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Introduction

Abstract

The forest fragmentation is caused by natural or anthropic actions, which affect
negatively the biota and the environmental services rendered by biological diversity.
However, there is little information on the reflex of these actions in many different
groups of animals, such as social wasps, which are abundant and significantly present
in neotropical environments, causing a major impact in the communities they live
due to their role in food webs. As their natural enemies, wasps are important in the
control of agricultural plagues; in the natural environment, they are nectar collectors,
frequent flower visitors, and potential pollinators of many species of plants. These
factors justify studies which would evaluate in what way the forest fragmentation
acts on these insects biodiversity. This study was carried out in four fragments, each
of a different size, located in the municipalities of Inconfidentes and Ouro Fino, in
the south of the state of Minas Gerais (Brazil), where the phytophysiognomy is the
Montane Semideciduous Seasonal Forest. The research was carried out between
December 2016 and March 2018, with the same sampling collection for each
fragment, totalizing 104 sampling days. In total, 28 species and 51 colonies were
recorded in the four areas and a greater richness for the greatest fragment (F4). The
conclusion reached was that the size and heterogeneity of the fragment have an
important role in maintaining the richness of social wasps.

continuous coverage along the coastal region. It extends from
the Northeast region until the state of Rio Grande do Sul; its

A forest fragment is defined as a natural vegetation
area interrupted by natural or anthropic barriers (e.g., roads,
villages, agricultural and forestal crops, pastures, mountains,
lakes, dams) which are capable of significantly diminishing
the flow of animals, floral resources, pollen and seeds (Viana
& Tabanez, 1996), altering the biota (Laurence et al., 2006;
Nascimento et al., 2006) and the habitat abiotic factors — and,
consequently, the nesting places of social insects (Schwarcz
Filho et al., 2004). This fragmentation process negatively
affects different ecosystems, especially the Atlantic Rainforest,
which has been suffering for thousands of years (Dean, 1997).

The Atlantic Rainforest, with its varied phyto
physiognomies, is Brazil’s oldest forest formation, having
been established at least 70.000.000 years ago, in a practically
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central portion is located in the Sea Mountain and Mantiqueira
Mountain, comprising the states of Sdo Paulo, Minas Gerais,
Rio de Janeiro and Espirito Santo (Rizzini, 1997). This biome
contains an abundance of ecosystems regarding biological
diversities (Myers et al., 2000), however, the vast majority of
its reminiscent is in small fragments (Viana & Tabanez, 1996).

In these fragments, the plant populations are comprised
of few individuals of the same species, which generates a
considerable percentage of endogamy and consequently a high
probability of extinction of the local species (Costa, 2003).
However, these few reminiscents may work as stepping stones
(linking points or ecological trampolines), which are small
habiting areas scattered through the array which may help
some species in the flow between fragments, since there is
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the occurrence of ecological corridors to allow these actions,
which also reflects upon the fauna (Viana & Pinheiro, 1998).

It is vital to understand how the animal populations
behave when confronted with environmental fragmentation
in order to establish actions that can minimize the negative
effects of this process on the biota; however, there is little to
no information on a variety of animals in this context, such
as wasps, both the solitary (Morato & Campos, 2000) and the
social ones (Graga & Somavilla, 2018).

These insects are commonly known in Brazil as
marimbondos or cabas, and belong to the Hymenoptera order,
Vespidae family, which is comprised of six subfamilies
grouping solitary species (Massarinae, Eumeninae, and
Euparigiinae) and social species (Stenogastrinae, Vespinae,
and Polistinae) (Carpenter & Marques, 2001).

There are, around the globe, 974 species of social
wasps, from which 552 occur in the American continent
and 346 in Brazil (Carpenter & Anderna, 2013), where there
is only the recording of the subfamily Polistinae, with 26
described genera (Carpenter & Marques, 2001).

