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One of the most endangered ecosystems in America is the Atlantic Forest, which demands emergency
actions to protect its remnants as well its biodiversity. In this situation the species inventory can develop a
management role for the future, determining specific areas that should be preserved as well the species
composition and richness can be used as an indicator of a healthy ecosystem. The use of dragonfly
species composition has proven its potential indication of quality habitats. The Odonata species actually
still poorly known in the Neotropical region and has never been used as a tool to analyze the actual
conditions of aquatic environments particularly in the Subtropical Atlantic Forest, which occurs in south
of Brazil. A systematic survey was carried out in aquatic systems located at remnants of forest from
March 2011 to February 2012. A total of 565 specimens belonging to 34 species, distributed in 5 families
were sampled. Libellulidae was dominant, with 14 species, followed by Coenagrionidae, Gomphidae,
Lestidae and Aeshnidae. Through inventory survey we deepen the Odonata composition knowledge and
performed a statistic analysis.
Keywords: Entomology; Ecology; species richness

A Floresta Atlântica é um dos mais ameaçados ecossistemas da América do Sul, o qual demanda ações
emergenciais para a proteção de seus remanescentes bem como a sua biodiversidade. Nessa situação,
inventariamentos de espécies podem desenvolver um importante papel para o futuro, determinando áreas
específicas que devem ser protegidas, bem como a composição e riqueza de espécies pode ser usada como
indicador de um sistema saudável. Atualmente as espécies da Ordem Odonata da região Neotropical
continuam pouco conhecidas e jamais foram utilizadas como ferramenta de análise de ambientes
aquáticos particularmente na Floresta Atlântica Subtropical, presente na região Sul do Brasil. Uma
pesquisa sistemática foi realizada em sistemas aquáticos de fragmentos florestais entre Março de 2011 e
Fevereiro de 2012. Um total de 565 espécimes, pertencendo a 34 espécies, distribuidas em 5 famílias
foram amostrados. Libellulidae foi dominante, com 14 espécies, seguida de Coenagrionidae, Gomphidae,
Lestidae e Aeshnidae. Através deste inventário foi aprofundado o conhecimento sobre a composição de
Odonata e desenvolvida uma análise estatística.
Palavras-chave: Entomologia; Ecologia; riqueza de espécies

1. INTRODUCTION
As described by [31], the Atlantic Forest is the cradle of one the most rich ecosystems on the
entire planet, and actually one of the most fragmented environments due to human activities.
Less than 7% of the original Atlantic Forest remain in a highly fragmented system which
originally covered approximately 15% of the total Brazilian area [14]. The aquatic resources
situated in the remaining forests are under extreme pressure, as well the species which depends
on them to survive [6].
Although aquatic resources are under particular threat today, the management of the aquatic
habitats and watersheds requires the development of a comprehensive assessment and
monitoring methods [20]. The effects of the forest fragmentation on the fauna of primary
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tropical forests has focused mainly on birds or mammals [8, 22], there being relatively few work
on insects [23, 11].
The biggest problem for conservation in tropical forests is the scarce information allowing
the establishment of priorities and concentration of efforts on practical actions. This is largely
due to low availability of faunal inventories, which limits the knowledge of the distribution and
abundance of species. Faunal surveys are an excellent tool for conservation, ecosystem
management and environmental protection, not only as representations of biodiversity but also
from organisms serving as indicators of environmental conditions. Unfortunately, only 29% of
Brazilian territory presents data on Odonata species richness [7], although it is a well known for
providing “flagships” within the field of conservation biology is the Odonata order [26], which
has been used as source of indicator species by several authors [2, 3, 4, 19, 30].
According to [29] and [32], Odonate communities in disturbed habitats will often be less
species rich and consist of many widespread generalists. Another example from the tropics, the
study carried by [18] in Brazil, where species with a wide geographical range, i.e. the common
species, were predominant in open savannah, while those with a more restricted distribution
were predominant in forests. The presence or absence of determined species, can mirror the
human activities in the surrounding of the water bodies [24, 25] as well the structural
components of the forest remnants surveyed.
The order Odonata in general are among the most significant organisms in the systems that
are under threat [25], being an important focal organisms in contemporary conservation.
Dragonflies are particularly abundant in warmer waters as those in lowlands of tropical and
subtropical regions. Along the last thirty years this order has been one of the most studied
groups around the world, but these studies still scarce in the Neotropical region [13].
[10] states that dragonflies are one of the most visible indicators of wetland diversity and
health, and their species composition allows to monitoring environmental changes. Due to the
species-specific variation for tolerances that insects have for a wide range of environmental
circumstances, insects are also widely used as indicators, being a reliable tool for environment
monitoring [1].
Despite the larval stage be a better indicator than the adults, we opted to run this investigation
using adults due to the lack of larvae information, i.e. identification keys, most of Neotropical
dragonfly species can only be identified through adults instead larvae, which still poorly known
[12, 25]. [28] declared that a species restricted to a narrower range of conditions is a better
indicator than a generalist species and must not just be selective to where to breed, but being
also common enough to be easily detected in a brief survey.
Developing an inventory survey is possible to analyze statistically the regional species
composition and to produce a overview of the distribution patterns along the year seasons and to
select and discuss from a complete species list, which species can be considered as potential
species richness indicators. Our focus area is located in the extreme south of Brazil, the state of
Rio Grande do Sul, which is covered by the southernmost portion of Atlantic Forest, in a
Subtropical climate.
2. MATERIALS AND METHODS
During this survey project we sampled for adult dragonflies on 15 aquatic habitats that were
selected in a random way, mixing lakes, bogs, streams and other wetlands, in the way to have a
general perception of the Odonata species richness. Those localities were visited once per
season between the year of 2011 and 2012, summer, autumn and spring, excluding winter due to
the low activity of adults in the cold season.
All sampled areas are located into small fragments of Subtropical Atlantic Forest in
southernmost part of Brazil, State of Rio Grande do Sul (RS) (Figure 1), among the coordinates
29°30’ N and 52°0’ E. Those areas are in a completely fragmented situation due to human
activities mainly to agricultural zones and urban development.
All the sampling areas are located in the municipality of Cruzeiro do Sul (RS) (Figure 1),
which is inserted in the Taquari River Valley [9]. Altitudes varying between 100 and 200m, the
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climate is Temperate Subtropical with average temperatures varying between 15°C and 18°C
and the precipitation average varies between 1.300 mm and 1.800 mm [17].

