SPATIAL HETEROGENEITY OF THE TUCURUI
RESERVOIR (STATE OF PARA, AMAZONIA, BRAZIL) AND
THE DISTRIBUTION OF ZOOPLANKTONIC SPECIES

ESPINDOLA, E. L. G.,' MATSUMURA-TUNDISI, T.? RIETZLER, A. C.* and TUNDISL, J. G.2

'Departamento de Hidrdulica e Saneamento, CRHEA, Escola de Engenharia de Sio Carlos, Universidade de
Sdo Paulo, Sdo Carlos, SP, Brazil

L+ *Instituto Internacional de Ecologia, Sio Carlgs, SP, Brazil
*Universidade Federal de Minas Gerais, Belo Horizonte, MG, Brazil

Correspondence to: Evaldo Luiz Gaeta Espindola, Departamento de Hidrdulica ¢ Saneamento, CRHEA,
Escola de Engenharia de Sio Carlos, Universidade de Sio Paulo, Sio Carlos, SP, Brazil

Received November 9, 1998 — Accepted February 10, 2000 — Distributed May 31, 2000
(With 6 figures)

ABSTRACT

With the purpose of analyzing the horizontal distribution of the zooplankton community of the
Tucuruf Reservoir in the State of Pard, Brazil, collections were made at 16 stations during August 1988.
The stations cover the regions called Caraipé (C), Aracagi (B) and Arardo (A), and represent the different
compartments of this ecosystem in regard to the morphometry and the presence or absence of “flooded
forest”. Our findings showed the existence of three compartments with different limnological charac-
teristics determined as a function of the system’s morphometry, a factor that may have influenced the
horizontal circulation of the reservoir’s water and, consequently, led to physical, chemical and bio-
logical differences at each of the sampled stations. All the stations presented physical and chemical
stratification and layers of total anoxia or reduced concentrations of oxygen dissolved at depths
corresponding to the limit of the euphotic zone. With regard to the zooplankton, a differentiated
distribution that was mainly quantitative was found among the compartments (density of organisms
and proportion among the species) in the case of Cladocera and Copepoda, and basically qualitative
in the case of Rotifera. On the other hand, the greatest densities of organisms for all the groups were
recorded at the Caraipé stations. As for the spatial distribution, some species were more restricted or
more abundant at given stations. Among the Cladocera, there was a greater abundance of Moina minuta,
Bosmina hagmani and Bosminopsis deitersi at the Aragagi stations, while C. cornuta intermedia, C.
cornuta rigaudi and C. cornuta cornuta were more plentiful in the Caraipé and Diaphanosoma birgei
in the Arardo. Among the Rotifera, Trochosphaera aequatoriales and Lecane proiecta, Ascomorpha
ecaudis, besides Polyartha cf vulgaris were restricted, respectively, to the Caraipé, Aracagi and Arardo
stations, while the others, such as Keratella americana and Collotheca sp., were more broadly distrib-
uted. As regards Copepoda Calanoida, the dominating species was found to be Notodiaptomus
maracaibenses, followed by Notodiaptonus henseni and Argyrodiaptomus azevedoi. The most abun-
dant Cyclopoda species was Thermocyclops minutus, although Thermocyclops decipiens, Mesocyclops
longisetus, Mesocyclops meridianus e Metacyclops sp. were also found.

Key words: zooplankton, horizontal distribution, spatial heterogeneity, reservoirs.

RESUMO

Heterogeneidade espacial do Reservatorio de Tucurui (Estado do Par3,
Amazonia, Brasil) e a distribuicao das espécies zooplanctonicas

Com o objetivo de analisar a distribuigao horizontal da comunidade do zooplancton no Reservatério de

Tucuruf, Pard, foram efetuadas cole'gs_em_mma@eee-dumm'ﬁnodo de agosto de 1988. As estacBes
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compreenderam as regides denominadas de Caraipé (C), Aragagi (B) e Arardo (A), as quais representam
diferentes compartimentos desse ecossistema em relagio & morfometria e & presenga ou auséncia da “mata
afogada”. Os resultados obtidos mostraram a existéncia de trés compartimentos com distintas caracteristicas
limnolégicas determinadas em fungio da morfometria do sistema, fator este que pode ter influenciado na
circulagio horizontal da 4gua no reservatério e, consegiientemente, levado a diferengas fisicas, quimicas
¢ bioldgicas em cada estagdo amostrada. Todas as estagBes apresentaram estratificages fisica e quimica
e camadas de total anoxia ou reduzida concentragio de oxigénio dissolvido em profundidades corres-
pondentes ao limite da zona eufdtica. Em relagio ao zooplancton, verificou-se uma distribui¢ao diferenciada
entre os compartimentos, diferenca esta principalmente quantitativa (densidade de organismos e proporgao
entre as espécies) no caso de Cladocera e Copepoda, enquanto essencialmente qualitativa no caso de
Rotifera. Por outro lado, as maiores densidades de organismos para todos os grupos foram registradas nas
estagdes do Caraipé. Quanto a distribuigio espacial, algumas espécies mostraram-se restritas ou mais
abundantes em determinadas estagdes. Entre os Cladocera, Moina minuta, Bosmina hagmani e Bosminopsis
deitersi foram mais abundantes nas estagdes do Aragagi, C. cornuta intermedia, C. cornuta rigaudi e C.
cornuta cornuta, no Caraipé e Diaphanosoma birgei, no Arardo. Entre Rotifera, Trochosphaera aequato-
riales e Lecane proiecta, Ascomorpha ecaudis, além de Polyartha cf vulgaris, estiveram restritas as estagGes
do Caraipé, Aragagi e Arardo, respectivamente, enquanto outras apresentaram distribuigéo mais ampla como
Keratella americana e Collotheca sp. Quanto a Copepoda Calanoida, Notodiaptomus maracaibenses foi
a espécie dominante, seguida de Notodiaptomus henseni e Argyrodiaptomus azevedoi. Thermoceyclops
minutus foi a espécie mais abundante dentre Cyclopoida, tendo sido também encontrados Thermocyclops
decipiens, Mesocyclops longisetus, Mesocyclops meridianus e Metacyclops sp.