They perform many environmental services in different
natural and agricultural ecosystems, acting in the biological
control as predators of many insects which are plagues in
different cultures (Carpenter & Marques, 2001; Prezoto et
al., 2005; Hunt, 2007; Souza & Zanuncio, 2012); they are
potential pollinators of different species of angiosperms
(Clemente et al., 2012), constitute important floral visitors
(Santos et al., 2006; Clemente et al., 2012), and can be used
as bioindicators of the conservation level of the riparian forest
(Souza et al., 2010).

Studies that utilized the social wasps as ecological
models to evaluate the impact of fragmentation are scarce,
however, Graca and Somavilla (2018) have made an important
contribution to the Amazon Biome, showing that the continuous

vegetation areas are home to an abundance (common and
rare), richness and diversity greater than when compared to the
fragments highly affected by anthropic actions.

Considering the factors of abundance, richness, diversity,
registration ease, colony monitoring, and constancy in
the different seasons of the year, the social wasps show
themselves as an interesting group to be evaluated regarding
the forest fragmentation effects. Therefore, it is expected that
the largest forest fragments house a greater richness of social
wasps, as well as a higher number of colonies.

Material and Methods

The study was performed from December 2016 to
March 2018 in four forest fragments, each one with a different
size (Fig. 1, Table 1) in the municipalities of Inconfidentes
(Fragment F1, Fragment F2, and Fragment F3) and Ouro
Fino (Fragment F4), in the south of the state of Minas Gerais,
Brazil. For each area, 26 days of sampling were carried out,
which adds up to 104 days of sample collection, in a total of
2096 hours of sampling.

The areas have similar ecological characteristics (as shown
in Table 1) but differ in size, circularity and surrounding array.

The researched areas are Montane Seasonal
Semideciduous Forest, in the domain of the Atlantic
Rainforest Biome (Oliveira Filho, 2006). To record the
species two methodologies were applied: the active search
and the attractive traps. The first was used between 8 a.m.
and 5 p.m. in the four seasons of the year, split in five days
for each forest fragment in a total of 80 hours of sampling,
performed by three researchers. This method was consisted
of running across the pre-existant tracks in the border and
interior of the forest, and the capturing of the insects was
assisted by an entomological web.

< Google Earth

Fig 1. Location of the Montane Semideciduous Seasonal Forest fragments used to evaluate the impact of fragmentation on the
social wasps’ communities in the south side of the state of Minas Gerais, in the Southeast region of Brazil.
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The second methodology, the attractive traps, was used
with PET bottles, as suggested by Souza et al. (2015a). Ten
unities were distributed for each fragment in three months —
September and October 2017, and March 2018 — being kept in
the field for seven consecutive days, in a total of 84 sampling
days, being 21 for each fragment. The traps were distributed
in sites indicated by the researcher, considering the highest
possibility if collecting social wasps, such as forest border, close
to water courses etc. The bottle-traps were placed in a straight
line and hang in the vegetation at 1,5 meters from the ground,
with a distance of 10 meters between them and utilizing as bait
250 mL of fresh passionfruit juice (Souza et al., 2015a). At
the end of the seventh day after the installation of the traps on
the field, the material was sorted with a clamp and a sieve and
subsequently accommodated in 70%-pure alcohol, in order to
be possible to proceed with the assembling and identification.

The species were stored in wet and dry methods in
the biological collection of the Federal Institute of the South
of Minas Gerais (IFSULDEMINAS), in the Incondidentes
campus, and registered on the website of the Reference Center
for Environmental Information (CRIA). The identifications
were performed with the help of taxonomic keys (Carpenter
& Marques, 2001), and by comparison with the samples of the
aforementioned biological collection performed by Professor
Orlando Tobias da Silveira, Ph.D., from the Emilio Goeldi
Museum (in Belém, Pard).

In order to analyze the diversity, the researchers
considered the number of colonies for each species (Souza et
al., 2010), adopting the Shannon-Weaver index; to evaluate the
fauna similarities between the fragments, a grouping analysis
was performed via the Unweighted Pair—Group Method using
Arithmetic Means (UPG-MA), through the Jaccard similarity
coefficient (Krebs, 1998).

