced by Phyllonorycter pastorella (Gracillaridae) in Salix trees. They
compared the use of abandoned mines by secondary users by sampling arthropods
inside mines and on the surface of unmined leaves and found that arthropods were both
more frequent and more abundant within mines than on leaves of three willow species.
More than 55% of the vacant mines sampled were occupied by secondary users
belonging to at least 6 orders (aphids, springtails, lace bugs, thrips, caterpillars and
spiders), and springtail colonies were significantly larger inside mines than on leaf
surface, indicating the importance of such structures to the population dynamics of
certain species. This was the first report of secondary use of vacant leaf-mines, but no

studies have been yet conducted for tropical species.
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There is increasing evidence of the role of abandoned leaf-rolls and leaf-ties for
community of arthropods on host plants, both co-occurring with the engineers and using
structures after abandonment. Several works have been conducted with temperate plant
species, especially oaks (Lill & Marquis 2003, 2007), cottonwoods (Martinsen et al.
2000) and willows (Nakamura & Ohgushi 2003), and these studies showed that the
presence of both natural and artificial leaf rolls increased local diversity of arthropods,
including other herbivores and predators. Kilca et al. (2013) evaluating the tropical
host Roupala montana (Proteaceae) in which Gonioterma sp. caterpillars build leaf rolls
have demonstrated that shelters do act as favorable micro-habitats for secondary users,
with almost 80% of the shelters bearing arthropods of 43 different species, belonging

to seven orders and 11 families.

Is shelter-building adaptive?

Understanding what influences herbivore abundance is a major challenge for insect
ecologists. For insect herbivores, their occurrence and feeding is influenced by plant
geographical range and local abundance (Doak 2000, Carson & Root 2000, Kéry et al.
2001), size and structural complexity (Strong et al. 1984, Tinney et al. 1998, Masumoto
et al. 2000), nutritional quality (Cooke et al. 1984, Fischer & Konrad 2000, Denno et
al. 2000), secondary chemistry (Bernays & Chapman 1994, Johnson et al. 1996,
Lindroth ef al. 2000) and phenology (Leather 2000, Jarzomski et al. 2000, Masters et
al. 2001), and influence of competitors (Fisher et al. 2000) and higher trophic levels,
such as predators and parasitoids (Hawkins ef al. 1997). The effects of plant quality
and natural enemies on the occurrence of herbivorous insects on plants have been

extensively studied and many hypotheses have been proposed to explain both within
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and between population-level variations of herbivory rates among and between
different plant species.

Insects that build shelter on their host plants offer a great opportunity to evaluate
the impacts of both bottom-up and top-down factors on their own population dynamics,
as well as the effects of the shelters on community attributes and ecosystem functioning.
These structures are supposed to provide several advantages to the developing larvae,
including protection from natural enemies and a more favorable microhabitat,
modulating therefore aspects of the abiotic environment such as wind, humidity,
temperature and radiation (Lill & Marquis 2007). Because desiccation is a significant
threat for many insects, the increased humidity, lowered temperature and lower
incidence of UV radiation and wind exposure experienced by shelter insects has
probably been a selective factor enhancing the independent evolution of the shelter
building behavior in several insect groups (Lill & Marquis 2007).

Although much information has accumulated for insect-plant interactions over the
past years, many questions remain unanswered such as the interactions of plant quality,
abiotic factors and effects of the third trophic levels on herbivores and plants. Leaf-
shelters and their occupants are easily manipulated (Lill & Marquis 2007), offering
therefore great opportunities to evaluate bottom-up, top-down and abiotic effects on

their survival, growth and community impact.

Refuge from physical stress and manipulation of plant quality

Many insects mitigate the impacts of adverse conditions by dispersing to better
sites, by tolerating extreme conditions through adaptation or by constructing shelters
(Danks 2002). Many insect shelters such as ties, rolls and mines combine adaptation,

protection and feeding and we evaluate these properties separately in our review as
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refuge from physical stress, manipulation of plant quality and protection from natural
enemies with a quantitative approach with analyses of effect sizes.

Shelters are thought to provide its occupants with better environments than
exposed leaves, especially through their effects on temperature, radiation, wind and
humidity. The favorable microclimate created by shelters has been previously evaluated
through both observational and manipulative experiments. Larsson et al. (1997), for
example, observed that larvae of Galerucella lineolla feeding upon willow leaves
experienced increased protection from desiccation and higher growth rates on artificial
shelters formed by rolled leaves compared to shoots where no shelters were added.
Other studies conducted with temperate plant species, especially oaks and cottonwood,
have also demonstrated amelioration of abiotic environmental factors in sheltered
insects (e.g., Henson 1958ab, Hunter & Wilmer 1989). For leaf tents constructed by the
caterpillar Ypomoneuta mahabella, Alonso (1997) demonstrated that temperatures
within tents were higher than outside tenta, indicating that tents provided larvae with a
warmer and more favorable microenvironment for development of ectotherm animals
developing in cold climates.

Besides amelioration of abiotic factors, another suggested advantage of the
shelters built by insects is related to access to food of enhanced quality. Many insects
actively modify local environments to their own advantage instead of choosing more
advantageous places amongst the existing ones (Danks 2002). Although some studies
have demonstrated active manipulation of plant quality by shelter-building insects
(e.g., Sandberg & Berenbaum 1989, Sagers 1992) others have shown that many
caterpillars often choose leaves of lower nutritional quality indicating that choice of
suboptimal leaves for shelter construction is offset by other advantages provided by the

foliage (Lill & Marquis 2007). Costa & Varanda (2002), for example, showed that leaf
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ties built by the caterpillar Stenoma scitiorella using leaves of Xylopia aromatica did
not affect the concentration of chemical defenses or the feeding preference of these
insects. Many more studies regarding chemical aspects of sheltered tissues are
necessary before a clear pattern of the benefits of manipulation of plant quality by
shelter-builders might be achieved.

The nutritional benefits of the gal-making habit have been previously reviewed
in several systems, and in general, gall-forming insects actively manipulate plant tissue,
improving local microenvironments and supplying resources to the growing larva.
Marini-Filho & Fernandes (2012), for example, studying the tropical plant Diplusodon
orbicularis (Lythraceae) have shown that the nutrients P, Ca and Mg were more
concentrated in galled than in non-galled tissues and Rhopalomyia galls also reduced

the toxic effects of aluminum on their tissues.

Top-down effects

Frequently, population dynamic studies of insect herbivores indicate natural
enemies as important regulating factors (Mendonga 2002). Birds, ants and spiders are
common natural enemies of immature insects such as caterpillars, and one strategy
adopted by external-feeding caterpillars as a defense against these enemies is the
construction of shelters. In the cerrado vegetation of Brazil, Diniz et al. (2012) have
shown that sheltered caterpillars were more abundant during the dry season — when
shelters are supposed to provide an efficient strategy against desiccation — but were also
more abundant in plants bearing extra-floral nectaries (EFNs), which are known to
attract ants. The highest proportion of sheltered caterpillars compared to exposed
caterpillars in plants with EFNs indicate that predation by ants might be a force

selecting for shelter construction in some Lepidoptera families. Loeffler (1996), for

21



example, also showed that leaf-folding caterpillars of Dichomeris spp. feeding upon
goldenrods were less preyed upon by ants and three species of spiders that could not
penetrate into their refuges, but were able to kill caterpillars outside their shelters
Protecting coverings might have measurable effects on the predation rates of
some shelter-built insects (Danks 2002), especially when predators are visually oriented
and bypass insects that are hidden inside shelters. Although avoidance of detection by
predators is one of the most frequently discussed factors for the benefits of the
concealed feeding behavior, predators and parasitoids might also use shelters as a “cue”
for insect location, actively foraging in leaf-rolls and other shelters. For leaf-miners and
gall-formers, for example, Connor & Taverner (1997) have demonstrated that the
incidence of reports of parasitism and predations rates are similar or greater than those
of external feedings, suggesting that the broad concept that concealed feeding is an

adaptive strategy against natural enemies should be interpreted with caution.

