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ABSTRACT: The Odonata (Insecta) assemblage on Eichhornia azurea (Sw.) Kunth (Pontederiaceae) stands
in Camargo Lake, a lateral lake on the Paranapanema River (state of Sdo Paulo, Brazil), after an extreme
inundation episode. A one-year study examined the variation in abundance and richness of
Odonata (Insecta) genera on Eichhornia azurea (Sw.) Kunth (Pontederiaceae) stands in
Camargo Lake, a lateral lake on the mouth zone of the Paranapanema River entering
Jurumirim Reservoir, Sao Paulo, Brazil, after an extraordinary inundation episode. Also
were investigated the abiotic factors correlating with Odonata presence: water transparency,
surface temperature, dissolved oxygen, pH, conductivity, and suspended matter. No
significant correlation was found between Acanthagrion Selys, 1876, Coryphaeschna
Williamson, 1903 and Oxyagrion Selys, 1876 abundance and abiotic factors. However,
Spearman analysis showed a positive correlation between Cyanallagma Kennedy, 1920,
Diastatops Rambur, 1842, Enallagma Charpentier, 1840, and Micrathyria Kirby, 1889 larvae
densities and suspended matter, and between Homeoura Kennedy, 1920 and Telebasis
Selys, 1875 and dissolved oxygen, and a negative correlation between Enallagma, Ischnura
Charpentier, 1840, and Micrathyria and transparency. The highest absolute abundances
were recorded in March, August, September, and October 2004, and March 2005. Comparing
genera richness, absolute density, dissolved oxygen, total E. azurea biomass, and suspended
matter with data from a period prior to the perturbation, there was reduced Odonata
abundance, E. azurea biomass, suspended matter, and dissolved oxygen after the inundation
episode, while genera richness increased. The decrease in macrophyte biomass and
suspended matter after the inundation episode promoted a reduction in larvae shelter
sites and in food resource, and thus on Odonata abundance. The low post-inundation
levels of oxygen in water did not affect Odonata abundance, probably due to morphological
and physiological adaptations in larvae for survival under low oxygen conditions. When
Coryphaeschna larvae (the longest Odonata sampled) were collected, low genera richness
was recorded. Odonata presence limited to Coryphaeschna larvae probably reduced food
resources for the other genera.
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RESUMO : A comunidade de Odonata (Insecta) em bancos de Eichhornia azurea (Sw.) Kunth
(Pontederiaceae) na Lagoa do Camargo, uma lagoa lateral ao rio Paranapanema (Estado de Sao Paulo, Bra-
sil), apés um episédio de inundagido extrema. Durante um ano, a variacado na abundancia e riqueza
de géneros de Odonata (Insecta) foi examinada em bancos de Eichhornia azurea (Sw.)
Kunth (Pontederiaceae) na Lagoa do Camargo, uma lagoa lateral ao rio Paranapanema na
zona de sua desembocadura na Represa de Jurumirim, Sao Paulo, Brasil, apos um episo-
dio de inundacao extraordinario. Fatores abidticos correlatos a presenca de Odonata,
como transparéncia, temperatura da superficie, oxigénio dissolvido, pH, condutividade
elétrica e material em suspensao na agua, foram determinados. Nenhuma correlagcao signi-
ficativa entre as abundancias de Acanthagrion Selys, 1876, Coryphaeschna Williamson,
1903 e Oxyagrion Selys, 1876 e fatores abidticos foi encontrada. Entretanto, a analise de
Spearman mostrou correlacao positiva entre as densidades de larvas de Cyanallagma
Kennedy, 1920, Diastatops Rambur, 1842, Enallagma Charpentier, 1840 ¢ Micrathyria Kirby,
1889 com material em suspensao e, também uma relacao positiva entre Homeoura Kennedy,
1920 e Telebasis Selys, 1875com oxigénio dissolvido e negativa, de Enallagma, Ischnura
Charpentier, 1840 e Micrathyria com transparéncia. As maiores abundancias foram obtidas
em marco, agosto, setembro € outubro de 2004 ¢ em marco de 2005. Comparando a
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riqueza de géneros, a densidade absoluta e parametros como oxigénio dissolvido, biomassa
total de E. azurea e material em suspensao com dados de um periodo anterior a esta
perturbacao, uma reducao na abundancia de Odonata, na biomassa de E. azurea, no mate-
rial em suspensao e no oxigénio dissolvido ocorreu, apds o episddio de inundacao, en-
quanto a riqueza de géneros aumentou. A diminuicao da biomassa da macrdéfita promo-
veu, apos o episddio de inundacao, uma reducao nos locais de refugio, bem como nos
recursos alimentares e, portanto na abundancia de Odonata. A baixa concentracao de
oXigénio na agua apos o pulso de inundacao nao afetou a abundancia de Odonata, prova-
velmente em funcao de adaptacdes morfoldgicas e fisiologicas das larvas para sobreviver
em condicoes de baixa oxigenacao. Quando as larvas de Coryphaeschna (larvas apresen-
tando 0s maiores comprimentos totais de todas as Odonata amostradas) foram coletadas,
baixa riqueza de géneros foi encontrada. Provavelmente, as larvas de Coryphaeschna
reduziram os recursos alimentares para os outros géneros de Odonata.