Results and Discussion

A total of 28 species and 21 colonies was registered,
being the fragment F4 the one which presented greater
richness, with 21 species (Table 2), seven of them being
exclusive (Mischocyttarus atrametarius, Mischocyttarus
cassununga, Mischocyttarus sp. 2, Mischocyttarus wagneri,
Polybia minarum, Polybia platycephala, Pseudopolybia
vespisceps); nevertheless, it presented a lower diversity level
than F1.

The fragment F4 has 336,367 m?, being the largest
area in the study; it also has hydric resources, and there is no
agricultural activity or eucalyptus plantation in its array. These
characteristics have a positive implication in the richness of
wasps sampled (21 species), since they allow the establishment
and survival of more species of social wasps, creating distinct
microhabitats for the organisms and therefore providing more
protection of predators and increasing the availability and
diversity of food resources and nesting substrates (Santos et
al., 2007; Francisco et al., 2018).

Another important factor is the size of the fragment F4,
which is from 15 to 58% larger than the other areas (Table
1), added to the heterogeneity of the environment, which is
in intermediate regeneration, as discussed by some authors
(Morato & Campos, 2000; Santos et al., 2007). This fragment
was also the only one in which the species Pseudopolybia
vespiceps was registered. It is considered a bioindicator of
well-conserved riparian forest continuous areas (Souza et
al., 2010); its less significant ecological plasticity entails a
restriction of environments with specific conditions, transforming
the species in a specialist in specific habitats (Cruz et al.,
2006), which sustains the hypothesis of why the fragment F4
presents more richness.

Table 1. Different ecological characteristics regarding size and pastoral agricultural activities in the forest fragments (F1, F2, F3, and F4) in
which the social wasps’ communities were evaluated, in the south of the state of Minas Gerais, in the Southeast region of Brazil.

Fragment characteristics Fragment F1 Fragment F2 Fragment F3 Fragment F4
Size (m?) 51179 53140 198295 336367
Coordinates 22°23°60” S, 22°22°21” S, 22°21°93” S, 22°20°,74” S,

! 46°20°26” W 46°19°34” W 46°20° 55" W 46°20° 95" W
Circularity index 0,52 (highly elongated) 0,93 (rounded) 0,6 (elongated) 0,6 (elongated)
Prc?sence of lentic and 4 + . +
lotic water courses
Livestock activity - + + +
Agricultural activity - - + -
Eucalyptus cultivation + - - -
Canopy formation + + + +
A dist ) F2=885 F1=885 F1=2350 F1=4170
- i;?;‘zn:’) F3=2350 F3=1277 F2=1277 F2=3121

g F4=4170 F4=3121 F4= 1391 F3=1391

Conservation level

Secondary forest in
intermediate stage of
regeneration

Secondary forest in
intermediate stage of
regeneration

Secondary forest in
intermediate stage of
regeneration

Secondary forest in
intermediate stage of
regeneration

Presence (+) and absence (-)
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In the samples performed with the attractive traps,
both Agelaia multipicta and A. pallipes were registered in all
the fragments. It is notable the abundance of A. pallipes (65
individuals) in the fragment F1, probably due to the smaller
size of the fragment, increasing the probability of the trap
being installed close to a colony, combined with the fact that
the size of the area makes the foraging easier, since the range
of action of the social wasps is on average 200 meters (Gomes
et al., 2007; Bichara Filho et al., 2009).

In larger areas, the competition among the species from
close taxons which explore the same resources tends to decrease
and establish a similar population size (Fox & Fox, 2000). This
behavior is verified in the fragment F4, where other three species
were registered — A. multipicta, A. pallipes e A. vicina —, all in
similar abundance, which is likely to show the decrease in the
competition between the species of this genus. Since it presents a
larger area, the fragment F4 has a larger availability of hydric and
food resources, in addition to a larger number of nesting sites.
The abundance of species from the genus Agelaia in diversity
studies is a side effect of a large number of individuals in these
colonies (Hunt et al., 2001; Graga & Somavilla, 2018), as noted
in other studies carried out in the state of Minas Gerais (Souza et
al., 2012; Souza et al., 2015b).

