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ABSTRACT

With the purpose of analyzing the horizontal distribution of the zooplankton community of the

Tucuruí Reservoir in the State of Pará, Brazil, collections were made at 16 stations duringAugust 1988.
The stations cover the regions called Caraipé (C), Araçagi (B) and Ararão (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 íhe existence of íhree compariments with different limnological charac-

teristics determined as a function ofíhe system;s morphometry, a factor íhat may have influenced the

horizontal circulation of íhe reservoir:s water and, consequently, led io physical. chemical and bio-

lógica! differences at each of the sampjed stations. Ali the stations presenteei physical and chemical

stratification and layers of total anoxia or reduced concentrations of oxygen dissolved at depths

corresponding to the limit of the euphotíc 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 ofCladocera and Copepoda, and basically qualitative
in the case ofRotifera. On the other hand, the greatest densities oforganisms for ali 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 hagm.an.i and Bosminopsis deitersi at the Araçagi stations, while C. cornuta intermédia, C.

cornuta rigaudi and C. cornuta cornuïa were more plentiful in the Caraipé and Diaphanosoma birgei

in the Ararão. Among the Rotifera, Trochosphaera aequatoriales and Lecane proiecta, Ascomorpha

ecaudis, besides Polyartha cf vulgarís were restricted, respectively, to the Caraipé, Araçagi and Ararão
statÍons, 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 Notodiapíomus henseni and Argyrodiaptomus azevedoi. The most abun-

dant Cyclopoda species was Thermocyclops minutus, although Thennocyclops decipiens, Mesocyclops
longisetus, Mesocyclops meridianus e Metacyclops sp. were also found.

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

RESUMO

Heterogeneidade espacial do Reservatório de Tucuruí (Estado do Pará,

Amazônia, Brasü) e a distribuição das espécies zooplanctônicas

Com o objetivo de analisar a distribuição horizontal da comunidade do zooplâncton no Reservatório de
Tucurm, Pará, foram efetuadas coletas em__L6-i:jtLiçÕL1ig dLii^nle <Tp~^ríodo de agosto de 1988. As estações
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compreenderam as regiões denominadas de Caraipé (C), Araçagi (B) e Ararão (A), as quais representam
diferentes compartimentos desse ecossistema em relação à morfometria e à presença ou ausência da "mata
afogada". Os resultados obtidos mostraram a existência de três compartimentos com distintas características

limnológicas determinadas em função da morfometria do sistema, fator este que pode ter influenciado na
circulação horizontal da água no reservatório e, conseqüentemente, levado a diferenças físicas, químicas

e biológicas em cada estação amostrada. Todas as estações apresentaram estratificações física e química

e camadas de total anoxia ou reduzida concentração de oxigênio dissolvido em profundidades corres-

pendentes ao limite da zona eufõíica. Em relação ao zooplâncton, verifícou-se uma distribuição diferenciada
entre os compartimentos, diferença esta principalmente quantitativa (densidade de organismos e proporção
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

estações do Caraípé. Quanto a distribuição espacial, algumas espécies mostraram-se restritas ou mais
abundantes em determinadas estações. Entre os Cladocera, Morna minuta, Bosmina hagmani e Bosminopsis

deitersi foram mais abundantes nas estações do Araçagi, C. cornuïa intermédia, C. cornuïa rigaudi e C.

cornuta comuía, no Caraipé e Diaphanosoma hirgei, no Ararão. Entre Rotifera, Trochosphaera aequato-

riales e Lecane proiecta, Ascomorpha ecaudis, além de Polyartha cf vulgarís, estiveram restritas às estações

do Caraipé, Araçagi e Ararão, respectivamente, enquanto outras apresentaram distribuição mais ampla como

Keratella americana e Collotheca sp. Quanto a Copepoda Calanoida, Noïodiaptomus maracaibenses foi

a espécie dominante, seguida de Notodiaptomus henseni e Argyrodiaptomus azevedoi. Thermocyclops

minutus foi a espécie mais abundante dentre Cyclopoida, tendo sido também encontrados Thermocyclops

decipiens, Mesocyclops longisetus, Mesocyclops merídianus e Meíacyclops sp.

Palavras-chave: zooplâncton, distribuição horizontal de organismos, heterogeneidade espacial, reser-

vatõnos.

