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Annotation:

The thesis focuses on the study of arboreal ant communities in a highly diverse tropical rainforest in
Papua New Guinea. In the first study of its kind, whole patches of forest were sampled extensively
for ants foraging and nesting in tree trunks and canopies. An extraordinary amount of material
collected from 684 felled trees and 260 bait stations in plots of primary and secondary forest was
used to study the mechanisms structuring the diversity and species coexistence of this ecologically
important insect group at the local scale. The first chapter addresses the question ‘“Why are ant
communities more species rich in primary than in secondary forests?’ and explores the main
environmental traits that influence their diversity in tropical trees. The second chapter compares the
community diversity and composition and nesting preferences of ant species between both forest
types. The final third chapter introduces a novel method, involving large-scale manipulation of ant
communities that could serve as a template for future studies focused on complex tropical food-
webs of canopy arthropods and plants. In summary, the results of the thesis highlight the
importance of primary vegetation in conserving the diversity of native ant communities and the
relevance of nesting microhabitats and their turnover between trees, rather than tree taxonomic
diversity, for sustaining the diverse arboreal fauna in tropical forests.
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INTRODUCTION

General perspective

Tropical forests belong to the most diverse and threatened ecosystems in the world. Rainforest trees and
especially their upper stratum - the canopy - play a crucial role in the maintenance of global biodiversity and
ecosystem processes (Ozanne et al., 2003; Primack & Corlett, 2005). Forest trees are estimated to support
40% of extant animal species of which 10% are thought to be canopy specialists mainly consisting of various
invertebrate animals such as arthropods (Hammond, 1992; Basset et al., 2003; Ozanne et al., 2003). Despite
the considerable growth of scientific interest in canopy research during the last three decades, we still know
relatively little about the arboreal arthropod fauna and the processes maintaining its diversity and distribution
(Basset et al., 2003; Ozanne et al., 2003; Ellwood et al., 2009). There are still disputes about the proportion
of undescribed species of arthropods living in rainforest trees and even the elementary information about the
ecology of most known species is lacking (Basset et al., 2003; Novotny et al., 2006; Hamilton ef al., 2010).
However, such knowledge is crucial as primary forests are being converted to disturbed habitats and are
increasingly under threat from logging, large scale agriculture and the spread of invasive species (Primack
& Corlett, 2005).

Ants (Hymenoptera: Formicidae) are one of the most diverse, abundant and ecologically important
animal groups in most terrestrial ecosystems (Holldobler & Wilson, 1990; Folgarait, 1998; Lach
etal,2010). Some of species are very important in their roles as ecosystem engineers, predators,
decomposers and seed-dispersion agents. There are currently nearly 12,000 species described (Bolton et al.,
2011) and perhaps a similar number remains to be discovered. It has been estimated that ants constitute about
15% of the total animal biomass in tropical forests (Fittkau & Klinge, 1973). This success seems to be
connected to their highly organized eusocial lives in colonies and to their great ability to adapt to different
environments. As a result, ants play crucial role in the structuring of plant and animal interactions at both
evolutionary and ecological scales (Holldobler & Wilson, 1990; Heil & McKey, 2003; Moreau et al., 2006).
These attributes, coupled with a fairly good taxonomic knowledge base and their sensitivity to environmental
changes, make them an ideal model group for biodiversity and ecological studies (Agosti et al., 2000).

The extraordinary abundance of ants is known from tropical forest canopies, where they can
represent 20 - 60% of the whole arthropod biomass and up to 90% of individuals (Floren & Linsenmair,
1997; Davidson et al., 2003; Dejean et al., 2007). Diversity of canopy fauna has also been estimated to be
high as dozens of ant species were found to occur on a single tropical tree (e.g. Wilson, 1987; Floren &
Linsenmair, 2000; Tanaka et al., 2010). However, those communities are typically dominated by just one to
three species despite their moderate to high overall diversity (Dejean et al., 2007). Hence, one of the most
intriguing questions for naturalists has been ‘how do so many ant species coexist in a single tree?’ This
question has not yet been answered satisfactorily and we still know relatively little about which factors
contribute to the high diversity and structure of dominance in their communities.

