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“Interactions between species are as evolutionardlleable
as the species themselves and have played alaehra the
diversification and organization of life.”
(John N. Thompson 1999)
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ABSTRACT: The structural organization of mutualism networkevides insights into
processes shaping biodiversity. Understanding thehanisms that shape this organization
is essential for us to understand the ecologicadlemolutionary dynamics of the interacting
species. Recent studies have suggested that spaioiexlance is one of the most
fundamental criteria shaping mutualistic netwoitewever, the role of species abundance
on mutualistic networks is still unclear. Moreovenly recently has the spatial effect been
incorporated as a mechanism structuring mutualnsgteorks. In this work | studied plants
with extrafloral nectaries and associated anthtavsthat the natural abundance of ants on
vegetation explained just a part of the frequenicynotualistic interactions and that it is
independent of ant species compositions. In additive generalist core of these networks
interacts more among themselves than expecteddayahundances. This generalist core
was formed by competitively superior ants that haeleavioral and ecophysiological traits
to use liquid food and are that exclude other ggeftom the same resource. | also showed
that even the fact that ant and plant compositibmedworks changes over space, the
generalist core species and the topological streabfi networks remain unaltered. This
finding indicates that independently of local arahdscape environmental factors the
nonrandom pattern of community organization is wbanged. Such generalist core
conformation being stable over space and time cdwdde serious implications on
coevolutionary process of the system. In shorttrdmuting thus to our understanding of
the maintenance of biodiversity.

Keywords: nestedness, neutrality, coevolution, plant-animigractions, spatial turnover.
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RESUMO: A organizacao estrutural das redes mutualisticagépidéias sobre processos
que modulam a biodiversidade. Conhecer os mecanigom modulam essa organizacéo é
essencial para entendermos a dinamica ecoldgivaletiga das espécies que interagem.
Recentes estudos tém sugerido que a abundancespses € um dos principais critérios
gue modulam essas redes. Entretanto, o papel daatcia relativa das espécies nas redes
mutualisticas ainda é incerto. Além disso, apeaasntemente o efeito espacial tem sido
incorporado como mecanismo que estrutura redesatigtioas. Neste trabalho, eu estudei
plantas com nectarios extra-florais para mostra guabundéancia natural das formigas
sobre a vegetacdo explica apenas uma parte deéfreigidas interacbes mutualisticas
independente da composicdo de espécies de formigdicionalmente, o nucleo
generalista dessas redes interage mais entre guel@sperado pelas suas abundancias.
Este nucleo generalista foi formado por formigampetitivamente superiores que tem
caracteristicas comportamentais e ecofisiologiGa pitilizar alimentos liquidos e que
excluem as demais espécies do mesmo recurso. Ehérmammostrei que mesmo que a
composicao de formigas e plantas das redes muldagm do espaco, o nucleo de espécies
generalistas e a estrutura topoldgica das redemapecem inalterados. Esse resultado
indica que independente de fatores locais ou an@igsero padrdo ndo-aleatério da
organizacdo da comunidade ndo € mudado. Tal coaf@ondo nucleo generalista sendo
estavel ao longo do espaco e do tempo poderigtersamplicacdes sobre os processos
coevolutivos do sistema. Por fim, contribuindo deksma para nosso entendimento da
manutencao da biodiversidade.

Palavras-chave: aninhamento, neutralidade, coevolugéo, interagbes planta-animal,
substituicdo espacial.
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CHAPTER 1

GENERAL INTRODUCTION
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CHAPTER 1 - GENERAL INTRODUCTION

Most interspecific interactions involving multiplspecies, resulting in the
interactions networks that may be beneficial, redubr harmful among the individuals
involved (Lewinsohn et al. 2006). Among the varidasms of interactions, the study of
mutualism in community level was overlooked foroad time (Stanton 2003). However,
recently the study of cooperative interactions agngpecies has become one of the central
issues in the community ecology (Bronstein 2001prfipson 2005; Bronstein 2006,
Ferriere et al. 2007). Nevertheless, it is likéigttall organisms on Earth are involved in at
least one event of mutualistic interactions thraughtheir life history (Bronstein 2001,
Toby-Kiers et al. 2010). In this type of interactj@ species provides a service or product
that the partner can not achieve alone, and in agdh receive some type of reward
(Janzen 1985; Hoeksema & Bruna 2000). This makesiatistic interactions influences
directly the ecological and evolutionary dynamids imteracting species in different
ecosystems around the world (Bronstein 2001; Thom@005; Bascompte et al. 2006;
Montoya et al. 2006; Guimarées et al. 2007). Thogerstand how these factors act on the
interaction patterns is helpfull on the managenmeamd conservation of the interacting
species (Janzen 1974; Burslem et al. 2005; Dele@afl orezan-Silingardi 2009; Dyer et
al. 2010)

Recent studies have focused on the structure ofiatistic networks among free-
living species. This studies found non-randomguast of interaction on different systems
and habitats throughout the Earth (Bascompte €013, Thompson 2005; Lewinsohn et
al. 2006; Guimardes et al. 2007; Vazquez 2009). fetrics used in the study of
interaction networks are derived from graph thedimgt proposed in 1735 by Swiss
mathematician Leonhard Euler (Mello 2010). Among thain features found in such
networks is that they are highly nested and extabitmmetrical pattern of interactions.
This means that species associated with few otpeciss (specialists) preferentially
interact with species that interact with many ashégeneralists), causing asymmetric
specialization between interacting partners (Bagtenet al. 2003; Thompson 2005;
Burgos et al. 2009). However, generalist specied te interact with one another, forming
a dense core of symmetric interactions (Bascomptal.e2006; Vazquez et al. 2007,
Guimaraes et al. 2011). The nested pattern hasdgirédeen observed in different
mutualistic networks, such as: plant-pollinatoranttant, plant-disperser, clownfish-

anemone and marine fish cleaning symbioses (Badeostpal. 2003; Guimarées et al.
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2006; Lewinsohn et al. 2006; Guimarées et al. 2@ll&rton et al. 2007). Several factors
have been proposed to explain the origin of thegéems in mutualistic networks (for
more information, please see: Medan et al. 2007raMe & Vazquez 2008; Nielsen &
Bascompte 2007; Rezende et al. 2007; Stang e0@®;2/azquez et al. 2009). However,
symbiotic networks are not nested, because thegeptegreat compartmentalization of
interactions among the species involved (Guimaefies 2007).

Mutualistic interactions networks can be viewedlifierent ways, however, there
are two main ways to visualize these interactidwsugh: bipartite graphs (Figure 1A)
or/and ordered matrices (Figure 1B). Using as eXxammmetwork of interactions between
plant-animals, in bipartite graphs, the left nodgsresent different animal species, and the
right nodes correspond plant species that intgrasitively with the animals (Figure 1A).
Lines, also called "links", connect positively irdgeting species; On the other hand, the
visualization of interactions in ordered matricedicates that each column represents one
plant species and each row represents a animakespeand filled cells represent positive

interactions among species. (Figure 1B).
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Figure 1. Main ways to view the structure of an interactioatworks nested and
asymmetric: A) bipartite graphs and B) ordered moa$:Both forms of representation are
ordered according to interactions number of thecigge where species that have fewer

interactions are subsets of species with moreaotiems. Cells painted of gray in Figure
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1B represent the core of generalists species (€sgunodified from Lewinsohn et al.
2006).

According to Thompson (2005) and Stanton (2003)diss of interactions only
among pairs of species are insufficient to undacsthe evolutionary and coevolutionary
processes in mutualistic interactions. Several @stlhave studied the implications of
coevolution in mutualistic networks of interactisgecies (Jordano et al. 2003; Thompson
2005, Bascompte et al. 2006; Guimaraes et al. 2Df@rgiano et al. 2010; Guimaraes et al.
2011). The focus of these studies is mainly in ¢bee of generalist species, due the
symmetric strength of the interacting species (@oodet al. 2003; Bascompte et al. 2006;
Guimaraes et al. 2011). The generalist core cawmedthe evolution of the whole
community because the species of the core intevidictvirtually all species of the matrix
(Jordano et al. 2003; Bascompte et al. 2006; G@esaet al. 2007; Jordano et al. 2010;
Guimarées et al. 2011). Moreover, the generalist can act as a coevolutionary vortex of
more specialized interactions, where the convemgeridraits on both sides (e.g. animals
and plants) of the interaction increases over diarlary time (Thompson 2005;
Guimarédes et al. 2007). Finally, understand theufeaand factors that influence the
interactions of the species generalist core isntisdeo understand the current view of
coevolutionary process in mutualistic interactidBascompte et al. 2003; Thompson,
2005; Bascompte et al. 2006; Jordano et al. 2010).

My aim of this dissertation was, to 1) evaluatetthmology of mutualistic (ants and
plants with extrafloral nectaries) and neutral $andd plants without extrafloral nectaries)
networks in ant-plant interactions; 2) evaluate tilmaover of species composition among
these networks; 3) determine through a simples enadtical model the role of relative
abundance of species in the probability of pairwigeractions in ant-plant mutualistic
networks; 4) evaluate how the topological propsra@d the spatial turnover of species
composition of ant-plant mutualistic vary along spatial scale. My dissertation was
divided into two interrelated chapters. In Chagter show that the topology of mutualistic
and neutral networks are different, and which thee ©f generalist species interact more
among themselves than expected by their abundanoetualistic networks. Moreover, is
little the turnover of ants composition among thatualistic and neutral networks. In
Chapter 2, | show that in mutualisms between ants @ants with EFNs the networks
topology remains unaltered at the spatial scaldiestiu(5.099 m). In addition, even that

ants and plants composition of networks changes spa@ce, the species of core generalist
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remains the same along a regional scale ¢erra-firme forest in Brazilian Meridional
Amazon. Finally, the list of ants and plants speaellected in this study addition of the
instructions for authors of the journals that Ilveilibbmit the manuscripts are included in

four appendices at the end of this dissertation.
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Chapter 2
The structure of ant-plant mutualistic networks:

Is abundance enough?*

* Thismanuscript will be submitted to Ecology
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ABSTRACT.

