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ABSTRACT

The aim of this work was to study the influencthefsugar cane cultivation on the macroinvertebr@ammunities
of 11 streams under different land uses. Analybith® sediment (organic matter contents and metats) water
complemented the study. Ninety six macroinvertebritxa were identified, of which 54 were Chiroraaeiand 42
of other aquatic macroinvertebrates. The streansatied in the areas of sugar cane culture and paspuesented
low taxa and a great participation of Chironomid@&% of the total). In contrast, the streams lodatethe areas
with riparian vegetation presented a rich aquatiafia with less participation of Chironomidae (60%4he total).

Keywords: Stream macroinvertebrates, sugar cane, land tigagan vegetation

INTRODUCTION 1991 (Carvalho, 1993). In the last 15 years, sugar
cane cultivation still continues to expand, reaching
Brazilian colonization occurred without a specificmore than 338 million of tons (Carvalho Filho,
planning and, as a consequence, natural resourc@800). Brazil is the main producer of the sugar
particularly forests, were greatly affected,cane, with 27% of the worldwide production
especially by the economic interests. In thelnstitute of Agro-industrial Development, 1998).
Brazilian history, the native land cover vegetatiorin Brazil, the sugar cane is the main source of
was removed and substituted by the agriculturegugar (sucrose) and for alcohol production through
mainly of the sugar cane and also pastures. Thegefermentative process. The produced alcohol is
processes result in deforestation, especially in thexported to other countries and also is used as an
Brazilian southeast region (Martins, 2001). Inalternative and renewable combustible for
Brazil, the sugar cane cultivation passed fotransport (Carvalho Filho, 2000). In the southeast
different periods, always presenting an increasingrazilian region, mainly in the state of Séo Paulo,
cultivated area. From 1901 to 1950, the productiothe sugar cane culture has also been enlarged. The
increased five times. From 1950 to 1970, theénnual production of the state of Sdo Paulo is of
cultivated area quadruplicated. In 1975, with thetbout 200x1Dtons covering an area of 2.5X1a.
implantation of the Proalcohol Program, theThe use of the fertilizers containing different
production of the sugar cane grew up from 6goncentrations of the metals Pb, Ni, Cr, Cd and Zn
million tons/year to 223 million tons in the year of (Angelotti-Netto et al., 2004) during different
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periods of the cultivation of the sugar cane, irsugar cane cultivation. Sites M2 to M4 are located
addition to the deforestation of the riparianon the areas with forested areas and M1 in the area
vegetation, have caused impacts on the hydriwith impacted riparian vegetation. Sites P1 and P2
resources of the adjacent areas. These impacts ame located in the pasture areas, without riparian
caused in general by the absence of the ripariaregetation.
vegetation, which is responsible for absorption of
the toxic products that come from the cultivatedViacroinvertebrate communities
areas (Dudgeon, 1989; Nery, 2000; Martins, 200IMacroinvertebrates were surveyed in three
Primavesi et al., 2002; Angelotti-Netto et al.,coincident periods of the three stages of the sugar
2004). Moreover, in the absence of the ripariawane cultivation (plantation, cut, pos-cut):
shading, light-related factors have influencedMarch/April, 2002; June/July/August, 2002;
indirectly the primary production of the streamsNovember/December, 2002. Thirty three samples
and, consequently, the composition of thewvere collected: 15 in the streams with the sugar
periphyton (Mosisch, et al 2001; Bojsen and cane culture, 12 in the streams with the riparian
Jacobsen, 2003). Studies with the objective ofegetation and 6 in the pasture areas. The
detection of possible impacts of the sugar canmacroinvertebrates were collected using a D-frame
cultivation in waters of rivers, streams and lakegMerrit and Cummins, 1996) aquatic net (250 pum)
have demonstrated that mainly in opened areascluding riffle and pools areas, during 5 minutes,
(without riparian vegetation), chemical toxicas recommended by Fontoura (1985). Three
products (fertilizers and insecticides) used in theollections were combined into a single collection
sugar cane culture are carried out to the streanmet each site. Samples were taken to the laboratory,
through a runoff process, contaminating the watewashed in a sieve of 0.21mm of mesh, selected on
and sediments (Corbi et al., 2006) and causingjluminated tray and fixed with 70% alcohol. The
bioaccumulation in different trophic levels insects were dominant and the taxonomic
(Santos, 1999; Oliveira and Tornisielo, 2000;dentification was achieved at family level for
Angelotti-Netto et al., 2004). According to themost of them on the basis of the available
Brazilian federal laws, the areas with the ripariarpublished data (Brinkhurst and Marchese, 1991;
vegetation are classified as a permaner¥erritt and Cummins, 1984). Larvae of
preservation area. In this context, knowledgemer€hironomidae (Diptera) were analyzed until the
about the relationship between the sugar cammorfotypes (Trivinho-Strixino and Strixino, 1995).
cultivation and its influence on the stream
macroinvertebrate communities is of highPhysical and chemical characterization
importance for Brazilian sustainable developmenin order to aid the evaluation of the integrity of the
(Ometo et al., 2000; Roque and Trivinho-Strixino,11 streams, physical and chemical parameters of
2001). In the present work, the influence of theahe water and sediment were measured. Physical
agricultural activity, in particular the sugar caneand chemical variables of the water (pH,
culture, on stream macroinvertebrate communitieeemperature, dissolved oxygen and electric
was studied. conductivity) were measureish Situ, by using a
Water Quality Checker device (Horiba). Triplicate
water samples were collected from each site for