Palavras-chave: zooplancton, distribui¢do horizontal de organismos, heterogeneidade espactal, reser-
vatdrios.

INTRODUCTION many secondary water sources along the hydro-
' graphic basin that flow into the reservoir and
contribute not only to the eutrophication of the
system but also to the formation of compartments
with different environmental conditions. However,

although they recognize the horizontal heterogeneity

Reservoirs are intermediate ecosystems
between rivers and lakes. Besides being subject to
the action of climatological forces such as
precipitation, wind and solar radiation, are also

closely related to the operational mechanisms of
dams (outflow and retention time). These, together
with the system’s morphometry, produce differences
in the horizontal and vertical circulation throughout
a spatial gradient {compartmentalization), making
them extremely dynamic environments with a high
spatial and temporal variability of their physical and
chemical characteristics (Tundisi, 1981; Tundisi,
1990; Armengol & Saab, 1990) and producing
differences in the qualitative and quantitative
structural organization of their communities (Burgis,
1969; Watson & Carpenter, 1974; Hart, 1978;
Hayward & Van Den Avyle, 1986; Cryer &
Townsend, 1988; Infante, 1995). Another factor to
be considered is the input of nutrients via affluents,
which become diluted toward the main axis, and the
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and the compartmentalization of the abiotic factors,
most studies of biological communities are stilf carried
out descriptively, evaluating the temporal
distribution of communities in seasonal cycles,
emphasizing their structural alterations (composition
and density) or determining metabolic processes in
a single season, all of which is information
considered to be representative of the system under
stady (Stavn, 1971; Soto et al., 1984; Jones er al.,
1995).

Organisms, present spatial and temporal
variations related to the physical and chemical
gradients imposed not only by the difference in the
longitudinal axis produced by the transition from
river to lake but also by the system’s morphometric
differences. Thus, in their natural environment,
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organisms are not distributed homogenecusly and
present considerable differences in their vertical
and horizontal distribution, such as aggregated
distribution (Hutchinson, 1967; Stavn, 1971).
Taking into account this spatial variability and
the importance of the planktonic community in the
food chain, we sought to characterize the distri-
bution and spatial heterogeneity of the crganisms
in the Tucuruf (State of Pard) Reservoir, with
emphasis on the zooplankton community and its
relation to some environmental variables.

AREA OF STUDY

The Tucurwi hydroelectric power plant,
formed by the damming of the Tocantins river, is
the second largest hydroelectric plant established
essentially in Brazilian territory, and is located in
the State of Para, at an altitude of 72 m, between
the latitudes of 3°45” and 5°15” South and longi-
tudes 49°12° and 50°00° West. The basin's
drainage area spreads over 758,000 km?and the area
of the reservolr is 2,430 km?®, with a maximurm width
of 40 km and an average width of 14.3 km. It is 170
km long and has a maximum depth of 75.0 m and
average depth of 18.9 m. The affiuent inflow is
11,090 m¥/s, with an average residence time of 47.8
days. The magnitude of the cutflow, according to
information obtained by ELETRONORTE allows for
the total renewal of the reservoir’s waters in less
than two months, since the Tocantins River’s
average outflow at Tucuruf is considered high, and
has been recorded as 3,500 m¥s during the dry
season and as 35,000 m¥/s during the rainy season.

According to information from ELETRO-
NORTE. a great phytomass was flooded as a result
of the damming of the Tocantins waters, and this
material is undergoing a gradual process of decom-
position until its complete mineralization and
humification owing (o the fact that this process is
taking place under a dense layer of inorganic

sediments deriving from upstream erosion. Ano-

ther important consequence was the formation of
innumerable islands (around 600) around the
borders of the reservoir, which, associated with or
without prier deforestation, form different com-
partments in the system and contribute toward
increased environmental heterogeneity.

