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RESUMO

ARAUJO, Fernanda S. de, D. Sc., Universidade Federal de Vigosa, feve-
reiro de 2010. Efeitos bottom-up e top-down na regulacao da
abundancia em comunidades de cupins (Insecta: Isoptera).
Orientador: Og Francisco Fonseca de Souza. Co-orientadores: José
Henrique Schoereder e Flavia Maria da Silva Carmo.

O objetivo geral desta tese foi analisar como recursos e predacao ( efeitos
bottom-up e top-down) regulam as comunidades de cupins, determinando
os possiveis fatores moduladores dessas forcas. Num primeiro momento foi
avaliado como os efeitos bottom-up, quantidade e a qualidade do recurso,
influenciam a presenca de galerias de cupins em &arvores. A quantidade do
recurso foi estimada através do diametro das arvores e da condicao viva
ou morta, enquanto a qualidade foi medida pela presenca de litex, e pela
da identidade taxondmica das arvores. Foi encontrado que cupins selecio-
nam arvores com maior quantidade de recurso nao sendo importante sua
qualidade. A proporc¢ao de galerias de cupins foi maior em arvores grandes
comparadas a drvores pequenas e em arvores mortas comparadas a vivas.
Assim, pode-se supor que cupins forrageam seletivamente e nao aleatoria-
mente. Em um estudo posterior, além da qualidade e quantidade de recursos,
o risco de predacao foi avaliado em comunidades de cupins em diferentes es-
tagios de sucessao florestal. Foi hipotetizado que a abundancia de cupins
¢ maior em niveis intermedidrios de sucessao florestal devido a prevaléncia
de efeitos bottom-up, em estdgios iniciais e de top-down em estagios mais
avancados de sucessao. Os resultados encontrados confirmaram a hipdtese
do pico de abundancia em niveis intermediarios de sucessao, mas os meca-
nismos propostos para explicar esse padrao foram diferentes do previsto. Os
efeitos bottom-up foram determinantes na variagdo da abundancia de cu-

pins ao longo da sucessdo e nao houve efeito top-down. A quantidade de
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recurso (biomassa de serapilheira) foi determinante para cupins, diferente
da qualidade (C/N da serapilheira), que nao foi significativa. O acimulo de
serapilheira pode ter influenciado o comportamento de forrageamento dos
cupins e com isso ter regulado sua abundancia. Considerando isso, quando
cupins lidam com o acumulo de serapilheira podem ocorrer diferencas na
estrutura do habitat que geram: i) refiigios para cupins e também para seus
predadores e ii) impedimentos fisicos que limitam tanto escape quanto a
captura de presas. Esses efeitos foram evidenciados em experimentos em la-
boratério e em campo e comprovaram que o risco de predacao de cupins foi
menor em hébitats mais estruturados (maior quantidade de serapilheira/m?)
mas, as formigas conseguiram contornar isso quando seu esforco de busca
foi aumentado. Assim, o presente trabalho demonstra o papel dos efeitos
bottom-up e top-down na regulacao das comunidades de cupins e conclui que

os efeitos bottom-up podem ser mais importantes do que os efeitos top-down.
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ABSTRACT

ARAUJ O, Fernanda S. de, D. Sc., Universidade Federal de Vigosa, Febru-
ary, 2010. Bottom-up and top-down effects regulating abun-
dance in termites communities (Insecta: Isoptera). Adviser:
Og Francisco Fonseca de Souza. Co-advisers: José Henrique Schoere-
der and Flavia Maria da Silva Carmo.

The general objective of this thesis was to analyze how resources and preda-
tion (bottom-up and top-down) regulate the communities of termites, deter-
mining the possible factors modulating these forces. Initially, it was rated
as the bottom-up effects, quantity and quality of the resource influence the
presence of galleries of termites on trees. The amount of the resource was
estimated by the diameter of the trees and their condition (dead or alive).
The quality of trees was measured by the presence of latex, and taxonomi-
cal identity. It was found that termites selected trees with more amount of
resources not being importante tree’s quality. The proportion of galleries
of termites was more frequently in large trees compared to small trees and
more frequently in dead trees compared to live ones. Thus, it can assume
that termites are foraging selectively and not randomly. In a later study,
besides the quality and quantity of resources, predation risk was assessed
in communities of termites in different stages of forest succession. It was
hypothesized that the abundance of termites is higher in intermediate levels
of forest succession due to the prevalence of bottom-up effects in early sta-
ges and top-down in later stages of succession. The results confirmed the
hypothesis of peak abundance at intermediate levels of succession, but not
exactly as expected. The mechanisms proposed to explain the pattern was
different. The bottom-up effects were instrumental in the change of termites

throughout the succession and there was no top-down effect. The amount
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of resource (biomass of litter) was important for termites, but quality (C /
N of litter) did not affect termites. Accumulated litter can have affected the
foraging behavior of termites and therefore having regulate the abundance
of them. Besides, when termites dealing with litter accumulation may occur
differences in habitat structure that generates: i) refuge for termites and to
their predators and ii) physical impairments that limit both escape as the
capture of prey. These effects were seen in laboratory and field experiments
and proved that the risk of predation of termites was lower in more struc-
tured habitat (serapilheira/m?), but the ants were able to get around when
their search effort was increased. Thus, this study demonstrates the role of
bottom-up and top-down effects in the regulation of termite communities,

and concludes that bottom-up effects can be more important than top-down.



Capitulo

Introducao Geral

Populagoes e comunidades de organismos sao influenciados
por inumeros fatores abidticos e bidticos. Clima, nutrientes, distirbios am-
bientais, inimigos naturais, simbiose, competicao, qualidade e quantidade de
recursos estao entre as muitas forgas que determinam mudangas nas popula-
¢oes e na estrutura das comunidades. Medir o poder relativo dessas forcas e
suas interacoes é um desafio na busca dos padroes de distribuicao e diversi-
dade de animais e plantas na natureza (Hunter & Price, 1992). Dentre essas
forcas, recursos e predacao se destacam formando a base e o topo das regu-
lacoes das teias tréficas. Assim, Bottom-up - ou, efeitos de base - consistem
na regulacdo dos componentes da teia alimentar pelo nivel tréfico primério
ou pela limitagao de nutrientes. Por outro lado, top-down - efeitos de topo
- correspondem ao controle dos niveis troficos mais baixos pelos mais altos
(predadores) sensu (Pace et al., 1999).

O papel desses processos em sistemas terrrestres tem sido
topico de grande debate na literatura ecoldgica (Schmitiz et al., 1999; Shurin
et al., 2002; Boyer et al., 2003) e estudos recentes tém sugerido a acdo
conjunta dos mesmos na regulagao de comunidades (Forkner & Hunter, 2000;

Moran & Scheidler, 2002). Em ambientes terrestres, por exemplo, o aumento
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na diversidade de plantas leva ao aumento na diversidade de herbivoros por
permitir que alguns consumidores se especializem em determinadas espécies
hospedeiras (Siemann et al., 1998). Por sua vez, o aumento na diversidade
de herbivoros pode resultar em maior diversidade de predadores, gerando
assim um efeito em cascata (Hunter & Price, 1992).

Variacoes nas comunidades de plantas também podem alterar
a estrutura fisica de um ambiente, com conseqiiéncias diretas na distribuicao
e interagao entre espécies (Lawton, 1983). Sendo assim, a heterogeneidade
estrutural da vegetacao pode aumentar a diversidade dos niveis troficos mais
altos (Dennis et al., 1998), e isto se daria porque: (i) comunidades de plan-
tas arquiteturalmente mais complexas apresentam maior zonagao vertical
ou horizontal permitindo assim a especializacao de microhabitat por ofere-
cerem varios micrositios para ovoposigao, hibernacao e abrigo (hipdtese da
especializagdo de microhdbitats, Lawton (1983); (ii) a estrutura da vegeta-
c¢ao muda a eficiéncia de diferentes estratégias de caca e consequentemente,
predadores grandes podem ser mais eficientes em vegetagao esparsa (hipé-
tese da eficiéncia de caga, Morse (1980)); (iii) a estrutura da vegetacao afeta
a vulnerabilidade de espécies de presas que tém mais chance de escapar de
inimigos naturais em vegetacao densa (hipétese do espago livre de inimigo,
Price et al. (1980); Lawton (1983); Provencher & Vickery (1988)).

Desta forma, a sucessao florestal constitui um excelente mo-
delo para estudos dos efeitos de base e topo na regulacao de comunidades
animais. No entanto, a maioria dos estudos focam a comunidade de herbi-
voros e seus predadores, dando pouca atencao a comunidade de detritivoros,
como os cupins, e seus respectivos predadores. Os cupins (Insecta: Isop-
tera) sdo macroartréopodes detritivoros, com alta abundancia e diversidade

em ecossistemas tropicais (Eggleton et al., 1996, 1999; Eggleton, 2000) que
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apresentam habito criptico e subterraneo, forrageando sob a protecao de
tuneis. No entanto, estes insetos tornam-se vulneraveis ao ataque de pre-
dadores quando se expoem na superficie do solo ou na serapilheira para
consumo de seus recursos de origem celulésica (Korb & Linsenmair, 2002).

Assim, considerando que comunidades de cupins podem ser
regulados por efeitos de base e de topo o objetivo geral desta tese foi analisar
como recursos e predagao (bottom-up e top-down) regulam as comunidades
de cupins, determinando os possiveis fatores moduladores dessas forgas.

Esta tese foi dividida em 5 capitulos, sendo este o capitulo 1.
Os capitulos subsequentes sao artigos desenvolvidos a partir de uma série
de hipéteses (Fig. 1.1). O capitulo 2 consiste no artigo Bottom-up effects on
selection of trees by termites que mostra como a quantidade e a qualidade do
recurso influenciam a presenca de galerias de cupins em arvores. O capitulo 3
apresenta o artigo Forcas bottom-up e top-down na regulacao de comunidades
de cupins. Esse artigo testa a hipdtese de que a abundancia de cupins
atinge um pico em niveis intermediérios de sucessao florestal, considerando a
alternancia de fatores de base e de topo. O préximo capitulo (4), avalia como
a estrutura do habitat interfere nas relagoes predador presa, apresentando o
artigo Does habitat structure reduce predation risk for termites? Por fim, o
capitulo 5 traz uma conclusao geral, sintetizando os principais resultados.

