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ABSTRACT: Spatial and temporal variations of the benthic macrofauna in different habitats of a lagoon of
the northern coastal system of Rio Grande do Sul State, Brazil. The present work analyses the structure
of macrobenthic community in three areas of Itapeva Lagoon, northern coast of Rio Gran-
de do Sul. In each study area, deltaic margin of Três Forquilhas River, central area and east
margin, three sample units have been established, 500 meter equidistant, towards NE-SW
fetch. Collects have been done during Summer and Winter of 2000 and Summer of 2001,
with an Ekman-Birge type sampler, having an area of 225 cm2. More abundant taxons at
deltaic margin were Naidinae and Chironomidae (Polypedilum sp. and Cryptochironomus
sp.); Tubificinae at the central area, Veneroida, Chaoboridae (Chaobors (Chaoborus) sp.)
and Chironomidae (Coelotanypus sp. and Cladotanytarsus sp.) as well as Hidrobiidae at
east margin (Heleo charruana and P.  ribeirenses). The richness of families varied between
9 and 15, diversity varied between 1.22 and 2.05 and the equitabil i ty between 0.48 and
0.8.  Var iance analys is indicated that  for  values of  fami l ies r ichness,  tota l  number of
individuals and equitabil i ty, habitat has been a major factor in the community. Diversity
values, however, varied in function of time. Highest values of correlation (Spearman) were
found between macroinvertebrates densit ies and f ine sand, sediments deposit ion form
(Passega’s classification) and hydrodynamics (sand/silt+clay relation); between equitability
and organic matter, selection and si l t  percentage and diversity and asymmetry.  Spat ial
variat ion of macrobenthos suffered the inf luence of textural variables of sediment and
aquatic vegetation, which have build different substrates, thus supplying shelter and food
resource. On the other hand, temporal variation is l ikely to have been favored by water
lamina depth and hydrodynamics.
Key-words: Macroinvertebrates, habitats, spatial and temporal variations, coastal lagoon, Rio
Grande do Sul.

RESUMO: Variação espaço-temporal da macrofauna bentônica em diferentes hábitats de uma lagoa do
sistema costeiro norte do Rio Grande do Sul, Brasil. O presente trabalho analisa a estrutura da
comunidade de macrobentos em três áreas da Lagoa Itapeva, Litoral Norte do Rio Grande
do Sul. Em cada uma das áreas de estudo, margem deltaica do Rio Três Forquilhas, área
central e margem leste, foram estabelecidas três unidades amostrais, eqüidistantes 500
m, na direção do fetch NE-SW. As coletas foram realizadas nos períodos de verão e inverno
de 2000 e verão de 2001, com um amostrador do tipo Ekman-Birge, com área de 225 cm2.
Os táxons mais abundantes na margem deltaica foram os Naidinae e os Chironomidae
(Polypedi lum sp. e Cryptochironomus sp. ) ;  na área central ,  os Tubif ic inae, Veneroida,
Chaoboridae (Chaobors (Chaoborus) sp.) e Chironomidae (Coelotanypus sp. e Cladotanytarsus
sp.) e na margem leste os Hidrobiidae (Heleo charruana e P.  ribeirenses). A riqueza de
famílias variou entre 9 e 15, a diversidade entre 1,22 e 2,05 e a equitabilidade entre 0,48 e
0,8. A análise de variância indicou que para os valores de riqueza de famílias, número
total de indivíduos e equitabilidade, o hábitat foi um fator de maior importância na comuni-
dade, porém os valores de diversidade variaram em função do tempo. Os maiores valores
de correlação (Spearman) foram encontrados entre o número total  de indivíduos e as
variáveis areia f ina, forma de deposição dos sedimentos (classi f icação de Passega) e
hidrodinâmica (relação areia/silte+argila); entre equitabilidade e matéria orgânica, percentual
de silte e seleção do sedimento e entre diversidade e a assimetria. A variação espacial do
macrobentos teve a inf luência das var iáveis texturais  do sedimento e da vegetação
aquática, que construíram diferentes  substratos, propiciando refúgio e recurso alimentar.
Enquanto a variação temporal parece ter sido favorecida pela profundidade da lâmina
d‘água e hidrodinâmica.
Palavras-chaves: Macroinvertebrados, hábitats, variação espacial e temporal, lagoa costeira,
Rio Grande do Sul.
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The Lagoon has an extended shape,
32  km in  the  SW-NE d i rec t ion  and  an
average width of approximately 2,5 km at
the NE portion and 5,5 km at the SW part
(Tomaze l l i ,  1990 ;  Cardoso ,  2001 ) .  The
effect ive “fetch” is over 12 km in the NE-
SW d i rec t ion .  Lopardo (2002)  po in ts  out
di f ferences in the ci rculat ion of  water of
the lacustr ine body, dividing i t  into three
reg ions :  Nor th ,  Cen te r  and  Sou th .
According to variations in the direction of
“fe tch ” ,  the nor thern reg ion becomes an
independent compartment, from the course

of  the  s t reams o f  cen t ra l  and  sou th
reg ions ,  a l lowing for  spec i f ic  s tud ies  in
these  reg ions  o f  the  Lagoon  ( Lopardo ,
2002 ) .

Acco rd ing  to  Tomaze l l i  ( 1990 ) ,  T rês
Forquilhas River forms a f luvial - lacustr ine
de l ta  in  a  rec t i l i nea l  way ,  thus  fo rming
small islands and channels, extending for
5 km inside the Lagoon. Average monthly
outflows of the river vary between 3.9 and
6.3 m3/s .  However average discharges at
the river estuary correspond to about 8.2
m3/s (Machado, 2000).

Introduction

Coastal Plain of Rio Grande do Sul, in
its northern area, is composed of a group
of  lagoons,  most  o f  them connected by
channels ,  a  water  mi r rors  rosary ,  which
opens between the sea and Serra  Gera l
Format ion mounta ins (Machado,  2000) .
Lagoons rosary is  character ized by low
depths tha t  favor  aeo l ian ac t ion .  Th is
aeol ian act ion is  the main funct ion of
ecolog ic  force in  the reg ion,  producing
waves that  in f luence development  o f
margins through resuspension of  bot tom
sediments.  (Schwarbold & Schafer ,  1984;
Tomazelli, 1990; Machado, 2000).