The structural organization of mutualism networksvides insights into processes shaping
biodiversity. To know the mechanisms that shape tinganization is essential for us to
understand the ecological and evolutionary dynaroicthe interacting species. Recent
studies have suggested that species abundancee isfaile most fundamental criteria
shaping mutualistic networks. However, the rolespkcies abundance on mutualistic
networks is still unclear. In this work we studipthnts with extrafloral nectaries and
associated ants to show that the natural abundainaets on vegetation explained just a
part of the frequency of mutualistic interactiomglahat it is independent of ant species
compositions. In ant-plant mutualistic networkse tlestedness was higher than predicted
by the abundance. In addition, the generalist obtbese networks interacts more among
themselves than expected by their abundances. Jdmeralist core was formed by
competitively superior ants that have behavioral anophysiological traits to use liquid
food and are that exclude other species from tmeesgesource. Such generalist core
conformation being stable over space and time cdwdde serious implications on
coevolutionary patterns of the system.

KEYWORDS: coevolution, nestedness, neutrality, plant-animigractions.
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1. INTRODUCTION

A central goal of ecology is to understand the rae@ms that determine the
structure of ecological communities at differenatsgd and temporal scales (Turner 1990,
Levin 1992, Williams and Martinez 2008, Zhou anda@f 2008). Recent studies have
focused on the network structure of mutualisms &mehd non-random patterns of
interaction on a wide range of ecosystems (Basoempal. 2003, Lewinsohn et al. 2006,
Guimaraes et al. 2007, Vazquez 2009a). These mmena patterns influence the whole
ecological and evolutionary dynamics of the intarag species (Jordano et al. 2003,
Thompson 2005, Bascompte et al. 2006, Montoya &08l6, Guimaraes et al. 2011).

Relative species abundance is one of the most foed&l criteria shaping the
ecological networks, and it seems to be an imporfaotor in the probability of
interactions (Vazquez et al. 2007, 2009b, Verdu Haliente-Banuet 2011). In this case,
abundant species should interact most frequentth wach other and with other less
abundant species, but less abundant species vellyrateract with them (Krishna et al.
2008, Vazquez et al. 2007, 2009b). However, the oblspecies abundance on mutualistic
networks is still unclear.

A strictly system to study questions on abundamu dominance on interaction
networks is the ant-plant system. Ant-plant intdcers are commonly found in tropical
rainforests, in which more than 94% of arthropodd 86% of the biomass collected in
canopies are ants (Majer 1990, Tobin 1995). Themiesl high frequency of ant foraging
on the surface of plants is due to the high avdilglof different food and nesting sites
within their structures (Andersen 1990, Bluthgeralet2000, Davidson et al. 2003). The
interactions between ants and plants with extrafloectaries (EFNs) are key-ecological
interactions in tropical rainforests and well do@mted in literature. In these associations,
plants produce nutritious liquid to attract antaKBr et al. 1978, Koptur et al. 1998, Rico-

Gray and Oliveira 2007). In exchange for food, &ms defend plants against potential
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herbivores (Del-Claro et all996, Oliveira et al. 1999, Rico-Gray and Olive#@07).
However, despite nectar being a key resource fts #oraging on plants, there is an
adaptive filter in which only a few ant species éadaptations for the acquisition, storage
and digestion of liquid resources (Fowler et1&l91, Oliveira and Brandéo 1991, Davidson
et al. 2003, 2004).

With the use of the network theory in ecologicdémction studies in recent years,
some authors have found the existence of a denmseofsymmetric interactions in ant-
plant mutualistic networks, where generalist spedend to interact with one another
(Guimaraes et. al. 2006, Chamberlain et al. 20L@jusa 2010). Moreover, these studies
show that species associated with few other spégpesialists) preferentially interact with
species that interact with many others (generglifgsming an asymmetrical and nested
pattern of interaction (Guimardes et. al. 2006, ralerlain et al. 2010, Sugiura 2010).
Several factors have been proposed to explainrigen@f these non-random patterns in
mutualistic networks, such as spatial distributddnndividuals and species (Morales and
Vazquez 2008, Burkle and Alarcén 2011), specidsngss (Medan et al. 2007), foraging
behavior (Vazquez et al. 2009a), sampling effeddseléen and Bascompte 2007),
phylogeny (Rezende et al. 2007), and phenotypitstod interacting individuals (Stang et
al. 2007). However, species abundance seems tohdebest predictor in ant-plant
mutualistic networks (Vazquez et al. 2007, Chanaderket al. 2010). Thus, abundant
species tend to find individuals of other abundspgcies more often than individuals of
rare species (Vazquez et al. 2009b). As EFNs diaoa resource, their discovery and
dominance by ants being dependent only of abundangay no actual competition.
However, this is not supported by literature onle hectar secreted is a predictable
resource and rich in energy, and different ant isgecompete for the same resource

(Holldobler and Wilson 1990, Dreisig 2000, Bluthgerd Fiedler 2004ab).
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On the other hand, among the arboreal ant comnmesngome species do not have
adaptations for feeding liquid resources, but ferag vegetation for prey, for example
(Andersen 1990). In plants without the presenceEBNs and honeydew secreted by
homopterous insects, resources cannot be prediabedants randomly forage using the
plant only as substrate (Blithgen et al. 2000). pitesence of such ants in a plant may be
driven by neutral, not-deterministic factors, sashthe available foraging area. Thus, we
expect the existence of two subsets with differhposition of ant species foraging on
plants with and without EFNs. These subsets shé@dmaintained possibly by the
adaptive physiological characteristics of antswadl as competition where some ants
monopolize EFNs plants.

In this study, we hypothesized that there is aiq@dar ant species assembly
foraging on plants with EFNs determined by behawoid ecophysiological factors
(adaptations for liquid diets and monopolizing tiesource) that differ from those ants
randomly foraging in the foliage, generating twdfedent subsets. This assembly of
nectar-feeding ants monopolizes the resource atetasts with plants more among
themselves than expected by their abundance. Mergave expected that, due to the
liquid-energy food source of EFNs, ants would notetiact randomly with plants.
Therefore, the topological structure of networksiegated through deterministic (plants
with EFNs) and non-deterministic (plants withoutNSlF processes in ant-plant interactions
could be different. In order to test our hypothesie evaluated the topology of the
ecological networks between ants and plants withwithout EFNs, and the turnover of
ant species composition among these networks thrdhg additive partitioning of
diversity. We also determined through a simple mathtical model the role of the relative
species abundance in the pairwise probability auons in networks of ants and plants

with EFNs in a tropical rainforest inserted in Bmzilian Meridional Amazon.
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2. METHODS
2.1) Study area

We conducted this study at the Sdo Nicolau Farm8(8° and 58°15'W, elev.
254m), located in the municipality of Cotriguacoyth of Mato Grosso, Brazil. According
to the Kdppen classification, the climate is tragpiewet (Am) with annual average of: 24
°C temperature, 85% humidity, and 2.300 mm preaijgin (Camargo et al. 2010, Dattilo
et al. 2012). The study region has two distincseag, a rainy season between November
and April and a dry season between May and Octdlher.area is characterized aeaa-
firme dense rainforest inserted in the Brazilian MemdioAmazon (Veloso et al. 1991,
Camargo et al. 2010). The reserve area covers h8@d continuous forest, surrounded by
a much larger area of continuous forest. The teigaundulating with altitudinal variation
of 50 m between the plateaus and the river sidaiter. Canopy trees range from 30-40 m
high with some emergent trees reaching 50 m. Thiensitory is relatively open, with high

frequency oOrbignya phalerataVart. (Arecaceae).

2.2) Data Collection

We collected data in a module managed by the BaaziResearch Program in
Biodiversity (PPBIio) inserted at S&o Nicolau Farfhe module consists of two 5 km
parallel trails East-West one kilometer apart. dthitrails, one sampling point with 250 m
X 25 m (6.250 m?2) was made every km., totaling &2 @ing points in the entire module.
The central trail of each plot was established miring variations of soil and altitude, and
increasing the precision of estimates for predictariables (Magnusson et al. 2005)
(additional details about module and trails plesse http://ppbio.inpa.gov.br). Here, we
considered each of the 12 sampling points as inmtkpe# samples of ants and plants,

generating 12 different ant-plant interaction netgo We assume that ants and plants are
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sessile organisms (Fourcassié et al. 2003) andliftance between sampling points is
enough so as to guarantee that organisms of a gil@ncan never interact with the
organisms of another plot.

We collected ants and plants in December 2010 andaly 2011 always between
9:00 h and 15:00 h. In each of the 12 samplingtppive collected ants foraging in all
plants with EFNs that were accessible to the cwmfe¢from 0.5 m to 3 m). For ant
collection, we used a method similar to the entagichl umbrella in which the branches
were shaken and all the ants that fell were cakkab a white squared cloth board of 1.2
m2 previously placed under the branch (Bestelmeyeal. 2000). This method is very
effective as some species, particularly of the ge@amponotusand Ectatommadrop
from the plant at the slightest sign of disturbanae by the collector (W. Dattilo, pers.
obs.). We observed and collected additional asise@ally more secretive species before
and after performing this procedure in order toigteg ants feeding on EFNs. For each
plant with EFNs where ants were collected, we $etea plant without EFNs with similar
structure (height, width and number of branchegrime No plants with homopterous and
other visible liquid-resource sources were considevhen sampling plants without EFNs.
All selected plants should be at least 10 m amarhinimize the possibility of collecting
the same ant colony foraging on different plante Wed the entomological umbrella
methodology instead of feeding baits to minimizasies towards ant species with efficient
recruitment behavior and ants with particular fagdiabits.

