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ABSTRACT

A index of biotic integrity (IBl) was applied &ssess the ecological health at seven sites &3&km extension of
the Paraiba do Sul river, in bracketing a large ambindustrial complex. The aim was to evaluate itihdex
response to changes in environmental quality dutimg seasons (winter/dry versus. summer/wet). Higgirics
were selected to IBI in three categories: 1) speciehness and habitat composition; 2) indicatoeaps; and 3)
trophic structure. The IBI, based on the least iotpd regional condition, showed the highest valt¢ha most
upstream site (Queluz=km 0) - Acceptable, then eteing downstream and reaching the lowest recordaita
Redonda (km 125) - Impacted; afterwards there wasmareasing quality toward the most downstrearassiintil
reaching better scores at Além Paraiba (km 338péd#tate Impacted/ Acceptable. During the wintersigasons a
clearer spatial trend was detected when compared escillations in summer/wet. The IBI proved toabsuitable
tool to evaluate environmental quality in this ticgd and very altered large river, since it was sigiwe to non-
source point pollution changes, which occurredoatér the studied area.
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INTRODUCTION The use of IBI in streams is facilitated due to
lower habitat complexity and lower water volume,
Biotic integrity has been defined as the ability of avhen compared with large rivers (Strahler, 1957,
system to generate and to maintain the adaptideotrich, 1973; Vannote et al., 1980; Matthews,
biotic components through natural evolutionaryl986). In the medium and large rivers, some
process. In a lotic system, biotic integrity dependslifficulties in standardizing fish sampling and to
on river flow, energy input, water quality, biotic interpret patterns due the higher structural
interaction and habitat structure (Karr et al., 1986z0mplexity were reported by Oberdorff and
Hughes and Gammon, 1987, Karr, 1991). In thislughes (1992), Hugueny et al. (1996) and
context, the Index of Biotic Integrity - IBI - has Ganasan and Hughes (1998).
been increasingly used to assess the effects ®he magnitude of impact caused by the organic
environmental degradation; firstly for streamsand industrial pollutants was assessed by Hughes
(Karr, 1981; Karr et al., 1986) and more recenthyand Gammon (1987) for the Willamette system in
for large rivers (Ganasan and Hughes, 1998Pregon, with the lowest IBIs values being
Hughes and Oberdorff, 1998; Waite andassociated to metropolitan Portland and Newberg
Carpenter, 2000; Hughes, 2000; Karr et al., 2000freas. Ganasan and Hughes (1998) found similar
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results in the Khan and Kshipra rivers in Indiatemperatures, which occur in the summer,
with the lowest IBI near to Indore and Dewastriggering reproductive migrations of some fish
cities. species in a season when microhabitats are
The Paraiba do Sul river drains a majorenhanced and integrated due to the increased flow
industrialized area in the country and sufferand water volume. Species access more habitat
different impacts along its extension, with theand food resources, mainly from alloctonous
heaviest alteration occurring in the medium-lowerigin. This work aimed to apply IBI in this
stretch, due to a major industrial siderurgy planheavily alterated segment of the lower medium
(Pfeiffer et al., 1986). In this extent, there issection of the Paraiba do Sul river to test its
generalized pollution from organic and industrialsuitability to assess environmental condition and
effluents brought into the river by the unplannedo seek for eventual shifts according to the
Municipalities sewage systems (Carvalho andgeasons. Were specifically addressed: 1. Did the
Torres, 2002), which decrease water quality andhcreased distance from the main non-point source
impoverished habitats. Sewage, toxic chemicalgollution inputs corresponded to better the
and excessive phosphorus cause the main watenvironmental condition (IBl) indicating a river
quality problems, while altered flow regimes, lossrecover capacity? 2. Did the seasonal variation
of habitats, passage obstructions, and ripariaaffect IBI results?

degradation constitute the physical problems.