Figure 1: Brazilian map, Rio Grande do Sul and the sampling zone, Cruzeiro do Sul, RS.

The sampling method used standard insect nets, each locality was sampled once per season
during sunny days, in the peak time of the Odonata activity (between 9 a.m. and 16 p.m.),
catching specimens in the surroundings of the water source and marsh zone.
As some species are quite difficult to catch due to its fast flying and agility, i.e. big Aeshnids,
those were registered only by sight (using binoculars), for the final specimens accounting. Each
locality was visited by a field team composed by two persons, and the sampling occurred until
the field team concluded that at least one specimen from each species occurring there was
sampled, except for the fast flying ones, that were only registered by sight. Using field sheets,
all the GIS data, weather, biological and water conditions encountered in each locality was
taken as field information, for the later comparison between species richness and particular local
conditions. Particular aquatic vegetation notes were taken for each sampling point according to
the occurrence and density of the aquatic plants.
All the specimens sampled were preserved in 96% ethanol, separated by locality and
sampling season, and later determined according [12, 13, 15, 16] until the level of species. The
determination work took place at the Ecology Laboratory, at UNIVATES, Lajeado (RS), Brazil,
where all the specimens collected during this survey are deposited in the Invertebrate Collection
of the Natural History Museum (MCNU).
The identified specimen data was analyzed statistically using the software Estimates 8.0 to
estimate the collector curve, Shannon, Jacknife 2nd order and Jaccard indexes, PAST 2.16 to the
seriation and MVSP 3.1 to the UPGMA analysis. The dates for richness, singletons, doubletons,
uniques and duplicates are collected data.
3. RESULTS AND DISCUSSION
The aquatic vegetation encountered at the sampling sites was composed mostly by
Eichhornia crassipes (Mart.) (Pontederiaceae), Lemna gibba (L.) Araceae, Pistia stratiotes (L.)
(Araceae), and Salvinia auriculata (Aubl.) (Salviniaceae) according [21], and also emergent
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vegetation, grasses and roots of the riparian shrubs and trees. The substrate of the sampling
areas was basically composed by boulders, mud, silt, gravel, sand and decaying leaves.
Among the sampling sites we collected 565 specimens of 34 species, scattered in 5 families.
Libellulidae and Coenagrionidae were the most dominant families, both with 14 species,
followed by Lestidae (2 species), Aeshnidae (2 species) and Gomphidae (2 species). The most
dominant genera was Acanthagrion Selys, followed by Telebasis Selys, and Erythrodiplax
Brauer, with 3, 3 and 2 species, respectively (Acanthagrion lancea Selys 1876, A. gracile
Rambur 1842, A. ascendens Calvert 1909, Telebasis carmesina Calvert 1909, T. willinki Fraser
1948, T. theodorii Navás 1934, Erythrodiplax fusca Rambur 1842 and E. atroterminata Ris,
1911).
The most abundant species was Erythrodiplax fusca (Libellulidae) (∆ = 144), followed by
Perithemis icteroptera Selys 1857 (Libellulidae) (∆ = 62) and Acanthagrion lancea
(Coenagrionidae) (∆ = 50).
The species seriation (Figure 2) shows how the species are distributed among the seasons.
Five species were found just in the summer, three just in the autumn and two just in the spring.
The other ones were found along two or three seasons. The Jaccard indexes among the seasons
were: spring and autumn (0,655), spring and summer (0,581) and autumn and summer (0,594).
This relation could be seen at the UPGMA analysis (Figure 3).
Species
Progomphus lepidus Ris, 1911
Telebasis carmesina Calvert, 1909
Telebasis willinki Fraser, 1948
Tramea cophysa Hagen, 1867
Argentagrion ambiguum Ris, 1904
Argia croceipennis Selys, 1865
Homeura chelifera Selys, 1876
Oxyagrion terminale Selys, 1876
Pantala flavescens Fabricius, 1798
Orthemis discolor Burmeister, 1839
Rhionaeshna planaltica Calvert, 1952
Acanthagrion lancea Selys, 1876
Oligoclada laetitia Ris, 1911
Lestes bipupillatus Calvert, 1909
Acanthagrion gracile Rambur, 1842
Orthemis ferruginea Fabricius, 1775
Micrathyria ocellata Kirby, 1889
Acanthagrion ascendens Calvert, 1909
Erythrodiplax fusca Rambur, 1842
Argia indocilis Navás, 1934
Erythrodiplax atroterminata Ris, 1911
Ischnura fluviatilis Selys, 1876
Micrathyria tibialis Kirby, 1897
Perithemis icteroptera Selys, 1857
Perithemis mooma Kirby, 1889
Ischnura capreolus Hagen, 1861
Anax concolor Brauer, 1865
Lestes pictus Selys, 1862
Tauriphila argo Hagen, 1869