A secao seguinte explica o fluxograma de hipdteses desta tese.
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1.1 Mecanismos da regulacao das comunidades de cupins ao

longo da sucessao florestal

O avancgo da sucessao florestal pode ocasionar aumento, di-
minuicao ou manutencao da abundancia de cupins. Essas trés possibilidades
estao direta ou indiretamente ligadas a diversos mecanismos decorrentes da
sucessao florestal que atuam nas forcas bottom up e top down e que podem
regular a abundancia das comunidades de cupins, como demonstrado na
fugura Fig. 1.1.

Com o avango da sucessao florestal espera-se que ocorra no
minimo duas situac¢oes: i) aumento da biomassa de plantas e ii) aumento
da variedade quimica das plantas. A medida que hé aumento da biomassa
de plantas em um ambiente, seja em nimero ou em tamanho, as chances
dos cupins encontrarem esse recurso se tornam maiores, diminuindo o gasto
energético do forrageamento. Nesse momento, o fato de ter recursos em
abundancia implica numa forca bottom-up que favorece o aumento do nu-
mero de individuos, minimizando interacoes negativas, ocasionando aumento
da abundéncia local de cupins. Se o aumento do niimero de individuos, favo-
recer predadores, por exemplo, top-down pode prevalecer, fazendo com que
haja perda de individuos o que poderia levar a diminui¢do da abundancia
local de cupins. No entanto, se cupins adotarem estratégias para reduzir
essa predacao, as forgas bottom-up e top-down podem se equilibrar e assim,
ter efeito na manutencao da abundancia local.

Outro possivel efeito do aumento da biomassa de plantas, é
o aumento de microhabitats diferentes. Nesta situagao, hé favorecimento de
competidores e predadores potenciais para os cupins. Quando esse aumento
de novos habitats se configura em um aumento da predacao de cupins hé dois

possiveis caminhos: i) top down prevalece e hd diminuigdo da abundancia,
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ou ha um equilibrio das forcas e a abundancia se mantém, como ja descrito
acima.

O aumento da diversidade de espécies de plantas com a suces-
sao estd diretamente relacionado a diversidade da serapilheira que é deposi-
tada no solo. Essa serapilheira, que sao os residuos das espécies presentes na
floresta, apresenta diversa composi¢ao quimica podendo influenciar a pala-
tabilidade e a digestibilidade da fauna do solo (Tian et al., 1993; Swift et al.,
1979). A variagao desses compostos pode favorecer determinadas guildas ao
longo da sucessao florestal, ja que, cupins se alimentam ao longo de um
gradiente de humificagdo (Donovan et al., 2001). Assim, os efeitos bottom
up estariam atuando, aumentando o nimero de individuos, podendo ocorrer
aumento, diminuicdo ou manutencao da abundancia, como ja explicitado na
secao anterior.

Ao longo da sucessao florestal a qualidade da serapilheira
tende a diminuir, maiores relacoes C/N, C/P e lignina/celulose contribuem
efetivamente com isso (Gorham et al., 1979; Melillo et al., 1982). Assim,
ha diminuicao da digestibilidade da serapilheira ao longo da sucessao, o que
pode ocasionar dois efeitos iniciais possiveis: i) perda de individuos por es-
cassez de nutrientes limitantes e reducao da abundancia, gerados por forgas
bottom up e ii) acumulo de serapilheira devido a menor taxa de decomposi-
¢ao (Facelli & Carson, 1991; Didham, 1998). Esse actimulo, gerado por essas
condigoes, por sua vez, pode favorecer os cupins por aumentar a chance de
encontrar o recurso, seguindo as rotas ja apresentadas para o aumento de
biomassa, ou por disponibilizar mais refigios. Mais locais para se esconder
pode gerar efeitos antagonicos, beneficiando tanto presas quanto predado-
res. Caracteristicas do predador, como taticas de emboscada e da presa,

como velocidade de escape, determinam o fitnnes dos individuos em diferen-
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tes habitats. Se mais refiigios favorecer cupins entao espera-se que haja um
equilibrio entre bottom up e top down o que poderia resultar na manuten-
c¢ao da abundancia local. Entretanto, se esses refligios representarem mais
locais onde as formigas tém seu forrageamento maximizado pode haver um
aumento das forgas top down, com consequente diminui¢ao da abundancia

de cupins.
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Capitulo 2

Bottom-up effects on selection of

trees by termites (Insecta: Isoptera)

Fernanda Sguizzatto de Aratjo, Ana Paula Albano Araijo, Wilson
Marcelo da Silva Junior, Jodo Augusto Alves Meira Neto & Og DeSouza
Sociobiology, vol 55, n°3, 2010



2.1 Abstract

Several factors may limit the use of resources by animals, however, little is
known about the mechanisms responsible for the use of trees by termites.
In this study, we analyzed by logistic regression, specifically the prediction
that termites would tend to occupy trees based on their (i) potential amount
of available resource and (ii) chemical traits. Termite galleries were more
frequently found on large as opposed to small trees and dead as opposed to
living ones. The occurrence of galleries of termites on trees was not affected
neither by the presence of latex nor by taxonomical features. We conclude
that the presence of termite’s galleries on trees could be determined more by
resource availability than resource quality being discarded random foraging.

Key words: termite’s gallery, foraging, resource quantity, resource quality.
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2.2 Introduction

The abundance of resources has long been recognized as an
important factor limiting resource selection and use by insects. Bigger
plants, as opposed to smaller ones, are prone to be more frequently selected
by insects because such plants offer more feeding sites. Besides, these plants
are also more apparent in space, and that eases their encounter by herbi-
vores (Lawton, 1983; Strong et al., 1984). In addition, insects may also be
affected by resource quality: herbivores tend to prefer fast growing plants
with low contents of carbon defence (e.g. secondary compounds) (Grime
et al., 1996; Schidler et al., 2003).

Such bottom up effects, however, are poorly known for de-
tritivore insects in general and termites in particular. Evidence points that
termites would suffer the same sort of limitations as other insects. The
speed upon which termites occupy cellulosic baits in the field was shown to
be heavily dependent upon the size of such baits (DeSouza et al., 2009). Ac-
cordingly, Evans et al. (2005) has shown that termites are able to evaluate
the size of wooden blocks in the lab, choosing to feed on the larger ones.
Such results appear to validate the inference that termites can be affected
by resource quantity. Resource quality may also affect termites. As shown
by Grace (1997); Naga & Clement (1990) and many others therein cited,
several plant species present constitutive chemical deterrents to termites.
Among such deterrents, terpenes (which are normally found in plant latex)

(Gershenzon & Croteau, 1991) play significant roles (Scheffrahn, 1991).
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Trees are important sources of food and nesting sites for ter-
mites (Gongalves et al., 2005; Leponce et al., 1997; Jones & Gathrone-Hardy,
1995). Cellulose, the main food item for termites, is abundant on trees,
either in the form of wood and leaf litter, or as dead bark. Trees may also
provide sites where to attach nests and places for the accumulation of ’sus-
pended soil” (that is, litter accumulated in the bifurcations of branches and
stems). Therefore, it is not surprising that a significant number of termite
species would use trees, either as nesting or as foraging sites. In spite of that,
the determinants of tree exploitation by termites remain largely unknown.
With all this in mind, we inspected the determinants of tree
exploitation by termites, testing the hypothesis that bottom-up effects play
important roles on such an exploitation. Specifically, we tested the predic-
tion that termites would tend to occupy trees based on their (i) potential
amount of available resource and (ii) chemical traits. If foragers or nesters
promptly occupy the first tree they find, regardless the quantity/quality of
resource it bears, larger trees (as opposed to smaller ones) would be more
frequently occupied simply because such trees are more apparent in space.
In addition, no difference should be found in termite occupation patterns
among trees presenting distinct chemical traits. This would stand as our
null hypotheses for the effects of resource amount and chemical traits on
tree occupation by termites. Alternatively, if resource amount dictates tree
occupation by termites, among same-sized trees, those presenting more po-
tential resources would be more frequently occupied. Similarly, if termite
occupation is chemically mediated, termite presence patterns should differ
on trees (i) from different botanical families - because they present distinct
chemical profiles, and (ii) presenting obvious chemical defences (such as la-

tex).
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2.3 Material & Methods

Study area

The study was carried out in the municipality of Conceigao
da Barra (18°2’ 39” S, 39°52’ 18” W; altitude 60m above sea level) in the
State of Espirito Santo, Southearstern Brazil. The climate is humid tropi-
cal, annual mean precipitation of 1400mm and annual mean temperature
of 23°C. The area sampled consists of a fragment (190 ha) of the Atlantic

Forest with advanced successional stage.

Experimental procedure

Field observations aimed to check how frequently termites
would be found on trees presenting distinct (i) amounts of potential resources
and (ii) chemical profiles.

To do so, we recorded the presence of termite galleries on all
trees (1207 individual plants) within 0.5 ha of the forest fragment. Resource
amounts were estimated by two variables, namely, tree size (diameter at
breast height, DBH) and tree condition (dead or alive). The use of these
two estimators was needed to distinguish between two traits associated to
tree size: conspicuousness and amount of resource offer. That is, while larger
trees (i.e., having larger DBH) are more apparent in space, they also present
larger amounts of potential feeding resources. Therefore, simple correlations

between termites and tree’s DBH could not conclusively be blamed on either
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tree conspicuousness or resource offer. However, because most termites feed
on dead plant material, a dead tree presents more potential feeding resour-
ces than a living tree, as long as they both are of similar size. Hence, by
combining both variables (size and condition) in a single analysis of covari-
ance, it is possible to check whether termites would ’prefer’ dead trees over
similar-sized live ones. In doing so, we can disentangle the effects of resource
amount from those of conspicuousness of the tree, on termite patterns of tree
occupation. This would allow to infer the extent at which termite presence
on large trees depended on the amount of resource there existent or it was
simply a product of random encounter of a conspicuous tree. Resource qua-
lity was also accessed by two x-vars: latex presence in tree’s cambium and
taxonomical affiliation of the tree, both taken as surrogates for potential de-
terrents of termite use of wood. Latex directly expresses chemical deterrence
because it is known to hold terpenes (among other chemicals: (Esau, 1965;
Gershenzon & Croteau, 1991)), and terpenes are known to deter termites
(Scheffrahn, 1991). In addition, latex is easily detected in living trees in the
field simply by piercing the tree trunk to expose its cambium. Other ins-
tances of tree quality for termites would include presence of other deterring
chemicals and the taxonomical affiliation would stand as a gross measure of
these. That is, trees from a given taxonomy would share similar traits which

are prone to affect termite preference to them.

