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ABSTRACT: Temporal and bathymetric distribution of benthic macroinvertebrates in the Ponte Nova
Reservoir, Tietê River (São Paulo, Brazil). The structure of macroinvertebrate benthic fauna in the
Ponte Nova Reservoir, Tietê River, was investigated in January, April, July and November of
2001. Samplings of the benthic fauna and measurements of temperature, pH, electr ical
conductivity and dissolved oxygen concentration were carried out in 90 randomly selected
sites of the reservoir. Ponte Nova is a warm-monomictic reservoir in which temperature
ranges from 16.9ºC to 29.0 ºC and  hypolimnion is anoxic (> 8 meters of depth) in January.
Benthic community was composed of 36 taxa, and Chironomidae was the richest group,
with 21 taxa. Chaoboridae (Chaoborus) was the dominant taxon, representing almost 70%
of the total benthos, and the highest density of benthic fauna, 851 ind.m -2, was registered
in July. Bathymetrically, the highest densities were usually observed in the deepest areas
of the reservoir (> 8 meters) due to the greater abundance of Chaoborus. Chironomidae
and Ol igochaeta occurred at low densit ies and preferent ial ly inhabited the shal lowest
areas. On the other hand, diversity indexes (Shannon-Wiener and Margalef) decreased with
increased depth. Stepwise Multiple Regression analysis indicated that depth (b = -0.39, p <
0.001 for  Chaoborus;  b = -0 .404,  p <  0.001 for  chi ronomids;  b = -0 .236,  p <  0 .001 for
oligochaetes), temperature (b = -0.172, p = 0.001 for Chaoborus; b= -0.262, p < 0.001 for
oligochaetes), fine sediment fraction (b = 0.218, p = 0.038 for oligochaetes), organic matter
(b = -0.229, p < 0.001 for Chaoborus; b = -0.342, p < 0.001 for oligochaetes) and dissolved
oxygen concentrat ions (b = 0.156,  p <  0 .007 for  Chaoborus; b = -0 .170,  p = 0.031 for
chironomids) were the major predictors of benthos distribution. The Ponte Nova reservoir
has a diversif ied community of benthic invertebrates, with high taxonomic richness and
low population densities.
Key-words: benthos, macroinvertebrate composition, depth distribution, Chironomidae, tro-
pical reservoir.

RESUMO: Distribuição temporal e batimétrica dos macroinvertebrados bentônicos na represa Ponte Nova,
rio Tietê (São Paulo, Brasil). A estrutura da fauna de macroinvertebrados bentônicos na represa
Ponte Nova,  r io  T ie tê ,  fo i  invest igada em janei ro ,  abr i l ,  ju lho e novembro de 2001 .
Amostragens da fauna bentônica e medidas da temperatura, do pH, da condutividade
elétrica e da concentração de oxigênio dissolvido foram realizadas em 90 pontos amostrais
distr ibuídos randomicamente na represa. A represa de Ponte Nova é um reservatór io
monomíct ico, quente, com temperatura var iando entre 16.9ºC e 29.0 ºC e hipol ímnion
anóxico (> 8 metros de profundidade) em janeiro. A comunidade bentônica foi composta
por 36 taxa, sendo Chironomidae o grupo com maior riqueza, com 21 taxa. Chaoboridae
(Chaoborus) foi o táxon dominante, representando cerca de 70% do bentos total, e a maior
densidade da fauna bentônica, 851 ind.m -2, foi registrada em julho. Batimetricamente, as
maiores densidades foram usualmente registradas nas áreas mais profundas da represa (>
8 metros) devido à maior abundância de Chaoborus. Chironomidae e Oligochaeta ocorre-
ram em baixa densidade e habitaram preferencialmente as regiões mais rasas. Por outro
lado, os valores dos índices de diversidade (Shannon-Wiener e de Margalef) diminuíram
com o aumento da profundidade. A regressão múltipla “Stepwise” apontou como variáveis
significativas, a profundidade (b = -0.39, p < 0.001 para Chaoborus; b = -0.404, p < 0.001
para quironomídeos; b = -0.236, p < 0.001 para oligoquetos); a temperatura (b = -0.172, p =
0.001 para Chaoborus; b= -0.262, p < 0.001 para oligoquetos), fração fina do sedimento (b =
0.218, p = 0.038 para oligoquetos), as concentrações de matéria orgânica (b = -0.229, p <
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0.001 para Chaoborus; b = -0.342, p < 0.001 para oligoquetos) e oxigênio dissolvido (b =
0.156, p <  0.007 para Chaoborus; b = -0.170,  p = 0.031 para quironomídeos)  como os
principais predictores na distr ibuição dos organismos bentônicos. A represa de Ponte
Nova possui uma comunidade de invertebrados bentônicos diversificada; com alta riqueza
de táxons e baixas densidades populacionais.
Palavras-chave: Bentos, composição de macroinvertebrados, distribuição por profundidade,
Chironomidae, represa tropical.

Introduction

The number of reservoirs has increased
al l  over the world (Tundisi ,  1993) ,  and in
Brazi l  this scenario is not dif ferent.  Much
l imnolog ica l  in format ion about  these
ecosystems has been accumulated for
decades and,  a l though there is  less
in format ion on the s t ructure o f  benth ic
communities in Brazilian reservoirs (Pamplin
et al., 2006), the number of studies on this
communi ty  has increased (Santos ,  1995;
Sor iano,  1997;  Corb i  & Tr iv inho-St r ix ino,
2002; Moretto et al . ,  2003, and others) in
the last years.

In most lentic freshwaters, the benthic
communi ty  is  main ly  composed of
chironomids larvae and ol igochaetes, but
other groups, less rich and abundant, can
also be present. Those organisms are crucial
to the aquatic ecosystems, since they play
a role in the energy transfer and nutr ient
cycling (Covich, 1999).