MATERIALS AND METHODS the analysis of the total nitrogen and total
phosphorus. Analyses were performed by using
Study sites the techniques described by Valderrama (1981).

The 11 streams analyzed are all located on JacarBdplicate sediment samples were also collected
Guacu River Basin, state of Sdo Paulo, Brazifor the organic matter analysis and metals (Cu, Fe,
(Table 1). All streams are of low order and aréCd, Zn, Mn, Cr and Ni). The organic matter

located at low altitude from 500 to 700m. Thecontent was determined by the mass loss after
average annual precipitation in the Jacaré-Guadgnition (550°C, 4 h) in dry fractions of sediments

River basin is about 1400 mm. The wet seasof#lried in stove; 105°C, 12 hours), in accordance
occurs between October and March, while dryith the techniques described by Maitland (1979).
season occurs from April to September. Sites CThe methodology for the analyses of metals was
to C5 are located in the extensive areas with the@escribed by Corbi et al. (2006).
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Table 1 - Streams localization and general information altend uses.

Legend Stream City Land use Coordinates

C1 Agua Sumida Araraquara Sugar cane 21956’ (S) 48°16’ (W)
Cc2 S&o0 Joao Guarapiranga Sugar cane 21°57'(S) 48°15'(W)

C3 Bela Vista Araraquara Sugar cane 21954’ (S) 48°13’ (W)

C4 Ouro Araraquara Sugar cane 21°47'(S) 48°0.7'(W)

C5 Chibarro Araraquara e Ibaté Sugar cane 21°52'(S) 48°0.5'(W)
*M1 Sao Vicente Guarapiranga Riparian vegetation 21°59'(S) 48°15’(W)
M2 Espraiado S&o Carlos Riparian vegetation 21°53' (S) 47°52" (W)
M3 Fazzari Séo Carlos Riparian vegetation 21°59' (S) 47°54’ (W)
M4 Monjolinho Séo Carlos Riparian vegetation 22°00’ (S) 47°50’ (W)

P1 Agua Preta Ribeirdo Bonito Pasture 22°00’ (S) 48°12'(W)
P2 Andes Araraquara Pasture 21955’ (S) 48°11'(W)

*Stream with impacted riparian vegetation.

Data analysis of shredders and collectors (shredders/collectors x
In the state of S&o Paulo, there is no inded00) according to Merrit and Cummins
correlating the macroinvertebrate communities andlassification (1984). The Estimates Program
the local environment, or any water-quality index(Version 6), to calculate the richness index
using the benthic fauna (Ometo et al., 2000)(Margalef) and the diversity index (Shannon) was
Moreover, many assessment techniques adoptuzed.

multimetric approach using a suite of simpleAn analysis of variance Kruskal-Wallis (ANOVA)
metric to assess environmental degradation. Theas applied for the bioavailable metals to detect
strength of this approach lies in its ability tosignificance differences between the streams. The
integrate information from the various features ofStatistic program (version 5.0) was used to
a community to give an overall classification ofperform this statitistical analysis.