Plants and ants were identified to the lowest fdsstaxonomic level using
taxonomic keys and with the help of specialistst Apecimens were deposited in the
Entomological Section of the Zoological Collectioh Universidade Federal de Mato
Grosso, Brazil (CEMT), and the plants were depdsitethe Herbario Centro-Norte Mato-

Grossense (CNMT).
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2.3) Network topology

Mutualistic interactions networks can be viewedwo main ways: bipartite graphs
or/and ordered matrices. In bipartite graphs, nodpsesent different animal species and
links are positive interactions among species. m dther hand, the visualization of
interactions in ordered matrices indicates thaheadumn represents one animal species
and each row represents a plant species, and fitld represent positive interactions
among species. Thus, in order to describe the network topologytted ecological
networks of the ants and plants with and withouNEFwve calculated the difference in the
number of species (ants and plants) and the intenadrequency of the ecological
networks between ants and plants with and withdtNi€ In addition, we also calculated
the following metrics: connectance, mean and vagaof number of links per plant and
ant species, modularity and nestedness in eadtedf2 interaction networks between ants
and plants with and without EFNs. The connectafeq the proportion of possible links
that are actually made (Jordano 1987). Mean andnag of number of links per plant and
ant species were obtained from the arithmetic noéahe number of interactions in which
each species was involved.

We calculated modularity using the modularity index (range 0 - 1), which
estimates the degree in which groups of specids @ plants) interact more among each
other than with species in other groups in the ndtwWGuimera and Amaral 2005)he M
index decreases when the fraction of between-mdaws increases in the total network.
High values oM indicate that the ants and plants form modulesat@asemi-independent
of other interactions within the netwo(®lesen et al. 2007). We tested the significarfce o
indexM for each network through 1.000 simulated networksegated by a null model, in
order to assess whether the valudvbbbserved in the empirical network is higher than
expected for networks of equal size and with sim@terogeneity in interactions among

species (Null Model Il, Bascompte et al. 2003). Wade the null model network through
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a routine in MATLAB, and théV indices of all networks were calculated by thesafe
Netcarto (Guimera and Amaral 2005).

We used the NODF index (Nestedness metric base@wemlap and Decreasing
Fill) to estimate the nestedness value of networnksing ANINHADO software
(Guimardes and Guimardes 2006). This metric is ahnhetter nestedness metric than
others and less prone to type-l statistical errsince it is based on the nestedness of all
pairs of columns and rows in the matrix (AlmeidadNet al. 2008). @ assess if the
nestedness value observed was higher than expegteshdom patterns of interactionew
tested the nestedness degree of each network wWihD Inetworks generated by Null
Model CE (Null Model II) In addition, we also calculated the nestednedsieva
standardizing the difference of richness, conneetaand heterogeneity of interactions
among the networks using the Z-Score metric, wiscefined asZyoq: = (X - 1 ) /o,
where x= NODF value observed, p= NODF mean valuammdomized matrices, amd is
the standard deviation of the randomized matrigémeida-Neto et al. 2008)Irich et al.
2009). To test the difference of all the metricsatbed abovéor the ecological networks
of ants and plants with and without EFENge used the paired T-Test (paired per plot)

using R-Project software (R Development Core Te@t02

2.4) Overrepresentation of species interactions

To determine if the matrices of interactinatworks of ants and plants with EFNs
have their structure determined by abundance, welolged a simple mathematical model
that allowed us to differentiate in which regiorfistioee observed matrices the ant-plant
interactions occurred more than expected by theddmce. In this model we used the ant
records of neutral interactions as a measure ofabuohdance in the foliage. As plants

without EFNSs offer no predictable resource to thies athe frequency of ants in these plants
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reflects the spatial abundance of these specid¢seirvegetation without the aggregation
caused by the resource (Bliuthgen et al. 2000).
Initially, we built an interaction matrix betweenta and plants, whei@= number

of interactions between plant speciesand ant specieg. The theoretical matrix of

- F,
abundance was determined byz{%;‘] whereF; is the absolute frequency of a
p a
given plant with EFNs in the ploE, is the total frequency of plants with EFNs found in
the plot,F; is the absolute frequency of a given ant colleatgolants without EFNSs in the

plot, F, is the total frequency of ants collected in plantthout EFNs found in the plot.

The probability of any particular interaction betweants and plants occurs was

determined asP,;, :L, wherea; is the number of interaction events of the

p a

P a
matrix andz z a,, Is the total number of interaction events betwaets and plants

with EFNs. The probability of an interaction occugriis determined by the abundance of

: : b, : : :
interacting partners &,,, =—————, wherebj is the number of interaction events of

p a

2 2 G

o g
p a

the matrix andz z a,, Is the total number of interaction events in fanithout EFNs.
o g

Finally, we computed the differences between thaahgrobability of a given interaction

occurring and the probability derived from the spscabundancesC; =(A-B). We

standardized {to C, "=

;[ =—————, where| max(C, ) | was the maximum value of; ®f
| maxC; ) |

matrix to allow across-plot comparisong<0 are cases in which planand anf interact

less than expected by their abundancgs0CGire cases in which planand anf interact
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more than expected from their abundances; and vadqgaal to O representing the cases

where ant species collected in plants without E®fds not collected in plants with EFNs.

2.5) Additive partitioning of diversity

To evaluate the turnover of ant species composi{fadiversity) between the
networks of ants and plants with and without EFNs calculated the additive partitioning
of diversity as proposed by Veech et al. (2002pnithe total ant richness found in each
plot (y-diversity), we calculated the-diversity, defined aSimean= (01 + 02) / 2); whereo,
= ant richness of plant networks with EFNs foundpiot; a, = ant richness of plant
networks without EFNs found in plot. Then, we cébed theB-diversity, defined as} =
Y —Omean IN addition, to summarize the composition of thée @mmunity in plants with
and without EFN, we ordered the similarity betweenints using Non-Metric
Multidimensional Scaling (NMDS) and tested the eliince in the ant species compaosition
through a permutation test (10.000 permutationsethaon an analysis of similarities
(ANOSIM) (Supplementary information). Additionally, to excitudhe effect of the
presence of EFNs and evaluate if the presence bisBias a factor which caused an
increase in ant species richness, we randomizedpldngs classification (presence or
absence of EFNs) while keeping fixed the plant meds fromsampling points(y-
diversity). We performed this randomization 1.00es. In the end of each set of
randomization, we counted the ant network richragslants with EFNso3) and plants
without EFNS §»), in order to assess whether #r& network richness of plants with EFNs
is higher than expected lant network richness of plants without EFNs. Therage of
these valuesafeay Was subtracted from thediversity to obtain thg-diversity. We did

this randomization using MATLAB.
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3. RESULTS

In this study, we recorded 238 plant species (A& ®wFNs) and 149 ant species.
The number of plant species with EFNs was lo(ean + SD: 21.4 £ 3.77) than plants
without EFNs (27.2 £ 3.97, t= -3.093, df= 1B+ 0.011).However, the number of ant
species on plants with EFN23.2 £+ 5.85) was not different from plants with@RNs in
the sampling points studied (23.3 + 4.11) (t= -@.06df= 11, P= 0.949). Likewise, the
interaction frequency was also equal between né&wvof ants and plants with EFNs
(77.91 + 12.58) and plants without EFNs (75.58 #6p (t= 1.239, df= 11, P= 0.241). The
mean and variance as to the number of links pet pldh EFNs (Mean £ Variance: 3.46 *
0.28) were higher than plants without EFNs (Mearetiance: 2.69 * 0.48) (t= -3.876, df=
11, P=0.003, Figure 1A). For ants, the mean amduvee of the number of links per ant
did not differ between networks of plants with EFfN&ean * Variance: 2.67 + 0.14) and
without EFNs (Mean £ Variance: 2.64 + 0.10) (t=382df= 11, P= 0.801) (Figure 1B).

The network connectance of ants and plants with<Ewlre higher (Mean £ SD:
0.140 % 0.03) than the network connectance of ants plants without EFNs (0.109 +
0.02) (t= -3.528, df=11, P= 0.005) (Figure 1C).nlone of our sampling points did we
observe significantly higher modularity than exgelcby the heterogeneity of interactions
(P> 0.05). However, there is a tendency that thdutasity index was lower in networks of
ants and plants with EFNs (0.459 + 0.059) tharhenrtetworks of ants and plants without
EFNs (0.519 + 0.061) (t= 3.552; df= 11; P= 0.0G5y(re 1D).

The nestedness was higher in networks of ants Emdspvith EFNs (Mean £ SD:
21.01 £ 4.46) than the nestedness in networks f @amd plants without EFNs (15.75 £
3.33) (t= -3.427; df= 11; P= 0.006) (Figure 1E),vedl as their standard normal deviate
(Z-Score metric): networks of ants and plants viafiNs (3.63 = 1.51) and networks of

ants and plants without EFNs (2.34 + 1.35) (t=72;2if= 11; P= 0.04) (Figure 1F).
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The model developed in this study showed that ffeeiss of ants and plants that
form the generalist core region interact more amthegnselves than expected by their
abundances (Figure 2). Moreover, the species opdtiphery of the network interact less
than expected by their abundances. This same paitas repeated in the 12 networks
evaluated in this study.