I tapeva Lagoon is  the las t  lagoon
placed at the northern part of this rosary of
lacustrine bodies of the coast of Rio Gran-
de do Sul. This Lagoon receives waters from
Três Forquilhas and Cardoso River’s by its
west  margin .  Among these r ivers ,  Três

A special focus is set in this work upon
the study of the benthic macrofauna of three
di f fe rent  habi ta ts  o f  I tapeva Lagoon:
margins close to the deltaic formation of
Três Forquilhas River, margin areas of the
eastern part  of the Lagoon and a central
area of greater depth. This study aims at
characterizing, in the space, the community
f rame of  benth ic  macro inver tebra tes in
these three k inds of  environment ,  taking
into considerat ion pecul iar environmental
characteristics of each one as well as their
changes in time.

Study Area
I tapeva Lagoon is  located a t  the

northern coast of Rio Grande do Sul and
belong to the f luvial - lacustr ine System of
Tramandaí, which integrates the Hydrologic
Basin of Tramandaí River (Fig. 1).

Figure 1: Location and study area in the Itapeva Lagoon, northern coastal of the Rio Grande do Sul, Brazil.

Forquilhas plays an important role due to
the format ion of a f luvial - lacustr ine del ta
(Tomazelli, 1990
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Figure 2: Samples strategy of the three areas in the Itapeva Lagoon, northern coastal of the Rio Grande do
Sul ,  Braz i l .

Material and methods

Samples s t ra tegy inc luded the
selection of three areas of Itapeva Lagoon,
next to the delta region. The three areas
were l ined up in  the W-E d i rec t ion ,
approximately 2 Km under Três Forquilhas
River. In each area three sample units have
been spread covering an extension of 1Km,
500 m equidistant between themselves, in
the direction of NE-SW fetch (Figs. 1 and 2).
At the west margin three sites were sampled
1D, 2D and 3D (W 50º00 00 and S 29º33’
47"); in a central area, 4C, 5C and 6C  (W
49º58’ 32" and S 29º33’ 47") and at the east
margin, 7L, 8L and 9L (W 49º41’ 31" and S
29º33 ’  47" ) .  F ie ld  co l lec ts  took p lace in
summer and winter of 2000, and summer
of 2001.

Sediment  has been col lected by a
bottom sampler Ekman-Birge, with an area
of  225 cm 2.  Three repl icates have been
made in each sample units for the purpose
of quantitative analysis of macroinvertebrate
community. With “mud-snapper” have been
col lected samplers for  granulometry and
organic matter analysis. Water samples were
collected at sampling units 2D, 5C and 8L,
th rough  a  ho r i zon ta l  Van Dorn  bo t t le .
Depth (m), transparency (cm), temperature
( ºC ) ,  d isso lved (mg/L )  and satura ted (%)
oxygen,  conduct iv i ty  (mS/cm)  and
hydrogenionic  potent ia l  (pH)  have been
measured.

Sediment samples were processed at
the CECO – Centro de Geologia Costeira e
Oceânica (Coasta l  and Oceanic  Geology
Center) of the Geosciences Institute of Uni-
versidade Federal do Rio Grande do Sul -
UFRGS.  Sediments have been c lass i f ied
accord ing to  the granulometr ic  sca le  o f
Wentworth (1932), and the building of cur-
ves of accumulated frequency have been
made with the aid of the PARCOM program
of  UFRGS/CECO.  Data in terpreta t ion has
been made applying Folk & Ward (1957) and
Passega ( 1964)  methods.  Folk & Ward ’s
methods (1957) include the calculat ion of
selection degree (Ti ) ,  which indicate both
the tendency of grain sizes to spread over
the sedimentary bottom or to granulometric
homogeneity. Asymmetry (Ski) and Kurtosis
(KG) verify the amount of f ines subject to
se lect ion by d i f fe rent  types of  bot tom
streams and waves (Machado,  2000) .
Passega ’s  c lass i f icat ion deals wi th the
characteristics of depositional agent, which
are ref lected on the sediments (Passega,
1964) .

Month ly data of  wind di rect ion were
provided by DEPREC - Departamento Esta-
dua l  de Por tos  R ios e  Cana is  (S ta te
Department of Ports, Rivers and Channels),
at Maquiné and Imbé stations.

Quantitative samples of macrobenthos
have been washed in running water in a
sieve with an opening of mesh of 250 µm
and were preserved in  tamponated
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formaldehyde at 4% for later sorting under
s tereomicroscope.  Af ter  sor t ing a l l
organisms were identi f ied at family level.
When possib le some groups have been
ident i f ied in t r ibes,  genus or species;  or
even morphotypes by means of taxonomic
keys:  Saether  ( 1970,  1972) ,  Br inkhurst  &
Cook ( 1974) ,  McCaf fer ty  ( 1981 ) ,  O l iv ier  &
Roussel  ( 1983) ,  Ponds da S i lva & Davis
( 1983) ,  Ponds da S i lva & Thomé ( 1985) ,
Brinkhurst & Marchese (1991) ,   Angrisanto
(1995) ,  Angr isanto & Trémoui l les ( 1995) ,
Bachmann (1995), Bachmann & Mazzucconi
( 1995) ,  Dominguez et  a l .  ( 1995) ,  Lopret to
(1995), Strixino-Trivino (1995), Trémouilles et
al. (1995) and Epler (2001).