Despite these drawbacks, the water is used to

supply the human population in the main area ocMATERIALS AND METHODS

Rio de Janeiro City and for hydroelectric purposes,

with an abstraction been located at approximatelyhe Paraiba do Sul river is 1080 km long, with a
30 km downstream the major industrial plant. 57,000 kmi watershed. Its middle reaches flow
The IBlI has been reported as an efficiend00 to 600 m above sea level and drains ancient,
monitoring tool for diffuse pollution, integrating predominantly sedimentary, soil covered by
through fish community metrics, the overall stateropical forest. This ecoregion is characterized by
of health of a lotic system in contrast to theboth un- and semi-consolidated sand, gravel, silt
traditional physico-chemical parameters, whichand clay, with basalt outcroppings, low mountains,
gives a punctual and instantaneous information olow nutrient soils, fragmented semi-deciduous
the water quality of a given site (Karr et al 1986:seasonal rain forest, and poor croplands (Carvalho
Verdonschot, 2000). While IBI reflects the recentand Torres, 2002; Projeto RADAMBRASIL,
history of a system alteration, dictated by the trend983). The climate is mesothermic with high
in the various biotic and abiotic components, theelative humidity, hot and wet summers and dry
physico-chemical parameters pinpoint a precisinters. Annual rainfall ranges from 1000-3000
level of specific pollutants (Karr et al., 1986; mm, with the annual averages generally surpassing
Rosenberg and Resh 1993; Verdonschot, 20000000 mm (DNAEE, 1983). There is a well
Because of different approaches on assessingcharacterized precipitation regime where highest
system environmental health, these two methodainfall occurs between November and January.
are complementary and have been used in order These heavy rains occasionally cause large floods
obtain a more holistic assessment on thef the Paraiba do Sul River. June through August
environmental quality (Hughes and Gammonis the driest season of the year (Carvalho and
1987; Waite and Carpenter, 2000; Meador an@orres, 2002). Temperature ranges from minimum
Goldstein, 2003). of 20 - 22 °C in June during August and maximum
Seasonal change is a major feature in lotiof 32 - 34 °C in December through February, with
systems, mounding environmental and biotican annual average of 26 and 28°C. River flow in
characteristics, especially in fish community, ashe studied reach averages 318 tranging from
several characteristics shift. To understand such09 nis® in the dry season to 950°1 in the wet
changes they must be included in IBI protocols aseason (Hydroscience, 1977). The studied river
an important aspect of environmental monitoringsegment was 338 km long, covering a drainage
Seasonal shift in temperature, rainfall, and rivearea of approximately 33,663 kwithin a single
flow have a direct effect on fish life cycle ecoregion between the parallels 20°26’ and 23°38’
(Grossman et al., 1998; Allan, 2004). In Southeassouth and the meridians 41°00’ and 46°30’ West
Brazil, rainfall season coincides with increasing(Fig. 1).
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The study reach was chosen because it drained oftem agriculture was combined with point source

of the most important industrial regions in Brazil,organics and metals from untreated municipal and
and included the most polluted section of the riveindustrial effluents. Seven sampling sites were

(Pfeiffer et al., 1986), with several textile,chosen near the main municipalities: Queluz,

chemical and food industries, and a large industridResende, Barra Mansa, Volta Redonda, Barra do
steel plant at Volta Redonda Municipality. Pirai, Trés Rios, and Além Paraiba, and each
Agriculture and sand mining also were common inncluded a tributary to the mainstream.

the area. Diffuse pesticide and sediment pollution
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Figure 1 - Study area, the Paraiba do Sul watershed (in bioldigating the seven sampling sites
(Km 0, km 50 ... km 338).

The seven sites (Fig. 1) were each sampled in twi6 h fished per net. Cast nets (3 m diameter and 2-
seasons: high flow (summer/wet) and low flow3 cm mesh) were used by two skilled persons for 2
(winter/dry), between March 2001 and April 2002.h in water 2-3 m deep. A seine (10 x 3 m with 5
These two seasons were tested because then mesh) was employed by two persons in
hydrologic season explained a great amount afhallow areas for 2 h. A sieve (80 cm in diameter
variance in the habitat availability, influencing fishwith 1 mm mesh) was used in the macrophyte beds
community and the efficacy of fishing techniquesby one person for 1 h. Frequently, few individuals
in large rivers. Distance between adjacent sitewere collected at a site visit with any single gear to
varied between 29 and 102 km. Sites were chosdie adequate alone for evaluating metric and IBI
on the basis of accessibility, similarity in habitatscores. Following Whittier et al. (1997), Ganasan
types, and to maximize the diversity of habitatand Hughes (1998) and Bozzetti and Schulz
types (pools, riffles, tributaries) at each site. (2004), the fishes caught by the different fishing
Each site was sampled over a 24-h periodequipment taken at each site visit into a single
covering an area of approximately 56,000 with  value were pooled, thus defining the unit effort.
reaches 560-800 m long and 70-100 m wideSpecimens were deposited at the Laboratory of
Several fishing methods were used in &ish Ecology, Universidade Federal Rural do Rio
standardized manner to collect the maximuntde Janeiro.

number of species and individuals in differentA two-way Analysis of Variance - ANOVA was
sizes and microhabitats. Fishing equipmentised to compare species densities, biomass means
included gill nets, cast nets, seines and sieves. @d species numbers among sites and seasons. A
total of 18 gill nets (25 x 2.5 m, with 2.5-7.5 cm“a posteriori” Tukey test was conducted to
mesh size opposite) were set in the afternoon artbtermine  which means were significantly
removed in the following morning, for a total of different at 95% confidence leved (= 0.05). All
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the raw data was Logl0 (x+1) transformed taumber of species amounting 90% of the total
address the normality and homocedasticitthumber of individuals in a sample was used as the
requirements of the parametric analysesdominance metric.

