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ABSTRACT

Antagonistic interactions between host plants and mistletoes often form complex networks of interacting species. Adequate characteriza-
tion of network organization requires a combination of qualitative and quantitative data. Therefore, we assessed the distribution of inter-
actions between mistletoes and hosts in the Brazilian Pantanal and characterized the network structure in relation to nestedness and
modularity. Interactions were highly asymmetric, with mistletoes presenting low host specificity (i.e., weak dependence) and with hosts
being highly susceptible to mistletoe‐specific infections. We found a non‐nested and modular pattern of interactions, wherein each mis-
tletoe species interacted with a particular set of host species. Psittacanthus spp. infected more species and individuals and also caused a
high number of infections per individual, whereas the other mistletoes showed a more specialized pattern of infection. For this reason,
Psittacanthus spp. were regarded as module hubs while the other mistletoe species showed a peripheral role. We hypothesize that this pat-
tern is primarily the result of different seed dispersal systems. Although all mistletoe species in our study are bird dispersed, the frugivo-
rous assemblage of Psittacanthus spp. is composed of a larger suite of birds, whereas Phoradendron are mainly dispersed by Euphonia
species. The larger assemblage of bird species dispersing Psittacanthus seeds may also increase the number of hosts colonized and, conse-
quently, its dominance in the study area. Nevertheless, other restrictions on the interactions among species, such as the differential
capacity of mistletoe infections, defense strategies of hosts and habitat types, can also generate or enhance the observed pattern.

Abstract in Portuguese is available in the online version of this article.
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SPECIES INTERACTIONS ARE SHAPED BY COEVOLUTIONARY PROCESSES

OCCURRING among interacting species along the continuum of
mutualism–antagonism and in a species’ geographical range
(Thompson & Fernandez 2006). Among antagonistic species,
mistletoes are obligate hemiparasitic species that establish a life‐
long vascular connection with single plant individuals for acquir-
ing water and minerals (Norton & Carpenter 1998, Watson
2001). This interaction results in a retarded growth rate and, ulti-
mately, increased mortality of the infected host (Maloney & Rizzo
2002, but see MacRaild et al. 2009).

At the community level, assemblages of mistletoes and hosts
species form complex networks of species. The structure of inter-
specific networks has been described for different types of inter-
actions (Memmott et al. 1994, Memmott 1999, Bascompte et al.
2003, Guimarães et al. 2006, Lewinsohn et al. 2006, Burns 2007,
Blick & Burns 2009). A network structure reveals how ecological
interactions are organized and is useful for understanding
the underlying processes that operate in these interactions

(Bascompte et al. 2003, Jordano et al. 2003, Guimarães et al.
2006). Nestedness and modularity are the most frequent patterns
reported for ecological networks, and these can occur exclusively
or simultaneously (Lewinsohn et al. 2006). A nested pattern
implies that a few generalists interact with one another and with
specialized species, providing pathways for the persistence of spe-
cialists (Bascompte et al. 2003, Bascompte & Jordano 2007, Oller-
ton et al. 2007). On the other hand, a set of interacting species
exhibit modules or compartments if there are recognizable sub-
sets of interacting organisms, such that the species are more
linked within subsets than across (Fonseca & Ganade 1996, Lew-
insohn et al. 2006).

Nested patterns of interactions are commonly observed in
pollination, seed dispersal (Bascompte et al. 2003), cleaning and
ant–plant symbioses (Guimarães et al. 2006, Guimarães et al.
2007a), parasite–host interactions (Rohde et al. 1998), and fish
and anemone host interactions (Ollerton et al. 2007). Burns
(2007) reported nestedness in commensalism relationships
between epiphytes and host trees, and he attributed the observed
nested pattern to an epiphyte succession process in which earlier
epiphytes facilitate the colonization of later recruiting species. On
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the other hand, a study by Blick and Burns (2009) showed no
support for nestedness in mistletoe‐ and liana‐host species net-
works (Burns, 2007; Sfair et al. 2010).

