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Abstract: The Pampa is a biome shared by Argentina,
Brazil, and Uruguay. Despite its high biodiversity, little is
known about the invertebrate fauna. The few inventories
done so far were conducted outside protected areas,
which could result in underestimated real biodiversity.
Thus, species inventories from protected areas should
be done to serve as reference for conservation. Here
we survey the butterflies occurring in the Banhado dos
Pachecos Wildlife Refuge, Uruguayan Savanna, Brazil.
Sampling was performed between April 2012 and March
2013. After 288 hours of sampling, 1,508 individuals from
113 species were sampled; five new species records for Rio
Grande do Sul state and 12 for the Uruguayan Savanna
were found. Richness among families was compared to
other inventories and butterfly conservation discussed
concerning the conversion of grasslands into croplands/
pastures. The evidence presented supports that the
Pampa is a fragile environment under the pressure of
habitat conversion. Biodiversity studies in fragmented
areas are needed to provide essential information for
conservation programs.

Key words: conservation; fragmentation; grasslands;
Pampa Biome; species richness

INTRODUCTION

The Pampa Biome is an ancient complex of five
ecoregions shared by Argentina, Brazil and Uruguay,
which covers 1,113,752 km? (Bilenca and Mifiarro
2004; Olson et al. 2004). The natural landscapes of the
Pampa are characterized by the predominance of native
grasslands intermingled with riparian forests, slope
forests, ironwood forests, scrublands, palm forests,
wetlands, and rocky outcrops (IBGE 2004; Boldrini 2009;
Boldrini et al. 2010). As an old collection of ecosystems,
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the Pampa presents high biodiversity and is home to
very characteristic flora and fauna. Estimates indicate
the presence of approximately 3,000 plant species, over
100 mammal species, and almost 500 bird species (MMA
2007).

Despite its high biodiversity, little is known about
invertebrate diversity in the Pampa. Considering that
only recent studies focus on non-pest insects, some
efforts made to evaluate the diversity of Coleoptera
(Da Silva et al. 2013), Diptera (Hochmiiller et al. 2010),
Hemiptera (Mendonga Jr. et al. 2009; Bunde et al. 2010),
Hymenoptera (Rosado et al. 2012), Orthoptera (Cigliano
et al. 2000; Wysiecki et al. 2000), and Lepidoptera
(Kruger and Silva 2003; Marchiori and Romanowski,
2006a, 2006b; Paz et al. 2008; Sackis and Morais 2008;
Morais et al. 2012; Paz et al. 2013; Marchiori et al. 2014)
can be highlighted. Among insect, the butterflies are
considered an adequate group for studies evaluating
fragmented habitats (see discussion in Bonebrake et al.
2010). Butterflies are useful as indicator species, since
they play many essential roles in ecosystems and are
visually appealing organisms (Fleishman and Murphy
2009). Hence, studies on butterflies can offer prospective
insights into biodiversity patterns, ecological systems
and conservation issues (Brown Jr., 1997; Oostermeijer
and Swaay 1998; Lomov et al. 2006).

To support actions in conservation and management
in areas under environmental degradation, it is
important to consider the connectivity between habitat
patches and estimate the biodiversity in affected
regions (Fahrig 2003; Littlewood et al. 2011). Regarding
the Pampa fragmentation, recent studies indicated that
more than 70% of its original cover has been converted
to cropland and pasture in the past few decades (Eva et
al. 2003). Many ecoregions have been severely impacted
by human activities, especially the Uruguayan Savanna
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ecoregion where the native areas have been converted
into large-scale monocultures of rice, soybean, pine and
eucalyptus, and extensive pastures with exotic species
for cattle and sheep rearing (IBGE 2007; Pillar et al.
2009). Nowadays, it is estimated that only 36% of the
native Brazilian Uruguayan Savanna is left (CSR/IBAMA
2011), and our present field experience points out that
this may well be an overestimation. The most worrying
aspect is that biodiversity studies have only begun to
reveal the diversity of arthropods in the Pampa and
their response in the light of environment variation
(Mendonga Jr et al 2015). Still, only 0.46% of the biome
is guarded from threats as conservation units (areas of
integral protection) (Overbeck et al. 2007). Biodiversity
inventories can provide information on genetic,
ecological, and taxonomic diversity, allowing areas
with different levels of degradation to be compared
(Motta 2002). Inventories provide a first screening of
environmental health, and are essential to understand
biodiversity and distribution patterns of species through
landscapes (Lewinsohn et al. 2005).

