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ABSTRACT: Biomonitoring of benthic macroinvertebrates in the middle Doce River watershed.
The aim of this study was to assess the benthic macroinvertebrate communities in
seven lot ic and four lent ic ecosystems in the middle Doce River watershed (MG,
Brazil) during the rainy and dry periods of 2000-2001. A total of 110 sediment samples
were collected in the lakes, and 153 in the rivers. Sediment organic matter contents
and granulometric composit ion analysis were also done. Shannon-Wiener diversity
and Pielou evenness indices were calculated and the U-test of Mann-Whitney was
used to evaluate whether there were differences on density (ind.m -2)  and taxonomic
richness values between the studied periods. In the rivers, sediment granulometric
composit ion presented a mixture of part ic les and fract ions. Lake sediments were
organic and showed high percentages of silt and clay. A total of 49 taxa was found in
lotic ecosystems and the highest density was found in 2001 (> 30,000 ind.m -2) .  The
lowest values of taxa richness were found in Piracicaba and Ipanema Rivers (6 and
2 taxa, respectively). Total density of macroinvertebrates was different between rainy
and dry seasons in 2001 (p < 0.005). Evenness index values were high and diversity
values were low (H’  <  0.7) .  In the lakes, 31 invertebrate taxa were found and the
highest density was found in the dry period of 2001 (2,500 ind.m -2 ) .  Carioca Lake
showed high density and taxa richness in all sampling periods (> 750 ind.m -2  and > 6
taxa). Significant differences were found on densities and on taxa richness between
rainy and dry seasons in 2000 and 2001 (p < 0.005). Thus, benthic macroinvertebrate
communities can be used as a tool in the assessment of water quality and freshwater
ecosystem health.
Key-words: benth ic  macro inver tebra tes ,  water  qua l i ty  b io ind ica tors ,  fami ly - leve l
identi f icat ion, Doce River watershed.

RESUMO: Biomonitoramento de macroinvertebrados bentônicos na bacia do médio rio Doce. O
objetivo deste estudo foi avaliar as comunidades de macroinvertebrados bentônicos
em sete ecossistemas lót icos e quatro lênt icos na bacia do médio r io Doce (MG,
Brasil) durante os períodos de chuvas e seca de 2000-2001. Um total de 110 amostras
de sedimento foi coletado nos lagos e 153 nos rios. Os teores de matéria orgânica e
a composição granulométr ica dos sedimentos também foram anal isados. Os índi -
ces de diversidade de Shannon-Wiener e equidade de Pielou foram calculados e
util izou-se o teste U de Mann-Whitney para verificar se haviam diferenças na densi-
dade ( ind.m -2 )  e na r iqueza taxonômica entre os per íodos estudados. Nos r ios,  a
composição granu lomét r ica  do sed imento apresentou uma mis tura  de f rações
granulométr icas.  Os sedimentos dos lagos foram orgânicos e apresentaram al tas
porcentagens de silte e argila. Um total de 49 taxa foi encontrado nos ecossistemas
lóticos e a maior densidade foi encontrada em 2001 (> 30.000 ind.m -2) . Os menores
valores de riqueza taxonômica foram encontrados nos rios Piracicaba e Ipanema (6
e 2 taxa, respectivamente) .  A densidade total de macroinvertebrados foi di ferente
entre as estações chuvosa e seca em 2001 (p < 0,005). Os valores de eqüidade foram
altos e os de diversidade foram baixos (H’ < 0,7). Nos lagos foram encontrados 31
taxa de invertebrados e o maior valor de densidade foi encontrado no período de
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seca de 2001 (2.500 ind.m -2). A lagoa Carioca apresentou elevada densidade e rique-
za taxonômica em todos períodos amostrados (> 750 ind.m -2  e > 6 taxa). Diferenças
signi f icat ivas foram encontradas nos valores de densidade e r iqueza taxonômica
entre os períodos de chuvas e seca em 2000 e 2001 (p < 0,005). Portanto, a comu-
nidade de macro inver tebrados bentôn icos pode ser  usada como fer ramenta na
aval iação da qualidade da água e saúde dos ecossistemas aquáticos.
Palavras-chaves: macroinvertebrados bentônicos, bioindicadores de qualidade de água,
identif icação em nível de famíl ias, bacia do rio Doce.