A derived property of nestedness is the asymmetry in spe-
cies interactions (i.e., rich‐link species vs. poor‐link species), which
generates functional redundancy and allows mutualistic communi-
ties to endure disturbances such as the disappearance of species
and interactions (Bascompte & Jordano 2007). Likewise, the com-
bination of strong–weak dependences (i.e., asymmetry) among
mutualistic organisms is hypothesized to allow species to coexist
(Bascompte & Jordano 2006). Asymmetry is generally related to
species abundance and frequency of interactions, with abundant
species exhibiting more links and stronger effects on the interact-
ing species (Vázquez et al. 2007, Burns 2007). Nevertheless,
deterministic processes, such as forbidden links (e.g., phenological
mismatching and size and structural constraints), may also influ-
ence a network structure (Jordano et al. 2003). Thus, the diversity,
abundance and deterministic processes of species should be con-
sidered in order to understand their interaction patterns (Burns
2007). In this sense, quantitative information (e.g., frequency of
interactions) may provide a more comprehensive understanding
of network organization and species coexistence (Bascompte &
Jordano 2006).

Interacting organisms may alternatively exhibit modular pat-
terns, which are mostly expected in antagonistic interactions
(Raffaelli & Hall 1992, Prado & Lewinsohn 2004, but see Mem-
mott et al. 1994), although modularity has also been found in
mutualistic interactions (Dicks et al. 2002; Guimaraes et al. 2007b,
Olesen et al. 2007, Kratochwil et al. 2009). Recently, it has been
recognized that modularity and nestedness do not preclude each
other and may, in fact, occur simultaneously (Olesen et al. 2007,
Carstensen & Olesen 2009, Fortuna et al. 2009). Modularity may
reflect phylogenetic splits and a high stability that result from
constraints on species interactions (Lewinsohn et al. 2006). In
Fortuna et al. (2009), modules are formed by bat colonies using
different groups of trees, which help to slow down the spread of
diseases or parasites within the population and limit the informa-
tion to closely related individuals among bat colonies. Within
modules, species or nodes might exhibit different roles according
to the amount of links they exhibit inside and outside the mod-
ules (Olesen et al. 2007). For instance, species that interact with a
large number of other species might be regarded as network or
module hubs, while species that link to few species but ‘glue' the
modules together are classified as connectors. Alternatively, spe-
cies that are connected to few other species are classified as
peripherals (Olesen et al. 2007).

Few studies have described the network structure and pat-
tern of asymmetry of parasitism (but see Memmott et al. 1994,
Lewinsohn et al. 2006, Vacher et al. 2008), and likewise, little is
known about networks of interacting plants (Burns 2007, Sfair
et al. 2010). In this context, our study focused on the mistletoe–
host system of the Brazilian Pantanal to analyze the patterns of
parasitism interactions under the network framework. Specifically,
we addressed the following questions: (1) do antagonistic interac-
tions among mistletoes and host plants display nestedness, modu-

larity or both patterns? (2) How asymmetric are the interactions
between mistletoes and hosts species? (3) Which species are the
keystone hubs? Nestedness will reveal whether plant–plant net-
works exhibit the same asymmetrical pattern (poor‐ vs. rich‐link
species interactions) found in other ecological antagonistic and
mutualistic systems (Rohde et al. 1998, Bascompte et al. 2003;
Guimarães et al. 2006; Guimarães et al. 2007a). In contrast, mod-
ularity analysis will reveal the link affinity between sets of hosts
and mistletoe species, as observed in some antagonisms (Théba-
ult & Fontaine 2010) and intimate mutualisms (Guimaraes et al.
2007b).

METHODS

STUDY SITE.—The Pantanal, located in central Brazil and part of
Bolivia and Paraguay, is the world's largest freshwater wetland,
encompassing 140,000 km2 of lowland floodplain of the upper
Rio Paraguai basin (Swartz 2000). Natural seasonal flooding and
human activities (land conversion to agriculture) create a diverse
mosaic of habitats such as grasslands, human‐created pastures,
cerrados (savanna‐like), cerrado woodlands, marshes, semi‐decid-
uous forests, gallery forests and floating mats (Harris et al. 2005).
We conducted this study from September to November of 2006
at the Fazenda Rio Negro, which is a private area of 7500 ha
in the Nhecolândia region of Brazil. The average annual rainfall
is 1192.5 mm, and the mean monthly temperature is 26�C,
ranging from 19�C to 33�C (N=4 yr; D. Eaton, unpubl. data).