Although some butterfly inventories have been
published on the Pampa Biome, only two were conducted
inside a protected area (Marchiori and Romanowski
2006a, 2006b). Since protected areas generally embrace
more developed environments, with more diversity
of resource for Lepidoptera, it is expected that they
shelter more butterfly diversity when compared to the
surrounding unprotected landscape. Therefore, species
lists from protected areas may provide very useful
information for butterfly conservation, standing as a
diversity standard for management and restoration
programs. The main objective of the present study is to
produce a species list of the butterflies occurring in the
Banhado dos Pachecos Wildlife Refuge (BPWR), in the
Uruguayan Savanna ecoregion, Southern Brazil.

MATERIAL AND METHODS
Study area

The BPWR is a protected area belonging to the
Department of Forests and Protected Areas of the
Secretariat of Environment of Rio Grande do Sul state
(DUC-SEMA). It has an area of 2,543.47 ha, located
in the Aguas Claras County, municipality of Viamio
(Figure 1). It is part of the Banhado Grande Protection
Area, consisting of extensive wetlands mixed with other
formations (Accordi and Barcellos 2006). The landscape
mosaic includes Restinga forests, swamp forests, slope
forests, mixed grassland, and dune vegetation (Figure
2). The surrounding environmental matrix is composed
of irrigated rice croplands, small farming areas, cattle
pastures, eucalyptus monocultures, and suburban areas.
The BPWRislocatedin the transitionbetween the Central
Depression and the Coastal Plain of Rio Grande do Sul
state (SEMA 2010). It is part of the geomorphological
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Figure 1. A: Location of Banhado dos Pachecos Wildlife Refuge (BPWR),
Banhado Grande Permanent Protection Area, Rio Grande do Sul State,
Brazil (modified from SEMA 2010). B: Satellite image showing the study
sites into BPWR (modified from Google Earth). T1 and T2 - transects used
for entomological netting sampling; A1 and A2 - observation by scanning
areas with intermediate stage of regeneration; S1 and S2 - observation by
scanning areas with early stage of regeneration. Datum: WGS84.

unit known as “Coxilha das Lombas”, an 81 km sandy
region extending from the Itapui Peninsula, located at
the north end of Patos Lagoon, and heading northeast to
the Barros Lagoon. It consists of small grassy hills, which
originate from a Lagoon-Barrier System that emerged
during the Cenozoic (Villwock and Tomazelli 2007).

The climate of the region is subtropical mesothermal
humid (Képpen Cfa; Peel et al. 2007). The average annual
temperature ranges from 16 to 26°C, with the average
during the hottest month around 28°C and the average
during the coldest month around 12°C. The annual
rainfall varies between 1,000 mm and 1,500 mm, with
eventual periods of prolonged water deficit between
January and March (Villwock and Tomazelli 2007).

Data collection

Two different methods for sampling the butterfly
fauna of the BPWR were applied, aiming to optimize
the detection of species, considering both landscape
heterogeneity and habitats with different conservation
levels: transect entomological netting (modified from
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Figure 2. General view of study areas in the Wildlife Refuge Banhado dos Pachecos (BPWR), Viamao municipality, Rio Grande do Sul State, Brazil. A: Site

1, showing the landscape mosaic composed of grasslands, swamp forest and dune vegetation. The Banhado Grande dam is shown in the background.