Introduction

The ecological study of freshwater ecosystems must consider their landscape

surroundings, taking account the spatial arrangement of ecosystems and large scale

processes l inking them. Water quality is directly influenced by predominating uses

of the land and resources within the watershed. These uses are necessary elements

to assess the existing relationships between aquatic and terrestrial ecosystems. The

quality and quantity of terrestrial inputs are determinant factors for the ongoing pro-

cesses within the aquatic ecosystem. The concept of the watershed as the study unit

has been used as a tool for the defini t ion of environmental pol i t ics, conservat ion

and management (Tundisi & Barbosa, 1995).

Aquat ic  macro inver tebra tes  are  an impor tant  component  o f  f reshwater

communit ies.  The benthic species diversi ty is control led by product iv i ty ,  habi tat

heterogeneity and biotic interactions (Townsend, 1989). In general, invertebrates have

a clumped distribution, which is assumed to be related with the mosaic of interchanging

conditions in the substratum, f low conditions and depth (Townsend, 1989; Graça et

al., 2004). Some physical and chemical features directly affect taxonomic composition

and communi ty st ructure.  Habi tat  character izat ion is  of  pr ime importance to the

knowledge of benthic macroinvertebrates distribution (Beisel et al., 2000). According

to Graça et al. (2004), factors that regulate macroinvertebrates distribution and richness

are substratum particle size, substratum stability, substratum organic matter contents,

habitat spatial heterogeneity and sediment grain size.

Benthic macroinvertebrates are widely used as water qual i ty bioindicators

due their long l i fe period in the bottom of freshwaters. Biological assessments are

being developed worldwide evaluating changes in genetic composit ion of specif ic

populat ions,  b ioaccumulat ion of  tox ins and re la ted occurrence of  morphologica l

deformit ies,  changes in community composi t ion and ecosystem funct ioning (Mar -

ques & Barbosa, 2001) .  An ideal Environmental Biomonitor ing Program is the one

that integrates physical, chemical and biological measurements, resulting in a physic-

chemica l  character iza t ion o f  the watershed and an eco log ica l  s tudy of  the

bioindicadors of water quality. The use of these organisms as bioindicators is based

on a simple feature: when submitted to adverse conditions, the organisms become

adapted or die. Therefore, the organisms that l ive in a determined ecosystem are

adapted to the environmental condit ions present on i t  and then must indicate the

preservat ion leve l  o f  na tura l  condi t ions or  changes caused by the emiss ion o f

pollutants (Hynes, 1974).

Bio logical  communi t ies are re la ted wi th ecological  features (e .g . ,  chemical ,

physical, and biological characteristics), integrating effects from different stressors,

and therefore providing a broad measure of combined impacts. Changes in species

composit ion, dominance of pol lut ion tolerant species, and frequency of deformity

occurrences on larval head capsules are some of the commonly used features in

these types of  eva luat ions (Marques et  a l . ,  1999) .  Amongst  the human impacts ,

eut roph ica t ion can determine a  sh i f t  in  the benth ic  organ isms and a  gradua l

replacement of species can be observed (Marques et al., 2003). Long term monitoring
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effor ts can provide a sui table descr ipt ion of  the temporal  var iat ion in water and

sediment physico-chemical factors and benthic communit ies composit ion.
The middle Doce River watershed can be considered as an example of the