STUDIED SPECIES AND DATASET.—We carried out an extensive sur-
vey of trees infected by mistletoes for 5–7 d per month for a
total of 19 d. Within an area of 254 ha, we used pre‐existing
trails of 15 km that covered the distinct vegetation types of the
Pantanal. Habitats included in the survey were gallery forests, cer-
rados, semi‐deciduous forests (interior and edges) and pastures.
Gallery forests occur along both of the margins of the Rio Negro
River and are subject to seasonal flooding. The most abundant
plant species are Guarea kunthiana (Meliaceae), Inga vera (Fabaceae)
and Attalea phalerata (Arecaceae) (C. Donatti, pers. comm.). The
cerrado is a savanna type of vegetation, and its physiognomy var-
ies from open field (campo limpo) to cerradão (cerrado woodland)
(Prance & Schaller 1982). This biome is dominated by species
such as Syngonanthus spp. (Eriocaulaceae), Rhynchospora cf. trispicata
(Cyperaceae), Miconia elegans (Melastomataceae), Anacardium humile
(Anacardiaceae), Vochysia hankeana (Familia), Curatella americana
(Dilleniaceae) and Caryocar brasiliense (Caryocaraceae) (C. Donatti,
pers. comm.). Semi‐deciduous forests occur on higher non‐
flooded ground, especially on slopes, and also in elevated non‐
flooded forest islands within the savanna or cerrado areas. It is
also interspersed with the cerradão, but differs in its taller trees
with larger trunks and in its species composition (Prance & Schal-
ler 1982). This forest type contains species such as Albizia niopio-
ides (Fabaceae), Albizia saman (Fabaceae) and Ficus spp. (Moraceae)
(C. Donatti, pers. comm.). Finally, pastures are human‐made habi-
tats dominated by grasses and subject to cattle activity (trampling
and selective foraging) (Prance & Schaller 1982).
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Infected hosts were identified and georeferenced with the aid
of a GPS device, and then the species and number of mistletoe
individuals were recorded for each infected host. We attempted to
sample only established mistletoes, and therefore, we excluded par-
asites smaller than 30 mm (i.e., recent infections). We registered
and identified 243 individuals of 41 host species (Appendix) and
four mistletoe species, namely Psittacanthus cordata G. Don (Lo-
ranthaceae), Psittacanthus calyculatus (Hoffmans) G. Don (Lorantha-
ceae), Phthirusa abdita S. Moore (Loranthaceae) and Phoradendron
spp. Nutt. (Viscaceae). Psittacanthus cordata is frequently found in
the ‘capões' (woodlots), which are natural patches of forests sur-
rounded by flood‐prone, grass‐dominated fields (Prance & Schal-
ler 1982). Fruiting occurs from September to November (M.
Côrtes & J. Genini, pers. obs.), and the berries are 8.7±1.7 mm
in diameter and 17.0±3.2 mm in length (N=25). Psittacanthus
calyculatus is frequently found in isolated areas, in the margins of
open forests and on shrubs. Fruiting occurs from July to October
(Pott & Pott 1994), and fruits range from 9.7±1.6 mm in diame-
ter to 14.1±0.9 mm in length (N=26). Phthirusa abdita is mainly
found in the cerrado, especially in cerradão or in open forests
(Pott & Pott 1994), and there is no information about their fruit-
ing period. Phoradendron spp. have inconspicuous, greenish‐yellow
flowers and are either anemophilous or entomophilous. Its fruits
are berries that range from 1.7±0.2 mm in diameter to
2.8±0.3 mm in length (N=20). Fruiting in Fazenda Rio Negro
occurs from September to November.