degradation without losing the information

provided by individual metrics (Thorne and

Williams, 1997). Consequently, in this study, theRESULTS

stream macroinvertebrates were analyzed by the

participation of each taxonomic group and for the\iacroinvertebrate communities

total of organisms collected. In order to evaluat@n this study, 3365 organisms of 37 families of
the integrity of each stream, the communitymacroinvertebrates were analyzed (Table 2). In all
characteristics were determined by the followinghe streams, the Chironomidae (Diptera)
metrics: richness index (Margalef), diversity indexdominated the macroinvertebrates fauna, with 70%
(Shannon), BMWP (with regional adaptations) angf the total of the collected macroinvertebrates
Belgian  Biotic Index, EPT  percentage (from 54% in the Espraiado stream to 90% in the
(Ephemeroptera, Plecoptera and Trichoptera), ratifgua Sumida stream) (Table 3). Other taxonomic
(%) of the number of EPT families by the tOtalgroupS like Libe”u”dae, Dytiscidae,
number of macroinvertebrate families (EPT/tOtaberatopogonidae and P0|ycentropodidae were also
of families X 100), ratio between the number offrequently observed, with more than 60% of
EPT (sensitive) and Chironomidae (tolerantloccurrence in all the streams. In the streams
(EPT/Chironomidae X 100), ratio between thewithout cover vegetation, especially in those
Chironomidae number and the total of indiVidualqocated next to the sugar cane cultivation, a h|gh
collected (Chironomidae/total X 100), ratio gmount of Odonata (Libellulidae family) and of
between the number @hironomusarvae and the Annelida, including the families Tubicidae,
total Chironomidae number Chironomus /  Naididae and Lumbricidae (Oligochaeta) and
Chironomidae) and the ratio between the amoungiossiphoniidae (Hirudinea) was observed. The
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streams protected by the riparian vegetatiomamilies, and also the Diptera of the Tipulidae and
showed a great variety of groups such as th&abanidae families (Table 2).
Ephemeroptera, Plecoptera and Trichoptera

Table 2 -Macroinvertebrates of the streams.
Stream macroinvertebrates C1 Cc2 C3 C4 C5 M1 M2 M3 M4 P1 P2
Aeshnidae O
Calopterygidae
Coenagrionidae
Gomphidae
Libelullidae
Megapodagrionidae
Calamoceratidae O 4
Helicopsychidae
Hydropsychidae O
Hydroptilidae * *
Odontoceridae
Polycentropodidae ©) O
Psychomyiidae
Belostomatidae O
Corixidae O O
Gerridae O O
Nepidae
Hydrometridae
Pleidae
Vellidae L 4
Baetidae
Leptophlebiidae
Dytiscidae O
Elminthidae
Hydrophilidae
Gripopterygidae
Perlidae
Ceratopogonidae O
Chironomidae u
Simuliidae
Tabanidae
Tipulidae
Lumbricidae
Naididae
Tubificidae
Glossiphoniidae O
Planorbiidae

Total 280 247 163 204 260 368 267 378 279 671 248
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Among the 54 Chironomidae taxa identified, 37 ofwith Rheotanytarsus spp, Ablabesmyia gr.
them were observed in the forested streams. In tlnulata sp., Ablabesmyia (Karellia) sp,
sugar cane and pasture areas, 32 and 11 taxa w8jalmabatista pulcher Djalmabatistasp. 2 and
analyzed, respectively. Among the 54Pentaneurasp. were frequently observed. For the
Chironomidae,Chironomusspp. larvae, together streams located in the sugar cane and pasture
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areas, there was a numeric dominance dafther areas located in the agricultural activity
Chironomus spp, Ablabesmyia spp. and (opened areas). Among these indexes, the family
Procladiussp. larvae. In contrast, in the forestedrichness (F) showed high differences. The values
areas, there was a major richness of taxa, araf the ratio between the shredders and the
Beardiussp., Stenochironomuspp, Endotribelos collectors specimes also showed great differences
spp. and Caladomyia spp larvae were the between streams located on preserved areas and
organisms exclusive of these systems. (Table 4). deforested areas (sugar cane and pasture).

The values of the community index (richnessAn interesting observation was the high
index Margalef - 4, diversity index Shannon - H' percentages of sensitive taxa (EPT) and the ratio
and families richness — F) were high in the streamShironomus/other groups in streams located in the
with the riparian vegetation, except in the Sagreserved areas (Fig. 1). The biotic index (BMWP
Vicente stream (M1), which presented lowand IBB) applied to 11 streams showed a good
diversity (see Table 3). In contrast, the Bela Vistavater quality in the preserved ones (M1-M4) while
stream (C3), situated in an area of the sugar cair the streams with the agricultural activity and
cultivation, presented higher diversity index tharpasture a low water quality was observed.