Analyses

Statistical analyses inspected the effects of resource quantity
and quality on tree selection by termites, by means of Generalized Linear
Modelling performed under R (R Development Core Team, 2009) with Bino-

mial errors corrected for overdispersion when necessary. Residual analyses
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confirmed the choice of error distribution and the suitability of the modelling
equation.

Analyses proceeded in two steps, both of them using logistic
regressions where the presence of termite galleries on a tree was taken as a
surrogate for tree selection, and entered the models as a qualitative bino-
mial y-var (0 = absence, 1 = presence). First, we inspected the effects of
tree size on termite occupation, distinguishing tree’s conspicuousness from
resource offer, as described above. Explanatory variables included tree’s di-
ameter (surrogate for tree size), tree condition (“dead” or “alive”), and the
interaction of both. Such analysis used all 1207 trees found in the forest
fragment.

The second analytical step consisted of inspecting the rele-
vance of resource quality on tree occupation by termites. To do so, we
performed a logistic regression on tree occupation by termites (the y-var
described above), including as explanatory variables the presence of latex
in the tree, the tree’s diameter and the interaction between such variables
and also the botanical family of the trees. The diameter of the tree ente-
red the model to avoid statistical significance due to resource quantity to
be spuriously attached to the variables representing resource quality. The
dead trees were removed from the dataset because we can not determine in
the field whether they had latex or not, nor determine their taxonomical
identity. Besides the dead trees, we removed from the analysis, trees that
had not established their taxonomic identity. Such analysis was conducted

in 1130 living trees.
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2.4 Results

A total of 1207 trees were sampled, which comprised 181
species and 42 families. The presence of latex was observed in 264 trees
(21.9%) and a total of 40 (3.31%) trees were dead.

Termite’s galleries were recorded on 109 arboreal individuals
(9.03%), belonging to 26 families. All galleries found in trees were typical of
Nasutitermes sp. The galleries were soft and crumbly presenting a mixture
of sand, feces and bark. In fact, some Nasutitermes sp. soldiers were found
in some galleries.

Overall, there was a trend for higher incidence of termite
galleries with increasing diameter of the trees. The presence of galleries was
also affected by the condition of the trees (Table 2.1). More galleries in dead
trees were observed than in living trees (Fig. 2.1).

Moreover, the presence of latex, the interaction between latex
and diameter, and the family of the trees did not affect the presence of

galleries in the trees (Table 2.2).
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Tabela 2.1: Analysis of deviance table for effects of tree diameter and con-
dition (life or dead) on the presence or absence of termites galleries on trees.

Source Df Deviance P(>[x?|)
diameter 1 22.64 1.95x 10°°
tree condition 1 991 1.64x 103
diameter:tree condition 1 0.60 0.44
error 1204 33.14

total 1207

Tabela 2.2: Analysis of deviance table for effects of latex (presence or ab-
sence), tree diameter and tree family on the presence or absence of termites

galleries on trees.

Source Df Deviance P(>[x?|)
latex 1 0.06 0.80
diameter 1 15.90 6.67 x 107°
family 41 42.05 0.42
latex:diameter 1 0.40 0.53
error 1086 58.42

total 1130
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2.5 Discussion

Termite galleries were more frequently found on large as op-
posed to small trees and dead as opposed to living ones (Fig. 2.1). This
seems to indicate that termite occupation of trees depends on the amount
of resource there existent not being simply a product of random encounter
of a conspicuous tree.

The mechanisms that determine selection of large trees by
termites are not entirely known. Although there is no consensus about such
mechanisms, there are several lines of evidence suggesting that these insects
are selective feeders (Miura & Matsumoto, 1998; Hedlund & Henderson,
1999; Arab & Costa-Leonardo, 2005; Gallagher & Jones, 2005). In the search
and recognition of resources in lab experiments, termites were able to discri-
minate the amount of resources through signs of acoustic vibration (Evans
et al., 2005). To do so, they provoked vibration upon potential resources
and preferred large ones, apparently by evaluating their dimensions using
acoustic clues. If termites are able to probe and choose larger resources in
the lab, it may be that they use the same strategy in the field, evaluating the
size of the tree, and opting for the larger ones. The positive effect of tree size
on termite foraging was also described by Gongalves et al. (2005), who found
more activity of arboreal termites on trees with large diameters and more
branches. Additionally, Gillison et al. (2003), comparing different tropical
forest types, found more termite abundance and richness associated with

trees presenting bigger basal area. A plausible explanation for the selection
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of larger trees may be associated with large resource abundance and vari-
ety (wood, moss, lichen) provided by such trees (Jones & Gathrone-Hardy,
1995; Gongalves et al., 2005). Besides, selection towards more suitable re-
source has also been observed on termite nesting (Shellman-Reeve, 1994;
Lima et al., 2006).

Contrarily to what was expected, neither latex content nor ta-
xonomical identity of trees presented any effect on the probability of finding
galleries on a tree. This does not conform with previous studies which have
shown that termites tend to avoid resources chemically defended (Smythe &
Carter, 1970; Behr et al., 1972). As reviewed by Verma et al. (2009) several
botanical extracts may act as arrestants, repellents and feeding deterrents to
these insects. Unlike these studies, performed mostly in the laboratory and
from the active isolated, we evaluated concentrations naturally present in
the trees directly in the field. This may have contributed to our acceptance
of the null hypothesis that chemical traits would not affect tree occupation
by termites.

Our results may shed some light on part of the mechanisms
responsible for the tree/resource exploitation by termites. The quantity
of resource was an important factor for selection, independent of taxonomic
identity and the presence of latex. We conclude that the presence of termite’s
galleries on trees could be determined more by resource availability than
resource quality. Besides we rule out the possibility of termites selecting
large trees merely because they are easier to be encountered by a random

foraging.
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3.1 Introducgao

O papel dos efeitos bottom-up (recursos) e top-down (preda-
¢ao) em sistemas terrrestres tem sido tépico de grande debate na literatura
ecolégica (Schmitiz et al., 1999; Shurin et al., 2002; Boyer et al., 2003) e al-
guns estudos tém sugerido a acao conjunta dos mesmos na estruturagao de
comunidades (Forkner & Hunter, 2000; Moran & Scheidler, 2002). Uma vez
que esses efeitos podem variar no espago e no tempo, o avango da sucessao
florestal pode ser um sistema ideal para analisar o papel deles na estrutu-
racdo de comunidades. A sucessao florestal representa ampla variagdo na
diversidade de plantas e na estrutura do ambiente, o que acarreta grandes
mudancas na diversidade de decompositores, herbivoros e predadores.

As interacoes entre plantas, herbivoros, e predadores estao
intimamente ligadas & acao dos detritivoros. Os detritivoros afetam a quan-
tidade e a qualidade da produgao primaria através da decomposicao da ma-
téria organica e ciclagem de nutrientes garantindo suporte aos consumidores
(herbivoros+predadores) (Wardle et al., 2004). Assim, conhecer como os de-
tritivoros sao afetados por forgas acima e abaixo do seu nivel tréfico torna-se
essencial para consideracgoes a respeito da regulacao de suas comunidades.

Os cupins sao um dos mais abundantes e diversos macroartro-
podes detritivoros em ecossistemas tropicais (Eggleton et al., 1999), sendo
muito susceptiveis a alteragoes na comunidade vegetal, tanto aquelas de
origem natural (p.ex., sucessao vegetal) quanto as alteragoes antropogénicas

(Eggleton & Homathevi, 1997; Eggleton et al., 1996). Além de estarem sujei-



22
tos a tais efeitos, tipicamente bottom-up, as comunidades de cupins também
sao reguladas por efeitos top-down: mesmo sob a protecao de tuneis estes
insetos tornam-se vulneraveis ao ataque de predadores quando se expoem
na superficie do solo ou na serapilheira durante o forrageamento (Korb &
Linsenmair, 2002).

Dentre varios predadores presentes na serapilheira de flores-
tas as formigas sao consideradas os principais predadores de cupins ((Lepage,
1981); (Abe & Darlington, 1985)).

Assim, neste trabalho considera-se que cupins estariam sob
efeitos de recursos potenciais da serapilheira e também sob efeitos de pre-
dacao pelas formigas. Considerando isso, o objetivo deste estudo foi testar

a hipétese de que:

A abundéancia de cupins atinge um pico em niveis intermedia-
rios de sucessao florestal devido a alternancia dos efeitos bottom-
up e top-down ao longo da sucessdao. Em estdgios iniciais da
sucessao prevalecem os efeitos bottom-up enquanto que em esta-
gios mais avancados, os efeitos top-down tém mais importancia,

como demonstrado na Fig. 3.1

Baseamos nossa hipdtese nos seguintes fatos: a medida que
avanga a sucessao florestal (i) hd actimulo da quantidade de biomassa vege-
tal depositada na superficie do solo,(Gorham et al., 1979; Facelli & Carson,
1991; Didham, 1998; Kraus et al., 2003) e (ii) aumento da heterogeneidade
estrutural do ambiente, devido ao acimulo de itens diferentes (Murdoch
et al., 1972; Dennis et al., 1998), o que possibilita o aumento a estruturacao
espacial da serapilheira e da comunidade de macroinvertebrados (Yankele-
vich et al., 2006).