Palavras-chave: Odonata, larvas, abundancia, riqueza, lago, inundacao.

Introduction

Inundation pulses are disturbances in
aquatic ecosystems that have different
effects on local biota depending on their
intensity, frequency and duration (Lake,
1990). One of these effects is a decrease
in aquatic insect species richness, for
instance Odonata (Insecta) (Ward, 1998;
Zwich, 1992), in function of the reduced
availability of resources such as food. Also,
these pulses can change the lakes in
homogenous biotopes and in consequence
increase predation from other vertebrates
such as fish on the Odonata larvae causing
a decrease in their abundance (Crowley &
Johnson, 1992).

Inundation pulses also lead to reduced
dissolved oxygen in water affecting organic
matter degradation (Junk, 1997). According
to Junk (1997), decreased oxygen induces
a reduction in aquatic macrophyte
abundance, and also the associated Odonata
(Corbet, 1983; Capitulo, 1992). Franco &
Takeda (2002) emphasized that oxygen is
one of the more important factors affecting
the Odonata abundance.

Littoral zone macrophytes play an
important role in aquatic ecosystems (Junk
& Howard-Williams, 1984; Lodge, 1991;
Nessimian, 1997), as they are the main
producers of organic matter (Esteves, 1998).
Organic matter from littoral zones can be
used directly as food for herbivorous
organisms, or indirectly as a substratum for
periphyton, and in this case are a primary
energy source for scrapper organisms
(Lodge, 1991; Ward, 1092). Aquatic
macrophytes can also be shelter sites
against predators or offspring sites for
invertebrates (Callisto et al., 2002) such as
Odonata (Pelli & Barbosa, 1998; Capitulo,
1992).
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The Odonata assemblage has, in
recent years, been used as a bioindicator
of habitat quality (Osborn & Samways, 1996;
Samways et al., 1996; Moulton, 1998; Von
Ellenrieder, 2000; Osborn, 2005). Long
immature stage duration and wide
distribution in the aquatic ecosystem
explain the use of Odonata in environmental
biomonitoring (Corbet, 1983; Capitulo, 1992).
Odonata larvae are extremely important in
fauna of macrophytes, as E. azurea (Franco
& Takeda, 2002; Afonso, 2002), where they
are one the main predators in the littoral
zone (Petr, 1968; Benke, 1976, 1978; Corbet,
1983; De Marco Jr. & Latini, 1998) and can
feed on any available prey due to their
adequate size (Corbet, 1983; Capitulo, 1992).
Odonata larvae predation on fish larvae has
been reported as causing substantial
economic damage in pisciculture (Soares
et al., 2003). On other hand, they can be
used as food for some vertebrates such as
fish, amphibians (Minter & Kenneth, 1996),
and bats (Dunkle & Belwood, 1982). Despite
the importance of Odonata (Ferreira-
Peruquetti & Fonseca-Gessner, 2003), few
studies focus on this assemblage of aquatic
macrophytes (Franco, 1999:; Franco &
Takeda, 2002; Fulan, 2006).