What are the impacts of shelter-building on arthropod communities?

The impacts of ecosystem engineers in community diversity and stability have
been previously evaluated for vertebrates such as beavers (e.g. Wright et al. 2002,
Burchsted et al. 2010), invertebrates such as ants (e.g, Sanders & van Veen 2011,
Meyer et al. 2013) and termites (e.g, Jouquet ef al. 2006, Fox-Dobbs ef al. 2010) as
well as for terrestrial plants (e.g., ground cover in Wan et al. 2014, sub-alpine Andean
plants in Badano et al. 2007). Although we recognize the ultimate importance of the
physical structures created by ants and termites in community and ecosystem processes,
our review focus on the roles of much more subtle and ephemeral shelter-built
structures created by insects on biodiversity patterns such as species richness,

composition, diversity and functional roles.
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Both observational and experimental approaches have been undertaken to
evaluate the impacts of shelter-building insects on local community assembly, by
examining the community of arthropods associated to shelters and associated to leaves
that were not engineered (e.g., Crawford ef al. 2007, Vieira & Romero 2013) or by
adding artificial shelters to host plants by tying leaves with hair clips (e.g., Lill &
Marquis 2003, 2004) or by adding roles with different diameters, with and without the
engineering caterpillar (e.g., Wang et al. 2012).

To examine the effects of shelters built by insects on local diversity, we
conducted an effect size analysis using Hedge’s d as a metric to measure the impacts of
shelters on arthropod richness and abundance. Twelve studies (Table 1) have evaluated
aspects of arthropod community comparing the number of species and/or number of
individuals in plants with and without shelters or within shelters vs. expanded leaves.
Only studies that reported means, sample size and any measurement of variance
(standard error, standard deviation or confidence intervals) were included in this
analysis and these 12 studies generated 47 independent comparisons. Response mean
values (Xcontrol and Xexperimental), standard deviations (Scontrol and Sexperimental) and sample
size (Ncontrol and Nexperimental) Were gathered from the text, figures and/or tables from
each study included in this review. When data were available in figures, these were
digitized and data extracted using UTHSCA Image Tool® (University of Texas) after
calibrating each picture using the y-axis as reference. Measurements of variance were
all converted to standard deviations using MetaWin Statistical Calculator (Rosemberg
et al. 2000). To the purpose of these analyses, the control group was considered data
collected without the shelters or in expanded leaves and experimental group included

data collected within shelters, either natural or artificial. Studies investigated effects of
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shelters on 1) arthropod, 2) herbivore and 3) predator richness and abundance, and these
effects were analyzed separately.

We used the standardized mean difference between engineered (experimental)
and non-engineered (control) leaves to interpret and summarize the effects of shelters
on local community organization. For each study, the magnitude of the effect of shelter

(di) was calculated as

where Xe is the mean response of the experimental group, Xc is the mean response
of the control group, SD is the pooled standard deviation and J is a correction term to
remove small sample size bias (Rosemberg et al. 2000). Separate sets of analyses were
conducted for each of the three effects here reviewed and the overall effect size (d++ or

Hedge’s d) was calculated as

where di is the effect size calculated for the i study and wi is the reciprocal of
the sampling variance of the iw study. Positive effect sizes indicate an increase in the
parameter under investigation for shelter (engineered) compared to control and negative

effect sizes indicate the parameter under study is greater for control compared to
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engineered. As a convention, d++ values around 0.2 are considered weak effects, values
around 0.5 are considered of moderate magnitude, values around 0.8 are considered
strong and effect values larger than 1.0 are considered very strong. The effect sizes
were considered significant if the confidence intervals did not overlap with zero. All
analyses were conducted using MetaWin 2.1.3.4. (Rosemberg et al. 2000).

Shelters increased both richness and abundance in local communities, with
different magnitudes depending upon the guild and effect under analyses (Figure 2).
Our results indicated that shelter-building by insects increased arthropod richness by
128% (d++=1.283, CI=0.99 to 1.57) and increased arthropod abundance by almost
135% (d++=1.348, CI=1.02 to 1.66), indicating very strong effects of shelters on the
composition local communities. When arthropods were separated into guilds, shelters
had also positive and strong effects on herbivore richness (d++=0.83, CI=0.44 to 1.22),
but weak effects on herbivore abundance (d++=0.201, CI=0.06 to 0.34). Predators were
also affected by the presence of shelters in the host plants evaluated, increasing richness
by 165% in comparison to plants without shelters or communities outside the
engineered structures (d++=1.653, CI= 0.65 to 2.65) and increasing abundance by
almost 120% (d++=1.18, CI=0.96 to 1.38) in experimental compared to control groups.

Our results have shown variable, but in general very strong effects of shelters
on the local communities of arthropods - either herbivores or predators — on their host
plants. All effects analyzed were positive, indicating increased richness and abundance
in engineered plants or leaves, reinforcing the importance of these structures for the
organization of diverse terrestrial communities. From the 12 studies included in our
review, 50% evaluated the roles of leaf-rollers as shelters for secondary colonization

by arthropods and studies that evaluated the roles of galls or leaf-miners, for example,
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as ecosystem engineers were underrepresented in our analyses (8% of the studies

reviewed), indicating the paucity of studies with these other engineered structures.

Conclusions and future directions

Ecosystem engineering and the construction of shelters are common among
invertebrates such as insects belonging to several different families. These shelters have
the potential to affect several insect life history parameters through their effects in both
bottom-up and top-down factors. Studies accumulated so far have shown that shelters
protect the developing larvae of several species against abiotic extremes while offering
protection against the effects of natural enemies such as predators and parasitoids. Also,
a few studies have demonstrated that shelter construction might be an evolutionary
strategy selected to increase plant nutritional quality for larvae feeding (e.g., Sagers
1992, Johnson et al. 2002 but see Costa & Varanda 2002), although very few studies
have experimentally tested this proposition for insects other than gall-formers (see
Diamond et al. 2008, Marini-Filho & Fernandes 2012).

Our quantitative review has shown that shelters have a strong and positive
impact on the organization of local arthropod communities and shelters exhibited a
more speciose and abundant fauna than unsheltered tissues. These findings reinforce
the potential impacts of these subtle structures on patterns of community organization,
diversity, functionality and stability through their effects on both herbivores and natural
enemies. Most of the studies so far have been conducted in temperate, long-lived host
plants and leaf-rollers have been the main focus of these studies. We believe that the
same patterns of increased richness and abundance in sheltered structures apply to
tropical plants bearing shelters, but only three experimental manipulative studies have

been conducted in tropical areas, impairing generalizations at this moment.
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It is clear now that many insects alter host plant phenotypes by constructing
structures in a way to improve the quality of their hosts as a resource for feeding, resting
and surviving and the construction of shelters such as rolls, ties, tents, galls and mines

exemplifies the endless and sophisticated interactions between insects and plants.
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Table 1. Studied systems that have addressed the role of shelter built by insects used to evaluate the effects of shelters in patterns of local diversity.

Observational studies were those that evaluated arthropod richness and/or abundance on natural shelters vs. outside shelters, whereas experimental

studies were those that manipulated host plants by adding artificial shelters.