Nevertheless, when the number of colonies (Table 2) and
Shannon-Weaver diversity index are considered — F1(2,22003),
F2 (1,69574), F3 (1,84622) and F4 (1,95545), as calculated
based on the number of colonies per species — fragment F1
was more relevant than F4, which may be an outcome of
the fact that denser and higher vegetation areas hinder the
registration of social wasps’ nests (Silveira, 2002; Souza
& Prezoto, 2006) due to the colonies being more cryptic
(Wenzel & Carpenter, 1994), while smaller areas such as
F1 experiment the opposite (Souza & Prezoto, 2006). This
situation corroborates the study carried out by Santos et al.
(2009) which demonstrated that the abundance of species is
not related to the number of nests found in each area.

Considering that the fragments are similar regarding
their ecological characteristics but different in size, the method

frag2

fragl

frag4

08 06 04 02 00

Fig 2. Index of similarity in the social wasps’ fauna in the four forest
fragments in the municipalities of Inconfidentes and Ouro Fino, in
the south of the state of Minas Gerais in the Southeast region of
Brazil.

of average association was applied to evaluate the similarity
of the social wasps’ fauna (Fig 2). It was observed that F1 is
very similar to F2, including their sizes (Table 1), but they are
different from F4, which behaved in a different way, resulting
in seven exclusive species — even if F4 is more isolated from
the other fragments regarding the other study areas, what
can be explained due to the ability of the wasps to adapt to
fragmentation better than bees (Morato & Campos, 2000).
Notithstanding, according to Graga and Somavilla (2018) in
their study in the Amazon rainforest, it was verified that many
species have colonized not only continuous forest areas but
also fragments; there is however a decrease in the number
and abundance of species, which reveals a rupture in the
structure of the fragmented community. Thus, the researchers
concluded that the forest fragmentation is likely to threaten
abundant and rare species equally.

Five species were collected in all the four fragments
(A. multipicta, A. pallipes, A. vicina, Polistes versicolor,
and Polybia fastidiosuscula) and other three were common
ground to at least three fragments (Mischocyttarus drewseni,
Polistes cinerascens, Polistes simillimus, Polybia paulista,
and Synoeca cyanea). This suggests that these fragments
once formed a continuous forest, and due to its fragmentation
the entomofauna of some areas suffered more pressure and
lost some species over the time. This is a consequence of the
border effect (Lovejoy et al., 1986), which alters the abiotic
and biotic factors (Lovejoy et al., 1986; Wirth et al., 2007);
as a result, many species are lost (Woodroffe & Ginsberg,
1998). In the study carried out by Graga and Somavilla (2018)
many species were found in both forests, with an emphasis on
Agelaia fulvofasciata, Agelaia testacea, Agelaia pallipes, and
Polybia rejecta, genera also present in this study. The authors
point out that even if the species are present both in the
continuous and in the fragmented forest, there was a significant
change in the absolute abundance values. These patterns show
the fragility of the abundant and the common species, such as
the genus Agelaia, which is impacted by anthropic disturbances,
being frequently suppressed (Gaston, 2010).

The smaller the fragment, the more severe the border
effects manifest themselves, altering the microclimate on forest
borders, which increases the probability of species invasion,
eventually favoring opportunistic species with specialized
habitat (Devictor et al., 2008; Nordén et al., 2013; Matthews
et al., 2014), thus limiting its pecial occurrence. Another effect
entailed by the fragment isolation is that many species are
not able to percolate, hindering the chances of colonization
(Tischendorf & Fahrig, 2000; Blandon et al., 2016).

Under that perspective, the size of the fragment, as
well as heterogeneity, seem relevant for the maintenance of
the abundance of social wasps, as previously discussed by
other authors (Souza et al., 2010; Souza et al., 2014).