most important Brazilian environmental problems (De Paula et al., 1997). In this region
can be observed the defores ta t ion o f  At lan t ic  Fores t  and the deve lopment  o f
economical act ivi t ies that produce important environmental impacts (e.g. ,  mining,
s tee l  process ing ,  ce l lu lose indust ry ,  go ld -min ing ,  re fores ta t ion pro jec ts  wi th
Eucalyptus spp. and intense human occupation) (Barbosa et al . ,  1997). Meanwhile,
Brazi l ian Long Term Ecological  Research (LTER) studies have been developed in
order to assess the water  qual i ty  and aquat ic b iodivers i ty (Mayr ink et  a l . ,  2002;
Barbosa e t  a l . ,  2004) .  These s tud ies are  o f  great  impor tance for  assess ing the
ecolog ica l  consequences o f  soc ia l -economic ac t iv i t ies  in  th is  reg ion .  Essent ia l
elements to the def ini t ion of pol i t ics and proposes on conservat ion, recuperat ion
and management of the involved ecosystems are some expected consequences of
the LTER studies (Barbosa et al., 1997).

The aim of this paper was to assess the benthic communities in seven lotic
and four lentic ecosystems in the middle Doce River watershed (MG, Brazil )  during
the rainy and dry periods of 2000-2001. We assume that this information will contribute
to the understanding of the main determining factors on benthic macroinvertebrate
communit ies distr ibution, structure and diversity in this si te of the Brazi l ian LTER
Program.

Study Area

The Doce River watershed is one of the most important basins in southeastern
Brazi l  (83,000 km 2 ;  3 .1  mi l l ion inhabi tants ;  37.3 inhabi tants .km -2 )  represent ing an
important segment of the economy recently developed (Mayrink et al . ,  2002). This
region also includes the Rio Doce State Park (c.  36,000 ha) ,  which is the largest
remnant of the Atlantic Forest in the State of Minas Gerais and one of the few places
in Brazil where natural lakes (considering the geomorphologic origin) can be found.
The c l imate is  character ized by two wel l -def ined seasons:  a  dry  ( f rom Apr i l  to
September) and a rainy (from October to March) seasons (Marques & Barbosa, 2001).

The studied ecosystems are located on seven sub-basins (Caraça Stream, San-
ta Bárbara River, Peixe River, Severo Stream, Piracicaba River, Ipanema River and
Doce R iver )  o f  the midd le  Doce R iver  watershed (De Pau la  e t  a l . ,  1997 ) .  The
geographical  coordinates of the study si tes are presented in Tab. I .  Two natural
lakes (Dom Helvécio and Carioca) located inside the Rio Doce State Park (19°29’24” -
19°48’18” S; 42°32’01” -  42°38’30” W) and two lakes in the surroundings of the park:
Amarela (19°50’27” S e 42°36’56” W) and Águas Claras (19°49’01” S; 42°35’47” W) were
also invest igated.

Sub-basins Geographical coordinates  
of studied lotic sites 

Caraça Stream  20°06’00” S  –  43°29’09” W  

Santa Bárbara River 19°50’01” S  –   43°21’14” W  

Peixe River  19°44’35” S  –   43°01’16” W  

Severo Stream  19°36’57” S  –  42°50’50” W  

Piracicaba River 19°29°25” S  –  42°31’08” W  

Ipanema River 19°28’14” S  –  42°32’01” W  

Doce River 19°19’12” S  –  42°21’52” W  

 

Table I: Geographical  coordinates of  s tudied lot ic  s i tes in the middle Doce River  basin .
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Material and methods

Two sampling campaigns were conducted in the rainy periods and 2 in the dry
periods. Sampling campaigns always occurred on January-Apri l  ( rainy periods) and
July-September (dry periods) on both lotic and lentic ecosystems. Pluviometric data
of  the  s tudy area were obta ined on S IMGE webs i te  (Meteoro logy and Aquat ic
Resources System of Minas Gerais – www.singe.mg.gov.br) .