B: Site 2, showing landscape mosaic composed of grasslands and restiga and slope forests. Small farm properties with eucaliptus monocultures outsite

the BPWR are shown in the background.

Pollard 1977) and observation by scanning (modified
from Altmann 1974).

Monthly expeditions were performed between April
2012 and March 2013. For the entomological netting
method, two sites with mixed formations of Restinga
forests, swampy forests, and grasslands were selected
as sampling areas to cover habitat heterogeneity. In
each site, two collectors covered two transects with
entomological nets, totaling a sampling effort of 12
net-hours per month. All net samplings were performed
from 9 AM to 4 PM The observations by scanning were
performed in two Restinga forest areas, at the end of each
site, and had different levels of structural regeneration
to cover habitats with distinct conservation levels. Each
area was sampled using two replicas of 150 m? 100 m
distant from each other. The first observation area
was in an early stage of regeneration, while the second
was in an intermediate stage of regeneration (sensu
CONAMA 1999). The scanning samplings were always
performed between 10 AM and 1 PM (solar time), since
this is considered the optimal period for Lepidoptera
observation in Restinga environments (Marchiori
and Romanowski 2006a). The total sampling effort for
observation by scanning was 12 hours of scanning in each
area per month. The general sampling effort accounting
net and scanning methods was 24 hours per month.

Data analysis

The butterflies collected were primarily identified in
the field, with the aid of butterfly guides (Canals 2003;
Nufiez-Bustos 2010). The specimens with uncertain
identification were brought to the laboratory, mounted
and identified by consulting reference collections,
specialized literature, and specialists. Higher-level
classification followed Lamas (2004), Mielke (2005) and
Wahlberg et al. (2009), with nomenclature updates when
necessary. Whenever possible, two malesand two females
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of each species were collected, mounted, and deposited
in the Lepidoptera Collection from the Department of
Zoology, Federal University of Rio Grande do Sul, Porto
Alegre, Brazil, as voucher specimens (access numbers
CLDZ 9,077-9,205 and CLDZ 10,061-10,214).

Data both from transect entomological netting and
observation by scanning was pooled and the richness (S),
abundance (N), and the number of singleton butterflies
scored. First, a list of species organized by family,
subfamily and tribe was compiled using all butterfly
records during sampling. To investigate new records for
the state and for the ecoregion, data obtained from the
BPWR were compared to other studies conducted in the
Uruguayan Savanna. Then, an analytical examination
of these data was performed. Species accumulation
curves were calculated, including the observed and
estimated total richness with a confidence interval of
95% considering all species pooled and also separately
for each family. Analytical richness estimators Jackknife
1, Jackknife 2, ACE, Chao 1 and Chao 2 were calculated to
evaluate the richness of butterflies present in the BPWR
following Magurran (2004) and Magurran and McGill
(2011). All statistics were performed using EstimateS 9.1
(Colwell 2013).

RESULTS

After a total sampling effort of 288 hours, 1,508
individuals from 113 species were recorded in the
BPWR. Most of the species (68%) were considered
of rare occurrence (sensu Magurran 2004) (Table 1).
Three specimens of Hesperiidae could not be identified
and will need further revision to corroborate their
taxonomic status. In addition, five new species records
for the Rio Grande do Sul state and 12 for the Uruguayan
Savanna ecoregion were recorded. Concerning species
representativeness, Nymphalidae had the highest
representation, while Riodinidae had the lowest (Table
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Table 1. Butterflies recorded in the Banhado dos Pachecos Wildlife Refuge (BPWR), Viaméao municipality, Rio Grande do Sul State, Brazil after 288
net-hours of sampling effort. The number of specimens per taxon is shown within parentheses. Specimens with uncertain identification were
classified only at the genus level. * New records for Rio Grande do Sul State. # New records for Uruguayan Savanna. Total richness: 113 species.