Multivariate clustering was conducted on the

species abundance to assess spatial and temporabphic structure

patterns (Baroche and Saporta, 1982). Two metrics were chosen: % omnivorous and %
To understand the effects of the river degradationarnivorous individuals. The dominance of
on fish community, each candidate was testedmnivorous occurs as specific components of the
metric to IBI to verify if changes in metrics food base become less reliable; the opportunistic
corresponded to IBI changes and if such changderaging habits of omnivorous make them more
were related to the degradation in the environmensuccessful than specialized foragers (Karr et al.,
The metrics were chosen in the categories: speci@986). Native carnivorous are more sensible to
richness - habitat composition - indicators speciesnvironmental alteration. According to Karr

- trophic structure. (1981) there is an inverse correlation between the
Fifteen candidates metrics were tested: 1) numb@roportion of omnivorous individuals and other
of native species; 2) number of caraciform speciespecialized habits, with increased number of the
(water column); 3) number of siluriform speciesformer and decreased number of specialized such
(benthic); 4) number of individuals excluding as invertivorous, phytophagous, insetivorous, with
omnivorous; 5) total biomass; 6) % introducedncreasing environmental degradation (Karr,
individuals; 7) % cyprinodontiform individuals 1981). The presence of native carnivorous is an
(tolerant species); 8) Number of sensitive speciegndication of a health lotic environment (Karr,
9) % carnivorous individuals; 10) % omnivorous1981; 1999) since those fish depend on a complex
individuals; 11) % invertivorous individuals; 12) trophic structure. In a decreased water quality
% phytophagous individuals; 13) % insectivoroussystem, the native carnivorous species tend to
individuals; 14) % hybrids and 15) Dominance -decrease or even disappeatr.

number of species to amount to 90% of the total

number of individuals in a sample. Eight out ofCalculations of the IBI metrics

those 15 metric were chosen, some adapted of théetric scoring criteria for the 1Bl were based on
original I1BI (Karr, 1981) and some adapted for thehe highest metric scores observed, because no
particular characteristics of the studied area. Alminimally-disturbed reference site data were
the selected metrics, with exception of the numbeavailable. This approach was suggested by Karr et
of characiform species, showed significantal. (1986) and employed by Hughes and Gammon
correlation with 1Bl and were present in the(1987) and Ganasan and Hughes (1998). These
majority of the sampled sites. The eliminatedmetric criteria represent the reference condition,
metrics did not show significant correlation withbut they greatly underestimate the biological
IBI, or were not common in all the sampled sitesintegrity because they originate from the disturbed
or showed narrow range of variation, or weresites. Considering the difficulties to interpret the
redundant or their information was nottraditional IBI results, in the present work the

quantitative. continuous IBI developed by Ganasan and Hughes
(1998) was performed aiming to better assess the
Species richness and habitat composition results. The best and the worst situation for each

The number of native species represents biologicahetric were chosen and attributed a score of 10
diversity, which typically declines with and 0 respectively. For example, a maximum
disturbance. Number of characiform species whichumber of 27 native species and a minimum of 15
tend to decline with increased turbidity or reducedvere collected. A score 10 for 27 species and a
cover. Number of siluriform species which arescore 0 for 15 species were attributed. From this
reduced by sedimentation and insufficientscore range, a formula was applied to

dissolved oxygen (Table 1). accommodate the intermediate values. For a site
with 20 native species, therefore ([20/27] x 10).
Indicator species The suitability of each metric to IBI was tested by

Three metrics were chosen in this categoryPearson correlation, as suggested by Angermeier
number of sensitive species, % cyprinodontiformand Karr (1986). Three environmental quality
individuals and number of dominant species. Thelasses (acceptable, moderately impacted and
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impacted) were determined based on the sum of the scores.

Table 1 - Species listed according to Lauder and Liem (1988)phic group: omnivorous (O), invertivorous (INV
herbivorous (H), iliophagous (IL), carnivorous (Sensitivity: Sensitive species (S). Microhabitatiter column
(WQ), surface (S), benthic (B).