Author Host Plant (Family) Insect (Family, Order) Shelter structure | Region Approach
Calderon-Cortes ef al. | Spondias purpurea | Oncideres albomarginata | Stem-borer Tropical Experimental
(2011) (Anacardiaceae) chamela (Cerambycidae,
Coleoptera)
Crawford et al. (2007) | Solidago altissima | Rhopalomyia solidaginis Gall-former Temperate Observational
(Asteraceae) (Cecidomyiidae, Diptera)
Fournier et al. (2003) | Carica papaya | Calacarus flagelliseta Leaf-roller Temperate Observational
(Caricaceae) (Acari)
Kagata & Ohgushi | Salix spp. (Salicaceae) | Phyllonoricter pastorella | Leaf mines Temperate Observational
(2004) (Gracillariidae,
Lepidoptera)
Lill & Marquis (2003) | Quercus alba Pseudotelphusa sp. Leaf-tier Temperate Experimental
(Fabaceae) (Gelechiidae, Lepidoptera)
Lill & Marquis (2004) | Quercus alba | Psilocorsis spp. Leaf-tier Temperate Experimental
(Fabaceae) (Oecophoridae,
Lepidoptera)
Lima et al. (2013) Croton floribundus Anae spp. (Nymphalidae, | Leaf-roller Tropical Experimental
(Euphorbiaceae) Lepidoptera)

37



Table 1 — continued

Author Host Plant (Family) Insect (Family, Order) Shelter structure | Region Approach

Martinsen et al. | Populus angustifolia Anacampsis niveopulvella | Leaf-roller Temperate Experimental

(2000) (Salicaceae) (Gelechiidae, Lepidoptera)

Nakamura & Ohgushi | Salix miyabeana Several species Leaf-roller and | Temperate Observational

(2003) (Salicaceae) leaf-tier

Vieira & Romero | Croton floribundus Anae spp. (Nymphalidae, | Leaf-roller Tropical Experimental

(2013) (Euphorbiaceae) Lepidoptera)

Wang et al. (2012) Quercus spp. | Several species Leaf-tier Temperate Experimental
(Fabaceae)

Yoneya et al. (2014) | Salix eriocarpa | Several species Leaf-roller Temperate Observational
(Salicaceae)
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Figure Legends

Figure 1. Schematic representation of shelter-building by insects. a) Leaf-tier showing
tight glued leaves joined by caterpillars with silk, b) Leaf-tier showing loose leaves and
open camera where caterpillar develops, ¢) Leaf-tent showing tent (triangle) closed over
caterpillar body, d) Leaf-tent showing caterpillar exposed, e¢) Leaf-roller showing
developing caterpillar inside, f) Leaf-roller showing cylinder formed by rolling leaf
portion and sewing roll with silk thread, g) Leaf-mine showing exposed epidermis and
developing larvae and h) Stem-gall showing open camera for insect development and

further colonization by secondary users.

Figure 2. Effects of shelters on local patterns of biodiversity from 12 studies that
evaluated arthropod, herbivore and predator richness and abundance inside and outside
shelters, or in plants with and without natural and artificial shelters. The cumulative effect
size is reported for each effect measured with its 95% confidence intervals and effects are

significant if confidence intervals do not overlap with zero.
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Capitulo 2: Lepiddpteros construtores de abrigos foliares como

engenheiros de ecossistemas: uma abordagem experimental
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LEPIDOPTEROS CONSTRUTORES DE ABRIGOS FOLIARES COMO ENGENHEIROS DE
ECOSSISTEMAS: UMA ABORDAGEM EXPERIMENTAL

Resumo

Engenheiros de ecossistemas sdo organismos que direta ou indiretamente determinam a
disponibilidade de recursos para outros organismos, através de mudancas fisicas em
fatores bidticos e abioticos. Por suas atividades, engenheiros de ecossistemas modificam,
mantém, ou criam novos habitats. Este estudo teve como objetivo avaliar o papel de
Pandemis sp. (Lepiddptera, Tortricidae) - uma lagarta construtora de abrigos foliares em
plantas de Trigonia rotundifolia (Trigoniaceae) - na comunidade de artrépodes. Nossos
objetivos foram verificar se (i) a presenca dos abrigos foliares aumenta a frequéncia de
ocorréncia, a riqueza e a diversidade de artrépodes nas plantas, (ii) se o tipo de abrigo -
natural ou artificial - interfere na colonizacao de artrépodes, e se (iii) plantas com abrigos
foliares presentes apresentam menor taxa de herbivoria foliar. No primeiro experimento
realizamos o levantamento de artropodes em dois grupos de plantas: 1) controle (abrigos
ausentes) e 2) plantas com dois abrigos foliares artificiais adicionados. Cada grupo
amostral foi avaliado em trés censos quinzenais. Neste experimento encontramos maior
abundancia e riqueza de artrépodes em plantas com abrigos foliares artificiais. No
segundo experimento realizamos o levantamento de artropodes em plantas de grupos 1)
controle, 2) plantas com um abrigo artificial e 3) plantas com um abrigo natural. Plantas
em cada grupo amostral foram avaliadas em trés censos quinzenais. Neste experimento,
obervou-se que apenas a riqueza de artrépodes diferiu entre os trés tratamentos. Para
avaliar se a taxa de herbivoria em Trigonia varia de acordo com a quantidade de abrigos
foliares presentes por planta, calculamos a porcentagem média de area foliar removida.
Plantas com dois cilindros apresentaram maior taxa de remocdo foliar quando
comparadas as plantas que ndo possuiam abrigos. Realizou-se também analises de
similaridade para comparar a composi¢do de artropodes e guildas de herbivoros nos AFs
e fora dos AFs. Observou-se que, nos dois experimentos, ndo houve diferenca
significativa na composicao especifica de artropodes em plantas com AFs e sem AFs.
Nossos resultados demonstraram que a comunidade de artropodes em plantas pode ser
indiretamente afetada por lagartas construtoras de abrigos foliares, revelando seu papel

como engenheiras de ecossistemas em area de cerrado no Brasil.
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Palavras-chave: Abrigos foliares; construtores de abrigos; abrigos artificiais;

engenheiros de ecossistemas; facilitacdo indireta.

Abstract

Ecossystem engineers are organisms that directly or indirectly control resource
availability to other organisms, by physical changes in biotic and abiotic factors. By their
activities, ecosystem engineers modify, maintain, or create new habitats. The objective of
this experimental study to evaluate the role of Pandemis spp. (Lepidoptera, Tortricidae)
-a leaf-rolling caterpillar in plant Trigonia rotundifolia (Trigoniaceae) - on arthropod
community. Our objectives were to determine whether (i) the presence of leaf shelters
increases the frequency of occurrence, the richness and diversity of arthropods in plants,
(ii) the type of shelter - natural or artificial - interfere with the colonization of arthropods,
and (iii) plants with leaf present shelters have a lower rate of leaf herbivory. In the first
experiment we conducted a survey of arthropods in two plant groups: 1) control (absent
shelters) and 2) plants with two artificial leaf shelters added. Each sample group was
evaluated in three fortnightly censuses. In this experiment found higher abundance and
richness of arthropods in plants with artificial leaf shelters. In the second experiment
carried out the survey of arthropods in plant groups 1) control, 2) plants with an artificial
shelter and 3) plants with a natural shelter. Plants in each sample group were evaluated in
three fortnightly censuses. In this experiment, it was observed that only the richness of
arthropods differ among treatments. In order to evaluate whether the herbivore rate on
Trigonia varies according to the number of leaf shelter per plant was calculate the average
percentage of leaf area removed. Plants with two cylinders shown a larger leaf removal
rate compared plants that did not have shelters.It was also conducted to compare the
similarity analysis of the composition guild arthropods and herbivores in plants with and
without leaf shelters. It was observed that in both experiments, there was no significant
difference in the species composition of arthropods in plants with and without shelters.
Our results demonstrated that the arthropod community in plants can be indirectly
affected by leaf-rolling caterpillar, revealing their role as ecosystem engineers in
Brazilian Cerrado.