The aim of this paper is to compare
genera richness, Odonata abundance, and
correlated abiotic factors such as dissolved
oxygen, suspended matter, and Eichhornia
azurea biomass after an extreme inundation
episode with data from a period prior to
the perturbation, in a lateral lake of a river
mouth zone in a reservoir.

Material and methods

The study area
The Camargo Lake (Fig. 1) is located
in the mouth zone of the Paranapanema
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River entering Jurumirim Reservoir, Sao Pau-
lo, Brazil. The lake is permanently
connected with the Paranapanema River
(Henry et al., 2005).

An extraordinary pulse in Jurumirim

564.14m to 566.62m over a single month
(January Ol to February 06) due to intense
rains at the beginning of 2004 (Fig. 2). In a
normal year, for instance March 1998 to
March 1999, annual water level variation

Reservoir increased the water level from does not exceed 1.7m (Henry et al., 2005).
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Figure 1: Camargo Lake, lateral to the mouth zone of the Paranapanema River entering Jurumirim Reservoir
(Sao Paulo, Brazil).
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Figure 2: Monthly rainfall (data from Angatuba, Sao Paulo, Brazil) and mean monthly levels (data from

Jurumirim Reservoir, Paranapanema River,

Three different stands of E. azurea
were selected in the Camargo Lake as
sampling sites. In each site, abiotic factors
were measured: air temperature by alcohol
thermometer; surface water temperature by
Toho Dentam thermistor; dissolved oxygen
(Golterman et al., 1978); pH (Micronal B-380
pHmeter); conductivity, corrected to 25°C
(Golterman et al., 1978); and suspended
matter by gravimetric method (Wetzel &
Likens, 2000).

Sao Paulo) from January 2004 to February 2005.

AqQuatic plant sampling was by 0.5mm
mesh net on a 0.16m? square metal frame.
The sampling equipment was carefully
inserted below E. azurea in the selected
area, and the plant with fauna was
transferred to a plastic bag. In the laboratory,
fauna was carefully removed by circular
movements of the macrophyte in three
buckets containing 8% and 4%
formaldehyde, and water respectively (Afon-
so, 2002). The content of each bucket was
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filtered through a 0.5mm mesh net sieve.
Fauna retained in the sieve was preserved
in 70% alcohol. After fauna removal, the
plants were dried at ambient temperature
and then in an oven (60°C, 6 days) to obtain
biomass (gDW.m™2). Odonata larvae were
identified using an identification key (Cos-
ta et al., 2004). Total organism length of
each Odonata genus was measured.

Results

Camargo Lake produced Odonata
larvae from 2 suborders, 3 families and 12

genera, the largest number being from the
Coenagrionidae family (Tab. I). In November
2004, sampling was impossible due to
study area access conditions.

High absolute abundances were found
in March, August, September, October, and
December 2004 (Fig. 3). From August to
October and, in December 2004, the highest
richness of Odonata genera was recorded,
while the lowest richness was found in May
2004 and March 2005 (Fig. 4). From all the
sampled genera, Coryphaeschna
Williamson, 1903 presented the highest
mean total length (Fig. 5).