Species Trophic group Sensitivity Micro habitat Orgin
Astyanax bimaculatus O wC
Astyanax parahybae O wcC
Astyanax giton @) wC
Astyanax scabripinnis @) S WC
Astyanaxsp. 1 @) WC
Astyanaxsp. 2 O wWC
Deuterodorsp. INV wcC
Hyphessobrycon bifasciatus INV S S
Hyphessobrycon luetkenii INV S
Hyphessobrycon reticulatus INV S S
Hyphessobrycon eques INV S Alien
Bryconsp. H S
Colossomasp. IL wcC Alien
Probolodus heterostomus O wcC
Oligosarcus hepsetus C wWC
Hoplias malabaricus C WC
Hoplieritrynus unitaeniatus C S wC
Prochilodus lineatus IL wcC
Cyphocharax gilbert IL wcC
Leporinus copelandii H wC
Leporinussp. H S wC
Glanidium albescens O S B
Trachelyopterus striatulus INV S B
Pimelodus maculatus O B
Pimelodus fur @) B
Pimelodella sp. @) S B
Rhamdia parahybae C B
Rhamdiasp. 1 C B
Rhamdiasp. 2 C B
Callichthys callichthys IL B
Corydoras nattereri IL B
Hoplosternum littorale IL S B
Hypostomus affinis IL B
Hypostomus aurogutatus IL B
Hypostomussp. IL B
Harttia loricariformis IL S B
Rineloricariasp. IL B
Gymnotus cf. carapo INV wcC
Eigenmannia virescens INV S wC
Phalloceros caudimaculatus o] S
Poecilia reticulata O S Alien
Xiphophorus helleri @) S Alien
Cichla monoculus C Alien
Crenicichla lacustris INV S
Cichlasoma facetum O S
Geophagus brasiliensis O
Tilapia rendalli O Alien
Oreochromis niloticus O Alien
T. rendalli vs O. niloticus @) Alien
Pachyurus adspersus C S
Synbranchus marmoratus C S wcC
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RESULTS ANOVA showed that the biomass was similar
among groups 1 (122,140¢g) and 2 (120,464¢). The
Fish assemblages site km 125 in dry season showed the lowest

A total of 13,064 fishes were collected, amountingpiomass. Species richness was higher in group 1
to 279,172 grams, 51 species and 15 familiewith 45 species, followed by group 2 with 43,
(Table 1). Characiform (41.18%) and Siluriformaccording to ANOVA. The site km 125 in dry
(31.37%) predominated, with Characidae being theeason showed the lowest number of species (19).
most diverse family with 29.41% of the total The Tukey test indicated that group 1 showed
number of species, followed by Cichlidaesignificantly higher abundance than group 2Ror
(13.73%). A total of 12.76% species were nonimaculatusandP. heterostomyswhile A. giton, P.
native, and were introduced in the system. Twe@audimaculatus, Deuterodon sp., T. striatuarsi
species were from Cichlidae family (genusP. furshowed significantly higher abundance for
Oreochromisand Tilapia) and four species from the group 2.

other South American basin€.(monoculusH. The sites upstream the major industrial plant of
eques X. helleri e Colossoma sp (Table 1). The Volta Redonda in group 1 and the sites
most abundant species weRe reticulata with  downstream the Volta Redonda industrial plant
61.41% of the total number of fisheg, rendalli (km 169 to 338), including Volta Redonda in wet
(5.96%) andG. brasiliensis(4.59%). The major season (km 125 W) in group 2; The Volta
biomass contribution was fromH. affinis Redonda site in the dry season (km 125 D) was
(14.39%), followed byG. brasiliensis(13.43%) isolated in a left-upper part of the diagram. No
and H. aurogutatus(12.22%). Twelve out of the seasonal difference was found between the groups
51 recorded species comprised 90% of the totddr the number of individuals, biomass, or any
individuals captured and 16 accounted for 90% ofhdividual species.

the total biomass (Table 2).

No significant spatial difference was detected fotBl and metric variation

species abundance, richness and biomass Bjynce no overall significant spatial difference was
ANOVA, in both wet and dry seasons; only thefound for the fish species among the sites, no
number of species showed highly significantadaptation was applied to IBI metrics and scores.
differences between the two seasons, being high&he best and worst attributes with the continuous
in wet season when compared with dry. ThdBl are shown in Table 3.

cluster analysis (Fig. 2) showed three groups obix out of the eight selected metrics showed highly
sites; one group (Group 1) was comprised by theignificant correlation with IBI scores (n=14;
sites upstream the industrial plant of VoltaR?>0.38): number of native species, number of
Redonda and the other (Group 2) by the sitesiluriform  species, %  cyprinodontiform
downstream Volta Redonda; a was comprised bipdividuals, % omnivorous individuals, number of
one site only (km 125 at dry season). The mosiensitive species and dominance. Percentage of
abundant species in group 1 wePereticulata, G. carnivorous individuals showed significant
brasiliensisandT. rendall; in group 2:T. rendalli, ~ correlation with 1Bl (R=0.25) and the number of
P. caudimaculatusindG. brasiliensis and in site characiform species showed no significant
km 125 (dry):P. reticulata, Rineloricaria spand ~ correlation (R=0.21) (Fig. 3); exceptionally this
Tilapia hybrid The site km 125 in the dry seasonlatter metric was kept in IBl because this taxon
showed the highest number of individuals (7,841)vas a major component of neotropical fish
being higher than group 2 (2,819) and group Tommunity, which was dominant in water column.