Average medium density ( ind/m2)  and
relative abundance (%) of organisms have
been calculated at family level .  Richness
index (S), total number of individuals (IND),
d ivers i ty  o f  Shannon-Weaver  (H ’ )  and
equi tab i l i ty  ( J )  o f  P ie lou ( 1969)  were
reckoned through DIVERS’ :  for  species

diversity analyses, complete version Smith
(1993). Statist ical analyses has taking into
considerat ion the t ime-space var iat ion of
diversity indexes, aiming to find out which
variation factor, time or habitat, influenced
the community variat ion, by adopting the
var iance analys is  (ANOVA) ,  wi th  α≤0.05
probab i l i ty.  Through the cor re la t ion of
Spearman,  the group of  var iab les that
cont r ibuted for  the var ia t ion of  the
community has been verified, assuming that
r  ≤ 0 .5 and α ≤ 0 .05,  by the STATISTIC
program 5.0 version.

Results

At the Lagoon the wind direction was
p r e d o m i n a n t l y  n o r t h e a s t  ( N E ) ,  w i n d s
be ing  l i t t l e  p ronounced  f rom quadran ts
west (SW) and east (SE). At Table I i t  can
b e  o b s e r v e d  t h a t  d e p t h  v a l u e s  w e r e
higher  dur ing the summer in  2000.

Summer 2000 Winter 2000 Sumer 2001 Environmental  

variables Delta Central East Delta Central East Delta Central East 
Depth (m) 1.6 3.6 1.7 0.7 2.6 0.8 0.9 2.5 0.8 

Transparency  (m) 0.7 0.5 0.4 0.2 0.35 0.35 0.4 0.4 0.4 

Temperature (ºC) 28 26.5 26 13 12 12 28.8 28.2 28.2 

Conductivity (µS/cm) 51 45 38 45.8 46 56 57.5 59.6 58.9 

Saturated Oxygen (%) 87 117 126 74.7 78.1 73.4 84.2 100.1 96 

Dissolved oxygen (mg/L-1) 7.5 9.3 9.2 7.9 8.55 7.83 6.72 8.2 7.26 

PH 7.8 7.5 5.9 7.85 7.87 7.22 7.54 7.92 7.56 

 

Table I: Medium values of the physical ad chemical environmental variables in the sampling areas in the
Itapeva Lagoon, northern coast of Rio Grande do Sul, Brazil .

Accord ing to  the granulometr ic
ana lys is ,  de l ta  area is  a  sedimentary
transition environment showing fluvial and
lacustr ine inf luences. At the central  area
sediment  po in ted out  a  resu l tant  o f
lacustrine circulation, which are controlled
both by aeolian action and bathymetric quo-
tas .  East  area presented,  as a resul tant ,
deposi t ion f rom a uni form suspension. I t
may be observed,  through f ine sand
percentages and by the sand/ (s i l t +c lay )
re la t ionship ,  that  areas wi th  h igh
hydrodynamics are east  and delta areas,
whi le  cent ra l  a rea shows low
hydrodynamics. Organic matter and degree
of selection values support the dynamics
characteristics founded (Tab. II).

An amount of 81 samples have been
analyzed in order to establ ish the space
frame of benthic macrofauna in the study
areas,  where a tota l  of  2 ,671 specimens

have been gathered, spread in 54 taxons.
Table II I presents the most representative
groups of macrofauna found in the habitats
of Itapeva Lagoon.

At the delta area the taxa with higher
re la t ive abundance were Hidrobi idae
(Heleobia charruana ) (26%), Chironomidae
(Polypedilum sp., Cryptochironomus sp. and
Cladotanytarsus sp) (21%), Naidinae (15%),
Tubi f ic inae (13%) and Veneroida (11%) .  In
cent ra l  a rea the most  abundant  were
Chi ronomidae (Coelo tanypus  sp.  and
Cladotanytarsus sp . )  and Hidrob i idae
(Heleobia charruana )  both  wi th  20%,
Veneroida (17%), Chaoboridae (Chaoborus
sp.) (16%), and Tubificinae (15%). East area
had 59% of its community represented by
Hidrobiidae assembly (Heleobia charruanae
and Potamulithus ribeirensis) (Tab. IV).

Tak ing  i n to  cons ide ra t i on  a l l  t h ree
pe r iods  o f  samp l ing  a t  I t apeva  Lagoon
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       * adapted from the sample units distributed in the areas of study in the direction N – S

Table II: Variables of the sediment in the sampling areas of the I tapeva Lagoon, northern coast of Rio
Grande do Sul,  Brazi l .

Class Order Family Subfamily Tribe Specie ou Morfotype 
Oligochaeta Tubificida Naididae Naidinae  Genus not determined 

  Enchytraeidae   Genus not determined 

  Tubificidae Tubificinae  Genus not determined 

Bivalve Veneroida    Genus not determined 

  Corbiculidae   
Corbicula fluminea  

 Müller, 1774 

Gastropoda Mesogastropoda Hydrobiidae   
Heleobia charruana  

(d’Orbigny, 1840) 

     
Potamulithus ribeirensis  

Pilsbry, 1911 

  Chilinidae   
Chilina fluminea parva 

 Martens, 1868 

Crustacea Tanaidacea Tanaidae   
Sinelobus stanfordi  

(Richardson, 1901) 

Insecta Coleoptera Elmidae   Gener not determined 

 Diptera Chaoboridae   
Chaoborus (Chaoborus)  

sp1. (morfotipo) 

  Chironomidae  Coelotanypodini 
Coelotanypus  

Kieffer, 1913 sp. 

    Chironomini 
Polypedilum sp.  

Kieffer, 1913 

     
Cryptochironomus sp  

Kieffer, 1918 

    Tanytarsini 
Cladotanytarsus sp.  

Kieffer, 1921 

 Ephemeroptera Polymitarcidae Campsurinae  Genus not determined 

 Lepidoptera Pyralidae Nymphulinae  Genus not determined 

 Trichoptera Brachycentridae   Genus not determined 

 

Table III: Composition of the macrobenthic community in the sampling areas (delta, central and east) of
the Itapeva Lagoon, northern coast of Rio Grande do Sul, Brazil .