MATERIAL AND METHODS

Due to the reservoir’s size, the collections
were made in areas closer to the dam, considering
twe principal aspects: the presence or absence of
previously deforested areas and the system’s
morphometry (the presence or absence of islands).
The collections were carried out during the dry
season on August 24, 25 and 26, 1988 at 16 stations
called the Caraipé (from C, to C.), Aragagi (from B,
to B,) and Araric (from A, to A,) stations, as
shown in Fig. 1.

The zooplankton samples were collected by
means of vertical dragging in the water column, with
the material concentrated in a 68 mm sized mesh
plankton net. The material collected was fixed with
4% formalin and analyzed in a laboratory. con-
sidering the composition and density of the
organisms. Identification of the organisms,
including the Cladocera, Copepoda {Cyclopoida
and Calanoida) and Rotifera species, was carried
out based on the following references: Pennak
(1953), Edmondson (1959), Smirnov (1974}, Smirnov
& Timms (1983), Rocha & Matsumura-Tundisi
(1976), Koste (1978a. 1978b), Reid {1985) and
Matsumura-Tundisi (1984, 1986), Mcntt & Goeden
(1986). The density of the organisms was
determined by counting the sub-samples
{enumerating at lcast 100 organisms of the most
abundant species) or by totai sample, as a function
of organism density in cach sample. Quantification
of the rotifers was carried out by Sedgwick-Rafter
slide while the density of the copepods and
cladocerans was determined using the methods of
Edmondson & Winberg (1971). The Copepoda,
particularly, were analyzed considering the
nauplius, copepodit and adult phases (males,
fernales and spawning females).

Other organisms present in the samples were
also included in the analysis. such as insect farvae,
alevins, turbellarians and ostracods. The findings
were expressed in numbers of individuals per
m->, The volume of water filtered by the net was
calculated according to Edmondson & Winberg
(1971).

The indexes of species diversily was
calculated based on the composition and density
data, using the Shannon & Weaver {1949} index,

Rev. Brusil. Biol. 60{2): 179-194
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Fig. 1 — Morfometry of the Tucurui Reservoir and the locations of the Caraipé, Aragagi and Ararfio stations.
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while the index of similarity was calculated using
Sorensen’s Index of Similarity (1948).

To evaluate the plankton biomass (in terms
of dry weight), samples were collected be vertical
dragging using a 68 mm mesh plankton net. The
material thus collected was filtered using a
MILLIPORE AP20 filter (with 47 mm diameter e 0,45
mm hole pore openings), previously calcined in a
muffler at 460°C for 2 hours and weighed to reach
Weight 01. After filtering, the filters were left in an
oven at 60°C for 24 hours, after which they were
weighed to find the total weight of the material,
determined as Weight 02, using the difference in
weight to estimate the dry weight of the organic
material.

Water samples were collected at three depths
{surface, limit of the euphotic zone and aphotic
zone) to determine the pH (using a MICRONAL B-
382 potentiometer), conductivity (using a DIGIMED
CD-20 conductivimeter), dissolved oxygen {(using
the Winkler method described in Golterman et al.,
1978} and chlorophyll a + phaeopigments (Golter-
man et al., 1978). Measurements were also made
of the local depth, water temperature profiles (using
a Toho Dentan thermistor), water transparency (by
Secchi disc) and the extent of the euphotic zone
(defined as the point of disappearance of the Secchi
disc multiplied by three, according to Esteves, 1988).

RESULTS

Limnological characterization of the Tucuruf
Reservoir
The findings of some of the limnological
variables summarized in Table 1 indicate that the
pH and conductivity values of the sampled stations
did not differ significantly. The pH values found
for Caraipé lay between 6.59 and 7.06, those of
Aracagi ranged from 6.94 tc 7.22 and those of
Ararfio were between 7.06 o 7.14, while conductivity
values were from 47.6 to 52.7 uS.cm™ at Caraipé,
47.6 to 50.2 WS.cm™' at Aragagi and 52.1 to 53.0
uS.cm™ at Arario. However, a vertical chemical
gradient was found at all the stations, with lower
pH values and higher cenductivity values at depths
corresponding to the aphotic zone. The dissolved
oxygen concentrations varied from 3.90 to 4.99
g L7 at Caraipé, from 4.82 to 5.69 ng.L™' at Aragagi

and from 4.90 to 5.0 ug.L-! at Arardo, and layers of
total anoxia were found at most of the stations.
With regard to water transparency, lower values
were found at the Caraipé stations due to the high
contribution of organic material, leading to a
reduction of the euphotic zone at these sites. The
temperature profiles showed a difference of 4°C
between the surface and the bottom at the Caraipé
stations and of 2.4°C and 2.6°C, respectively, at the
Aracagi and Ararfo stations.