(2,404). Percentage of omnivorous’s individuals and %
cyprinodontiform were negatively correlated with
IBI
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Table 2 - Relative abundance (and percentage) in numbebemdass of fish species in the Paraiba do Sul river
2001/2002.pecies No. individuals % individuals

Species No. individuals % individuals Biomass % biomass

Poecilia reticulata 8023 61.41 724.08 0.26
Tilapia rendalli 778 5.95 992.07 0.36
Geophagus brasiliensis 600 4.59 37506.43 13.43
Astyanax bimaculatus 353 2.70 8831.4 3.16
Tilapia hybrid 344 2.63 3694.69 1.32
Astyanax parahybae 336 2.57 8054.38 2.89
Phalloceros caudimaculatus 307 2.35 59.45 0.02
Oligosarcus hepsetus 220 1.68 8448.95 3.03
Rineloricariasp. 212 1.62 1973.59 0.71
Pimelodus fur 204 1.56 11538.5 4.13
Pimelodus maculatus 201 1.54 17133.9 6.14
Hypostomus aurogutatus 185 1.42 34111.88 12.22
Hyphessobrycon eques 169 1.29 44.99 0.02
Hypostomus affinis 160 1.22 40189.49 14.39
Hoplosternum littorale 150 1.15 11354 4.07
Corydoras nattereri 93 0.71 239.44 0.09
Astyanax giton 91 0.70 1292.45 0.46
Oreochromis niloticus 74 0.57 13824.98 4.95
Crenicichla lacustris 60 0.46 3543.59 1.27
Leporinus copelandii 52 0.40 19754.8 7.08
Cyphocharax gilbert 47 0.36 5650.29 2.02
Hoplias malabaricus 42 0.32 9877.11 3.54
Astyanaxsp. 1 41 0.31 44.87 0.02
Harttia loricariformes 39 0.30 924.50 0.33
Probolodus heterostomus 38 0.29 953.25 0.34
Rhamdiasp. 1 28 0.21 6412.20 2.30
Pachyurus adspersus 27 0.21 1534.10 0.55
Eigenmannia virescens 26 0.20 1092.60 0.39
Astyanaxsp. 2 24 0.18 1.28 0.01
Gymnotus cf. carapo 21 0.16 1126.09 0.40
Trachelyopterus striatulus 20 0.15 1675.60 0.60
Deuterodorsp. 14 0.11 42.40 0.02
Rhamdia parahybae 10 0.08 3087.41 111
Prochilodus lineatus 10 0.08 13805 4.94
Cichla monoculus 9 0.07 782.50 0.28
Rhamdiasp. 2 8 0.06 117.00 0.04
Callichthys callichthys 6 0.05 1140.00 0.41
Glanidium albescens 6 0.05 101.90 0.03
Hoplieritrynus unitaeniatus 5 0.04 562.00 0.20
Pimelodellasp. 5 0.04 168.00 0.06
Synbranchus marmoratus 5 0.04 372.90 0.13
Hyphessobrycon bifasciatus 4 0.03 5.17 0.01
Hyphessobrycon luetkenii 3 0.02 670.00 0.24
Cichlasoma facetum 3 0.02 352.00 0.13
Leporinussp. 2 0.02 320.57 0.11
Astyanax scabripinnis 2 0.02 46.45 0.02
Hypostomusp. 2 0.02 0.04 1.43
Xiphophorus helleri 2 0.02 1.60 0.01
Hyphessobrycon reticulate 1 0.01 0.96 0.01
Colossomasp. 1 0.01 4800 1.72
Bryconsp. 1 0.01 191.89 0.07
Total 13064 100.00 279172.7 100
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Figure 2 - Clustering on fish assemblages: Group 1: sitetrega® the major industrial plant of
Volta Redonda (km 0 to 125); Group 2: sites dovasstr Volta Redonda (km 125 to
338); and site km 125 in dry season (isolated brada=dry/W=wet.

Table 3 -Criteria for scoring the continuos index of bidla] integrity (1BI).