MISTLETOE–HOST NETWORK.—We used qualitative and quantitative
matrices to characterize the pattern of interaction between mistle-
toes and host species. The binary qualitative matrix was com-
posed of the occurrence of interaction between a mistletoe
species and a particular host species, whereas the quantitative
matrix presented the average number of mistletoe infections per
host species. The qualitative network of our mistletoe–hosts was
defined by an adjacency matrix R describing trophic interactions
between H (i.e., host plant species) and M (i.e., mistletoe species)
within the Pantanal region, where rij=1 if the host plant i is
infected by the mistletoe j and zero otherwise (Jordano 1987,
Bascompte et al. 2003). A lack of interaction between a given
mistletoe species and a host plant species does not necessarily
mean that the interaction does not occur, only that we did not
observe the interaction in the field.

QUANTITATIVE MATRIX.—We used the average number of infec-
tions of each mistletoe species per individual to investigate the
intensity of parasitism in each host species. In the quantitative
matrix, we calculated a measure of dependence (Jordano 1987,
Bascompte & Jordano 2006) for each mistletoe–host pair that
represents either the susceptibility of the host species to a partic-
ular mistletoe species or the level of parasitism specificity
between the mistletoe and a particular host. We followed Basco-
mpte and Jordano (2006) for the quantitative metrics, which were
originally applied to mutualisms. As the host species do not
depend on mistletoes, however, we will refer to these measures
as susceptibility and dependence for hosts and mistletoe species,

respectively. The susceptibility dij
H of host species i on mistletoe

species j was calculated as the ratio between the number of infec-
tions produced by mistletoe j on host species i and the total
number of infections on plant host i. In a similar way, we calcu-
lated dji

M for the dependence of mistletoe species j on host spe-
cies i as the ratio between the number of infections produced by
mistletoe j on host species i and the total number of infections
produced by mistletoe species j (Bascompte & Jordano 2006). We
used these dependence values to calculate asymmetry between
pairs of interacting species as follows:

ASði; jÞ ¼
dHij � dMji

��� ���
maxðdHij ; dMji Þ

where dij
H is the dependence values of host species i on mistletoe

j, dji
M is the dependence values of mistletoe species j on host spe-

cies i and max(dij
H, dji

M) is the maximum value between dij
H and

dji
M (Bascompte & Jordano 2006). Distributions of dependences

and asymmetry values were represented in histograms. We then
checked if the observed values were much different from what
one would expect under random numbers given the observed
row and column totals. We drew the networks in Pajek (http://
vlado.fmf.uni‐lj.si/pub/networks/pajek/).

NESTEDNESS.—We used NODF to estimate nestedness using a
qualitative matrix (Guimarães & Guimarães 2006, Ameida‐Neto
et al. 2008). We compared the observed degree of nestedness of
the network with 1000 replicates using null model 2, in which the
probability of a given cell to be occupied is the average of the
probabilities of occupancy of its row and column (Bascompte et
al. 2003). Null model 2 controls for important differences in spe-
cies abundances and potential sampling bias (Bascompte et al.
2003). It is calculated as follows:

Pi
M

þ Pj
H

� ��
2

where Pi is the number of interactions of host species i, Pj is the
number of interactions of mistletoe j (Bascompte et al. 2003) and
M and H are the number of mistletoe and host species. The P‐
value was defined as the probability of a null model replicate
being equally or more nested than the observed networks.

MODULARITY.—We used NETCARTO software (Guimerà &
Amaral 2005a,b, Guimerà et al. 2005) to estimate the level of
modularity, number of modules and species behavior within the
mistletoe–host network. The program used Guimeràs' algorithm,
which is based on simulated annealing and identifies modules by
maximizing the networks modularity M (see Guimerà & Amaral
2005a for further details).