INTRODUCHON

Reservoirs are intermediate ecosystems

between rivers and iakes. Besides being subject to
lhe action of climatoiogical forces such as
precipitation, wind and solar radiation, are also

closely related to the operational mechanisms of

dams (outflow and retentíon 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

spaíial and temporal variability of their physical and
chemical characterisíics (Tundisi, 1981; Tundisi,
1990; Armengol & Saab, 1990) and producing
differences in the quaiitative and quantitative
stmctural organization oftheir communities (Burgis,

1969; Watson & Carpenter, 1974; Hart, 1978;
Hayward & Van Den Avyle, 1986; Cryer &
Townsend, 1988; Infante, 1995). Another factor to

be consídered is the input ofnutrients via affluents,
which become diluted toward the main axis, and the

many secondary water sources along the hydro-

graphic basin íhat flow into the reservoir and
contribuíe not only to the eutrophication of the
sysíem but also to the formation of comparíments

with differení environmental condiíions. However,

although they recognize the horizontal heterogeneity
and the compartmentalization of lhe abioíic factors,

most studies ofbiological commurúties are stilí camed

out descriptively, evaluating the temporal
distribution of communities in seasonal cycles,
emphasízíng their stmctural alteraüons (composiüon

and density) or determining metabolíc processes in

a single season, ali of which is ínformation
considered to be representative of the system under

study(Síavn, 1971; Soto et ai, 1984;Jones et al.,

1995).
Organisms, present spatial and temporal

variations related to the physical and chemical
gradients imposed not only by the difference Ín the

longitudinal axis produced by the transition from
river to lake but also by the system's morphometric
dífferences. Thus, Ín their natural environmení,

Rev. Brasil. Biol.. 60(2): 179-194
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organisms are noí distributed homogeneously and

present considerable differences in their vertical

and horizontal distribution, such as aggregated

distribulion (Hutchinson, 1967; Stavn, 1971).
Taking into account this spatiai variability and

the imponance of lhe planktonic community in the

food chain, we sought to characterize lhe distri-

bution and spatial heterogeneity of lhe organisms
in the Tucuruí (State of Pará) Rcservoir, with

cmphasis on the zooplanklon community and its
relation lo some envii-onmental vai-iables.

Thc Tucurui hydroclectric power plant,

formed by íhe damming oi the Tocantins river, is

lhe sccond largesl hydroelcciric piant cstablished

essentially in Brazilian íerritory, and is locatcd in
the Stale of Pará, at an altitude ol 72 m. between

thc latitudes of3°45' anel 5° 15' South and longi-

ludes 49°12' and 50SOO' Wesí. Thc basín's

cirainagc área sprcads over 758,000 km- and the área

of the rcservoir is 2,430 km-, with a maximum width

ol~40 km and an averasc width of 14.3 km. li is 170

km iong and hás a maximum depth of 75.0 m and

average uepth of 18.9 m. The affluent inflow is

11.090 m~Vs. wkh an averagc residence íime of 47.8

clays. The magnitude oftlie ouíflow, according to

informaüon obtaincd by ELETRONORTE allows for
lhe lota! renewal of thc reservoir's wal-ers in less

ihan tvvo months, since the Tocantins Rivei s

averasc outflow at Tucuruí is considered high, anel

hás been recordeci as 3,500 m-Vs during the dry

season and as 35,000 m-/s during lhe rainy season.

Accordin.s io informaiion from ELETRO-

NORTE, a great phylomass was flooded as a result

of the damming of lhe Tocantins watórs, anel (.hís

material is undergoíng a gradual process ofdecom-

position untii its compiete mineralizaíion and

humification owing lo the fact that this process is

taking place under a dense Íayer of inorganic
sediments deriving from upstream erosion. Ano-

íher important consequence was the fonnation of

innumerable isiands (around 600) around the
borders of the reservoir. which, associaled with or

withoui- prior deforestation, form different com-

partmenis in lhe system and contribule toward

increased environmenlal heterogeneity.

MATERIAL AND METBODS

Due to the reservoir's size, the collections

were made in áreas dosei" io lhe dam. considering

two principal aspects: the presence or absence of

previously deforested áreas and the system's

morphometry (the presence or absence of islands).

The coltect.ions were carried out during the dry

season on Aususí 24, 25 and 26, 1988 at 16 síations

called the Caraipé (from C^ to C ). Araçagi (from B^
to B ) and Ararão (fi-om A; io A ) síations, as

shown in Fie. l.