Key words: leaf shelters; shelter maker; artificial shelter; ecosystem engineers; indirect

facilitation.
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Introducéo

Uma espécie considerada engenheira de ecossistemas tem a capacidade de causar
modificagdes estruturais no ambiente (Jones et al. 1994, 1997, Wright et al. 2006), e pode
controlar direta ou indiretamente a disponibilidade de recursos para outros individuos por
meio de transformacdes fisicas nos componentes abidticos ou bidticos (Jones et al. 1997,
Wright et al. 2002). Os engenheiros de ecossistemas podem ser classificados em
autogénicos, quando sdo organismos que transformam o ambiente por processos
enddgenos (e. g., arvores, recifes de coral, biofilmes bacterianos), ou em alogénicos
guando alteram o ambiente fisico, porém ndo fazem parte da matéria transformada (e.g.,
castores) (Jones et al. 1994, 1997, 2010). As mudancas estruturais causadas por
engenheiros no ambiente podem envolver acimulo (e.g., galhos de arvores revolvidos por
castores formando represas) remocdo (e.g., terra para construcdo de tocas),
reconfiguracdo (e.g., folhas enroladas por lagartas), e redistribuicdo (e.g., formacao de
tocas para ninhadas) (Jones et al. 2010). Quando essas estruturas persistem no ambiente
apos o0 abandono ou morte do engenheiro podem ser reocupadas.

Varios insetos herbivoros tem a capacidade de modificar estruturas das plantas
através da construcdo de abrigos em folhas (AFs), criando por exemplo, microambientes
mais favoraveis a sua sobrevivéncia (Fukui 2001). Quando as estruturas criadas ou
modificadas pelos engenheiros ndo sofrem a acdo de deterioracdo tanto por varidveis
bidticas (e.g. decomposicdo de estruturas vegetais), quanto abioticas (e.g. erosao eolica),
estas podem ser reocupadas por usuarios secundarios. A presenca de AFs afeta a
distribuicédo de utilizadores secundarios que podem ser predadores ou herbivoros, que por
sua vez podem ou ndo coexistir com o construtor do abrigo (Fukui 2001). Quando

predadores estdo presentes nas plantas, a taxa de herbivoria pode ser reduzida (Gastreich
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et al. 1999, Ruhem & Handel 1999), ou aumentada no caso de ocupantes herbivoros
(Fukui 2001). As vantagens para 0s usuarios secundarios de abrigos incluem a auséncia
de custo energético e gasto de tempo na construcdo de abrigos que podem ser assim
investidos em crescimento e outros atributos de performance.

A engenharia de ecossistemas € um processo frequente em comunidades de
artropodes que habitam plantas terrestres. Os abrigos foliares sdo construidos tanto por
guildas de artropodes (e.g., predadores, parasitas), quanto por guildas de herbivoros (e.g.,
galhadores, enroladores e minadores) (Fukui 2001, Larsson et al. 1997, Martinsen et al.
2000, Lill & Marquis 2003, Nakamura & Ohgushi 2003, Kagata & Ohgushi 2004, Vieira
& Romero 2013). Varios estudos tém demonstrado os efeitos positivos da presenca de
abrigos foliares em plantas de diversas espécies. Atlegrim (1989), por exemplo, mostrou
que abrigos foliares protegiam as larvas de Tortricidae contra a predacdo por passaros.
Efeitos positivos indiretos dos AFs foram observados por Vieira & Romero (2013) e
Martinsen et al. (2000) com o aumento da diversidade de artropodes em AFs comparado
a folhas ndo manipuladas. Através da facilitacdo (Stachowicz 2001), pelo menos uma
espécie € beneficiada e ndo ha prejuizo para outras espécies e assim a engenharia de
ecossistemas por construtores de AFs pode ser avaliada dentro do contexto ecoldgico da
facilitacdo. A influéncia da facilitagdo em virtude da acdo do engenheiro pode variar,
sendo influenciada por fatores como o estresse ambiental, a sazonalidade, o risco de
predacdo e o tamanho do habitat. Além disso, esses fatores podem variar de acordo com
a complexidade arquitetdnica da estrutura e densidade da engenharia (Jones et al. 1997).

Estima-se que pelo menos 18 familias de Lepidoptera podem ser consideradas
engenheiras dos ecossistemas (Lill & Marquis 2007). Varias espécies de mariposas e

borboletas sdo capazes de construir abrigos foliares em plantas (Nakamura & Ohgushi
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2003, Martinsen et al. 2000, Fukui 2001, Lill & Marquis 2004, 2007), e estes abrigos
conferem protecdo e sitios de forrageamento para a larva construtora (Lill et al. 2007).
Estudos ja relataram que a construcdo destes abrigos foliares construidos por lepidopteros
permite a ocupacao secundaria por varias espécies de artropodes apds o abandono do
construtor (Lill & Marquis 2003, 2004, Marquis & Lill 2006, Vieira & Romero 2013).
Os colonizadores secundarios podem ser classificados em espécies de vida livre —aquelas
gue ndo constroem o proprio abrigo - ou em construtores potenciais de abrigos foliares
(coespecificos ou heterospecificos) (Fukui 2001). Os AFs podem ter formatos variados,
como o de cilindro, funil, dobras e sanduiches (Fukui 2001, Lill et al. 2007). Os principais
artropodes hospedeiros secundarios encontrados nestes abrigos pertencem as ordens
Araneae, Coleoptera, Dermaptera, Diptera, Hemiptera, Hymenoptera, Isopoda,
Lepidoptera e Orthoptera (exemplos em Lawton 1982, Fukui 2001, Woodcock et al.
2007, Vieira & Romero 2013) e pertencentes as guildas de predadores, herbivoros,
detritivoros e omnivoros. Outro fator que pode influenciar a coloniza¢do de abrigos
foliares pode ser a variacdo sazonal, sendo que a ocupacdo pode ser intensificada no
periodo seco, pois esses abrigos representariam microambientes favoraveis de protecdo
contra a radiacgdo solar e dessecac¢do dos artropodes colonizadores (Fukui 2001).

Este estudo objetivou avaliar o papel de engenheiros de ecossistemas em uma area
florestal urbana no municipio de ltuiutaba, no Triangulo Mineiro. Estudos-piloto
conduzidos em 2009 identificaram a presenca de uma espécie engenheira de ecossistema
que constroi abrigos foliares em lianas da espécie Trigonia rotundifolia e esta foi

experimentalmente avaliada para identificar o seu papel neste ecossistema.
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Objetivo

Neste estudo, objetivou-se avaliar o efeito das lagartas Pandemis sp. (Lepiddptera,
Tortricidae) que constroem cilindros foliares em plantas de Trigonia rotundifolia
(Trigoniaceae) em um fragmento de floresta estacional semidecidua. Objetivou-se assim
verificar se (i) a presenca dos AFs aumenta a frequéncia de ocorréncia, a riqueza e a
diversidade de artrépodes nas plantas, (ii) se o tipo de AF - natural ou artificial - interfere
na colonizacdo de artropodes, e se (iii) plantas com AFs presentes apresentam menor taxa

de herbivoria foliar nos cilindros.

Metodologia
Area de estudo

Este estudo foi realizado no Parque Dr. Petrdnio Rodrigues Chaves, popularmente
conhecido como Parque do Goiabal (19°0'24"S e 49°27'06"W), um fragmento de
aproximadamente 33.0 ha, localizado préximo ao perimetro urbano da cidade de
Ituiutaba, Minas Gerais. O parque possui visitacdo controlada e esta sob responsabilidade
da Prefeitura Municipal de Ituiutaba. O fragmento abriga areas de cerraddo e floresta
estacional semidecidua, fitocenoses definidas segundo classificagdo vegetacional de
Veloso (1992). O clima, segundo a classificacdo de Kdppen, € tropical com inverno seco
de maio a setembro, e um periodo chuvoso entre outubro e abril (Aw). O solo do Parque
do Goiabal é latossolo vermelho, 0 mesmo tipo edafico predominante no municipio de

ltuiutaba.
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Sistema de estudo

O género Trigonia (Trigoniaceae) possui 24 espécies, divididas em arvoretas,
arbustos e lianas, que sdo encontradas no sul do México, leste do Paraguai, no sul e
sudeste do Brasil (Lleras 1978). A liana Trigonia rotundifolia Lleras. é uma espécie nativa
do Brasil encontrada em areas de Mata Atlantica (Negrelle, 2001). No local do estudo as
plantas de Trigonia apresentaram danos foliares causados principalmente por
mastigadores, minadores e galhadores. As lagartas de uma espécie de Lepidoptera do
género Pandemis (Tribo: Archipini; Familia: Tortricidae) constroem abrigos foliares
enrolando as folhas da superficie abaxial para a adaxial onde se desenvolvem,

alimentando-se das folhas de T. rotundifolia dentro dos abrigos (Figura 1).