Table 1 : Total number of Odonata (Insecta) larvae sampled in Camargo Lake (Paranapanema River, Sao
Paulo, Brazil) from March 2004 to March 2005.
Taxa Mar Apr May Jun Jul Aug Sep Oct Dec Nov Jan 05 Feb Mar TOTAL
Anisoptera
Aeshnidae
Coryphaeschna O ¢ 2 ¢ ¢ ¢ ¢ ¢ ¢ 2 ¢ 2 6
Libellulidae
Diastatops ] ] ] ] ] ] ] ] 1 ] ] ] 1
Erythemis 1 1 (0) (0) (0) (0) (0) 2 O O O O 4
Micrathyria (@) (@) (@) (@) (@) 2 2 (0) (0) (0) 4
Tauriphila o o o o 2 3 1 0] 0] 0] 6
Zygoptera
Coenagrionidae
Acanthagrion 3 (@) 6 (0) 4 3 7 4 1 2 0] 33
Cyanallagma O O O O 5 8 18 11 O O O 42
Enallagma 1 O O O O O O 1 1 O O O 3
Homeoura (0] (0] (0] (6] 1 (6] (0] (0] (0] (0] (6]
Ischnura (0] (@) (@) 1 (0] 1 (0] (@) (@) (0] (@) 2
Oxyagrion 9 1 O 1 4 2 1 4 1 1 (0} 28
Telebasis o 3 5 3 2 8 2 0] 2 0] 29
TOTAL 14 8 7 10 7 20 22 36 24 - 4 5 2 159
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Figure 3: Mean absolute abundance (ind.m=2) of Odonata (Insecta) in Camargo Lake (Paranapanema River,
Sao Paulo, Brazil) from March 2004 to March 2005.
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Figure 4: Mean genera richness of Odonata (Insecta) in Camargo Lake (Paranapanema River, Sao Paulo,

Brazil) from March 2004 to March 2005.
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Figure 5: Mean total length (mm) of Odonata (Insecta) genera in Camargo Lake (Paranapanema River, Sao
Paulo, Brazil) from March 2004 to March 2005. (Acanthagrion (Aca); Coryphaeschna (Cor);
Cyanallagma (Cya); Diastatops (Dia); Enallagma (Ena); Erythemis (Ery); Homeoura (Hom); Ischnura
(Isc); Micrathyria (Mic); Oxyagrion (Oxy); Tauriphila (Tau); Telebasis (Tel)).

The first three months (March, April, and
May 2004) presented the lowest
concentrations of dissolved oxygen in water
(Tab. 1I). In December 2004, a high level of
suspended matter was seen (Tab. II).
Throughout the study period, little change
in pH and electric conductivity were seen.
The highest water transparencies were
recorded in July and September 2004, and
in March 2005 (Tab. II).

No significant correlation was detected
between the Acanthagrion, Coryphaeschna
and Oxyagrion Selys, 1876 abundance and

abiotic factors or between the aquatic
macrophyte biomass and the abundance of
any Odonata genera (Tab. III). Enallagma
Charpentier, 1840 and Micrathyria Kirby, 1889
abundance had negative correlations with
depth and transparency; Cyanallagma
Kennedy, 1920 and Tauriphila Kirby, 1889
abundance with depth; and Ischnura
Charpentier, 1840 density with transparency.
Erythemis Hagen, 1861 abundance had
negative correlation with water pH, and
positive correlation with conductivity
(Tab. I1I).
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Table 1I: Monthly means (in bold) and standard-deviations (between parentheses) of dissolved oxygen (DO),
pH, electric conductivity (K,.).suspended matter (SM), water transparency (Z,.).

temperature (T) and dry weight (s bw.m?2 ;

surface water

Camargo Lake (Paranapanema River, Sao Paulo, Brazil) from March 2004 to March 2005.

