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Núbia Ribeiro Campos,3 and Bruno Corrêa Barbosa4
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Network analysis as a tool for ecological interactions studies has been widely used since last decade. However, there are few studies
on the factors that shape network patterns in communities. In this sense, we compared the topological properties of the interaction
network between flower-visiting social wasps and plants in two distinct phytophysiognomies in a Brazilian savanna (Riparian
Forest and Rocky Grassland). Results showed that the landscapes diﬀered in species richness and composition, and also the
interaction networks between wasps and plants had diﬀerent patterns. The network was more complex in the Riparian Forest, with
a larger number of species and individuals and a greater amount of connections between them. The network specialization degree
was more generalist in the Riparian Forest than in the Rocky Grassland. This result was corroborated by means of the nestedness
index. In both networks was found asymmetry, with a large number of wasps per plant species. In general aspects, most wasps had
low niche amplitude, visiting from one to three plant species. Our results suggest that diﬀerences in structural complexity of the
environment directly influence the structure of the interaction network between flower-visiting social wasps and plants.

1. Introduction
Wasps are a significant portion of the flower-visiting guild
that may overlap bees in nectar exploitation in several ecosystems [1, 2]. Although wasps are more frequently regarded
as floral resource thieves [3–6], recent papers show that
wasps can also eﬀectively contribute to pollination [7]. In
a study with Schinus terebinthifolius Raddi (Anacardiaceae),
Sühs et al. [8] showed that social wasps, especially Polistes
versicolor (Olivier, 1791), Polybia sericea (Olivier, 1791),
Polistes simillimus (Zikán, 1951), and Polybia ignobilis (Haliday, 1836), were more representative in richness and abundance than bee species, being considered eﬃcient pollinators. Other studies, such as Barros [9] and Hermes and
Köhler [10] also demonstrated the eﬃciency of the wasps as
pollinators. Thus, social wasp-plant interaction networks can
be considered nonobligatory mutualistic associations.

Interaction networks between plants and their floral
visitors are currently among the most widely studied interactions (see review by [11]). The structure of these networks,
almost always characterized by mutualistic interactions (pollinators and plants), exhibits a common pattern of nestedness and asymmetry [6, 12–14] with varied specialization
degree [15, 16]. According to Blüthgen et al. [15], pollinator
webs were highly asymmetric, involving a much higher number of pollinators (usually insects) than plant species. Consequently, pollinators are significantly less specialized on plants
than plants on pollinators. On the other hand, the nested
pattern common in mutualistic networks means that species
with few links interact with a subset of interactive partners
with high connectivity [12]. In those webs, the species with
many links (hubs species) are the most generalists and
give support to network pattern according to Bastolla et al.
[17]. Thus, the properties of interaction networks of plant
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pollinator tend to generalization, even though they are on
average more specialized than networks of other mutualisms,
such as seed dispersal and the use of extrafloral nectaries
[14].
Recent network analyses revealed that plant-pollinator
interactions display an intermediate level of complementary
specialization [16]. According to Blüthgen and Klein [18],
specialization and complementarity are related: complementarity requires a certain degree of specialization of each
species, while high generalization is associated with high
niche overlap and thus redundancy. Therefore, plantpollinator interactions exhibit an intermediate structure
between generalization and specialization (represented by
nestedness, asymmetry, and intermediate level of complementary specialization). These proprieties make these interaction networks robust and more stable to species extinction
[17, 19–21].
Studies on the structure of interaction networks between
plants and flower-visiting social wasps are scarce [6, 22], as
well as knowledge about the diversity of wasps in various
environments [1, 10, 23]. In Brazil, studies on the sources of
floral resources used by social wasps were carried out in Cerrado (the Brazilian Savanna) [24–26], in an Araucaria Forest
[10], in urban areas [27], and in Brazilian Caatinga (a
semiarid scrub forest) [28]. Furthermore, there are only two
studies dealing with the interaction network between plants
and flower-visiting social wasps in Brazil [6, 22], and these
studies show only the general pattern of interactions or compare these patterns with networks involving other groups of
floral visitors.
Most studies concerning ecological interaction networks
relate the network structural pattern with the type of relationship established between the groups of organisms, without taking into account the characteristics of the environment in which the interaction takes place (e.g., [16, 29]).
Thus, it becomes diﬃcult to understand the actual biological
importance of the interactions. However, interactions are
known to be strongly variable in time and space [30–32].
It is known that more structurally complex environments
(represented for greater availability of food resources and
nesting sites) have greater richness and diversity of species
[33, 34], including social wasps [35, 36]. According to Santos
[35], vegetation structure influences social wasp communities because it provides support for nesting, food resources,
resources for building nests, and foraging area. Thus, hypothetically, environments with diﬀerent complexities may
have interaction networks with diﬀerent topological properties and, consequently, diﬀerent specialization degree.
Therefore, in this study we propose to know the structure of
the interaction network between flower-visiting social wasps
and plants in two distinct phytophysiognomies in a Brazilian
Savanna area, and to compare them mainly in terms of
network structure and its specialization degree.

