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Abstract: This study presents an inventory of the genera of Odonata found in streams and artificial farm ponds in a
montane region, with temperate climate, in southern Brazil. Differences in richness of lotic and lentic environments
were also investigated. The diversity of odonate families and genera in southernmost Brazil is lower than in warmer,
either tropical or subtropical, regions of the country. Nine genera are new records for the region and six genera
had their geographical ranges extended to regions with temperate climate of the Neotropics. The overall richness
and especially the overall abundance recorded in the studied area are possibly determined by the occurrence of
numerous farm ponds because natural standing waters are scarce in the region. The presence of macrophytes in
these artificial ponds allowed the establishment of a diversified odonatofauna, typical of lentic environments.
Keywords: dragonfly, inventory, Neotropical region, reservoirs, riverine fauna.

PIRES, M.M., KOTZIAN, C.B., SPIES, M.R. & NERI, D.B. Diversidade de larvas de Odonata (Insecta) em
riachos e acudes de uma regiio montanhosa no sul do Brasil. Biota Neotrop. (13)3:http://www.biotaneotropica.
org.br/v13n3/pt/abstract?inventory+bn01813032013

Resumo: Este estudo apresenta um inventario de géneros de Odonata de riachos e reservatorios artificiais de
uma regido montanhosa de clima temperado no extremo sul do Brasil. Diferencas na riqueza de ambientes
l6ticos e 1énticos também foram investigadas. A diversidade de familias e géneros de Odonata no extremo sul
do Brasil é menor que em regides mais quentes, tanto tropicais quanto subtropicais, do pais. Nove géneros sdo
novos registros para a regiao e seis géneros tiveram suas distribui¢cdes geograficas de ocorréncia estendidas para
areas temperadas da regido Neotropical. A riqueza e a abundancia verificadas na area de estudo possivelmente
foram determinadas pela ocorréncia de numerosos reservatorios artificiais, pois areas 1énticas naturais sio raras
na regido. A presenca de macrofitas nestes reservatorios permitiu o estabelecimento de uma fauna de Odonata
diversificada e tipica de ambientes lénticos.

Palavras-chave: libélulas, inventdrio, regido Neotropical, reservatorios, fauna lotica.
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Introduction

Odonate larvae occupy a variety of running and standing
freshwater environments such as rivers, lakes, ponds, wetlands and, to
a lesser extent, phytotelma, brackish waters and rithral areas of rivers
(Merritt & Cummings 1996, Souza et al. 2007). In these habitats, they
play an important role in ecological food webs, feeding on smaller
insects, including fingerlings and young tadpoles, or serving as prey
for adult fishes (Corbet 1999). Additionally, they are also efficient
indicators of water quality (Ferreira-Peruquetti & De Marco Junior
2002), due to the preference of both larval and adult stages for certain
environmental conditions for their establishment (Corbet 1999,
Clausnitzer et al. 2009). Odonate larvae may also occur in artificial
water bodies (e.g., reservoirs), but their diversity in such environments
is little studied (Williams et al. 2008)

Odonates, as other aquatic animal groups, have been threatened
by human activities. About 10% of odonate species worldwide are
considered “threatened”, 35% are classified as “data deficient”,
and 6% are “endangered” (Clausnitzer et al. 2009). However, the
diversity of odonates is not well known in certain regions of the
world. According to Kalkman et al. (2008) 1,000 to 1,500 species are
yet to be described. In Brazil, which occupies ca. of 50% of the area
of the Neotropics, only 800 species have been reported (Souza et al.
2007). Besides, the occurrence of odonates has been documented in
less than one-third of the Brazilian territory, and especially in areas
with tropical and subtropical climates (De Marco Junior & Vianna
2005). Additionally, bioecological studies have focused mainly on
lakes and floodplains (De Marco Junior & Latini 1998, Franco &
Takeda 2002, Fulan & Henry 2006, 2007, Juen et al. 2007, Giacomini
& De Marco Junior 2008), while main channels of lowland rivers
(Ferreira-Peruquetti & De Marco Junior 2002, Assis et al. 2004),
montane streams (Dalzochio et al. 2011), wetlands (Maltchik et al.
2010), reservoir and fishfarms (De Marco Junior et al. 1999,
Fonseca et al. 2004) are poorly known.