Characteristics of the sediments 
 

Environmental  

variables Delta Central East 
AG Coarse sand (%) 0.08 0.03 0.2 

AM Medium sand (%) 6 0 1 

AF Fine sand (%) 71 1 87 

AMF Very fine sand (%) 24 5 13 

SIL Silt (%) 0 66 0 

ARG Clay (%) 0 27 0 

MO Organic Mater (%) 3.84 11.09 0.94 

Ti Selection degree * 
Moderately  

selected 
Very poor selected Selected well 

SKi Asymmetry * Asymmetry very positive 
will be positive Asymmetry positive Asymmetry positive 

KG Kurtosis* Leptokurtic for very 
platykurtic Mesokurtic for platykurtic Mesokurtic 

CM Passega’s classification* Suspension and rolling, 
Suspension uniform Suspension for calm waters Suspension uniform 

RAS Sand/(silt+clay) 
relationship High hidrodynamic Low hidrodynamic Higth hidrodynamic 
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(Tab .  V ) ,  more  represen ta t ive  taxons  in
2000 summer have been Hidrobi idae (H.
charruana) (34%) and Polymitarcidae (18%),
in 2000 winter Hidrobi idae (H. charruana)
(52%) and in 2001 summer Hidrobiidae (H.
cha r ruana )  ( 35%) ,  Na id inae  ( 17%)  and
Tubif ic inae (18%).

H igher  va lues of  equi tab i l i ty  and
diversity have been registered at the cen-
tral area and in 2000 winter. The greatest

number of individuals occurred at east area
in 2000 summer and the greatest richness
of families was located on east margins in
2000 summer and at  del ta  area in  2000
winter and 2001 summer (Tab. VI).

ANOVA indicated that for values of S,
IND and J’ habitat has been a major factor
in  communi ty.  Never theless values of  H ’
have varied in function of t ime, as shown
in Table VII.

Table IV:  Medium densi ty ,  maximum and minimum ( ind/m 2)  and relat ive abundance (%) of  the benthic
macrofauna (≥ 1%) in the sampling areas of the Itapeva Lagoon, northern coast of Rio Grande do
Sul ,  Braz i l .

  * Juvenil Forms of the Corbiculidae and Sphaeridae; ** (≤1%) Hirudínea, Hyri idae, Ancylidae, Chil inidae,
Naucoridae, Ceratopogonidae, Polymitarcidae,   Leptoceridae, Phryganeidae and Isotomidae

Taxons Delta Central East 
 Min./ máx. Ind/m 2 % Min./máx. Ind/m 2 % Min./máx. Ind/m 2 % 

Naidinae 89 - 543 211 15 0 - 5 28 4 35 – 444 160 6 

Enchytraidae 0 – 5 2 0,1 - - - 10 – 306 112 4 

Tubificinae 40 - 267 188 13 15 - 281 105 15 128 – 331 204 8 

Corbiculidae 40 – 74 56 4 15 - 69 35 5 114 – 173 135 5 

Veneroida* 153 - 168 160 11 5 - 356 120 17 44 – 178 123 5 

Sphaeridae 0 – 5 2 0,1 - - - 40 – 119  71 3 

Hidrobiidae 227 - 435 364 26 123 - 163 137 20 914 – 1852 1534 59 

Tanaidae 10 - 232 84 6 - - - 5 – 281 95 4 

Elmidae - - - - - - 0 – 119 40 2 

Chaoboridae 10 – 54 21 2 5 - 207 110 16 - - - 

Chironomidae 119 – 509 301 21 89 - 188 142 20 69 – 163 102 4 

Pyralidae - - - 0 - 20 7 1 0 – 15 5 0,2 

Brachycentridae 0 – 35 12 1 - - - - - - 

Others** 2 - 3 13 1 2 - 3 10 1 2 - 8 15 1 

Total 1,269–1,595 1,412 100 514-963 693 100 1,452–3,517 2,596 100 

 

Table V:  Medium densi ty ,  maximum and minimum ( ind/m 2)  and re lat ive abundance (%) of  the benthic
macrofauna (≥ 1%) in the sampling periods in the Itapeva Lagoon, northern coast of Rio Grande
do Sul ,  Brazi l .

  *Juveni l  forms of the Corbicul idae and Sphaeridae; ** (≤1%) Hirudínea, Hyri idae, Ancyl idae,  Elmidae,
Naucoridae, Ceratopogonidae, Leptoceridae, Phryganeidae and Isotomidae

Summer 2000 Winter 2000 Summer 2001 
Taxons 

Min. – máx. Ind/m 2 % Min. – 
máx. Ind/m 2 % Min. – máx. Ind/m 2 % 

Naididade 89 – 444 178 7 5 - 35 13 1 79 – 543 207 17 

Enchytraidae 0 – 20 7 0.3 5 - 306 104 7 0 – 10 3 0.3 

Tubificidae 20 – 267 147 6 15 - 331 128 8 128 – 281 222 18 

Corbiculidae 54 – 173 99 4 15 - 119 69 5 20 – 114 58 5 

Verenoida* 153 – 356 229 10 44 - 158 67 4 5 – 168 107 9 

Sphaeridae 0 – 119 40 2 0 - 40 13 1 5 – 54 20 2 

Hidrobiidae 163 – 1,852 816 34 123 – 1,837 797 52 123 - 914 421 35 

Chilinidae 0 – 5 2 0.1 0 - 5 2 0.1 5 – 15 7 1 

Tanaidae 232 – 281 171 7 5 - 10 5 0.3 0 – 10 3 0.3 

Chaoboridae 10 – 207 72 3 0 - 119 40 3 5 – 54 20 2 

Chironomidae 119 – 163 143 6 74 - 509 257 17 69 – 277 145 12 

Polymitarcidae 5 – 1,309 438 18 5 - 10 5 0.3 - 0 0 

Pyralidae - 0 0 15 -  20 12 1 - 0 0 

Brachycentridae - 0 0 0  - 35 12 1 - 0 0 

Others** 0 – 3 7 0.3 2 – 3 12 1 0 - 3 3 0.3 

Total 963 –4,825 2,392 100 514 –2,820 1,534 100 79–543 1,216 100 
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Based upon the resu l ts  o f  var iance
analysis it was found out that for S and IND
a s ign i f icant  d i f fe rence was poin ted out
between the central area (with low values
for  S  and IND)  and marg ina l  a reas .
Equitabil i ty values presented a signif icant
d i f ference on the east  area,  wi th lower
values compared to delta and central areas,
as shown on Tables IV, VI and VII.