DW) of Eichhornia azurea (Sw.) Kunth (Pontederiaceae) in

Variables/
Month ar Apr May Jun Jul Aug Sep Oct Nov Dec Jan 05 Feb Mar
DO 3,37 4,34 4,54 9,53 9,75 10,48 6,84 8,84 - 4,96 5,99 5,17 6,45
(mg.L") 0,82) (0,88 (065 (047) (0,20) (03]) (056) (0,49) (0,39) 0,17) 0,14)  (0,39)
Ph 6,65 6,70 6,57 6,73 6,67 6,72 6,92 6,42 - 6,75 6,83 6,47 6,90
0,09 (005  (006) (003) (0,08 (006) (006)  (008) (0,30) 0,03)  (0,06)  (0,00)
Ko 62,79 64,67 63,25 62,31 70,93 68,83 60,52 76,67 - 51,73 49,00 49,00 63,33
(ns.cm") (1,54) (0,58) (3,24) (1,72) (5,75) (6,39) (0,59) (2,67) (2,80) (0,00) (0,00) (5,48)
SM 4,7 3,06 5,54 3,06 4,82 13,8 12,74 6,46 79,92 8,48 13,56 9,24
(mg.L") (1,48) (0,58) (0,12) (0,56) (0,7) (0,34) (1,44) (1,48) (4,16) (6,64) (5,48) (4,12)
Zos 57,00 72,00 69,33 63,00 112,33 88,00 143,67 64,00 29,67 44,67 53,67 100,00
(cm) (5,29) (14,73) (4,51)  (4,00) (2,89) (2,00) (1,53) (3,61) (4,04) (0,58) (5,13) (17,58)
T 25,60 23,33 20,53 14,63 18,97 15,20 20,73 22,23 25,53 25,50 22,20 27,23
(°C) 0,69 (057  (006) (1,33) 0,15)  (0,20) 0,15)  (0,29) (0,23) (0,20) (1,06)  (0,46)
DW 257,69 255,69 391,02 287,1 291,21 304,6 490,77 394,79 409,58 359,5 344,31 302,44
(gD\V.m'Z) (15,10) (17,84) (23,11) (17,88) (21,01) (23,26) (39,52) (34,69) (35,38) (29,89) (29,17) (14,46)

Table 1lI: Spearman correlations (P<0.05; n=36) between abiotic factors and abundance of the main Odonata
(Insecta) genera in Camargo Lake (Paranapanema River, Sao Paulo, Brazil) from March 2004 to

March 2005. (Dissolved oxygen (DO), electric conductivity (K,,), suspended matter (SM), water
transparency (Z,.), surface water temperature (T))
Taxa DO pH K:s SM T Depth Zos
Cyanallagma 0,37 -0,60
Diastatops 0,72
Enallagma 0,39 0,35 0,43 -0,41
Erythemis -0,48 0,48
Homeoura 0,47 -0,46
Ischnura -0,70
Micrathyria 0,61 -0,71 -0,41
Tauriphila -0,48
Telebasis 0,46 -0,66
Discussion

The main sources of oxygen for the
aquatic ecosystems result from
photosynthesis and direct diffusion from the
atmosphere (Esteves, 1998). Comparing our
data with that obtained in a period prior to
the extreme inundation (Afonso, 2002), we
noticed that the oxygen concentration was
low for a period after the perturbation due
to degradation of submersed organic matter.
According to Junk (1997), a reduction in
oxygen could decrease the abundance of
local biota due to its effect on biological
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processes like respiration. Franco & Takeda
(2002) also pointed out oxygen as one of
the most important environmental variables
affecting Odonata abundance. From March
to May 2004, immediately after the
inundation, oxygen concentrations were the
lowest recorded throughout the study
period, but Odonata densities were the
highest. According to Corbet (1983), Odonata
is extremely well adapted to oxygen deficit
due to its morphology and physiology, such
as being able to directly exchange
respiratory gases with atmosphere through
its body surface or wing-sheaths in the last
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instars. These adaptations can also explain
the low correlation between main Odonata
genera abundance and oxygen, as the
organisms sampled in Camargo Lake
exhibited resilience to the low water
oxygenation levels after inundation.