Sediment samples were collected in the marginal region of the lakes (totalizing
30 in the rainy period and 40 in the dry period in 2000 and, 20 in both periods, in
2001) using a corer sampler (0.050 m2) . In the rivers, samples were collected in the
marginal region and, in the center of the riverbank (totalizing 33 and 43 in the rainy
and dry periods in 2000 and, respectively, 34 and 43 in 2001) using a Petersen dredge
(0.0375m2) .  A Surber sampler (30 x 30 cm, 250 µm mesh size) was used in Caraça
and Santa Bárbara streams due the character ist ic rocky substrate.  Samples were
immediately f ixed in 5% formalin. After, they were washed through 2.00, 1 .00 and
0.50 mm mesh sieves and the macroinvertebrates were sorted and identified under a
stereomicroscope (40x). The organisms were preserved in 70% ethanol and deposited
in the Benthic Macroinvertebrate Reference Collection of the Insti tute of Biological
Sciences, Federal University of Minas Gerais. During the sampling campaigns, one
sediment  sample was co l lec ted in  each s tud ied ecosystem for  granu lomet r ic
compos i t ion ana lys is  (Sugu io ,  1973 ) .  Organ ic  mat te r  content  o f  sed iment  was
determined by ashing previously dried samples in an oven at 550°C for 4 hours.

In order to evaluate the structure of benthic macroinvertebrate communit ies,
Shannon-Wiener diversity and Pielou evenness were calculated according to Magurran
(1991) .  Organisms density ( individuals.m -2 )  and taxonomic r ichness, represented as
the total number of taxa found in each ecosystem per sampling period, were estimated.
To evaluate whether  there were d i f ferences on densi ty  and taxonomic r ichness
between rainy and dry periods, the non-parametric U-test of Mann-Whitney was used
(Stat ist ica Software 6.0) .

Results

As a result  of the intense dynamism, the granulometr ic composit ion of r iver
sediments was typical ly  sandy wi th the prevalence of  coarse and medium sand
f rac t ions  p robab ly  due  to  r i ve rbank  e ros ion  and  marg in  de fo res ta t ion  (F ig .  1 ) .
In Caraça Stream it was not possible to collect sediment for granulometric analysis
in all sampling campaigns. Lake sediments were organic and showed high percentages
of  s i l t  and c lay f rac t ions on the i r  g ranu lomet r ic  composi t ion ,  typ ica l  o f  len t ic
ecosystems with intense sedimentation process (Fig. 2).

A total of 49 taxa was found in lotic ecosystems during the studied period (Tab. II).
In 2000, 26 taxa were found in rainy and 27 in dry periods, meanwhile in 2001 an
increase on the number of taxa was observed (30 and 28, respectively in rainy and
dry periods). Oligochaeta was very abundant in all sampling stations, except in Caraça
Stream (dry period of 2000 and rainy period of 2001). Helicopsychidae, Hydrobiosidae
and Odontocer idae (Tr ichoptera)  were found only in Caraça Stream. Chironomids
were also very abundant during al l  studied period and the highest densit ies were
found in Piracicaba and Doce River, reaching over 30,000 ind.m -2 in the dry period of
2001 (Fig. 3). In most of the sampling stations, the highest density values were found
in 2001. Taxa richness was low in almost all sampling stations and the lowest values
were found in Piracicaba and Ipanema Rivers. There were no differences in the taxa
richness between rainy and dry seasons both in 2000 (U = 634; p > 0.05) and in 2001
(U= 621.5; p > 0.05). Total density of macroinvertebrates was different between rainy
and dry seasons only in 2001 (U = 416.5; p < 0.005). Although the high density values,
Pielou Evenness indices were high, probably due to the presence of few taxa in each
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Figure 1 : Granulometr ic composi t ion of  r iver  sediments of  the middle Doce River basin,  dur ing the

ra iny (A,  C)  and dry (B,  D)  seasons of  2000-2001 .  Gravel  (2 .000 mm),  VCS = very coarse

sand (1 .000 mm), CS = coarse sand (0.500 mm), MS = medium sand (0.250 mm), FS = f ine