Greatest values of correlat ion for the
tota l  amount of  indiv iduals ,  re fer  to f ine

sand,  deposi t ion form (Passega ’s
classif ication) and hydrodynamics degree,
ind icat ing marg ina l  habi ta ts .  Equi tab i l i ty
values were correlated to organic matter
and to sediment selection, which indicate
the central  area of  the Lagoon. Diversi ty
variation was correlated to the asymmetry
of granulometric category, denoting changes
on the sedimentary substrate of sampling
areas (Tab. VIII).

Table VI:  Values of  richness  indexes of family (S), total number of individuals (IND); Pielou’s equitability
and (J) and Shannon-Weaver diversity (H’), in each area and sampling period in the Itapeva Lagoon,
northern coast of Rio Grande do Sul, Brazil .

S IND J' H’ VT 
R p-level R p-level R p-level R p-level 

MO -0.08 0.84 -0.90 0.001 0.84 0.004 0.63 0.066 
AG -0.08 0.84 -0.90 0.001 -0.84 0.004 0.64 0.066 
AM 0.41 0.28 0.53 0.145 -0.26 0.493 0.16 0.683 
AF 0.08 0.84 0.90 0.001 -0.84 0.004 -0.64 0.066 

AMF 0.41 0.28 0.53 0.145 -0.26 0.493 0.16 0.683 
SIL -0.28 0.46 -0.82 0.007 0.64 0.064 0.28 0.474 
ARG -0.28 0.46 -0.82 0.007 0.64 0.064 0.28 0.474 

Ti -0.08 0.84 -0.90 0.001 0.84 0.004 0.64 0.066 
Ski 0.32 0.39 -0.37 0.329 0.58 0.102 0.79 0.011 
KG 0.41 0.28 0.53 0.145 -0.26 0.493 0.16 0.683 
CM 0.081 0.84 0.90 0.001 -0.84 0.004 -0.64 0.066 
RAS 0.281 0.464 0.82 0.007 -0.64 0.064 -0.28 0.474 

 

Table VIII: Spearman’s Correlation (r≤0.5 e p ≤0.05) between sediment variables (VT) and diversity indexes
in the Itapeva Lagoon, northern coast of Rio Grande do Sul, Brazil (see Tab.I) .

Sumer 2000 Winter Summer 2001 Total 
Area 

Delta Central East Total Delta Central East Total Delta Central East Total Delta Central East 

S 13 9 15 19 15 14 13 23 15 14 10 21 22 15 18 

IND 293 151 681 1,125 232 112 578 922 344 139 297 780 869 402 1,556 

J” 0.73 0.79 0.6 0.65 0.7 0.8 0.48 0.57 0.75 0.71 0.57 0.68 0.71 0.83 0.54 

H' 1.86 1.72 1.62 1.92 1.86 2.05 1.22 1.8 2.02 1.85 1.31 2.06 2.19 2.24 1.56 

 

Table VII: Analysis of variance of the diversity indexes, where: QM, mean square; F, distr ibut ion of the
variance and the degrees of freedom: 2 -  Time (1 ) ,  2 -  Hábitat (2) e 4 -  Interaction (1x2) and
Resídue, variance inside the groups in the Itapeva Lagoon, northern coast of Rio Grande do
Sul ,  Braz i l .

Factor of  variance 
Indices 

Time (1) Hábitat (2) Interaction (1x2) 
Residue 

 QM 0.010  0.041 0.015  0.008 
S F 1.153 4.866 1.782  
 p-level 0.338 0.020 0.177  
 QM 0.096 0.750 0.051 0.063 

IND F 1.526 11.917 0.804  
 p-level 0.244 0.001 0.538  
 QM 0.186 0.093 0.032 0.042 

H' F 4.455 2.222 0.759  
 p-level 0.027 0.137 0.566  
 QM 0.021 0.099 0.004 0.013  

J' F 1.635 7.554 0.267  
 p-level 0.223 0.004 0.895  
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Trivinho-Strixino (2002) have confirmed its
presence in a tank, in São Paulo state, more
than 5m deep, in muddy-silty sediments. It
has also been commented that it is the main
taxa to occupy areas with predominance of
organic sediments (Corbi & Trivinho-Strixino,
2002) .

Coelotanypus  sp.  is  a  predator
associated to macrophytes, fine sediments
and organic remains (Marchese & Drago,
1992; Wiendenbrug, 1993; Oliver & Roussel,
1983;  Epler,  2001 ) .  Rodr igues ( 1996)  has
found the genus in substrates of a coastal
lagoon of the northern coast of Rio Grande
do Sul with high levels of organic matter.
Corb i  &  Tr iv inho-S t r ix ino (2002)  have
registered its presence in a tank in São Pau-
lo state, in littoral areas with silty bottom.

At Itapeva Lagoon, it can be observed
that  the margin were const i tuted of  s i l ty
substrate, but with different compositions.
Del ta  area presents  a  hydrodynamics
directly influenced by the fluvial f low and
by the load transported by Três Forquilhas
River ,  through the channels of  del ta
formation and by the production of waves
formed by winds predominant in the region.
This area is both under fluvial and lacustrine
influence, what may add a greater diversity
of habitats. On the other hand, the east area
presents a  greater  granulometr ic
homogenei ty  than the de l ta  marg in and
presents  a  h igh and b i -d i rect ional
hydrodynamics due to waves. Probably, the
dominance of Hidrobi idae on this margin
reflects its better adaptation to this kind of
envi ronment ,  whi le Naidinae,  Tubi f ic inae
and Chironomidae find better conditions on
the delta area.

