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Abstract

This work was conducted in five oxbow lakes located between Cruzeiro do Sul and Rodrigues
Alves counties (Acre State, Brazil), to provide additional information about the composition of
zooplankton assemblages in the Upper Jurua River. Samples were collected from May 2009
to May 2010, and fixed with 4% formalina. The numeric density (ind.m=) was obtained from
subsequent sub-samples (1 mL). The study recorded 19 zooplankton families. Rotifers showed
higher species richness (81 species), followed by cladocerans (3 species) and various forms
of copepods and other organisms. Higher zooplankton means of numeric density was found
in Novo Lake, with rotifers (1879 ind.m), cladocerans (207 ind.m=), copepods (870 ind.m?).
Diversity and numeric density were similar to other Neotropical aguatic ecosystems.

Keywords: Rotifera, diversity, numerical density, oxbow lake, Neotropical.
Resumen

Este estudio se realiz6 en cinco lagos, situados entre Cruzeiro do Sul y Rodrigues Alves, y
proporcionan informacién sobre la composicion de las comunidades del zooplancton de la
parte alta del Rio Jurua. Se realizaron muestreos mensuales desde mayo de 2009 a mayo
de 2010. El material se recolecto con una red de plancton con abertura de malla de 55 um de
malla. Fueron observadas 19 familias zooplancton. Los rotiferos tuvieron la mayor riqueza
de especies (81), seguido por los claddceros (3) y copépodos y otros organismos. La mayor
densidad promedio se observé en el lago Novo, con 1879 ind.m= de rotiferos, 207 ind.m=de
cladéceros, y 870 ind.m= de copépodos. La diversidad y la densidad numérica fueron similares

a otros ecosistemas acuaticos del Neotrépico.

Palabras clave: rotiferos, diversidad, densidad numérica, lago marginal, neotropical.

Introduction

The inland waters of the world present, in total, about 1570 species of rotifers
(Segers, 2007b), 620 species of Cladocera (Forré et al. 2008) and 2814 species of Co-
pepoda (Boxshall and Defaye, 2007). In Brazil, 800 species of Rotifera (Souza-Soares
et al. 2011), 142 of Cladocera (Smith et al. 2011) and 124 of Copepoda (Silva &
Matsumura-Tundisi 2011, Matsumura-Tundisi & Tundisi 2011) have been recorded.
In the Amazon, a total of 300 species of these groups have been found (Robertson &
Hardy 1984, Keppeler & Gomes 2012).

Organisms are distributed heterogeneously in space and time, interacting with
abiotic and biotic factors, and these interactions depend on contingencies (Scheiner
& Willig 2008). This distribution is associated with severe costs and benefits, such as
the occurrence of predation, optimal feeding and environmental conditions (Iglesias
et al. 2007). These interactions can structure local communities (Cottenie et al. 2003)
of zooplankton, especially in lakes (José de Paggi & Devercelli 2011).

River dynamics, including the formation and extinction of oxbow lakes, are associ-
ated with the dynamic work of the rivers (hydro-sedimentation). This way, erosion
processes are continuous, although within the limits of the floodplain, and these lakes
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Figure 1. Locations of the five studied lakes: Cigana, Moju, Novo, Verde and Santo Elias. Font: IBGE — 2006; ZEE/AC — 2006. Datum: D

WGS 1984.

The present diversity of zooplankton species may be directly
related to the large spatial heterogeneity of the floodplains and
to seasonal changes in water level fluctuation. These two char-
acteristics favor the occupation of different floodplain habitats,
which remain isolated or connected according to the season,
thereby providing an exchange of species between the water
systems (Lansac-Toha et al. 2004).

The Jurud river presents in its course several oxbow lakes that
are lakes shaped like a horseshoe. According to Junk (2001),
the channel of the river acts as axis of migration, local dispersal
routes and as refuge for organisms in the period of low waters.
The lower courses of very large rivers often represent a fairly
homogeneous area with a low number of habitats specific to
lotic species that depend partly, on the input of organic mat-
ter from the floodplain. The degree to which these water level
fluctuations influence the lake ecosystems depends deeply on
the morphology of the lake, so that shallow lakes or with large

shallow margins are the most sensitive.

This paper presents new information on the species richness
and numeric density of zooplankton assemblages in five oxbow

lakes of the Upper Jurud River.