Fig. 1. A) Lagarta Pandemis sp. (Tribo: Archipini; Familia: Tortricidae) e B) Abrigo
foliar abandonado apos a metamorfose da lagarta.
Coleta de dados
Levantamento de artrépodes em plantas com folhas expandidas e enroladas
artificialmente
O levantamento dos artrépodes foi realizado em individuos de T. rotundifolia que
ocorrem nas margens das trilhas do parque. Neste levantamento 2 grupos de plantas foram

marcados, sendo 15 plantas naturalmente sem AFs (controle) e 15 plantas com dois
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abrigos artificiais por planta. Os abrigos artificiais em formato de cilindro foram
construidos utilizando clips antioxidantes e cada cilindro media aproximadamente 1,0 cm
de diametro, respeitando o padrdo de construcdo das lagartas observado em campo. Os
abrigos encontrados em campo possuem em meédia 0,8 + 0,3 cm de didmetro (n=30). As
plantas foram monitoradas de fevereiro a abril de 2014 com intervalos de observacao de
15 dias para o levantamento de todos os artropodes no caule e folhas. O objetivo deste
levantamento foi avaliar o efeito da presenca dos cilindros na abundéancia e riqueza total
de artropodes sobre toda a planta. Cada planta passou por inspecao visual de 10 minutos,
a fim de registrar a presenca de possiveis artropodes. Os espécimes coletados foram
acondicionados em frascos plasticos com alcool 70% e posteriormente morfoespeciados
e classificados em guildas troficas de acordo com Carrano-Moreira 2015 e Brescovit et

al. 2007.

Efeito da presenca de abrigos foliares naturais e artificiais na comunidade de artrépodes

Para avaliar o efeito da presenca de AFs naturais e artificiais na comunidade de
artrépodes realizou-se um experimento com 30 plantas de T. rotundifolia com mais de 5
folhas e distantes pelo menos 2.0 metros uma das outras. Neste experimento definiu-se
trés tratamentos com 10 plantas cada. As plantas do grupo controle ndo possuiam AFs, as
plantas do grupo natural possuam um AF construido pela lagarta, e as plantas do grupo
artificial possuiam um AF artificialmente criado em uma folha da planta. Os AFs artificiais
cilindricos foram construidos utilizando clips antioxidantes, como descrito anteriormente.
Cada cilindro media aproximadamente 1,0 cm de didmetro, respeitando o padrdo de
construcdo das lagartas observado em campo. Os abrigos encontrados em campo possuem

em media 0,8 cm £ 0,3 (n=30) de didametro (Figura 1. B). Neste experimento cada planta
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também passou por inspecdo visual de 10 minutos, a fim de registrar-se a presenca de
possiveis artropodes, e a cada 15 dias foram realizadas novas inspecdes visuais e coletas
de todos os artrépodes no caule e demais folhas de cada planta experimental. Ao total
realizou-se trés coletas entre janeiro e fevereiro de 2015. Os especimes coletados foram
acondicionados em frascos plasticos com alcool 70% e posteriormente morfoespeciados

e classificados em guildas troficas.

Taxa de remocdo foliar em funcdo da ocorréncia dos abrigos foliares

Mesmo que 0s engenheiros causem danos iniciais na planta hospedeira, seus
cilindros podem servir de abrigo para outros herbivoros e predadores (e.g., aranhas), que
podem diminuir a abundancia e riqueza de artrépodes herbivoros. Para verificar se a
ocorréncia dos AFs interfere nas taxas de herbivoria das plantas de T. rotundifolia, 21
individuos com abrigos ausentes e presentes foram amostrados. Quatro folhas expandidas
por planta em cada grupo foram fotografadas em campo e, portanto, ndo foram removidas.
Posteriormente as fotografias digitais tiveram a &rea foliar perdida por herbivoria
calculada utilizando-se o software UTHSCA Image Tool. O percentual de area foliar
removida por herbivoros mastigadores foi calculada através da razdo da area foliar
perdida pela area foliar total. Foram avaliadas 84 folhas expandidas e as coletas foram

realizadas em novembro de 2014.

Analise de dados
Para verificar se a riqueza, abundancia, e ocorréncia de guildas de artrépodes diferem
entre os trés tratamentos (plantas com abrigos naturais, artificiais e controle) as médias

dos dados das trés coletas quinzenais foram comparadas utilizando-se andlises de
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covariancia, onde os fatores representam os tratamentos e o nimero de folhas por planta
representa a covariavel. A normalidade dos dados foi testada através do teste de Liliefors,
a homocedasticidade de variancias foi avaliada através do teste de Bartlett.

Para verificar diferencas nas taxas de herbivoria em funcdo da ocorréncia do
numero de abrigos foliares foi utilizada uma analise de variancia simples, utilizando as
taxas de remocdo media de 4 folhas coletadas por individuo e os 21 individuos como
réplicas.

Para comparar a composicdo de morfoespécies e guildas nos diferentes
tratamentos utilizou-se a analise de similaridade (ANOSIM). A analise de similaridade
(ANOSIM) usa um teste de aleatorizacdo com 999 permutac6es para testar a significancia
do “R Global” e calcular as dissimilaridades par a par entre tratamentos e a
dissimilaridade dentro de cada tratamento individual (Clarke & Warkick 1994). O valor
de R Global varia entre +1 e —1, onde os valores maiores que zero representam maior
dissimilaridade entre as comunidades ou dentro das comunidades individuais. As analises

foram realizadas no software PAST.

Resultados
Levantamento de artropodes em plantas com folhas expandidas e enroladas
artificialmente

No periodo de fevereiro a abril de 2014 foram encontrados 229 artrépodes
distribuidos em 61 morfoespécies em Trigonia. Tais artrépodes pertencem as ordens
Hymenoptera (39,74%), Hemiptera (18,34%), Diptera (16,59%), Araneae (13,54%),
Lepidoptera (4,80%), Collembola (4,37%), Blattaria (0,44%), Orthoptera (0,87%),

Coleoptera (0,44%), Mantodea (0,44%) e Odonata (0,44%).
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A abundancia média de artropodes encontrados em plantas de T. rotundifolia foi
2,2 vezes maior nas plantas com abrigos foliares artificiais comparado as plantas do grupo
controle (abrigos foliares ausentes) (Figura 2). Semelhantemente, a riqueza de artrépodes
foi 1,5 vezes maior em plantas com abrigos que plantas sem abrigos (abundancia:

F127=6,841; P=0,014; riqueza: F127=7,922; P=0,009).

W AFs artificiais
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3,5 A

Artrépodes/planta
PP NMN®
o 0o ©O 01 O

0,5 A

Abundancia Riqueza

Fig. 2. Média da abundancia e riqueza total de artrpodes nas plantas controle e com abrigos
foliares artificiais (AFs). Barras de erros representam = 1 EP (* representa diferenca estatistica
P<0.05; ANCOVA).

Entre as guildas, apenas a abundancia média de omnivoros foi maior em plantas
com abrigos foliares artificiais (F1,27=6,025; P=0,021). As demais guildas como
predadores (F1,27=0,900; P=0,351), herbivoros (F127=1,701; P=0,203) e detritivoros

(F1,27=1,456; P=0,238) ndo diferiram entre os tratamentos.

Efeito da presenca de cilindros foliares naturais e artificiais na comunidade de
artropodes

No periodo entre janeiro e fevereiro de 2015 foram amostrados durante as trés
coletas 406 artrépodes, distribuidos em 75 morfoespécies. Apenas 6 morfoespécies sdo

comuns ao primeiro experimento, sendo elas 4 morfoespécies de Formicidae, uma
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morfoespécie de Hemiptera e Pandemis sp. Os artropodes encontrados pertencem as
ordens Hymenoptera (58,87%), Araneae (12,32%), Hemiptera (11,33%), Diptera
(6,16%), Collembola (5,17%), Lepidoptera (3,20%), Blattaria (0,99%), Coleoptera
(0,74%), Orthoptera (0,74%) e Thysanoptera (0,49%).