2. Materials and Methods
2.1. Study Area and Data Sample. We carried out the field
collections in the period from November 2007 to October
2008 in two phytophysiognomies (Riparian Forest and Rocky
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Grassland) of the neotropical savanna reserve of Parque
Estadual do Ibitipoca (PEIB) (Ibitipoca State Park), which
is localized in Serra de Ibitipoca (Ibitipoca Mountains),
MG, Brazil. The area covers 1,488 hectares at coordinates
21◦ 40 44 S and 43◦ 52 55 W. According to the Köppen classification, the climate of this region is Cwb (humid mesothermal regime with dry winters and rainy summers). The
Riparian Forest exhibits a phytophysiognomic profile of
transition from high-altitude savannas to ombrophilous
forests, with a physiognomy sequence from shrubby arboreal
to predominantly arboreal [37]. This area exhibits a great
heterogeneity of plant species mainly due to variations in
soil humidity [38]. Furthermore, Fontes [39] highlights the
importance of persistence of cloudiness (i.e., high humidity)
in this vegetation type. On the other hand, the Rocky
Grassland physiognomy exhibits a xeromorphic aspect, with
a wide diversity of herbs and shrubs distributed over
quartzite outcrops [37]. This area is dominated by plants
tolerant to water stress due to the high incidence of light and
wind [40].
In each of these two physiognomies, we used one transect
of the 800 × 4 m for monthly examinations throughout the
twelve months of study. The transects were 1200 m distant
from each other for its independence. We carried out the
monthly observations in two days between 7:00 and 17:00 h.
During this period, we observed for 10 min all the plants
that had flowers, and we collected one individual of each
one of wasp specie that visited the flowers. This capture
was made with an entomological sweep net, according to
methods of Aguiar [41]. We identified and stored the plants
in the CESJ Herbarium at the Universidade Federal de Juiz
de Fora, Juiz de Fora, MG, Brazil (UFJF), with the following
access numbers: 51321 to 51347, 52165, and 52166. We
identified the wasp species according to Richards [42], and
Carpenter and Marques [43], and we stored them at the UFJF
entomological scientific collection.
2.2. Data Analysis. To get to know the network connectivity
between plants and wasps in the areas of Riparian Forest
and Rocky Grassland, we constructed two adjacency matrices
(wasp in plant) per area: “quantitative matrix” considering
frequency of interactions of each wasp species on each
plant species and “qualitative matrix” with data of presence/
absence of the wasp species in plant species. The metrics that
we used to check the properties of interaction networks were
connectance, asymmetry, and nestedness index (NODF)
using qualitative matrixes, and degree of complementary
specialization (H2 ) using quantitative matrixes.
We calculated the connectance (C) according to Jordano
[44], where C = I/(F ∗ P), “I” is the total number of interactions observed, “F” is the number of wasp species, and
“P” is the number of plant species. Percent values of C were
obtained by multiplying it by 100. We calculated the average
degree for plants using the arithmetic means of degrees (=
number of interactions in which each species was involved)
of all plant species (sensu [45]); the same was carried out
for wasps. We also calculated the balance between numbers
of plant “I” and wasps “J” species in each network using
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the following equation: W = (I − J)/(I +J), where “W” is the
web asymmetry. Values equal zero for balanced webs, positive
numbers indicate more plant species, and negative more
wasp species, rescaled to (–1, 1), see [15, 46]. To estimate
the nestedness value of networks, we used the NODF index:
nestedness metric based on overlap and decreasing fill, see [47],
calculated by the software Aninhado 3.0 [48]. We check the
significance of NODF with a Monte Carlo procedure with
1,000 randomizations, using null model II, in which the
interaction probability between a wasp and a plant is proportional to their total number of interactions. NODF index is
strongly recommended due to its theoretical and statistical
consistency [47].
In order to verify the degrees of networks specialization,
we calculated the degree of complementary specialization
(H2 ) for each network using the quantitative matrixes. This
degree is derived from Shannon index, and it is robust to
changes in sampling intensity and the number of interacting
species in the network. It is based on the deviation from the
expected probability distribution of the interactions (see
[15, 49]), and its results vary from 0 (extreme generalization)
to 1.0 (extreme specialization).
Besides the metrics for network characterization, we calculated the specialization degree (d ) of the wasp species for
each network. The d index is a standardized measure of the
Kullback-Leibler distance, which measures the specialization
of a species based on the frequency of the total number of
interactions in the network [49]. This index ranges from 0
to 1.0 indicating extreme generalization and specialization of
the species, respectively [49]. We used the R software version
2.13.2 (freeware) to calculate the H2 and d indices and to
construct the bipartite graph.
We also verify the importance of the plant species on the
interaction with the wasps in both areas (Riparian Forest and
Rocky Grassland). For this we used the importance index developed by Murray [50]. In the equation I j = Σ[(Ci j/Ti)/S],
“Ti” is the total number of plant species visited by each wasp
species, “S” the total number of visiting species, and “Ci j”
corresponded to the binary data (0/1) (see also [6]). The
values of this index range from 0 to 1.0, where 1.0 is the
maximum importance value of each plant species for each
wasp species.
In addition, we verify the monthly diversity (Shannon
index) of social wasps visiting flowers in each area studied
using the PAST software (freeware). We compared the
monthly values of diversity between areas using the MannWhitney test(U-test) by the software BioEstat 4.0 (freeware).
We also calculated the niche amplitudeof social wasps by
means of the Shannon index: H  = − pk · ln pk , where
“pk ” is the proportion of the individuals collected in a plant
species “k,” and “ln” is the Neperian logarithm of the value
“pk .”