sand (0.125 mm), VFS = very f ine sand (0.063 mm), Si l t  + Clay (  >  0.063 mm).
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Figure 2:  Granulometr ic  composi t ion of  lake sediments of  the middle Doce River  basin,  dur ing the

rainy (A,  C)  and dry (B,  D)  seasons of  2000-2001.  Gravel  (2 .000 mm),  VCS = very coarse

sand (1 .000 mm), CS = coarse sand (0.500 mm), MS = medium sand (0.250 mm), FS = f ine

sand (0.125 mm), VFS = very f ine sand (0.063 mm), Si l t  + Clay (  >  0.063 mm).
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Figure 3: Density ( ind.m -2 ) ,  r ichness (number of taxa),  Shannon-Wienner diversity and Pielou evenness

indexes of  benth ic  macroinver tebrates in  the lo t ic  ecosystems of  the middle Doce River

basin,  dur ing the ra iny and dry seasons of  2000-2001.
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sampling station (e.g. ,  only two up to f ive taxa in Ipanema River). Shannon-Wiener
diversity indexes were low during the study. Peixe, Piracicaba, Ipanema and Doce
Rivers showed the lowest H’ values (> 0.5).

A total of 31 invertebrate taxa was found in studied lakes. Chironomids were
abundant ,  except  in  Amare la  Lake (rainy period of 2000) and Águas Claras Lake
(dry per iod of  2001 )  whe re  O l i gochae ta  and  Th ia r idae  p redomina ted  (Tab.  I I I ) .

Table I I I :  Taxonomica l  compos i t i on  and  abundance  o f  ben th i c  mac ro inve r teb ra tes  i n  the  l en t i c

ecosystems of  the middle Doce River  basin ,  dur ing the ra iny (R )  and dry (D)  seasons of

2000-2001 .

Amarela Águas Claras Dom Helvécio Carioca 
2000 2001 2000 2001 2000 2001 2000 2001 

Streams/Rivers 
Year 

Period R D R D R D R D R D R D R D R D 

Insecta 
Diptera 

                

