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____________________________________________________________________________________________________________ 
 Abstract: This work aimed to test an adaptation of the Biotic Integrity Index (BII) of in fish assemblages in the 

environmental monitoring. The fish samplings were standardized and performed seasonally during two years, using 
seine nets in eleven points of the hidrographic basin of Guaíba lake, Brazil. The results showed that the analyzed 
points were rated as regular or poor in terms of quality. The scores obtained by BII for the points Gasômetro and B. 
Ribeiro contradict the results obtained by main components analysis with physico-chemical parameters of the 
water. The parameters that most influenced the BII results for the points to be rated as fair in terms of quality were 
the species richness, the number of individuals, the percentage of individuals infected with black spot disease and 
the percentage of individuals with morphologic alterations. This paper discusses the fragility of the calculation 
method used to establish the categories of best, medium and low quality. These data demonstrate that other factors 
may be contributing to the water quality decrease. This study indicated the need to use more than one methodology 
as an instrument of the environmental quality evaluation.   
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Introduction 

Environmental monitoring programs, to 
understand the causes of pollution, quantify the 
trends in the level of contaminants and how they 
enter the atmosphere and in aquatic and 
terrestrial habitats (Pearce and Despres-Patanjo, 
1988). Araújo (1998a) pointed out that human 
activities lead to a decrease in water quality, a 
decrease in the diversity of biological communities 
and a deterioration of the environment, which has 

led to the need to develop methods for assessing 
environmental quality. 
 Biotic Integrity represents the ability of 
biological systems to function, maintain and 
develop in the face of anthropogenic disturbances 
(Lyons et al., 1995). Biotic Integrity Index (BII) has 
been considered an interesting quantitative tool 
for environmental analysis (Lyons et al., 1995).  
According to Karr (1981), the Biotic Integrity 
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Index is ecologically based multimetric index for 
assessing the biological quality of surface waters 
using biotic attributes that vary from individual 
health to properties at the ecosystem level. The 
index represents the capacity of maintenance and 
support of biological communities preserving 
their composition, diversity functional structure 
comparable to the natural characteristics of the 
region, or minimally disturbed by human actions 
(Karr, 1981). 

 According to Machado et al. (2011), the Biotic 
Integrity Index has been applied in many regions 
of the world-- USA (Karr, 1981), Europe 
(Oberdorff and Hughes, 1992), India (Ganasan and 
Hugges, 1998), Africa (Toham and Teugeks, 1999), 
Central America (Lyons et al., 1995), South 
America (Rodríguez-Olarte et al., 2006), and New 
Zealand (Joy and Death, 2004), as a way to analyze 
the environmental impacts in aquatic communities 
and the objective of assessing the biological 
quality of surface waters using biological 
attributes ranging from individual health to 
properties at the ecosystem level. 

 The use of multimetric indices with the 
objective of monitoring the biological condition of 
reservoirs, according to Terra and Araujo (2011), 
is an approach little applied, reflecting the 
difficulty of applying such indices in artificial 
systems related to rivers. 

 Huglhes and Oberdorff (1998) pointed out that 
the index is based on the structure of the fish 
assembly and has been used worldwide to assess 
the condition of the fish assembly. Cetra and 
Ferreira (2016) demonstrated the relationship 
between the environmental quality of streams and 
the biological integrity of fish assemblages. These 
authors commented that several aspects of 
biological integrity are changed, but there are 
environments that can be used as a biological 
reference. Bozzetti and Schulz (2004) pointed out 
the feasibility and usefulness of BII adaptations in 
tropical or subtropical regions. 

 Biotic integrity was defined by Karr and 

Dudley (1981) as the ability of the environment to 

sustain and maintain a balanced community of 

organisms, integrated and adjusted, with a species 

composition, diversity and functional organization 

comparable to that of the region's natural habitat. 

Karr et al. (1986) pointed out that the great 

advantage of using the Biotic Integrity Index is the 

ability to integrate several ecological attributes, 

avoiding the selection of a certain isolated 

criterion that can result in less reliable diagnoses 

than the set of measures. The index was 

considered adequate by Karr and Dudley (1981) in 

order to identify the capacity of an environment to 

resist and maintain a diverse community with a 

functional organization comparable to that of a 

natural regional habitat. Cooper et al. (2018) 

demonstrated that biotic indicators are useful for 

assessing ecosystem health because the structure 

of resident communities generally reflects abiotic 

conditions integrated over time. According to 

Ruaro and Gubiani (2013) and Simon and Evans 

(2017), the index emerged as an effective tool to 

monitor the health of the aquatic ecosystem. 

 According to Karr and Dudley (1981), the 

Index of Biotic Integrity was prepared using 

parameters (such as taxonomic wealth, habitat 

guilds and trophic guilds) that encompass 

structural and functional characteristics of 

organisms or fish communities in small streams in 

the north-central United States. The indices offer 

more comprehensive assessments than other 

biotic indicators based only on species richness, 

diversity indices, indicator species or multivariate 

analyzes (Verdonschot, et al. 2000), and are 

widely accepted as monitoring tools. 

 The way of assessing the integrity of 
environments, according to Hughes (1995), has 
used multimetric parameters, which aim to 
combine attributes that represent the wide 
ecological diversity existing at different levels of 
biological organization, always having the 
characteristic of comparing them with a condition 
of reference. The metrics were designed primarily 
for the purpose of detecting, rather than 
diagnosing, human impacts. Biotic integrity 
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indexes measure the difference between the 
conditions observed and those expected in natural 
conditions (Costa and Schulz, 2010). For these 
authors, the use of specific metrics prevents the 
application of a common BII in different regions of 
Brazil and decreases the comparability of results. 
Gonino et al. (2020) stated that multimetric 
indices are considered a fast and low cost means 
of assessing ecological integrity in streams. 
Bozzetti and Schulz (2004), Costa and Schulz 
(2010), Cetra and Ferreira (2016) and Andrade et 

al. (2019), pointed out that changes were made to 
the metrics of the Biotic Integrity Index used in 
order to assess the structure of the fish 
community and the environment. 