Material and methods

Study area.- The five lakes studied are oxbow lakes con-
nected to the Jurud river by side channel spillways, located in
the municipalities of Cruzeiro do Sul and Rodrigues Alves, Acre
State, Brazil (Fig. 1). Novo Lake (7°44°01”S; 72°37°56”W ) has
a length of 1690 m and maximum width of 120 m, Verde Lake
(7°50°027S; 72°38'21”W) has a length of 3370 m and maximum
width of 130 m, St. Elias Lake (7°46°19”S; 72°36’37”W ) has a
length of 2730 m and maximum width of 140 m, Moju Lake

(7°48'517S; 72°36’37”W ) has a length of 5040 m and maximum
width of 180 m, and the Cigana Lake (7°34°15”S; 72°37°57”
W) has a length of 2820 m and maximum width of 170 m.

Methods.- Samples were collected trimonthly between May
2009 and May 2010, in littoral and pelagic regions of each lake.
However, was carry out at the beginning of the samplings a t-test
analysis between the two zones (pelagic and littoral), as there was
no statistical significance (p <0.05), and a low number density,
we chose to consider only a collection point.

Each zooplankton sample was obtained by the filtration of
200 liters of water in a plankton net (55 pm mesh-size), followed
by fixation with 4% formalin.

Species richness of the zooplankton assemblage was deter-
mined using optical microscopy, and species identification was
based on Koste (1978), Koste and Robertson (1983), Elmor-
Loureiro (1997) and Korovchinsky (1992). The frequency of
occurrence (FO) was calculated as FO = O x 100/TO, O is the
number of occurrences of the category in analysis, and TO is
the total number of occurrences of all categories (Zar 1996).

For determining numerical densities (ind.m?), ten subse-
quent subsamples (1 mL) were collected with a pipette and
analyzed in Sedgewick Rafter Counting Chambers, in which
were counted at least 80 individuals from each sample. In
samples with low density, individuals were counted in full. Data
quantitative were expressed as mean and standard deviation.

This study was conducted with authorization of the Chico
Mendes Institute for Biodiversity-ICMBio, Biodiversity Infor-
mation System (SISBIO), under the license number 13435-2.
The collected material is deposited in the collection of the Federal
University of Acre.
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Statistical Analysis.- The characterization regarding the
composition of the five lakes was performed using hierarchical
cluster analysis, adopting the Euclidean distance as the coefhi-
cient of similarity between the lakes and Ward's algorithm as a
method of connection between the groups and the component
analysis, resizing the initial set into smaller ones and preserv-
ing the variance considered relevant. The new dimensions are
formed by the eigenvectors generated from eigenvalues of the
original covariance matrix (Hair et al. 2005). All analyzes were
processed in the statistical software Statistica, version 7.0, by
Statsoft (Statsoft 2004).

Temporal analysis using curve tests for all lakes were con-
ducted in order to find the best fit for them.

Results

Table 1 shows the results regarding the zooplankton com-
position in the lakes Novo, Verde, Cigana, Moju and St. Elias.
The five lakes presented 81 species of rotifers, three species of
cladocerans, and various forms of copepods and other organ-
isms. The zooplankton composition of the five lakes presented
19 families (Fig. 2). Rotifers predominated and were distributed
in 15 families (Table 1): the most frequent genera of Rotifera in
this study were Lecane and Brachionus.

Cladocerans were represented only by Bosminidae (1 sp.) and
Moinidae (2 spp.) and occurred in all lakes, except Moina sp.,
that did not occur in the Novo Lake, and Bosminopsis deitersi,
absent in the lakes Cigana and Moju.

'The rotifers Asplanchna cf. herrickii, Brachionus budapestenen-
sis, Keratella lenzi heliaca, Keratella sp., Lecane cf. stichae vere-
cunda, L. closterocerca amazonica, L. lauterboni, and Testudinella
tridentata were recorded only in the Novo Lake; Asplanchna
brightwelli, Platyas quadricornis, Gastropus stylifer, Testudinella
cf. aspis, and Trichocerca chatroni, only in the Verde Lake; Testu-
dinella mucronata hauerensis occurred only in the Cigana Lake,
while Epiphanes sp., Lecane acus, L. papuana, L. imbricata , L.
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Figure 2. Frequency of occurrence (%) of the families of Rotifera,
Cladocera, Copepoda and Diptera found in the five studied lakes of
the Upper Jurué River, Acre.

luna, Lepadella acrobeles, L. ovalis, Trichocerca myersi, and T.
bidens occurred only in the Moju Lake. Cladocerans appeared
in more than one lake, but Moina cf. minuta was the only spe-
cies present in all lakes. As for copepods, only the larval forms
(nauplius and copepodite) were frequent and appeared in the
five studied environments.

This study found five occurrences new to the Acre State:
Asplanchna ct. herricki (Novo Lake), Anuraeopsis coelata (Lakes
Novo and Verde) Testudinella cf. aspis (Verde Lake), Floscularia
sp. (Lakes Novo, Verde and Cigana), and Lepadella acrobeles
(Moju Lake).