Family Subfamily Tribe Species Abundance

Hesperiidae (34) Eudaminae (7) Eudamini (7) Autochton intergrifascia (Mabille, 1891) 2
Autochton neis (Geyer, 1832) #
Autochton zarex (Hibner, 1818)

Urbanus esta Evans, 1952
Urbanus procne (P16tz, 1880)
Urbanus simplicius (Stoll, 1790)
Urbanus teleus (Hiibner, 1821)
Hesperiinae (14) Anthoptini (2) Corticea sp. 1
Corticea sp. 2
Calpodini (1) Panoquina hecebolus (Scudder, 1872)
Hesperiini (6) Anatrytone perfida (Moschler, 1879)"*
Euphyes sp. 1
Euphyes cherra Evans, 1955
Hylephila phyleus phyleus (Drury, 1773)

N N = —a a2 W = = O 0N — = —

Nyctelius nyctelius nyctelius (Latreille, [1824])
Polites vibex catilina (Pl6tz, 1886)
Moncini (5) Callimormus rivera (P16tz, 1882)

N
(o)}

Ginungagapus ranesus (Schaus, 1902)
Miltomiges cinnamomea (Herrich-Schiffer, 1869)
Sodalia dimassa (Hewitson, 1876) **
Zariaspes mys (Hubner, [1808])

Pyrginae (13) Pyrgini (13) Achlyodes mithridates thraso (Hiibner,[1807])
Chiomara asychis autander (Mabille, 1891)
Cogia abdul Hayward, 1947 %
Cogia hassan evansi E. Bell, 1937
Gorgythion begga begga (Prittwitz, 1868)
Gorgythion beggina escalophoides Evans, 1953
Helias phalaenoides phalaenoides Fabricius, 1807 *#

O N OO N DA = = = a2 O D

Heliopetes arsalte (Linnaeus, 1758)

—_
—_

Heliopetes omrina (Butler, 1870)

—_

Oechydrus chersis evelinda (Butler, 1870)

~N
N

Pyrgus orcus (Stoll, 1780)
Spathilepia clonius (Cramer, 1775)
Xenophanes tryxus (Stoll, 1780)

Lycaenidae (14) Polyommatinae (1) Hemiargus hanno hanno (Stoll, 1790)

Theclinae (13) Eumaeini (13) Arawacus separata (Lathy, 1926)
Aubergina vanessoides (Prittwitz, 1865) *
Calycopis caulonia (Hewitson, 1877)
Cyanophrys acaste (Prittwitz, 1865)
Cyanophrys herodutus (Fabricius, 1793)
Evenus latreillii (Hewitson, 1865)
Ministrymon cruenta (Gosse, 1880) *
Parrhasius polibetes (Stoll, 1781) #
Rekoa palegon (Cramer, 1780)
Strymon bazochii (Godart, [1824])
Strymon lucena (Hewitson, 1868)
Strymon rana (Schaus, 1902) **
Tmolus echion echiolus (Draudt, 1920) #

Nymphalidae (39) Apaturinae (1) Doxocopa laurentia laurentia (Godart, [1824])
Biblidinae (2) Ageroniini (2) Hamadryas amphinome amphinome (Linnaeus, 1767)
Hamadryas februa februa (Hibner, [1823])
Catonephelini (1) Eunica eburnea Fruhstorfer, 1907 133
Charaxinae (1) Preponini (1) Archaeoprepona amphimachus pseudomeander (Fruhstorfer, 1906)
Caligo martia (Godart, [1824])
Cyrestinae (1) Cyrestini (1) Marpesia petreus petreus (Cramer, 1776)
Danainae (3) Danaini (2) Danaus eresimus plexaure (Godart, 1819)

Danaus gilippus gilippus (Cramer, 1775)
Ithomiini (1) Methona themisto (Hiibner, 1818)

- O = N NN W W= N|[= =2 = NN = = 2 2 o N = 0 W= =

Continued
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Table 1. Continued.