The state of Rio Grande do Sul (RS) has temperate climate, but
winters are not rigorous and the annual rainfall is constant (Brasil
1986). These conditions may allow the presence of a diversified
odonatofauna (Kalkman et al. 2008). In fact, some studies have
suggested that in regions with temperate climate, certain groups of
riverine macroinvertebrates may have greater richness than in regions
with tropical climate (e.g., McKie et al. 2005; see Floss et al. 2012
for southern Brazil). In RS, many watersheds run from highlands
to lowlands, and therefore show different substrate composition,
a factor that also contributes for the occurrence of a diversified
macroinvertebrate composition (Beisel et al. 2000, Voelz & McArthur
2000). Additionally, the slopes have relatively well preserved
landscapes (Marcuzzo et al. 1998).

The knowledge on the diversity of odonates in RS is incipient.
Inventories of adult individuals (Costa 1971, Teixeira 1971) and
larvae from wetland systems (Maltchik et al. 2010) constitute the
only references for the order, and inventories in lotic environments
are missing. The occurrence of small reservoirs along streams is
too common, and must contribute to the establishment of a typical
fauna of lentic environments, along the stream banks. This study
presents an inventory of the genera of odonate larvae found in
streams and artificial farm ponds, in the middle course of the Jacui
River. This river runs in a montane region which contains a well
diversified macroinvertebrate community (see Neri et al. 2005 for
Heteroptera; Spies et al. 2006 for Trichoptera; Siegloch et al. 2008
for Ephemeroptera; Floss et al. 2012, for Chironomidae). Differences
in the community structure of lotic and lentic environments were also
investigated, in order to contribute to the initial understanding of
the importance and influence of reservoirs on odonates biodiversity.

http://www.biotaneotropica.org.br

Material and Methods

1. Study area

The middle course of the Jacui River basin is one of the most
important watersheds of the Rio Grande do Sul state, in southernmost
Brazil (Figure 1). The basin is 800 km long and covers 71,600 km?*
(Zamanillo et al. 1989). In October 2000, the middle reach of the
Jacui River was dammed at its downstream end, for hydroelectric
purposes (Dona Francisca Power Station, UHEDF, 29°26°50” S
and 53°16°50” W) (Figure 1). Nowadays, part of the area nearby
the UHEDF reservoir comprehends the ‘Parque Estadual da Quarta
Colodnia’.

The middle Jacui River runs over a mountainous region (the
Encosta Inferior do Nordeste), with altitudes ranging from 50 to
500 m. The river valley is deep and narrow, not favoring for the
existence of large agricultural areas (Marchiori et al. 1982). The
numerous rivers and streams of the region have predominantly
gravelly beds (boulders and cobbles). Lentic environments such as
marshes and lakes are absent, and few backwaters are found only
downstream, near the lowlands in the lower part of the middle course.
However, small reservoirs and artificial farm ponds used to water
livestock are very common.

The original vegetation of the region was the Seasonal Deciduous
Forest, which was mostly deforested after colonization by immigrants
in the XIX" century. Nowadays, this forest is represented only
by small fragments, and second growth and riparian forests are
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Figure 1. Location of studied sites in the middle course of the Jacui River
basin, central region of the State of Rio Grande do Sul, Brazil. Squares indicate
lotic sites and circles, lentic ones. Filled figures represent sites sampled from
April through October 2000 and from June 2001 through May 2002 and empty
ones, between January 2008 and February 2009. Dotted line represents the
course of the Jacui River and its tributaries before UHEDF impoundment.
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distributed sparsely along rivers and on mountain slopes (Durlo et al.
1982, Longhi et al. 1982, Marchiori et al. 1982, Marcuzzo et al. 1998).
Land use consists mainly of small farms, used for livestock and some
fruits and vegetables. Maize and tobacco are the most common major
crops in the region (Rio Grande do Sul 2013).