Many abiot ic and biot ic factors (e .g. ,
subst ra te type,  food avai lab i l i ty ,  oxygen
concentrat ion,  and predat ion)  have been
pointed out as significant to the abundance
and d is t r ibut ion of  these organisms
(Bechara ,  1996;  Jónasson 1996) .  Many
authors ,  such as Pet r id is  & S in is  ( 1993,
1995), Giovanni et al. (1996), and Baudo et
al. (2001), have demonstrated that depth is
a key factor in the distribution of benthos
in lentic ecosystems. Limnological studies
(e g., Goldman & Horne, 1983, Wetzel, 1993,
Esteves, 1998) have identified three different
zones (littoral, sublittoral and profundal) in
which benthic organisms can live and which
are f requent ly  def ined by a  grad ient  o f
physical and morphological features, such
as habi ta t  complex i ty ,  l ight  penet ra t ion ,
macrophytes occurrence,  among others .
Comparat ive ly ,  l i t to ra l  zones are  more
diverse than the profundal ones; however,
the latter have recently aroused the interest
of many researchers (Esteves, 1998).

The aim of the current study was to
investigate the structure (composition and
abundance )  o f  the  ben th ic  fauna  in  the
Pon te  Nova  Reservo i r  by  ana lyz ing  the

tempora l  and  ba thymet r i c  d i s t r i bu t ion
patterns as well as the factors contributing
to these patterns.

Material and Methods

Study Area
Ponte Nova Reservoi r  (23 o33 ’S  and

45o50’W) is located in the upper basin of
the Tietê River, in the southern region of
São Paulo state (Fig. 1). Its construction was
completed in  1972 and was a imed a t
cont ro l l ing water  leve l  and,  somet imes,
supplying the metropolitan area of São Paulo
city with water.

The reservoir covers an area of about
28 km2 and has a mean volume of 296x106

m3. Maximum and mean depths are 18.5 and
10.5 meters, respectively (Takino & Maier,
1981 ) .  Mean out f low is 9.9 m3.s - 1 and the
residence time is around 346 days. Drainage
area is 320 km2 and the main tributaries are
Tietê River and Claro River.

Ponte Nova Reservoi r  is  the un ique
reservoir before the metropolitan region of
São Pau lo  c i ty .  I ts  surroundings are
character ized by pasture and agr icul tural
areas, and remnants of Atlantic forest. The
c l imate in  the reg ion is  c lass i f ied as
mesothermal, with rainy summers and dry
winters (Cwb type in Köppen classification),
and the average temperature of  17 .5  oC.
Peaks of precipitation are observed between
December and March, ranging from 157.7
mm to 231 .6  mm, and the mean annual
rainfall is about 1.357 mm (SIGRH, 2002).

Sampling and laboratorial analyses
Samplings were carried out in January,

April, July and November of 2001. A total of
90 sites were established in the reservoir.
At  each sampl ing s i te ,  one sample was
collected using a Van Veen grab (area: 378
cm 2) ,  to ta l iz ing 360 samples dur ing the
study. Mater ial  was sieved through a 210
µm mesh net and fixed in 10% formalin.
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At the laboratory, the organisms were
hand-sor ted,  and then ident i f ied and
counted. Identification (at genus or species
level) of invertebrates was performed under
opt ic microscope and stereomicroscope,
us ing manuals  and ident i f ica t ion keys
(Br inkhurst  & Marchese,  1991 ;  Tr iv inho-
St r ix ino & St r ix ino,  1995;  Epler ,  2001 ) .
Chironomids larvae and oligochaetes were
mounted in  semi -permanent  s l ides wi th
Hoyer  so lu t ion to  ev idence impor tant
morphological features.

Dens i ty ,  re la t ive abundance and
occurrence f requency were est imated as
structure parameters of macroinvertebrates
community. Shannon-Wiener diversity and
Margalef richness indexes were calculated

according to Margurran (2003).
Ab io t ic  var iab les (pH,  conduct iv i ty ,

dissolved oxygen and temperature)  were
measured in a site near the reservoir bottom
by using a multiprobe HORIBA U-10 model.
The prof i les  o f  these var iab les were
determined between 8:00 to 9:00 a.m. in a
central site, as indicated in Fig. 1. In April,
d issolved oxygen concentrat ion was not
measured due to technical  t roubles wi th
the mult iprobe sensor apparatus. Organic
mat ter  (perox ide d igest ion method)  in
sediment  and the granulometr ic
composition (Suguio, 1973) were determined
in samples obtained with a core sampler
(area: 33.2 cm2) .

Figure 1 :  Map of  Ponte Nova Reservoi r  and sampl ing stat ions.  The arrow indicate the stat ion where
profi les of pH, conductivity, temperature and dissolved oxygen concentration were measured.
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Data analysis
One-way ANOVA test was used to de-

termine differences between the seasonal
samplings for the macroinvertebrates and
envi ronmenta l  data .  A Stepwise Mul t ip le
Regression (forward method) was performed
in order  to  ident i fy  the main var iab les
controll ing benthic distribution. Detrended
Correspondence Analysis ordination (DCA)
was used to evidence the importance of
depth on benthos distr ibut ion.  Taxa with
re la t ive abundance super ior  to  1% were
considered in this last method. To minimize
discrepancy values, only macroinvertebrate
data were previously Ln(x+1) transformation..
A l l  s ta t is t ica l  ana lyses were per formed
using Stat ist ica (StatSoft  2001)  and Instat
(GraphPad Instat 2000).

Results

Environmental variables
Tab. I summarizes the range, mean and

standard deviat ions of some l imnological
var iables of  sediment of  the Ponte Nova
Reservoi r .  Only temperature,  d issolved
oxygen,  pH and conduct iv i ty  were
significantly different (p < 0.0001) among the
sampling periods. The pH near the bottom
ranged f rom 5.07 to 7 .83,  and the
conductivity varied between 22 µS.cm -1 and
50 µS.cm - 1, with major values registered in
November .  As regards the oxygen
concentrat ions,  the smal lest  mean value
was recorded in January, due to the anoxia
in some parts of the reservoir. In the last
two sampl ings ,  th is  condi t ion was not
documented and the mean oxygen
concentration was around 11.0 mg.L - 1.