As a consequence of high abundance and organized social behavior, ants are considered a keystone
group of predators in tropical trees exerting a high predation pressure on insect herbivores (Novotny
etal., 1999; Floren et al., 2002; Dejean et al., 2007). However, recent studies have stressed that many
species can act as mutualists of plants and/or of insect herbivores (Davidson et al., 2003; Bliithgen et al.,
2004). It has been suggested that these mutualistic interactions are a major contributor to maintaining the
exceptionally high biomass of ants in the canopies via their “cryptic herbivory” on exudates produced by



insect symbionts and plant extrafloral nectaries (Davidson et al., 2003; Hunt, 2003). The role of ants in
rainforests is thus very complex in that they are capable of having both beneficial (i.e. as predators protecting
plants against herbivores) and harmful effects on plants (e.g. via deterrence of other predators, support of
mutualistic herbivores).

The diversity of the terrestrial fauna (i.e. ground-dwelling species) and their ecology has been
historically studied in much more detail than their arboreal counterparts (Agosti et al., 2000). As a result, the
most current knowledge about the diversity and distribution of canopy ant species in diverse rainforests is
thus still based on extrapolation from samples collected by canopy-fogging with insecticides. Direct
sampling has been used just in a handful of studies that were usually limited to a few trees (e.g. Bliithgen
et al., 2003; Tanaka et al., 2010) or focused on only common species (Davidson et al., 2007; Dejean
et al.,2010). Complex studies of arboreal ant communities, including explicit data on their diversity,
nesting preferences and distribution are needed if we are to understand the general mechanisms of
their coexistence and dominance structure in tropical forest trees.

This thesis focuses on detailed analysis of communities living in a highly diverse rainforest of Papua
New Guinea. It represents the first complex study of tropical arboreal ants on a “whole-forest” scale. The
following parts summarize the status of the current knowledge of the subject and provide the background and

aims of individual thesis chapters.

Distribution and coexistence of arboreal ants in trees

Considerable attention has been given to understanding species coexistence and distribution in ant
assemblages. At large geographical scales they respond to temperature, rainfall, eco-regional and other
environmental factors (Dunn et al., 2009; Delsinne et al., 2010; Lach et al., 2010). These responses seem to
be similar for both terrestrial and arboreal fauna (Weiser et al., 2010). At the local scale, competition and
other interspecific interactions are usually considered important for structuring the assemblages (Andersen,
1992; Arnan et al., 2011). However, contradictory patterns have been observed as well (e.g. Soares
& Schoereder, 2001; Narendra et al., 2011). To what extent the environment and species traits play active
role in these interactions is still not well understood (Lach ef al., 2010). This is especially true for ants living
on tropical trees (Powell ef al., 2011). Because tree canopies are hard to access, most of our knowledge of
species living there comes out indirect methods, such as fogging and use of various canopy traps, rather than
direct observations (Floren & Linsenmair, 1997; Dejean et al., 2007; Powell et al., 2011; Yusah ef al., 2011).
Moreover, studies of ant distribution in tropical trees have been made at larger scale only in highly disturbed
habitats as plantations and agro-forests (e.g. Philpott & Foster, 2005; Pfeiffer et al., 2008). The few existing
studies on undisturbed forests are usually limited to low strata and/or a low number of trees (e.g. Floren &
Linsenmair, 2000; Basset et al., 2003; Tanaka ef al., 2010).

One of the essential theories explaining spatial distribution of ants is the ‘ant mosaic theory’,
originally described by Leston (1973) from coconut plantations. It has been built on the assumption that
negative and positive associations exist between ant species. The theory predicts that the spatial structure of
ant assemblages is determined by the distribution of colonies belonging to dominant (behaviorally and/or
numerically) ant species, which maintain exclusively non-overlapping territories. Consequently,
communities with the same dominant species are more similar to each other in species composition than

communities dominated by different species (Dejean et al., 2007). Ant mosaics have been described from



a number of tropical agricultural habitats and disturbed secondary forests (e.g. Room, 1975; Majer, 1993;
review in Dejean & Corbara, 2003). Some researchers have also applied the theory to primary forest
(e.g. Majer, 1991; Dejean et al., 2000; Dejean & Corbara, 2003; Davidson et al., 2007), whereas others have
used modern statistical approaches as null models to argue that the structure of native rainforest communities
is produced by stochastic events and therefore they are rather unpredictable in space and time (e.g. Floren
& Linsenmair, 2000; Ribas & Schoereder, 2002; Sanders et al., 2007). Hence, general validity of the mosaic
theory in forests remains still disputable. It should be also stressed that the majority of the studies that tested
the pattern were usually limited to data from fogged trees and hence did not include environmental traits
which may cause the non-random patterns of ant communities as well, e.g. distribution of nesting resources
and complexity of microhabitats.