 Angermeier and Davideanu (2004) stated that 
the fish community is an excellent indicator of 
ecosystem health and that water is commonly 
used to assess the quality of rivers. Galuch (2007) 
highlighted the importance of emphasizing that 
fish are present both conserved and polluted 
ecosystems. Berge and Dahl-Hansen (2005) 
pointed out that fish are considered as the main 
elements of biological quality to be used to assess 

the ecological status of a river. Ichthyofauna, 
according to Ferreira (2010), has a high species 
richness, low dominance, absence of exotic species 
and a high contribution of alien items (seeds, fruits 
and terrestrial arthropods) in the diet of their fish. 
The fish community, according to Karr et al. 
(1986), has as an advantage, a high position in the 
trophic chain, its populations are relatively stable, 
has the potential to integrate various aspects of 
the habitat at multiple scales and allows a 
temporal assessment of the conditions of the 
stream. 

 Andrade et al. (2019) pointed out that Lake 
Guaíba is located in the metropolitan region of 
Porto Alegre, being the main source of water 
supply in the state capital. It is a navigable 
connection channel between the interior of the 
state and the sea, as it connects the rivers (to the 
north) to Laguna dos Patos (to the south). 
According to Morandi and Bringhenti (1997), it 
receives a large amount of pollutants from animal 

husbandry, rice cultivation systems and domestic 
and industrial wastes through its tributaries. 

 Terra and Gonçalves (2013) and Andrade and 
Giroldo (2014), pointed out that the waters 
presented variations in quality, with greater 
damage in marginal areas, where less dispersion 
of pollutants occur. According to them, several 
studies in the Guaíba Lake Basin point to changes 
in the concentrations of macronutrients (mainly 
phosphorus) and metals, reflecting in the 
reduction of dissolved oxygen and in the increase 
of environmental toxicity. 

 Londe et al. (2014) stated that pollution and 
degradation of water resources are recurrent 
realities of accelerated demographic growth, 
especially in metropolitan regions, directly and 
indirectly affecting populations. These authors 
further stated that the degradation process was a 
consequence of the intense population growth in 
Porto Alegre and cities in the region. Figueiredo et 

al. (2010) demonstrated that “the most important 
problem is that the population that lives in the rio 
dos Sinos Basin recognizes industrial development 
as the only way to visualize progress”. Andrade et 

al. (2019) pointed out that despite the great 
importance of Lake Guaíba, there is a history of 
contempt for its quality. Several studies 
addressing the environmental issues were carried 
out in this environment, and none of the 
monitoring works on Lake Guaíba used the Biotic 
Integrity Index (BII) as an assessment tool. 

 This work aimed to-- (a) use an updated 
version of the multimetric Biotic Integrity Index 
(BII), adapted to the environmental reality of the 
Guaíba Lake basin; (b) evaluate its importance as 
an environmental assessment tool; (c) compare its 
results with the environmental quality data to 
verify any influence; and (d) to verify the 
occurrence of probable alterations due to the 
modification of the water quality. 

Materials and Methods 

Lake Guaíba is one of the most important water 
body in the state of Rio Grande do Sul, Brazil, 
supplying the city of Porto Alegre and neighboring 
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municipalities, reaching 2,000,000 inhabitants. 
The Guaíba Lake basin has an area of 85,950 km2, 
which means 30% of the Rio Grande do Sul area 
(Fepam, 1992), with 80% of GDP and 70% of the 
state's population (Emater, 1991). The lake 
receives a large amount of domestic and industrial 
waste from different sources, either directly or 
through its main tributaries (Gravataí, Sinos and 
Caí rivers). 

 Samples were collected in four seasons from 

December 2002 to October 2004 at eleven 

sampling points (Fig. 1). According to the location, 

six points were on Lake Guaíba [Pt.1 - Gasômetro, 

municipality of Porto Alegre (30° 02` 06.3 ”S and 

51° 14` 29.3” W); Pt.2 - Saco da Alemoa, Eldorado 

do Sul municipality (29° 59` 15.6 ”S and 51° 14` 

24.1” W); Pt.3 - Foz do Celupa, Guaíba municipality 

(30° 06` 10 ”S and 51° 18` 42.4 ”W); Pt.4 - Praia da 

Alegria, municipality of Guaíba (30° 08` 28.7” S 

and 51° 18` 53.4 ”W); Pt.5 - Barra do Ribeiro , 

municipality of Barra do Ribeiro (30° 17` 11.4 ”S 

and 51° 18` 01” W), and Pt.6 – Praia de Ipanema, 

Porto Alegre municipality (30° 08` 03 ”S and 51° 

14` 07” W)] and five locations on three tributary 

rivers. Of these five locations, two were on the Caí 

river [(Pt.7 - near the BR 386 bridge (29° 49` 22.6 ”S and 51° 21` 00” W); and Pt.8 - Morretes, near at 

the mouth of the Jacuí river (29° 55` 43.9 ”S and 

51° 17` 13.8” W), both in the municipality of Nova 

Santa Rita], one on the Sinos river [Pt.9 - next to 

the bridge of BR 386 (29° 52` 36.5 ”S and 51° 14` 

35.4” W)], two on the Gravatí river [Pt.10 - Gravatí 

RS 118 (29° 57` 43.7 ”S and 51° 00` 09 ”W), and 

Pt.11 - Passo das Canoas (29° 57` 25.7” S and 51° 

00` 23.2 ”W), both in the municipality of Gravataí] 

(Fig. 1). 

 Fish specimens were collected using a trawl 
(15 m long x 1.5 m wide; 0.5 cm mesh) (Malabarba 
and Reis, 1987). At each site, a 15 meter long and 4 
meter wide siege was used 4 times near the coast. 
The collected specimens were preserved in 10% 
formalin. In the laboratory, the material was 
screened, identified at the species level according 
to Malabarba (1989) and preserved in 70% 
alcohol. Some specimens were sent to specialists 

at the Zoology Museum of the Pontifícia 
Universidade Católica do Rio Grande do Sul 
(PUCRS) for identification. Part of the analyzed 
material was deposited in the scientific collection 
of the Universidade Federal do Rio Grande do Sul 
(UFRGS). Due to the fact that it is very difficult to 
observe a sample point without any 
environmental change, the choice of the reference 
site followed Pinto and Araújo (2007), who used 
the least environmentally disturbed point as a 
landmark. 