Metrics Best Worst
Number of native species 27 15
Number of characiform species 12 5
Number of siluriform species 12 6
Number of sensitive species 8 0
% Cyprinodontiform individuals 0 95
Number of dominant species 16 1
% Omnivorous individuals 34 97
% Carnivorous individuals 20 0

The following candidates metrics were notThe continuous IBlI scores ranged from a
selected to IBI: number of individuals, number ofminimum of zero (0) to a maximum of eighty (80).
non-native species, number of hybrids, percent dBI higher than 60 were considered acceptable, 40-
invertivorous individuals, percent of 60 moderately impacted, and lower than 40
phytophagous, percent of insetivorous individual$mpacted.

and total biomass). All these metrics did notin the wet season a higher quality (Acceptable)
accomplish the assumption as cited abovevas showed for the km O and moderately impacted
(significant relationship with IBI) or were not at the remaining sites, but oscillations between
common in all the sampled sites, or showedites did not allow to draw any spatial trend. In the
narrow range of variation, or were redundant withdry season, the environmental quality indicated by
other more significant metrics. The IBI for the dryIBl was moderately impacted at the two most
season showed higher oscillations when comparagstream sites (km 0 and 50) and at the two most
with the wet season (Fig. 4), with the latterdownstream sites (km 271 and 338), and impacted
showing overall higher values. at the remaining sites, with the lowest value at km

125.
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Figure 3 - Diagram of dispersion between IBI and the 8 setkatetrics.
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Figure 4 - Scores for the continuous Index of Biotic Integfir the lower-medium reaches of the
Paraiba do Sul river. Full line (dry season), dddivee (wet season). Queluz - km O;
Resende - km 50; Barra Mansa - km 96; Volta Rederiada 125; Barra do Pirai - km
169; Trés Rios - km 271; Além Paraiba - km 338.

DISCUSSION reported 52 species (Aradjo et al., 2001; 2003)

suggesting a certain stability in the fish community
The fish assemblage comprised by 51 species watong the recent years. Araujo (1996) recorded 57
similar to other previous works in the area whicHreshwater species in the medium and lower
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reaches of the Paraiba do Sul river. This numbeommon in Paraiba do Sul watershed. The poor
was well below the 122 species proposed bgoil cover causes erosion processes and
Britski (1994) for large rivers of East Brazilian degradation of riparian vegetation. Water column
coast, such as the case of Paraiba do Sul, but siuspecies are active diurnal swimmers with a varied
estimation includes the streams and smaleeding habitat, being sensible to high
tributaries. Teixeira et al. (2005) recorded 81 fisiktoncentration of suspended matter and habitat
species for the whole main channel of the Parailbdegradations. The siluriforms species are those
do Sul river and its main tributaries. Furthermoremore closely associated to the bottom, which
the 338 km segment of the river studied in thibecomes more silty and homogenous with
work was approximately one third of the wholeincreased sedimentation. Bozzetti and Schulz
Paraiba do Sul extension, and no tributaries wef@004) used benthic species, emphasizing that
included. dominance by air-breathing species is considered a
The highest fish abundance in the km 125 for thetrong indicator of oxygen depletion. Benthic
dry season was due to the high contributiolPof species are sensible to turbidity, low oxygen
reticulata, a non-native and opportunist speciexoncentrations and toxic substances deposited in
common in alterated environments. Highsediment, since they use this compartment to feed
abundance of opportunist species in alteratednd spawn. Margin erosion also provokes
environments have been widely reported in thémpairment to benthic species through the
current literature (Ganasan and Hughes, 199&ubstrate homonization.

Soto-Galera et al., 1998). Ganasan and Hugh@&$ie category indicators species was represented
(1998) found that the highest abundant species oy the number of sensible species, %
sites of the Khan river near to Indore City, a majocyprinodontiform individuals and the number of
degraded area, were comprised by three toleradbminant species. Such metrics were used to infer
species: Lebistes reticulatus, Channa punctatusthe physico-chemical pollutants levels in water.
and Heteropneustus fossiligdigh occurrences of The sensible species are the first to decrease or
this species were associated to perturbatiordisappear with pollution. This metric is the
indicated by chemical variables and poor habitabpposite of % cyprinodontiform individuals and
structure. Differences in species compositiordominant species, which indicate polluted sites,
along the studied reach could be due to poor wate&rhere only a few species can survive. Some
quality since the physical river structure did nofcriticisms have been raised to indicator species
change much along the studied reach, which wdsecause only a few species have been used to
situated within a single ecoregion (Omernik,assess environmental quality. Some examples of
1987). indicator species are the number of intolerant
The eight selected metrics proved to bespecies, percentage of the Green Sunfish, %
satisfactory for the development of 1Bl (Table 3).tolerant individuals, % of pioneer species, number
The number of species was restricted to nativand biomass of dominants species. The metric
species in order to avoid the provable negativeensible species was replaced by intolerant species
effect of eight non-native species. Hughes anlly Karr et al. (1986); Hughes and Gammon
Oberdorff (1998) reported that the use of nativg1987); Oberdorff and Hughes (1992) and
species was important, mainly where non-nativé&sanasan and Hughes (1998). Sensible species
species were relatively common. The number oindicate higher habitat availability when present or
native species was used by Lyons et al. (1995)hen re-appear in a given environment. On the
who pointed that native species decreased withther hand, assemblages dominated by few species
degradation, while non-native species were mormdicate low environmental quality, with only few
prone to increase in homogeny habitats andpecies being the option to energy paths resulting
degradable environments. The number ofn high instability. In Paraiba do Sul river, the
characiform species (water column species) andyprinodontiform Poecilia reticulata and P.