Relatively recently, it has been suggested that important structuring forces of the distribution of
arboreal ants might be the food resources such as homopteran symbionts and extrafloral nectaries and that
their spatial availability might result in a pattern that resembles the mosaic at the local scale (Bliithgen et al.,
2004; Bliithgen & Stork, 2007). It has also been shown that many other factors such as habitat disturbance
(Schulz & Wagner, 2002; Dunn, 2004), the presence of an invasive ants (Dejean er al., 2010),
microenvironmental conditions (Ellwood et al., 2009; Tanaka et al., 2010) and plant diversity (Ribas et al.,
2003) can play an important role for the diversity and distribution of ants in trees. Some studies of less
diverse ecosystems went yet further and demonstrated the importance of nest site availability and
heterogeneity for arboreal species coexistence using a manipulative experiment (Philpott & Foster, 2005;
Powell et al., 2011). However, reliable data on highly diverse rainforests are still very scarce and findings
often differ, perhaps due to different methods and the scale of the studies.

New Guinea and the knowledge of its arboreal ant fauna

New Guinea (NG) is one of the three major tropical wilderness areas remaining on Earth and ranks ninth
among the most forested tropical countries of the world (Mittermeier et al., 2003). This largest tropical island
supports approximately 5% of global biodiversity and its forest flora is among the most diverse in the world
with over 20,000 species of vascular plants (Johns, 1993). In contrast to other tropical regions, the majority
of people in NG still practice subsistence agriculture and customary ownership of land is protected under the
nation’s Constitution (Novotny, 2010). These conditions provide an excellent opportunity for studying
biodiversity patterns in super-diverse and relatively intact forests.

However, the global trends of deforestation in the tropics do not exclude NG. Although the NG is
still one of the largest native forested regions in the tropics, the island is also experiencing high rates of
deforestation, particularly in the more accessible lowland areas where loss already exceeds 30% (Shearman
& Bryan, 2011). Between 1972 and 2002, about 15% of the NG forests were cleared and 8% degraded
through logging in Papua New Guinea (Shearman et al., 2009). Approximately half of the remaining
unlogged lowland forest has already been allocated to logging concessions, whereas less than 2% have any
form of protection (Shearman et al., 2009). Despite these worrying figures, we still do know very little about
the effects of rainforest disturbance on the arboreal fauna and the ants are no exception. At the time of
writing, there is no study quantitatively comparing the NG ant communities of primary and secondary
(disturbed) forests.



Ant diversity in NG is among the highest worldwide. There are up to 120 ant species in a single
patch of 400 m” of forest (Janda et al., 2007) and almost 900 species have been recorded in NG so far (Janda
et al.,2011). As a result of the enormous diversity and relatively short research history, a large proportion of
NG ant fauna (20-30%) are estimated as undescribed (Snelling, 1998), and this figure is perhaps yet higher
for arboreal species. Since the time of pioneer descriptive study of Wilson (1959), there have been only
a few ecological studies on arboreal ants in NG, mostly limited to plantations (Room, 1975; Leponce et al.,
1999) or focused on myrmecological plants (Huxley, 1978; Letourneau ef al., 1993). Until the recent study
of Janda & Konecna (2011), virtually no data on NG primary rainforests were available. In this study, rather
low diversity of canopy assemblages was found with an average of 3.6 ant species per tree. Furthermore, tree
species and site had no effect on the species composition suggesting random processes in structuring NG
communities. However, the authors searched for ants in only 19 trees of two species and the sampling was
limited to baits and hand-collections in trees. Hence, studies at a larger scale and in more habitats are still

required.