3. Results
The interaction networks between wasps and plants in the
two landscapes showed diﬀerent patterns (Table 1). The network was more complex in the Riparian Forest, with a larger
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Table 1: Metrics of networks for the wasp-plant interactions
studied at Ibitipoca State Park, MG, Brazil, during the period from
November 2007 to October 2008.
Network metrics
Number of plant species
Number of wasp species
Number of associations
Degree of plant species
(average degree ± SE)
Degree of wasp species
(average degree ± SE)
Network connectance
H2 index
Web asymmetry
Nestedness value (NODF)

Riparian forest
18
15
44

Rocky grassland
11
8
14

2.44 ± 0.57

1.27 ± 0.14

2.93 ± 0.62

1.75 ± 0.52

16.29%
0.347
0.09
17.71, P < 0.01

15.90%
0.521
0.15
11.61, P = 0.51

number of species and individuals and a greater amount
of connections between them (see Table 1, Figure 1, and
Table 2). The network specialization degree (H2 ) was more
generalist in the Riparian Forest than in the Rocky Grassland.
This result was corroborated by means of the nestedness
index (NODF), by which only the Riparian Forest presented
a significant nestedness value (Table 1). The interactions in
the Rocky Grassland tended towards specialization, with
relatively high values of H2 and nonsignificant nestedness. In
both networks was found asymmetry, with a large number
of wasps per plant species. The Riparian Forest had more
wasp species diversity than Rocky Grassland (U = 105.5; P <
0.05). The composition of the plant community visited by
wasps was diﬀerent in the two phytophysiognomies. Moreover, the most important plant species in the Riparian Forest
was also present in the Rocky Grassland, and also exhibiting
high importance (Figure 2). Despite these diﬀerences, in
both areas, the most important source of floral resources for
social wasps, presenting the highest richness of visitors, was
the species belonging to the Asteraceae family (with nine
species). Baccharis sp.1 was the species that presented the
greatest importance index for the wasp species in both phytophysiognomies (Figure 2). On the other hand, the families
with only one visiting individual were Orchidaceae, (Prosthechea vespa (Sw.) W. E. Higgins), Lythraceae (Cuphea
sp1), Fabaceae (Periandra sp1), Theaceae (Gordonia fruticosa
(Schrad.) H. Keng), and Poaceae (Trachypogon spicatus (L. F.)
Kuntze), with low importance for wasp in the network interactions here studied.
Although plant community visited by wasps was diﬀerent
between the two studied physiognomies, the most important
plant species (specialists) in the Riparian Forest were also
present in the Rocky Grassland. With the exception of two
wasp species found only in the Riparian Forest, the landscapes presented the same wasp species. Of all wasp species
observed in the Riparian Forest, Mischocyttarus confusus
Zikán, 1935, was the most generalist, interacting with eight
out of the 18 plant species (Figure 3 and Table 2). In Rocky
Grassland, the species Mischocyttarus drewseni Saussure,
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Riparian Forest
A. multipicta