the number of siluriform species (benthic speciesdaudimaculatus were considered highly tolerant
were chosen as indicators of the habitaand low water quality indicators species. Such
composition. Al though the number of characiformspecies were extremely abundant during the dry
species did not show significant correlation withseason at km 125, municipality of Volta Redonda
IBI, it was retained since these water columr(location of National Siderurgy Company). Only
species were sensible to suspended solids, veBoecilia reticulataamounted to 7455 individuals.
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Opportunist species occupy the few availablemnivorous. The total number of individuals was
niches and tolerate low water quality wheredischarged because it did not differed significantly
sensible species could not copy. Such speciesnong the 14 samples, or presented correlation
increase in number with chemical and physicawith IBI. Despite no spatial difference in the total
degradation, and are the least to leave withumber of individuals between sites, some
degradation and the first to re-appear withparticular species showed inter-sites differences in
recovering. The dominance metric was consideredbundance. P. reticulata, T. rendalli, G.

as the number of species to amount to 90% of therasiliensis and P. caudimaculatusshowed the
total number of individuals in a standardizedhighest numerical abundance in the most altered
sample. Roth et al. (2000) used that metric isite (km 125). The high contribution of such
streams in Maryland as the numerical contributiorspecies was incorporated in IBlI metric as %
of the most abundant species in the sample. Thamnivorous’s individuals.

dominance of a few number of species indicaténtroduced species and hybrids did not present
low equitability instability and few pathways to significant correlation with 1Bl (0.24) being
energy flow in the system. rare in the samples and occurring only in km 125.
Trophic structure is another important category ifA decreasing environmental quality from km 0
assessing the biotic integrity using the feedingQueluz) to the lowest score at km 125 and an
habits. Omnivorous are found in high abundancencreasing trend toward the most downstream sites
at the polluted sites, since these fish species usesaggested the river recovery. Low IBI scores in
wide range of food, both plants and animals, andery impacted sites due to organic and industrial
detritus or organic matter. On the other handpollution was reported by Hughes and Gammon
carnivorous is a very specialized group and1987) for the Willamette river, Oregon, with
indicate a diverse trophic web to support this topowest values associated to sites near to
pyramid species (Karr, 1981). Such species coulahetropolitan areas of Portland and Newberg.
also accumulate higher concentrations of toxi€anasan and Hughes (1998), studying the Khan
substances through bio-magnification process viand Kshipra rivers in india found similar results
food web. These species are quickly affected bwith the lowest IBI near to Indore and Dewas
the physico-chemical alteration in water quality.cities. Araujo et al. (2003) applying IBI in a
Fishes of wide trophic plasticity can modify food narrow reach of the Paraiba do Sul river (c.a. 80
habit in alterated systems and this is an importaikm), discriminated three rivers zones: zone |,
factor in tropical areas, where several species atgpstream the industrial plant of Volta Redonda;
omnivorous or tend to detritivorous. Carnivorouszone Il nearby the siderurgy plant, and zone I,
may change habit to omnivorous, making difficultdownstream the plant. In this study the lowest
to define trophic structure in such alteratedvalues occurred at zone Il. In the present study,
environment. In this waynly two metrics were this trend of lowest IBI values near to cities was
selected on trophic structure (% carnivorous and %onfirmed, which received a high load of organic
omnivorous). The % carnivorous individuals’ and industrial pollutants, such as km 50 and km
metric was used by Karr (1981) and Karr et al1l25 (location the cities of Resende and Volta
(1986) as top carnivorous, and was used in severBedonda, respectively). Furthermore, the middle-
works such as Oberdorff and Hughes (1992)ower reaches of the Paraiba do Sul show in the
Hugueny et al. (1996), Hocutt et al. (1994) andnost upstream and most downstream sites higher
Ganasan and Hughes (1998). The presence bébitat diversity and relatively lesser
carnivorous is an indication of good state of rivemanthropogenic influence, in contrast to most
health (Karr, 1981; 1999), since they depend on arbanize area near to Resende and Volta Redonda
well structured trophic web. The % of cities.