Tais observagoes, somadas ao fato de que cupins usam diver-
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sificados estdgios da matéria organica, alimentando-se de matéria vegetal
viva até matéria organica humificada do solo (Bignell & Eggleton, 1995) nos

levam as seguintes predicoes a partir de nossa hipdtese geral:

e Em estadios iniciais de sucessao ha baixa abundancia de cupins devido
a menor quantidade/qualidade de recursos disponiveis. Isto implica,
também, que deve haver menor quantidade e variedade de predadores
de cupins (especialmente formigas). Assim, neste estdgio, a comuni-

dade de cupins estaria sob efeitos de base (i.e., bottom-up).

e Em estadios intermedidrios de sucessao ha maior heterogeneidade es-
trutural e maior qualidade de recursos para cupins (menor C/N na
serapilheira), aumentando sua abundancia, o que implica em um con-

sequente aumento de formigas predadoras (bottom-up = top-down).

e A partir do estadio intermediario de sucessdao, com o aumento de formi-
gas predadoras, comeca a diminuir a abundancia de cupins, de forma
a caracterizar um predominio dos efeitos de topo (top-down). Além
disso, a biomassa de serapilheira tende a estabilizar-se, e as taxas de
decomposicao tendem a diminuir (Didham, 1998), devido & menor qua-

lidade da serapilheira, gerando actimulo.
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bottom-up = top-down

[ \

/ bottorn-up = top-down bottorn-up < top-down \

abundancia de cupins

f/ \

sucessao florestal

Figura 3.1: Hipétese para a variacdao da abundancia de cupins ao longo da
sucessao florestal. Os efeitos bottom-up e top-down se alternam descrevendo
uma funcao em forma de sino.
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3.2 Material & Métodos

3.2.1 Area de Estudo

O estudo foi realizado em fragmentos florestais do Munici-
pio de Vigosa, na Zona da Mata de Minas Gerais, cuja vegetacao nativa é
classificada como Floresta Estacional Semidecidual Montana pertencente ao
bioma Mata Atlantica. Originalmente, a vegetacao da regiao formava um
continuo florestal, que foi drasticamente alterada com o desenvolvimento
de atividades agrosilvopastoris e a expansao de nucleos urbanos. Atual-
mente a paisagem é dominada por pastagens e areas de cultivos, restando
esparsos remanescentes com elementos de floresta priméria, e uma expres-
siva quantidade de fragmentos de floresta secundaria em diferentes idades de
regeneracao. Dentre estes, foram escolhidos sete fragmentos independentes,
que apresentam diferentes idades de sucessao florestal (Tabela 3.1). Uma
andlise preliminar revelou auséncia de correlagdo entre a area do fragmento
e a sua idade estimada através de entrevistas (P = 0.2505; 6 g.l.), de forma

que nao hé risco de confundimento dos efeitos area e idade.

3.2.2 Desenho Experimental

Em cada um dos fragmentos foi feito um transecto de 100
x 2m, dentro do qual foram marcadas 10 parcelas de 5 (comprimento) x
2m (largura), mantendo-se uma distancia fixa de 5m entre as parcelas. Em

cada parcela foram feitas medidas da disponibilidade de recursos e do nu-
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mero de encontros por espécies. Desta forma, amostrou-se uma area de

100m? /transecto.

3.2.3 Amostragem de Cupins

A coleta de cupins em cada parcela foi realizada por um amos-
trador durante lh. Os cupins foram coletados através de coleta manual
utilizando-se pingas entomoldgicas, vasculhando-se: a serapilheira, galhos e
troncos caidos, abaixo das cascas de arvores, em galerias sobre troncos de
arvores vivas ou mortas, na superficie e em buracos feitos no solo (cerca de
10 em de didmetro x 15cm profundidade). As amostras de cupins foram ro-
tuladas e preservadas em &lcool 80%. Posteriormente, estas amostras foram
identificadas de acordo com Mathews (1977); Constantino (1999) e através
da comparagao com amostras da secao de Isoptera do Museu de Entomologia
da Universidade Federal de Vigosa (MEUYV), onde o material foi depositado.
Da identificacao, obteve-se o nimero de espécies e a abundancia de cupins
por parcela. A abundéancia equivale ao niimero de registros por espécies em
cada parcela (sensu Davies et al. (2003)) e o somatério disso foi efetuado

para cada mata.

3.2.4 Amostragem de Fatores Bottom-up e Top-down

Bottom-up

Os fatores bottom-up atuando sobre as comunidades de cu-
pins foram considerados como sendo a quantidade de serapilheira no solo
das matas e sua relagao C/N. A serapilheira contém celulose, que é o prin-
cipal alimento de cupins e é facilmente digerido por eles (Slaytor, 2000).
Para contrabalancear o carbono ingerido com a celulose, esses insetos po-

dem eliminar o excesso ou consumir seletivamente alimentos mais ricos em
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nitrogénio (Higashi et al., 1990). Desta forma, a quantidade de serapilheira
e a sua qualidade medida através da relacio C/N podem representar im-
portantes fontes de recurso para cupins e por isso foram consideradas nesse
trabalho.

A amostragem de serapilheira foi feita no centro de cada
parcela dos transectos, em quadrado de 0,5 x 0,5m, de onde foi retirado todo
o material vegetal depositado nesta area. As amostras de serapilheira foram
previamente limpas para retirada de particulas de solo, posteriormente secas
em estufa (70°C por 72h) e pesadas para quantificacdo de sua biomassa.
Estas amostras foram entao enviadas para analise quimica a fim de medir o
teor de carbono e nitrogénio no Departamento de solos da UFV. Para cada
mata foram calculadas as médias da biomassa de serapilheira e da razao

C/N das 10 parcelas.

Top-down

A proporgao de registros de formigas potencialmente preda-
doras de cupins (numero de registros de formigas potencialmente predado-
ras/ numero total de registros de formigas) foi considerada como o fator
top-down atuando sobre a comunidade de cupins ao longo da sucessao flo-
restal. Para isso foram feitas coletas de formigas nas mesmas parcelas que os
cupins, quatro dias antes da coleta destes ultimos. Com isso, evitou-se alte-
ragoes na estimativa das formigas em funcao do disturbio que é tipicamente
causado pela coleta de cupins. Estes dados foram disponibilizados pelo La-
boratério de Ecologia de Comunidades da UFV Schmidt (2008). As coletas
foram realizadas em trés microhabitats (hip6geo, epigeo e arboricola), em
cada fragmento, através da instalacao de armadilhas do tipo pitfall com

iscas de sardinha e mel dispostas no campo por 48 horas. As armadilhas
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foram confeccionadas com o mesmo tipo de frasco, porém devido as particu-
laridades de cada microhabitat passaram por modificagoes a fim de manter
a mesma eficiéncia de coleta. As armadilhas do microhabitat hipogéico ti-
veram a boca fechada com tampa, porém na lateral foram feitos furos para
permitir o acesso dos espécimes de formigas para o interior da armadilha.
Ja os frascos utilizados como armadilhas nos microhabitats epigéicos e ar-
boricolas consistiram no modelo padrao de armadilhas do tipo pitfall. As
armadilhas do microhabitat hipogéico foram enterradas a uma profundidade
de 20cm; as do microhabitat epigéico foram instaladas na superficie do solo
de forma a manter a boca do frasco no nivel da superficie; e por fim, as
arboricolas foram fixadas nas arvores a uma altura de 1,30m. As formigas
foram identificadas em genero através de chaves de identificacao de Bolton
(1994) e Palacio & Fernandez (2003) com a classificagdo de subfamilia de
Bolton (2003). A identificacao das espécies foi efetuada de acordo com a
colegao referéncia de Formicidae do Laboratorio de Ecologia de Comunida-
des da UFV, onde as espécies testemunhas foram depositadas, e por chaves
taxonomicas disponiveis em Agosti & Johnson (2007). A classificagao do
habito alimentar das formigas foi estabelecida segundo Andersen (2000) e
Brandao et al. (2009).

A proporg¢ao de registros de formigas potencialmente preda-
doras de cupins utilizada nesse trabalho foi feita considerando-se os dados
totais das coletas realizadas nos trés microhdbitats (arboricola, epigéico e
hipogéico). Um registro equivaleu a presenga de determinada espécie de
formiga nas armadilhas. Assim, cada vez que determinada espécie apare-
ceu numa armadilha do transecto, foi contabilizado um novo registro. As
formigas potencialmente predadoras de cupins foram consideradas como as

espécies que possuem habito predatério assim como as de habito generalista.
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Desta forma, o registro de formigas potencialmente predadoras correspon-
deu ao nimero de vezes em que tais espécies de formigas (predadoras e ge-
neralistas) foram encontradas nas armadilhas dos diferentes microhabitats
(arboricola, epigéico e hipogéico) ao longo dos transectos (=10 parcelas).
Ja o numero total de registros de formigas foi estimado através do somaté-
rio total dos registros de todas as espécies de formigas amostradas em cada

transecto (=10 parcelas).

3.2.5 Classificagao sucessional dos fragmentos florestais

Como medida de sucessao florestal foi utilizada a proporgao
de cobertura do dossel. Essa medida indica a quantidade de luz que passa
através das copas das drvores até um ponto fixo no chao (Jennings et al.,
1999). Diferencas nessa quantidade de luz que passa pelo dossel propor-
cionam diferencas no micro-habitat interno das florestas, afetando o cresci-
mento e desenvolvimento de plantulas, determinando a composicao floristica,
afetando os processos de decomposicao da matéria organica, dentre outros
(Jennings et al., 1999). De forma geral, a estrutura do dossel muda com
o desenvolvimento da floresta (Oliver, 1981; Van Pelt & Nadkarni, 2004) e
porcoes da floresta com idade sucessional mais avancada apresentam dossel
mais fechado (= maior cobertura) (Harper, 1989).

Para estimativa da cobertura do dossel, nas 10 parcelas de
cada fragmento, foi tirada uma fotografia do dossel a partir do nivel do solo
utilizando-se uma lente olho de peixe com abertura de 180°C. As fotografias
foram analizadas com o programa Gap Light Analyzer (GLA) (Frazer et al.,
1999) a fim de estimar a porcentagem de cobertura do dossel. Para cada
mata foi feita a média da cobertura do dossel medida em cada uma das 10

parcelas.
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3.2.6 Analises estatisticas

Para testar a hipotese geral explicitada na Figura 3.1 foram

realizadas trés etapas de analises.

i) Cupins X Sucessao Florestal

Com o objetivo de testar se cupins atingem um pico de
abundancia em niveis intermedidrios de sucessao florestal foi criado um
modelo quadréatico explicito para a varidvel resposta abundancia de cupins.
A varidvel explanatoria foi a média da porcentagem de cobertura do dossel

em cada mata. Nessa andlise foi utilizado distribuicao de erros Poisson.

ii) Cupins X Bottom-up e Top-down

A ocorréncia do padrao previsto na Figura 3.1, por si s6, ndao
garante que seus mecanismos geradores envolvam a alternancia dos efeitos de
base e de topo, conforme nossa hipétese estabelece. Na verdade, é necessa-
rio observar-se concomitantemente a curva da Figura 3.1, uma alteracao das
correlagoes consumidor /recurso que denunciam a predominancia de um dos
mecanismos de controle. Correlagoes positivas indicariam um forte efeito
bottom-up, correlacoes negativas indicariam um forte efeito top-down, en-
quanto que a auséncia de correlagoes denunciariam a existéncia de ligagoes
tréficas fracas.