The pB-diversity turnover of ant and plant networks waiid without EFNs involves
approximately one third of the total diversity, icating limited turnover of ant
composition among the networks.addition, when we randomized the plant clasaiion
(presence or absence of EFNSs), there was no differbetween the observed and expected
values forp-diversity. In other words, the presence of EFNs did not itiedp an increase
in the number of ant species (t= 1.448, df= 110PF6) and the species turnover does not
change in intensity in the networks. Thus, thespecies present in plants with EFNs were
similar to those in plants without EFNs (Figure Bjlditional NMDS ordination of the ant

community followed by ANOSIM showed similar resulsge supplementary information).

4. DISCUSSION

Recently, some studies have shown that the relaperies abundance is an
important factor structuring mutualistic networkgiéhna et al. 2008, Vazquez et al. 2007,
2009b, Verdu and Valiente-Banuet 2011). Such ssudibow that the asymmetric
interaction among species results from their abnoels and that species abundance
explains almost a third of the nested pattern itualistic networks. Here we showed that
the topological structure of networks generatedugh deterministic process (plants with
EFNSs) is different than that of the networks geteztdby the natural abundance of ants on
vegetation. Moreover, the core of generalist sgegiethe ant and plant networks with

EFNs interact more among themselves than expegtdtkb abundance.
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Some studies have suggested that, within a bidbgmmmunity, the difference in
species abundances and sampling techniques camatgemested patterns (Fischer and
Lindenmayer 2002, Lewinsohn et al. 2006, Bluthg@i®, including simulated neutral
networks (Bluthgen et al. 2008). This possibly expd the nested pattern on our ant and
plant networks without EFN, as less abundant spet@ad to be subsets of the more
abundant species (Vazquez et al. 2009b). When aamgpidne ecological networks in ant-
plant interactions, however, we showed that theaamt plant networks with EFNs are
more connected and nested than the ant and plambrks without EFNs, possibly due to
difference in networks size. However, in this stuthstedness cannot be explained by
different patterns of richness, connectance anérbgéneity of interactions, since we
controlled these variables through the Z-Score imeftlso the nestedness found is not
explained by richness and mean number and nos igattiance of links per ant species,
since they are similar in both ecological netwoaksl controlled by the Z-Score metric.
Thus, this points out that the structure of musialiant-plant interactions found in this
study is fundamentally different from what we shibekpect from connectances, species
richness and abundances alone.

According to Bastolla et al. (2009) the nested grattin mutualistic networks
between plants and their animal pollinators or seexpersers reduces interspecific
competition enhancing the number of coexisting gsechis is due to the small number
of shared partners when compared with fully coreeetnd compartmentalized networks
(Bastolla et al. 2009). In the interaction ant araht networks with EFNs studied here, we
showed that within the matrices there is a regoym "hard-core”, where generalist plant
and ant species interact more among themselvesttggtted by their abundances. In this
study, similar to other mutualism networks, we assd that all resources offered are
nutritionally equal; however, we know that the qtitgnand quality of nectar may vary

among species and plant individuals (Schupp anddé¥el991, Heil 2000). Maybe the core
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of generalist plant species has better resourcg®@lly ant species competitively superior
(i.e. more recruitment or aggressive) monopolize tasources (Blithgen and Fiedler
2004ab, Heil and McKey 2003) independent of itstiapaabundance. Thus, we
hypothesize that the hard-core region might be &by competitively superior ant
species that can exclude others. This hard-corenegn be generated by ants that have
ecophysiological and behavioral traits that enahlem to find, dominate, and use the
resource efficiently and over a longer time period.

In interactions between ants and plants with EFd#dy a few ant species of the
subfamilies Myrmicinae, Formicinae and Dolichodagrare known to have physiological
adaptations for the acquisition, storage and digestf liquid resources secreted by EFNs
(Fowler et al. 1991, Oliveira and Branddo 1991, idson et al. 2003, 2004). Although
there is an adaptive filter for the ants that feedthe liquid resources secreted by EFNs,
we found a low turnover of ant species foragingptants with and without EFNs. The
absence of a particular ant species compositioaging on plants with EFNs was also
observed by Schoereder et al. (2010). Therefore, nibsted pattern observed in both
ecological networks also studied here can not Ipdaged by the ant species composition,
as the presence of EFNs does not influence a pkatiant species composition associated
with this resource. Some ant genera that do noe¢ lzalaptations for feeding on liquids
resource can carry liquids externally, and theseigestrongly associate with EFN bearing
plants (e.g. Acanthoponera Ectatomma Heteroponera, Pachycondyla, Paraponera,
PseudomyrmgxOliveira and Brandao 1991, Almeida and Figuer2d03, Davidson et al.
2003, 2004). But, in this study, the ant specienpmsing the "hard-core” compartment
show adaptations for liquid diet, such a#zteca Brachymyrmex Camponotus
CrematogasterDolichoderus.

Here we showed that abundance is important in #sted pattern (Vazquez and

Aizen 2006, Bliuthgen et al. 2008, Vazquez et ab9®) Verdu and Valiente-Banuet 2011),
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but the core of generalist species interact moam #xpected by their abundance. Such
core conformation implies that the generalist ccae act as a coevolutionary vortex of
more specialized interactions, where the convemg@fdraits occurs on both sides of the
interaction, increasing over evolutionary time (Bawpte et al. 2003, Thompson 2005,
Guimaraes et al. 2007). Furthermore, it is posditde the hard-core is less variable over
space and time, and can affect the ecological arautonary dynamics of these

interactions. For instance, a stable core will hamknown implications to the geographic
mosaic of coevolution (Thompson 2005). Finally, weggest studies evaluating the
consequences of spatial and temporal variatiomsifplant and other types of mutualistic

networks as being the next step in the analysstattility in core interactions.
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Figure 1. Relationship for the different metrics used inhbetological networks of ants
and plants with and without extrafloral nectari€s): A) mean number of links for
plant specie; B) mean number of links for ant spe€) connectance; D) modularity*; E)

nestedness (NODF metric); F) nestedness (Z-Scotecin&ach line represents one of the
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12 paired plots. It is also shown the boxplots wité distribution of the data set based on
their descriptive parameters. Only the mean nunolbdinks for ant specie (B) was not
significant (paired t-test: t= 0.258, df=11, P=@L&

* In any of the plots studied were observed modiylaignificantly higher than expected

by the heterogeneity of interactions.
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Figure 2. Average percentage of additive partitioning of tai@ersity of ants collected on
plants with and without extrafloral nectaries in dlats of anterra-firme dense rainforest

in the Brazilian Meridional Amazonu-diversity represents the mean of ants richness
collected on plants with and without extra-floraktaries (EFNs)p-diversity represent the
turnover of ant species composition collected @mizg with and without EFNs in the plots.
The total ant richness in both networks was deteeohibyy-diversity. The values of the
additive partitioning of diversity expected werelcetated excluding the effect of the
presence of EFNs through 1,000 randomizations ahtpl classification (presence or

absence of EFNSs).
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Figure 3

Ants

Plants

Figure 3. Graphical representation of one of the 12 intéwacinatrices among ants with

extrafloral nectaries (EFNs) plants studied. Thatnr shows the cases of an interaction
between ants and plants mediated by the relatieeisp abundance of both plants and
ants. The red cells represents that the interaoticturs less than expected by the
abundance, blue cells represents the interactiamurecmore than expected by the

abundance, white cells represents ant speciesctadlen plants without EFNs was not

collected in plants with EFNs.
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Supplementary Information

To summarize the composition of the ant commumtglants with and without EFNs, we
ordered the similarity between points using Non4ideMultidimensional Scaling. The

ordinations analyses were performed from a distanmrix calculated from the

Sorensen’s dissimilarity index (qualitative datajdaBray-Curtis’s dissimilarity index

(quantitative data: frequency occurrence of antsplamts). Additionally, we tested the
difference in the ant species composition througleranutation test (10,000 permutations)
based on analysis of similarities (ANOSIM) (Clark®893). Both the ordination and

analysis of similarities were made through the vgafée R Development Core Team

(version 2.13.1).
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Figure 4. Non-metric multidimensional scaling of ants colegtin plants with (triangles)

and without extrafloral nectaries (squares) in Ii2spof anterra-firme dense rainforest in

the Brazilian Meridional Amazon. This ordinationalysis was calculated from the (A)

Sorensen’s dissimilarity index (Stress= 0.351 ;sAki+ Axis 2= 34.9% of explanation)

and (B) Bray-Curtis’s dissimilarity index (Stres§:318 ; Axis 1 + Axis 2= 43.7% of

explanation).
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Spatial structure of ant-plant

mutualistic networks*

* This manuscript will be submitted to Oikos
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ABSTRACT:

The topological structure of mutualism networksvles insights into ecological and
evolutionary dynamics of interacting species. Hogvewnly recently has the spatial effect
been incorporated as a mechanism structuring mstigcahetworks. Here we used the ant-
plant mutualistic networks to evaluate for thetfiimme how the topological structure and
species turnover of mutualistic networks variesr®gatial gradient. Even the fact that ant
and plant composition of networks changes overesphe generalist core species and the
topological structure of networks remain unalterethis finding indicates that
independently of local and landscape environmefateiors the nonrandom pattern of
community organization is not changed. In shorqitgbuting thus to our understanding of
the maintenance of biodiversity and coevolutioraocesses.