M. sellowii

A. pallens

D. laevis

B. lecheguana

Asteraceae sp.2

M. confusus

Asteraceae sp.3

M. drewseni
P. billardieri
P. cinerascens
P. ferreri
Polistes sp.1
P. fastidiosuscula
P. ignobilis
P. paulista
P. sericea
Polybia sp.1
P. sylveirae
Wasps

Plants

Vernonia sp.1
Baccharis sp.1
Asteraceae sp.5
Asteraceae sp.6
Weinmannia sp.1
E. gonucladum
Periandra sp.1
T. parviflora
M. fallax
T. spicatus
P. latifolia
G. fruticosa
B. flava
V. albiflora

Rocky Grassland
Asteraceae sp.1
A. pallens
Vernonia sp.1
Asteraceae sp.4

M. confusus

Baccharis sp.1
V. erythropappa

M. drewseni

Cuphea sp.1

P. billardieri

Melastomataceae sp.1

P. ferreri

C. concinna
Ouratea sp.1

P. paulista
Polybia sp.1

P. vespa

P. sylveirae

Barreria sp.1
Wasps

Plants

Figure 1: Wasp-plant interaction networks at Ibitipoca State Park, Minas Gerais, Brazil, during the period from November 2007 to October
2008. Riparian Forest: 18 plant species and 15 wasp species, Rocky Grassland: 11 plant species and eight wasp species (see Table 3 for
classification and authors of species).

1857, was the species that presented higher level of generalization, interacting with five plant species. Furthermore, M.
confusus and other five species (M. drewseni, Polybia paulista
(von Ihering, 1896), Polybia sp1, Polistes billardieri Fabricius,
1804, and Protonectarina sylveirae (Saussure, 1854)) had an
interaction degree higher than the average found to the
group in Riparian Forest, all with degree of 2.93 (see Table 1).
These species, with the exception of P. billardieri, were
found in higher abundance in Riparian Forest. Looking for
the wasp species interacting with only one plant, in both
vegetation physiognomies we found six species in this condition. This represents 40% of Riparian Forest and 70% of
Rocky Grassland species (Table 2).
In general aspects, most of wasps had low niche amplitude, visiting from one to three plant species (Table 2). In
Riparian Forest, M. confusus and M. drewseni were the species
with higher niche amplitude, visiting eight and seven plant

species. In Rocky Grassland, the variation in niche amplitude
was lower, from zero to 1.561, and M. drewseni was the
wasp with higher niche amplitude, visiting 11 plant species
(Table 2). Some wasp species present the value zero in amplitude reflecting a very small number of observed interactions
with distinct plant species.

4. Discussion
The structural aspects of the environments where interaction
networks are studied must be considered in order to fully
understand the predominant patterns and processes in
ecological networks. The two interaction networks between
flower-visiting social wasps and plants evaluated in this study
presented remarkable diﬀerences directly related to variation
in landscape. In general, networks involving floral visitors
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Table 2: Abundance, number of plant species visited, and niche amplitude of the species of social wasps collected in Ibitipoca State Park,
MG, Brazil, during the period from November 2007 to October 2008. “RF” means Riparian Forest and “RG” means Rocky Grassland. See
Table 3 for the classification and authors of species.
Abundance of individuals
RF
RG
16
1
14
7
16
2
4
1
11
6
7
1
2
0
2
0
2
1
2
1
3
0
1
0
1
0
1
0
1
0

Wasp species
Mischocyttarus confusus
Polybia sp. 1
Polybia paulista
Polistes billardieri
Mischocyttarus drewseni
Protonectarina sylveirae
Polistes sp. 1
Polybia sericea
Apoica pallens
Polistes ferreri
Polybia ignobilis
Agelaia multipicta
Brachygastra lecheguana
Polistes cinerascens
Polybia fastidiosuscula