Pensando nisso foram feitas analises de regressao linear
para testar os efeitos bottom-up e top-down na abundancia de cupins. Foi
construido um modelo para cada uma das varidveis explanatérias: biomassa
de serapilheira, C/N da serapilheira e proporgao de registros de potenciais
predadoras. A abundéancia de cupins foi a varidvel resposta, para cada uma

delas. Nessas andlises foi utilizada distribuigao de erros Poisson.
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iii) Bottom-up e Top-down X Sucessao Florestal

As predicoes de que a quantidade de recursos aumenta ao
longo da sucessao florestal, a qualidade diminui, e de que a predagéo ganha
mais forca no final da sucessao foram testadas separadamente. Para cada
uma das varidveis respostas: biomassa de serapilheira, C/N da serapilheira
e proporc¢ao de registros de potenciais predadoras foram criados modelos de
regressoes simples tendo com varidvel explanatdria a cobertura de dossel.

Todas as anélise foram feitas utilizando modelagem linear
generalizada (GLM) no programa R (R Development Core Team, 2009).
Em todos os casos foram feitas analises de residuos, para se confirmar a

adequabilidade dos modelos testados.

Tabela 3.1: Descri¢ao dos fragmentos florestais/ambientes onde foram reali-
zadas as coletas de cupins e das varidveis ambientais relacionadas a predagao
e a sucessao vegetal.

Ambiente/Fragmento Local Regeneragao (anos) Area (ha)
Mata do Coluni Campus UFV 7 9,28
Mata Sitio Palmital  Vigosa 15 a 20 8,20
Mata Chaves I Vicosa 30 9,30
Mata Garagem Campus UFV 40 55,49
Mata Chaves 11 Vicosa 50 a 60 8,31
Mata da Biologia Campus UFV 80 92

Mata Nico Vicosa 120 34,27
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3.3 Resultados

3.3.1 Espécies Coletadas

Foram coletadas 741 amostras e 30 espécies de cupins, to-
das da familia Termitidae, representados pelas subfamilas Apicotermitinae,
Nasutitermitinae, Syntermitinae e Termitinae (Tabela 3.2).

Nos trés microhdbitas (arboricola, epigeo e hipdgeo), foram
amostrados 77 espécies de formigas pertencentes a nove subfamilias (Ta-
bela 3.3.4). As formigas potencialmente predadoras corresponderam a 83%
(generalistas = 59,7% e predadoras = 23,3%), o restante (16,8%) compre-
endeu consumidoras de fungo, predadoras de colembola e/ou consumidoras

de polen, segundo Agosti et al. (2000).

3.3.2 Variagao da abundéancia de cupins ao longo da sucessao

florestal

A abundéancia de cupins atingiu um pico em niveis interme-
didrios de sucessao florestal Tabela 3.4 e Fig. 3.2 como previsto pela nossa
hipdtese. Cupins foram menos abundantes no inicio e no final da sucessao,

e mais abundantes em niveis intermediarios da sucessao.
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3.3.3 Efeitos bottom-up e top-down sobre a abundancia de

cupins

Cupins foram afetados pela quantidade de serapilheira mas
nao pela qualidade (C/N) (Tabela 3.5). Além disso, a abundancia de cupins
nao variou com a proporgao de registros de formigas predadoras (Tabela 3.5).
A abundancia de cupins apresentou um pico em niveis intermedidrios de
biomassa de serapilheira, e consequentemente baixa abundancia de cupins

foi verificada nos niveis extremos de quantidade de recursos (Fig. 3.3).

3.3.4 Variagao de recursos e predagao ao longo da sucessao

florestal

A biomassa de serapilheira e a proporcao de registros de for-
migas potencialmente predadoras apresentaram uma relacao positiva com a
sucessao florestal (Tabela 3.6, Fig. 3.4 e Fig. 3.5). A relagao C/N da sera-
pilheira néo variou com a sucessao (Tabela 3.6). Desta forma, as predigdes
de que a quantidade de recurso e de predadores aumentariam ao longo da
sucessao foram corroboradas, no entanto a qualidade do recurso permane-
ceu sem variacao significativa, ndo diminuindo ao longo da sucessao, como

esperado.
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Tabela 3.2: Espécies de cupins coletadas em 7 fragmentos com diferentes
estagios de sucessao florestal,Vigosa,Minas Gerais, Brasil.

Subfamilia

Espécies ou morfoespécies

Apicotermitinae

Nasutitermitinae

Syntermitinae

Termitinae

Anoplotermes sp.1

Anoplotermes sp.2

Anoplotermes sp.3

Anoplotermes sp.4

Anoplotermes sp.5

Anoplotermes sp.6

Anoplotermes sp.7

Anoplotermes sp.8

Aparatermes abbreviatus (Silvestri)
Grigiotermes sp.

Ruptitermes sp.

Ruptitermes silvestrii (Emerson)
Ruptitermes xanthochiton Mathews
Atlantitermes osborni (Emerson)
Embiratermes cf. festivelus
Diversitermes castaniceps (Holmgren)
Nasutitermes jaraguae (Holmgren)
Nasutitermes rotundatus (Holmgren)
Nasutitermes sp.1

Subulitermes sp.

Armitermes sp.

Cornitermes cumulans (Kollar)
Cyrilliotermes cupim Fontes
Labiotermes sp.

Procornitermes lespesii (Mueller)
Syntermes dirus (Burmeister)
Dentispicotermes cupiporanga Bandeira & Cancelo
Dihoplotermes inusitatus Araujo
Neocapritermes opacus (Hagen)
Termes cf. medioculatus sp.

TOTAL

31
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estagios de sucessao florestal, Vicosa, Minas Gerais, Brasil.

Subfamilia/Espécies

Habito

Cerapachyinae

Acanthosticus laticornis Forel, 1908
Dolichoderinae

Dolichoderus lutosus Smith, 1858

Linepithema aztecoides Wild, 2007

Linepithema iniquum (Mayr 1870)

Linepithema leucomelas (Emery, 1894)
Ecitoninae

Labidus mars Forel, 1912

Labidus praedator (Smith, 1858)

Ectatominae

Ectatomma edentatum Roger, 1863

Ectatoma permagnum Forel, 1908

Gnamptogenys striatula Mayr, 1883

Formicinae

Brachymyrmex pr. longicornis Forel, 1907
Brachymyrmez sp. 1

Camponotus (Camponotus) agra (Smith, 1858)
Camponotus (Myrmothriz) atriceps (Smith, 1858)
Camponotus (Myrmothriz) cingulatus Mayr, 1862
Camponotus (Myrmobrachys) crassus Mayr, 1862

Camponotus (Tanaemyrmex) lespesii Forel, 1886

predadora de cupins

generalista
generalista
generalista

generalista

predadora

predadora

predadora
predadora

predadora

generalista
generalista
generalista
generalista
generalista
generalista

generalista

Continua na préoxima pdgina
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Tabela 3.3: Continuagao

Subfamilia/Espécies Habito

Camponotus (Tanaemyrmez) melanoticus Emery, 1894 generalista

Camponotus (Myrmaphaenus) novogranadensis Mayr, 1870  generalista

Camponotus (Myrmothriz) rufipes (Fabricius, 1775) generalista
Camponotus (Myrmepomis) sericeiventris(Guérin, 1838) generalista
Heteroponerinae

Heteroponera mayri Kempf, 1962 predadora
Myrmicinae

Acromyrmez subterraneus (Forel, 1893) cultivadora de fungo
Acromyrmez niger (Smith, 1858) cultivadora de fungo
Apterostigma serratum Lattke, 1997 cultivadora de fungo
Atta sexdens rubropilosa Forel, 1908 cultivadora de fungo
Carebara urichi (Wheeler, 1922) generalista

Carebara gr. lignata sp. generalista
Cephalotes atratus (Linnaeus, 1758) consumidora de pdlen
Cephalotes pusillus (Klug, 1824) consumidora de pdlen
Crematogaster pr. stolli (Forel, 1885) generalista
Crematogaster longispina Mayr, 1870 generalista
Crematogaster torosa Mayr 1870 generalista
Cyphomyrmez transversus Emery, 1884 cultivadora de fungo
Hylomyrma balzani (Emery, 1894) generalista
Megalomyrmezx goeldii Forel, 1912 generalista
Myrmicocrypta sp. A cultivadora de fungo
Mycetarotes parallelus (Emery, 1905) cultivadora de fungo

Continua na proxima pdgina
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Subfamilia/Espécies

Habito

Mycocepurus smithii Forel, 1893
Octostruma simoni (Emery, 1890)
Pheidole gertrudae Forel, 1886
Pheidole sp. A

Pheidole sp. B

Pheidole sp. C

Pheidole sp. D

Pheidole gr. flavens sp. E
Pheidole sp.
Pheidole sp.
Pheidole sp.
Pheidole sp.