Sediment of the Ponte Nova Reservoir
was enough heterogeneous in relat ion to
granulometric composition, with high values
of sand (up to 97.52%) in some areas, and
of c lay (up to 85.08%) in others (Tab. I ) .
Percentage of  organic  mat ter  in  the
sediment ranged from 0.43% to 28.85% in
the whole per iod (ANOVA F = 0.577;  p =
0.630) .

Table I:  Maximum, minimum and mean± S.D. (standard deviation) values of limnological variables measured
at the surface of Ponte Nova Reservoir in 2001 and results of ANOVA.

     ANOVA  

Variables January April July November F p 

pH 
5.07 − 7.83 

(6.65 ± 0.46) 

5.14 − 7.38 

(5.95 ± 0.38) 

5.60 − 7.58 

(6.71 ± 0.36) 

5.50 − 6.88 

(6.33 ± 0.26) 
80.917 <0.0001 

Conductivity  

(µS.cm-1) 

23.00 − 46.00 

(28.34 ± 7.09) 

22.00 − 36.00 

(23.08 ± 1.54) 

30.00 − 40.00 

(36.33 ± 4.85) 

40.00 − 50.00 

(40.33 ± 2.07) 
273.38 <0.0001 

Dissolved oxygen  
(mg.L-1) 

0.00 − 9.00 

(5.09 ± 3.69) 
− 

8.20 − 15.80 

(12.03 ± 1.27) 

7.40 − 12.70 

(10.14 ± 0.99) 
214.98 <0.0001 

Temperature  
(oC) 

19.70 − 29.00 

(24.42 ± 2.51) 

22.70 − 26.20 

(24.68 ± 0.52) 

16.90 − 24.90 

(18.74 ± 1.38) 

22.10 − 29.00 

(23.80 ± 1.55) 
260.11 <0.0001 

Organic Matter  
(%) 

0.73 − 22.94 

(8.22 ± 5.41) 

0.43 − 22.70 

(7.54 ± 5.51) 

0.60 − 24.34 

(7.18 ± 5.49) 

0.49 − 28.85 

(7.70 ± 5.34) 
0.577 0.630 

Sand (%) 
0.49 − 96.30 

(50.21 ± 33.34) 

0.60 − 95.98 

(50.44 ± 32.72) 

0.37 − 95.91 

(51.44 ± 36.01) 

0.60 − 97.52 

(47.24 ± 34.33) 
0.242 0.867 

Clay (%) 
3.70 − 85.08 

(37.26 ± 26.50) 

4.04 − 81.65 

(35.47 ± 23.87) 

4.08 − 81.68 

(35.16 ± 25.86) 

2.48 − 82.64 

(37.57 ± 24.73) 
0.210 0.889 

Silt (%) 
0.00 − 37.31 

(12.52 ± 9.55) 

0.00 − 35.11 

(14.72 ± 10.50) 

0.00 − 42.74 

(13.41 ± 11.77) 

0.00 − 39.49 

(15.20 ±10.97) 
1.159 0.325 
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Thermal  s t ructure in the Ponte Nova
Reservo i r  was we l l  es tab l i shed wi th  an
ev iden t  s t ra t i f i ca t ion  in  Janua ry ,  when
tempera tu re  dec reased  p rog ress ive ly ,
around 5.5oC, from 7.5 meters to near the
bo t tom;  wh i le  in  the  o the rs  pe r iods ,  a
near ly   comple te  i so therm was p resen t
(Fig. 2). As regards the dissolved oxygen,
water  column was wel l  oxygenated wi th
concentrations around 8.44 mg.L - 1;  except
in January,  when an anoxic hypol imnet ic
laye r  was  de f ined  in  dep ths  over  10 .5
meters. Values of pH were more discrepant

in  January  and Apr i l ,  when they ranged
roughly 1.60, while in other two samplings,
the difference was not more than 0.52. In
January ,  pH showed pa t te rns  s imi la r  to
temperature and d issolved oxygen,  wi th
va lues  va ry ing  be tween  6 .62  and  7 .04
above 9.5 meters and from 5.55 to 5.82 in
depths lower than 11.5 meters (Fig. 2). For
elect r ica l  conduct iv i ty ,  concentrat ions in
the water column were the same in July
and November, while in January and April
an  inc rease  nea r  to  the bot tom was
observed.

Figure 2: Vertical variation of temperature, dissolved oxygen, pH and conductivity in Ponte Nov Reservoir.
Gray areas indicate the bottom of the reservoir.
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Composition and distribution of benthos
A total of 8,934 specimens belonging

to 36 taxa were collected in the Ponte Nova
Reservoir (Tab. I I ) .  Chironomidae was the
r ichest  group,  wi th  21  taxa ,  fo l lowed by
Ol igochaeta ,  wi th  10 species .  Odonata ,
Tr ichoptera ,  Chaobor idae and
Ceratopogonidae (both families of Diptera)
were also present,  each one represented
by a taxon. In the reservoir, most taxa were
rare, with relat ive abundance lesser than
1% and occurrence in  up to 2 .0% of  the
total samples collected. On the other hand,
Chaoborus  (L ichtenste in ,  1800)  was the
most important taxon, comprising 59.1% of
all organisms collected and being present
in  69.1% of  the samples col lected.
Chironomidae and Oligochaeta comprised

approximately 32.7% and 7.7% of the total
abundance,  respect ive ly.  Among the
chironomids, Polypedilum (Kieffer, 1912) was
preva lent ,  wi th  7 .9% of  abundance and
occurr ing in 37.3% of  the tota l  samples,
followed by Caladomyia (Kieffer, 1921), with
5.2% and 34.0%, respect ive ly.  About
oligochaetes, Branchiura sowerbyi (Beddard,
1892) was the dominant species,  both in
the re lat ive abundance (4 .1%) and in the
frequency of occurrence (40.4%).