Niche amplitude (H  )
RF
RG
1.808
0
1.400
0.955
1.548
0
1.040
0
1.768
1.561
0.796
0
0.693
—
0.693
—
0
0
0
0
0.636
—
0
—
0
—
0
—
0
—

No. of plant species visited
RF
RG
8
1
5
3
6
1
3
1
7
5
3
1
2
0
2
0
1
1
1
1
2
0
1
0
1
0
1
0
1
0

M. fallax
T. parviflora
E. gonocladum
P. latifolia
Periandra sp.1
M. sellowii
G. fruticosa
B. flava
Barreria sp.1
Ouratea sp.1
C. concinna
Asteraceae sp.5
Weinmannia sp.1
D. laevis
Asteraceae sp.3
Melastomataceae sp.1
Asteraceae sp.6
Asteraceae sp.2
T. spicatus
Asteraceae sp.4
Asteraceae sp.1
Vernonia sp.1
V. albiflora
P. vespa
Cuphea sp.1
V. erythropappa
Baccharis sp.1

P. fastidiosuscula
B. lecheguana
Polistes sp.1
A. multipicta
P. cinerascens
P. ignobilis
M. drewseni
A. pallens
Polybia sp.1
P. sericea
M. confusus
P. sylveirae
P. ferreri
P. paulista
P. billardieri
0
0

0.2

0.4

0.6

0.8

1

Importance index
Rocky Grassland
Riparian Forest

Figure 2: Importance index of plant species in the two areas of
Ibitipoca State Park (Riparian Forest and Rocky Grassland), MG,
Brazil, during the period from November 2007 to October 2008.

and plants present a nested pattern and intermediate levels of
specialization [6, 15, 16, 51]. Nevertheless, we observed two
distinct patterns between the areas assessed: a more generalist
(significant nestedness and lower specialization degree) and
a more specialist pattern (without significant nestedness
and with larger specialization degree than 0.5). The species
degrees also showed the diﬀerences of network patterns

0.2

0.4
0.6
Specialization index

0.8

1

Rocky Grassland
Riparian Forest

Figure 3: Specialization index of social wasp species in the two areas
of Ibitipoca State Park (Riparian Forest and Rocky Grassland), MG,
Brazil, during the period from November 2007 to October 2008.

(Table 1). Despite these diﬀerences, both networks showed
asymmetry, with larger number of plant species than wasp
species. This result does not corroborate the structure of
other pollinator-plant networks, which involve a much
higher number of pollinators than plant species [15]. In these
networks, pollinators are significantly less specialized
on plants than plants on pollinators. Here we found
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Table 3: Classification and authors of species.

Family/plants species
Apocynaceae
Mandevilla sellowii (Müll. Arg.) Woodson
Ditassa laevis Mart.
Asteraceae
sp1
sp2
sp3
sp4
sp5
sp6
Vernonia sp1
Baccharis sp1
Vanillosmopsis erythropappa (DC.) Sch. Bip.
Cunoniaceae
Weinmannia sp1
Erythroxylaceae
Erythroxylum gonocladum (C. Martius) O. E. Schulz
Fabaceae
Periandra sp1
Lythraceae
Cuphea sp1
Melastomataceae
sp1
Trembleya parviflora (D. Don) Cogn.
Myrtaceae
Myrcia fallax (Rich.) DC
Calyptranthes concinna DC
Ochnaceae
Ouratea sp1
Orchidaceae
Prosthechea vespa (Sw.) W. E. Higgins
Poaceae
Trachypogon spicatus (L. F.) Kuntze
Rubiaceae
Posoqueria latifolia (Rudge) Schult.
Barreria sp1
Theaceae
Gordonia fruticosa (Schrad.) H. Keng
Velloziaceae
Barbacenia flava Mart. ex Schult. F.
Vellozia albiflora Pohl

the opposite: pollinators were more specialized in plants than
the plants on pollinators.
This result can be explained for diﬀerences in environmental complexity between the two physiognomies. The
Riparian Forest and the Rocky Grassland present distinct
vegetation patterns, sharing few plant species in common
and exhibiting diﬀerent microclimatic conditions [37]. The
Riparian Forest is always more humid and shady, while the
Rocky Grassland is more sunny and presents wider variation