Another characterist ic that inf luences
the habi ta t  f rame on the two marg ina l
zones,  east  and west  areas,  are the
set t lements of  Sc i rpus ca l i fo rn icus
macrophyte. This macrophyte is  used to
form a rizomes net that help the stabilization
of sediments (Schwarzbold,  1982; Würdig
et al., 1998 and Freitas, 2002).

The central area is a zone with greater
depth, free from aeolian action, with high
levels of organic matter. This area, near the
bottom, is of low hydrodynamics, where the
select ion and t ransportat ion of  sediment
grains are subject to the influence of bottom
st reams.  Chaobor idae,  Chi ronomidae,
Tubificinae and Hidrobiidae species seem
to be wel l  associa ted to  tex tura l
character is t ics  o f  sediments and to the
height of the water column in this region.

Discussion

Macrobenthic community at the delta
area was represented mainly by the families
Hidrobiidae, Chironomidae (Polypedilum sp.,
Cryptochironomus sp. and Cladotanytarsus
sp. ) ,  Na id inae and Tubi f ic inae,  which
attained higher abundances. Naidinae in this
area  was more abundant  than in  o ther
areas. On the central area almost the same
families stood out, except for Naidinae and
the presence of Chaoboridae. Chironomidae
was represented by Coelotanypus  and
Cladotanytarsus.  At  the east  area two
species of Hidrobiidae were more abundant:
Heleobia charruana  and  Pothamul i tos
ribeirensis.

H idrobi idae occurs  in  the south o f
Braz i l ,  Uruguay and Argent ina,  is  widely
spread in aquatic environments associated
to silty substrates macrophytes, being fed
with perifiton (Lanzer & Schafer, 1985; Ponds
da Si lva,  1983; Simões, 2002) .  In I tapeva
Lagoon they stand for the most abundant
taxon, being present on the three areas, in
the three collecting periods.

Polypedilum is a cosmopolitan genus,
which appears  assoc ia ted to  s i l ty
sediments in  areas that  were set t led by
macrophytes (Oliver & Roussel, 1983; Epler,
2001). Wiedenbrug (1993) found the genus
associated to macrophyte S. cal i fornicus .
Rodrigues (1996) has mentioned predation
of  Polypedi lum species by the genus
Cryptochironomus sp.. This genus is known
as a predator and preferring silty substrates
in lotic and lentic systems (Oliver & Roussel,
1983; Epler, 2001; Santos & Henry, 2001).

Naidinae, according to Poi Neiff (1992)
and Colado et al .  (1999),  can be found in
coasta l  reg ions ,  and is  l i ke ly  to  be
associated to low oscil lat ion of the water
column or to vegetated substrates. Corbi &
Trivinho-Strixino (2002) have confirmed the
presence of Naidinae in low depths and silty
substrates or associated to the presence
of aquatic macrophytes.

Tubificinae was abundant in the delta
area,  i ts  greater  abundance,  however ,
occurred in the central area. Some species
are associated to enriched areas of organic
mat ter  and vegeta ted subst ra tum,  thus
changing even the specif ic dominance of
other species in the habitat (Brinkhurst &
Marchese, 1989; Johnson et al., 1987; Cola-
do et al., 1999).

 Chaobor idae can dwel l  in  areas o f
greater  depth (Saether ,  1970) .  Corbi  &
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Through the community analysis it was
observed that the richness of families and
the number of individuals were significant
on the marginal areas, where percentages
of fine sand are high, indicating a relatively
high hydrodynamics. Benthic macrofauna of
del ta and east  areas presented di f ferent
composi t ions,  associated,  to the textural
composi t ion of  sed iment  and to  the
presence of  macrophytes.  Equi tabi l i ty  in
Spearman’s analysis was strongly correlated
to the organic matter, selection degree of
sediments and, in a smal ler degree, with
si l t  and clay. Higher values of equitabil i ty
were registered on the central area, where
organic matter percentages are higher in
relation to the margins areas, sediments are
poorly selected and silt and clay have high
percentages. Macrobenthic community was
represented by deposi t  co l lectors ,
Tubi f ic inae;  by predators ,  Chaoborus
(Chaoborus) sp. and Coelotanypus sp. and
filters Cladotanytarsus sp. and young forms
of  Venero ida ,  a l l  o f  them belonging to
t roph ic  groups typ ica l  in  th is  type o f
envi ronment .  Greater  d ivers i t ies  were
reg is tered in  cent ra l  and del ta  areas ,
correlated to the asymmetry.  Asymmetry,
in  the granulometr ic  s tudy,  re f lects  the
progressive action caused by the removal
of fines by streams. Classifications of very
pos i t ive and pos i t ive asymmetry ,  o f  the
study areas ,  ind icated that  these areas
present a greater amount of fines, subject
to the progressive selection through streams
and waves (Machado, 2000).

The tempora l  f luc tuat ion o f  the
macrobenthic community must be related
to seasonal variables, as temperature and
the f luctuat ion of the height of the water
column. In 2000 summer, when the lagoon
presented i ts  greater  water  level ,  i t  was
observed the h igh ind iv iduals  densi ty.
Variance analysis indicated that community
diversity varied as a function of time.

Space variation of the community was
re la ted to the habi ta t  f rame.  Var iance
analysis indicated habitat as the factor of
greater importance to the families’ richness
changes,  number  of  ind iv iduals  and
equitability. Beisel et al., (2000) and Bis et
al. (2000) mention that sedimentary facies
cont r ibute to  densi ty  increase,  species
r ichness,  d ivers i ty  and resources
explo i ta t ion by benth ic  communi ty  and
hydrodynamic features he lp in  benth ic
organisms dispers ion.  Habi tats characte-
r izat ion of study areas of I tapeva Lagoon

poin ts  out  to  aeo l ian ac t ion and f luv ia l
d ischarge in  the system as main
hydrodynamic agents. Both force functions
cont ro l  tex tura l  fea tures o f  bot tom
sediments ,  d ivers i ty  and d is t r ibut ion o f
macrophytes banks, influencing in habitats
complex i ty ,  which on the i r  s ide may
determine sett l ing frame, distr ibut ion and
strategies of macrobenthos community.