Background and aims of the thesis

This thesis brings together the first insights and results from the processing and analysing of unique
data about the ant fauna occurring in tropical trees and their nesting ecology. It builds on an extensive ant
and plant material that has been collected as part of international project led by the New Guinea Binatang
Research Centre and the team of prof. V. Novotny from 20062008 (NGBRC, 2011). The study site, where
all sampling and experiments took place, was located in a tropical lowland forest area near Wanang village,
Madang province, Papua New Guinea. All trees with diameter at the breast height (DBH) > 5 cm were
sampled for several arthropods guilds in two plots of size of one hectare. Both plots were established in an
area marked for traditional subsistence agriculture. The main aim of this project was to generate complete
plant-insect food webs from one ha of primary and one ha of secondary lowland rainforest for the first time.
The plots were gradually felled with the cooperation of the indigenous landowners. Each felled tree within
the plots was measured and its entire foliage was weighed. This offered an ideal opportunity to study the
arboreal ant communities as each sampled tree could be easily and extensively searched for ant nests and
foragers. The project results regarding the plant data and densities of herbivores are currently being
published elsewhere and are not part of this thesis (Whitfeld et al., 2011).

The author personally participated on the above project in 2007, gaining an opportunity to study the
canopy ants and their ecology. The unique ant data obtained during that period are the subject of this thesis
and include two comparable datasets from two plots of 0.32 ha size (40 x 80 m) that were sampled in the
primary and secondary rainforest. Furthermore, in a separate experiment, whole ant communities at the site
were monitored and experimentally manipulated with treated bait stations to test the feasibility of a large-
scale experiment to suppress arboreal ants. In total, samples from 684 felled trees (Chapters 1 and 2) and
260 bait stations (Chapter 3) in continuous plots of primary and secondary forest were processed by author
during last few years. This material represents the most comprehensive ant dataset ever collected in
rainforest trees. The novel approach of sampling whole patches of a highly diverse rainforest ecosystem
enabled assessment of ant community composition and distribution across trees in primary and in secondary
forest and to test for the various ecological mechanisms structuring their diversity.

The aim of the first chapter is to assess the main environmental traits affecting the diversity of

arboreal nesting ants at the whole-forest level and analyse why their communities are more species-rich in



primary than secondary forest. We hypothesize that the richness of communities in primary forest is
considerably higher than those in secondary forest due to disparities in vegetation between the forest types.
In particular, we test for the effects of tree size, density and species richness, which has been suggested to
influence ant diversity (Schulz & Wagner, 2002; Ribas et al., 2003). Our unique sampling across all trees
allows for very first time to test separately for such effects. Firstly, we assess specifically how the species
richness correlates with tree size in the both forest types and explore the effect of plant taxonomic diversity
on the communities. Secondly, proportions of the difference in ant species richness between both forests are
explained due to different (a) tree density, (b) tree size and (c) tree diversity using a random selection of trees
and the additive partitioning of their ant species richness to its alpha and beta components (i.e. diversity per
tree and species turnover between trees respectively).

The focus of the second chapter is to explore the complete diversity, taxonomic composition and
nesting preferences of the above communities, and to assess the relative differences between the primary and
secondary forest ecosystem. It has been noted that figures about the ant diversity in individual trees might be
largely overestimated as foragers from nearby trees and the ground are usually considered as part of the
arboreal fauna (Hammond, 1992; Schulz & Wagner, 2002; Floren & Linsenmair, 2005). However, the
precise figures are still missing. Here, we study the diversity and composition separately for foraging and
arboreal nesting ants. To our knowledge, only one such study of ant communities exists (Tanaka et al., 2010)
but no one has attempted to study whole patches of forest and compare different forest types so far. For the
first time, our study attempts to reveal the proportion of species actually nesting in individual trees and how
foraging individuals contribute to the overall diversity estimates. Furthermore, the unique direct sampling of
nests allows us to test for the effect of nesting preferences on the species composition. We hypothesize that
higher diversity and availability of nesting microhabitats in the native forest might significantly contribute to
higher ant richness when compared to disturbed forests. In particular, ant nesting preferences within each
forest type to (a) forest stratum (trunks and crowns), (b) nest sites and (c) tree species are assessed. The
suitability of ants as bio-indicators of forest disturbance and the differences in their community composition
are demonstrated, including the presence of invasive species.