Family/tribe/wasps species
Vespidae
Epiponini
Agelaia multipicta (Haliday, 1836)
Apoica pallens (Fabricius, 1804)
Brachygastra lecheguana (Latreille, 1824)
Mischocyttarini
Mischocyttarus confusus Zikán, 1935
Mischocyttarus drewseni Saussure, 1857
Polistini
Polistes billardieri Fabricius, 1804
Polistes cinerascens Saussure, 1854
Polistes ferreri Saussure, 1853
Polistes sp1
Epiponini
Polybia fastidiosuscula Saussure, 1854
Polybia ignobilis (Haliday, 1836)
Polybia paulista (von ihering, 1896)
Polybia sericea (Oliver, 1791)
Polybia sp1
Protonectarina sylveirae (Saussure, 1854)

in the thermal amplitude and in the yearly and daily humidity, as a general reference. The greater complexity of the
interaction network concerning flower-visiting social wasps
found in the Riparian Forest can also be explained by the
heterogeneity of the vegetation at this site and wider diversity
of niches. The Riparian Forest in Ibitipoca State Park is
characterized by a sequence of physiognomies with shrubby
arboreal to predominantly arboreal formations near water
sources [37], which is ideal for wasps to build its nests.
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Contrastingly, the Rocky Grassland presents a structure with
a wide diversity of herbs, grasses, and shrubs distributed over
quartzite outcrops [37]. Santos [36], studying communities
of social wasps associated with a mangrove swamp, the
Atlantic Forest, and the Restinga Forest (coastal plain vegetation), reported that the diversity of wasps found in each of
these tropical ecosystems was significantly correlated with
the diversity of plants because they provide more substrates
for nesting [52, 53], more amount of food recourses (i.e.,
nectar [25, 28, 54]), more materials for nest construction
(i.e., plant fibers [55, 56]), and more areas for prey foraging
[57]. Therefore, the vegetation complexity is of decisive
importance in the composition and structure of the social
wasp communities, directly influencing their niches and
their associations [36]. In this manner, the diﬀerences
found in the two networks evaluated here may reflect the
landscape characteristics, which are responsible not only for
the increase in the richness and abundance of the interactions
in the environments, but also for the establishment of a more
generalist or specialist pattern in its interaction network with
plants.
On the other hand, although the environmental complexity is related to the abundance of individuals and species,
the behavioral characteristics of the species also have to be
regarded as a relevant factor in the network composition and
structure. Species such as Protonectarina sylveirae (Saussure,
1854), Polybia sericea (Olivier, 1791), Polybia paulista (Ihering, 1896), Apoica pallens (Fabricius, 1804), Brachygastra
lecheguana (Latreille, 1824), Polistes canadensis (Linnaeus,
1758), and Polistes ignobilis (Haliday, 1836) present a wider
range of ecological tolerance than other species and are
generally dominant in open ecosystems, with standing severe
environmental conditions such as in the Rocky Grassland
[36].
In this context, the complexity of the two phytophysiognomies, as well as the behavioral characteristics of the species
involved in the interactions between flower-visiting social
wasps and plants, is an important factor to establish the network patterns found in the present study. Hence, an environment of greater niche complexity and plant species diversity
provides better conditions for the maintenance of more complex networks, where interactions are concentrated on generalist species, thus forming a network with a nested structure
and asymmetric specialization. A recent study showed that
species diversity influences the network pattern [58]. In this
study, the author showed that sites with greater richness
and diversity of species tend to overlap connections in
network and consequently increase the generalization of network interactions. Conversely, environments with reduced
complexity may shape interactions by making them more
specialized [29], as evidenced in the Rocky Grassland
network. However, this result was not previously tested for
interactions between social wasps and plants.
The variation in the values of niche amplitude found in
this study for wasps may be related to factors that influence
the foraging activity [57]. Social wasps have in floral nectar
its main food source [59, 60], what may be associated to
the facility to access this resource compared with the energy
spent to search, subdue, and capture a prey [61]. This
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fact is more evident in species bearing small colonies like
Mischocyttarus, the most abundant and with higher niche
amplitude group in this study. On the other hand, diﬀerences
in the biomass of some species may also influence foraging
activities of social wasps [57]. Populations with higher
biomass use a greater amount of food resources [28]. This
could explain the wider foraging spectrum of genus Polybia