The variation in chlorophyll a concentrations,
considering the mean values between the depths
sampled (Fig. 2), showed a greater phytoplanktonic
biomass at the Caraipé stations (between 3.73 and
9.41 pg. L"), with values ranging from 3.22 to 4.28
gl at the Aragagi and from 3.11 to 4.02 pg L' at
the Ararfio stations. The planktonic biomass,
estimated in dry weight (Fig. 3) was also higher at
the Caraipé stations, with values varying from 5.85
10 35.93 mg.m™~. The variation at the Aragagi stations
ranged from 5.40 to 17.02 mg.m™, while at the
Ararfo stations it was between 9.34 and 25.97 mg.m™.

Composition, abundance and dominance of the
zooplankton community

Table 2 shows the composition and density
(ind/m*) of zooplankton species found at the 16
stations analyzed. Thirty-four species of Rotifera,
15 species of Cladocera and 8 species of Copepoda
were found, besides Turbellaria, Ostracoda and
Chaoborus.

The dominance of the Copepoda group over
the Rotifera was observed at the all stations. Table
3 summarizes the relative abundance of the most
common zooplankton groups in the samples taken
from the three sites, Aragagi, Arardo and Caraipé.
There was an evident dominance of copepods at
all the sites, particularly those of the Arardo sta-
tions, where this group’s dominance was 70.7%.
However, the highest density was found at the
Caraip€ stations.

The Caraipé stations were dominated by the
Cladocera species Ceriodaphnia cornuta (87%)
in the following three varieties: cornuta, intermedia
and righaudi and by Diaphanosoma birge:
{15.9%). The stations of Arardo were also
dominated by Ceriodaphnia cornuta (67%), but
only two of its forms: cornuta and intermedia.

Rev. Brasil. Biol. 60(2). 179-194
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TABLE 1

Depth, secchi, temperature, pH, conductivity and dissolved oxygen found at the three locations
(Caraipé, Aragagi and Ararie) in the Tucurui Reservoir.

Station - Depth. (m) Secchi (m) ¢ Depth. {m) Temp (*C) pH Cond. (uS.cm™) DO (mgL™)
Ci-00 6.52 48.5 7.22
5.0 3.30 - (24.0) 26.8-30.8 6.48 52.6 4.14
HLO 6.77 48.9 0.35
C2-0.0 7.12 48.6 7.08
4.0 3.00-(18.0) 284314 65.97 48.6 5.46
3.0 6.66 495 0.44
C3-0.0 7.05 47.7 6.6]
40 310 -(27.0) 27.5-30.8 7.06 48.0 6.61
8.0 6.62 487 0.7%
C4-0.0 7.16 47.9 7.3!
35 2.50-(23.0) 27.5-31.2 7.20 47.8 7.05
7.0 6.70 47.2 C.53
C5-0.0 7.14 48.0 573
4.0 3.00-(28.0) 27.0-29.6 7.21 48.5 7.22
8.0 6.84 48.8 2.03
C6-0.0 7.21 400 7.84
4.0 7.20 402 7.14
(2 28.3. :
50 3.00-21. 28.3-30.8 688 506 399
15.0 6.52 62.0 0.00
C7-0.0 7.08 48.7 7.66
4.0 7.10 48.3 7.22
- 27.9.30.2
80 3.00 - (40.0) 27.9-30.2 600 406 314
15.0 6H.67 54.5 0.33
Al =00 7.26 516 7.22
6.0 4.70 - (45.0) 28.4-29.5 7.14 51.2 6.99
120 6.78 335 0.79
A2-0.0 731 329 722
7.0 ST75-210) 28.5-29.8 7.26 53.0 7.05
15.0 6.87 53.0 1.14
A3 -0.0 7.26 52.5 6.37
7.0 370 -(37.0) 28.3-30.2 7.26 533 6.61
15.0 6.95 532 1.23
Ad 00 7.20 32.6 6.78
6.0 4.30 - (38.0) 28.2-30.8 7.20 52.5 6.16
2.0 5.97 525 2.20
Bl 00 7.43 43.8 7.84
6.0 430~ (15.0) 28.6-29.5 7.40 49.0 7.49
12.0 6.83 49.7 1.76
B2 -0.0 7.36 40.4 7.57
6.0 7.27 49.5 722
120 410 - 60.0) 28.2-29.5 6.96 496 126
200 6.86 52.5 2.20
B3-0.0 7.25 498 722
7.0 7.25 497 6.87
150 5.40 ~(76.0) 28.3-20.2 710 502 149
20.0 6.85 50.5 2.03
B4 - 0.0 7.09 47.0 65.08
6.0 4.20-(17.0) 28.5-30.8 6.95 48.2 4.40
12.0 6.80 4716 2.29
B3~ 0.0 .24 48.0 7.22
5.0 . 7.13 49.0 372
1o 4.00 -1{29.0) 28.2-30.6 607 456 370
15.0 6.84 48.0 2.64

Rev. Brasil. Biol, 60(2)y. 179-194
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Compositien, abundance (Ind.m-*} and distribution ol the zooplankton in the Tucuru{ Reservoir.