The zooplankton sampies were collccted by
means of vertical dragsing in the water column, wíth

the material conceníraíed in a 68 mm sized mesh

planklon net. Thc material coliectcd was fixed with

4% formaiin and anaiyzed in a laboratory. con-

sidering the composition and density of the
organisms. Identification of the organisms,

including lhe Cla.docera, Copepoda (Cyclopoida
and Calanoida) and Rotifera species, was carried
out based on the í~ollowins refercnces: Pcnnak

(1953), Edmonclson (1959), Smirnov (1974). Smirnov
& Timms (1983), Rocha & Maisumura-Tundisi
(1976), Kosle (1978a. 1978b), Reid (1985)and
Maísumura-Tundísi (1984, 1986), Mcntó & Goeden
(1986). The dcnsity of lhe organisms was
deíermincd by counting the sub-samples

(enumcrating at least 100 organisms of lhe most
abundam specics) or by total sample, as a function

oforganism densily Ín each sample. Quanl-ilication

ofthe rotifers was carried out by Sedgwick-Rafler

slide whiie lhe density of lhe copepods and
cladocerans was determined usins the methods of

Edmondson & Winberg (1971). The Copepoda,
parlicularly, werc analyzed considering the

nauplius, copepodit and adull phases (males,

femaies and spawníng females).

Other organisms presenl in lhe samples were

also included in íhe analysis. such as insect iai-vae.

alevins, turbei l ari an s anel ostracods. The findings

were expressed in numbers of individuais per

m~-\ The volume of water fiitered by the net was

calculated accordins io Edmondson & Winberg

(1971).
The indexes of species diversity was

calculaled based on the composition and density

data, using the Shannon & Weaver(1949)Índex,

Rev. Brusil. Biui. 60(2): !79-!94
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Fig. l — Morfometry of the Tucuruf Reservoir and the locations of the Caraipé, Araçagi and Ararão stations.
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while the índex ofsimilariíy was calculated using
Sorensen's Index ofSimilarity (1948).

To evaluate the piankton 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
MBLLIPORE AP20 fílter (with 47 mm diameter e 0,45
mm hole pore openings), previously calcined in a
muffler at 460°C for 2 hoyrs and weighed to reach
Weighí 01. After filtering, the filters were left in an

oven at 60°C for 24 hours, after which they were
weighed to fínd the total weight of the material,

determined as WeÍght 02, using íhe difference in
weight to estimate the dry weight of the organic
material.

Water samples were collected at three depths

(surface, limit of íhe euphotic zone and aphotic
zone) to determine the pH (using a MICRONAL B-

382 poteníiometer), conductivíty (using aDIGIMED

CD-20 conductivimeter), dissoived oxygen (using
the Winkler method áescribed in Golterman et al.,

1978) and chlorophylf a + phaeopigments (Golter-
man et al., 1978). Measuremenís were also made

of íhe Íocal depth, water temperature profíles (using
a Toho Dentan thermistor). water transparency (by

Secchi disc) and the extent of íhe euphotic zone
(defined as lhe point of disappearance of the Secchi
disc multiplied by three, according to Esteves, 1988).

RESULTS

Limnological characterization of the Tncuruí

Reservoir

The fíndings of some of the limnological

vanables summarized in Table l indícate that th&

pH and conductivity values ofíhe sampled stations
did nol differ signifícantly. The pH values found
for Caraipé lay between 6.59 and 7.06, those of

Araçagi ranged from 6.94 to 7.22 and ihose of

Ararão were between 7.06 lo 7.14, while conductivity

values wei-e from 47.6 to 52.7 (-iS.crrr' at Caraipé,

47.6 to 50.2]LLS.cm-i al AraçagÍ and52.1 io 53.0

)iS.cm-l at Ararão. However, a vertical chemical

sradient was found at ali the síations, with lower

pH vaiues and higher conductivily vaiues at depths
coi-respondíng to lhe aphoíic zone. The dissolved

oxygen concenli-ations varied íïom 3.90 to 4.99

|Llg.L-! at Caraipé, from 4.82 lo 5.69 |Llg.L-i at Araçagi

and from 4.90 to 5.0 p.g.L"1 at Ararão, and layers of

total anoxia were found at most of the stations.

With regará to water transparency, lower values

were found at the Caraipé stations due to the high
contribution of organíc material, leading to a
reduction ofthe euphotic zone at íhese sites. The

íemperature profíles showed a difference of4 C
between the surface and the bottom at the Caraipé
stations and of2.4°C and 2.6°C, respectively, at the

Araçagi and Ararão 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 síations (between 3.73 and
9.41 p.g.L"1), with values ranging from 3.22 to 4.2S

Ug.I"' at íhe Araçagi and from 3.11 to 4.02 Hg.L-' at

the Ararão stations. The planktonic biomass,

estimated in dry weight (Fig- 3) was also hígher at
the Caraipé síations, with values varying from 5.85
to 35.93 mg.nr3. The variation at the Araçagi stations
ranged from 5.40 to 17.02 mg.m"3, while at the

Ararão stadons it was between 9.34 and 25.97 mg.m-?.