= <= = Q =

Pheidole sp.
Pheidole sp. N

Pyramica denticulata (Mayr, 1887)
Rogeria micromma Kempf, 1961
Sericomyrmex sp. A

Solenopsis saevissima (Smith)
Solenopsis gr. geminata sp. A
Solenopsis sp. B

Solenopsis sp. C

Solenopsis sp. E

Solenopsis sp. F

cultivadora de fungo

predadora
generalista
generalista
generalista
generalista
generalista
generalista
generalista
generalista
generalista
generalista
generalista

generalista

sem classificagao

generalista

cultivadora de fungo

generalista
generalista
generalista
generalista
generalista

generalista

Continua na proxima pdgina
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Subfamilia/Espécies Habito

Solenopsis sp. G generalista
Solenopsis sp. H generalista
Solenopsis sp. M generalista

Strumigenys elongata Roger, 1863

Trachymyrmez atlanticus Mayhé-Nunes Brandao, 2007

predadora de Colembola

cultivadora de fungo

Wasmannia auropunctata (Roger, 1863) generalista
Ponerinae

Anochetus neglectus (Emery, 1894) predadora
Leptogenys sp. 1 predadora
Odontomachus chelifer (Latreille, 1802) predadora
Pachycondyla harpax (Fabricius, 1804) predadora
Pachycondyla lenis (Kempf, 1962) predadora
Pachycondyla striata (Smith 1858) predadora
Pachycondyla venusta Forel, 1912 predadora
Simopelta minima Brandao, 1989 predadora
Pseudomyrmecinae

Pseudomymex gracilis (Fabricius, 1804) predadora
TOTAL 77
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Tabela 3.4: Andlise de regressao para testar o efeito da sucessao florestal
(representado pela proporgao de cobertura de dossel) sobre a abundancia de
cupins. Para maiores detalhes veja secao Material & Métodos

Fonte de variagao ' gl Deviancia P(>|x?|)
y = Abunddncia de cupins

Cobertura de dossel 1 1.199 0.51
(Cobertura de dossel)? 1 35.530  0.0003387
Error 5 36.729

Total 7

Tabela 3.5: Andlises de regressdo para testar os efeitos bottom-up da bio-
massa de serapilheira e da relacdo C/N e o efeito top-down proporgao de
formigas predadoras sobre a abundancia de cupins. Para maiores detalhes
veja secdo Material& Métodos.
Fonte de variagao gl Deviancia P(>|x?|)
y = Abunddancia de cupins

Biomassa de serapilheira 1 0.169 0.866
(Biomassa de serapilheira)? 1 23.641 0.047
Error 5) 23,81

Total 7

C/N da serapilheira 1 11.908 0.200
Error 6

Total 7

Proporcao de formigas predadoras 1 13.443 0.172
Error 6

Total 7
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Tabela 3.6: Andlise de regressao para testar o efeito da sucessao florestal
(representado pela proporgao de cobertura de dossel) sobre biomassa e C/N
da serapilheira, e a proporcao de registros de formigas potenciais predado-
ras.Para maiores detalhes veja secao Material & Métodos

Fonte de variacao gl Deviancia P
y = Biomassa de serapilheira
Cobertura de dossel 1 0.01657 0.007435
Error
Total 7

y = C/N da serapilheira
Cobertura de dossel
Error
Total

Fonte de variagao gl Deviancia P(>|x?|)
y = Proporcao de formigas predadoras
Cobertura de dossel 1 4.4388 0.0437
Error
Total 7

36.918 0.227

~N Ot —
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Figura 3.2: Abundancia de cupins em diferentes estagios de sucessao flores-
tal, representados pela proporc¢ao de cobertura de dossel, ver Tabela 3.4.



42

120

100 —

Abundancia de Cupins

80 —

60 4 °

I T I
0.20 0.25 0.30

Biomassa de serapilheira (Kg)

Figura 3.3: Resposta da abundancia de cupins ao aumento da biomassa de
serapilheira, ver tabela Tabela 3.5
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Figura 3.4: Variacdo da biomassa de serapillheira ao longo da sucessao flo-
restal (porcentagem de cobertura do dossel), ver Tabela 3.6
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Figura 3.5: Variagao da proporcao de registros de formigas potenciais pre-
dadoras de cupins sobre o registro total de formigas ao longo da sucessao
florestal (porcentagem de cobertura do dossel), ver Tabela 3.6
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3.4 Discussao

A hipétese de que a abundéancia de cupins atingiria um pico
em niveis intermedidrios de sucessao florestal foi confirmada nesse trabalho
(Fig. 3.2). Entretanto, os mecanismos propostos para explicar esse resultado
nao se ajustaram integralmente as nossas predigoes: eram esperadas corre-
lagoes positivas entre cupins e recurso (bottom-up) no inicio da sucessao e
correlagoes negativas entre cupins e formigas (top-down) no final da sucessao.
Por outro lado, o que encontramos foi um pico de abundancia de cupins em
niveis intermedidrios de biomassa de serapilheira, ou seja, o fator bottom-
up (quantidade de serapilheira) afetou cupim nao sé positivamente como
também negativamente (Fig. 3.3). J4 o fator top-down analisado (quanti-
dade de formigas predadoras) nao impactou negativamente a abundancia de
cupins. Assim, a hipdtese se confirma, mas os mecanismos para explicd-la
nao se ajustam ao proposto. Portanto, como podemos esclarecer o padrao

encontrado (Fig. 3.2)7

3.4.1 O que explica a variagao da abundancia de cupins ao

longo da sucessao florestal?

Nossos resultados sugerem que o efeito bottom-up pode ser
responsavel tanto pelo aumento como pela diminuicao de cupins ao longo
da sucessao. No inicio da sucessao florestal o efeito positivo da biomassa

da serapilheira sobre a abundancia de cupins poderia explicar a fase ascen-
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dente da curva. A fase descendente pode ter ocorrido pelo efeito bottom-up
negativo observado entre a biomassa de serapilheira e a abundancia de cu-
pins. O aumento da abundancia de organismos por efeitos bottom-up sao
comuns na literatura (Shurin et al., 2002; Frederiksen et al., 2006). Por ou-
tro lado, os efeitos negativos da disponibilidade de recursos e energia sobre
a abundancia de organismos nao sao tao comuns (?)MittelbachSteiner2001.
Especialmente para cupins, Araijo et al. (2007) encontraram correlagoes ne-
gativas entre a abundancia e riqueza de cupins e a biomassa de serapilheira,
corroborando nossos resultados. Esses autores hipotetizaram que a relagao
negativa encontrada poderia ser explicada por trés fatores: i) diminuic¢ao
paralela de outro recurso essencial, por exemplo, aumento em quantidade
da serapilheira diminuiria a qualidade; ii) por aumento de predadores e iii)
por retracao da area de forrageamento, limitando a deteccao amostral. Essa
ultima, foi objeto de estudo e posteriormente comprovada por Araudjo et al.
(dados nao publicados). Esses autores encontraram que em locais com alta
disponibilidade de recursos, cupins poderiam utilizar dreas de forrageamento
menores. [sso pode acontecer porque uma vez que possuem recursos sufici-
entes no entorno de seus ninhos, os cupins nao necessitam caminhar grandes
distancias para adquirir a energia de que necessitam. Neste trabalho, os dois
primeiros fatores propostos por Aratjo et al. (2007) parecem nao ocorrer.
A diminuicdo da abundéancia de cupins com o aumento da serapilheira nao
pode ser atribuido a reducbes paralelas na qualidade deste recurso. Além
disso, a razao C/N nao variou ao longo da sucessao. Portanto, a diminui-
¢ao paralela de C/N provavelmente nao foi a responsavel pela diminuic¢ao
de cupins em niveis avangados de sucessao. A predacao de cupins por for-
migas também pode ser descartada como a responséavel pela diminuigao de

cupins observada neste trabalho, pois formigas predadoras nao causaram a
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diminuicao da abundancia de cupins como haviamos previsto.

Assim, parece que a hipdtese da retracao da area de forragea-
mento de Araijo et al. (2007) se encaixa para explicar os resultados obtidos
nesse trabalho. O aumento da biomassa de serapilheira em niveis intermedia-
rios de sucessao pode ter provocado uma diminuicao aparente da abundancia
de cupins provavelmente por afetar as estratégias de forrageamento desses
insetos. Dessa forma, em locais com alta abundéancia de recursos as chan-
ces de amostrar cupins sao reduzidas, causando a falsa impressao de haver
baixa abundancia de cupins nestes locais. Padroes semelhantes de retracao
de area de forrageamento sao encontrados em diferentes taxa. Estudos in-
dicam que decompositores (Tuck & Hassal, 2004) e vertebrados de grande
porte (McLoughlin et al., 2000) caminham menos quando a quantidade de
recursos aumenta, diminuindo com isso a extensao de suas areas de uso.

A retragao da area de forrageamento hipotetizada neste es-
tudo pode ter ocorrido nao sé pelo acimulo de recurso, mas também pela
deteccao do risco de predacao local. Apesar de cupins nao terem respondido
ao risco de predagao (Tabela 3.5), o aumento da proporgao de predadores
ao longo da sucessao (Fig. 3.5) pode ter influenciado o comportamento de
forrageamento dos cupins. De acordo com Korb & Linsenmair (2002) cu-
pins parecem avaliar a pressao de predacao em relagao a disponibilidade de
alimentos ajustando a exploracao de um ambiente baseado nos custos e be-
neficios que este oferece. Comparando savanas (ambiente pobre em recursos)
e floresta de galerias (ambiente rico em recursos) esses autores argumenta-
ram que o custo da procura por locais de menor predacao superava o custo
da exploragao de outro local em ambientes ricos em recursos.

Adicionalmente, a estrutura de habitat criada pela serapi-

lheira pode ter provocado mudancas no comportamento de forrageamento
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dos cupins. A estrutura do habitat é reconhecida como modificadora da di-
namica de sistemas tanto aquaticos quanto terrestres (Persson et al., 1996;
Diehl, 1992). Especificamente, a estrutura gerada pelo actimulo de plantas
muda as interagoes predador-presa em diferentes ambientes e taxa (Crow-
der & Cooper, 1982; Farji-Brener et al., 2004). Considerando isso, quando
cupins lidam com o actimulo de serapilheira pode ocorrer diferencas na es-
trutura do habitat que geram: i) refiigios para cupins e também para seus
predadores e ii) impedimentos fisicos que limitam tanto escape quanto a cap-
tura de presas. Esses efeitos foram evidenciados por Aratjo et al. (Cap.4
desta tese). De acordo com esses autores, o risco de predagao de cupins foi
menor em hébitats mais estruturados (maior quantidade de serapilheira/m?)
mas, as formigas conseguiram contornar isso quando seu esforco de busca
foi aumentado.

Os resultados encontrados nesse trabalho, no sistema
serapilheira-cupim-formiga, estao em concordancia com as predigoes encon-
tradas na literatura de que os efeitos top-down em ambientes terrestres sao
mais dificies de serem detectados do que em ambientes aquaticos (Shurin
et al., 2002) e ainda de que forgas bottom-up dominam em comunidades de
decompositores no solo (Wardle, 1992; Gallardo & Schlesinger, 1994; Scheu
& Shaefer, 1998).