Ceratopogonidae          *  **  * *  

Chaoboridae  **    **    *  **   *  

Chironomidae  *** ** *** ** *** **  * *** ** *** *** *** *** *** 

Dolichopodidae                * 

Psychodidae    *             

Tabanidae    *           *  

Tipulidae    *            ** 

Odonata                 

Coenagrionidae    *      *  *  *   

Gomphidae               * * 

Libellulidae      *    *   ** * ** ** 

Coleoptera                 

Dryopidae            *     

Dytiscidae    **   * *        ** 

Hydrophilidae    *             

Noteridae                ** 

Scirtidae    **             

Trichoptera                 

Calamoceratidae                ** 

Hydroptilidae            *  *   

Leptoceridae               **  

Polycentropodidae               *  

Ephemeroptera                 

Baetidae  *  **      *  **    * 

Caenidae    *         **  *** ** 

Leptohyphidae          *   * **   

Leptophlebiidae            * ** **   

Heteroptera                 

Corixidae                ** 

Nepidae               *  

Notonectidae    **             

Oligochaeta * *  *** ** * * ***  * * ***  ***  *** 

Hirudinea             *    

Gastropoda                 

Thiaridae    *** *** *** *** ***   ** ***  *   

Decapoda  * *  *     **  **     

Nematoda            *     

 *rare:  1 - 10 ind.m -2;  **abundant :  11 - 100 ind.m - 2 ;  ***very abundant :  >101 ind.m - 2 .
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The highest density values were found in the dry periods (Fig. 4). In the dry period of
2001, the highest density, richness and Shannon-Wiener indexes were found in Ama-
re la ,  Dom Helvécio and Car ioca Lakes.  Nonetheless,  in Águas Claras Lake were
found high densities but the lowest richness and diversity indexes in the same period.
Benthic macroinvertebrates in Carioca Lake showed high density and taxa richness
in al l  sampling periods. Signif icant differences were found on density and on taxa
richness between rainy and dry seasons in 2000 (respectively, U = 261.5; p < 0.005
and U = 285; p < 0.005) and in 2001 (respectively, U = 120; p < 0.05 and U = 60; p < 0.005).
The exotic mollusk species Mel lanoides tuberculata (Thiar idae) was found in high
densities in Águas Claras Lake along the studied period and, in Dom Helvécio and
Amarela Lakes during 2001 sampling periods.
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Figure 4:  Density ( ind.m - 2 ) ,  r ichness (number of taxa) ,  Shannon-Wiener diversi ty and Pielou evenness

indexes of  benthic macroinvertebrates in the lent ic ecosystems of  the middle Doce River
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Discussion

Along this two-year study, we did not identify a pattern between the assessed
community attributes (diversity and taxa richness indexes) and temporal distribution
of the benthic fauna in the sub-basins of the middle Doce River watershed. These
results contrast what have been found in similar environments with gravel substrates,
where low density and taxa r ichness values are found in rainy periods (Call isto &
Goulart, 2005). However, we observed a clear pattern of the benthic fauna distribution
with regard to rainy and dry periods in the lakes.

The differences found on the density values between rainy and dry periods can
be explained by temporal changes that occur on the water level and flux affecting
some ab io t ic  parameters  such as  tempera ture ,  d isso lved oxygen and nut r ien ts
ava i lab i l i ty  (De Pau la  e t  a l . ,  1997 ;  Barbosa e t  a l . ,  1997 ) .  In  sp i te  o f  the
macroinvertebrates response to environmental factors, changes on abundance and
taxonomic richness of this community between periods can also be a consequence
of biological factors (e.g., predation risk, temporal changes on macrophyte community
during growth period and trophic resources avai labi l i ty)  that vary along the year.
Allan & Flecker (1993) proposed six factors as being of cri t ical importance in lot ic
envi ronments :  habi ta t  loss and degradat ion,  the spread of  exot ic  species,  over -
explo i ta t ion,  secondary ext inct ions,  chemical  and organic pol lu t ion,  and c l imate
change. Among them, chemical and organic pollution are of a prime importance in
Doce River watershed, due to land use and human influences.

The h igher  va lues o f  dens i ty  and taxonomic r ichness found in  the r ivers ,
comparing with the lakes, are probably related with the high number of avai lable
habitats in lotic ecosystems (Nessimian, 1996). Beisel et al. (2000) pointed out intense
relationships between macroinvertebrate assemblages and substrate heterogeneity.
In a heterogeneous environment, habitats produce high ecological niches diversity,
what  in f luences posi t ive ly  the benth ic  d ivers i ty  (Ca l l is to et  a l . ,  2004) .  R ichness
measures are frequently included in multimetric systems (Roy et al. 2003). Perhaps,
due to taxonomic diff icults with the typical Chironomidae and Oligochaeta fauna in
the lent ic benthos,  taxa r ichness is  more f requent ly used for  the assessment of
disturbance effects in streams and rivers than in stagnant waters (Resh & McElvary,
1993) .

The input  o f  o rgan ic  mat te r  in to  r ivers  modi f ies  the bot tom subst ra te
character is t ics .  Sedimented par t ic les  o f  organ ic  mat ter  form patches that  a re
dependent of the instream hydraulic conditions. Because fine organic particles have
hydrological properties similar to silt, food quantity is rarely a limiting factor in silt -
bottom habitats. As stated by Brabec et al. (2004), the reach-scale geomorphic and
chemical parameters are related to catchment land cover, as also observed in the
Doce River sub-basins. Roy et al .  (2003) and Brabec et al .  (2004) pointed out that
effects of organic pollution and eutrophication on stream benthic fauna are linked to
each other by organic matter and nutrients transformation processes.