Mean densities of the four periods were
significantly different (ANOVA: F = 3.213; p
= 0.0231), mainly due to Chaoboridae and
Chironomidae densities (ANOVA: F = 20.256;
p < 0.0001 for Chaoboridae and F = 27.904;
p < 0.0001 for Chironomidae). The highest
mean density was registered in July,  851

Table II: Taxonomic composition and relative abundance of benthic collected in Ponte Nova Reservoir in
2001.

Number of organisms 

Taxons 
January April July November 

Relative 
Abundance 

(%) 

Occurrence 
(%) out of 

360 
samples 

OLIGOCHAETA       

Alluroididae       

Brinkhurstia americanus (Brinkhurst, 
1964) - 6 13 - 0.2 1.7 

Naididae       

Allonais lairdi (Naidu, 1965) 4 3 2 - 0.1 1.1 

Dero (Dero) multibranchiata (Steiren, 
1892) - - 2 - < 0.1 0.6 

Pristina americana (Cernosvitov, 
1937) - 1 - - < 0.1 0.3 

Slavinia evelinae (Marcus, 1942) 1 - - 1 < 0.1 0.6 

Opistocystidae       

Opistocysta funiculus (Cordeiro, 
1948) 5 1 1 - < 0.1 1.1 

Tubificidae       

Bothrioneurum americanum 
(Stolc,1886) - - 13 9 0.2 2.2 

Branchiura sowerbyi (Beddard, 
1892) 65 76 83 145 4.1 40.4 

Limnodrilus hoffmeisteri (Claperede, 
1892) 71 17 84 87 2.9 18.7 

Limnodrilus udekemianus 
(Claperede, 1892) - - 2 - < 0.1 0.6 

HIRUDINEA       

Glossiphonidae 2 - 2 3 < 0.1 1.9 
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ind .m - 2;  whi le  in  the other  sampl ings ,
densit ies were very similar ,  ranging from
562 ind.m - 2  to  601 ind.m - 2  (F ig .  3 ) .
Chaoboridae was the main component of
benthic community in f irst two samplings,
with about 77% of the total in each period;
whi le  the re la t ive abundance of
Chi ronomidae was around 16%.  In  the

samplings conducted in July and November,
a decrease in the re la t ive abundance of
Chaobor idae (a round 45%)  and a
cor respondent  increase in  the re la t ive
abundance of  Chi ronomidae (up to 50%)
were observed. In the Ponte Nova Reservoir,
ol igochaetes had low relat ive abundance,
ranging from 5% in April to 12% in November.

Number of organisms 

Taxons 
January April July November 

Relative 
Abundan
ce (%) 

Occurrence 
(%) out of 

360 
samples 

DIPTERA (Chironomidae)       

Tanypodinae       

Ablabesmyia (Johannsen, 1905) 23 24 206 93 3.9 29.2 

Coelotanypus (Kieffer, 1913) 9 3 24 12 0.5 9.7 

Djalmabatista (Fittkau, 1968) 9 13 134 79 2.6 15.9 

Labrundinia (Fittkau, 1962) - 2 2 2 < 0.1 1.7 

Procladius (Skuse, 1889) 18 15 36 26 1.1 14.5 

Chironominae       

Axarus (Roback, 1980) - 1 - - < 0.1 0.3 

Caladomyia 112 91 196 72 5.3 34.0 

Chironomus (Meigen, 1803) 38 17 51 100 2.3 17.0 

Cladopelma (Kieffer, 1921) 6 19 52 18 1.1 15.3 

Cryptochironomus (Kieffer, 1918) 2 1 12 44 0.7 10.3 

Dicrotendipes (Kieffer, 1913) - - - 3 < 0.1 0.3 

Fissimentum dessicatum (Cranston & 
Nolte, 1996) 13 43 145 38 2.7 21.2 

Fissimentum sp2 (Roback, 1966) 1 - 4 4 0.1 2.2 

Goeldichironomus (Fittkau, 1965) 6 1 5 8 0.2 3.1 

Harnischia (Kieffer, 1921) 9 44 70 89 2.4 27.0 

Nilothauma (Kieffer, 1921) - - 11 2 < 0.1 2.5 

Polypedilum (Kieffer, 1912) 28 91 473 117 7.9 37.3 

Polypedilum (Asheum) (Sublette & 
Sublette, 1983) - 1 - - < 0.1 0.3 

Saetheria (Jackson, 1977) - - - 2 < 0.1 0.6 

Zavreliella (v. d. Wulp, 1874) 1 - 1 - < 0.1 0.6 

Caladomyia (Kieffer, 1921) 112 91 196 72 5.3 34.0 

Tanytarsus (Kieffer, 1920) 4 21 46 79 1.7 11.4 

OTHERS DIPTERANS       

Chaoborus (Lichtenstein, 1800) 1485 1590 1209 1000 59.1 69.1 

Bezzia (Kieffer, 1899) - - 13 10 0.3 3.3 

ODONATA       

Phyllocycla (Calvert,1948) - - - 1 < 0.1 0.3 

TRICHOPTERA       

Cyrnellus (Banks,1913) 1 1 3 - < 0.1 1.1 

Total 1913 2082 2895 2044   

Richness (S) 23 24 29 26   

 

Table I I : Cont .
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Other invertebrates accounted up to 0.7% of
total benthos in July and November (Fig. 3).

F ig .  4  shows the mean va lues of
Shannon-Wiener and Margalef indexes in the
Ponte Nova Reservoir. ANOVA test pointed
out  a  s ign i f icant  d i f ference between the
periods (F = 11.564; p<0.0001 and F = 8.651;

p<0.0001 for Shannon-Wiener and Margalef
indexes,  respect ive ly ) .  In  the f i rs t  two
samplings, lower values were registered for
both indexes (a round 0 .68 for  Shannon-
Wiener and 0.88 for Margalef index); while
in July and November, the values were 1.05
and 1.31, respectively.

Figure 3:  Mean density of total benthos and relative abundance of the main invertebrate groups in Ponte
Nova Reservoir in 2001. Vertical bars in the density refer to the confidence interval (a = 0.05).