TABILE 2

Species Cl [ <3 G4 | 5 | C6 | 1 | a1 | Az | A3 [ a4 [ BI | B2 | B3 Bd B3
CLADOCERA
Alona retangula pulchra - - - - - - - 2 | { 1 - ~ - — -
Bosminopsis deitersi 169 1o 142 [13 235 122 70 421 8 14 2 765 205 143 232 441
Bosmina hagmani 51 91 60 80 150 83 20 32 16 7 6 296 29 23 192 240
C. cornitia rigadi 20 8% 124 97 1201 1061 201 5 | 5 5 21 4 8 70 192
C. cormita intermedia 54 173 461 250 369 130 16 29 2 4 14 29 4 4 50 74
C. cornttta corilad 750 1004 58 1187 440 263 44 515 150 75 204 115 28 23 129 182
Cerivdaplnia reficulato - - 6 - - 8 - - - - — - - - -
Diaphanesome birgei i) 396 157 240 490 481 83 399 120 94 71 346 53 98 53 79
Diaphanosorme spintiosam — 65 {6 17 21 17 | — 4 13 15 23 3 12 3 -
Dapluia gessneri 90 28 H — 7 3 - 2 - - 98 - - - — -
Grimalding brazzai - - - - - - - - - — 3 - - - —
Hyecryptis spinifer - - - - - - - — - — - - | -
Latonopsis fusciculata - - — - - - - 3 5 22 — — - - —
Moina minnia 25 iy 63 50 59 7 20 8 7 14 | 403 13 38 140 153
Stmoceplafius serriiatus 14 3 - - - - - - 1 8 - - — — -
COPEFODA
Notodiaptomus henseni 492 448 599 345 52 16 7 368 120 115 303 140 19 18 15 14
N. maracaibensis 474 283 453 204 6l 94 27 423 207 130 433 176 47 41 53 28
Areyrodiapiomns azevedoi 56 41 53 4 ~ 6 34 2 | 4 - 7 2 2 2
Thermocyclops ninutus Si4 771 939 360 1443 1710 477 145l §i0 563 1043 2128 401 606 2059 1159
T. decipiens 4 - — 5 5 - - - & 10 9 P 6 3 — L
Mesocvelops meridignus - = i - - - - - - 2 - - - —
M. lonygisetis 2 - - - 2 2 - - 2 - I 4 2 - -
Metacyelops sp. - - - - - — - - — - 10 — - -
Nauplii of Calanoida 467 G50 644 917 536 1024 314 1031 978 373 632 597 348 269 o607 509
Nauplii of Cyclopoida 3038 3974 13653 2978 1 4288 6197 1899 3679 2882 1238 924 3552 363 2141 2942 2754
Copepacdites of Calanoida 347 478 234 422 237 180 88 N 669 477 622 220 202 163 308 253
Copepodites of Cyclopoida | 574 1270 1261 773 1299 1234 283 541 502 477 338 283 216 362 661 473
ROTIFERA
Ascomorpha ecandis - - - - - - - 4 - 268 19 44 - 35
Ascomurpha ovaliy 16 28 gl - - - i4 25 53 41 - 33 — 57 -
Ascomorpha saltany 25 28 10 10 - - L 8 50 12 7 26 5 29 57 11
Asplanclnag sp. - 42 6l - - - - - - - - - - - 38 -
Bdelloidea sp. - — - - — - 40 - - - — — - - -
Brachivnits dolabratus & 99 7l 38 1238 - 32 - - - - - - - 160 70
B. falcatus 16 20 118 14 85 - - - - - - - 5} ‘15
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TABLE 2 {confinued)