The climate of the region is Cfa, according to the Kdppen
classification (Durlo et al. 1982, Maluf 2000). The mean annual
temperature ranges from 18 to 22 °C, nearing 13 °C during the
coldest period of the year (Maluf 2000). This is the lowest minimum
temperature in the country (Brasil 1986), and leads some authors to
consider the climate as temperate (Maluf 2000). Rainfall is distributed
evenly through the year, with the total annual precipitation ranging
from 1,500 to 1,750 mm (Pereira et al. 1989).

Table 1. Location of the qualitative sampling sites of larval odonate genera
in the area of scope of UHEDF, middle course of the Jacui River basin, Rio
Grande do Sul State, Brazil. Sites 6, 9, 11 and 16 were also sampled in the
post-impoundment phase of UHEDF.

Site Environment Coordinates
Pre-impoundment period
(January 2000 through October 2000)

1 lentic 29°25°48 S 53°15°08 W
2 lentic 29°21°14 S 53°14°03 W
3 lentic 29°25°30 S 53°15°39 W
4 lentic 29°26°09 S 53°15°09 W
5 lentic 29°20°43 S 53°10°57 W
6 lotic 29°28°44 S 53°16°56 W
7 lotic 29°23°01 S 53°12°34 W
8 lotic 29°23°01 S 53°13°19 W
9 lotic 29°22°57 S 53°12°08 W
10 lotic 29°28°03 S 53°13°28 W
11 lotic 29°28°07 S 53°13°28 W
12 lotic 29°22°16 S 53°13°41 W
13 lotic 29°22°26 S 53°13°37 W
14 lotic 29°21°53 S 53°14°07 W
15 lotic 29°20°32 S 53°09°57 W
16 lotic 29°21°26 S 53°09°11 W
17 lotic 29°25°21 S 53°14°51 W
Post-impoundment period
(May 2001 through October 2002)
18 lentic 29°26°44 S 53°16°50 W
19 lentic 29°23°28 S 53°13°54 W
20 lentic 29°20°12 S 53°14°02 W
21 lentic 29°20°44 S 53°10°19 W
22 lentic 29°21°45 S 53°11’38 W

2. Sampling methods

Sampling was conducted monthly, from March 2008 to February
2009, at six sites represented by two streams and four farm ponds
(Figure 1, Table 2). All farm ponds except Pond 4 are permanent,
with muddy bottoms and ca. 1 m deep, and are used to water cattle.
In both lentic and lotic environments, samples were taken with hand
sieves (mesh = 1 mm), with a sampling effort of 1 hour by one person,
never exceeding 1 m depth, and was mostly conducted along the
banks. Qualitative sampling of adults was also conducted monthly,
with a hand net at all six sites, in order to corroborate and/or assist in
larvae identification. Additionally, specimens qualitatively collected
during the pre-impoundment (January 2000 through October 2000)
and post-impoundment (May 2001 through October 2002) phases of
the construction of the UHEDF reservoir were also included in the
overall inventory. These larvae were collected at irregular intervals,
using different and not standardized sampling methods, in 12 sites
located in rivers and streams and in 10 artificial farm ponds (Figure 1,
Table 1).

The specimens collected were fixed and preserved in 70% ethyl
alcohol. Larvae and adults were identified to genus level, using
specialized keys (Carvalho & Calil 2000 and Costa et al. 2004 for
larvae; and Garrison et al. 2006 and Lencioni 2005, 2006 for adults)
and with the collaboration of specialists. Voucher specimens are
deposited in the Invertebrate Collection (UFSM-AI 2551 to 2800),
Biology Department, Federal University of Santa Maria (UFSM),
State of Rio Grande do Sul, Brazil.