Figure 4: Values of Shannon-Wiever and Margalef diversi ty indexes for the samplings periods at Ponte
Nova Reservoir in 2001.
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Consider ing the depth dist r ibut ion in
the Ponte Nova Reservoir ,  densit ies were
usually higher in the deepest areas (Fig. 5).
In  January ,  densi t ies around 268 ind.m - 2

were found up to 6 meters, followed by a
progressive increase until 14 meters, where
a densi ty  o f  1063 ind.m - 2  was reg is tered
(735-1361  ind.m - 2 ,  95% conf idence
intervals), and up to that depth mean density
decl ined around 682 ind.m -2.  Densit ies in
Apri l  varied between 377 ind.m -2  (226-529
ind.m -2, 95% confidence intervals) and 441
ind.m - 2 (268-615 ind.m - 2,  95% conf idence

intervals)  unt i l  8 meters of depth,  and in
the superior depth density improved to 1084
ind.m -2 (mean density: 910 ind.m -2 ) . In July,
peaks of high densit ies were observed in
depth above 4 meters with mean density
equal  1131 ind.m -2.  During November,  the
highest densities occurred between 8 and
12 meters depth, with mean density of 1297
ind.m -2. Inversely, both Shannon-Wiener and
Margalef diversity indexes decreased in the
highest depth (especial ly af ter 6 meters) ,
as shown in Fig. 6.

Figure 5: Depth variat ion of total  density of benthos in Ponte Nova Reservoir in 2001. Vert ical bars in
density refer to the confidence interval (a = 0.05).

Figure 6: Depth variation of Shannon-Wiever and Margalef diversity indexes s in Ponte Nova Reservoir in
2001. Vertical bars in density refer to the confidence interval (a = 0.05).
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High densities in deeper areas (over 8
meters) were due to the presence of
Chaoboridae, which preferentially inhabited
these areas with relative abundance usually
above 70% (Fig. 7). In April, Chaoboridae and
Chironomidae had similar abundance ranging
between 39% and 49% until 4 meters, and,

in November, the former was dominant in
depths above 4 meters. On the other hand,
Chironomidae and Oligochaeta continuously
decreased with increased depth. Up to 6
meters of depth, relative abundance of the
former was in general above 38%; while to
the latter, it was not above 15%.

Groups F R R2 Adj. R2 p Indep. vars. Beta in P 
Chaoboridae 54.517 0.713 0.509 0.499 <0.0001 Depth -0.395 <0.0001 

      Temperature -0.172 0.001 

      Organic matter -0.292 <0.0001 

      Oxygen 0.186 0.007 
         

Chironomidae 15.005 0.381 0.145 0.135 <0.0001 Depth -0.404 <0.0001 

      Oxygen -0.170 0.03 

      Organic matter -0.121 0.05 
         

Oligochaeta 13.369 0.450 0.203 0.187 <0.0001 Temperature -0.262 <0.0001 

      Depth 0.236 <0.001 

      Organic matter -0.342 <0.001 

      Fine grain 
(clay+silt) 0.218 0.03 

 

Table I I I :  Stepwise mult iple regression analysis, considering the main groups of benthos as dependent
variables and environmental features as independent variables. Variables included in the model
with p<0.01.

Figure 7: Relative abundance of the main benthic groups in relation to depth in Ponte Nova Reservoir in
2001.
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R e s u l t s  o f  S t e p w i s e  M u l t i p l e
Regression are shown in Tab. I I I  and are
c o n c e r n e d  w i t h  d i s t r i b u t i o n  o f
Chaoboridae, depth (b = -0.395; p < 0.001),
t e m p e r a t u r e  ( b  =  - 0 . 1 7 2 ;  p  =  0 . 0 0 1 ) ,
organic matter (b = -0.229; p < 0.001) and
dissolved oxygen (b =  0 .156;  p <  0 .007) .
T h e s e  v a r i a b l e s  w e r e  s e l e c t e d  a s
predictors and the regression model was
signi f icant  (adj .  R2 =  0.499;  p<0.001 ) .  For
Chi ronomidae,  regression model  (adj .  R2

=  0 .381 ;  p <0 .001 )  was  de f ined  by  dep th
( b  =  - 0 . 4 0 4 ;  p  <  0 . 0 0 1 )  a n d  d i s s o l v e d
oxygen (b  =  -0 . 170 ;  p  =  0 .031 ) ;  whereas
for ol igochaetes,  temperature (b= -0 .262;
p <  0 .001 ) ,  depth (b =  -0 .236;  p <  0 .001 ) ,
organic matter (b = -0.342; p < 0.001) and
fine sediment (b = 0.218; p = 0.038) were
the  pred ic to rs  to  the  regress ion (ad j  R 2

= 0.187;  p <  0.001 ) .
E i g e n v a l u e s  s c o r e s  o f  D e t r e n d e d

C o r r e s p o n d e n c e  A n a l y s e s  ( D C A )  w e r e
0.74 (axis 1 )  and 0.38 (axis 2) ,  as shown
in  F ig .  8 .  In  the  f i r s t  ax is  o f  DCA,  taxa

w e r e  s e p a r a t e d  i n t o  t w o  g r o u p s
according to depth.  Group I  was formed
b y  D j a l m a b a t i s t a  ( F i t t k a u ,  1 9 6 8 ) ,
A b l a b e s m y i a  ( J o h a n n s e n ,  1 9 0 5 ) ,
F iss imentum dessicatum (Roback,  1966) ,
T a n y t a r s u s  ( v.  d .  W u l p ,  1 8 7 4 ) ,  a n d
C a l a d o m y i a ,  f o u n d  w i t h  h i g h  r e l a t i v e
a b u n d a n c e  ( e x c e e d i n g  9 5 % )  i n  t h e
sha l l ow reg ion  ( up  to  6  me te rs )  o f  t he
reservoi r.  Group I I  compr ised taxa,  such
a s  c h i r o n o m i d s  C h i r o n o m u s  ( M e i g e n ,
1 8 0 3 ) ,  H a r n i s c h i a  ( K i e f f e r ,  1 92 1 ) ,
P o l y p e d i l u m  (K i e f f e r ,  1 9 12 ) ,  P r o c l a d i u s
(Skuse ,  1 889 )  and  C l adop lema  (K ie f fe r ,
1 9 2 1 ) ,  a n d  o l i g o c h a e t e s  L i m n o d r i l u s
h o f f m e i s t e r i  ( C l a p a r e d e ,  1 8 6 2 )  a n d
B r a n c h i u r a  s o w e r b y i ,  w h i c h  h a d
g e n e r a l l y  5 0 %  o f  a b u n d a n c e  u n t i l  6
m e t e r s ,  b u t  a l s o  h a d  h i g h  a b u n d a n c e
b e t w e e n  6  a n d  1 4  m e t e r s .  C h a o b o r u s
had h igh abundance (a round 86% of  to -
ta l  dens i ty )  in  deep areas (more than 8
meters), and is showed separated of both
groups, I  and I I .