Candidate metrics: 

Seventeen metrics were tested-- (1) number of 

native species; (2) species richness; (3) number of 
individuals of intolerant species; (4) number of 
individuals of tolerant species; (5) percentage of 
territorial species; (6) percentage of scraper 
bottom; (7) percentage of species with parental 
care; (8) number of species of Characiformes; (9) 
number of Siluriform species; (10) number of 
individuals; (11) percentage of carnivores; (12) 
percentage of omnivores; (13) percentage of 
invertivores; (14) nektonic; (15) benthic; (16) 
percentage of individuals with black spot disease 

and (17) proportion of individuals with disease or 
anomaly. The data obtained by the test allowed to 
verify that the adaptation of the metrics was 
necessary due to the differences in the 
composition of the fish communities found in the 
two environments, since changes were observed 
in the item used in the initial BII, such as the 
occurrence of some species and the absence of 
others. The choice of metrics was based on the fact 
that they have low variability between samples, 
which avoids redundancy of information and 
allows better responses to environmental 
variations. 

 The attribute number of native species, 
originally proposed by Karr (1981), was not used 
in this study, because the knowledge of freshwater 
species in Rio Grande do Sul is still incomplete. 
According to Becker et al. (2012), Rio Grande do 
Sul has 262 described species of freshwater fish, 
and that in addition to this number, there are still 
just  over  60  known  species to be described (Reis  
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Fig. 1: Map of the State of Rio Grande do Sul (Brazil) and, in detail, the  Guaíba lake basin showing the flowing 
rivers and sampling sites. (1) Gasômetro, (2) Saco da Alemoa, (3) Foz do Celupa, (4) Praia da Alegria, (5) Barra 
do Ribeiro, (6) Praia de Ipanema, (7) Caí, (8) Caí-Jacuí, (9) Sinos, (10) GravataíRS118 and (11) GravataíPC 
(Flores-Lopes and Thomaz, 2011). 

et al., 2003). The metric “Number of intolerant 
sps”, although very important, was not used due to 
the lack of available knowledge about the species 
in the Lago Guaíba Basin. 

 In a study on the Laguna dos Patos System, 
Malabarba (1989) presented a historical review 
and a list of 106 species of native freshwater fish. 
Since then, several species have been described 
for the region (Malabarba and Weitzman, 2003), 
reaching 121 species currently known for this 
environment (Reis et al., 2003). According to 
Becker et al. (2012) this number does not include 
occasional visitors and seasonal species that are 
part of their life cycle in a marine or estuarine 
environment. For these authors, the occurrence of 
exotic species is considered very rare in the 
Guaíba Lake watershed. 

 The metric “Species richness” was used 
without modifications, being considered 
important due to the assumption that a healthier 
environment has a greater number of species and 
a greater diversity index than a degraded 

environment (Bruschi Jr. et al., 2000; Flores-Lopes 
et al., 2010). The metric “The number of 
individuals of intolerant and tolerant species” was 
not used, since the knowledge about the tolerance 
of neotropical species to different environmental 
factors that may influence environmental 
conditions is still insufficient. 

 The metric "Percentage of species with 

parental care" was used based on the fact that in 

better quality environments it is possible to 

observe a higher occurrence of species with this 

type of behavior than in lower quality 

environments. Although this resource is not used 

as a metric at BII, Irz et al. (2008) and Winemiller 

and Rose (1992) suggest that it is an important 

feature of life history strategies and may show 

responses to anthropic disorders. The “number of 

species” was the metric selected due to the fact 

that these groups comprise most of the species 

present in the ichthyofauna of rivers and streams 

in South America, their importance and meaning, 

behavior, function, etc. and a wide variety of life 
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forms and habits (Reis et al., 2003, Menezes et al., 

2007). 

 The metric "Number of Individuals" was used 
assuming that in most of the preserved 
environments, a smaller number of individuals is 
observed than in the impacted environments 
(Bruschi, Jr. et al., 2000; Flores-Lopes et al., 2010). 
Bruschi Jr. et al. (2000) stressed that the most 
impacted environments, a larger number of 
individuals of generalist species is normally 
observed in relation to the others. The metrics 
"percentage of carnivores", "percentage of 
omnivores", "percentage of invertivores" were 
used because the dominance of these species 
presumably grows as a result of degradation in the 
food base, especially invertebrates. As a result, 
their opportunistic foraging ecology makes them 
more successful compared to more specialized 
foragers (Karr, 1981). The presence of native 
carnivores is an indication of a healthy lotic 
environment, since these fish depend on a 
complex trophic structure. With the decrease in 
water quality in the system, native carnivorous 
species tend to decrease or even disappear. The 
classification of eating habits of species occurring 
in Lake Guaíba for this study followed the data 
available in the literature and on the site 
fishbase.com. 

 The "nektonic" and "benthic" metrics were not 
used, as there was no in-depth knowledge 
including fish species in this group and with these 
characteristics. It was also considered that some 
species of Characiformes and Siluriformes are 
benthic and that some species can travel to the 
surface to feed, which could cause misinformation 
for the calculation of the BII. The metric “Percentage of individuals with black spot disease” 
was used according to Marcogliese and Cone 
(1997), in which parasites can be important for 
verifying environmental quality based on the 
assumption that they need a healthy environment 
to perform their development generally within 
more than one intermediate host, as in degraded 
environments they cannot complete their life cycle 
because they do not have these hosts or even the 

final host (Overstreet, 1997). The data observed 
by Flores-Lopes and Thomas (2011a) were used 
to calculate the BII. 

 The percentage of individuals with anomalies 
and diseases was used with adaptation of the BII 
since the occurrence of individual changes in 
diseases is associated with the presence of a 
stressor in the water (Flores-Lopes et al., 2001, 
2002, 2019, 2020; Flores-Lopes and Reuss-
Strenzel, 2011; Paulo et al., 2012, 2020). The 
metrics were divided into five categories: 
composition and species richness, abundance, 
trophic guilds, position in the water column and 
health. 

Metric scoring and index construction: 

According to Karr et al. (1986), Ganasan and 
Hughes (1998), Bozzetti and Schulz (2004) and 
Terra and Araújo (2011), the metric scoring 
criteria for the BII were based on the highest or 
lowest scores observed in our samples, since not 
minimally disturbed, the data was available on the 
reference site. 