Keywords: beta diversity, coevolution, generalist core, egsess, spatial turnover.
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1. Introduction

The study of mutualistic networks has provided amg@nt insights into the
mechanisms that contribute to the structural omgitn of plant-animal interactions.
(Medan et al. 2007, Morales and Vazquez 2008, blietsnd Bascompte 2007, Rezende et
al. 2007, Stang et al. 2007, Vazquez et al. 200092 Using measures of graph theory to
characterize the network topology, several stutiage found non-random patterns of
interaction on a wide range of ecosystems (Basoempal. 2003, Lewinsohn et al. 2006,
Guimaraes et al. 2007, Vazquez 2009a). Howevde i# known as such metrics vary over
space (Morales and Vazquez 2008, Vazquez et ab,0rkle and Alarcon 2011). In
addition, to understand the consequences of spatradtion in mutualistic networks it is
essential to determine how the space modulatedyttmics of interacting species (Burkle
and Alarcon, 2011).

Some theoretical and empirical studies have shdwh when new species are
introduced into a network, they can influence tlmolegical dynamics of the entire
network, mainly because of the dominance hieraestd/species abundance of interactions
can be modified (Solé and Montoya 2001, Olesen. €082, Memmott et al. 2007, Aizen
et al. 2008, Olesen et al. 2008, Diaz-Castelazn. €004). Such studies have focused on
evaluating how the entry of invasive alien speaifscts the structural organization of the
network. However, very little is still known on hothe species turnover along space
affects the structure of networks.

When we compared this with other systems, eg. {gahmator, ant-plant
mutualistic networks have been studied on a snualles(Guimaréaes et. al. 2006, 2007,
Chamberlain et al. 2010, Sugiura 2010) and the keaye of space effect on these
networks is null. Thus, we used the interactionsvben ants and plants with extrafloral
nectaries (EFNs), to evaluate for the first timevhbe topological structure of mutualistic

networks varies over the spatial gradient. In datfpmutualistic networks, plants produce
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nutritious liquid for ants (Baker et al. 1978, RiGoay and Oliveira 2007), which in
exchange for the food provided, the ants defendpthats against potential herbivores
(Del-Claro et al1996, Oliveira et al. 1999, Rico-Gray and Oliveif¥07).

On the other hand, different parameters can chahgenature of ant-plant
interactions, such as: competition, abundance amalityg of resources, seasonality of
nectar production, and other biotic and severadtabfactors (Bluthgen and Fiedler 2004,
Diaz-Castelazo et al. 2004, Rico-Gray and Oliv2da7, Rico-Gray et al. 2011). All these
factors can be affected by the spatial distribigiohants on plants (Bentley 1976, Barton
1986, Heil 2000, Apple and Feener 2001, Cogni.€2@03). In fact, in tropical forests, it is
known that several plant species are spatiallyeggged (Newbery et al. 1986, Condit et
al. 2000, Kohler 2000), and that the foraging ampetrsal of ants is limited to small
spatial scales (Soares and Schoereder 2001, Fsidroatsal. 2003). So, according to
neutral theory the compositional similarity amorignd communities will decrease as the
distance between two points increases, due to ithiketl dispersal of organisms and
environmental gradients (Hubbel 2001, Chave andjie&l002, Gilbert and Lechowicz
2004).

Here we predicted that due to high spatial aggregaif plants in tropical regions
and low ant mobility there is a mosaic of interact with different partners over a
relatively small geographic space, and this cowdegate differences in the topological
structure of these networks (Thompson 2005, Moraled Vazquez 2008, Burkle and
Alarcén, 2011). In order to test this hypothesis, eollected twelve ant-plant mutualistic
networks in aterra-firme forest in Brazilian Meridional Amazon and analyztueir
network topology. Subsequently, we calculated tissimhilarity of network topology over
geographic distance among sampling points in otdeexamine whether: (1) species

turnover over spatial gradient influences the togwlal structure of ant-plant mutualistic
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networks, and (2) the core of generalist speciesmmes stable on a geographic scale of up

to 5.099 meters.

2. Material and Methods
2.1) Study area

We conducted this study at S&o Nicolau Farm (9°48™3°15'W, elev. 254m),
located in the municipality of Cotriguacu, northMéto Grosso State, Brazil. According to
the Koppen classification, the climate is tropidaimid (Am) with average annual
temperature: 24 °C, humidity 85 %, and 2.300 mmretipitation (Camargo et al. 2010,
Dattilo et al. 2012). It has two well defined seasaa rainy season between November and
April and dry season between May and October. Tha & characterized ageara-firme
dense rainforest inserted in the Brazilian Meridiohmazon (Veloso et al. 1991, Camargo
et al. 2010). The reserve area covers 7.000 hardgfntious forest, surrounded by a much
larger area of intact forest. The terrain is untiogpwith altitudinal variation of 50 m
between the plateaus and the riverside terrainso@atrees range from 30-40 m high with
some emergent trees which reach 50 m in height.uhlderstory is relatively open, with
high frequency ofOrbignya phalerataMart. (Arecaceae). In the Brazilian Amazon, it is
usual to find between 18 and 53% of plant speaiesdlifferent physiognomies having
EFNs, reaching up to 50% coverage of these plardaggiven physiognomy (Morellato and

Oliveira, 1991, Rico-Gray and Oliveira 2007).

2.2) Data Collection
We collect data in a site (module) managed by treziBan Research Program in
Biodiversity (PPBio) (PPBio: http://ppbio.inpa.gby). inserted at S&do Nicolau Farm. The

module consists of six parallel trails in the Ne&buth and two parallel trails East-West.
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Every 1 Km trail is one permanent plot with 250 rA5m (6.250 m?), total of 12 sampling
points in the entire module.

We collected ants and plants between December @&0d@anuary 2011. In each of
the 12 sampling points, we looked for EFN plantcheng from 0.5 m to 3 m height. This
size was used because of its easily accessibletsimsearchers without disturbance. In
each plant, we recorded all occurrences of anteatwlg liquids in EFN. The plants
should be at least 10 meters away from each atherder to minimize the possibility of
collecting ants from the same colony foraging offedent plants. Plants and ants were
identified to the lowest possible taxonomic leveihg taxonomic keys and with the help of
specialists. Ant specimens were deposited in therSde Entomologia of Colecéo

Zooldgica of Universidade Federal de Mato GrossaziB(CEMT).

2.3) Network topology

To evaluate how topological properties of ant-planttualistic networks vary over
space, we calculated the dissimilarity among thesa&pling points of the following
metrics: connectance, network specialization, aggtatness. The connectan€® is the
proportion of possible links that are actually isad (Jordano 1987). We calculated the
level of specialization networks using the spezalon index i) (ranges from zero
(extreme generalization) to one (extreme spectabzp through R-Project software
version 2.13.1 (bipartite packpage, R DevelopmeateCTeam?2009. This index is
mathematically derived from the Shannon entropy based on the deviation from the
expected probability distribution of the interaciso(Blithgen et al. 2006). In addition, the
index is robust to changes in sampling intensity ére number of interacting species (see
more details of this index in Bluthgen et al. 20R607).

We calculated the NODF metric (Nestedness metrisetbaon Overlap and

Decreasing Fill) (Almeida-Neto et al. 2008) to esite the nestedness value of networks,



59

using ANINHADO software (Guimardaes and Guimarée86}0We tested the nestedness
observed for each network with 1.000 networks gateer by Null Model 1l in order to
assess if the nestedness value observed was ligireexpected by random patterns of
interaction. In this null model, the probability @h interaction occur is proportional to the
level of generalization (degree) of plant and amisgeecies (Bascompte et al. 2003). We
also calculated the nestedness value standardizendifference in richness, connectance
and heterogeneity of interactions among saenpling pointsstudied using the Z-Score
metric to allow cross network comparisosScore is defined aZnogs = (X - 1 ) /o,
where x= NODF value observed, u= NODF value of camded matrices, ane= is the

standard deviation of the randomized matrigdisich et al 2009).

2.4) Spatial turnover of species composition

We calculated the additive partitioning of diveysiin ant-plant networks as
suggested by Veech et al. (2002) to access tha&akpanhover among theampling points
studiedon plant and ant species compositifrdiversity). From the total richness of the
same trophic level found in tweampling points ydiversity), we calculated thea-
diversity, defined asu= (a1 + ay)/ 2, wherea; = species richness of same trophic level of
plot 1,a, = species richness of the same trophic level@f ). Then, we calculated tie

diversity, defined asp= (y - o). Moreover,we calculated which species belongs to the

_[ Xy
generalist core througﬁ;g - 7 > 1, wherex = mean number of links for given

plant/ant speciesy = mean number of links for all plant/ant speciesné@iwork , ez =
standard deviation of the number of links for plant species. Thusie also calculated the
turnover ofp-diversity (as described above) just for plants ants inserted on generalist

core species.
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2.5) Statistical analysis

We used Mantel tests to determine the existenca célationship between the
turnover on different network metrics described \eb@and the matrices of geographic
distances among all tlsampling points studie®Ve conducted these tests using the vegan
package(Oksanen et al. 2007) in the R-Project softwaresiger2.13.1 (R Development
Core Tean005 using Euclidean distance to calculate the didanity in the metrics and
geographic distances among sampling points. Inethesalyses, we also tested the
correlation coefficient (r) using this analysis. Weade all graphics using the software

GraphPad Prism version 5.0 (Motulsky, 1999).

3. Results

In this study, we recorded 72 plant species (or pmospecies) with EFNSs,
belonging to 24 genera and 16 families. The Bigaceae family corresponded to 26.3%
of plant species, followed by 22.8% of Mimosacend 40.5% of Caesalpiniaceae. The
plant species richness per sampling points wasl24.3.77 (Mean + SD). For ants, we
recorded 149 species, inserted into 23 genera @it eubfamilies. The subfamily
Myrmicinae corresponded to 42.28% of ant specielfovied by 26.1% for Formicinae
and 14.9% for Dolichoderinae. The ant species ashrper sampling points was 23.16 +
5.85. The mean and standard deviation of metriesl urs this study were: Connectance:
(0.140 £ 0.035), Network specialization: (0.088 #4®), NODF: (21.01 + 4.406),
nestedness Z-Scores (3.63 + 1.50).