Figure 8 : Detrended Correspondence Analyses of main benthic taxa in Ponte Nova Reservoir in 2001.

Discussion

The Ponte Nova Reservoi r  has been
previously studied wi th respect  to some
limnological features (phytoplankton: Xavier
et al . ,  1985; zooplankton: Sendacz et al . ,
1985; nutrients and chlorophyll a: Maier &
Takino,  1985;  water  c i rcu la t ion and

st ra t i f icat ion:  Maier ,  1985,  and others ) ;
however, there are no studies regarding the
st ructure of  benthos communi ty  in  the
reservoir. Immature stages of insects, mainly
Diptera ,  were the main component  of
benthos in the reservoir ,  being the major
group cont r ibut ing to  the benth ic  taxon
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r ichness.  Among the Diptera ,  organisms
belonging to the Chironomidae family were
the major contributors to the taxon richness.
This  cor roborates what  is  a l ready
establ ished in  the l i te ra ture that  these
organisms are usually the main component
of  benthic communit ies (Petr id is & Sinis ,
1993; Di  Giovanni et  a l . ,  1996; Str ix ino &
Trivinho-Strixino, 1998; Roque et al., 2004).

Valenti & Froehlich (1988), analyzing the
densi t ies  o f  benth ic  popula t ions in  ten
reservoi rs  in  São Paulo Sta te ,  recorded
mean values higher than 2,000 ind.m-2, and
even 40,000 ind.m-2 in some places.  In the
Ponte Nova Reservoi r ,  benth ic  densi t ies
were much lower in all sampling periods.
This  can be re la ted to the fact  that  th is
reservoir is the first one in the Tietê River,
close to the headwaters and ol igotrophic
conditions (Sendacz et al. ,  2006). Another
possible reason is the fact that, compared
with other reservoirs of this basin, the Pon-
te  Nova reservo i r  has on ly  two main
t r ibutar ies ,  T iê te  and Claro R ivers ,  thus
receiving small contributions from its basin.

Compar ing the four  sampl ings
performed along different seasonal periods
of the year, the results obtained of this study
showed that there was significant seasonal
variation in the mean densit ies of benthic
populat ions (p = 0,023) ,  with an increase
during drought.

Chaoborus ( the phantom midge)  was
undoubted ly  the main component  o f
benthic community, corresponding to almost
70% of the total number of organisms. This
dipteran larvae is a voracious predator of
invertebrates, both benthic and planktonic
inhabitants (Kajak & Ranke-Rybicka, 1970),
and have great migratory capaci ty in the
water column (L i l jendahl -Nurminen et  a l . ,
2002) ,  thus inhabi t ing deep layers .
According to Hare (1995), they also use this
capac i ty  to  avoid be ing predated,
par t icu lar ly  by f ishes ,  resu l t ing in  h igh
densi t ies in the sediment dur ing the day
and h igh dens i t ies  in  the water  co lumn
dur ing the n ight .  In  the Ponte Nova
Reservoi r ,  the phantom midge seems to
follow this pattern, preferably occupying the
deeper zones at  the sampl ings,  possibly
as a refuge from predators.

Many environmental factors (e.g. depth,
oxygen concent ra t ion ,  ava i lab i l i ty  food,
subst ra te  type,  and others )  have been
poin ted out  as  regula tors  o f  benth ic
community structure in reservoirs (Kajak,
1988;  Prat  e t  a l . ,  1992;  Bechara ,  1996;

Jonasson, 1996). In the Ponte Nova reservoir,
the resul ts  obta ined through Stepwise
Mul t ip le  Regress ion technique indicated
that depth, temperature, dissolved oxygen
and organic matter are the major factors
re lated to abundance and dist r ibut ion of
benthos.  As pointed out  by Pet r id is  and
Sinis (1993), and Bazzanti et al. (1994), the
effect of depth is indirect, being associated
wi th changes in  impor tant  phys ica l  and
chemical variables, such as temperature and
dissolved oxygen. In Brazil, Corbi & Trivinho-
Str ix ino (2002) ,  and Moretto et al .  (2003) ,
studying benthos of Anhumas and Corumbá
reservoi rs ,  respect ive ly ,  ev idenced the
importance of depth on benthos distribution.

As regards the effect of depth variation
on the reservoi r ,  Chaobor idae inhabi ted
preferentially the deepest regions, even in
the presence of anoxia, while Chironomidae
and Ol igochaeta had greater densi t ies in
sha l low areas .  The preference of
Chaobor idae for  deeper  zones in  the
reservoirs has been thoroughly documented
(Rabet te  & La i r,  1998;  Corb i  & Tr iv inho-
Strixino, 2002), being regarded as a result
of the ability of this group to survive under
low oxygen concent ra t ions and of  the
advantage o f  avo id ing predators  by
remaining in deep waters (Jaeger & Walz,
2002) .