3. Data analysis

Based on the quantitative samplings (2008-2009), the accumulated
richness of the genera was estimated by the collector’s curve, which
was obtained with 500 curves generated by random addition of
samples using EstimateS 8.2 software (Colwell 2009). Rarefaction
curves were constructed in order to estimate the richness of genera
of lotic and lentic environments, based on Hurlbert (1971) and
Simberloff (1972). Through this method, the estimated richness is
compared, using the smallest abundance level among the assemblages
(Gotelli & Entsminger 2006). The mean rarefaction curves were
estimated based on 1,000 iterations, using the program EcoSim
version 7.72 (Gotelli & Entsminger 2006).

Results

Atotal 0f 2,939 larvae attributed to 30 genera and seven families
were recorded between March 2008 and February 2009 (Table 3).
The cumulative curve of genera for this period did not present
stability, indicating that the asymptote was not reached (Figure 2).
Acanthagrion Selys, 1876 (28.4%), Lestes Leach, 1815 (21.6%),
Erythrodiplax Brauer, 1868 (13.6%), and Oxyagrion Selys, 1876

Table 2. Location and characterization of the sampling sites of larval odonate genera in the quantitative period of sampling (March 2008 through February
2009), in the middle course of the Jacui River basin, Rio Grande do Sul State, Brazil.

Marginal

Macrophyte

Site Coordinates . R Shading Area (m?) Order
vegetation richness

Lajeado da Gringa Stream 29°22°58 S 53°12°11 W - - Yes - third
Lajeado do Gringo Stream 29°28°05 S 53°13°30 W - - Partial - fourth
Farm Pond 1 29°27°30 S 53°17°30 W No 0 Yes 50 -
Farm Pond 2 29°29°41 S 53°16°54 W Yes 10 No 230 -
Farm Pond 3 29°28°6 S 53°13°23 W Yes 1 No 560 -
Farm Pond 4 29°25°27 S 53° 9’1 W Yes 10 No 600 -

http://www.biotaneotropica.org.br/v13n3/en/abstract?inventory+bn01813032013
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Table 3. Diversity (families and genera), richness (S), number of specimens (N) and relative abundance (%) of odonate genera registered in streams and farm
ponds in the middle course of the Jacui River Basin, Rio Grande do Sul State, Brazil, in the quantitative period of sampling (March 2008 through February 2009).