60 109

————= Number of Taxa
= %of EPT

- - -A---%Chironomus

- - -l- - - %Other groups

+ 99

+ 89

+ 79

+ 69

+ 59

1 a9

Specimes

+ 39

+ 29

+ 19

Figure 1 - General information about some metrics appliedtlier aquatic macroinvertebrates of
the studied streams.

Water and sediment composition components, as well as measurements of other
Total nitrogen and total phosphorus presented higbhysical and chemical characteristics, are
values in the streams under influence of the sugg@resented in Table 5.

cane activity. Total nitrogen (Total N) changedThe metal concentrations (Cu, Zn, Cd, Fe, Cr, Ni
from 190 pg/L in the Espraiado Stream (withand Mn) presented elevated values in the streams
riparian vegetation) to 1260 ug/L in the S&o Joawith the sugar cane culture and pasture when
Stream (with the sugar cane culture); totatompared to the streams located in the forested
phosphorus (Total P) presented low values in alireas. The statistical test of Kruskal-Wallis
streams, with a minimum of 0.1 pg/L in the(ANOVA) applied for the bioavailable metal
Fazzari Stream (with riparian vegetation) to thevalues showed significance differences for Cu and
maximum of 1.7 pg/L in the S&o Jodo StreanZn (P< 0.05) between the streams in the sugar
(with sugar cane culture). Dissolved oxygen)(O cane and preserved areas. Fe presented
also presented low concentrations in the streansgnificative differences (P<0.05) between the
with pasture and sugar cane culture, varying frorstreams located in the pasture and preserved areas.
1.2 mg/L in the Agua Preta Stream (with pastureYhe Mn, Cr, and Ni metals did not present
to 7.6 mg/L in the Monjolinho Stream (with significance differences. More detailed discussions
riparian vegetation). The pH values in all streamsf this analysis are shown in Corbi et al. (2006).
were in the range 6-7. Concentrations of these
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Table 3- Summary of the main community characteristics evaluation measurements of the streams.

Corbi, J. J. and Trivinho-Strixin8.

Community metrics Cl C2 C3 C4 C5 M1I M2 M3 M4 P1 P2
Number of families - F 40 70 12 12 10 17 22 18 280 7.0
(Chironomidae/total) x 100 90 74 60 84 83 58 54 63 64 88
EPT (%) 0.0 17 18 10 25 25 27 44 26 12 16
(Chironomus/Chironomidae) x 100 98 65 22 16 35 6 4 300 16 88 89
(EPT/Chironomidae) x 100 00 61 15 07 50 97 4@8 21 09 24
(n° fam. EPT/total fam.) x 100 00 17 17 10 26 246 243 24 13 17
(Shredders/collectors) x100 00 00 00O 00 20 800 577 40 00 0.0
Diversity index Shannon (H’) 02 17 30 21 272235 32 33 13 14
Richness index Margalef (IMg) 07 27 56 47 518487 68 79 23 24
Biotic index (BMWP) 6.0 23 53 55 53 91 130 94 1305 3 31
Biotic index (IBB) 30 60 6.0 50 60 90 10 90.08 50 50
Table 4 -Chironomidae of the streams.

Chironomidae Cl C2 C3 C4 C5 M1 M2 M3 M4 P1 P2
Ablabesmyia gr. annulatsp. ¢ & o O O o e
Ablabesmyia (Karelliagp. ¢ O 4 B O L 4
Alotanypuq?) sp. O

Clinotanypussp. O & o o ¢
Coelotanypusp. @) 4

Djalmabatistasp. 1 L 4

Djalmabatistasp. 2 2 ® O o e O O
Fittkauimyiasp. O O

Labrundiniasp. ) O L 4

Larsiasp. © o o O O

Macropelopia(?) sp. o

Pentaneurasp. O C o o o0 e O
Procladiussp. o O o ©

Thienemannimyiap. O

Zavrelimyiasp. ©)
Beardiussp. * o

Chironomusspp. E E ¢ o =mE ¢ @) O m nm
Cladopelmasp. O
Cryptochironomusp. O O e o ¢}
Endotribelossp. 1 ¢ o = ¢
Endotribelossp. 2 O & e
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(cont. Table 4)