Concluindo, nossos resultados sugerem que efeitos bottom-up
sao determinantes na regulagao da em comunidades de cupins ao longo da
sucessao florestal, gerando tanto efeitos positivos quanto negativos sobre a
sua abundancia. Desta forma, estudos englobando o papel da serapilheira
nessas relacoes sao ainda necessarios para um melhor entendimento desse

sistema.
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4.1 Abstract

Increments in physical structuring of the habitat are predicted to affect
the performance of organisms obscuring outcome of competitor-competitor
or predator-prey relationships. Aiming to shed light on this scenario, field
and lab experiments were carried out to test the hypothesis that termites
success to escape ant predation is favoured by increased habitat structure,
but ants can circumvent this, increasing their searching effort. In the lab,
the number of termites killed by ants, in arenas containing varying amounts
of litter, tested via multiple regression the prediction that the proportion of
termites killed is a compromise between the amount of litter accumulated on
the floor and the searching effort by ants. In field, linear regression tested
the prediction that predation efficiency would increase with litter amount.
Living termites were kept immobilized, by gluing them onto toothpick tips.
The time spent until ants predated such termites was recorded in forest
fragments with known amounts of litter. Results allow the conclusion that
whether or not more structured habitats would impair ant predation on ter-
mites will depend on the balance between the number of available refuges
and the searching effort by the predator.

Key words: predator-prey relationships, physical structuring of the habi-

tat, predatory ants.
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4.2 Introduction

The physical structure of the environment can modulate the
intensity of interspecific interactions, affecting population and community
structure and dynamics, as previously demonstrated for a wide set of orga-
nisms ranging from invertebrates (Sanders et al., 2008), to birds (MacArthur
& MacArthur, 1961), mammals (August, 1983) and fishes (Almany, 2004).
It is reasoned that environments presenting higher horizontal and/or vertical
diversity of components would present more potential niches than structu-
rally simpler environments, easing individual and hence species coexistence
(Holt, 1987; Bell et al., 1991). Apart from the increment in potential living
space and discrete resources, habitats more structured could also favour spe-
cies coexistence by reducing interindividual encounters between competitors
or between predators and prey (Murdoch & Oaten, 1999). That is, habitat
structure limit individual mobility and/or enhance refuge, affecting either
the rate at which competitors face each other or the ability of predators to
find their prey (Schneider, 1984; Dickman, 1992; Hill et al., 2004; Alto et al.,
2005).

For litter dwelling invertebrates, variations in the thickness
and/or horizontal distribution of the litter layer are important determinants
of habitat structure. A feeding item may be exposed on the top of or hidden
underneath a pile of dead leaves or, at a larger scale, such a pile of dead
leaves may be immersed in a continuous litter layer or surrounded by a lands-

cape void of litter (Farji-Brener et al., 2004). Litter dwelling invertebrates,
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therefore, experience a complex world composed by a set of overlapping pla-
nes interspersed with gaps, such a complexity affecting individual mobility,
food retrieval, and refuge access (Kaspari & Weiser, 1999, 2007).

Among those invertebrates, termites and ants comprise two
major groups, whose population and community dynamics are strongly af-
fected by habitat structure, including physical traits of litter. The ability of
ants to find food is strongly impaired by increased habitat structure (Farji-
Brener et al., 2004; Sanders et al., 2008) (in both cases, habitat structure
was assumed to be higher where litter layer was thicker). On their turn, ter-
mite richness and abundance were reported to correlate negatively with litter
quantity, and the mechanism behind this correlation has been hypothesized
to arise from a positive correlation between litter amount and predatory ants
(Aradjo et al., 2007). The already known interdependence between termi-
tes and predatory ants (Abe & Darlington, 1985; Schultz & Mcglynn, 2000)
seems to present strong links with litter and, maybe particularly, to litter
physical structure.

The findings by Sanders et al. (2008), however, seem to point
to an opposite direction to those by Aratjo et al. (2007), because the later
predict increment rather than attenuation of top-down controls by ants on
their termite prey as the habitat gets more structured. On the other hand,
because habitat structure is predicted to favour (via increased potential re-
fuges) as well as to impair (through decreased mobility) the performance of
organisms, it may be that different balances of such opposing forces deter-
mine particular outcomes in the field. Increasing habitat structure posed
by increased litter amount should provide increased food and refuge for ter-
mites, while impairing their ability to flee from predatory ants. Similarly,

increased litter amount, by attracting more termites, would provide increa-
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sed food for ants, while impairing their ability to chase termites. Termites
and ants should, then, follow different strategies when dealing with more
litter layers: termites should minimize time spent outside refuges, and ants
should maximize searching effort. Any observed relationship between termi-
tes, ants, and habitat structure would depend on the particular balance of
such strategies. If this is so, rather than contradicting each other, Sanders
et al. (2008) and Araijo et al. (2007) might be looking at opposite ends of
the same phenomenon.

This work tested the hypothesis that the predation risk on
termite by ants can be minimized by increased habitat structure (considered
here as the amounts of litter accumulated on the ground), but ants may
circumvent this, increasing their searching effort. For such, we simulated
the effects of litter amount and ants searching effort (number and patrol

time) on the predation risk that termites are faced.
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4.3 Material & Methods

4.3.1 Experimental rationale

Experiments aimed to inspect two predictions arising from
our working hypothesis: (i) the proportion of termites killed by ants is a
compromise between the amount of litter accumulated and the searching
effort by such ants, and (ii) the time elapsed until ants find termite increases
with increasing amounts of litter accumulated on the ground.

In order to test the both prediction was performed a lab ex-
periment in which it was recorded the number of termites killed by ants
exerting known searching effort, in arenas containing varying amounts of
litter. Searching effort by ants was manipulated by varying (i) the num-
ber of ants released in the arena and (ii) the time in which such ants were
allowed to patrol the arena.

In order to test if part of the predictions correspond to preda-
tion risk that occurr on natural conditions, a field experiment was devised.
The time spent until ants predate live termites in quadrats with differing
amounts of litter was recorded . In this experiment it is not possible to
control: i) ants’ effort and ii) termite ability to hide/flee from ants because
it would impossible to check the encounter and predation of termites by
ants. So we evaluated in field the ants’ efficiency to find termites by the
elimination of the termite ability to flee/hide of ants by glueing them onto

a toothpick end, as detailed below.
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4.3.2 Lab experiment

In the lab experiment, the proportion of termites still alive
was recorded in an arena where a given number of ants have been released
for a known time. Arenas held increasing amounts of litter, simulating
increasing numbers of vertical strata.

Termite workers (third instar and beyond) have been collec-
ted in the field from 12 colonies of Cornitermes cumulans (Isoptera: Ter-
mitidae). Testing individuals were always collected right before the trial, to
standardize mortality factors not involved in the experiment. In order to
choose the ants to be used in the experiment, we ran a test trial to check,
in Petri dishes, the predation performance of three species: Camponotus
rufipes (Formicinae: Camponotinii), Solenopsis invicta (Myrmicinae: So-
lenopsidini) and Pachycondyla marginata (Ponerinae: Ponerini). The trial
test revealed that only S. invicta was suited to the experiment, effectively
predating termites quickly after the beginning of the trial. The other two
ant species showed excitement without aggressivity towards termites even
spending more than one hour in contact to them in the Petri dish.

Arenas were set up using plastic trays 21 x 14 x 5.5 cm (width
x length x depth). To ease insect movement in the arena, a thin coat of sterile
soil (32 mesh sieved) plus distilled water was applied onto its inner bottom
surface. In addition, neutral talc was applied to the arena upper borders to
prevent insects to escape.

The litter used in the arenas was previously dried out in
Berlese-Tullgren funnels for 72 h, and visually inspected afterwards, to en-
sure that it was void of ants and termites. In order to standardize its physical
composition, the litter was sieved (1 mesh) to exclude the coarser matter

and this sieved litter was then passed through mesh 9, to eliminate the finer
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matter. The final litter was composed of a standard range of different litter
items (leaves, branches, etc). Arenas received increasing amounts of litter
(0, 7, 14, 28, and 56 g) which corresponds respectively to 0, 0.024, 0.048,
0.095 and 0.190 g/m? of litter. This last value corresponds to a layer of litter
4.5 cm thick. Because larger amounts of litter imply in more overlapping
planes (layers), these treatments represent a continuum of increasing habitat
structuring.

Five free moving termite workers were released at the centre
of each arena, on top of its litter layer. Ten minutes later, a known number
of ants (0, 5, 10, or 20 individuals) was released in the arena and let to chase
after termites for a pre-set amount of time (15 to 180 min, at intervals of
15 min). Such a procedure generated 240 trials. After the pre-set time was

elapsed, the trial was interrupted and the killed termites were counted.

4.3.3 Field experiment

The field experiment was carried out in the municipality of
Vigosa (20° 45’S, 42° 51'W; altitude 648 m a.s.l.), Minas Gerais State,
Southeastern Brazil. The climate is wet subtropical, with a dry season
between May and September, annual mean precipitation of 1400 mm and
annual mean temperature of 19°C (Valverde, 1958). The study areas com-
prised eight fragments (Table 4.1), which are regenerating remnants of Bra-
zilian coastal rainforest (’Atlantic rainforest’) that has been intensively frag-
mented in the 1930s and 1940s, as the result of activities associated with
cattle farms and coffee plantations in the region (Gomes, 1975). Currently
the region is a mosaic of forest remnants of varying sizes and regeneration
ages, immersed in a matrix composed of implanted pastures and small-scale

agricultural fields. The experiment was carried out in the Autumn season
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of 2006 (mid April to early May) and 2007 (April), always in the warmest
hours of the day (10:00-15:00h). Mean temperature and mean rainfall du-
ring the experimental period attained 24 °C and 55 mm in 2006, and 23°C
and 50 mm in 2007.

Risks experienced by termites from ant predation were me-
asured by recording the amount of time elapsed until a ’termite bait’ was
attacked by an ant. Such kind of baits is commonly used in the field to
test predation patterns of ants upon termites (Oliveira, 1997). Baits were
prepared sticking with polyvinyl acetate based glue, a live termite worker
by its dorsal surface on the end of a toothpick which has been previously
cut blunt. The opposite end of the toothpick was then driven into the soil
until the termite touched the litter layer top surface, thereby allowing ease
access of ant predators to the termite prey. Termite workers were used from
the same species and instar above. We used only those workers which were
alive and active after being glued to the toothpick.

In order to estimate the predation risk in each forest frag-
ment, eight 1 x 1 m quadrats were demarcated, 10 m apart, within each one
of the eight fragments (a total of 64 quadrats for the whole experiment).
Fight termite baits were fixed along the perimeter of each quadrat, one at
each corner and one at the middle of each side (1 x 4 corners + 1 x 4 sides
= 8 baits), totalizing 64 baits for each forest fragment and therefore 512
baits for the whole experiment. Immediately after installing the baits we
started recording the time spent to ants located and attacked each termite,
during 40 min. To do so, each quadrat was visually evaluated by two obser-
vers; each observer looking after the four nearest baits. After predation test,
the litter layer was sampled, collecting all debris from a 0.5 x 0.5 m surface

in the middle of each quadrat. Such samples were oven dried at 70 °C for 72
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h, and weighted in a two-digit scale. The mean of dried litter amount per
fragment, divided by the quadrat area, was the measure of habitat structure

used, litter biomass (g/m?).