The last third chapter introduces a novel method involving large-scale manipulation of ant
communities. Plant-insect food webs of tropical forests are so complex that manipulative experiments are
one of the few feasible approaches to their study (Morris et al., 2004). This is particularly true for ants that
often play multiple and conflicting roles in the same ecosystem (Lach et al., 2010). Here, we test a new
‘whole-forest’ method of their exclusion, using canopy bait stations treated by insecticides and placed in
isolated rainforest plots (25 x 25 m) in primary and secondary forest. The experiment represents the largest
manipulative treatment of ants in tropical forest to date. The presented methods could be useful for future
tropical food-web studies of canopy arthropods and plants. Apart from the methodological aspect, the last
chapter reveals further insights into patterns of foraging activity and community structure of tropical ants,
including the two main forest strata, understorey and canopy.
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ABSTRACT

Aim Species diversity of arboreal ants tends to increase during rainforest succession so that their
communities in primary forests comprise more species than those on secondary vegetation, but it is not well
understood why. Primary forests differ from secondary forests in a wide array of factors whose relative
impact on ant diversity has not yet been quantified.

Location Tropical lowland forest, Papua New Guinea.

Methods We used a complete census of 1,332 ant nests from all trees with DBH > 5 cm occurring within
two 0.32 ha plots, one in primary and one in secondary forest, to assess effects of succession-related
determinants on ant diversity. In particular, we measured the ant species richness on sets of primary forest
trees randomly selected to match a 0.1 ha set of secondary trees in their density, size distribution, and
taxonomic diversity.

Results In total, 80 species from 389 trees in primary and 42 species from 295 trees in secondary forest were
recorded. Surprisingly, there were no differences between plots in mean species richness per tree and in the
relationship of ant diversity to tree size. However, similarity of ant communities was higher among
secondary than primary trees. An analogous pattern was observed also for similarity of nest sites suggesting
that secondary trees were more uniform in providing nesting opportunities compared to trees in primary
forest. There were 49 ant species in the primary forest tree set, which was 24 species more than in the
secondary tree set. This difference was partitioned according to the effects of higher tree density (17%),
larger tree size (12%), and higher taxonomic diversity of trees (21%) in primary than in secondary forest.
The remaining difference of 12 species (50%) was due to higher beta diversity of ant communities between
primary forest trees.

Main Conclusions Our study suggests that microhabitat heterogeneity between trees is more important for
maintaining ant diversity in tropical forests than plant species diversity. A lower turnover of nesting
microhabitats is thus probably main cause of the species loss in secondary forests.

Keywords Formicidae, diversity partitioning, ecosystem conservation, species richness, tree canopies,
tropical ecosystems.
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ABSTRACT

The tropical forest canopies are known for extraordinary abundance and high diversity of ants. However, the
factors which structure these communities and enable coexistence of many species within a limited space are
not well understood. We sampled the complete arboreal ant fauna within one plot of primary and one plot of
secondary forest in Papua New Guinea (0.32 ha each). In the first study of its kind, the diversity and
composition of whole forest communities was explored for nesting and foraging ants. All trees with DBH
over 5 cm were sampled and the effects of tree size, forest type, strata and nesting preferences on the ant
communities were assessed. Multivariate analysis with variation partitioning was applied to test for separate
effects of the nest sites and tree species on ants within each forest community.

The effects of forest type and of tree size were significant regardless whether considering foragers,
nests, or both combined. The number of recorded species per tree varied from zero to 20 species. In total,
102 species from 389 trees occurred in the primary plot compared with only 50 species from 295 trees in the
secondary forest plot. However, there was a rather small difference in mean ant richness per tree between
primary and secondary forest (3.8 and 3.3. sp. respectively). Considerably lower richness per tree was found
when only nest records were considered (1.5 sp. per tree in both forests). In general, tree crowns were more
species rich than trunks, but stratification of species was rather low.

Primary forest was dominated by the native species Crematogaster polita Smith F. and
Anonychomyrma cf. scrutator, whereas invasive species such as Anoplolepis gracilipes (Smith F.) and
Monomorium floricola (Jerdon) were common in secondary forest. Nest sites plus tree species explained
26% of the variance in ant community composition in each forest. Nevertheless, most of the variance was
linked to nest sites, whereas the effect of tree species was low. The primary forest communities were only
slightly more specialized to particular nest sites. However, they used a greater variety of microhabitats than
the secondary forest communities.

Our results highlight the importance of nest site diversity and availability for arboreal ants, but
rather small effect of rainforest stratification and plant diversity on structuring their communities. The
study demonstrates high contribution of foragers to arboreal diversity and the relevance of primary
vegetation for the conservation of native fauna.

Keywords: biodiversity, canopy, disturbance, invasive species, foraging activity, microhabitats, nest site

selection, New Guinea, rainforest trees.
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Abstract

1.