 In this study, the method proposed by Karr 
(1981) was adopted to obtain the results of the 
BII, which uses scores 5 (best quality), 3 (medium 
quality) and 1 (low quality). The scores were 
obtained by subtracting the maximum and 
minimum values obtained for each parameter. The 
result was divided by three to establish the 
categories (Karr et al., 1986; Araujo, 1998a, b). For 
the attributes that indicate better environmental 
quality, the highest values correspond to 5, the 
intermediate ones correspond to 3 and the lowest 
ones to 1. For the attributes that indicate worst 

environmental quality, the lowest values 
correspond to 5, the intermediate values to 3 and 
the highest to 1. One result was published for each 
metric and through the sum of all published data 
the final BII result was obtained. This score 
produces a BII ranging from 0 to 55. In this study, 
the following integrity classes were established, 
based on those used by Araújo (1998a)-- excellent 
(50-55), good (41-49), fair (36-40), poor (25-35), 
very poor (<24) and no fish (0). 
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BII validation: 

In order to evaluate the BII, Flores-Lopes and 
Reuss-Strenzel (2011) compared the results 
obtained and the data from the Integrated Quality 
Index (IQI) and the physical-chemical analysis of 
the water used in the same points. These authors 
obtained results for the parameters of 
temperature, pH, BOD5, O2 and thermotolerant 
coliforms, and the Integrated Quality Index was 
not performed. The data were compared to 
perform an assessment of the spatial and temporal 
behavior of the data. 

Data analysis: 

Non-metric multidimensional scaling (NMDS) 
based on Bray-Curtis distance was used to verify 
the presence of structure in the data as a function 
of species composition. This technique allows 
visualizing the relationships between the fish 
communities by generating a two-dimensional 
graph that shows the relationships between the 
sampling points. Principal Component Analysis 
(PCA) was used to detect metrics with a low 
variance. 

Results  

53,408 specimens of fish were captured, 24,020 in 
Guaíba Lake and 29,388 in the three tributaries 
(Caí, Sinos and Gravataí rivers), resulting in a total 
of 66 species belonging to 8 families and 22 orders 
(Table I). Of the identified species, 52 were 
observed in Guaíba Lake and 58 in the tributaries. 
The analysis of the ichthyofauna composition 
showed that the most abundant orders were 
Characiformes (43%), Siluriformes (30%) and 
Perciformes (14%). The most abundant families 
were Characidae (29%), Loricariidae and 
Cichlidae (12%) and the most abundant species 
were Cheirodon ibicuhiensis Eigenmann, 1915 
(21.7%), Astyanax aff. fasciatus (Cuvier, 1819) 
(20.5%), Hyphessobrycon luetkenii (Boulenger, 
1887) (15.5%) and Corydoras paleatus (Jenyns, 
1842) (11%). The points with the highest 
percentage of individuals were Gravataí PC (31%), 
Gasômetro (23%), Gravataí RS118 (11%) and S. 
Alemoa (10%). 

 The results showed that the Praia da Alegria 
and Praia de Ipanema points were considered to 
be of poor quality because they have lower BII 
averages and the Gravataí PC point was 
considered to be of good quality because they had 
a higher average. Below-average values were 
observed between the Gasômetro and P. Ipanema 
points, ranging from 30.6 at the Saco da Alemoa 
point and 22 at point P. Ipanema, resulting in a 
poor rating on all of these points. Among the 
points Caí-Jacuí and Gravataí PC, higher values 
were found for the BII average, which ranged from 
32 at the Sinos point to 42 at the GravataíPC point 
(Table 2; Fig. 2). When the BII values were related 
to seasonality, similar results were observed in all 
seasons, and in some places there was little 
variation. At the Gasometer and Caí-Jacuí points, 
the highest values were observed in the spring and 
summer, respectively, and at the Sinos and 
Gravataí RS118 points, the lowest values were 
observed in the winter and autumn, respectively. 

 The NMDS analysis showed the formation of 
three distinct groups, which showed greater 
similarity in the points. One of the groups was 
formed by the Foz do Celupa, Praia da Alegria, 
Barra do Ribeiro, Ipanema and Sinos points; and 
the Foz do Celupa and Praia da Alegria points were 
the points with the highest stress values (Fig. 3). 
The Praia da Alegria and Praia de Ipanema points 
were classified as very bad and the others were 
classified as bad by BII. A second group was 
formed by the points Gasômetro, Saco da Alemoa, 
Caí-Jacuí and Caí, all classified as bad by BII, and a 
third group was formed by the points Gravatai 
RS118 and Gravataí PC, the latter being classified 
as reasonable.  

 When the BII results were compared with the 
results of the Principal Component Analysis (PCA) 
for the physical and chemical parameters of the 
water, it was found that most of the points could 
be classified as good or reasonable during the 
study period, confirming the results obtained by 
BII. The results showed two significant axes and 
showed an accumulated percentage of 67.21% in 
the  variation  between  the  sampling  points, with
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Table 1: List of families and species observed and ecological aspects of each species. P.C.= Parental Care; 
T.G.=Trophic Guilds; T= Territorial; P. W. C.= Position in the water column. 

Family Species P. C. T. G. T. P.  W. C. 

Anablepidae Jenynsia lineata(Jenyns, 1842) No Invertivorous No Nektonic 

Anostomidae Leporinus obtusidens (Valenciennes, 1836) No Herbivorous No Nektonic 

 Schizodon jacuiensis Bergman, 1988 No Herbivorous No Nektonic 

Aspredinidae Bunocephalus doriae Boulenger, 1902 No Omnivorous No Benthic 

 Pseudobunocephalus iheringii (Boulenger, 1891) No Omnivorous No Benthic 

Atherinopsidae 
Odontesthes aff. perugiae Evermann & Kendall, 
1906 No Carnivorous No Nektonic 

Callichthyidae Corydoras paleatus (Jenyns, 1842) No Omnivorous No Benthic 

 Corydoras undulatus Regan, 1912 No Omnivorous No Benthic 

 Hoplosternum littorale (Hancock, 1828) No Omnivorous No Benthic 

Characidae Aphyocharax anisitsi Eigenmann & Kennedy, 1903 No Invertivorous No Nektonic 