References

Angrisanto, E.L. 1995. Insecta tr ichoptera.
In :  Lopret to ,  E .C.  & Tel l ,  G.  (eds. )
Ecosis temas de aguas cont inenta les :
metodologias para su estúdio. Ediciones
Sur, La Plata. v.3, p.1199-1238.

Angrisanto, E.B. & Trêmouil les, E.R. 1995.
Insecta diptera. In: Lopretto, E.C. & Tell,
G .  (eds. )  Ecosis temas de aguas
cont inenta les  :  metodolog ias para su
estudio.  Edic iones Sur ,  La P lata .  v.3,
p.1243-1268.

Bachmann, A.O. 1995. Insecta plecoptera.
In :  Lopret to ,  E .C.  & Tel l ,  G.  (eds. )
Ecosis temas de aguas cont inenta les  :
metodologias para su estudio. Ediciones
Sur, La Plata. v.3, p.1093-1112.

Bachmann, A.O. & Mazzucconi, S.A. 1995.
Insecta heteroptera (Hemiptera s. str.). In:
Lopretto, E.C. & Tell, G. (eds.) Ecosistemas
de aguas cont inenta les :  metodologias
para su estudio. Ediciones Sur, La Plata.
v.3, p.1291-1326.

Beisel, J.N., Usseglio-Polatera, P. & Moreteau,
J.C. 2000. The spatial heterogeneity of a
r iver bot tom: a key factor determining
macro invetebrate communi t ies .
Hydrobiologia, 422/423:163-171.

Bis, B., Zdanowicz, A. & Zalewski, M. 2000.
Ef fec ts  o f  a tchmente proper t ies  on
hydrochemistry, habitat complexity and
invertebrate community a lowland river.
Hydrobiologia, 422:369-387.

Brinkhurst, R.O. & Cook, D.G. 1974. Aquatic
earthworms (Annelida: Oligochaeta) .  In:
Hart  Jr . ,  C.W. & Ful ler ,  S.L.H. Pol lut ion
ecology of  f reshwater  inver tebrates .
Academic Press, New York. 389p.

Br inkhurst ,  R .O.  & Marchese,  M.R.  1989.
Guide to  the f reshwater  aquat ic
Ol igochaeta o f  South and Cent ra l
America. Associacion Ciencias Naturales
del  L i tora l ,  São Tomé. 178p.  (Colecion
climax, 6).

Cardoso, L.S. 2001. Variações da estrutura
planctônica da Lagoa I tapeva (Sistema
Lagunar Costeiro do Rio grande do Sul)



 CENZANO, C.S.S. & WÜRDIG, N.L.            Spatial and temporal variations of the benthic ...162

em função da hidrodinâmica. Programa
de Pós-Graduação em Recursos e Sane-
amento Ambiental da Universidade Fe-
deral do Rio Grande do Sul, Instituto de
Pesquisas Hídricas, Porto Alegre. 289p.

Colado, R., Kasprzak, P. & Schmelt, R.M. 1999.
Ol igochaeta and Aphanoneura in  two
Nor thern German hardwater  lakes of
d i f fe rent  t rophic  s ta te .  H idrobio log ia ,
406:143-148.

Corbi, J.J. & Trivino-Strixino, S. 2002. Spatial
and bathymetr ic  d is t r ibu ion of  the
macrobenthic fauna of the Ribeirão das
Anhumas reservoir (Americo Brasiliense
– SP, Brasil). Acta Limnol. Bras., 14(1):35-
42 .

Domínguez, E., Hubbard, M. & William, L.P.
1995.  Insecta Ephemeroptera .  In :
Lopretto, E.C. & Tell, G. Ecosistemas de
aguas cont inentals:  metodologias para
su estudio.  Edic iones Sur ,  La P la ta .
p.1069-1090.

Epler, J.H. 2001. Identification Manual for the
Larval  Chironomidae (Diptera)  of  North
and South Carol ina.  EPA Region 4 and
Human Heal th  and Ecolog ica l  Cr i te r ia
Division. Version 1.0.

Folk, R.L. & Ward, W.C. 1957. Brazos river
bar: a study of signif icant of grain size
parameters. J. Sediment. Petrol., 27:3-26.

Fre i tas ,  C .  2002.  B iodivers idade da
macrofauna bêntica da lagoa Fortaleza,
Litoral Médio do RS, Brasil. UFRGS, Porto
Alegre. 39p (Monografia).

Johnson, M.C., McNeil, O.C. & George, S.E.
1987. Benthic associations in relation to
enviromental factors in Georgia Bay. J .
Great Lakes Res., 13:310-327.

Lanzer, R.M. & Schaefer, A. 1985. Padrões
de d is t r ibu ição de moluscos
dulceaquícolas nas lagoas costeiras do
sul do Brasil. Rev. Bras. Biol., 45:535-545.

Lopardo , N. 2002. Estudo hidrodinamico e
corre lação com sol idos suspensos e
turbidez na Lagoa Itapeva do Litoral Nor-
te do Estado do RS. Programa de Pós-
Graduação em Recursos e Saneamento
Ambiental  da Universidade Federal  do
Rio Grande do Sul, Instituto de Pesqui-
sas Hídricas, Porto Alegre. 160p.

Lopret to ,  E .C.  1995.  Crustacea
eumalacostraca. In: Lopretto, E.C. & Tell,
G. Ecosistemas de aguas continentals:
metodologias para su estudio. Ediciones
Sur, La Plata. v.3, p.1001-1040.

Machado,  N.A.F.  2000.  Anál ise
multiescalonada e diagnóstico ambiental
aplicado ao Litoral Norte da planície cos-

teira do RS. Uti l ização da morfometr ia,
sedimentometria, geoquímica dos sedi-
mentos e físico e química das águas. São
Carlos, UFSCar, 700p (Tese).