Sites Streams Farm Ponds
Lajea‘ldo Laj ez}do Subtotal Pond1 Pond2 Pond3 Pond4 Subtotal Total
da Gringa do Gringo
Family Genera % % % % % %
Calopterygidae Hetaerina Hagen, 1853 19.78 7.65 50 0 0 0 0 (1} 50
Coenagrionidae Acanthagrion Selys, 1876 15.38 7.65 42 80.41 47.73 6.93 17.16 793 835
Argia Rambur, 1842 13.73 59.56 134 0 0 0 0 0 134
Ischnura Charpentier, 1840 0 0 0 0.51 1.17 0.93 1.19 26 26
Oxyagrion Selys, 1876 1.09 0 2 1.8 26.63 14.4 5.6 321 323
Telebasis Selys, 1865 0 0 0 0 0 0.13 0 1 1
Lestidae Lestes Leach, 1815 0 0 0 2.57 2.01 2733 4874 636 636
Aeshnidae Anax Leach 1815 0 0 0 0 0.16 0.13 3.57 32 32
Castoraeschna Calvert, 1952 1.09 0.54 3 0 0 0 0 (1} 3
Coryphaeschna Williamson, 1903 0 0 0 0 2.34 0 0.47 18 18
Rhionaeschna Forster, 1909 0 0 0 0.77 0 1.46 11.2 108 108
Corduliidae Navicordulia Machado e Costa, 1995 25.27 14.75 73 0 0 0 0 0 73
Gomphidae Aphylla Selys, 1854 0 0 0 0 0 0.13 0.11 2 2
Archaeogomphus Williamson, 1919 1.09 0 2 0 0 0 0 0 2
Desmogomphus Williamson, 1920 1.09 1.63 5 0 0 0 0 0 5
Phyllocycla Calvert, 1948 14.83 2.18 31 0 0 0 0 0 31
Progomphus Selys, 1854 1.64 1.09 5 0 0 0 0 0 5
Tibiagomphus Belle, 1992 1.09 3.27 8 0 0 0 0 0 8
Libellulidae Brechmorhoga Kirby 1894 0 1.09 2 0 0 0 0 0 2
Elasmothemis Westfall, 1988 0.54 0 1 0.002 0 0 0 1 2
Erythemis Hagen, 1861 0 0 0 0.51 0 0 0 2 2
Erythrodiplax Brauer, 1868 2.74 0 5 9.53 17.42  29.06 4.88 400 405
Gynothemis Calvert in Ris, 1909 0 0 0 1.28 0 0 0 5 5
Micrathyria Kirby, 1889 0 0 0 0 2.51 0.,53 0.35 22 22
Oligoclada Karsch, 1890 0 0 0 0.51 0 0 0 2 2
Orthemis Hagen, 1861 0 0 0 0.002 0 0.13 3.93 35 35
Pantala Hagen, 1861 0 0.54 1 0 0 0.4 1.31 14 15
Perithemis Hagen, 1861 0 0 0 0 0 0 0.47 4 4
Tauriphila Kirby, 1889 0 0 0 0.002 0 0 0 1 1
Tramea Hagen, 1861 0.54 0 1 1.28 0 18.4 0.95 151 152
N 182 183 365 388 597 750 839 2574 2,939
S 14 11 16 13 8 13 14 20 30
Reservoirs and streams (10.9%) were dominant, comprising almost 75% of the specimens
35 - (Table 3). Nine genera were rare and represented by no more than

Cumulative genera richness

O +—r+—TF—T—"T"T"TTT T T T T T T T T T T T T T T T

11 16 21 26 31 36 41 46 51 56 61 66 71
Samples

Figure 2. Cumulative richness of odonate larval genera in streams and farm
ponds in the middle course of the Jacui River basin, between March 2008
and February 2009.
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three individuals (Table 3). Four genera, Homeoura Kennedy, 1920,
Macrothemis Hagen, 1868, Neoneura Selys, 1860, and Telagrion
Selys, 1876 were found only as adults (Table 4).

Larvae of 20 genera were found in lentic environments and
16 in lotic environments (Table 3). Six genera were found in
both environments, while 10 were exclusive to streams and 14 to
farm ponds (Table 3). The rarefied curves confirmed that lentic
environments should be richest than streams (Figure 3). In the
farm ponds, Acanthagrion (30%), Lestes (24.7%), Erythrodiplax
(15.5%), and Oxyagrion (12.4%) were the dominant genera, while
in streams, Argia Rambur, 1842 (36.7%), Navicordulia Machado e
Costa, 1995 (20%), and Hetaerina Hagen, 1853 (13.7%) were the
most abundant (Table 3). Adults of some genera were recorded in
environments where their larval stages were not found. Adults of
Argia, Brechmorhoga Kirby, 1894, and Hetaerina were found in
lentic environments, but their larvae were found only in rivers and
streams. Adults of Lestes were found in lotic environments, but their
larvae occurred only in lentic sites (Table 3).

http://www.biotaneotropica.org.br/v13n3/en/abstract?inventory+bn01813032013
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Table 4. Diversity of odonate larvae and adults found in lentic and lotic environments of the middle course of the Jacui River basin, RS, Brazil.