As for frequency of occurrence, the most frequent species
in the Novo Lake was Brachionus falcatus (100%), followed by
Notomata (75%). On the other hand, in the Verde Lake the
most frequent species was Brachionus caudatus (75%). In the
Cigana Lake, the most frequent species were Notomata (75%),
Trichocerca similis (75%), Polyarthra vulgaris (100%), and young
forms of copepodites. In the Moju Lake, the most frequent spe-
cies was Brachionus caudatus (100%), Brachionus dolabratus, and
Brachionus falcatus (75%). In St. Elias Lake, the most frequent
species were Brachionus caudatus (100%), Brachionus dolabratus
(100%), Notomata (100%), Polyarthra vulgaris (100%) and
Brachionus falcatus (75%).

The Novo Lake showed the highest density of organisms,
with average and standard deviation of 187943166 ind.m? of
Rotifera, Cladocera (207412 ind.m?), Copepoda (870+44
ind.m?) and Chaoboridae (0 + 1.0 ind.m?). The Verde Lake
presented highest density of Rotifera (13571917 ind.m™),
followed by Cladocera (275 + 550 ind.m™), Copepoda (106 +
212 ind.m?) and Chaoboridae (94 + 187 ind.m™). Lake St. Elias
presented Rotifera as the highest density (1040 + 687 ind.m™),
followed by Copepoda (41273 ind.m?) and Cladocera (3 + 6
ind.m?). The Moju Lake totaled 16874201 ind.m™ of Rotifera,
Copepoda (14£13 ind.m?) and Cladocera (5 = 10 ind.m™)
ind.m?), Copepoda (13.0 + 12 ind.m), and Chaoboridae (20
+ 28). The Cigana Lake had the lowest density of individuals,
with Rotifera being the highest density (407 + 108 ind.m?)
followed by Copepoda (10 + 8), Cladocera (4 + 5 ind.m?) and
Chaoboridae (12 + ind.m?)

The species with the largest number of individuals were the
rotifers Keratella cochlearis, Polyarthra vulgaris and Trichocerca
similis.

The dendrogram in Figure 3 shows a group structure of the
studied lakes, considering the most abundant species.

Euclidean distance

NI
14
Lake Moju Lake Verde Lake Novo

Lake Cigana Lake Santos Elias

Figure 3. Dissimilarity dendrogram of the five lakes in Upper Jurua
River, Acre State, Brazil.
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Figure 4. Biplot displaying the results of principal components analysis
performed with the species found in the five lakes, located in Upper
Jurud River, Acre State, Brazil.
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The species with the highest discriminatory power in the
first principal component were Keratella lenzi (-0.99), Filinia
pjeleri (-0.95) and Ascomorpha ovalis (-0.91), located to the left
of the biplot graph (Fig. 4), while the species discriminated in
the second principal component were Notomata (-0.92) and
Filinia opoliensis (-0.82) (Figs. 4 and 5).

The temporal variation of each lake is shown in Figure 6 (a,
b, ¢, d, e). It is noted that there showed pattern of variation,
fitting a polynomial curve.

Discussion

Rotifera was the dominant phylum in the five lakes studied.
The most frequent families in this study were Lecanide, Lepadel-
lidae, Keratellidae, Testudinellidae and Trichocercidae. These
families were also present in the studies by Pecorari et al. (2006)
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Figure 6. Temporal variation in five lakes from the Upper Jurua River, Acre State, Brazil. (a) Novo Lake, (b) Verde Lake, (c) Cigana Lake, (d)

Moju Lake and (e) St. Elias Lake.
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and José de Paggi and Devercelli (2011), in the floodplain of
the Middle Parand River, and lakes of Amazonia (Robertson &
Hardy 1984).

The most common genus of Rotifera in this study was Lec-
ane, which was likewise the most diverse genus in the Santa Fe
Lake, Argentina (José de Paggi & Devercelli 2011), and in the
study by Oliveira et al. (2010) in the small Preto River and in
an artificial pond in Cruzeiro do Sul (Acre), proving it to be a
genus with wide geographic distribution, occurring in tropical
and subtropical regions.