According to Corbet (1999), oxygen is
an environmental variable that greatly
influences Zygoptera abundance. In June,
July, and August, a period with high oxygen
concentration, only genera of Acanthagrion,
Cyanallagma, Homeoura, Ischnura,
Oxyagrion e Telebasis from suborder
Zygoptera were found, while in March 2005
when oxygen was at its lowest, no
individuals from the suborder Zygoptera
were recorded. The suborder Anisoptera
presented a different situation, with highest
levels of abundance in months with low
water oxygenation (May 2004, and January
and March 2005).

After the extraordinary inundation
period, the abundance of Odonata
assemblage reduced from 29.16 (in March
2004) to 8.33ind.m™* (in January 2005). In a
period prior to the inundation, abundance
increased from 8.86 (March 1998) to 80ind.m=
(January 1999) (Afonso, 2002). E. azurea
biomass was always highest in the 1998-
1999 period. According to Callisto et al.
(2002), Pelli & Barbosa (1998), and Capitulo
(1992), aquatic plants provide a sheltered
site for invertebrate fauna against predators
and a site abundant in food. Since
macrophyte biomass was lower after the
inundation pulse, the number of sheltered
sites could have been reduced together

with decreased food resources and
increased larvae predation (Minter &
Kenneth, 1996) thus reducing Odonata

abundance. Despite the reduction in aquatic
plant biomass being one of the probable
causes of the decreased abundance,
correlation analysis showed no direct
relationship.

In some Odonata, for instance the
suborder Anisoptera, vision is one of the
main perception systems for prey capture
(Corbet, 1983; Capitulo, 1992). Ecosystems
high in suspended matter and with low
transparency can reduce Anisoptera
abundance due to their difficulty in
perceiving prey (Corbet, 1983). After the
inundation, suspended matter concentration
was lower than before perturbation due to
a dilution effect. Thus, Anisoptera food cap-
ture efficiency should be high promoting
an increase in their density. This increase

was not detected during the study period.
Besides vision, other sensorial organs such
as antennae can be used by Zygoptera
increasing their predation efficiency (Corbet,
1983). Zygoptera was the Odonata suborder
with the highest absolute abundance
through the whole study period except for
March 2005.

According to ward (1998) and Zwich
(1992), the richness of aquatic insects
species like Odonata should be at its lowest
after a perturbation such as an inundation
pulse, due to reduced food availability and
increased aquatic insect predators such as
fish, since the environment becomes
homogeneous (Crowley & Johnson, 1992).
Our study showed an increase of genera
richness after the extraordinary inundation
compared with data from before (Afonso,
(2002). Coryphaeschna genus had a higher
mean length than the other genera. Odonata
larvae being the longest have an advantage
over the others because they can feed on
larger prey, becoming asymetric
interspecific competition (Blois, 1985;
Dudgeon, 1989; Gribbin & Thompson, 1990;
Harvey & White, 1990). In March 2004, and
January and March 2005, when
Coryphaeschna were recorded, genera
richness was at its lowest points during the
year, and in March 2005 it was found to be
the unique genus. Probably, the
interspecific competition for food resources
favoured Coryphaeschna due to its greater
length.

In summary, after the extreme
inundation, absolute Odonata abundance
decreased and genera richness increased
in Camargo Lake, while there was a
significant reduction in Eichhornia azurea
biomass and suspended matter.

References

Afonso, A.A.O. 2002. Relacoes da fauna
associada a Eichhornia azurea (Swartz)
Kunth com as variaveis abidticas em la-
goas laterais de diferentes graus de co-
nexao ao Rio Paranapanema (zona de de-
sembocadura na Represa de Jurumirim,
SP). Botucatu, UNESP, 99p (PhD Thesis).

Benke, A.C. 1976. Dragonfly production and
prey turnover. Ecology, 57:915-927.

Benke, A.C. 1978. Interactions among
coexisting predators: a field experiment
with dragonfly larvae. J. Anim. Ecol.,
47:335-350.

Acta Limnol. Bras., 18(4):423-431, 2006 429



Blois, C. 1985. The larval diet of three
anisopteran (Odonata) species.
Freshwater Biol., 15:505-514.