M ¼
XNM

S¼1

Is
I
� ks

2I

� �2
 !
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where NM is the number of modules, I is the total number of
links in the network, Is is the number of links between species in
module s and ks is the sum of the degrees of all species in mod-
ule s (Guimerà & Amaral 2005a, Olesen et al. 2007). The number
of links each species exhibits is the degree. M values range from
0 to 1�1/NM, when M=0 species are placed at random into
modules or else all species are in the same module (Guimerà &
Amaral 2005a, Olesen et al. 2007). We ran 100 randomizations of
the empirical network and calculated the significance level of the
observed M by comparing it with the average randomized M
(Guimerà et al. 2005).

To identify the role that each species plays in the network,
we calculated two parameters: the within‐module degree, z, and
the among module connectivity, c. The within‐module degree z
measures how well connected a species (i) is to the other species
in the module and is defined as

z ¼ kis � ks
SDks

where kis is the number of links of i to other species in its own
module s, and ks and SDks are the average and standard deviation
within the module k of all species in s, respectively (Guimerà &
Amaral 2005a, Olesen et al. 2007). High values of z indicate a
high within‐module degree, and low values indicate that the
species interacts with few species within its module. Species are
classified according to the z score in module hubs (z� 2.5) and
non‐hubs (z<2.5) (Guimerà & Amaral 2005a).

On the other hand, the among‐module connectivity c mea-
sures how well distributed the links of species i are among differ-
ent modules and is defined as

c ¼ 1�
XNM

t¼1

kit
ki

� �2

where ki is degree of species i and kit is the number of links
from i to species in module t. Values of c are close to 1 when
links are randomly distributed among all the modules and 0 if all
of links are within a single module (Guimerà & Amaral 2005a,
Olesen et al. 2007).

In this study, we used the z and c scores to classify species
with respect to their roles in the system as follows: peripheral
(z� 2.5 and c� 0.62), connectors (z� 2.5 and c>0.62), module
hubs (z>2.5 and c� 0.62) and network hubs (z>2.5 and c>0.62)
(see Olesen et al. 2007 for definitions). We used qualitative data
to evaluate nestedness and modularity, as we are not aware of a
quantitative method to evaluate modularity and also because we
wanted to use the same kind of data and randomization proce-
dure to analyze both patterns.

RESULTS

We recorded 724 mistletoe parasite individuals (i.e., number of
infections) on 243 individuals from 50 host species. Among

mistletoe species, P. cordata infected the highest number of host
species (Fig. 1; Table 1). The percentages of infected host species,
individuals and infections are detailed in Table 1. The most
infected host species were Astronium flaxinifolium (Anacardiaceae)
(N=33; 13.6%) by the two Psittacanthus species; Bauhinia pentandra
(Fabaceae) (N=24; 9.9%) by P. calyculatus and P. abdita; and Sapi-
um longifolium (Euphorbiaceae) (N=23; 9.5%), Vitex cymosa (Lami-
aceae) (N=17; 7%), and Cecropia pachystachya (Urticaceae) (N=16;
6.6%) by P. cordata. We recorded a total of 724 mistletoe individu-
als (i.e., infections). The host species with more infections per

FIGURE 1. Pattern of interactions between mistletoes (circles) and hosts

species (rectangles). Lines represent the interactions between mistletoes and

host species, line thickness indicates the strength of the interaction, and the

sizes of the rectangles correspond to the line thickness. Species are sorted

according to the average number of mistletoe infections.

TABLE 1. Intensity of mistletoe infection given as the percentages of infected host species,

individuals and infections at Fazenda Rio Negro, Pantanal, Brazil.

Mistletoes

Host species

(%)

Host individuals

(%)

Infections

(%)

Psittacanthus cordata 78 (N=32) 60 (N=145) 60 (N=435)

Psittacanthus calyculatus 27 (N=11) 34 (N=83) 37 (N=266)

Phthirusa abdita 17 (N=4) 6 (N=9) 2 (N=16)

Phoradendron spp. 17 (N=3) 6 (N=6) 1 (N=7)
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individual were Psidium guajava (Myrtaceae) (12.8±9.8; Fig. 1)
(mean±SD) by P. calyculatus; and Anadenanthera colubrina (Fabaceae)
(10.3±14.4, Fig. 1) and Dilodendron bipinnatum (Sapindaceae) (9±0;
Fig. 1) by P. cordata. The observed patterns of interaction strength
differed significantly from random patterns (t=3.01; P<0.001).