Chironomidae Cl C2 C3 C4 C5 M1 M2 M3 M4 P1 P2
Endotribelossp. 3 O o O
Fissimentunsp. O
Goeldichironomusp. O
Harnischia(complexo) spp. O O ¢ o
Lauterborniellasp. O
Nilothaumasp. O
Oukuriellasp. O
Paratendipesp. O
Polypedilumspp * o ° m O
Stenochironomuspp. ¢ o O
Zavreliellasp. o
Caladomyiasp. 1 O ¢ o O
Caladomyiasp. 2 O
Rheotanytarsuspp. ¢ & =m o ¢ O e O
Stempellinellasp. o o & O
Stempellinasp. O
Tanytarsussp. 1 O * o
Tanytarsussp. 2 @) @) @) o e
Tanytarsussp. 3 O
Tanutarsusp. 4 O O e O o e
Tanytarsussp. 5 4
Tanytarsussp. 6 O
Tanytarsusp. 7 *
Cardiocladiussp. e
Cricotopussp. o O 2
Corynoneurasp. L 4 (@)
Gymnometriocnemusp. O O
Lopescladiusp. O
Nanocladiussp. O o e O @)
Parakiefferiellasp. O
Parametriocnemusp. O [ ] O 2
Thienemanniellap. 1 ¢ O * O
Thienemannielld?) sp. 3 e O ® o *® o
m>50 20< @ <50 5< <20 O <5 Specimes
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Table 5- General features of the streams. O.M.C (orgasitten content); @(dissolved oxygen)

Substrate OMC* O  NTota* PTotal* Depth Width Velocity
organic  inorganic  (osed)  (mg/L) (Ha/L) (Mo/L)  (m)  (m)  (mfs)

Stream

Cl FPOM Muddy/Sandy 10-18 3.3-51 560-630 -0171 0.9 0.8 1.5
C2  FPOM Muddy/Sandy 3-5 24-27 420-710 0187~ 05 0.9 0.8
C3 FPOM Muddy/Sandy  6-11  58-6.2020-1260 0.3-0.9 0.9 0.9 0.8

C4 FPOM Sandy 16-22 56-6.1 440-470 04-0.1.0 1.2 2.0
C5 FPOM Sandy 15-20 45-51 Na Na 1.2 2.0 2.0
M1 CPOM Sandy 1-3 52-63 390-450 04-104 0 12 15

M2 CPOM Muddy Sandy 4-18 6.8-7.3 190 - 310 -0@7 1.0 1.0 2.0

M3 CPOM  Muddy/Sandy 28-31 56-5.9 310-350 -O06 0.9 1.0 1.5

M4 CPOM  Muddy/Sandy 2-4 72-7.6 260 - 340 0®9 0.5 2.0 2.0

P1 FPOM Sandy 2-10 12-16 360 - 530 0.6-1.2.9 1.5 2.0

P2 FPOM  Muddy/Sandy 12 -15 59-6.3 300-350 -3 0.8 0.9 0.8
Na: not analyzed. * Minimum and maximum values for the period of study

DISCUSSION factor of increment of the shredders insects. Our

results indicated that the larvae of Trichoptera
Inputs from the riparian sources, in the form of(Calamoceratidae and Odontoceridae) and Diptera
dissolved organic matter, leaf litter, fruits, woody(Tipulidae), together with Chironomidae larvae of
debris and invertebrates, are recognized aStenochironomusspp., Endotribelos spp. and
important food resources for aquatic food webs iQukuriella sp., all shredders, were exclusively
many systems (Lynch et al., 2002). Several studigsom the forested streams. Other important aspect
have shown the importance of the riparian canopyas the high participation of the Libelullidae
for the stream macroinvertebrate community’darvae (predators) on the sugar cane streams.
distribution (Dudgeon, 1989; Cummins et al.Ferreira-Peruquetti and Fonseca-Gessner (2003)
1989; Bilby and Bisson, 1998; Sponseller et al.pbserved similar results in their study about the
2001; Mosisch et al., 2001; Ferreira-Peruqueti an@donata community in the areas with Cerrado
Fonseca-Gessner, 2003; Benstead and Pringlggetation and sugar cane culture in the state of
2004; Goulart and Callisto, 2005). Bojsen and5do Paulo. Nevertheless, the Libelullidae family
Jacobsen (2003) and Kay et @001) showed that was also observed in high quantities in the pasture
the reduction of the riparian canopy cause area (P2 stream). Therefore, the occurrence of this
decrease of litter detritus on the streambed and @toup seemed to be more related with the
increase of periphyton biomass, because of th@eforestation of the riparian vegetation than to the
light-related factors. In these streams, theugar cane activity.