In  sp i te  of  the h igh organic mat ter
content in the sediment of the Ponte Nova
Reservoir, it appears that there are non-point
sources of  organic  e f f luents  or  major
contributions via non-point sources. This is
possibly the reason why low densities were
recorded for benthic organisms, especially
for Oligochaeta. For this group, temperature
and organic  mat ter  were negat ive ly
cor re la ted wi th  i ts  d is t r ibut ion and
abundance, while depth and fine sediment
f rac t ion (s i l t  and c lay )  were pos i t ive ly
correlated. According to Real & Prat (1992),
Oligochaeta densities are usually positively
corre la ted wi th  h igher  amounts of  f ine
par t ic les in  the sediment  and h igher
concentrations of organic matter.

Another  impor tant  fac tor  a f fec t ing
communit ies l iv ing in the l i t toral  zone of
reservoirs is the variation in the water level,
usually determined by the seasonal pattern
of ra infal l  or by the imposed operat ional
regime on water discharge (Mastrantuono,
1987). Prus et al. (1999) observed that the
small fluctuation in the water level (less than
2 meters) in the Myczkowce Dam allowed
the maintenance of species richness in the
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bottom invertebrate community at the littoral
reg ion,  whereas in  the Sol ina Dam,
subjected to a var iat ion of  more than 10
meters in  the water  level ,  the l i t tora l
env i ronment  was d isrupted and the
community was impoverished. During this
study, it was registered a decreased around
3.3 meters  and 5 .5 meters  in  Ju ly  and
November, respectively, in the water level
in the Ponte Nova Reservoir i f  compared
with the first sampling period. The changes
were main ly  determined by the ra in fa l l
pattern in the year 2000 and most of 2001,
with a pronounced drought result ing in a
prec ip i ta t ion def ic i t  o f  around 250.  This
drop in the water level is probably related
to the increased abundance of the benthic
communi ty  as  a  whole ,  par t icu la r ly  in
chironomids.

This  work ev idenced that  the Ponte
Nova Reservoir has a diversified community
of benthic invertebrates, is rich in taxa, but
shows low popula t ion dens i t ies .  Such
characteristics are consistent with its meso-
o l igot rophic condi t ion.   Consider ing that
almost all the other reservoirs in the Tiete
River  bas in are ongoing an accelera ted
process of eutrophicat ion, ef forts to con-
serve water quality and community diversity
are recommended.

Acknowledgements

We thank Mrs. Mercedes R. Marchese
(Insti tuto Nacional de Limnologia, Argenti -
na )  for  he lp ing wi th  o l igochaetes
taxonomica l  ident i f ica t ion and for
suggesting this paper. The first author had
financial support from FAPESP (Proc n. 99/
12393-8) .

References

Baudo, R., Occhipinti, A., Nocentini, A.M. &
Sabolla, M. 2001. Benthos of lake Orta in
the year 1996. J. Limnol., 60:241-248.

Bazzanti, M., Seminara, M. & Tamori, C. 1994.
Depth distr ibut ion and relat ionships to
the t rophic  s ta te  o f  subl i t to ra l  and
profundal  macrobenthos in  Lake Vico
(Central Italy). Limnologica, 24:13-21.

Bechara, J.A. 1996. The relative importance
of water qual i ty, sediment composit ion
and floating vegetation in explaining the
macrobenth ic  communi ty  s t ruc ture o f
f loodplain lakes (Paraná River, Argenti -
na). Hydrobiologia, 333:95-109.

Brinkhurst, R.O. & Marchese, M.R. 1991. Guia
para  la  ident i f icac ión de o l igoquetos
acuát icos cont inenta les de Sud y
Centroamérica. Asociación de Ciencias
Naturales del Litoral, Santo Tomé. 207p.

Corbi, J.J. & Trivinho-Strixino, S. 2002. Spatial
and bathymetr ic  d is t r ibut ion o f  the
macrobenthic fauna of the r ibeirão das
Anhumas Reservoir (Américo Brasiliense
-SP, Brazil). Acta Limnol. Bras., 14:35-42.

Covich, A.P., Palmer, M. & Crowl, T.A. 1999.
The role of benthic invertebrate species
in f reshwater  ecosystems.  Zoobenth ic
species in f luence energy f lows and
nutrient cycling. Bioscience, 49:119-127.

Di Giovanni, M.V.D., Goretti, E. & Tamanti, V.
1996,  Macrobenthos in  Montedogl io
Reservoir,  centra l  I ta ly.  Hydrobiologia ,
321:17-28.

Epler,  J .H. 2001. Identi f icat ion manual for
the larval Chironomidae (Diptera) of North
and South Caro l ina .  Nor th  Caro l ina
Departament of Environmental and Na-
tural Resources, Division of Water Quality,
North Carolina. 526p.

Goldman, C.R. & Horne, A.J. 1983. Limnology.
McGraw-Hill, New York. 464p.

GraphPad Sof tware,  Inc.  2000. GraphPad
InSta t  vers ion 3 .00 for  Windows 95.
www.graphpad.com.

Hare ,  L .  1995.  Sediment  co lon izat ion by
littoral and profundal insects. J. North Am.
Benthol. Soc., 14:315-323.

Jaeger,  I .S .  & Walz,  N.  2002. Chaoborus
f lav icans (Diptera )  is  an oxy- regulator.
Arch. Hydrobiol., 155:401-411.

Jonasson, P.M. 1996. Limits for l i fe in the
lake ecosystem. Verh. Int. Verein. Theor.
Limnol., 26:1-33.

Kajak, Z. & Ranke-Rybicka, B. 1970. Feeding
and production efficiency of Chaoborus
f lav icans Meigen (D ip tera ,  Cul ic idae )
larvae in eutrophic and distrophic lake.
Pol. Arch. Hydrobiol., 17:225-232.

Kajak, Z. 1988. Considerations on benthos
abundance in freshwaters, its factors and
mechanisms.  In t .  Rev.  Gesamten
Hydrobiol., 73:5-19.

L i l jendahl -Nurminen,  A. ,  Horppi la ,  J . ,
E loranta ,  P. ,  Mal inen,  T.  & Uusitalo,  L.
2002.  The seasonal  dynamics and
distribution of Chaoborus flavicans larvae
in ad jacent  lake bas ins of  d i f fe rent
morphometry  and degree of
eutrophication. Freshwater Biol., 47:1283-
1295.