Numerous indices are commonly used on biomonitoring and they may provide
useful ecosystem management tools to rapidly assess possible detrimental effects
of habitat alteration and ecosystem pollution. If perturbation conditions are present
for a period of t ime sufficient to induce detrimental effects at a population level, it
becomes possible to evaluate changes in the community structure by using measures
such as diversity and community structure indexes (Norris & Georges, 1993). In the
present study, we used density and taxa r ichness to assess water qual i ty and i ts
impact on benthic macroinvertebrate communities because they are seen as a useful
way to condense complex data (Norris & Georges, 1993).

The sampling stat ions placed in Piracicaba and Ipanema Rivers showed low
taxonomic richness, high abundance of one or two taxa over the rest of them and
organisms belonged to tolerant groups to bad water quali ty (e.g. ,  red chironomids
and oligochaets) (Callisto et al., 2004). The Piracicaba sub-basin is strongly affected

by human activit ies and, only in 1992, received 80,000 m3 of non-treated eff luents.
Moreover, the demographic density of this sub-basin is more than four times higher
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than the average of Minas Gerais State (124 and 27.4 hab.km-2, respectively) (Barbosa

et al., 1997).

Santa Bárbara River, Caraça and Severo Streams suffer lower intensity of human
impacts and are sufficiently stables to maintain a well uti l ization of their resources
by natural biota (Barbosa et al. , 1997), since the high values of taxonomic richness
found, when compared with the other studied systems. In addition, the Santa Bárba-
ra and Severo sediments are composed by severa l  f ract ions,  increasing habi ta t
diversity and the colonization by benthic macroinvertebrates, as also observed by
Cota et al. (2002), in a study of the water quality of the Doce River middle reach using
an adapta t ion o f  the B io log ica l  Moni tor ing Work ing Par ty  Score System index .
Excluding Caraça St ream ( that  showed natura l  condi t ions) ,  a l l  sampl ing stat ions
present altered to strongly impacted condit ions.

The Carioca Lake, located inside the Rio Doce State Park, presents its margins
with well preserved natural vegetation. Thus, higher values of taxonomic r ichness
and diversity indexes were found on this lake, when compared with the Águas Claras
Lake, which is rounded by Eucalyptus plantat ions. Some authors have suggested
that Eucalyptus plantations contribute with a fraction of allochthonous carbon of low
nutrit ional quality comparing with the Atlantic Forest, which leaves are more easily
decomposed (Cal l isto et al . ,  2002).

In the lentic ecosystems, invertebrate taxonomic diversity is probably related
wi th the presence of  aquat ic  macrophytes .  Ca l l is to  e t  a l .  ( 1996)  suggested that
vegetable surfaces are important substrates for the development of the periphytic
community, that becomes the main food source for macroinvertebrates. The margi-
nal  region receives also larger quant i t ies of  a l lochthonous organic matter  in the
rainy periods, increasing the availability of resources to the benthic community and
providing new colonization opportunit ies (Cal l isto et al . ,  2002).

Long term sampling efforts to evaluate water quali ty in European watersheds
and the intercalibration of used methods and validate Environmental Quality Criteria
are necessary (Sandin & Hering, 2004). Unpredicted floods can cause disturbance in
stream ecosystem structure. In Doce River watershed, high water discharges and
velocities wash the riverbed, remove the organisms and, increase levels of nutrients
and organic matter in the streams and rivers (Barbosa et al., 2004; Petrucio & Barbo-
sa, 2004). In addition, the high density on the rainy period of 2001 in almost all lotic
ecosystems may be due to the drift effect (Callisto & Goulart, 2005).

The high density of Chironomidae and Oligochaeta found in almost all sampling
stations is a consequence of the bad water quality of the majority of the middle Doce
River aquat ic ecosystems (Barbosa et  a l . ,  1997;  Marques et  a l . ,  1999;  Marques &
Barbosa, 2001; Cota et al. , 2002; Mayrink et al. , 2002). Chironomids are one of the
highest invertebrate diverse groups. Unfortunately, this taxon is both the last well
described and most difficult to identify (Allan & Fleker, 1993). According to Fagundes
& Shimizu (1997) some chironomid genera (mainly Chironomus) predominate, together
with Oligochaeta and Hirudinea, in environments with high inputs of organic sewage,
low dissolved oxygen levels and h igh N and P concentrat ions in the water  and
sediment .