Family Subfamily Tribe Species Abundance
Heliconiinae (8) Acraeini (1) Actinote carycina Jordan, 1913 8
Argynnini (1) Euptoieta hortensia (Blanchard, 1852) 2
Agraulis vanillae maculosa (Stichel, [1908]) 30
Dione juno juno (Cramer, 1779) 3
Dryadula phaetusa (Linnaeus, 1758) 7
Dryas iulia alcionea (Cramer, 1779) 177
Heliconius erato phyllis (Fabricius, 1775) 43
Heliconius ethilla narcaea (Godart, 1819) 3
Limenitidinae (3) Limenitidini (3) Adelpha hyas hyas (Doyére, [1840]) 1
Adelpha syma (Godart, [1824]) 6
Adelpha thessalia indefecta Fruhstorfer, 1913 1
Nymphalinae (9) Junoniini (1) Junonia evarete (Cramer, 1779) 128
Melitaeini (4) Ortilia ithra (W. F. Kirby, 1900) 37
Ortilia orthia (Hewitson, 1864) 9
Tegosa claudina (Eschscholtz, 1821) 208
Tegosa orobia orobia (Hewitson, 1864) 1
Nymphalini (3) Hypanartia bella (Fabricius, 1793) 7
Vanessa braziliensis (Moore, 1883) 47
Vanessa myrinna (E. Doubleday, 1849) 8
Victoriini (1) Anartia amathea roeselia (Eschscholtz, 1821) 82
Satyrinae (10) Brassolini (2) Blepolenis batea didymaon (C. Felder & R. Felder, 1867) 10
Morphini (2) Morpho epistrophus catenaria Perry, 1811 1
Morpho aega aega (Hiibner, [1822]) 2
Satyrini (6) Carminda griseldis (Weymer, 1911) # 3
Hermeuptychia gisella (Hayward, 1957) 5
Stegosatyrus periphas (Godart, [1824]) 8
Paryphthimoides phronius (Godart, [1824]) 5
Paryphthimoides poltys (Prittwitz, 1865) 3
Yphthimoides celmis (Godart, [1824]) 25
Papilionidae (12) Papilioninae (12) Leptocircini (1) Mimoides lysithous (Hubner, [1821]) 2
Papilionini (5) Heraclides anchisiades capys (Hibner, [1809])
Heraclides astyalus astyalus (Godart, 1819) 15
Heraclides hectorides (Esper, 1794)
Heraclides thoas brasiliensis (Rothschild & Jordan, 1906) 3
Pterourus scamander scamander (Boisduval, 1836) 1
Troidini (6) Battus polydamas polydamas (Linnaeus, 1758) 40
Battus polystictus polysticus (A. Butler, 1874) 4
Euryades corethrus (Boisduval, 1836) 62
Parides agavus (Drury, 1782) 3
Parides bunichus perrhebus (Boisduval, 1836) 2
Parides proneus (Hiibner, [1831]) 1
Pieridae (10) Coliadinae (7) Eurema albula sinoe (Godart, 1819) 4
Eurema deva deva (E. Doubleday, 1847) 80
Eurema elathea flavescens (Chavannes, 1850) 14
Phoebis argante argante (Fabricius, 1775) 3
Phoebis neocypris neocypris (Hiibner, [1823]) 2
Phoebis sennae marcellina (Cramer, 1777) 1
Rhabdodryas trite banksi (Breyer, 1939) 1
Pierinae (3) Anthocharidini (2) Hesperocharis paranensis paranensis Schaus, 1898 1
Tatochila autodice autodice (Hiibner, 1818) 1
Pierini (1) Ascia monuste automate (Burmeister, 1878) 1
Riodinidae (4) Euselasiinae (1) Euselasiini (1) Euselasia hygenius occulta Stichel, 1919 1
Riodininae (3) Eurybiini (1) Chalodeta theodora (C. Felder & R. Felder, 1862) 2
Riodinini (1) Calephelis braziliensis McAlpine, 1971 14
Symmachiini (1) Stichelia bochoris suavis (Stichel, 1911) # 1
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Morais 2015). The probable cause for the low number
of Hesperiidae species in the BPWR is the high number
of rare species found. It is known that the Hesperiidae
species accumulation curves need more sampling events
to reach the same stabilization level as observed for
Nymphalidae (Iserhard et al. 2013). It was also expected
that Lycaenidae and Riodinidae species curves did
not reach stabilization, because the populations of
those butterflies show patched distribution, generally
are syntopic with the occurrence of their host-plants
(New 1993), have seasonal occurrence, and are very
sensitive to environmental fluctuation (Iserhard et al.
2013). Short and mid-term inventories are expected to
produce incomplete species lists, and due to the nature
of population density of rare species, only continuous
inventories can reach the asymptote of the theoretical
curve of species accumulation. Thus, it is recommended
to keep monitoring the butterfly community in the
BPWR in order to increase the recording of species.