McCafferty, W.P. 1981. Aquatic entomology:
the fishermen’s and ecologists’ illustraed
guide to insects and their relatives. Jones
and Bartlett Publishers, Boston. 448p.

Mansur, M.C.D., Schulz, C. & Garces, L.M.M.P.
1987. Moluscos bivalves de água doce:
Identificação dos gêneros do sul e leste
do Brasil. Acta Biol. Leopoldensia, 9:181-
202.

Mansur, M.C.D., Schulz, C., Silva, M.G.O. &
Campos-Velho,  N.M.R.  1991 .  Moluscos
bivalves l ímnicos da estação ecológica
do Taim e áreas adjacentes, Rio Grande
do Sul, Brasil. Iheringia Sér. Zool., (71):43-
58 .

Marchese, M. & Drago, E. 1992. Benthos of
the lo t ic  env i roments  in  the middle
Paraná River system: transverse zonation.
Hydrobiologia,  237:1-3.

Oliver, D.R. & Roussel, M.E. 1983. The insects
and arachnids of  Canada,  par t  1 1 ,  the
genera of  la rva l  midges of  Canada
(Dip tera :  Ch i ronomidae) .  Canadian
Government Publ ishing Centre,  Otawa.
263p. (Agriculture Publication, 1746).

Passega, R. 1964. Grain size representations
by CM patterns as a geological tool.  J .
Sediment. Petrol. , 34:830-847.

P ie lou,  E .C.  1969.  The measurement  of
diversity in different types of biological
colections. J. Theor. Biol., 13:131-144.

Poi Neiff, A. 1992. Invertebrados asociados
a los  macróf i tos  sumerg idos de los
esteros del Iberá (Corrientes, Argentina).
Amb. Subtrop., 2:45-63.

Ponds da Si lva, M.C. & Davis,  G.M. 1983.
D ’Orbgny ’s  type specimens of
Paludestrina (Gastropoda: Prosobranchia)
from Southern South America. Proc. Acad.
Natl. Sci. Phila., 135:128-146.

Ponds da Si lva, M.C. & Thomé, W.J. 1985.
Uma nova Heleobia  (Prosobranchia :
Hydrobiidae) do “Rio” Guaiba, Rio Gran-
de do Sul. Rev. Bras. Biol., 45:515-534.

Rodrigues, G.G. 1996. Caracterização dinâ-
mico estrutural da macrofauna bentônica
da Lagoa Caconde, Osório, Rio Grande
do Sul, Brasil. Porto Alegre, UFRGS, 205p
(Dissertação).

Saether, O.A. 1970. Neartic and palaearctic
Chaoborus  (D ipatera :  Chaobor idae ) .
Fisheries Research Board of Canada, Ot-
tawa. (Bulletin of the Fisheries Research
Board of Canada, 170).



163                Acta Limnol. Bras., 18(2):153-163, 2006

Santos, C.M. & Henry, R. 2001. Composição,
d is t r ibu ição e  abundânc ia  de
Chironomidae (Diptera,  Insecta)  na Re-
presa de Jurumirim (Rio Paranapanema –
SP). Acta Limnol. Bras., 13(2):99-115.

Schwarzbold ,  A .  1982.  In f luênc ia  da
morfologia no balanço de substâncias e
na distribuição de macrófitas aquáticos
nas lagoas costeiras do Rio Grande do
Sul. Porto Alegre, UFRGS, 91p (Disserta-
ção).

Schwarzbold, A. & Schäfer, A. 1984. Gêne-
se e morfologia das lagoas costeiras do
Rio Grande do Sul, Brasil . Amazoniana,
9:87-104.

S imões,  R . I .  2002.  Comunidade de
moluscos bentônicos na área de
abrangência da us ina h idroelét r ica de
Dona Franscisca, rio Jacuí, Rs, Brasil: fase
de pré e pós-enchimento do reservató-
rio. Porto Alegre, UFRGS, 206p (Disser-
tação) .

S t r ix ino -Tr iv ino,  S .  1995.  Larvas de
Chironomidae (Diptera) do estado de São
Paulo: guia de Indentificação e diagnose
dos gêneros. Curso de pós-graduação em
Ecologia e Recursos Naturais, Universi-
dade Federal de São Carlos, São Carlos.
229p.

Tomazell i ,  L.J. 1990. Contribuição ao estu-
do dos s is temas deposic ionais
holocênicos do nordeste da província
costeira do Rio Grande do Sul, com ên-
fase no s is tema eól ico .  Por to Alegre ,
UFRGS, 270p (Tese).

Trémouilles, E.R., Oliva, A. & Bachmann, A.O.
1995. Insecta coletoptera. In: . Lopretto,
E.C. & Tel l ,  G.   Ecosistemas de aguas
cont inenta les  :  metodolog ias para su
estudio.  Edic iones Sur ,  La P lata .  v.3,
p.1133-1198.

Wentworth ,  C.K.  1932.  The mechanical
composi t ion of  sediments in  graphic
form: Iowa University. Stud. Nat. Hist., 14:1-
127.

Wiedenbrug, S. 1993. Aspectos da estrutu-
ra espacial da macrofauna bêntica da La-
goa Emboaba, RS. Porto Alegre, UFRGS,
157p (Dissertação).

Wiederholm, T. 1993. Chironomidae of the
Holarctic region: keys and diagnose - part
1. Larvae. Entomol. Scand. Suppl. ,  19:1-
457.

Wurdig ,  N.L . ,  Alber toni ,  E . ,  Ozor io ,  C.  P. ,
Wiedenbrug,  S .  &  Rodr igues ,  G.  1998.
The  in f luence  o f  env i ronmenta l
pa ramete rs  in  the  s t ruc tu re  o f  the
benthic community in coastal lakes and

lagoons of Rio Grande do Sul, Brasil. Verh.
Int. Verein. Limnol., (26):1514-1517.

Received: 14 March 2005
Accepted: 25 July 2006