Specics Cl 2 C3 C4 Cs Cé6 [o7] Al A2 A3 Ad Bl B2 B3 B4 B5
B. paruus 8 14 51 - 235 66 36 - - - — - - — - -
B. miirus angustus - 14 — ~ - 19 4 ~ - - - 38 - 37 207 224
B. zahniseri - 28 30 10 36 28 7 - - - - 281 104 124 415 271
Collotheca sp. 58 198 304 76 156 255 128 39 6 114 — 38 5 1t 170 14}
Conochilus coenabasis B 28 6l 10 29 28 7 69 38 29 61 13 -~ — 19 23
C. tiicorhis — - 20 — - 28 - 69 38 8 34 - - — 85 35
Filinia longiseta - 42 30 - 29 - il — — - - — - 4 19 23
F. terminalis 8 14 ol 10 78 57 29 8 - - — — - — - -~
Haoraella sp. - - - - - - - 31 - — - 38 24 37 57 -
Hexarthra int. brasiliensis 1o 28 51 19 i4 38 - 46 23 41 62 383 85 44 217 247
Keratelly americana 8 14 51 28 1i4 113 50 3 44 61 62 217 19 26 566 354
K. lenzi 16 28 30 - 43 47 50 23 - 12 21 — 28 26 57 23
K, paludosa - 14 — - i 9 - 8 - 20 14 - - - — -
Lecane arcuata - - - - — — - - - 4 7 - - 4 - —
L. chankensis - - - — - - = - - - - — — — -~
L. hamata - - 30 28 57 19 28 8 - 4 - 13 - - - -
L. proiectu 66 257 637 86 56 4035 204 8 — - - - - - — —
Machrochagius servicus — - s - - — ¢ - - - — - . -
Polvathre vulgaris - - - - - - - 100 1 253 82 89 156 95 85 136
Ptygura sp. - 42 - 10 - - 7 31 {3 65 96 - - — 9 23
Sinantierinag socializ 8 28 — - 4 - 7 54 - 16 21 — — - 28 -
Syuchaeta stylaia 25 99 51 - 14 - 1] ~ 13 4 75 - 14 — 38 23
Testudinella sp. - 23 40 10 107 47 39 — - 82 41 153 14 11 - 23
Trichocered sp. 8 - 20 - 7 - 7 - 13 - - - 9 e - 12
Trichocerce chattoni 25 28 20 1 29 75 28 15 13 25 27 178 38 26 47 106
Trechosphaera 712 4 240 | 384 | 601 4 | 214 | 7 - 6 - - - - - - -
deguiettorialis
Vorovella globasa 8 14 - 10 21 - — — — 4 - - - - - -
OTHER ORGANISMS
Chaoboris 3 3 2 7 10 3 2 - - 2 3 — — i i 1
Turbellaria 6 11 i 3 — 37 — - — 1 3 - - 1 H 2
Ostracoda 6 25 83 i67 17 14 4 - — - 3 5 | - | -
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Fig. 2 — Chlerephyll a concentration at the Caraipé (C), Aragagi (B) and Ararfo (A) stations in the Tucurui Reservoir.
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Fig. 3 — Biomass of the zooplankton at the Caraipé (C), Aragagi (B) and Arardo (A) stations in the Tucurui Reservoir.

TABLE 3
Average values for copepods, cladocerans and retifers (excluding naupliij for the stations of
each site.
Aragagi Arario Caraipé
Groups Ind/m® % Ind/m® % Ind/m’ %o
Copepoda (adults + copepodits) 2,030 46.1 2.832 70.7 3,121 499
Cladocera 984 224 589 14.7 1,722 27.5
Rotifera 1,388 315 583 14.6 1.417 226
Total 4.402 4.006 6.260

The Aragagi stations were dominated by It can be seen that, among the varieties of
three species: Bosminopsis deitersi (36.3%),  Ceriodaphnia cornuta, the cornuta form domi-
Bosmina hagmani (15.8%) and Diaphanosoma  nated at some of the Caraipé stations and at all the

birgei (12.8%). Ararfo stations, whereas the other two forms,
Fig. 4 shows the distribution of the most  righeaudi and intermedia, were present in significant
abundant species of Cladocera along the reservoir.  numbers only at the Caraipé stations,
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Fig. 4 — Horizontal distribution of the most abundant Cladocera species in the Tucurui Reservoir (C = Caraipé. B =

Aragagi and A = Arario).

Bosminopsis deitersi was characteristic of
the Aracagi stations. Other species such as Dia-
phanosoma birgei, Bosmina hagmani and Maina
minuta were evenly distributed throughout the
reservoir. Daphaia gessneri was present at seme
of the Caraipé stations and at two of the Arardo
stations, but in very reduced numbers.

Some of the Rotifera species, such as Lecane
proiecta  and  Trocosphaera aequatoriales,
predominated at the Caraipé stations, while Polyar-
thra valgaris and Keratella americana predo-
minated at the Aracag: and Ararfic stations. As can
be chserved in Fig. 5, Collotheca sp. was
distributed hemogeneously at every station of the
three sites, although Ascomorpha aecaudis was
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restricted to the Aracagi stations. At the Arario
stations, besides the dominance of Keratella
americana, two other species were also found ro
dominate: Hexarthra intermedia brasiliensis and
Brachionus zahniserin, the latter typical of the
Amazonian region. The density of Rotifera was
highest at the Aragagi stations (517 to 2,339
ind.m™). The other sites showed densities ranging
from 769 to 2,004 ind.m~ (Caraipé) and from 308 w0
813 ind.m~ (Arario). Cyclopoida dominated over
Calanoida at all the stations of the three sites. This
domination was more evident at Aragagi, where
Cyclopoida represented 91.8%. Table 4 shows the
relative abundance of Cyclopoida and Calancida
at the three sites.
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Fig. 5 — Horizontal distribution of the most abundant Rotifera species in the Tucurui Reservoir (C = Caraipé, B = Aracagi

and A = Ararido).

TABLE 4

Relative abundance of Cyclopoida and Calanoida at the Caraipé, Arariie and Aragagi stations
(only adult stages were considered).