 Astyanax eigenmanniorum (Cope, 1894) No Invertivorous No Nektonic 

 Astyanax aff. fasciatus (Cuvier, 1819) No Invertivorous No Nektonic 

 Astyanax jacuhiensis Cope, 1894 No Invertivorous No Nektonic 

 Astyanax sp. 1 No Invertivorous No Nektonic 

 Astyanax sp. 2 No Invertivorous No Nektonic 

 Bryconamericus iheringii (Boulenger, 1887) No Invertivorous No Nektonic 

 Characidium rachovii Regan, 1913 No Invertivorous No Benthic 

 Characidium tenue (Cope, 1894) No Invertivorous No Benthic 

 Characidium zebra Eigenmann, 1909 No Invertivorous No Benthic 

 Charax stenopterus (Cope, 1894) No Invertivorous No Nektonic 

 Cheirodon ibicuhiensis Eigenmann, 1915 No Herbivorous No Nektonic 

 Cheirodon interruptus (Jenyns, 1842) No Herbivorous No Nektonic 

 Diapoma alburnus (Hensel, 1870) No Invertivorous No Nektonic 

 Diapoma speculiferum Cope, 1894 No Invertivorous No Nektonic 

 
Hyphessobrycon igneus Miquelarena, Menni, López 
& Casciotta, 1980 No Invertivorous No Nektonic 

 Hyphessobrycon luetkenii (Boulenger, 1887) No Invertivorous No Nektonic 

 
Hyphessobrycon meridionalis Ringuelet, 
Miquelarena & Menni, 1978 No Invertivorous No Nektonic 

 Hyphessobrycon sp. No Invertivorous No Nektonic 

 Oligosarcus jenynsii (Günther, 1864) No Carnivorous No Nektonic 

 Oligosarcus robustus Menezes, 1969 No Carnivorous No Nektonic 

 Pseudocorynopoma doriae Perugia, 1891 No Invertivorous Yes Nektonic 

 Serrapinnus calliurus (Boulenger, 1900) No Herbivorous No Nektonic 

Cichlidae Cichlasoma portalegrense (Hensel, 1870) Yes Omnivorous Yes Nektonic 

 Crenicichla lepidota Heckel, 1840 Yes Carnivorous Yes Nektonic 

 Crenicichla punctataHensel, 1870 Yes Carnivorous Yes Nektonic 

 Geophagus brasiliensis (Quoy & Gaimard, 1824) Yes Omnivorous Yes Nektonic 

 Gymnogeophagus gymnogenys (Hensel, 1870) Yes Omnivorous Yes Nektonic 

 Gymnogeophagus labiatus (Hensel, 1870) Yes Omnivorous Yes Nektonic 

 Gymnogeophagus rhabdotus (Hensel, 1870) Yes Omnivorous Yes Nektonic 

 TilapiarendalliBoulenger, (1876) Yes Omnivorous Yes Nektonic 

Clupeidae Platanichthys platana (Regan, 1917) No Invertivorous No Nektonic 

Curimatidae Cyphocharax spilotus (Vari, 1987) No Detritivorous No Nektonic 

 Cyphocharax voga (Hensel, 1870) No Detritivorous No Nektonic 

Engraulidae Lycengraulis grossidens (Spix & Agassiz, 1829) No Invertivorous No Nektonic 

Erythrinidae Hoplias malabaricus (Bloch, 1794) No Carnivorous No Nektonic 

Gymnotidae Gymnotus carapo (Linnaeus, 1758) Yes Carnivorous Yes Nektonic 

Heptapteridae Pimelodella australis Eigenmann, 1917 No Omnivorous No Benthic 

 Rhamdia aff. quelen (Quoy & Gaimard, 1824) No Omnivorous No Benthic 

Loricariidae Ancistrus brevipinnis (Regan, 1904) Yes Scraper Yes Benthic 

 Hisonotus sp. No Scraper No Benthic 

 Hypostomus aspilogaster (Cope, 1894) Yes Scraper No Benthic 

 Hypostomus commersoni Valenciennes, 1836 Yes Scraper No Benthic 

 Loricariichthys anus (Valenciennes, 1836) Yes Detritivorous No Benthic 

 Otocinclus flexilis Cope, 1894 No Scraper No Benthic 
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 Rineloricaria cadeae (Hensel, 1868) Yes Scraper Yes Benthic 

 Rineloricaria sp. Yes Scraper Yes Benthic 

 Rineloricaria strigilata (Hensel, 1868) Yes Scraper Yes Benthic 

Pimelodidae Parapimelodus nigribarbis (Boulenger, 1889) No Invertivorous No Benthic 

 
Pimelodus pintado Azpelicueta, Lundberg & 
Loureiro 2008 No Omniorvorous No Benthic 

Poecilidae Phallocerus caudimaculatus (Hensel, 1868) No Invertivorous No Nektonic 

Prochilodontidae Prochilodus lineatus (Valenciennes, 1836) No Scraper No Nektonic 

Pseudopimelodida
e Microglanis cottoides (Boulenger, 1891) No Omnivorous No Nektonic 

Rivulidae Cynopoecilus nigrovittatusCosta, 2002 No Invertivorous Yes Nektonic 

 Cynopoecilus melanotaenia(Regan, 1912) No Invertivorous Yes Nektonic 

Sciaenidae Pachyurus bonariensis Steindachner, 1879 No Omnivorous No Nektonic 

Trichomycteridae Homodiaetus anisitisiEigenmann & Ward, 1907 No Carnivorous No Benthic 

 

 

Fig. 2: Change in average of BII for each sampled point in the period sampled. 

point B. Ribeiro presenting the best water quality 

in the entire hydrographic basin due to its higher 

O2 average, and its lowest average for 

thermotolerant coliforms and BOD5. 

 The results of the water quality analysis 

showed that the localities S. Alemoa, F. Celupa, P. 

Alegria and P. Ipanema presented water quality 

lower than B. Ribeiro, varying from good to 

reasonable during the sampling period. The points 

Gasômetro, river Caí, Morretes and river Sinos 

presented the worst quality, due to their lower 

averages of O2 and higher averages of 

thermotolerant coliforms and BOD5. The 

Gasômetro point can be considered of poorer 

quality due to the high average of thermotolerant 

coliforms and BOD5 and low average of O2 

throughout the sampling period (Table 3). 