Callisto, M., Barbosa, FA.R. & Moreno, P.
2002. The influence of Eucalyptus on the
macrofauna associated with Salvinia
auriculata in southeast Brazil. Braz. J.
Biol., 62:63-68.

Capitulo, A.R. 1992. Los odonata de La Re-
publica Argentina (insecta): fauna de agua
dulce de la Republica Argentina. Profadu,
La Plata. 9lp.

Corbet, PS. 1983. A biology of dragonflies.
Classey, London. 247p.

Corbet, PS. 1999. Dragonflies: behavior and
ecology of Odonata. Cornell University
Press, New York. 829p.

Costa, J.M., Souza, L.O.l.,, Lourenco, A.N. &
Oldrini, B.B. 2004. Chave para identifica-
cao das familias e géneros das larvas
conhecidas de Odonata do Brasil: comen-
tarios e registros bibliograficos. Publ.
Avulas Mus. Nac., 99:3-42.

Crowley, PH. & Johnson, D.M. 1992.
Variability and stability of a dragonfly
assemblage. Oecologia, 90:260-269.

De Marco Jr., P & Latini, A.O. 1998. Estrutura
de guildas e riqueza de espécies em uma
comunidade de larvas de Anisoptera
(Odonata). In: Nessimian, J.L. & Carvalho,
A.L. (eds.) Ecologia de insetos aquaticos.
Brasiliensis, Rio de Janeiro. p.101-112. (Sé-
ries Oecologia).

Dudgeon, D. 1989. Life cycle, production,
microdistribution and diet of the
damselfly Euphae decorata in a Hong
Kong Forest stream. J. Zool., 217:57-72.

Dunkle, S.W. & Belwood, J.J. 1982. Bat
predation on Odonata. Odonatologica,
11:225-229.

Esteves, FA. 1998. Fundamentos de
Limnologia. Interciéncia, FINEP, Rio de Ja-
neiro. 545p.

Ferreira-Peruquetti, PS. & Fonseca-Gessner,
A.A. 2003. Comunidade de Odonata
(Insecta) em areas naturais de Cerrado e
monocultura no nordeste do Estado de
Sao Paulo, Brasil: relacao entre o uso do
solo e a riqueza faunistica. Rev. Bras.
Z00l., 20:219-224.

Franco, G.M.S. 1999. Larvas de Odonata as-
sociadas a Eichhornia da planicie aluvial
do Alto Rio Parana. Londrina, UEL, 35p
(Master Thesis).

Franco, G.M.S. & Takeda, A.M. 2002. Larvae
of Odonata associated with Eichhornia
azurea, in three channels in the flood
plain of the Parana River, Brazil. Acta.
Ambient. Catarin., 1:88-98.

430 FULAN, J.A. & HENRY, R.

Fulan, J.A. 2006. Colonizacao por larvas de
Odonata em Eichhornia azurea (Kunth)
na Lagoa do Camargo, lateral ao Rio
Paranapanema (zona de desembocadura
da Represa de Jurumirim-SP), apos epi-
sédio de inundacao extraordinaria.
Botucatu, UNESP, 39p (Master Thesis).

Golterman, K.L., Clymo, R.S. & Ohmstad,
M.A.M. 1978. Methods for physical and
chemical analysis of freshwaters.
Scientific Publications, Oxford. 213p.

Gribbin, S.D. & Thompson, D.J. 1990.
Asymetric intraespecific competition
among larvae of the damselfly Ischnura
clegans (Zygoptera: Coenagrionidade).
Ecol. Entomol., 15:37-42.

Harvey, L.FE. & White, S.A. 1990. Prey
selection by larvae of Pyrrhosoma
nymphula (Zygoptera: Coenagrionidade).
Odonatologica, 19:17-25.