Spring

Autumn

Summer
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Erythemis peruviana Rambur, 1842
Oxyagrion sp. Selys, 1876
Telebasis sp. Selys, 1865
Dasythemis mincki mincki Karsch, 1890
Aphylla producta Selys, 1854

Figure 2: Species Seriation collected in Cruzeiro do Sul, RS, from March 2011 to February 2012
considering the seasons with constrained organization.

Grouping the abundance registering between the seasons and analyzing this data through a
UPGMA cluster, utilizing log of Euclidian distance, we obtained a similarity group among
autumn and spring. The summer season demonstrated to be the richest season. (Figure 3).

Figure 3: UPGMA cluster analysis using Euclidean distance among season samplings. Data were
obtained in Cruzeiro do Sul, RS, from March 2011 to February 2012 and transformed by log(e).

Continuing the seasonality analysis (Table 1), the species richness and other indices as:
Shannon, Jacknife 2nd order were calculated by season using the Estimates 8.0 software and
richness, singletons, doubletons, uniques and duplicates were presented as real field data. The t
test applied for Shannon for the seasons did not show significance between Spring and Autumn
(p = 0,5374), Autumn and Summer (p = 0,0867) and was statistically significant between Spring
and Summer (p = 0,0262).
Table I: Seasonal diversity indices obtained in Cruzeiro do Sul, RS, from March 2011 to February
2012. The Shannon index and Jacknife 2nd order were estimated by Estimates 8.0, while the Richness,
Singletons, Doubletons, Uniques and Duplicates are represented by real field data.
Spring
Autumn
Summer
Richness
23
26
24
Shannon
2.56
2.66
2.71
Jacknife ²nd order
24.34
36.34
42.67
Singletons
5
6
6
Doubletons
3
4
2
Uniques
8
11
7
Duplicates
1
3
3

The collector’s curve was built using all the sampling efforts in the three analyzed seasons.
The curve tendency is to stabilize from the 10th sampling effort and the observed and estimated
curve are overlapping (Figure 4).

S. Renner, E. Périco & G. Sahlén, Scientia Plena 9, 012401 (2013)

6

Figure 4: Collector’s curve of the sampling efforts carried out between March 2011 and February
2012 in Cruzeiro do Sul, RS, performed by Estimates 8.0.

4. CONCLUSION
Using this survey as inventory tool for this region of Brazil, we indentified 34 dragonfly
species, which seems to be a quite rich species composition for the Subtropical Atlantic Forest
biome.
According to the collected field data, can be seen a strong relation between the environmental
conditions encountered for each sampling site and the species richness counted there, it can be
realized not only in the Odonata taxa, but practically in every taxa. The reason why dragonflies
function as indicators of several things is what [5] purposed when concluding that Odonates can
function as bio-indicators in a broad sense, as they are in the top of the food chains. The
Odonata community can be analyzed in a way to determine the current conservation status of
fragmented areas as well to work as evaluation tool besides other factors, working together with
other taxa, e.g. amphibians and other macro-invertebrates.
Another interesting finding is the distribution pattern of the species occurrence among the
year seasons, which denotes conditions that are preferred for several species and how weather
parameters as temperature, humidity and light period can determine these patterns. The seriation
of the occurrence patterns showed that some species (i. e. Telebasis carmesina, Oxyagrion
terminale, Argia indocilis, Erythemis peruviana) are found in only one season, while some
species occurred in all sampled seasons.
Finding such indicative “hotspots”, we can be one step ahead in the future decisions for the
conservation and management of the proven rich areas as well in the environment evaluation for
areas in process of recovering.
The Atlantic Forest actually is a highly fragmented biome, which in several aspects demands
urgent actions to the preservation of its remnants and recovering areas, so the today’s work can
be a useful tool for the future generations, before the diversity has been totally lost.
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