Maier, M.H. 1985. Limnologia de reservatóri-
os do Sudeste do Estado de São Paulo,



 PAMPLIN, P.A.Z.  & ROCHA, O.           Temporal and bathymetr ic distr ibut ion of benthic macroinvertebrate. . .452

Brasil. II - Circulação e estratificação da
água. Bol. Inst. Pesca, 12:11-43.

Maier, M.H. & Takino, M. 1985. Limnologia
de reservatórios do Sudeste do Estado
de São Paulo. IV - Nutrientes e clorofila
a. Bol. Inst. Pesca, 12:75-102.

Margurran, A.E. 2003. Measuring biological
diversi ty.  Blackwell  Publ ishing, Maden.
260p.

Mast rantuono,  L .  1987 Inver tebrate
community in the l i t toral-regulated area
of  a hydroelect r ic  lake- reservoi r  (Lake
Campotosto, central Italy). Riv. Idrobiol.,
26:17-32.

Moretto, Y., Higuti, J. & Takeda, A.M. 2003.
Spat ia l  var ia t ion o f  the benth ic
communi ty in  the Corumbá reservoi r ,
Goiás, Brazil. Acta Sci. Biol. Sci., 25:23-
30 .

Pamplin, P.A.Z., Almeida, T.C.M. & Rocha, O.
2006.  Composi t ion and dis t r ibut ion of
benthic macroinvertebrates in America-
na Reservoi r  (SP,  Braz i l ) .  Acta L imnol .
Bras., 18:121-132.

Pet r id is ,  D.  & S in is ,  A.  1993.  Benth ic
macrofauna of Tavropos Reservoir (cen-
tral Greece). Hydrobiologia, 202:1-12.

Petridis, D. & Sinis, A. 1995. Benthos of Lake
Mikr i  Prespa (Nor th  Greece) .
Hydrobiologia, 304:185-196.

Prat ,  N. ,  Real ,  M. & Rieradeval l ,  M. 1992.
Benthos of Spanish lakes and reservoirs.
Limnetica, 8:221-229.

Prus, T., Prus, M. & Bijou, P. 1999. Diversity
of invertebrate fauna in littoral of shallow
Myczkowce dam reservoir in comparison
with a deep Sol ina dam reservoi r .
Hydrobiologia, 408/409:203-210.

Rabette, C. & Lair, N. 1999. Spatial and tem-
poral  d is t r ibut ion of  benthic stages of
Cyclops vicinus and Chaoborus flavicans
in relation to abiotic factors and benthic
fauna. Hydrobiologia, 390:61-72.

Real, M. & Prat, N. 1992. Factors influencing
the d is t r ibut ion o f  ch i ronomids and
ol igochaetes in  profundal  a reas o f
Spanish reservoirs. Neth. J. Aquat. Ecol.,
26:405-410.

Roque, F.O., Correia, L.C.S., Trivinho-Strixino,
S .  & St r ix ino,  G.  2004.  A rev iew of
Chironomidae studies in lentic systems
in the State of São Paulo, Brazi l .  Biota
Neotrop., 4:1-19.

Santos, C.M. 1995. Distr ibuição espacial e
temporal da fauna mesobentônica da re-
presa de Jurumirim (Rio Paranapanema -
SP). São Carlos, USP, 147p (Dissertação).

Sendacz, S., Kubo, E. & Cestarolli, M.A. 1985.

Limnologia de reservatórios do Sudeste
do Estado de São Paulo .  V I I  -
zooplâncton. Bol. Inst. Pesca, 12:187-207.

Sendacz, S., Caleffi, S. & Santos-Soares, J.
2006. Zooplankton biomass of reservoirs
in different trophic conditions in the State
of São Paulo, Brazil. Braz. J. Biol. 66:337-
350.

S is tema In tegrado de Gerenciamento de
Recursos Hídricos de São Paulo – SIGRH.
Banco de dados. ht tp: / /s igrh.sp.gov.br /
sigrh/bsecon/bancodedados/plu/plu.htm.

Soriano, A.J.S. 1997. Distribuição espacial e
temporal de invertebrados bentônicos da
represa de Barra Bonita (SP). São Carlos,
UFSCar,149p (Dissertação).

StatSoft, Inc. 2001 Statistica: data analysis
sof tware system,  vers ion 6 .
www.statsoft .com.

Strixino, G. & Trivinho-Strixino S. 1998. Po-
voamentos de Chi ronomidae (D ip tera )
em lagos art i f ic iais.  In:  Nessimian, J .L.
& Carvalho, A.L. (eds.) Ecologia de inse-
tos aquát icos. Universidade do Rio de
Janeiro, Rio de Janeiro. p.141-154.

Suguio ,  K .  1973.  In t rodução à
sedimentologia. Edgard Blücher/EDUSP,
São Paulo. 317p.

Takino, M. & Maier, M.H. 1981. Hydrology of
reservoirs in the São Paulo State, Brazil.
Verh. Int. Verein. Limnol., 21:1060-1065.

Trivinho-Strixino, S. & Strixino, G. 1995. Lar-
vas de Chironomidae (Diptera) do Esta-
do de São Paulo: guia de identificação e
diagnose dos gêneros. PPGERN-UFSCar,
São Carlos. 229p.

Valenti, W.C. & Froehlich, O.O. 1988. Estudo
da macrofauna bentônica de dez reser-
vatórios do Estado de São Paulo. Cienc.
Zootec., 3:1-3.

Xavier, M.B., Monteiro-Junior, A.J. & Fujiara,
L.P. 1985. Limnologia de reservatórios do
Sudeste do Estado de São Paulo. VI I  -
fitoplâncton. Bol. Inst. Pesca, 12:145-186.

Wetzel ,  R.G.  1993.  L imnologia .  Fundação
Calouste, Lisboa. 1010p.

Received: 08 March 2007
Accepted: 18 January 2008