and also greater abundance of visiting individual flowers.
These wasps build large nests that have many individuals.
According to Spradbery [62], size can be a decisive factor for
resource consumption, aﬀecting the foraging amplitude of
these species, and the colony productivity may influence the
foraging activity.
An additional factor determining the foraging pattern
of social wasps is plant-flowering phenology, what directly
influences resources abundance and distribution [2], see also
[63]. A higher diversity of plant species may increase over
time the variety, quality, and availability of resources for
flower visitors, like wasps [28, 64, 65]. The niche amplitude
as well as the specialization degree should be directly related
with environment characteristics, including its seasonal
variations (see [66]).
Although more than half of the plants were visited by
only one to three individuals and wasp species, leading to a
low importance index for most plant species in both areas,
this result corroborates the observations by Heithaus [1] and
Santos et al. [28]. Nevertheless, some plant species may be
visited very frequently, as observed to Asteraceae, which was
involved in most interactions. This result may be related
to the wide distribution of this family species in the Rocky
Grassland and in the Riparian Forest of Ibitipoca State Park.
Furthermore, this frequent visitation to Asteraceae is also
probably due to the anatomy of their flowers, which present
a brush-like inflorescence with a great number of small
compact flowers, making them more conspicuous to insects
[67]. Asteraceae species usually have bright colored yellow
or white flowers, eﬀectively attracting insects [68], and they
also present abundant amounts of nectar, which is located at
a depth of just a few millimeters, ideal for the size of wasp
mouthparts [68, 69].
The flowers of the Baccharis sp1 were the most visited
considering the abundance of individuals and richness of
species in the two phytophysiognomies, showing them to
be of great importance to the interaction network between
social wasps and plants of Ibitipoca. In southern Brazil,
Hermes and Köhler [10] observed that 28% of the individual
wasps collected were found on flowers of Baccharis, the
second most visited genus by this species of social wasp.
These researchers also reported that M. drewseni females
were captured mainly on Baccharis tridentata and Baccharis
myriocephala. In a general context, although social wasps
are rarely regarded as pollinators, with varying eﬀectiveness
according to the species associated [70], they act as regular
visitors to flowers in various environments. Thus, the
conservation of these wasp species may be relevant to the
maintenance of diversity in natural communities.
Currently, research into networks in interaction studies is
beginning to attach importance to the factors that shape the
properties of interaction networks. However, most studies
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involving networks of interactions between organisms still
relate the network pattern only to the type of interaction
established between the groups [15, 16, 71, 72]. Our results,
despite having a small sampling of the wasp-plant interaction
network, suggest that diﬀerences in structural complexity of
the environment directly influence the structure of the interaction network between flower-visiting social wasps and
plants. Hence, knowing the biotic and abiotic factors of the
sites in which such interactions take place is of fundamental
importance to define and understand the structure of the
networks established in these areas. Therefore, research concerning network patterns of diﬀerent types of interactions
established between organisms contributes to a more complete understanding of the ecology of communities in distinct environments.
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N. Blüthgen, J. Fründ, D. P. Vazquez, and F. Menzel, “What do
interaction network metrics tell us about specialization and
biological traits?” Ecology, vol. 89, no. 12, pp. 3387–3399, 2008.
J. L. Bronstein, “The contribution of ant-plant protection
studies to our understanding of mutualism,” Biotropica, vol.
30, no. 2, pp. 150–161, 1998.
K. Del-Claro and P. S. Oliveira, “Conditional outcomes in a
neotropical treehopper-ant association: temporal and speciesspecific variation in ant protection and homopteran fecundity,” Oecologia, vol. 124, no. 2, pp. 156–165, 2000.
K. Del-Claro and H. M. Torezan-Silingardi, “Insect-plant
interactions: new pathways to a better comprehension of ecological communities in Neotropical savannas,” Neotropical
Entomology, vol. 38, no. 2, pp. 159–164, 2009.
E. R. Pianka, Evolutionary Ecology, Harper and Row, Harper &
Row, New York, NY, USA, 3rd edition, 1983.
E. O. Wilson, Biodiversity, National Academy Press, Washington, DC, USA, 1988.
G. M. M. Santos, Comunidade de vespas sociais (HymenopteraPolistinae) em três ecossistemas do Estado da Bahia, com ênfase
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