Discussion 

When assessing the stream fish community, Cetra 
and Ferreira (2016) applied the Biotic Integrity 
Index (BII), applying four metrics, 
whichsatisfactorily reflected the environmental 
gradient. Several studies have demonstrated a 
relationship between environmental quality of 
streams and biological integrity of fish 
assemblages  and  can  be  used  as an indicator for 
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Table 2: Seasonal variation of BII values and total BII per point. Scoring criteria used for classification 

Points Samples Total BII Scoring Criteria 

 1 2 3 4 5 6 7 8  5 3 1 

pt 1 23 29 29 37 27 31 29 29 29,3 >13,66 7,33 - 13,66 <7,33 

pt 2 27 27 34 35 33 32 31 33 31,5 > 10,66 5,33 - 10,66 < 5,33 

pt 3  27 25 29 31 29 27 33 25 28,3 > 13,32 6,66 - 13,32 < 6,66 

pt 4 21 21 27 27 27 27 21 21 24,0 > 670,66 336,3 - 670,66 < 336,3 

pt 5 27 29 33 27 29 25 27 25 27,8 > 8  4 - 8 < 4 

pt 6 23 25 21 25 23 23 21 19 22,5 > 6  3 - 6 < 3 

pt 7 35 29 23 31 21 27 29 30 28,1 > 5,54 2,77 - 5,54 < 2,77 

pt 8 43 39 31 39 35 25 39 31 35,3 < 4,09 4,09 - 8,18 > 8,18 

pt 9 37 25 25 33 35 41 33 31 32,5 > 13,91 8,54 - 13,91 < 8,54 

pt 10 31 33 33 37 39 25 39 37 34,3 < 1,24 1,24 - 2,48 > 2,48 

pt 11 45 47 37 39 45 43 39 45 42,5 < 1,22 1,22 - 2,44 > 2,44 

 

 

Fig. 3: NMDS analysis performed with the BII average for each of the sampling points. Non-metric 

multidimensional scaling ordination based on Bray-Curtis similarity, performed with species 

composition in the sampling points. 
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Table 3: Values of the average physico-chemical parameters analyzed for each sampling point throughout the 
study period in the hydrographic basin of Guaíba lake. pH = Potential Hydrogen; O2 = Dissolved oxygen (mg L-1 
O2), BOD5 = Biochemical Oxygen Demand (mg  L-1 O2); Therm. Col.= thermotolerant coliforms (units per 100 
milliliters); Temp= temperature (C) 

Local pH O2 DBO5 Therm. Col. Temp. 

Gasômetro 6.9 (±0.21) 5.7 (±1.46) 2.2 (±1.3) 17375 (±13935) 20 (±3.78) 
S. Alemoa 7.1 (±0.21) 7.7 (±0.86) 0.5 (±0.27) 171.6 (±160) 20.2 (±4.1) 

F. Celupa 7.6 (±0.4) 7.2 (±0.84) 1.4 (±0.77) 13.1 (±471) 21.2 (±4.03) 
P. Alegria 7 (±0.18) 7.7 (±0.95) 0.7 (±0.22) 1063.3 (±2111) 21.3 (±4.9) 
B. Ribeiro 7.4 (±0.38) 8.2 (±0.99) 0.8 (±0.37) 12.5 (±15.61) 23 (±5.37) 

P. Ipanema 7.1 (±0.23) 6.9 (±1.1) 1.6 (±0.74) 9982.5 (±12767) 24.2 (±6.43) 
Caí 7.0 (±0.07) 2.7 (±0.7) 2 (±1.68) 18122.5 (±30612) 20 (±4.41) 
Caí-Jacuí 6.9 (±0.07) 2.7 (±0.7) 2 (±1.68) 18122.5 (±30612) 20.2 (4.03) 

Sinos 7.1 (±0.12) 3.1 (±0.97) 1.8 (±0.83) 910 (±1046) 20.2 (±3.77) 
GravataíRS118 6.4 (±0.65) 5.3 (±1.11) 1.2 (±0.52) 993.3 (±1261) 20.8 (±3.4) 
GravataíPC 7.3 (±0.13) 5.3 (±1.11) 1.2 (±0.52) 993.3 (±1261) 21.1 (±3.23) 

 

assessing and monitoring the quality of water 

bodies. Araujo (1998b) stated that a great 

advantage of the Biotic Integrity Index is its ability 

to integrate several ecological attributes, avoiding 

the selection of a certain isolated criterion that can 
result in less reliable diagnoses than the set of 

measures. 

 BII offers more comprehensive assessments 
than other biotic indicators, based only on species 
richness, diversity indices, indicator species or 
multivariate analyzes (Verdonschot, 2000). 
Although widely accepted as monitoring tools, 
Pinto et al. (2006) commented that BIIs are also 
useful to relate the responses of the fish assembly 
to the degradation of riverside areas and 
landscapes. The results of these authors confirmed 
expectations that the large urban and industrial 
complex of Volta Redonda was strongly associated 
with environmental changes along the middle 
Paraíba do Sul River. Lower water levels reduced 
the volume and diversity of the habitat and 
provided less dilution of organic and industrial 
pollutants, which are associated with a worse 
environmental quality in the dry season. Bozzetti 
and Schulz (2004), commented that the choice of 
less disturbed sites located at the headwaters is 
problematic due to the natural longitudinal 
changes in the ichthyofauna that is impossible in 
regions like Brazil, where historical information 

on the distribution and abundance of smaller fish 
is completely absent. 

 The results obtained for Lake Guaíba showed 
that the Gravataí PC point was classified as 

regular, the Praia da Alegria and P. Ipanema points 

were classified as terrible and the other points 

were classified as bad. These results were 

different from those observed by Flores-Lopes and 

Reuss-Strenzel (2011), who used the Principal 

Component Analysis (PCA) for physical and 

chemical parameters, and revealed that the point 

P. Ipanema had reasonable water quality, varying 

from good to regular during the sampling period. 

The B. Ribeiro point was the one with the best 
water quality in the entire basin, and the S. 

Alemoa, F. Celupa, P. Alegria points showed lower 

water quality, varying from good to reasonable 

during the sampling period. The Gasômetro, Caí, 

Caí-Jacuí and Sinos points presented the worst 

quality waters. 