Most of the pairwise interactions between mistletoes and
hosts were highly asymmetric (Fig. 2), with mistletoes interacting
more weakly with hosts. In general, mistletoes depended very
weakly on specific host species, which indicates low infection
specificity (Fig. S1A), whereas host species were highly susceptible
to a particular mistletoe species (Fig. S1B).

We did not find a significant nested pattern (NODF=0.22;
P=0.924). We did find a significant modular pattern of interac-
tions between mistletoes and hosts (M=0.42; P=0.041) with the
presence of four modules corresponding to the four mistletoe
species and a set of infected host species. The low z (within‐
module connectivity) and c (among‐module connectivity) values
of host species indicated that most host plants exhibited a periph-
eral role, interacting poorly within and among the modules (i.e.,
few interactions inside and outside the modules). The two Psitt-
acanthus species were classified as module hubs because they
interacted with a large number of species in its module and with
few species outside their module (high z, low c). Phthirusa and
Phoradendron were classified as peripherals, and their modules
were much smaller than Psittacanthus modules (Fig. S2). The lack
of connector species indicates that species in each module are
quite independent from the species in other modules and that
there is not much overlap in the interactions between hosts and
mistletoe species from different modules.

DISCUSSION

Our mistletoe–host network was highly asymmetric and showed
a non‐nested, modular structure. Highly asymmetric distributions
of dependences in mutualisms are thought to be generated by
coevolutionary complementarity (e.g., matching phenotypic traits

favoring interactions between plants and pollinator) and coevolu-
tionary convergence (e.g., convergence of traits among plants dis-
persed by birds rather than mammals) (Bascompte & Jordano
2006). Asymmetry in antagonisms, on the other hand, is shaped
by coevolutionary alternation (Nuismer & Thompson, 2006) (e.g.,
selection favoring mistletoes attacking less‐defended hosts), which
operates in highly specific systems (Bascompte & Jordano 2006).
Psittacanthus mistletoes established highly generalist associations
with the plant species, while the host species were mostly suscep-
tible to infection by a single mistletoe species. Therefore, asym-
metry in the mistletoe–host network is the combination of
interactions between generalist mistletoes and infection‐specific
hosts.

Studies of plant–plant antagonistic networks have focused
on nestedness and negative cooccurrence patterns of interactions
among species (Blick & Burns 2009). Negative cooccurrence pat-
terns might reflect community assembly rules in species distribu-
tions, which state that local communities are assembled from
regional species pools by local‐scale processes (Blick & Burns
2009). In Blick and Burns (2009), negative cooccurrence patterns
indicate that the local process partly shaping host specificity is
competition among species. These patterns can also indicate pro-
cesses leading to a reduction in overlap between species. Vázquez
et al. (2005) and Vacher et al. (2008) found evidence for nested-
ness in animal parasite–host networks and tree–fungus networks,
respectively, and argued that the observed patterns partly result
from the abundance of species.

A nested pattern suggests that biological processes such as
passive sampling (species abundance and/or ubiquity), asymmet-
ric interaction strength (species ecological specialization) and
phenotypic complementary (species morphological specialization)
structure the system (Ulrich et al. 2009). Hypothetically, among
the conditions that could have favored a nested distribution in
the mistletoe–host network are homogeneous habitats or hosts;
species with constant niche requirements regardless of the host;
and equal chances for mistletoes to colonize or parasitize all host
species in the study area. The mistletoe–host network showed a
modular, non‐nested pattern; thus, the system was not structured
by random events (Blake 1991). The lack of nestedness might be
caused by a differential capacity for infection by mistletoe species
and/or defense strategies of hosts, by the dispersal capacity of
mistletoes (i.e., seed dispersers) or by the mosaic of habitat types,
resulting in a heterogeneous composition of host species through-
out the study site.