Larvae Adults

2000-2002 2008-2009 2008-2009

Family Genera
Calopterygidae

Coenagrionidae

Hetaerina Hagen, 1853
Acanthagrion Selys, 1876
Argia Rambur, 1842
Homeoura Kennedy, 1920
Ischnura Charpentier, 1840
Oxyagrion Selys, 1876
Telagrion Selys, 1876
Telebasis Selys, 1865
Lestes Leach, 1815
Heteragrion Selys, 1862
Oxystigma Selys, 1862
Epipleoneura Williamson, 1915

Lestidae
Megapodagrionidae

Protoneuridae
Forcepsioneura Lencioni, 1999
Neoneura Selys, 1860

Peristicta Hagen, 1860

Protoneura Selys, 1857

Anax Leach 1815

Castoraeschna Calvert, 1952
Coryphaeschna Williamson, 1903
Remartinia Navas, 1911
Rhionaeschna Forster, 1909
Navicordulia Machado e Costa, 1995
Aphylla Selys, 1854
Archaeogomphus Williamson, 1919
Desmogomphus Williamson, 1920
Phyllocycla Calvert, 1948
Progomphus Selys, 1854
Tibiagomphus Belle, 1992
Brechmorhoga Kirby 1894
Elasmothemis Westfall, 1988
Erythemis Hagen, 1861
Erythrodiplax Brauer, 1868
Gynothemis Calvert in Ris, 1909
Macrothemis Hagen, 1868
Micrathyria Kirby, 1889
Oligoclada Karsch, 1890

Orthemis Hagen, 1861

Pantala Hagen, 1861

Perithemis Hagen, 1861

Tauriphila Kirby, 1889

Tramea Hagen, 1861

Aeshnidae

Corduliidae

Gomphidae

Libellulidae

Number of ocurrences

Lotic Lentic Lotic Lentic Lotic

X X X X

Lentic

X X X
X X

Ea T o B B B

LT T R I R S

T T B
oI T B B R
>

Lol T

LT o T R

Eo T T R IR S
Lo T I B
>

—_
[ee]

19 20 16 19 14

During the qualitative spatial and temporal wide term sampling
(2000 to 2002), taxa not found during the quantitative collections
were recorded: Heteragrion Selys, 1862, Oxystigma Selys,
1862 (Megapodagrionidae) Epipleoneura Williamson, 1915,
Forcepsioneura Lencioni, 1999, Neoneura Selys, 1860, Peristicta
Hagen, 1860, Protoneura Selys, 1857 (Protoneuridae) and Remartinia
Navas, 1911 (Aeshnidae), as well as the families Megapodagrionidae
and Protoneuridae (Table 4). Considering these additional specimens,

http://www.biotaneotropica.org.br/v13n3/en/abstract?inventory+bn01813032013

the family Libellulidae contained most of the genera (13) found
in the area studied, followed by Coenagrionidae (7) (Figure 4).
Calopterygidae, Corduliidae and Lestidae were represented by only
one genus each (Figure 4), Hetaerina, Navicordulia and Lestes,
respectively. This evidences the occurrence of a total of 41 genera
and nine families in the middle course of the Jacui River basin, 30

in lentic and 27 in lotic environments (Table 4).

http://www.biotaneotropica.org.br
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Figure 3. Estimated genera richness of odonate larval genera for each studied
environment in the middle course of the Jacui River basin, RS.

Number of genera

Calopterygidae
Coenagrionidae
Lestidae
Megapodagrionidae
Protoneuridae
Aeshnidae
Corduliidae
Gomphidae
Libellulidae

Figure 4. Number of genera, per odonate family, found in the middle Jacui
River basin, RS, Brazil, during both quantitative and qualitative samplings.