Notwithstanding the fact that the accumulation
curves still exhibit a general trend of increasing the num-
ber of species in the BPWR, the present study raised the
number of butterfly species recorded in Rio Grande do
Sul state from 832 to 838, and in the Uruguayan Savanna
from 596 to 609. In relative frequencies, the number of
butterfly species found in the BPWR represents nearly
13% of the total of species recorded for the Rio Grande do
Sul state (Giovenardi et al. 2013) and 19% of the total of
species recorded for the Uruguayan Savanna (compiled
from Biezanko et al., 1978; Bentancur-Viglione 2009;
Giovenardi et al. 2013). When compared to other but-
terfly inventories conducted in the Uruguayan Savanna
areas, BPWR exhibited the second lowest rate of species
registered per net-hour, only ahead Barra do Quarai and
Cangugu/Cacapava do Sul (Table 2). The greatest rate
was observed in Santa Maria, an ecological tension area
between Pampa and Atlantic Forest biomes. Hence, the
elevated rate of species per net-hour may result from
the proximity of the two biomes, caused by the overlap
of the fauna from both biomes.

Considering the increase of landscape fragmentation
in the past few decades in the Uruguayan Savanna, it is
evident that not only has the advance of the metropoli-
tan region towards the Pampa been severely affecting the
biodiversity loss, but intense agricultural practices and
overgrazing activities have also been producing similar
effects (Roesch et al. 2009). Agriculture brings a number
of profound changes that affect virtually all aspects of
ecological processes, from the behavior of individuals and
population dynamics to the composition and structure
of communities (Gilpin et al. 1992). Agriculture directly
affects the entire food chain by altering the flows of mat-
ter and energy through ecosystems, and the evidence
accumulated so far strongly suggest that the implemen-
tation of agro-ecosystems is undoubtedly the main force
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causing environmental changes (Bilenca et al. 2009).

Regarding the conservation of Lepidoptera, the main
threat to endangered species of Brazil is the loss of their
natural habitats (Casagrande and Mielke 1995; Brown Jr.
1996; Casagrande et al. 1998; Freitas and Marini-Filho
2011). Despite the accumulation of evidence of original
habitat losses in the Pampa biome (Santos and Silva
2012), very little has been done to estimate and preserve
presentdaybutterflydiversityin the Uruguayan Savanna.
The results presented here contribute to increase the
knowledge of the Neotropical butterfly fauna, and
also reinforce the importance of biodiversity studies
for areas that urgently need management programs.
Inventories of fauna, particularly those of butterflies,
have great potential to produce useful information for
management and conservation programs. In addition,
diversity of lepidopteran communities in preserved
areas is the baseline to support the restoration
monitoring of fragmented areas. It is remarkable how a
small preservation area in a nearly metropolitan region
can hold such rich fauna. Such results may serve as a
warning and a stimulus towards the establishment
of small protected areas, since larger ones are nearly
impossible to create near big cities.
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