In the spatial scale studied, we did not find gigant correlation of dissimilarity of
geographic distance with the dissimilarity of cocta@ce (Mantel statistic r= 0.044, P=
0.374) and network specializatioHy) (Mantel statistic r= 0.004, P= 0.457) (Figure 1A-

B). When analyzed we had different results in thve tetrics that describe the nested
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pattern in ant-plant interactions. We did not obsesignificant correlation of dissimilarity
of nestedness calculated by NODF metric with ggagradistance (Mantel statistic r=
0.078, P= 0.283). However, we observed significaatrelation of dissimilarity of
geographic distance with the dissimilarity of ndskess calculated by Z-Score metric
(Mantel statistic r= 0.315, P< 0.01) (Figure 1C-D).

We observed a turnover of species compositdiyersity), for both plants and
ants, along the geographic distance (Plants: Masttdistic r= 0.401, P< 0.01, Ants:
Mantel statistic r= 0.307, P= 0.013) (Figure 2A-Bjowever, we did not observe a
turnover on core species composition, for both fglaand ants, along the geographic
distance (Plants: Mantel statistic r= 0.007, P=30,4Ants: Mantel statistic r= -0.088, P=
0.734 (Figure 2C-D). In addition, the number of apécies present in the generalist core
of networks ranged between one and three specied, the speciesAzteca sp2,
Brachymyrmeyspl andCrematogastesp8 were present in the core in more than 58 % of
sampling points. For plants, the number of spegessent in the generalist core of
networks ranged between one and two species, angdpibciednga spl2, Mabeasp2,
Protiumspl,Stryphnodendrospl were present in the core in more than 66 %&awipling

points.

4. Discussion

We know from previous studies that mutualisticwoeks of free-living species
show a nested and asymmetrical pattern in diffdnabitats and ecosystems such as plant-
pollinator, fruit-frugivore, ant-plant, clownfisrhamone and marine fish cleaning
symbioses (Bascompte et al. 2003, Guimaraes 2086, Guimaraes et al. 2007, Ollerton
et al. 2007, Mello et al. 2011). However, how thpdiogical structure of these networks

varies over spatial gradients has often been ighdree few studies that evaluated the role
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of spatial variations in mutualistic networks, shows that local and landscape
environmental factors, beyond spatial aggregatiod animal mobility are important
factors that structure the plant-animal interacti@Morales and Vazquez 20@,rkle and
Alarcon 2011) In this study, standardizing the network metricsllection effort and
habitat, we showed that in ant-plant mutualistiovaoeks, the topological structure remains
unaltered in the spatial scale studied. In addijtiemen the fact that ant and plant
composition of networks changes over space, thergbst core species remain stable
along the 5.099 m ontarra-firmeforest in Brazilian Meridional Amazon.

In tropical rainforests, the main factors that expltthe distribution and diversity of
ants are competitive interactions, habitat compyefebundance of food and nesting sites),
climate stability and natural barriers that prevant queen dispersal (Benson and Harada
1988, Holldobler and Wilson 1990, Reyes-Lopes e2@03). Thus, along a spatial scale,
different biotic and abiotic factors can influeribe richness and diversity of interactions
between ants and plants differently (Bruhl et 899, Diaz-Castelazo et al. 2004, Rico-
Gray and Oliveira 2007, Rico-Gray et al. 2011)tHis study, there was a wide variation in
the values of connectance among sampling pointisieimcing the values of nestedness
using NODF metric. In fact, when we calculated thesimilarity among these metrics,
there was no relation with geographic distancetl@nother hand, when we controlled the
connectance effects, we found different patternd aestedness values using Z-Score
metric, since the dissimilarity of nestedness iaseel with geographic distance. So why
are closer sampling points more similar? This carekplained because closer sampling
points have lower turnover of plant and ant comjpmsi as we observed. Therefore, it was
expected that the number of ant and plant spdegs®nd number of interactions would be
more similar in closer sampling points. Additioyalthe metric used to calculate the
network specialization is also robust with respgechetworks with different connectance

values (Bluthgen et al. 2006, 2007, 2010), whidtidated us that the low specialization
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found here is a non-random pattern of ant-plantuadigtic networks. Thus, we showed
that the topological structure of ant-plant mutstadi networks is stable and predictable
over a spatial scale of up to 5.099 meters, inddganof variations in biotic and abiotic
factors of sampling points studied.

Interestingly, we showed that the core of gendrapigcies remained stable over the
spatial scale studied. One factor that could erplae stability of the core over space is the
species abundance, where abundant species coetdantnost frequently with each other
and with other less abundant species (Vazquez 20arv, 2009b). However, in a previous
paper by Dattilo et alin preparation showed that in ant-plant mutualistic network® th
generalist core interact with each other more tbapected by their abundances. This
finding indicates that ants of the core possiblyehanechanisms which maintain such
species in the core over space. Due to the fatttmapetition for resource is an important
factor in the structuring of ant communities inpical regions (Djieto-Lordon & Dejean.
1999, Delabie et al 2000), we believe that the cofegeneralist ant species are
competitively superior (i.e. more recruitment oterd or aggressive) and monopolize
resources. In addition, we propose that this gdisereore is less variable in time and
space than the network periphery as originally psea by Bascompte et al. (2003).
Moreover, the interaction strength among intergcpartners of generalist core species is
symmetrical (Bascompte et al. 2006, Vazquez eR@0D.7, Guimaraes et al. 2011). This
implies that the generalist core can act as a dogepary vortex for more specialized
interactions, where the convergence of traits ah bales of the interaction increases over
evolutionary time (Bascompte et al. 2003; Thomp2685; Guimaraes et al. 2007). The
existence of a geographic stable hard-core enhdheeevolutionary importance of such
a vortex, once several individuals of ants and tgldhat belong to the core, in a given
region, will have an increased chance of intergctiith each-other. Additionally, Diaz-

Castelazo et al. (2010), showed that the propouifogeneralist core species in ant-plant
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interaction did not change in 10 years on a locales Thus, the generalist core being
stable over space and time at different spatidéscaan generate the geographic mosaic of
coevolution, where the number of interacting spedrereases over evolutionary time
(Thompson 2005).

In conclusion, our study shows that in general ttp@logical structure of ant-plant
mutualistic networks is stable over a relativelyaimgeographic space inserted iteara-
firme forest in Brazilian Meridional Amazon. Moreovevea that a turnover on interacting
ant and plant composition changes along this dpstiale, the generalist core remains
stable. This finding indicates that independenttylazal and landscape environmental
factors the nonrandom pattern of community orgdiumais not changed. In short,
contributing thus to our understanding as to thenteamance of the biodiversity and
coevolutionary processes. However, it is not knawrat the consequences of temporal
variations and resilience of the generalist coraiger spatial scales is. There is still much
to do to better understand patterns and proceskded to spatiotemporal variation in ant-
plant systems. Finally, other empirical studiest thssess the spatial effect in different
mutualistic networks are essential to understandimgy current view of coevolutionary

processes in mutualistic interactions.
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FINAL CONCLUSION

Here | showed that the topological structure ofmoeks generated through deterministic
process (plants with EFNS) is different than thiathe networks generated by the natural
abundance of ants on vegetation. Moreover, the abgeneralist species in the ant and
plant networks with EFNs interact more among thdwese than expected by their

abundance. Moreover, standardizing the networkiosgtcollection effort and habitat, |

showed that in ant-plant mutualistic networks, tihgological structure remains unaltered
in the spatial scale studied. In addition, even fie that ant and plant composition of
networks changes over space, the generalist ce®@espremain stable along the 5.099 m

on aterra-firmeforest in Brazilian Meridional Amazon.
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APPENDIX 1

List of 238 plant species with and without extredlanectaries (EFNs) collected in 12 plots
(250 x 25 m) in an terra-firme forest in the Bramil Meridional Amazon located in the
municipality of Cotriguacu, north of Mato Grossatet Brazil. The plants were collected
between between December 2010 and January 2011.

with EFNs  without EFNss

Anacardiaceae

Astroniumspl X

X

Tapirira spl

>

Thyrsodiunmspl
Anonaceae
Annonaspl
Annonasp2
Duguetiaspl
Xylopiaspl
Xylopiasp2

X X X X X X

Xylopiasp3

Apocynaceae

>

Aspidospermapl

>

Aspidospermap2
Aspidospermap3 X
Bignoniaceae

Jacarandaspl X
Jacarandasp?2 X
Unidentified spl X
Unidentified sp2
Unidentified sp3
Unidentified sp4 X
Unidentified sp5
Unidentified sp6
Unidentified sp7
Unidentified sp8

X X

X X X X



Unidentified sp9
Unidentified spl10
Unidentified spll
Unidentified spl2
Unidentified spl3
Unidentified spl4
Unidentified spl5
Unidentified spl6
Unidentified spl7
Unidentified spl8
Unidentified spl19
Unidentified sp20
Bixaceae
Bixaspl
Bombacaceae
Eriothecaspl
Burseraceae
Protium pilosum
Protiumspl
Trattinnickiaspl
Trattinnickiasp2
Caesalpiniaceae
Bauhiniaspl
Bauhiniasp2
Bauhiniasp3
Bauhiniasp4
Bauhiniasp5
Bauhiniasp6
Hymenaeapl
Unidentified sp1
Unidentified sp2
Tachigalispl
Tachigalisp2
Tachigali venusta