A rigueza média de artrépodes diferiu entre os trés grupos (F2,26=4,735; P=0,017)
(Figura 3). Por outro lado, quando abrigos artificias e naturais foram comparados ao

controle, a abundancia media ndo diferiu entre os trés grupos (F2,26=0,847; P=0,439).
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Fig. 3. Média da abundancia e riqueza total de artrépodes nas plantas controle, com abrigos

foliares naturais e abrigos foliares artificiais. Barras de erros representam + 1 EP.

Entre as guildas, apenas a abundancia média de herbivoros foi maior em plantas
com abrigos foliares artificiais (F2,26=3,485; P=0,045). As demais guildas de predadores
(F2,26=1,467; P=0,249), detritivoros (F2,26=2,593; P=0,094) e omnivoros (F226=0,906;

P=0,416) ndo diferiram entre os tratamentos.

54



Taxa de remocdo foliar em funcé@o da ocorréncia dos abrigos foliares
A porcentagem de remocdo foliar diferiu entre os trés grupos amostrados
(F2,15=6,323; P=0,010) e a porcentagem média de &rea foliar removida em plantas com

dois AFs foi 2,3 vezes maior que plantas sem AFs (Figura 4).

18,0 1
16,0 -

H
>
o
1
&

12,0 -
10,0 -
8,0 - [

6,0 - [
4,0 -

2,0 1
0,0

Area foliar removida (%)

Nenhum AF 1AF 2 AFs

Fig.4. Porcentagem média de area foliar removida por folivoros em plantas de Trigonia
rotundifolia em trés tratamentos, abrigos foliares (AF) ausentes, um abrigo foliar e dois abrigos

foliares. Barras de erros representam + 1 EP.

Comparacdo da composicao de artrépodes e guildas em plantas com folhas expandidas,
com abrigos artificiais e abrigos naturais.

A composicdo da fauna de artrépodes (ANOSIM, Global R= -0,259; P=0,882) e de
guildas (ANOSIM, Global R=0,555; P=0,087) n&o difere no primeiro experimento onde
foram comparadas plantas com folhas expandidas e plantas com abrigos artificiais. No
segundo experimento onde comparou-se plantas com folhas expandidas e plantas com

abrigos artificiais e naturais tanto a composi¢éo da fauna (ANOSIM, Global R=0,102,
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P=0,235), quanto a composicdo de guildas ndo diferiu entre os trés tratamentos

(ANOSIM, Global R=0,2181, P=0,101).

Discussao

A presenca de AFs construidos em Trigonia afeta a ocorréncia de artropodes nas
plantas, um indicativo de que Pandemis sp. atua como engenheira de ecossistema através
do efeito positivo indireto das lagartas construtoras de abrigos foliares como
amplificadoras da riqueza e abundancia de artropodes em plantas.

Aproximadamente 130 morfoespécies foram amostradas entre 2014 e 2015,
indicando a alta riqueza de espécies na comunidade associada a Trigonia, incluindo
morfotipos representantes de herbivoros, predadores e onivoros. Kilca et al. (2013), por
exemplo, em um dos poucos trabalhos realizados em ambientes tropicais, também
demonstraram a importancia de AFs construidos pela lagarta Gonioterma (Lepidoptera:
Elachistiidae) em Roupala montana (Proteaceae) encontrando nimeros semelhantes aos
encontrados neste trabalho. Em Roupala foram amostrados por exemplo, 81 individuos
em 43 morfoespécies e 76% dos AFs amostrados apresentavam artropodes em seu
interior, com baixa frequiéncia de encontro de cilindros abandonados vazios. Vieira &
Romero (2013) avaliando o impacto de AFs naturais e artificiais em Croton floribundus
(Euphorbiaceae) encontraram 393 artrépodes em 10 ordens, mas a composic¢do especifica
diferiu entre cilindros de Anae sp. (Lepidoptera: Nymphalidae) e folhas completamente
estendidas da planta hospedeira.

Os resultados deste estudo demonstram ainda a eficiéncia da construgdo de
abrigos artificiais, que mesmo sem a presenca da espécie de lagarta engenheira,

influenciaram positivamente a riqueza e a abundancia de espécies de artropodes que
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colonizaram tais AFs quando AFs naturais ndo estavam disponiveis em Trigonia em
2014. Quando comparou-se AFs naturais e AFs artificiais em 2015, o padrdo de aumento
da riqueza de espécies nos abrigos se manteve em relacéo ao controle e observou-se ainda
maior abundancia de artropodes herbivoros nos AFs, indicando que tal grupo deve se
beneficiar da presenca de abrigos naturais vazios e abrigos artificiais. Resultados
semelhantes foram encontrados em sistemas temperados (e.g., Martinsen et al. 2000
estudando Populus e Lill & Marquis 2003 estudando carvalhos), demonstrando a
importancia dos AFs como estrutura fisica no ecossistema para colonizacéo secundaria.
Vérias hipdteses tém sido levantadas para explicar a evolucdo da construcéo de abrigos
em Lepidoptera e a colonizacdo preferencial de abrigos foliares em relacdo a tecidos
expandidos por artrépodes secundarios, mas a preferéncia dos artropodes por abrigos
artificiais indica que eles sdo colonizados principalmente para abrigo, com a vantagem de
economia de energia por parte dos inquilinos.

Apesar de maior riqueza e abundancia em abrigos comparado a folhas controle,
observamos que as plantas com AFs apresentavam artrépodes tanto no interior dos
abrigos, quanto em outras partes da planta indicando extensdo do efeito dos engenheiros
de ecossistemas para toda a planta. Lill & Marquis (2007) sugerem a hipétese de Extenséao
da Diversidade, em que artrépodes seriam atraidos primeiramente pelos abrigos presentes
nas plantas e quando estes abrigos estdo totalmente ocupados esses artropodes seriam
forcados a colonizar outras partes da planta. No primeiro experimento 26 % dos AFs
artificiais amostrados estavam ocupados, e mesmo que a taxa de ocupagéo aparentemente
pareca baixa foi suficiente para aumentar a riqueza e abundancia de artropodes em T.
rotundifolia. No segundo experimento 16% dos AFs naturais e 70% dos AFs artificiais

estavam ocupados, 0 que pode indicar que AFs artificiais sdo um recurso mais acessivel
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que o0s naturais, uma vez que 0s ocupantes secundarios tém que conviver com a lagarta
engenheira. Uma vez que AFs podem ser colonizados por diversas guildas de
artropodes, espera-se reducdo das taxas de herbivoria em plantas com abrigos versus
plantas sem abrigos quando a proporcdo de artropodes predadores € maior que a
proporcéo de artrépodes herbivoros na comunidade. Quando essa relacdo € inversa, com
maior freqliéncia de ocorréncia de folivoros, espera-se aumento no dano foliar em plantas
com AFs. Nossos resultados mostraram maior abundancia de artropodes herbivoros em
plantas com cilindros naturais e artificiais (experimento 2) e maior area foliar perdida em
plantas com dois AFs naturalmente criados por Pandemis, indicando que a atracdo de
outros herbivoros como ocupante secundarios podem ser responsaveis por este resultado.
A éarea foliar perdida por herbivoria neste tratamento esta dentro dos limites observados
para areas florestais (entre 8 e 15%, Metcalfe et al. 2014) e indica que os préprios
herbivoros presentes na comunidade devem ser responsaveis pelo dano foliar em
Trigonia. Dentre os artrépodes predadores amostrados, formigas e aranhas foram os
grupos mais freqlientes (em torno de 40 e 15% respectivamente, dos espécimes
amostrados) nas amostragens dos dois anos, mas a presséo de predagédo nao foi suficiente
para reduzir as taxas de herbivoria das plantas hospedeiras. A predacdo nédo foi
diretamente avaliada neste estudo e sdo necessarias observacfes da dieta destes dois
grupos mais freqlientes para avaliar seu real papel como predadores neste sistema. Alguns
autores reportam ainda que os predadores muitas vezes usam os abrigos ndo como sitio
de forrageamento, mas somente como abrigo contra intempéries climaticas e/ou sitios de
repouso (Lill & Marquis 2007).