Caraipé Arardo Aragagi
Calanoida 38.2% 3Li% 1.2%
Cyclopoida 61.8% 68.9% 91.8%

Thermocyclops minutus was the dominant
Cyclopoida species. Other species such as Ther-
mocyelps decipiens, Mesocyclops longisetus and
Metacyclops sp occurred, albeit in much fewer
numbers. With regard to Calanoida, three species
were present: Notodiaptomus maracaibensis,
Notodiaptomus henseni and Argyrodiaptomus
azevedoi. At the Caraipé stations, the deminant
species was Notodiaptomus henseni, while at the
Arardo and Aracagi stations, Norediaptomus
maracaibensis predominated. Fig. 6 shows the
distribution of the dominant Calanoida species
along the reservoir.

Comparison of the distribution of the deve-
lopmental stages of Copepoda at the three sites
of the reservoir

As regards the distribution of the develop-
mental stages of Calanoida and Cyclopoida at the
three sites of the reservoir, it can be observed that
Copepods produce a large number at the larval
stage (nauplii) but significant mortality occurs before
they reach the copepodit stage. The rate of the
copepodit to the nauplii stage was four or five times
less for Cyclopoida, whereas the rate for Calanoida
was double or equal. This index is far more marked
in the Cyclopoida, as can be seen in Table 5.
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Fig. 6 — Relative abundance and horizontal distribution of Calanoida at the Caraipé (C), Aracagi (B) and Arario (A)

stagions in the Tucurui Reservoir,

If an analysis had been made of the relation
between adults, copepoedits and nauplii from the
three sites, it would have been found that, in the
case of Calanoida, the adults are more abundant
at the Caraipé stations, there is a greater abundance
of copepodits in Arardio, with nauplii predominating
in Aracagi. A higher contribution of females with
eggs sacs of Notodiaptomus maracaibensis was
observed in Caraipé (19.7% of the total Calanoida)
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than in other regions, and females with egg sacs
of Notodiaptomus henseni and Argyrediaptomus
azevedoi abounded more at in the Aragagi stations
{20.4% and 61.5%, respectively).

There was a greater abundance of the adult
stage of Cyclopoida, represented mainly by Ther-
mocyclops minutus, at the Aragagi and Arardo
stations, while there were fewer nauplii and co-
pepodits.
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TABLE 5

FPercentage (%) of adult, copepodit and naupliae phases of Calanoida and Cyclopoida found at
the three sites of the Tucurui Reservoir.

Calancida Cyclopoida

ARARAO

adult 27.5 26.5
copepodit 332 14.G
nauplii 393 59.0
ARACAGI

adult 13.9 313
copepodit 28.2 9.8
nauplii 58.0 588
CARAIPE

adult 35.9 16.0
copepodit 18.6 17.2
nauplii 454 66.8

Females of Thermocyclops minutus with egg
sacs were found in a higher proportion at the
Ararido stations and those with Thermocyclops
decipiens egg sacs were more plentiful at Caraipé.
This evidence indicates that closely related species
preferentially use different sites to reproduce,
possibly to avoid interspecific competition.

Diversity and similarity of the zooplankton
species at the three sites

Table 6 presents the indexes of similarity and
diversity of species, calculated for Cladocera and
Rotifera. The highest indexes of diversity were
found at the Ararfio and Aragagi stations, mainly
for Rotifera, which presented greater equability at
these stations (between 0.81 and 0.91), while less

equability was found at the Caraipé stations
{between 0.39 and 0.82), demonstrating a higher
contribution from few species.

The indexes of similarity varied from 70 to
100 for Cladocera and from 21 to 44 for Rotifera,
pointing to a more differentiated composition and
distribution of the Rotifera species and a broader
and more similar distribution of the Cladocera
species in the Tucurui Reservoir. In the cases of
both Cladocera and Rotifera, the closest similarity
was observed among the stations corresponding
to the areas delimited as Caraipé (C1 to C7), Aragagi
(B1 to B5) and Arardo (Al to A4), while analyses
showed less similarity occurring between the
Caraipé and Aragagi stations and between the
Aracagi and the Ararfio stations.

TABLE 6

Maximum and minimum values found for the index of similarity (S), equitability (E) and
species diversity (H’ =

bits/ind) at the Caraipé, Aracagi and Ararioc stations.

Rotifera Cladocera
Stations Similarity: 21-44 Similarity: 90-100
Diversity Equitability Diversity Equitability
Caraipé 1.75-3.75 0.39-0.83 1.99-2.50 0.65-0.77
Arardo 3.48-3.65 0.79-0.91 1.89-2.45 0.55-0.71
Aracagi 3.12-3.52 0.81-0.86 1.85-2.64 0.62-0.92
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DISCUSSION

According to Rocha et al. (1999), reservoirs
are considered favorable environments for the
development of zooplankton communities. The
complex structure of reservoirs derives from the
trophic state (related to the time of formation and

artificial enrichment), the morphometry (related to

shape and size) and operational regimen (retention
time and outflow), which lead to the formation of
different compartments within the same system.

From this standpoint, the physical, chemical
and biological differences found at each station and
study area characterize the different compartments
that exist at the Tucurui Reservoir, such as the
Arardo, Aragagi and Caraipé. Each compartment has
physical peculiarities (morphometry and areas
previously deforested or not) that influence the
water flow, the retention time of materials, the
incorporation of nutrients, the production of
crganic matter, and the establishment of popu-
lations.