Henry, R., Panarelli, E.A., Casanova, S.M.C.,
Suiberto, M.R. & Afonso, A.A.O. 2005.
Interacoes hidroldgicas entre lagoas mar-
ginais e o Rio Paranapanema na zona de
desembocadura na Represa de
Jurumirim. In: Nogueira, M.G., Henry, R. &
Jorcin, A. (eds.) Ecologia de reservatori-
0S: impactos potenciais, acoes de ma-
nejo e sistemas em cascata. Rima, Sao
Carlos. p.57-82.

Junk, W.J. 1997. The Central Amazon
Floodplain. Springer, New YorK. 525p.
Junk, W.J. & Howard-Williams, C. 1984.
Ecology of macrophytes in Amazonia. In:
Sioli, A. (ed.) The Amazon: limnology and
landscape ecology of a mighty tropical
river and its basin. W. Junk, Boston. 800p.

Lake, PS. 1990. Disturbing hard and soft
bottom communities: a comparison of
marine and fresh-water environments.
Aust. J. Ecol., 15:477-488.

Lodge, D.M. 1991. Herbivory on freshwater
macrophytes. Aquat. Bot., 41:195-294.
Minter Jr., JW. & Kenneth, J.T. 1996. Odonata.

In: Merritt, R.W. & Cummins, K.W. (eds.)
An indroduction to the aquatics insects
of North America. Kendall/Hunth,

Dubuque. p.164-211.

Moulton, T.P. 1998. Saude e integridade do
ecossistema e o papel dos insetos aqua-
ticos. Oecol. Bras., 5:281-298.

Nessimian, J.L. 1997. Categorizacao funcio-
nal de macroinvertebrados de um brejo
de dunas no estados do Rio de Janeiro.
Rev. Bras. Biol., 57:135-145.

Osborn, R. 2005. Odonata as indicators of
habitat quality at lakes in Louisiana,
United States. Odonatologica, 34:259-
270.

The Odonata (Insecta) assemblage on Eichhornia azurea (Sw.)...



Osborn, R. & Samways, M.J. 1996.
Determinant of adult dragonfly
assemblage patterns at news ponds in
South Africa. Odonatologica, 25:49-58.

Pelli, A. & Barbosa, FA.R. 1998. Insetos
coletados em Salvinia molesta Mitchell
(Salviniaceae), com especial referéncia
as espécies que causam dano a planta,
na Lagoa Olhos d° Agua, Minas Gerais,
Brasil. Rev. Bras. Entomol., 42:9-12.

Petr, T. 1968. Populations changes in aquatic
invertebrates living on two plants in a
tropical man-made lake. Hydrobiologia,
31:449-485.

Samways, M.J., Caldwell, PM. & Osborn, R.
1996. Spatial patterns of dragonflies
(Odonata) as indicators for design of a
conservation pond. Odonatologica,
25:157-166.

Soares, C.M., Hayashi, C & Reidel, A. 2003.
Predacao de pos-larvas de curimba
(Prochilodus lineatus, Valenciennes,
1836) por larvas de Odonata (Pantala,
Fabricius, 1798) em diferentes tamanhos.
Acta Sci., 25:95-100.

von Ellenrieder, N. 2000. Species
composition and temporal variation of
odonate assemblages in the subtropical-
pampasic ecotone. Odonatologica, 29:17-
30.

Ward, J.V. 1992. AqQquatic insect ecology.
Wwiley, New York. 438p.

Ward, J.V. 1998. Riverine landscapes:
biodiversity patterns, disturbance regi-
mes, and aquatic conservation. Biol.
conserv., 83:269-278.

wetzel, R.G. & Likens, G.E. 2000.
Limnological analyses. Springer-vVerlag,
New York. 429p.

Zwick, P 1992. Stream habitat fragmentation:
a threat to biodiversity. Biol. Conserv.,
1:80-97.

Received: 02 June 2006
Accepted: 09 January 2007

Acta Limnol. Bras., 1

8(4

):423-431,

2006

431