Discussion

The richness of genera (30) found during the quantitative
sampling (2008-2009) did not allow to assess the diversity of the
studied area, as evidenced by the cumulative collector curve. In
fact, when considering the additional, qualitative, samplings (2000-
2002) conducted in a greater number of sites, comprehending more
diversified environments, the richness increased to 37 genera. Adults
captured in 2008-2009 also allowed the addition of four more genera
to the overall diversity of the area. However, the spatial scale is also
important for assessing the odonate diversity in the region. During
the quantitative sampling, the lotic sites studied were restricted to
medium order rivers. Small and great rivers were investigated only
during the qualitative collections. Differences in river orders can
influence the composition of odonate larval communities (Hawking
& New 1999). Besides, two streams could not be a sufficient number
of sites to recognize the overall riverine odonate diversity. The four
small ponds here investigated could also constitute an insufficient
number of sites.

Previous studies (Costa 1971, Teixeira 1971, Maltchik et al. 2010)
showed that ca. 37 odonate genera occur in Rio Grande do Sul. Our
data, added to these, show that at least 50 odonate genera occur in
the state. According to data concerning the geographic distribution

http://www.biotaneotropica.org.br

of New World odonate genera (Garrison et al. 2006, Lencioni 2005,
2006), eight out of 41 genera found in the middle Jacui River region
are new records for the state: the anisopterans Archaeogomphus
Williamson, 1919, Desmogomphus Williamson, 1920, Elasmothemis
Westfall, 1988, Gynothemis Calvert in Ris, 1909 and Navicordulia,
and the zygopterans Forcepsioneura Lencioni, 1999, Oxystigma
Selys, 1862, and Protoneura Selys, 1857. Additionally, the southern
limits of occurrence of Desmogomphus, Gynothemis, Navicordulia,
Forcepsioneura, Oxystigma, and Protoneura were extended into
temperate regions of the Neotropics.

Inventories conducted in both lentic and lotic environments
simultaneously, in other locations of the Brazilian territory, have
yielded values of richness ranging from 30 to 78 odonate genera
(Carvalho & Nessimian 1998, Ferreira-Peruquetti & Fonseca-Gessner
2003, Anjos-Santos & Costa 2006, Juen et al. 2007). Thus the overall
diversity (41) of the area here studied can be considered generally
lower than that recorded in warmer tropical/subtropical regions of
the country. However, this difference is valid only for the streams
analyzed (Assis et al. 2004, Anjos-Santos & Costa 2006). The richness
registered in the lentic sites of the middle Jacui River was sometimes
higher (De Marco Junior & Latini 1998, De Marco Junior et al. 1999,
Franco & Takeda 2002, Fonseca et al. 2004, Fulan & Henry 2006,
2007), and sometimes lower (Ferreira-Peruquetti & Fonseca-Gessner
2003, Juen et al. 2007) than that recorded in other natural and artificial
standing waters in the country.

Only ca. one-third (9) of the families recorded for the entire
Neotropics (21, Kalkman et al. 2008) was found in the middle course
of the Jacui River. However, the pattern of their diversity in the
Neotropical region (Kalkman et al. 2008) was maintained. Libellulidae
was represented by the most genera, followed by Coenagrionidae and
Gomphidae, whereas Calopterygidae, Corduliidae, and Lestidae
were represented by only one genus each. The dominant genera in
the study area, Acanthagrion, Oxyagrion, Erythrodiplax, and Lestes,
have also been reported as dominant in other studies across western
and southeastern Brazil. Members of Acanthagrion, for example,
are abundant in lentic and lotic environments (Ferreira-Peruquetti &
De Marco Junior 2002, Franco & Takeda 2002, Assis et al. 2004), and
Oxyagrion may dominate in lakes and on floodplains (Fulan & Henry
2006, Juen et al. 2007). Erythrodiplax also predominated in ponds and
wetlands of central and southernmost Brazil (De Marco Junior et al.
1999, Maltchik et al. 2010). Dominance of Lestes in ponds was also
reported for Argentinean grasslands (Ellenrieder 2009).