Modular analysis may indicate whether there are restrictions
on the interactions among species, such as some degree of host
specificity. Modules in the mistletoe–plant network indicate that
associations are not established at random and that generalization
occurs within only a subset of plant species. We found that each
mistletoe species corresponded to a single module associated with
a set of host species that were linked to each other by a few
interactions. Dupont and Olesen (2009) found a similar topology
in pollination networks with a few module hub species and many
species identified as peripherals. In our system, most of the inter-
actions occurred in Psittacanthus modules, particularly P. cordata,

FIGURE 2. Frequency distribution of asymmetry values for pair wise inter-

actions between mistletoes and hosts species (mean number of infections).
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which played a keystone role by interacting with a large number
of host species within its module. Likewise, Psittacanthus spp. also
interacted with more individuals per host species and infected
hosts more intensively, as opposed to P. abdita and Phoradendron
sp., which showed a more restricted pattern of parasitism. Phy-
logeny may be an important factor defining the composition of
host species within modules. For instance, host plants from the
Psittacanthus spp. modules included higher taxonomic diversity (at
the family level) than did modules of Phoradendron and Phthirusa.

Ecological processes such as feeding behavior and move-
ment patterns of avian seed dispersers might explain the distribu-
tion and differential levels of mistletoe infections on hosts (Reid
1989, Monteiro et al. 1992, Martínez del Rio et al. 1995, Martínez
del Rio et al. 1996, Lopez de Buen & Ornelas 1999, Aukema &
Martinez del Rio 2002). Recently, Rist et al. (2011) attributed the
small‐scale distribution patterns of the mistletoe Taxillus tomentosus
solely to dispersal processes. Thus, differences in the interactions
exhibited by mistletoes in Pantanal may be, primarily, due to the
composition, abundance and behavior of seed dispersers (Norton
& de Lange 1999). Indeed, Psittacanthus spp. seeds are dispersed
by several species of birds, especially fly‐catchers, thrushes and
tanagers (C. Donatti & M. Galetti, unpubl. data), whereas Phora-
dendron seeds are dispersed by few specialized seed dispersers,
such as Euphonia (Restrepo et al. 2002, Cazetta & Galetti 2007).
In Pantanal, Euphonia chlorotica (Fringilidae) was responsible for 85
percent of the visits to Phoradendron fruits (C. Donatti, unpubl.
data). Unfortunately, little is known about Phthirusa seed dispersal.
In a more specialized interaction, as between Phoradendron and
Euphonias (Carlo & Aukema 2005, Ward & Paton 2007), frugivore
behavior may cause a restricted pattern of mistletoe–host interac-
tions.

Blick and Burns (2009) found that most mistletoe species
infected only one or a small number of host species and sug-
gested that specialized host preferences resulted from coevolu-
tionary processes acting upon interacting species. However,
mistletoes exhibit different interaction patterns with host species
throughout their geographical range, and while specialized interac-
tion patterns are favored by the advantages of interacting with
relatively abundant hosts, generalized interaction patterns may be
advantageous in heterogeneous communities (Norton & Carpen-
ter 1998, Norton & De Lange 1999), which may be true for Psitt-
acanthus in Pantanal. Phoradendron and Phthirusa are more restricted
to gallery forests and cerrados, respectively. Yet, the host species
infected by these two mistletoes are not exclusive to these habi-
tats; thus, specificity is expected to be more related to micro‐hab-
itat suitability or habitat preferences by its seed dispersers, than
to the physiological compatibility between mistletoes and hosts.

The modular pattern of the mistletoe–host network and the
role of each mistletoe species appear to be closely related to their
dispersal agents. Mistletoe species that exhibited a module hub
role were associated with a wider array of dispersal agents, sug-
gesting that this mechanism contributes to a wider host use by
these species. The asymmetry in interaction strength is the result
of the host species linking to just one of the mistletoe species,
which resulted in the peripheral role presented by all host species.

The small overlap among host species infected by each mistletoe
species may, to some degree, also result from a balance between
mistletoe specialization and host resistance (Medel et al. 2004).
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