X

X X X X X

X X

X X X X
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Celastraceae

Cheilocliniumspl X
Hypocrateaespl
Chrysobalanaceae

Hirtella spl

Hirtella sp2

Licaniaspl

Combretaceae

Combretunspl X
Costaceae

Costusspl X
Costussp2 X
Costussp3 X
Cucurbitaceae

Unidentified spl X

Elaeocarpaceae

Sloaneaspl

Sloaneasp2

Sloaneasp3

Euphorbiaceae

Heveaspl

Mabeaspl X
Mabeasp3

Unidentified spl X
Unidentified spl X

Fabaceae
Dipteryxspl
Erythrinasp2
Machaeriumspl

Machaeriumsp?2

X X X X

Machaeriumsp3
Machaeriumsp4
Unidentified spl
Ormosiaspl
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Platymisciumspl
Platymisciunmsp2
Platymisciunsp3
Vataireaspl
Flacourtiaceae
Caseariaspl
Caseariasp3
Caseariasp3
Laetiaspl
Laetiasp2
Laetiasp3
Heliconiaceae
Heliconiaspl
Humiriaceae
Vantaneaspl
Lacistemataceae
Lacistemaspl
Lauraceae
Anibaspl
Unidentified sp1
Unidentified sp2
Ocoteaspl
Ocoteasp2
Lecytidaceae
Couratarispl
Malpighiaceae
Byrsonimaspl
Marantaceae
Ischnosiphorspl
Melastomataceae
Belluciaspl
Miconiaspl
Meliaceae

Guareaspl

X X X X X
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Guareasp2
Guareasp3
Guareasp4
Trichilia micrantha
Trichilia pallida
Trichilia spl
Trichilia sp2
Memecylaceae
Mouriri spl
Menispermaceae
Abuta grandifolia
Abutaspl
Mimosaceae
Abaremaspl
Abaremaspl
Enterolobiunspl
Ingaspl
Ingasp2
Ingasp3
Ingasp4
Ingasp5

Inga sp6
Ingasp7
Ingasp8
Ingasp9
Ingaspl10
Ingaspll
Ingaspl2
Ingaspl3
Ingaspld

Inga spl5
Ingaspl6
Ingaspl7
Mimosaspl

X X X X X X X X X X X X X X X X X X

X X X X X X X
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Mimosasp2
Parkiaspl
Parkiasp2
Samaneapl
Senegalispl
Stryphnodendrospl
Moraceae
Brosimumspl
Brosimumsp2
Brosimumsp3
Ficusspl
Ficussp2
Ficussp3
Ficussp4
Ficussp5
Pseudolmedia cf
laevigata
Pseudolmediapl

Pseudolmediap2

X X X X X X X X

Soroceaspl
Myristicaceae
Cybianthusspl
Virola spl
Virola sp2
Nyctaginaceae
Guapiraspl
Ochnaceae
Cespedeziapl
Olacaceae
Dulaciaspl
Piperaceae
Piperspl
Pipersp2
Pipersp3

X X X X

X X



Pipersp4
Polygonaceae
Coccolobaspl
Quiinaceae
Quiina pteridofila
Rubiaceae
Capironaspl
Duroia spl
Unidentified spl
Palicoureaspl
Palicoureasp?2
Palicoureasp3
Palicoureasp4
Psychotriaspl

Remijia amazonica

Remijiaspl
Remijiasp2
Uncariaspl
Rutaceae
Esenbeckiapl
Metrodoreaspl
Metrodoreasp?2
Zanthoxylunmspl
Sapindaceae
Paullinia spl
Serjaniaspl
Thalisiaspl
Thalisiasp2
Thalisiasp3
Sapotaceae
Ecclinusaspl
Ecclinusasp2
Ecclinusasp3

Ecclinusasp4

x X

X X X X X X X X X X X X X X X

X X X X
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Manilkara hulberia
Manilkara spl
Manilkara sp2
Pouteriaspl
Pouteriasp2
Pouteriasp3
Pouteriasp4
Simaroubaceae
Simarouba amara
Siparunaceae
Siparunaspl
Siparunasp2
Siparunasp3
Solanaceae
Unidentified spl
Unidentified sp2
Sterculiacea
Theobromaspl
Theobromasp2
Theobromasp3
Theobromasp4
Theophrastaceae
Clavija spl
Tiliaceae
Lueheaspl
Ulmaceae
Celtisspl

Trema micrantha
Urticaceae

Urera spl

Urera spl
Vouchysiaceae

Vouchysiaspl

X X X X x x X

xX X

X X X X
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Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified

spl
sp2
sp3
sp4
sp5
Sp6
sp7
sp8
sp9
spl10
spll
spl2
spl3
spl4
sp15
Spl6
spl7
spl8
spl19
sp20
sp21
sp22
sp23
sp24
sp25
Sp26
sp27

X X X X X X X X X

X

X X X X X

X X X X X
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APPENDIX 2

List of 149 ant species collected on plants witd anthout extrafloral nectaries (EFNSs)
collected in 12 plots (250 x 25 m) in an terra-frrforest in the Brazilian Meridional
Amazon located in the municipality of Cotriguagorth of Mato Grosso State, Brazil. The

plants were collected between between December &d January 2011.

Occurrence on plants
FAMLIY FORMICIDAE With EFNs  Without EFNs
SUBFAMILY DOLICHODERINAE

Tribe Dolichoderini

Aztecaspl
Aztecasp2
Aztecasp3
Aztecasp4
Dolichoderusspl
Dolichoderussp2
Dolichoderts sp3
Dolichoderussp4
Dolichoderussp5
Dolichoderussp6
Dolichoderts sp7
Dolichoderussp8
Dolichoderussp9
Dolichoderusspl0
Dolichoderussp11l
Dolichoderussp12
Dolichoderussp13
Dolichoderussp14
Tapinomaspl

Tapinomasp2

X X X X X X X X X X x X X X x X x X X X X
X X X X X X X X X X x X X X x X x X X X X

Tapinomasp3

SUBFAMILY ECITOTINAE



Tribe Ecitonini
Ecitonspl

SUBFAMILY ECTATOMMINAE
Tribe Ectatommini

Ectatomma tuberculatum

SUBFAMILY FORMICINAE
Tribe Camponotini
Camponotus latangulus
Camponotuspl
Camponotusp?2
Camponotusp3
Camponotusp4
Camponotusp5
Camponotusp6
Camponotusp7
Camponotusp8
Camponotusp9
Camponotuspl0
Camponotuspll
Camponotuspl?2
Camponotuspl3
Camponotuspl4
Camponotuspl5
Camponotuspl6
Camponotuspl?
Camponotuspl8
Camponotuspl9
Camponotusp20
Camponotusp21
Camponotusp22
Camponotusp23

Camponotusp24

X X X X X X X X X X X X X X X X X X X X X xX x x X

X X X X X X X X X X X X X X X X X X X X X x x x X
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X

Camponotusp25

X

Camponotusp26
Tribe Plagiolepidini
Brachymyrmespl
Brachymyrme:sp2
Brachymyrmesp3
Brachymyrmesp4
Brachymyrmexsp5
Brachymyrme:sp6
Nylanderiaspl
Nylanderiasp2
Nylanderiasp3
Nylanderiasp4
Nylanderiasp5

X X X X X X X X X X X X

Nylanderiasp6

SUBFAMILY MYRMICINAE
Tribe Attini
Sericomyrmespl
Trachymyrmexspl X
Tribe Blepharidattini

Wasmannia auropunctata X
Tribe Cephalotini
Cephalotes atratus
Cephalotespl
Cephalotesp2
Cephalotesp3
Cephalotesp4
Cephalotesp5
Cephalotesp6
Cephalotesp7

X X X X X X x x X

Cephalotesp8
Tribe Crematogastrini

Crematogastespl X

X X

X X X X X X

X X

X X X X X X x x X
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Crematogastesp2
Crematogastesp3
Crematogastesp4
Crematogastesp5
Crematogastesp6
Crematogastesp?
Crematogastesp8
Crematogastesp9
Crematogastespl10
Crematogastespll

X X X X X X X X X X X

Crematogastespl12

Tribe Formicoxenini

X

Nesomyrmespl

X

Nesomyrmesp2
Nesomyrmesp3 X
Tribe Ochetomyrmecini

Ochetomyrmex neopolitus X

X

Ochetomyrmex semipolitus
Tribe Pheidolini
Pheidolespl
Pheidolesp2
Pheidolesp3
Pheidolesp4
Pheidolesp5
Pheidolesp6
Pheidolesp7
Pheidok sp8
Pheidolesp9
Pheidolesp10
Pheidolespl1
Pheidolesp12
Pheidolesp13
Pheidolespl4
Pheidolesp15

X X X X X X X x X X X X X X X

x X X X X X X X X X X X

X

X X X X X X X x X X X X X X X
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Pheidolespl6
Pheidolespl17
Pheidolesp18
Pheidolesp19
Pheidolesp20
Pheidolesp21
Pheidolesp22
Pheidolesp23
Pheidolesp24

Tribe Solenopsidini

X X X X X X X X X

Megalomyrmexspl
Solenopsispl
Solenopsisp2
Solenopsisp3
Solenopsisp4
Solenopsisp5s
Solenopsisp6
Solenopsisp7

Solenopsisp8

X X X X X X X X x X

Solenopsisp9

SUBFAMILY PARAPONERINAE
Tribe Paraponerini

Paraponera clavata X

SUBFAMILY PONERINAE
Tribe Ponerini
Odontomachuspl
Pachycondilaspl
Pachycondilasp2
Pachycondilasp3
Pachycondilasp4
Pachycondilasp5

X X X X X X X

Pachycondilasp6

X X X X X X X X X

X X X X X X X X X

X X X X X X X
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Pachycondilasp7
Pachycondilasp8
Pachycondilasp9
Pachycondilasp10
Pachycondilespll

SUBFAMILY PSEUDOMYRMICINAE
Tribe Pseudomyrmecini
Pseudomyrmespl
Pseudomyrmesp2
Pseudomyrmesp3
Pseudomyrmesp4
Pseudomyrmesp5
Pseudomyrmesp6
Pseudomyrmesp7
Pseudomyrmesp8
Pseudomyrmesp9
Pseudomyrmespl10
Pseudomyrmespll

X X X X X

X X X X X X X X X X X

X X X X X

X X X X X X X X X X X
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APPENDIX 3

Instructions for Authors — Ecology

Articles. While a Report is a concise scientific statemeamtaosingle simple topic, an
Article tells a more complicated story with distirmomponents. The greater length of
Articles relative to Reports must be justified it greater complexity. We are asking
authors to submit shorter, better-organized pigitatsmake use of Ecological Archives for
digital publication of appendices and supplemenke target length for Articles is 20-30
manuscript pages (double-spaced, 12-point fontiudiieg everything from Title Page
through the last figure). Longer Articles (thosevimen 30 and 50 manuscript pages)
should be accompanied by a detailed justificatmnthie length in the cover letter at the
time of submission. The abstract can have a maximuB50 words. Manuscripts longer

than 50 pages may be considered for Ecological Ig@aphs, at the editor's discretion.