Richness and especially abundance were higher in farm ponds
than in streams. Higher diversities of species in lentic habitats have
also been reported in the northern hemisphere, in Europe and North
America. These differences, in relation to lotic environments, have
been attributed to characteristics such as higher colonization rates
at lentic sites (Hof et al. 2006, Niba & Samways 2006, Stevens &
Bailowitz 2009). Lentic environments tend to be geologically less
predictable through time than lotic ones (Ribera et al. 2003). This
geological attribute in lentic habitats presses species adapted to them
to colonize them faster in order to be able to disperse and then persist
(Hof et al. 20006).

The small farm ponds here studied, although artificial, generally
present numerous macrophytes in their margins, a favorable
environmental condition for the occurrence of odonates. Studies on
reservoirs conducted in different parts of the world have shown that
environmental features of both large and small reservoirs, such as
age, area, vegetation structure (e.g., density and the proportion of the
surface area covered) and water permanence (Tarr et al. 2005, for
larvae; Kadoya et al. 2004, 2008, for adults) commonly influence the
richness of odonate larvae (Oertli et al. 2002, Carchini et al. 2007,
Maltchik et al. 2010). These features are also remarkably influenced
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by the origin and management of each reservoir, affecting the richness
of odonate genera recorded in reservoirs (Kadoya et al. 2004, 2008,
Ruggiero et al. 2008).

Known patterns of environmental preferences concerning lentic
and lotic conditions were also maintained in the studied area, at
both the family and genus levels. Calopterygidae, Corduliidae and
Gomphidae predominated in lotic waters, Aeshnidae, Coenagrionidae,
Libellulidae, Megapodagrionidae and Protoneuridae were found in
both lentic and lotic environments, and Lestidae was recorded only
in lentic settings, as previously found in other countries (Merritt
& Cummings 1996, Carvalho & Nessimian 1998, Assis et al.
2004, Muzoén et al. 2008, Ellenrieder 2009). Argia, Brechmorhoga,
Hetaerina, Heteragrion and Navicordulia, and most genera of
Gomphidae were found mostly in running waters. Acanthagrion and
Erythrodiplax occurred in both running and standing waters, while
Lestes, Oxyagrion and most aeshnid and libellulid genera were found
in lentic environments, as in other localities (Merritt & Cummins
1996, Carvalho & Nessiman 1998, Ellenrieder 2000, 2007). The
gomphid Aphylla Selys, 1854, found here in farm ponds, has also been
recorded in lakes and ponds elsewhere (Merritt & Cummins 1996).

Some adults were collected flying near different environments
from those where their larvae were preferentially or exclusively
found. These observations may be related to the proximity of many
ponds to rivers or streams in the area. Argia and Lestes were found
in Stream 2 and in Farm Pond 3, sites less than 1 km from each other.
The same occurred with Brechmorhoga and Hetaerina, which were
collected as adults in Farm Pond 1, a few meters from the main course
of the Jacui River.

Final Remarks

The richness of odonate genera in the streams and farm ponds
of the middle Jacui River region is lower than that registered in
lotic and lentic systems of other Brazilian regions. The richness is
lower even when streams are analyzed separately. The high richness
previously recorded for other macroinvertebrate groups in rivers of
regions with temperate climate, including the middle course of the
Jacui River basin (Floss et al. 2012) was not observed for odonates.
This difference is possibly related to the temperate climate of the
RS. Cold temperatures do not favor the occurrence of most taxa of
odonates (Kalkman et al. 2008). Patterns of taxonomic diversity and
the genera distribution, according to hydrological condition, follow
those previously observed in the Neotropics. However, richness
and especially abundance of odonates recorded in the studied area
may be artificially inflated, because standing waters were originally
scarce in the montane region where the middle Jacui River runs. The
small farm ponds of the region, although artificial, contain a variety
of macrophytes, which allows the occurrence of an odonatofauna
typical of lentic environments.
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