'The genus Brachionus (Brachionidae), considered endemic in
the Neotropics, as well, the most frequent in three urban lakes
in Joao Pessoa (PB) (José¢ de Paggi & Paggi 2007). The most
frequent species found by this research were Brachionus falcatus,
Brachionus dolabratus, Notomata sp., and Polyarthra vulgaris. In
general, they did not appear to be restricted to only one of the
lakes, occurring commonly in oxbow lakes, as in lakes Pirapora
and Amap4 (Keppeler 2003, Keppeler & Hardy 2004). Brachio-
nus falcatus also has records in the Amazon rivers, such as the
Solimées, Amazonas, White, Negro, Tapajés, Tocantins, and
Nhamundd (Robertson & Hardy 1984). Brachionus dolabratus
was recorded in the rivers Solimées, Madeira and Tapajés (Rob-
ertson & Hardy 1984)

Asplanchna cf. herrickii and Anuraeopsis coelata are also men-
tioned in African tropical regions, Australia, the Neotropics,
Nearctic, East and paleo-Arctic region (Segers 2007), being
considered cosmopolitan. Testudinella cf. aspis has not been men-
tioned in the Neotropics, while Lepadella akrobeles was found
in the Brigida River in Pernambuco (Melo Junior et al. 2007).

The species with the largest number of individuals were
Keratella cochlearis, Polyarthra vulgaris and Trichocerca similis,
which also showed a high numerical density in the lakes Pirapora
and Amapd (Keppeler 2003, Keppeler & Hardy 2004). These
organisms were also abundant in other ecosystems of Brazil,
such as the Alto Tieté River (Lucinda et al. 2004), a reservoir in
Curitiba (Serafim-Junior et al. 2010), and in sub-tropical and
tropical areas, like the limnic ecosystems of Pernambuco (Melo
Junior et al. 2007), which are tropical.

The studied lakes, in general, showed distinct compositions,
with only the Lakes Moju and Cigana showing high similarity.
The Novo Lake showed a different pattern regarding the spe-
cies found, since there is a division separating the lakes Moju
and Cigana from St. Elias and Verde. This separation was also
evident in principal component analysis considering the first
two components, managing to retain 77.5% of the original
variation. This difference in lakes is possibly associated with the
migration of species from the river for the lakes or contrariwise.

Several species showed high discriminatory power: Keratella
lenzi, Filinia pjeleri, Ascomorpha ovalis (factor 1) Notomata and
Filinia opoliensis (factor 2). Keratella lenzi was also dominant
in the oxbow lake Massacard, originated from the Paraopeba
River, Sao Francisco Basin in Minas Gerais (Sampaio & Lépez
2000), as well as Ascomorpha ovalis in the Sapucai River, Fur-
nas reservoir, also in Minas Gerais. Filinia pjeleri was also the
dominant species in the Amap4 Lake, Acre (Keppeler & Hardy
2004). In the same lake were also dominant Filinia opoliensis,
which were also dominant in the Broa Reservoir (Rodriguez &
Matsumura-Tundisi 2000).

The richness and density of zooplankton species in the studied
lakes is equivalent to what is usually observed in other tropical
and sub-tropical systems, showing the wide geographical distri-
bution presented by the Rotifera.

Species richness was different between the lakes, because of
the combination of a number of factors and conditions. This
could have been due to differences in morphology, considering
size and width. This influences the migration of species from
rivers to lakes and vice versa. Another factor that contributed
to species richness was the low presence of Chaoboridae, zoo-
plankton predators. This was observed in the steady dominance
of small rotifers.

The organisms are not only heterogeneously distributed in
space, but also in time. Each lake had its peculiarities, pre-
senting a distinct composition and dominance. Only 7% of
all organisms occurred in 75 to 100% of the samples, which
is possibly associated with species migration from the river
to the lake.
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Table 1. Zooplankton composition in the studied environments; + indicates presence, - indicates absence.

Family / Species

Novo Verde Cigana Moju Elias

ROTIFERA

Asplanchnidae
Asplanchna cf. herrickii De Gueme, 1850
Asplanchna brightwelli Gosse, 1950
Asplanchna sieboldi Leydig, 1854
Asplanchna sp.

Brachionidae
Anuraeopsis navicula Rousselet, 1910
Anuraeopsis coelata De Beauchamp, 1932
Anuraeopsis sp.
Brachionus angularis Gosse, 1851
Brachionus budapestenensis Daday, 1885
Brachionus caudatus Barrois e Dady,1894
Brachionus dolabratus Harring, 1914
Brachionus falcatus Zacharias, 1898
Brachionus havanaensis Rousselet, 1911
Brachionus plicatilis O. F. Muller 1786
Brachionus urceolaris O. F. Muller, 1773
Platyias quadricornis (Ehreberg, 1832)
Plationus patulus O.F. Muller, 1786

Epiphanidae
Epiphanes pelagica Jennings, 1900
Epiphanes sp.