Durante os dois experimentos observou-se ainda a colonizacdo secundaria dos

abrigos foliares artificiais por lagartas enroladoras de Pandemis sp., mas também por
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outra espécie ndo determinada. Fukui (2001) sugere que esses abrigos foliares artificiais
podem favorecer outras lagartas de lepiddpteras co-especificas ou ndo da construtora
primaria. Uma das razdes sugeridas para tal comportamento de colonizacdo de abrigos
foliares pré-existentes seria a auséncia do custo energético associado a construcdo de seu
préprio abrigo e as vantagens associadas de reducdo da exposicao a variaveis climaticas
como a radiacdo e alta temperatura, alem da reducdo de impactos de inimigos naturais
como predadores e parasitoides. Assim, essa estrutura artificial fornece um beneficio
individual por ndo terem que investir na construcdo do abrigo reduzindo o alto custo
energético associado por exemplo a producdo da seda, que € secretada vérias vezes
durante o desenvolvimento para garantir a eficiéncia na selagem das estruturas cilindricas.

Estudos que avaliem os efeitos das lagartas engenheiras de ecossistemas tém
importante papel no entendimento dos padrdes de organizacdo das comunidades e nas
interacBes entre insetos e plantas, além do potencial de influenciarem processos
ecossistémicos locais por seus efeitos na biodiversidade. Sdo estruturas sutis, mas com
importante papel nas comunidades terrestres, como demonstrado neste e em outros
estudos (e.g., Nakamura & Ohgushi 2003, Wang et al. 2012, Lima et al. 2013). Para os
cerrados brasileiros, Diniz & Morais (1997) demonstraram que cerca de 65% das lagartas
amostradas sdo construtoras de abrigos foliares, e de acordo com Dyer et al. (2007) a
incidéncia destes abrigos é maior em regides tropicais do que regides temperadas. A
caréncia de estudos do papel destas lagartas construtoras de AFs em biomas tropicais
ainda impede as generalizagdes sobre os efeitos na riqueza e abundancia de colonizadores

secundarios e efeitos finais nas taxas de herbivoria nas plantas hospedeiras.
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Apéndices

diferentes tratamentos no primeiro experimento.

Apéndice 1. Lista das morfoespécies amostradas na planta Trigonia rotundifolia em

Tratamento Ordem Morfoespécie Guilda I_\Iur_ne,ro de
individuos
Controle Araneae Araneae sp. 23 Predador 1
Controle Araneae Araneae sp. 26 Predador 1
Controle Araneae Araneae sp. 27 Predador 1
Controle Araneae Araneae sp. 30 Predador 1
Controle Araneae Araneae sp. 32 Predador 1
Controle Araneae Araneae sp. 34 Predador 1
Controle Araneae Araneae sp. 37 Predador 1
Controle Araneae Araneae sp. 38 Predador 1
Controle Araneae Araneae sp. 45 Predador 0
Controle Araneae Araneae sp. 46 Predador 1
Controle Araneae Araneae sp. 47 Predador 1
Controle Araneae Araneae sp. 48 Predador 1
Controle Araneae Araneae sp. 49 Predador 1
Controle Blattaria Blattaria sp. 1 Detritivoro 1
Controle Collembola Collembola sp. 3  Detritivoro 2
Controle Diptera Diptera sp. 8 Detritivoro 3
Controle Diptera Diptera sp. 9 Detritivoro 4
Controle Diptera Diptera sp. 10 Parasita 8
Controle Diptera Diptera sp. 12 Detritivoro 3
Controle Hemiptera Hemipterasp. 6  Hebivoro 2
Controle Hemiptera Hemipterasp. 10  Hebivoro 1
Controle Hemiptera Hemipterasp. 15  Hebivoro 1
Controle Hemiptera Hemipterasp. 19  Hebivoro 1
Controle Hemiptera Cicadellidae sp. 4  Hebivoro 1
Controle Hymenoptera  Formicidae sp. 1~ Onivoro 2
Controle Hymenoptera  Formicidae sp.2  Onivoro 19
Controle Hymenoptera  Formicidae sp.5  Onivoro 1
Controle Hymenoptera  Formicidae sp. 6  Onivoro 2
Controle Hymenoptera  Formicidae sp. 7 Onivoro 1
Controle Lepidoptera Pandemis sp. 1 Hebivoro 2
Controle Mantodea Mantodeasp.1  Herbivoro 1
Controle Odonata Odonata sp. 1 Predador 1
Controle Orthoptera Orthoptera sp. 4 Onivoro 1
Abrigos artificiais Araneae Araneae sp. 24 Predador 1
Abrigos artificiais Araneae Araneae sp. 25 Predador 1
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NuUmero de

Tratamento Ordem Morfoespécie Guilda A
individuos

Abrigos artificiais Araneae Araneae sp. 29 Predador 2
Abrigos artificiais Araneae Araneae sp. 30 Predador 1
Abrigos artificiais Araneae Araneae sp. 31 Predador 1
Abrigos artificiais Araneae Araneae sp. 33 Predador 1
Abrigos artificiais Araneae Araneae sp. 36 Predador 1
Abrigos artificiais Araneae Araneae sp. 39 Predador 1
Abrigos artificiais Araneae Araneae sp. 40 Predador 2
Abrigos artificiais Araneae Araneae sp. 41 Predador 1
Abrigos artificiais Araneae Araneae sp. 42 Predador 1
Abrigos artificiais Araneae Araneae sp. 43 Predador 1
Abrigos artificiais Araneae Araneae sp. 44 Predador 1
Abrigos artificiais Coleoptera Silphidae sp. 1 Detritivoro 1
Abrigos artificiais  Collembola Collembola sp. 3  Detritivoro 8
Abrigos artificiais Diptera Diptera sp. 9 Detritivoro 3
Abrigos artificiais Diptera Diptera sp. 10 Predador 4
Abrigos artificiais Diptera Diptera sp. 11 Detritivoro 1
Abrigos artificiais Diptera Diptera sp. 12 Detritivoro 7
Abrigos artificiais Hemiptera Hemipterasp. 6  Herbivoro 1
Abrigos artificiais Hemiptera Hemiptera sp. 11  Herbivoro 1
Abrigos artificiais Hemiptera Hemiptera sp. 12  Herbivoro 1
Abrigos artificiais Hemiptera Hemiptera sp. 16  Herbivoro 1
Abrigos artificiais Hemiptera Hemiptera sp. 17  Herbivoro 1
Abrigos artificiais Hemiptera Hemiptera sp. 18  Herbivoro 1
Abrigos artificiais Hemiptera Hemiptera sp. 20  Herbivoro 1
Abrigos artificiais Hemiptera Hemiptera sp. 21  Herbivoro 1
Abrigos artificiais  Formicidae Formicidae sp. 1~ Onivoro 1
Abrigos artificiais  Formicidae Formicidae sp. 2~ Onivoro 53
Abrigos artificiais ~ Formicidae Formicidae sp.5  Onivoro 6
Abrigos artificiais  Formicidae Formicidae sp. 6 Onivoro 3
Abrigos artificiais ~ Formicidae Formicidae sp. 8  Onivoro 1
Abrigos artificiais  Lepidoptera Pandemissp. 1 Herbivoro 9
Abrigos artificiais Orthoptera Gryllidae sp. 1 Onivoro 1
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Apéndice 2. Lista das morfoespécies amostradas na planta Trigonia rotundifolia em

diferentes tratamentos no segundo experimento.