omnivorous’s individuals was proposed by KarrOverall higher environmental quality in the wet
(1981) to assess the degree of food availability iseason occurred at km 0 (acceptable), km 96, km
alterated systems, since theses species used a wid® (moderately impacted), and km 338
variety of food both animal and plant origin. This(moderated impacted/acceptable) which could be
metric has been used by several workers in IBattributed to higher habitat diversity favored by
adaptations. Hocutt et al. (1994) replaced thbigher drainage area. In this wet season, the IBI
omnivorous by saprophytic opportunists, whileshowed lower oscillations and better 1Bl values
Harris (1995) used only the microphagescompared with dry season. In this latter season,
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IBI was comparatively lower, due to most exposedise and riparian condition. They found that
areas, decreasing habitat condition and increasingndscape use and riparian condition were
effects of organic and industrial pollutants due taorrelated and IBl was positively correlated with
lower water flow. It was likely that the effluent in pasture, tributary area, and riparian condition, but
dry season had a more marked influence in the fisiegatively correlated with urban area. Further
assemblages, decreasing IBI values. The higheataptation of this index would be required for the
environmental quality indicated by IBI occurred atremaining extent of this large river (upper and
km 0 and km 338, where there was more habitdbwer reaches) since those areas are located in
diversity, types of substrates, best riparian covedifferent ecoregions, a concept that need to be
and lesser land use by urban areas. Overall, shiftéscussed in more details for the Brazilian
in environmental quality corresponded to changesystems.

in 1Bl values strongly associated with human

activities.

Additionally, the sampling program could alsoRESUMO

have influenced the results, with Dbetter

performance of the fish equipments during the dry indice de Integridade Biotica (IBI) foi aplicado
season, thus resulting in a more clearly spatial IBém sete locais do rio Paraiba do Sul, cobrindo uma
variation along the studied stretch of the riverextensdo de 338 km, e incorporando um trecho de
During the wet season, the higher water volumgrande densidade industrial. O objetivo foi avaliar
and flow, and the riparian cover made some resposta do indice as mudangas na qualidade
fishing equipment more difficult to operate, andambiental durante dois periodos (inverno/seco
some species could be missed to capture. Thersus verdo/imido). O IBI foi determinado
extremely high number d?. reticulata(more than através de oito métricas compreendidas em trés
7,455 individuals) recorded in km 125 site duringcategorias da comunidade de peixes: 1) riqueza de
the dry season contributed to isolate this sample igspécies e composicdo de habitats; 2) espécies
just one branch of the cluster analysis. It wasdicadoras; e 3) estrutura trofica. Utilizou-se a
decided to keep it in the database because dbndicdo menos impactada da regido como
reflected a seasonal situation in a very pollutedbordagem para a comparacdo dos locais, com 0s
site, where this species tended to occur in highais altos valores ocorrendo nos locais mais a
densities. It, therefore, was concluded that the IBinontante (Queluz=km 0) - Aceitavel, diminuindo
should be used preferably during the dry seasamais abaixo e atingindo os piores valores em
rather than in the wet season. In temperate streangglta Redonda (km 125) - Impactado; uma
and river, the autumn is the more appropriatedubseqiiente melhoria ocorreu nos locais mais a
season, since there is lesser influence of thesante, atingindo melhores valores em Além
reproductive process in the fish assemblages amRhraiba  (km 338) - Moderadamente
the flow is at the lowest levels. Impactado/Aceitavel.  Durante o  periodo
The findings of this work showed the IBI as ainverno/seco foi detectado uma clara tendéncia
robust, quick and cheap tool to assesgspacial quando comparado com as oscilacdes
environmental quality in alterated tropical rivers.registradas no verdo/iimido. O IBI provou ser uma
The different fish equipments contributed toferramenta adequada para avaliar a qualidade
collect a wider range of the fish community inambiental nos grandes rios tropicais que se
more diverse habitats, making IBI more reliableencontram em elevado estagio de alteracio, ja que
an option for large rivers, where the effect ofse mostrou sensivel as variagdes na poluigéo
electrofishing could be limited (Hugueny et al.,difusa que ocorre ao longo de toda area estudada.
1996; Ganasan and Hughes, 1998). The present

refinement of IBI for the initial proposition of

Araujo (1998) and further development by AraljoACKNOWLEDGEMENTS

et al. (2003) was achieved for the whole medium-
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