Composition, abundance anddominance ofthe

zooplankton communüy

Table 2 shows the composiíion and density
(ind/m-) of zoop!anklon specíes found at lhe 16
stations anaiyzed. ThÍrty-four species of Rotifera,

15 species ofCladocera and 8 species ofCopepoda
were found, besides Turbeilaria, Ostracoda and

Chão b oms.

The dominance of the Copepoda group over
the Rotifera was observed at íhe ali statíons. Table

3 summarizes the relative abundance of the mosí

common zoopïankton groups Ín the samples taken

from íhe three sites, Araçagi, Ararão and Caraipé.

There was an evidení dominance of copepods at

ail the sites, paríiculai-ly those ofthe Ararão sía-

tions, where this gi-oup's dominance was 70.7%.

However, the highest density was found at the

Caraipé stations.

The Caraipé stalions were domínated by the

Cladocera species Ceriodaphnia cornuta (87%)
in the followins thi-ee varieties: coniuta, intermédia

and righaudi and by Diaphanosoma birgei
(15.9%). The stations of Ararão were also

dominated by Ceriodaphnici cornuta (67%), but
only two of its forms: cornuïa and intermédia.

Rev. BrusiL Bhi, 60(1): 179-Í94



184 ESPÍNDOLA,E. L. G. em!.

TABLEI

Depth, secchi, tcmpcraturc, pH, conductivity and dissolvcd oxygcn found at the three iocations

(Caraipé, Araçagi anü Ararão) in the Tucuruí Rcscrvoir.

Station-Dcpth. (m)

C! -0.0

5.0

i 0.0

C2 - 0.0

4.0

8.0

C3 - 0.0

4.0

8.0

C4 - 0.0

3.5
7.0

C5 "0.0

4.0

8.0

C6-0.0

4.0

8.0

15.0

C7 - 0.0
4.0

s.o

15.0

Al -0.0

6.0

12.0

A2-0.0

7.0

i 5.0

A3-0.0

7.0

15.0

A4 - 0.0

6.0
12.0

Bi -0.0

6.0

E2.0

B2-0.0

6,0

] 2.0
20.0

B3 - 0.0

7.0

15.0
20.0

B4 - 0.0

6,0
12.0

85 - 0.0

5.0
11.0
15.0

Sccchi (m) e Depth. (m)

3.30-(24.0)

3.00-(S 8.0)

3.10-(27.0)

2.50-(23.0)

3.00" (28.0)

3.10~(21.0)

3.00-(40.0)

4.70-(45.0)

5.75 ""(2 i.0)

5.70-(37.0)

4.30-08.0)

4.30-(S5.0)

4.10-60.0)

5.40-(76,0)

4.20 ~(i7.0)

4.00-(29.0)

Tcmp (C)

26.8-30.8

28.4-31.4

27.5-30.8

27.5-3 J.2

27.0-29.6

28.3-30.8

27.9-30.2

2 S.4-2 9.5

28.5-29.8

28.3-30.2

2S.2-30.S

28.6-29.5

28.2-29.5

28.3-29,2

28.5-30.8

28.2-30.6

pH

6.52
6.48
6.77

7.12
6.97
6.66

7.05
7.06
6.62

7.16

7.20
6.70

7.Í4
7.21
6.84

7.21
7.20
6.88
6.52

7.08
7.10
6.90
6.67

7.26
7.14
6.78

7.31
7.26
6.87

7.26
7.26
6,95

7.20
7,20

6.97

7.43
7.40
6.83

7.36
7,27
6.96
6.86

7.25

7.25
7.10
6.S5

7.09
6.95
6.SÓ

7.24
7.13

6.97
6.S4

Cond. (nS.cm-i)

48.5
52.6
48.9

48.6
48.6
49.5

47.7
48.0
48.7

47.9

47.8
47.2

48.0
48.5
48.S

49.0
49.2
50.6
62.0

48.7
43.3
49.6
54.5

51.6
51.2
53.5

52.9
53.0
53.0

52.5
53.3

53.2

52.6
52.5
52.5

48.8
49.0
49.7

49.4
49.5
49.6
52.5

49.8
49.7
50.3
50.5

47.0
48.2
47.6

48.0
49.0
48.6
48.0

DO (mg.L-1)

7.22
4.14

0.35

7.05
5.46
0.44

6.61
6.61
0.79

7.3!