Requirements for submission
Original submission. Provide information describing the extent to whatdita or text in
the manuscript have been used in other works tleapablished, in press, submitted, or

soon to be submitted elsewhere.

Resubmission policyIf the manuscript (or a previous version of thenmscript) has been

previously submitted to the same or another ESAnaly provide the previous manuscript
number; explain how the current version differsrirthe previously submitted version and
why it should be considered now for this journahefle are no guarantees it will be

reviewed by the newly targeted journal.

ESA Code of Ethics. Authors must adhere to the E®8e of Ethics.

Data Policy. The editors and publisher expect authors to mdlee data underlying
published articles available. Authors must disclesiware and statistical procedures used
in the manuscript and provide any novel computefecosed for models, simulations, or

statistical analyses.
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English. Authors whose native language is not English ao®earaged to enlist the aid of a
native English-speaking colleague to go over theuseript for correct usage and clarity
prior to submission. You may also search the ESAhAr Help Directory to find a

volunteer. No guarantees are associated withgbeeftithis volunteer database.

Agreement to pay page charge®Authors must agree to pay page charges, or muiginob
an ESA page-charge grant. Page charges will onigdugred for manuscripts accepted for

publication.

Formatting your manuscript: Minimum formatting requ irements

Consult recent issues for examples of journal stiyler purposes of review, submitted
manuscripts need not adhere to journal style imyegletail; however, preparation of final
revisions of manuscripts accepted for publicatial e easier if ESA style is followed

from the outset. But be sure to abide by the falh@aminimum formatting requirements

for submitted manuscripts:

* The entire manuscript must be double-spaced,(tpxbtations, figure legends, literature
cited) at three lines per inch (12 lines/10 cm)hwat 12-point font, Times New Roman.
Choose the "double-spacing" option for line spacireave a 1 inch (2.4-cm) margin on all

sides of each page. Page size should be Lettert8/%1". Do not justify the right margin.

* Assemble the parts of the manuscript in this artide page, abstract, key words, text,
acknowledgments, literature cited, tables (oneet@lelr page), figure legends (on separate
page preceding the first figure), figures (one fegper page; label each figure, i.e., Figure

1, Figure 2, etc.). Appendices for Ecological Axas should be in a separate file.

* Number all pages (including tables, and figuresdsting with the title page.

* All pages of text should have line numbers as.wel

Allowable file formats:

Manuscript files in Word (.doc or .docx), WordPetfé.wpd), Rich-text format (.rtf) or
LaTeX (.TEX) format. (See ESA-LaTeX for some tips getting your TEX document to
conform to ESA style.)
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Tables in doc, xls, tds, or csv format (or Tables/rbe included in the manuscript file)
Figures/Images in doc, jpeg, tif, gif, eps, psppt format (or Figures may be included in

the manuscript file)

Appendices for Ecological Archives in doc or htrofrhat. Video appendices in mpeg

format.

Supplements for Ecological Archives can includet arte not limited to, original and
derived data sets, source code for simulation nsodmid details of and software for

unusual statistical analyses.

Appendices and Supplements for Ecological Archslasuld be in files separate from the
article (and not merged with the article file). ggu files can be submitted for appendices
and supplements if necessary. In that case, chapped File as the file type, so that the

system does not attempt a pdf conversion.

Tables and figures may be in a separate file onmfile together with the manuscript text.
If figures are in a separate file, please provideparate file with all the figure legends (or
include it in the manuscript file). It is not nesasy to provide a figure caption on the
screen when uploading your figures. (Please beetat a lower resolution figure may
look fine on a computer screen, but that does redmmt will look good if a reviewer or
editor prints it out.)
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APPENDIX 4

Instructions for Authors — Oikos

Author Guidelines

General editorial practice

Submit  your manuscript electronically using a sngl PDF file at

www.0ikos.ekol.lu.se/oikosgateway

You will receive a receipt with a tracking code. Rdase refer to this code in all

correspondence with the Editorial Office.

We as well as reviewers have problems in handlingdTex files, please avoid this

format.

Authors submitting a manuscript do so on the uridetng that the work has not been
published before, is not being considered for maltlon elsewherand has been read
and approved by all authors The submission of the manuscript by the autharama that
the authors automatically agree to assign exclusipgright to the journal if and when the

manuscript is accepted for publication.

This work shall not be published elsewhere in amglage without the written consent of
the journal. The articles published in this jouraed protected by copyright, which covers
translation rights and the exclusive right to rejuce and distribute all of the articles
printed in the journal. No material published ie fournal may be stored on microfilm or
videocassettes or in electronic databases andikkeol reproduced photographically

without the prior written permission of the journal

Manuscripts are submitted to reviewers for evatuabf their significance and soundness.
Authors will generally be notified of acceptancejection, or need for revision within
three months. Decisions of the editor are final.

Manuscripts are edited to improve communicationveen author and reader.
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Authors will receive electronic proofs via e-matibgether with the Exclusive License
Form (ELF)). Correconly printer's mistakes. You will be charged for exoess

corrections beyond such mistakes.

Exclusive Licence Form Authors will be required to sign the Exclusivecémnce

Form (ELF) for all papers accepted for publication.r&ityre of the ELF is a condition of
publication and papers will not be passed to thaigler for production unless a signed
form has been received. Please note that signafuhe Exclusive Licence Form does not
affect ownership of copyright in the material. (@ovment employees need to complete
the Author Warranty sections, although copyrightsimch cases does not need to be
assigned). After publication authors will retaire thght to publish their paper in various
media/circumstances (please see the form for fudemils). To assist authors an ELF can
be supplied by the Editorial Office. Alternativebuthors may like to download a copy of
the form.

No offprints will be supplied. Instead corresporgdauthors will receive a locked PDF file

to the use at their discretion.
There are no page charges. We do, however, chargelbur printing.

Authorship. Statement on authorship. Papers should conforme¢commendations for
authorship provided by the International Committefe Medical Journal Editors (the

Vancouver Group; see http://www.icmje.pr@hat is, authorship of a paper carries with it

responsibility as well as credit. All those whosames appear as authors should have
played a significant role in designing or carrymgt the research, writing the manuscript,
or providing extensive guidance to the executiorthef project. They should be able to
present and defend the work in a public forum. Hanoauthorship is to be avoided. All
authors must be in agreement on both the submisanohfull content of any article
carrying their name. Any violation of these corah represents academic misconduct and

will be dealt with accordingly.

Manuscripts
Manuscripts should be submitted as one single ipalfafith tables and figures included.

Upon acceptance the manuscript should be providédicrosoft Word, Rich Text Format
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or Post Script format with high resolution figureeluded. Oikos does not yet accept
manuscripts in Microsoft Word 2007 format.

Language Manuscripts should be in English. Linguistic usapould be correct. Avoid
the use of the passive voice. Avoid extensive kesign the Introduction and Discussion.
Cite only essential sources of a theory or opinion.

Title. The title should be brief and contain words uksébu indexing and information

retrieval.

Text. The first page should contain only the title d@hd author's name, address, fax and
email-address. Page two contains the abstracthiohwihe main results of the work should
be summarized. The abstract should not contain ntba® 300 words. Begin the
introduction on page three. Avoid right margin jfishtion and hyphenation. Double-
check the contents of your manuscript before submgitOnly printer' mistakes in proofs

will be changed free of charge. Oikos do not psiythbols or formulas in italics.

lllustrations. Tables and legends of illustrations should bettemi double-spaced on
separate sheets. Do not incorporate the legendeitigure itself. Tables and illustrations
should be comprehensible without reference todgke Do not use italic lettering.

Figures should be planned to appear with a maxir@h width of 8 cm (single-column),
12.5 cm (1.5 column) or 16.6 cm (double-column)e Tant used in figures should be
either Helvetica or Arial. Letters, numbers and bgia must appear clearly but not
oversized. A suitable final size for lettering i2 Inm at reproduction size. One uniform
size throughout is generally recommended. Avoid garated symbols or patterns. Use
open and closed circles, squares and trianglest, gxped and closed bars in histograms.
Each figure should be boxed in and scale marksittgrinwards) provided. Lines should
be clear, but not thick and heavy. Plan your itatsbns for the smallest size possible (one

column). Be sure that the lettering is clear arsdiable, even if the figure is de-sized.
Colour plates may be included at the author's esgae®800 per paper.

Units. Use Sl units as far as possible.
Nomenclature Binomial Latin names should be used in accordamite International

Rules of Nomenclature.
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