Elmidae (Coleoptera) and Baetidae (Ephemeroptera) showed wide distribution
along the Doce River middle reach, being present in many sampling stations. Goulart
& Call isto (2003) suggested these taxa as tolerant to some level of environmental
contamination, caused by inputs of domestic untreated sewage. Galdean et al. (2000),
studying alt i tudinal streams at Serra do Cipó (MG), pointed out Simuli idae (Diptera)
as f i l ter - feedings of f ine part iculate organic matter (FPOM),  character ist ic of rapid
reaches, attached to mosses and aquatic macrophytes. This distribution pattern can
be associated with the high densi t ies of organisms dur ing the rainy season in a
rocky bed and an intense water flux of Caraça Stream.

No p lecopterans in  the s tud ied reaches suggests  tha t  these organ isms,
indicators of good water quali ty, are not tolerat ing the waters of the middle Doce

River. Moreover, the low diversity of habitats affected the distribution of this taxon.

Galdean et al. (2000), Goulart & Callisto (2003) and Callisto & Goulart (2005) working
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in streams that showed high substrate heterogeneity,  found wide distr ibut ions of
Plecoptera in others localit ies of Minas Gerais State.

Accord ing to  Guero ld (2000) ,  fami ly - leve l  ident i f ica t ion may exer t  a  great
in f luence on most  b io log ica l  ind ices .  He found tha t  underes t imat ion rose wi th
increasing water qual i ty.  When low determinat ion levels were used, communit ies
living in stressed streams appeared to be less altered than they really were. The lack
of species-level information decrease sensitivity and reduce the ability of a study to
detect the magnitude of changes (Hughes, 1978).

 The use of higher taxonomic levels might be an advantage to reduce bias created
by environmental heterogeneity (such as seasonal changes) and stochastic events,
which may mask the effects of human activities (Warwick, 1988; Reece et al., 2001).
Some studies on species- level supported the conclusions made based on family-
level, or that higher taxonomic levels are sensitive enough to detect environmental
impacts (Reece et  a l . ,  2001 ) .  Zamora-Muñoz & Alba-Tercedor ( 1996) ,  for  example,
assumed that family-level identification was adequate to monitoring water quality in
Spanish streams.

The purpose of our study was simply to detect the impact of a perturbation on
macroinvertebrate communities, and thus we assumed that determination to family-
level was useful. If the goal is going to be the assessment of community and population
changes (and i t  i s  probably  des i rab le ) ,  lower  taxonomic determinat ions wi l l  be
imperatively needed. On the other hand, a benefit -cost balance must be consider,
due to the increasing need for rapid and low-cost methods to assess water quality
and the necessity of much t ime for the determinat ion to low taxonomic levels by
( rare )  specia l is ts .

The use of  benth ic macroinver tebrate communi t ies is  a usefu l  tool  in  the
assessment of water quality and freshwater ecosystem health. According to Barbo-
sa et al. (2001) and Galdean et al. (2000), the taxonomic composition and community
structure also offer important information for these assessments, start ing from the
bio logica l  knowledge of  nut r i t ional  requi rements ,  u t i l i za t ion of  ava i lab le t rophic
resources and relationships with the diversity of available habitats.

The taxonomic richness values of benthic macroinvertebrates found in the first
two years of Brazilian LTER Program are lower than those found during the period of
1993-1995 in this same region using the same sampling efforts (Barbosa et al., 1997).
This fact may suggest some changes in the structure of benthic communities that are
probably associated with the continuous degradation process of the middle Doce
River  sub-basins .
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