7.05
0.53

5.73
7.22
2.03

7.84

7.Í4
2.29
0.00

7.66
7.22
3,44
0.35

7.22
6.99
0.79

7,22
7.05
1,14

6.87
6.6]
1.23

6.78
6.16
2.20

7.84
7,49
1.76

7.57
7.22
3.26
2.20

7.22
6.87
4.49
2.03

6.08
4.40
2.29

7,22
5-72

3.70
2.64
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TABLE 2 (confiitiied)

Spccics

B ' {MlltiliS

B. inirn.f íinfiHsti!':

B. z.diinisen

CnltnlÍiecci sp.

C ono chi li i a c o ei i (lha a is

L. nmconns

Fi l n i i a l(wy,iseUi

F. lenniiKílt':

HoraeHa sp.

Hc.viirthfíi int. hrü.vilien.vi,':

KercifeHa ame i 'icaiid

K. lenz.t

K. pcilíiíio.w

L e cwt e tirai ci í ci

L. chunken.'sis

L hüinalci

L. projectei

MüchrociweHts semais

PolvíUhrci vnÍKíiri.v

P tyg uni sp.
SinwitÍíetiiut .wcutlis

S\nchaeKt slyfatn

Teantdinelhi sp.

Trtcltocerctt sp.

Tiicliocerai ciuilloni

Trocliospiwem
uei^iüloHüit!;

Vonnvella fflolw.w

OTHER ORGANISMS
dwoboms

Turbei l íi ri a

Ostracoda

Cl
8

58

8

16
8
16

66

8
25

y
2.5

712

8

C2
14
14
28
198
28

42
14

28
14
28
i4

297

42
28
99
28

28

240

14

C3
51

30
304
61
20
30
9!

51
5 E
30

30
637

5J
40
20
20

384

C4

10
76
10

10

)9
28

28
86

10

10

19

601

10

C5
235

36
156
29

29
78

14
li4
43
7

57
856

14
14

107
7

29

14

21

C6
66
19
28
255
28
28

57

38
113
47
9

19
405

47

75

274

C7
36
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Fig. 2 — Chlorophyl! u concentraíion at the Caraípé (C), Araçagi (B) and Ararão (A) stations in the Tucurui Reservoir.
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Fig. 3 — Biomass of the zoopiankton at the Caraipé (C), Araçagi (B) and Ararão (A) síations in the Tucuruí Reservoir.

TABLE 3

Average vaiues for copepods, cladoccrans and roíifers (cxcluding naupiii) for the stations of

each site.

Groups

Copepoda (adults + copepodits)

CIadocera

Rotifera

Total

Araçagi

Ind/m3

2,030

984

1,388

4.402

%
46.1

22.4

31.5

Ararão

ïnd/m3

2,832

589

585

4.006

%

70.7

14.7

14.6

Caraipé

Ind/m3

3,121

1,722

1,417

6,260

%
49.9

27.5

22.6

The Araçagi stations were dominaíed by

three species: Bosminopsis deilersi (36.3%),

Bosmina hagmani (15.8%) and Diaphanosoma

birgei (12.8%).
Fig. 4 shows the disíribution of the most

abundaní species ofCladocera along the reservoir.

It can be seen that, among the varieties of

Ceríodaphnia cornuta, íhe cornuta form domi-

nated at some of the Caraipé stations and at ali the
Ararão stations, whereas the other two forms,

righaudi and intermédia, were present in significant

numbers onÍy at íhe Caraipé stations.

Rev. Brusil. Bio!.. 60(2); 179-194



!8S ESPÏNDOLA, E. L. G. c/ a!.

D. gessneri

C1 C2C3C4C5C6C7B1 B2 B3 84 B5 A1A2A3A4

Cl C2C3C4C5C6C7B1 B2 63 B4B5 A1A2A3A4

a C2C3C4C5C6C7B1 B2 83 B4 B5 A1A2A3A4

M. minurs

a C2C3C4C5C6C7B1 B2 B3 B4B5 A1A2A3A4
stations

C, cornuta cornuta

C1 C2C3C4C5C6C7B1 B2 83 B4 B5 A1A2A3A4

C cornuts ngaucii

60
50
40.