Ants are extremely abundant in lowland tropical forests where they are important predators,
plant mutualists and herbivores. Their complex role in tropical plant-insect food webs can
be best assessed by experimental manipulation of their abundance. Historically, ant
exclusion experiments have had a small-scale focus, such as single trees. Here, we test a
new ‘whole-forest’ method of ant exclusion, using treated canopy bait stations, in a diverse
tropical rainforest in New Guinea.

We conducted a 10-month manipulative experiment in primary and secondary rainforests. In
each forest type, a 625 m” treatment plot was isolated from the surrounding forest and 135
bait stations treated with fipronil, S-methoprene and hydramethylnon were placed in trees to
suppress ants. Ant activity was monitored in the forest canopy and understorey with an
additional 65 stations in treatment and control plots.

We achieved a dramatic decline in ant abundance in treatment plots compared to controls in
both forest types, with an average decrease in ant numbers per station of 82.4% in primary
and 91.2% in secondary forest. In particular, native dominant species QOecophylla
smaragdina, Anonychomyrma cf. scrutator in primary forest, and invasive Anoplolepis
gracilipes in secondary forest were greatly affected. In contrast, Tapinoma melanocephalum
flourished in treatment plots, perhaps benefitting from reduced competition from other ant
species.

Our study demonstrates that it is possible to selectively eradicate most of the foraging ants
in a structurally complex tropical forest. We propose whole-forest manipulation as a novel
tool for studying the role of ants in shaping plant-insect food webs.

Key words. Ant exclusion, canopy, bait traps, Formicidae, food webs, tropical forests

*Correspondence: Petr Klimes, Institute of Entomology, Biology Centre of Czech Academy of
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SUMMARY

Tropical forest canopies are known to host an extraordinary abundance and high diversity of ants, one of the
most ecologically important animal groups in the tropics. However, the factors that structure their
communities and enable the coexistence of many species within a limited space are not well understood.
Such knowledge is crucial as tropical forests are being degraded into structurally simpler habitats with lower
species diversity.

This thesis explored the diversity and ecology of arboreal ant communities in a diverse tropical
rainforest in Papua New Guinea. Unlike previous studies that focused on communities sampled from just
a few trees, a novel and complex approach was designed to study whole patches of forest. Both foraging ants
and those nesting in tree trunks and canopies were extensively sampled from 684 felled trees (DBH > 5 cm)
and 260 bait stations in plots of primary and early successional secondary forest. The first two chapters of the
thesis were based on the results from trees sampled in two 0.32 ha plots, one being established in primary
and one in secondary forest. The final chapter focused on the results from a large scale manipulative
experiment where ant communities were actively suppressed from two 625 m’ plots using combination of

arboreal bait stations treated with insecticides and isolation from surrounding vegetation.

Main findings

The first chapter focused on the question ‘Why are ant communities more species rich in primary
than in secondary forests?’ and explored the main environmental traits that might influence nesting diversity
on tropical trees. In agreement with our prediction, the species diversity in the primary forest plot was
considerably higher than in the secondary plot. In total, 80 species from 752 nests on 389 trees in primary but
only 42 species from 580 nests on 295 trees in secondary forest were recorded. However, at the level of
individual trees, there were no significant differences in species and nest site diversity between plots.
Although the tree size and taxonomic diversity varied greatly between primary and secondary forest, the
correlation with tree size did not vary between plots. Similarly, plant taxonomy also had little effect on ant
communities in both forest types. Using a random selection of trees from each plot, analysis demonstrated
that disparities in vegetation between plots accounted for only half of the difference in ant species richness
between forest types, while the residual variance was due to higher beta diversity of ant species among
primary than secondary forest trees. As secondary forest trees were more similar to each other in the nesting
opportunities they provided compared to primary trees, a lower turnover of nesting microhabitats is likely to
be the main cause of species loss in secondary forest.