 The study showed that the parameters that 

most influenced the Gravataí PC point to be 

classified as regular in terms of quality were “Species wealth”, “Number of individuals”, “Percentage of individuals infected with the black 

spot” and “Percentage of individuals with 
morphological disease”. The occurrence of this 

type  of  change  caused the highest value obtained 
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by BII. This point received the best evaluations for 

these parameters in terms of offering great wealth 

and a low percentage of individuals infected with 
black spots and morphological changes. On the 

other hand, the parameters “Percentage of 

territorial”, “Parental care”, “Number of 

individuals”, “Percentage of carnivores”, “Omnivores” and “Invertivores” negatively 

influenced the result of the index, in which it was 
observed almost exclusively classifications 3 and 

1. The low values obtained for these parameters 

contributed significantly to the verification of low 

BII values at points 4 and 6, which made them 

considered of low environmental quality. 

 According to the data of Flores-Lopes and 

Reuss-Strenzel (2011), the environments were 

classified as medium or high quality and this result 

is due to the fact that a low number of individuals 

were considered who were marked with a high 

frequency of a kind of abnormality at these points. 

Araújo (1998a, b) observed that a criterion that 

seems useful in the classification of an 

environment is the frequency of fish with tumors, 

lesions or deformities in the fins, presence of 

parasites (Flores-Lopes and Thomaz, 2011a) and 

other indicators of diseases or abnormalities. 

Flores-Lopes and Thomaz (2011b) and Flores-

Lopes (2014) reported that several individuals 

had a high number of individuals infected with 

black spot disease. Author like Araújo (1998a) 

pointed out that the frequency of fish with tumors, 

fins or deformities, parasites and other indicators 

of diseases or anomalies can be an important 

criterion that seems to be useful in the 

classification of an environment. Karr et al. (1986) 

and Hughes and Gammon (1987) reported that 

this type of parameter has been an important 

indicator of degraded areas. 

 Araújo (1998a) observed that the proportion 

of omnivorous individuals was one of the 

parameters that negatively influenced the results 

of the BII, and in this study a local decline in 
quality was noticed when this parameter was 

increased and that among all points the Gasômetro 

was classified as low quality (bad), due to the 

appearance of a large number of omnivorous and 

generalist species. With regard to the parameters 
related to trophic guilds, a more in-depth 

knowledge about the diet of neotropical species is 

necessary, and the results obtained in this study, 

which found the predominance of invertivore 

species followed by omnivorous species (Table I), 

indicated that these points are classified as poor. 

 Karr (1981) established that samples with less 

than 20% omnivores are good, while those with 

more than 45% omnivores are seriously degraded. 

This factor is another important issue to be 

assessed when adapting the BII. Can the 

percentages used only be used according to the 
data obtained in the specific study or if the same 

percentages can be used in different types of 

habitat? In the same watershed there are sampling 

points with different characteristics and it is 

difficult to establish that samples with less than 

20% omnivores mean that they are classified as 
samples of good quality and above 45% are 

considered degraded. 

 Among other points, the Gasômetro was 

classified as low quality (bad), due to the 

appearance of a large number of omnivorous and 
generalist species, and the high frequency of sick 

individuals, which corroborates the results 

obtained by Flores-Lopes and Thomas (2011a) 

and Flores-Lopes and Reuss-Strenzel (2011), who 

considered this point poor in terms of quality for 

having demonstrated a high frequency of 
moderate and severe changes in the gills of 

Astyanax aff. fasciatus (Cuvier, 1819) and Diapoma 

alburnus (Hensel, 1870), a high frequency of 

various types of morphological abnormalities and 

the lowest concentrations of dissolved O2 and 

highest concentrations of thermotolerant 
coliforms. 

 In this study, the fact that most points are 

classified as poor or very poor in terms of quality 

was corroborated by Flores-Lopes et al. (2010) 

who observed that, except for points B. Ribeiro 

and P. Ipanema, there is a predominance of some 
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species over others, such as Astyanax aff. fasciatus, 

Astyanax jacuhiensis Cope, 1894, Diapoma 

alburnus and Hyphessobrycon luetkenii (Boulenger, 
1887), since these species were listed as 

generalists by Bruschi Jr. et al. (2000). On the 

other hand, Mason (1991) considers that the 

diversity indexes of the unpolluted environments 

show a large number of species, with none of them 

composing the majority of the community, unlike 
the polluted environments, which are 

characterized by the presence of few species, 

which predominate over others. 

 The results of the NMDS analysis showed that 

the Gravataí PC point, which presented reasonable 

quality by the BII, is totally different from the 
other points, which were classified as bad 

(Gasômetro, S. Alemoa, F. Celupa, B. Ribeiro, Caí, 

Caí-Jacuí, Sinos and Gravataí RS118) or very poor 

(P. Alegria and P. Ipanema). The results are similar 

to those reported by Flores-Lopes and Reuss-

Strenzel (2011), who classified the Gasômetro, P. 
Alegria, B. Ribeiro, Gravataí RS118 and P. Canoas 

points as of low environmental quality because of 

lack of randomness in the frequency of 

morphological changes. Flores-Lopes et al. (2010) 

found that the points F. Celupa, S. Alemoa, Sinos 
and Gravataí PC had better environmental quality 

in this basin because these points had a greater 

diversity and at points B. Ribeiro and Gravataí PC 

more regular diversity was observed throughout 

study period. Flores-Lopes and Thomas (2011b) 

also found better environmental quality in the 
points F. Celupa, P. Alegria, B. Ribeiro and P. 

Ipanema due to the non-random occurrence of the 

parasite that causes the black spot (probably the 

Diplostomatidae family), one that needs a healthy 

environment to complete its life cycle. 

 Point B. Ribeiro was classified as bad in each 
period of one year and regular in the sampling 

throughout the study period. This result 

contradicts the results obtained by the Principal 

Component Analysis (PCA) for the physical-

chemical parameters analyzed in this study and 

performed by Flores-Lopes and Reuss-Strenzel 

(2011), who verified that this point presented the 

highest concentrations of dissolved O2 and lower 

concentrations of thermotolerant coliforms. 
Meador and Goldstein (2003) emphasized that the 

BII and the physical-chemical parameters are 

complementary and have been used to obtain a 

more holistic assessment of environmental 

quality, since it has been reported as an efficient 

tool for monitoring diffuse and integrates, through 
fish community metrics, the general health status 

of a lotic system compared to traditional physical-

chemical parameters. 