'30 h
20 ^
io H
o

C1 C2C3C4C5C6C7B1 B2 B3 B4 B5 A1A2A3A4

C, comuta intermédio

B2B3B465A1A2A3A^

60
50
40

^30
20
10

o

€

/

B. hagmanni

Cl C2C3C4C5C6C7B1 B2 63 B4B5 A1A2A3A4
statsons

Fig. 4 — HorizoiUal distribution of ti-ic inost abundam Ciadocera species in the Tucui-uí' Reservoir (C = Caraipé.

Arnçagi and A = Ararão).

Bosuïinopsis deitersi was characicrislic of

Ehe Araçagi stalions. Other species such as Dla-

phanosoma birgei, Bosmina hagmani ana Moina

nnnuta were evenly distríbut.ed Ihroughoul the

reservou'. Daphnia gessneri was presení al some

of lhe Caraipé stations and at two of lhe Ararão

stalions, but in very reduced numbers.

Some of lhe Rotifera species, such as Lecane

proiecta and Trocosphaera aequatoríales,

predominated al lhe Caraipé staíions. whiie Polyar-

thra vulgaris and Keratella americana predo-

minated at the Araçagi and Ararão staííons. As can

be observed in Fig. 5, Colloíheca sp. was

distribuíed homogeneously at every station ofthe
three sites, akhough Ascomorpha aecaudis was

restricted to lhe Araçagi siations. At lhe Ararão

stalions, besidcs lhe dominance of Keratellu

americana, iwo olher species were aiso found to

dominate: Hexarthra intermédia hrasiliensis and

Brachioniis zahniseriu, lhe ialter lypical of the

Amazonian region. The densily of Rolifera was

highest al the Araçagi stations (517 lo 2,339
ind.rrr ). The other sites sE^owed densii-ies ranging

fïom 769 to 2,004 ind.nr-' (Caraipé) and from 308 to

813 ind.nr' (Ararão). Cyclopoida dominated over

Calanoida ai ali lhe slations of lhe ihree sites. This
domination was more evidení at Araçagi, whcrc

Cyclopoida represented 91.8%. Table 4 shows the
relative abundancc of Cyclopoida and Calanoida

at lhe ihree sites.
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Fig. 5 — Horizontal distribuíion of the most abundant Rotifera species in the Tucuruí Reservoir (C = Caraipé, B = Araçagi

and A =: Ararão).

TABLE 4
Relative abundance of Cyclopoida and Calanoida at thc Caraipé, Ararão and Araçagi statíons

(onïy adult stagcs were considcred).

Calanoida

Cyclopoida

Caraípé

38.2%

61.8%

Ararão

31.]%

68.9%

Araçagi

1.2%

91.8%

Thermocyclops minutus was the dominant

Cyclopoida species. Other species such as Ther-

mocyclps decipiens, Mesocyclops longiseíus and

Metacyclops sp occurred, albeit in much fewer

numbers. With regard to Calanoida, three species

were present: Noíodiaptomus maracaibensis,

Noíodiaptomus henseni and Argyrodiapïomus
azevedoi. At the Caraipé stations, the dominaní

species was Notodiapíomus henseni, while at lhe

Ararão and Araçagi stations, Notodiaptomus
maracaibensis predominated. Fíg. 6 shows the

disíribution of the dominant Caianoida specíes
aíong the reservou'.

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

As regards the distribution ofthe develop-

mental stages of Calanoida and Cyclopoiáa at the
three sites of the reservoir, it can be observed that

Copepods pi-oduce a large number at the larval

stage (nauplii) buí significam mortaíity occurs before

they reach the copepodít stage. The rate of the
copepodit to the nauplíi stage was four or five times

less for Cyclopoida, whereas the rate for Calanoida
was double or equai. This index is far more marked

in the Cyclopoida, as can be seen in Table 5.

Rev. Brasil. BioL, 60(2): 179-194



190 ESPÍNDOLA, E. L. G. et al.

70 (^

60 l-i

50 H
40 h
30 H
20 H
io H
o ^

ArgyrodÍaptomus azevedo!

ZZ7[

a C2 C3 C4 C5 C6 C7 B1 B2 B3 B5 A1 A2 A3 A4

70

60
50

40

30

20

10

Notodiaptomus henseni

f̂fl^l
^w\ ^n

\^~7\

'i^

Cl C2 C3 C4 C5 C6 C7 61 B2 B3 B4 85 A1 A2 A3 A4

Noïodisptomas mõracaibensis

70 fl
6o n
50

40

30

20 h
10

o

^7\
^71 ffÜ

^7\

a C2 C3 C4 C5 C6 C7 B1 B2 B3 85 A1 A2 A3 A4

Fig. 6 — Relativo abundance and horizontal distribution of Calanoida at the Caraipé (C), Araçagi (B) and Ararão (A)
stations in the Tuciiruf Reservoir.