4.3.4 Statistical analyses

Analyses were performed under R (R Development Core
Team, 2009), using generalized linear modelling, followed by residual analy-
ses to verify error distribution and the suitability of the models employed,
including checks for over-dispersion (Crawley, 2007). Full models were built
by including all explanatory variables (or the single one, in the case of sim-
ple regression) and their interactions. Model simplification was achieved by
extracting non-significant terms (P > 0.05) from the model according to
their respective complexity, starting from the most complex one. When two
non-significant terms presented the same complexity, the one explaining less
deviance was extracted first. Each term deletion was followed by an ANOVA
in order to recalculate the deviance explained by remaining terms.

The lab experiments demanded multiple regression, since
there were more than one explanatory variable to be tested. The analysis
aimed to inspect the combined effects of habitat structured and potential
searching effort by predators (x-vars) on the proportion of termites being
preyed upon (y-var). Again, the amount of litter layer (g/m?) in the arena
was taken as a surrogate of habitat structure. The potential searching effort
of the predators was taken as two independent variables: the number of
ants and the time ants were allowed to chase termites in each arena. Due
to the nature of the y-var (proportions), the analysis was performed under
Binomial errors.

For the field experiment, the analysis aimed to check whether
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the mean time elapsed until ants predate termites was affected by the accu-
mulated litter biomass in each forest fragment. Mean litter biomass (g/m?)
in each forest fragment was taken as a surrogate of habitat structure. To
estimate the mean time to termite predation, data from each fragment isola-
ted (n= 64 baits for fragment) were subjected to censored survival analysis
under Weibull distribution (Crawley, 2007). This analysis was performed
with survival package in R (R Development Core Team, 2009), according

the general equation:

logeS(t) = —p -t (4.1)

Where S(t) is the accumulated proportion of baits predated
until time t, p is the time elapsed until 50% of the baits are attacked by
ants, and « is the shape parameter for the survival curve. A model for each
forest fragments data was performed to take the mean time (u) to predation
termites, that corresponds to the time elapsed until 50% of the baits (u) were
predated by ants. So, one p valor was calculated for each forest fragment.

The estimated mean time for termite predation in each forest
fragment (n = the mean time of eight fragments) were then used as y-var
in a simple linear regression under normal errors, were mean litter biomass

amount in each fragment entered in the model as the explanatory variable.
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Tabela 4.1: Forest fragments which were estimated the time spent to termi-
tes baits be attacked by ants. Vigosa, MG, Brazil. The regeneration time
was estimated considering the year of 2008.

Mata Local Tempo de regeneragao (anos)
Mata Biologia UFV Campus 80

Mata Chaves Vigosa 50 a 60

Mata Garagem  UFV Campus 40

Mata Nico Vigosa 120

Mata Paraiso 1 Vicosa 40

Mata Paraiso IT ~ Vigosa 84

Mata Zootecnia UFV Campus 78
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4.4 Results

In the lab experiments, habitat structure and predation effort
presented opposing effects on the success of termite predation by ants: the
number of termites killed by ants diminished in arenas holding thicker litter
layers (Tables 4.2, Fig. 4.1). However the number of killed termites increased
when more ants were present and when such ants were allowed to search
longer. Thus, impairements imposed by habitat structure on predation is
less evident i) where ants are abundant and /or ii) when the predators spend
more time searching prey.

Ants collected preying on termites in the field comprised five
subfamilies, nine genera and 15 species or morphospecies. All collected
genera included potential predator ants, according to Agosti et al. (2000)
(Table 4.3).

Predation risks suffered by termites in the field correlated
negatively to habitat structure, as denoted by the increment in the time
needed by ants to find termite baits as litter biomass increased (F = 6.591;

P = 0.042; Fig.4.2).
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Tabela 4.2: Regression analysis of the minimal adequate model showing the
effect of habitat structure, number of ants searching and time of ants spent
searching on the proportion of termites killed in the lab. Modeling was
carried out with Binomial error corrected for overdispersion

Source of variation df Deviance P(>|F|)
litter biomass 1 69.88  2.05e-06
ants searching 1 237.94 <2.2e-16
time searching 1 177.27 2.63-13
error 237 485.07

total 240
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Figura 4.2: Effects of litter biomass (g/cm?) on the mean time (min) spent
until a Cornitermes cumulans termite worker was predated by an ant, in
field quadrats demarcated within Brazilian Atlantic Rain forest remnants.
Each dot represents the mean time spent to predate termites calculated upon
64 baits in each forest fragment. The mean time to predation termites is
the time spent to ants predates 50% of these baits. See table 1 for the list
of ants species recorded.
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4.5 Discussion

The results seem to conform closely to the hypothesis that
the success of termites to escape ant predation may be favoured by more
habitat structured, with ants being able to circumvent this by increasing
their searching effort. In the field experiment, where termites were preven-
ted to hide/flee from ants, the positive correlation between the amount of
litter and time to predation seems to denote that habitat structure poses,
indeed, impairments to ant ability to find their termite prey Fig. 4.2. The
lab experiment, on its turn, seems to show that ants may circumvent such
impairments increasing their searching effort, by increments in the number
of patrolling individuals and/or by increments in searching time. Moreover,
Fig. 4.1 (1a to 1lc) allow accommodating under a single scenario observati-
ons previously thought as conflicting, such as those by Araijo et al. (2007)
and by Sanders et al. (2008) (see Introduction). It is shown that several
outcomes are possible for a given interaction between predatory ants and
termites in more structured habitats: termite success in escaping predation
varied from 0 to 100% depending not only the amount of litter accumulated
on the floor, but also on the number of patrolling ants and the amount of
time they spend patrolling.

It seems, therefore, that habitat structure may provide an
ephemeral “enemy free space” (Price et al., 1980) for termites, if the enemy
under consideration is a predator able to modulate its searching effort, as

ants do by recruiting nestmates or spending more time patrolling a given
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area. This is in line with the proposition by Ayal (2007) that habitat com-
plexity would shift relative importance of bottom- and top-down controls
upon termite populations in deserts. This author hypothesized that “[...] in
productive habitats, plant cover blocks the vision of endothermic predators
and provides refuge to small ectothermic ones. This results in ectothermic
predators becoming abundant in habitats with high plant cover and control-
ling their prey, the macrodetritivores”. Conversely, this author states that
bottom-up controls upon macrodetritivores would operate in less productive
habitats, and this is supposed to be driven mainly by the structural effect
posed by plant cover (i.e., habitat complexity) on predation interactions.
Accordingly, Ponsard & Jost (2000) reporting lack of evidence of top-down
controls over detritivores in a temperate deciduous forest attributed it to
diminished vulnerability of such prey caused by the annual accumulation of
leaf litter.

In the present study, increased amounts of litter may have
acted as a spatio-temporal barrier to the ants, in a manner rather similar
to that proposed by Farji-Brener et al. (2004), who stated that leaf litter
density delays the access of both large and small ants to their resource,
but such a constraint would be more evident for large ants. Therefore, if
our experiments spotted such an effect on ants as small as the generalist
predator Solenopsis invicta, it is reasonable to suppose that for specialized
termite predators, which are commonly much bigger than Solenopsis spp.,
(e.g. Pachycondyla (=? Termitopone) marginata Leal & Oliveira (1995))
this may be even more evident.

Despite the impairments imposed by structure of habitats
upon the performance of predatory ants, it is evident from our results that

predators which are able to modulate searching effort can circumvent such
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constraints (Figs. la to 1c). Indeed, increments in the number of foraging
individuals aiming optimization of predation is a well developed strategy
in ants (Holldobler & Wilson, 1990). Also, ant societies exhibit a high di-
versity of foraging patterns that allow them to exploit resources efficiently,
meet internal needs, and face environmental constraints (Detrain & Deneu-
bourg, 2002). Accordingly, studies on different taxa have suggested that
the outcome of predator-prey relationships in more structured habitats can
depend on predators behaviour such as: visibility of predator to prey (Coen
et al., 1981), ambush tactics (Janes, 1985), and shelter characteristics (Al-
many, 2004). However, physical capabilities of prey to escape predation can
also be important. Therefore, the variety of outcomes for ant-termite relati-
onships in more structured habitats, as denoted in Figs. la to 1c, is indeed
biologically sound. Termites may, then, experience higher risk in habitats
more structured if predators occur in high abundance, if such predators pre-
sent well developed recruitment strategies or if predators spend more time
in prey search. It is reasonable to suspect that termites, in turn, may change
their exploration patterns, evaluating the cost/benefit ratio of foraging in
such habitats. After all, as observed by Korb & Linsenmair (2002), termites
trade off predation pressure differently, according to the relative value of
food patches.

In summary, whether or not more structured habitats would
represent refuges for termites will depend on the balance between the number

of available refuges and predation pressure.



Capitulo

Conclusoes

1. Os resultados dessa tese sugerem que cupins sao regulados por efeitos

bottom-up.

2. Galerias de cupins sao mais frenquentes em arvores grandes e mortas,
ao invés de arvores pequenas e vivas e isso pode nos indicar que cupins

buscam recursos em quantidade e nao simplesmente ao acaso.

3. Cupins foram mais abundantes em niveis intermedidrios de sucessao
florestal sendo os efeitos bottom-up determinantes na variagao de cu-
pins ao longo da sucessao. Ja os efeitos top-down nao foram compro-

vados.

4. O acumulo de serapilheira pode influenciar o comportamento de for-
rageamento dos cupins e com isso regular a abundancia deles. O risco
de predagao de cupins é menor em habitats mais estruturados (maior
quantidade de serapilheira /m?) mas, as formigas conseguem contornar

isso quando seu esforco de busca é aumentado.

5. Assim, conclui-se que os efeitos bottom-up sdo importantes na regu-

lacao de cupins e podem atuar tanto como recurso alimentar, quanto

69
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como refugio. Isso pode afetar os efeitos top-down sobre cupins fa-
zendo com que eles nao sejam detectados nas andlises de corelagao

predador-presa.
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