The water in the Arario compartment,
located in a more open area in the upper portion of
the reservoir, stays there less time {greater flow).
It is an area devoid of islands where the water
circulates more freely, but it contains flooded forest
with layers of anoxic water or reduced amounts of
oxygen and a greater thermal homogeneity. The
lower values of chlorophyll and zooplanktonic
biomass indicate the establishment of smaller
species with a faster reproductive cycle, such as
the rotifers (Ascomorpha ecaudis and Polyarthra
cf vulgaris) and small cladocerans (such as Bos-
mina hagmanni and Moina minuta). The Aragagi
compartment corresponds to the area closest to the
dam, with prior deforestation and deeper stations,
higher values of oxygen in comparison to the
Arardo, and a smaller zooplanktonic biomass,
demonstrating the effect of low water retention time
in the structuring of its populations. Both com-
partments, however, despite the smaller zoo-
planktonic biomass, presented a greater diversity
due to the equability among species in comparison
to the Caraipé.

The Caraipé compartment is shallower and
has extensive areas not deforested before being
flooded. The compartment contains several islands
and its edges are markedly dendritical. These
factors lead to longer retention times and, the-
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refore, to a greater material cycling among the
system’s biotic components, which contributes to
increased organic production. The sampled sta-
tions in this area presented physical and chemical
stratification, with low oxygen levels and anoxia at
several stations. It was also noted that the larger
species, such as Argyrodiaptomus azevedor
(Calanoida), Mesocylops longiserus (Cyclopoida),
Trocosphaera aequatorialis (Rotifera) and Da-
phnia gessneri (Cladocera) were only present or
were more abundant at the Caraipé stations, a fact
that may be related to the greater availability of food
as well as to the presence of larger refuge areas.
In the case of the planktonic populations, soms
papers have demonstrated the influence of the
presence of subsystems lateral to the principal axis
of reservoirs (Kimmel et al., 1990; Betsil & Van Den
Avyle, 1994), a situation similar to the Caraipé
region.

The compartmentalization of the Tucuruf
Reservoir, as it concerns the system’s biotic
components, is related to the reservoir’s morpho-
metry and the presence or absence of prior
deforestation.

These factors contribute toward a reduction
of the water flow and to the increase of areas that
favour colonization by autotrophic organisms, such
as periphytic and macrophytic aquatic algae, which
forms differentiated niches for the establishment
of other communities, contributing to species
diversity and biomass production. The distribution
and abundance of organisms and their relation to
the presence of macrophytes have been mentioned
by several authors (Gehrs, 1974; Rocha, 1978). Gehrs
(1974), for instance, mentions the relation between
the distribution of Diaptomus clavipes and the
presence of the macrophyte Potamogeton foliosus
in a small reservoir in the United States and under
experimental conditions, while Rocha (1978)
discusses the macrophytic regions in the Represa
do Lobo (State of S&o Paulo), an area of greater
reproduction for Copepoda Calanoida Argy-
rodiaptomus furcatus.

Within this diversity of the system’s habitats,
the establishment of different species is a
consequence of the environmental factors that
can, directly or indirectly, influence the reproduction
and survival of organisms, as postulated by the
Theory of the Environment (Andrewarthra & Birch,
1984). Thus, reproductive strategies and adapta-
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tions of species to abiotic {(such as pH, tempe-
rature, dissclved oxygen, water flow, etc.) and
biotic (predation and competition for food resour-
ces) environmental factors must be taken into
account in distribution analyses (occurrence and
density) of a systemn’s species. Studies developed
by several authors have shown the magnitude of
environmental effects, principally temperature, food
and predation, on the life cycle of species. This can
be observed by the differences in average fecun-
dity, development time of the different life cycles,
longevity and size of organisms {Espindola &
Niselli, 1996; Rietzler, 1991; Rietzler & Espindola,
[998).

One must also consider that areas with a
greater horizontal water circulation, such as Ararie
and Aracagi, can have a stronger effect on the
structure of the zooplanktenic community, since
the constant input of water leads to changes in the
environmental conditions, as explained by Threl-
keld (1983, 1986). Other factors, such as wind,
whose influence is more effective in more open
areas, may contribute toward the spatial hetero-
geneity of populations.

The findings of this study allow one to
conclude that, despite the apparent homogeneity
of the planktonic community, the organisms have
a differentiated spatial distribution with a greater
or lesser number of species, biomass or density,
depending on environmental conditions, as also
discussed by Riley (1976}, Urabe & Murano (1986),
Betsil & Van Den Avyle (1994}, among cthers.
Therelore, studies involving biological communities
should comprehend the largest possible number
of samplings in order to betler characterize the
structure of communities, as well as the other
metabolic processes deriving from the workings of
an ecosystem. Otherwise, according to Lind ef al.
{1993}, samples taken from a single sampling station
may he inadequate, to characterize spatially
and temporarily heterogencous and dynamic
systems.
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