The focus of the second chapter was to explore the diversity, taxonomic composition and nesting
preferences of entire ant communities, and to assess the relative differences between the primary and
secondary forest ecosystem. The effects of forest type and tree size were found to be significant whether
considering ant foragers, nests, or both combined. The secondary forest was much more dominated by
invasive species. However, there was a rather small difference in mean ant richness per tree between primary
and secondary forest (3.8 and 3.3. sp. respectively). For nesting ants alone, a considerably lower richness per
tree was observed (1.5 sp. per tree in both forests). The results highlighted the importance of tree canopies,
as opposed to trunks, for species and nest diversity. Furthermore, the effects of tree species and forest
stratification were low at the species level. Considerable proportion of variation in communities was
explained by variability in nest sites, but the primary forest species were not significantly more specialized in

their nesting preferences than secondary species. The findings greatly support the results of the previous
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chapter that the availability of nest microhabitats and their turnover between forest trees is the main factor
structuring arboreal ant communities.

The results of the ant manipulation experiment presented in the third chapter demonstrated that it is
possible to selectively suppress the activity of ants foraging on tropical vegetation, including tree canopies.
A dramatic decline in ant abundance in treated plots, compared to controls, in both forest types, with
an average decrease in ant numbers per station of approx. 80 % in primary and 90 % in secondary forest, was
achieved. Moreover, the results revealed that community species composition was altered significantly as
aresult of the manipulation. Given the multiple roles ants play in tropical plant-insect food webs, such as
predators of herbivorous insects and/or ‘cryptic herbivores’, the method could prove to be useful for future
studies aiming to assess the influence of ants on plant and insect communities at scale of ‘whole forest’.

In summary, the results of the thesis demonstrated high beta diversity of ant assemblages between
individual tropical trees, evidently supported by great microhabitat heterogeneity in forest canopies. This
result seems to contradict the assumption that inter-species interactions, plant diversity, tree size and density
are the main factors structuring ant communities at local scales. Instead, it suggests the importance of nesting
microhabitat availability and diversity. The results further showed the high contribution of foragers to
arboreal diversity and raised the possibility that the diversity of canopy ants in previous studies has been
over-estimated. As secondary forest highly was characterized by the presence of opportunistic and invasive
species and was significantly species-poorer, it is clear that primary vegetation is very important when

considering conservation of the native ant fauna.

Future directions

The thesis provided interesting insights into the factors responsible for structuring ant communities
on tropical trees. In particular, the study focused on ant diversity, their activity patterns and nesting ecology.
However, as the available data also includes unique spatial information on the trees, there are other
directions to be explored. In particular, the datasets could be used to test for the presence of ‘ant mosaic’ in
the New Guinean rainforest and to explore possible correlations between spatial distribution of ant species
and their insect symbionts and other herbivorous insects occurring on the same vegetation. These research
topics were not included in the current work as material for non-ant taxa are being processed. The novel
method employing large-scale suppression of ant communities could be used in a replicated design that also
will focuse on other insect or arthropod taxa in order to assess the importance of ants in tropical plant-insects

food-webs. The author hopes that this thesis will serve as a template for ambitious future studies.
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Appendix 1. Two-dimensional map of the primary (A) and the secondary (B) forest plot (0.32 ha, 80 x 40

metres). Each circle represents one tree and its position within the plot. Size of the circle indicate the crown

width (in m) and colour the total number of ant species per tree (nesting and foraging occurrences together)

for each tree. Figures were constructed using a customized script kindly provided by J. Hré¢ek (University of

South Bohemia) run in R software version 2.6.1.
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Appendix 2. Three-dimensional map of the primary (A) and the secondary (B) forest plot (0.32 ha, 80 x 40
metres). Each circle represents one tree and its position within the plot. Size of the circle indicate the crown
width (in m), width of the bars the DBH (in m) and colour the total number of ant species per tree (nesting
and foraging occurrences together) for each tree. Figures were constructed using a customized script kindly
provided by J. Hréek (University of South Bohemia) run in R software version 2.6.1.
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Appendix 3. Pictures from the field (by P. Klimes): (1) Research field station in Wanang with the primary
rainforest canopy behind. (2) Primary forest. (3) Secondary forest. (4) Assistant Fidelis Kimbang sampling
ant nest in a hollow live branch. (5) Paraecologists while searching for arthropod fauna from a felled tree and
measuring its height.
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Appendix 4. Examples of the common arboreal ants and their nests (photos by NGBRC and/or by
‘www.newguineants.org’ team).

A) Primary forest:

Diacamma rugosum (Ponerinae): nest in aerial soil (i.e. under roots of epiphyte)
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B) Secondary forest:

0,50 mm

Polyrhachis 009 aff. aequalis (Formicinae): carton nest on leaf.
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