If an analysis had been made of the relatíon

between adults, copepodits and nauplii from the
three sites, it would have been found thaí, in the

case ofCaIanoida, the adults are more abundant

at the Caraipé stations, íhere is a greater abundance

ofcopepodits in Ararão, with nauplii predominating

in Araçagi. A higher contribuíion of females with

eggs sacs of Notodiapïomus maracaibensis was

observed in Caraipé (19.7% ofthe total Calanoida)

than in other regions, and females with egg sacs
of Notodiaptomus henseni and Argyrodiaptomus

azevedol abounded more at in the Araçagi stations

(20.4% and 61.5%, respectively).
There was a greater abundance of the adult

stage ofCydopoida, represented mainly by Ther-

mocyclops minuíus, at the Araçagi and Ararão
stations, while there were fewer nauplii and co-

pepodits.
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TABLE 5

Percentage (%) of adult» copepodit and naupltae phases of Calanoida ana Cyclopoida found at

the three sites of the Tucuruí Reservoir.

ARARÁO

adult

copepodit

nauplii

ARAÇAGI

adult

copepodit

nauplii

CARAIPÉ

aduít

copepodit

nauplii

Calanoida

27.5

33.2

39.3

13.9

28.2

58.0

35.9

18.6

45.4

Cyclopoida

26.5

14.0

59.0

31.3

9.8

58.8

16.0

Í7.2

66.8

Females ofThermocyclops minutus with egg
sacs were found in a higher proportion at the
Ararão stations and those with Thermocyclops

decipiens egg sacs were more plentíful at Caraipé.
This evidence indicates that closely related species

preferentially use different sites to reproduce,

possibly to avoid interspecific competition.

Diversüy and similarity of the zooplankton
species at the three sitos

Table 6 presents the indexes of similarity and
diversity of specíes, calculat&d for Cladocera and
Rotifera. The híghest indexes of diversity were
found at the Ararão and Araçagi stations, mainly

for Rotifera, which presenteei greater equabílity at
these stations (between 0.81 and 0.91), while less

equability was found at the Caraipé statíons
(between 0.39 and 0.82), demonstrating a higher
contribution from few specíes.

The indexes of similarity varied from 70 to

100 for CIadocera 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 Tucuruí Reservoir. In the cases of

both Cladocera ana Rotifera, the closest similarity
was observed among the stations correspondíng

to the áreas delimited as Caraipé (Cl to C7), Araçagí
(BI to B5) and Ararão (Al to A4), while anaÍyses
showed less similarity occurring between íhe

Caraipé and Araçagi stations and between the
Araçagi and the Ararão stations.

TABLE6
Maximum and minimum values found for the index of similarity (S), equitability (E) and

species diversity (H' = bits/ind) at the Caraipé, Araçagi and Ararão stations.

Stations

Caraipé

Ararão

Araçagi

R oti fe ra

Similarity: 21-44

Diversity

1.75-3.75

3.48-3.65

3.12.3.52

Equitability

0.39-0.83

0.79-0.91

0.81-0.86

CIadocera

Similarity: 90-100

Diversity

1.99-2.50

1.89-2.45

1.85.2.64

Equitability

0.65.0.77

0,55-0.71

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

írophic state (related to íhe time of formation and
artificial enrichment), the morphomeíry (related to

shape and size) and operaíional regímen (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 área characterize the different compartments

that exist al the Tucuruf Reservoir, such as the

Ararão, Araçagi and Cai-aipé. Each compartment hás

physicaí peculiarities (morphometry and áreas
previously deforested or not) that influence the
water flow, the retention time of materiais, the

incorporation of nutrients, the production of

organic matter, and the establishment of popu-

lations.

The water in the Ararão compartmení,

located in a more open área in the upper portion of

the reservoir, stays there less time (greater flow).