Tratamento Ordem Morfoespécie Guilda I_\Iur_ne,ro de
individuos
Controle Araneae Anyphaenidae sp. 1  Predador 3
Controle Araneae Anyphaenidae sp. 2  Predador 1
Controle Araneae Anyphaenidae sp. 3  Predador 1
Controle Araneae Pholcidae sp. 1 Predador 3
Controle Araneae Araneae sp. 1 Predador 3
Controle Araneae Araneae sp. 2 Predador 3
Controle Araneae Araneae sp. 4 Predador 1
Controle Araneae Araneae sp. 6 Predador 1
Controle Araneae Araneae sp. 10 Predador 1
Controle Araneae Araneae sp. 12 Predador 1
Controle Araneae Araneae sp. 15 Predador 15
Controle Araneae Araneae sp. 16 Predador 1
Controle Araneae Araneae sp. 21 Predador 1
Controle Blattaria Blatellidae sp. 2 Detritivoro 1
Controle Collembola Collembolasp.1  Detritivoro 2
Controle Diptera Diptera sp. 2 Detritivoro 8
Controle Diptera Diptera sp. 3 Detritivoro 1
Controle Diptera Diptera sp. 7 Detritivoro 1
Controle Hemiptera  Australcmenasp.1  Predador 1
Controle Hemiptera Cicadellidae sp. 1 ~ Herbivoro 1
Controle Hemiptera Hemiptera sp. 3 Herbivoro 2
Controle Hemiptera Hemiptera sp. 6 Herbivoro 3
Controle Hemiptera Hemiptera sp. 8 Herbivoro 3
Controle Hemiptera ~ Membracidae sp. 1  Herbivoro 1
Controle Hymenoptera  Formicidae sp. 1 Onivoro 61
Controle Hymenoptera  Formicidae sp. 3 Onivoro 3
Controle Hymenoptera  Formicidae sp. 4 Onivoro 48
Controle Hymenoptera  Formicidae sp. 5 Onivoro 2
Controle Hymenoptera Vespidae sp. 1 Predador 1
Controle Lepidoptera  Lepidopterasp.4  Herbivoro 1
Controle Lepidoptera  Lepidopterasp. 7  Herbivoro 2
Controle Lepidoptera  Lepidopterasp.9  Herbivoro 1
Controle Lepidoptera Pandemis sp. 1 Herbivoro 1
Controle Orthoptera Orthoptera sp. 1 Onivoro 1
Controle Orthoptera Orthoptera sp. 3 Onivoro 1
Abrigos artificiais Araneae Anyphaenidae sp. 1 Predador 1
Abrigos artificiais  Araneae Araneae sp. 1 Predador 3
Abrigos artificiais Araneae Araneae sp. 3 Predador 1
Abrigos artificiais ~ Araneae Araneae sp. 7 Predador 1
Abrigos artificiais Araneae Araneae sp. 8 Predador 1
Abrigos artificiais ~ Araneae Araneae sp. 9 Predador 1
Abrigos artificiais Araneae Araneae sp. 11 Predador 1
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Abrigos artificiais Araneae Araneae sp. 16 Predador 2
Abrigos artificiais ~ Araneae Araneae sp. 17 Predador 1
Abrigos artificiais Araneae Araneae sp. 18 Predador 1
Abrigos artificiais ~ Araneae Araneae sp. 19 Predador 1
Abrigos artificiais Araneae Pholcidae sp. 1 Predador 1
Abrigos artificiais Blattaria Blatellidae sp. 1 Detritivoro 1
Abrigos artificiais  Coleoptera Coccinellidae Predador 1
Abrigos artificiais  Collembola Collembolasp.1  Detritivoro 13
Abrigos artificiais  Collembola Collembolasp.2  Detritivoro 5
Abrigos artificiais Diptera Diptera sp. 2 Detritivoro 4
Abrigos artificiais Diptera Diptera sp. 6 Detritivoro 1
Abrigos artificiais Diptera Diptera sp. 7 Detritivoro 1
Abrigos artificiais  Hemiptera Cicadellidae sp. 1 ~ Herbivoro 3
Abrigos artificiais  Hemiptera Cicadellidae sp. 3  Herbivoro 1
Abrigos artificiais  Hemiptera Hemiptera sp. 1 Herbivoro 3
Abrigos artificiais  Hemiptera Hemiptera sp. 3 Herbivoro 3
Abrigos artificiais  Hemiptera Hemiptera sp. 4 Herbivoro 1
Abrigos artificiais  Hemiptera Hemiptera sp. 5 Herbivoro 2
Abrigos artificiais  Hemiptera Hemiptera sp. 6 Herbivoro 3
Abrigos artificiais  Hemiptera Hemiptera sp. 8 Herbivoro 3
Abrigos artificiais  Hemiptera Rediviidae sp. 1 Predador 1
Abrigos artificiais Hymenoptera ~ Formicidae sp. 1 Onivoro 52
Abrigos artificiais Hymenoptera  Formicidae sp. 2 Onivoro 3
Abrigos artificiais Hymenoptera ~ Formicidae sp. 3 Onivoro 2
Abrigos artificiais Hymenoptera  Formicidae sp. 4 Onivoro 2
Abrigos artificiais Hymenoptera ~ Formicidae sp. 6 Onivoro 2
Abrigos artificiais Lepidoptera  Lepidopterasp.2  Herbivoro 1
Abrigos artificiais Lepidoptera  Lepidopterasp. 3  Herbivoro 1
Abrigos artificiais Lepidoptera  Lepidopterasp.5  Herbivoro 1
Abrigos artificiais Lepidoptera  Lepidopterasp. 6  Herbivoro 1
Abrigos artificiais Lepidoptera  Lepidopterasp. 7  Herbivoro 2
Abrigos artificiais Lepidoptera  Lepidopterasp. 8  Herbivoro 2
Abrigos artificiais  Orthoptera Orthoptera sp. 2 Onivoro 1
Abrigos artificiais Thysanoptera Phlaeothripidae sp. 1 Herbivoro 1
Abrigos naturais Araneae Araneae sp. 1 Predador 5
Abrigos naturais Araneae Araneae sp. 2 Predador 1
Abrigos naturais Araneae Araneae sp. 14 Predador 1
Abrigos naturais Araneae Araneae sp. 20 Predador 1
Abrigos naturais Araneae Pholcidae sp. 1 Predador 2
Abrigos naturais Araneae Pholcidae sp. 2 Predador 1
Abrigos naturais Blattaria Blattellidae sp. 1 Detritivoro 1
Abrigos naturais  Coleoptera  Chrysomelidae sp. 1  Herbivoro 1
Abrigos naturais  Coleoptera Coleoptera sp. 1 Herbivoro 1
Abrigos naturais  Collembola Collembolasp.1  Detritivoro 1
Abrigos naturais  Collembola Collembolasp.2  Detritivoro 1
Abrigos naturais Diptera Diptera sp. 1 Detritivoro 1
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Abrigos naturais Diptera Diptera sp. 4 Detritivoro 1
Abrigos naturais Diptera Diptera sp. 5 Detritivoro 1
Abrigos naturais ~ Hemiptera Cicadellidae sp. 1 ~ Herbivoro 1
Abrigos naturais ~ Hemiptera Cicadellidae sp. 2 Herbivoro 1
Abrigos naturais ~ Hemiptera Hemiptera sp. 2 Herbivoro 1
Abrigos naturais  Hemiptera Hemiptera sp. 6 Herbivoro 6
Abrigos naturais ~ Hemiptera Hemiptera sp. 7 Herbivoro 1
Abrigos naturais  Hemiptera Hemiptera sp. 9 Herbivoro 1
Abrigos naturais Hymenoptera  Formicidae sp. 1 Onivoro 40
Abrigos naturais Hymenoptera  Formicidae sp. 2 Onivoro 12
Abrigos naturais Hymenoptera  Formicidae sp. 4 Onivoro 5
Abrigos naturais  Thysanoptera Phlaeothripidae sp. 1 Herbivoro 1
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