Filiniidae
Filinia longiseta (Ehrenberg, 1834)
Filinia opoliensis (Zacharias, 1898)
Filinia pejleri Hutchinson, 1986
Filinia cf. terminalis (Forsyth & James, 1991)

+ +
+ + +
1
1
1

+ + 4+
+ 0+ 4+
+ 1
U4
Lo+

++ 4+ + 4+ +
++ 4+
++ 4+

+ 4+ +

+
1
+

4+

+
1
1

1 1
1 1
v+
+ +
v+

++ + +
+ + + 0
++ + 0
++ + 0
++ + +
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Table 1. Continuation

Family / Species Novo Verde Cigana Moju Elias

Flosculariidae
Floscularia sp. + + + - -
Gastropodidae
Ascomorpha ovalis (Bergendal, 1892) + + - - +
Ascomorpha sp. - + + - -
Gastropus stylifer Imohof, 1891 - + - - -
Hexarthridae
Hexarthra intermedia (Wiszniewski, 1929) - + + -
Hexartha sp.
Keratellidae
Keratella americana Carlin, 1943

+
+
+
+
+ +

Keratella cochlearis cochlearis Plate, 1886
Keratella hispida ( Lauterborni, 1900)
Keratella lenzi heliaca Berzins, 1955

+
+

++ +

+ + +

1
+
+
+

Keratella lenzi lenzi Hauer ,1953

++ 4+ + + 4
1

Keratella sp.

+
1
1

Keratella tropica tropica (Apstein, 1907) -
Lecanidae

L. cf stichaea verecunda Harring &Myers, 1926

L. closterocerca amazonica Koste, 1978

Lacane quadridentata (Ehrenberg, 1832)

Lecane acus Harring, 1913

o+ o+ o+
[ I I |
| I B |
+ +
+

+
1
1

Lecane lauterborni Hauer, 1924
Lecane elsa Hauer, 1931 - - -
Lecane papuana (Murray, 1913) - - -
Lecane closterocerca Schmarda, 1859 + - +
Lecane decipiens (Murray, 1913) - + -
Lecane imbricata Carlin, 1939 - - -
Lecane luna O. F. Muller, 1776

Lecane lunares constricta (Murray, 1913)

o S T St
+

+ + 0
+ 40

+
Lecane lunaris lunaris (Ehrenberg, 1832) +
Lecane monostyla (Daday, 1897) +
+
+

+
+
+

Lecane pyriformis Daday, 1905
Lecane sp .

Lepadellidae
Lepadella akrobeles Myers, 1934 - -
Lepadella cf. benjamini Harring, 1916 -
Lepadella ovalis (O. F. Miiller 1786) - - -
Lepadella patella similis Lucks, 1912 - -

+ + 4+ 4+ + +
+ —+ 1

1 1
+ 1 1

+
++ 4+ + +

+ +

Lepadella princisi Berzins, 1943 - - -

+
1
1
1

Lepadella sp. +
Notommatidae

Cephalodella sp. +

Cephalodella gibba (Ehrenberg, 1938) -

Cephalodella mira Myers, 1934 +

Notommata sp. -

+ + + +
+
1
+

+
+
+

Proalidae
Proales cf. +
Synchaetidae
Polyarthra bicerca Wulfert, 1956 + + - - -
Polyarthra dolichoptera Idelson, 1925
Polyarthra vulgaris Carlin, 1943
Testudinellidae
Testudinella mucronata hauerensis Gillard, 1967

+
+
1

+

+ +
+ +
+
+
+ +

Testudinella patina (Hermann, 1783)
Testudinella cf. aspis Carlin, 1939
Testudinella patina intermedia (Anderson, 1889)

4o
+ o+
+
+
+

Testudinella sp.
Testudinella tridentata (Smirnov, 1931)
Trichocercidae

+ o+ +
1
+
1
+

Trichocerca myersi (Hauer, 1931) - - - + -
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Table 1. Continuation

Family / Species Novo Verde Cigana Moju Elias
Trichocerca bicristata (Gosse, 1886) + + + + -
Trichocerca tenuior Gosse, 1886 + + - + -
Trichocerca bidens (Lucks, 1912) - - - + -
Trichocerca similis (Wierzejski, 1893) + + + +
Trichocerca chattoni (de Beauchamp, 1907) - + - - -
Trichocerca sp. + + + + -

CRUSTACEA

CLADOCERA

Bosminidae
Bosminopsis deitersi Richard, 1895 + + - - +

Moinidae
Moina cf. minuta (Hansen, 1800) + + + + +
Moina sp. - + + + +

COPEPODA

Cyclopidae
Nauplii + + + + +
Copepodite + + + + +

DIPTERA

Chaoboridae

Chaoborus sp. + + + - +
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