macroinvertebrate communities wereMany streams in Sao Paulo are located in a
homogeneous and depauperate, in contrast wifberrado vegetation area at low altitudes and with
those of forested areas. sand substrates. As a result, a dominance of the

Our results showed clearly the importance of th€hironomidae fauna is observed (Roque and
riparian vegetation, which provided major taxaTrivinho-Strixino, 2001; Freire and Gessner,
richness in the forested streams (M1 - M4), witi2002). This fact was also observed in the present
exception of the S&o Vicente stream (M1). For thistudy. In contrast, a large number@fironomus
stream, the proximity with the sugar cane culturépp. larvagobserved in the deforested streams, is
and the continuous loss in the last years of than indicative of the environmental impact caused
riparian vegetation probably influenced the minoby the sugar cane cultivation and pasture activity.
richness. The larvae of this genus are known as commonly
Cummins et al. (1989) have also shown thdolerant taxa of the urban and industrial discharge

importance of the riparian canopy as the maifRoque et al., 2000; Pelaez-Rodriguez, 2001,
Kleine and Trivinho-Strixino, 2005). Moreover,
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the dominance of this genus observed in théhank to Drs. Julio César Rocha and Ademir dos
deforested streams, could be related to the maj&antos for the aid with metals analysis. Financial
inputs of the organic matter content from the landgupport CAPES and BIOTA-FAPESP (Sao Paulo
to the streams and to the high values of totabtate research foundation, Brazil).

nitrogen and phosphorus observed in this study.

The community index, in addition to other RESUMO

measurements, gave consistent information about

the faunistic characteristics and integrity of the 1No Estado de S&o Paulo, a cultura de cana-de-
streams. A high taxa richness found for the M2aclcar tem se expandido significativamente nos
M3 and M4 streams, added to a high ratio betweedtimos 15 anos, sendo este o maior produtor
the sensitive and tolerant taxa nacional com uma producdo anual de 2000 em
(EPT/Chironomidae; ChironomugChironomidae) uma area de 2.8.0° ha. O cultivo da cana-de-
clearly showed the importance of the ripariaracicar, aliado ao problema da devastacdo das
vegetation for the macroinvertebrates compositiomrmatas ciliares tem ocasionado impactos sobre os
Although, located on a forested area, the Sé&recursos hidricos das &reas adjacentes. Nesse
Vicente stream (M1) presented low richness andstudo foi avaliada a influéncia da atividade
diversity index. These results probably werecanavieira sobre a comunidade de
related to the sugar cane cultivation near to theacroinvertebrados aquaticos de 11 cérregos
riparian vegetation in this stream. This observatiosobre diferentes usos da terra. Andlises do
justifies the problem of the deforestation of thesedimento (matéria organica e metais) e da agua
riparian vegetation in detriment of the growth ofcomplementaram o estudo. Noventa e seis taxons
the sugar cane cultivation in the state of S&o Paulde macroinvertebrados foram coletados, sendo 54
which causes a high impact in the stream with thde Chironomidae e 42 de outros
loss of biodiversity. In contrast, high values of themacroinvertebrados. Os corregos localizados em
richness and diversity index of the Bela Vistadareas com atividade canavieira e pastagens,
stream (C3) can be assigned to the presence apresentaram uma baixa variedade faunistica com
grass in the edges and with the high distancgredominio de larvas de Chironomidae (78% do
between the streambed and the sugar cane culturetal). Ao contrario, os coOrregos localizados em
Overall the present results indicated that théreas com vegetagao riparia apresentaram uma rica
deforestation of the riparian vegetation was théauna aquatica com menor participacdo de larvas
principal aspect that influenced the streande Chironomidae (60% do total)

macroinvertebrate communities. The loss of the

riparian vegetation in the streams with the

agriculture activity (sugar cane and pastureREFERENCES

showed clearly the necessity of a suitable

management of the hydric resources of théngelotti-Netto, A.; Crestana, S.; Oliveira, S.(hda
southeast region of Brazil. The management is of Barbosa, R. V. R. (2004), Metais pesados
high importance in the state of Sdo Paulo, where Provenientes de atividade agricola: formas, preaenc
the agriculture activity, especially the sugar cane & controle. In -Bacia Hidrografica Eds Espindola

culture, reduced drastically the natural vegetation. E;f_&nd Wendland E.).. Rima Editora, Sao Carlos.
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