The conclusion the present study reaches is that the size
of the fragment is a decisive factor concerning the richness,
diversity, and abundance of social wasps. These insects may
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Table 2. Species of social wasps (presence +; absence -), number of colonies and number of samples collected by species with a passionfruit
attractive trap in four fragments of Montane Semideciduous Seasonal Forest (Frag.) in the municipalities of Inconfidentes and Ouro Fino, in

the south of the state of Minas Gerais in the Souutheast region of Brazil.

Species Frag. 01 Frag. 02 Frag. 03 Frag. 04
Agelaia multipicta multipicta (Haliday, 1836) +/00/01 +/00/07 +/00/16 +/00/26
Agelaia pallipes (Olivier, 1791) +/01/65 +/00/15 +/03/20 +/00/12
Agelaia vicina (Saussure, 1854) +/00/00 +/00/16 -/00/00 +/00/15
Apoica gelida Van der Vecht, 1973 -/00/00 +/00/02 -/00/00 +/00/01
Mischocyttarus socialis (Saussure, 1854) -/00/00 -/00/00 -/00/00 +/04/00
Mischocyttarus cassununga (R. von lhering, 1903) -/00/00 -/00/00 -/00/00 +/01/00
Mischocyttarus cerberus styx (Richards, 1940) -/00/00 +/01/00 +/01/00 -/00/00
Mischocyttarus drewseni Saussure, 1857 +/02/00 +/02/02 -/00/00 +/02/00
Mischocyttarus mirificus Zikéan, 1935 -/00/00 -/00/00 +/01/00 -/00/00
Mischocyttarus wygodzinskyi Zikan, 1978 +/02/00 -/00/00 -/00/00 -/00/00
Mischocyttarus spl +/01/00 -/00/00 -/00/00 -/00/00
Mischocyttarus sp2 -/00/00 -/00/00 -/00/00 +/01/00
Mischocyttarus wagneri (du Buysson, 1908) -/00/00 -/00/00 -/00/00 +/01/00
Polistes actaeon Haliday, 1836 +/01/00 -/00/00 -/00/00 +/00/00
Polistes cinerascens Saussure, 1854 +/01/00 +/00/00 -/00/00 +/01/00
Polistes simillimus Zikan, 1951 +/02/01 +/01/00 -/00/00 +/00/00
Polistes versicolor versicolor (Olivier, 1791) +/01/02 +/03/05 +/02/00 +/00/02
Polybia fastidiosuscula Saussure, 1854 +/01/00 +/01/05 +/02/01 +/01/02
Polybia ignobilis (Haliday, 1836) -/00/00 -/00/00 +/00/00 +/01/01
Polybia jurinei Saussure, 1854 -/00/00 +/00/05 -/00/00 +/00/07
Polybia minarum Ducke, 1906 -/00/00 -/00/00 -/00/00 +/00/01
Polybia occidentalis occidentalis (Olivier, 1791) -/00/00 -/00/00 +/01/00 -/00/00
Polybia paulista H. von Thering 1896 +/02/00 +/02/00 -/00/00 +/01/00
Polybia platycephala slyvestris Richards, 1978 -/00/00 -/00/00 -/00/00 +/00/01
Polybia punctata du Buysson, 1907 -/00/00 -/00/00 +/00/04 -/00/00
Polybia sericea (Olivier, 1791) +/00/02 -/00/00 -/00/00 -/00/00
Pseudopolybia vespiceps (Saussure, 1864) -/00/00 -/00/00 -/00/00 +/01/01
Synoeca cyanea (Fabricius 1775) +/02/00 -/00/00 +/01/00 +/00/00
Total 14/16/71 12/11/57 10/10/41 21/14/69

be used as ecological models to forecast the level of impact of
fragmentation and vegetation area in resident communities. It
is also noted the importance of the preservation of the existing
areas and the incentive to increase the vegetation areas.
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