It is an área devoid of islands where the water
circulates more freely, but it contains flooáed forest
with layers of anoxic water or reduced amounts of

oxygen and a greater thermal homogeneity. The

lower values of chlorophyll and zooplanktonic
biomass indícaíe the establishmení of smaller

species wiíh a faster reproductive cycle, such as

the rotifers (Ascomorpha ecaudls and Polyarthra
cf vulgaris) and small cladocerans (such as Bos-

mina hagmanni and Moina minuta). The Araçagi
compartment corresponds to the área closest to the

dam, with prior deforestation and deeper síations,

higher values of oxygen in comparison to the
Ararão, and a smalier zooplanktoníc bíomass,

demonstraíing the effect of low waíer retention ume

in íhe structuring of its populations. Both com-
partments, however, despite the smaller zoo-

planktonic biomass, presenteei a greater diversity

due to the equability among species in comparison

to the Caraipé.
The CaraÍpé compartmení is shallower and

hás extensivo áreas not deforested before being
flooded. The compartmení contains several islands

and its edges are markedly dendritical. These
facíors lead to longer retention times and, the-

refere, to a greater materiaí cycling among the

system s biotic components, which contributes io

increased organic production. The sampled sía-

tions in this área presented physical and chemicaí
stratifícation, with low oxygen leveis and anoxia aí
several stations. It was also noted that the larger

species, such as Argyrodiaptomus azevedoi

(Calanoida), Mesocylops longisetus (Cyclopoida),
Trocosphaera aequatorialis (Rotifera) and Da-

phnia gessneri (Cladocera) were only present or
were more abundant at the Caraipé stations, a fact

thaí may be related to the greater availability of food
as well as to the presence oflarger refuge áreas.

In the case of the planktonic populations, some
papers have demonstraíed the influence of the

presence of subsystems lateral to the principal axis
ofreservoírs (Kimmel et al., 1990; Betsíl &Van Den
Avyle, 1994), a situation similar to the Caraipé
region.

The compartmentalization of the Tucuruf
Reservoir, as it concerns íhe system's bioíic

components, is related to the reservoir's morpho-

metry and the presence or absence of prior

deforesíation.

These factors coníribute toward a reduction

ofthe water flow and to the increase of áreas thaí

favour colonizaíion by autoírophic organísms, such

as periphytic and macrophytic aquaíic aígae, 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 ínstance, mentions the relation between
the distributíon of Diaptomus clavipes and the
presence ofthe macrophyíe Potamogetonfoliosus

in a small reservoir in the United States and under

experimental conditíons, while Rocha (1978)
discasses the macrophytic regions in the Represa
do Lobo (Staíe of São Paulo), an área of greater
reproduction for Copepoda Calanoida Argy-

rodiaptomus furcatus.

Within this díversíty ofthe system's habitais,

the establishment of different specíes is a
consequence of the environmental factors that

can, directly or indirectly, influence the reproduction

and survíval of organisms, as postulated by the

Theory ofthe Environment (Andrewarthra & Birch,
1984). Thus, reproductive strategíes and adapta-
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íions of species to abioíic (such as pH, tempe-
rature, dissolved oxygen, water flow, etc.) and

biotic (predaíion and competition for food resour-
cês) environmental factors must be taken into

account in distribution analyses (occurrence and

density) ofa system's species. Studies developed

by several authors have shown the magnitude of

environmental effects, principally temperalure, food

and predaUon, on lhe iife cycle ofspecics. This can

be observed by the dífferences in average fecun-

dily, clcvelopment time of the differení lifc cycles,
longevity and size of organisms (Espíndola &

Niselli, 1996;Rietzler, 1991; RÍeizler & Espmdola,
1998).

One must also cons.ider that áreas with a

gi-eatei- horizontal water circulation, such as Ararão

and Araçagi, can havc a slrongcr cffect on the

structurc of lhe zooplanktonic community, since

lhe consl-ant inpul ofwater leads lo changes in íhe

environmcntal conditions, as explained by Thrcl-

kcld (1983, 1986). Other factors, such as wind,
whosc influence is more effective in more open

áreas, may contribuíe toward thc spatial hetero-

gcneíty ol populaíions.

The findings of this study allow onc to
conclude that, dcspitc tl-ic apparent homogeneíty

of the pianktonic communily, lhe organisms have

a diffei-entiatcd spatial distribution with a grealer
or lesser number of spccics, biomass or density,

depending on environmentai conditions, as also

discussed by Riley (1976), Ui-abe & Murano (1986),
Betsil & Van Dcn Avyle (1994), among olhers.
Thercforc, síudies involving biologicai communitics

should comprehencl the largest possiblc number

of samplings in order to bctter characterize íhe

slruclurc of communities. as wcll as íhc oíhcr

mclabolic processes deriving Irom thc workings of

an ecosyslem. OtherwÍse, according to Lind et al.

(i 993). samples takcn from a singlc sampling station
may bc inadequaíe, to cliaracterize spatially

nnd temporarily helei-ogencous and dynamic

systems.
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