 These parameters provide punctual and 

instant information on the water quality of a given 

location (Karr et al., 1986; Verdonschot et al. 
2000), which was also verified by Angermeier and 

Davideanu (2004), who highlighted that the 

biological indicators they complement the 

traditional physical-chemical indicators and 

facilitate a more comprehensive and accurate 

assessment of the environment. 

 The results also differ from those obtained by 

Flores-Lopes and Thomas (2011a, b) and Flores-

Lopes (2014) who observed slight abnormalities 

in the gills of Astyanax aff. fasciatus and Diapoma 

alburnus, and a high frequency of Astyanax aff. 
fasciatus infected by the parasite that causes black 

spot disease in this environment. These authors 

stated that high rate of infection associated with 

better water quality in this place makes it 

considered one of the most qualified places in the 

Guaíba lake basin. The BII results showed that, in 
addition to the parameters studied, other 

environmental factors that are not normally 

perceived by the physical-chemical and biological 

pattern may have contributed to the drop in water 

quality in the Guaíba lake basin. The results 

obtained were considered similar to those 
observed by Flores-Lopes et al. (2010) and Flores-

Lopes and Thomas (2011a), who demonstrated, 

through the use of physical-chemical and 

biological aspects of fish species, that the water 

quality in most of the studied points varied from 

regular to poor. 
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 A factor discovered in this study which must 

be taken into account is the establishment of limits 

in the intervals that correspond to scores from 1 
to 5 in the elaboration of the biotic integrity index. 

This fact reveals the difficulty in establishing the 

criteria to determine whether the percentage of a 

given attribute corresponds to low, medium or 

high quality. In the literature, most authors, with 

some exceptions, tend not to mention how these 
intervals are established. This study used the 

criteria given by Araújo (1998a, b) and Karr et al. 

(1986), who established three categories by 

dividing the result of the highest value decline by 

the result of the lowest value. 

 Despite being considered a good mathematical 
solution, this system can have a number of 

limitations, as it has a biotic index that takes into 

account the sensitivity/tolerance of species or 

groups of species to pollution and assigns a value 

based on that, and the sum these values results in 

a pollution rate for a given location (Mason, 1991), 
which constitutes a major problem, since the 

tolerance or sensitivity of many species are not 

known, and, especially in countries like Brazil, 

even the species themselves are often unknown. 

Bendati et al. (1998) pointed out that high levels 
of diversity can show where the quality of the 

environment is poor. 

 The results of this study and the results 

obtained by Flores-Lopes et al. (2010) and Flores-

Lopes and Thomas (2011a) revealed the need to 

use more than one methodology as a tool for 
assessing environmental quality. Depending on 

the complexity of the relationships between the 

physical, chemical and biological processes that 

make up the aquatic environment, a wider range 

of methodologies is indispensable for a diagnosis 

to be more consistent on the real conditions of the 
hydrographic basin under study. Eaton and Lydy 

(2000) demonstrated the importance of using 

several attempts to assess water quality. 

According to them, the use of only one method is a 

mitigation of the physical, chemical and biological 

relationships of water. 

 The biotic integrity index (BII), as one of these 

methodologies, showed some effectiveness in this 

study, but like any index, it must be analyzed with 
caution. Some items, such as "Percentage of 

territory", "Percentage of species with parental 

care", "Percentages of necrotics and benthic" as 

well as those related to trophic guilds should be 

reevaluated in other studies, in order to confirm 

their effectiveness and not the best or worst 
environmental quality to obtain a more accurate 

assessment of the environment. According to Karr 

et al. (1986), the great advantage of using BII is 

the fact that it has the ability to integrate several 

ecological attributes and avoid the use of a specific 

isolated criterion, which could result in a less 
reliable diagnosis than the use of a set of 

measures. Whittier et al. (2007) raised some 

questions about the use of the BII, such as “When 

and how should metrics be modified, replaced or 

eliminated in an existing BII?”, “How many metrics 

are needed in an BII?”, “How should the metrics be 
proposals, evaluated and chosen?”. Karr and Chu 

(2000) stated that the BII has been widely 

discussed and researchers have questioned about 

the proper use of the method and its evaluation. 

 Hugueny et al. (1996) reported that  an 
advantage of BII is that it is potentially sensitive to 

a variety of disturbances: organic pollution or 

physical-chemical structure of habitat decline, etc. 

The relative sensitivity of the twelve attributes 

varies considering the geographical scale, type of 

degradation and region to region. Individually, 
each attribute is not a reliable indicator of decay, 

but, combined with the other parameters, they 

become strongly related to degradation 

(Angermeier and Karr, 1986). Individually, each 

parameter derives information about a particular 

characteristic of the sampling site, but combined, 
this information characterizes the biological 

integrity of the site (Karr et al., 1986). 

 According to Cooper et al. (2018), Esteves and 

Alexandre (2011), Terra and Araújo (2011), 

several types of modifications were made to the 

different metrics used, according to the 
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environment to be studied, some of which were 

even eliminated, in order to allow the taking of 

ecosystem information. According to them, the 
adaptation of the metrics was necessary due to 

differences in the composition of the fish 

communities found in the two environments. 

These authors further stated that it is expected 

that different assessment methodologies will 

demonstrate specific responses to certain 
environmental factors, which could be observed in 

the studies cited, since each type of method 

presented a specific response to environmental 

changes. The use of such methodologies in the 

assessment of environmental quality generates 

several types of responses. They are an important 
source of information about the condition of the 

organisms in the environment in which they live, 

allowing the researcher to more safely infer about 

the nature and time of exposure of individuals to 

the stressor. The results of this study make it clear 

that the responses obtained from only one 
assessment methodology are not sufficient to 

make a more accurate diagnosis of the real 

situation of the ecosystem. In this study, several 

modifications were made to different metrics. 

 According to Marciano et al. (2004), it was 
observed that all areas of shock absorbers in the 

streams of the hydrographic basin were degraded 

or even destroyed to accommodate agriculture. 

Most of the tributaries underwent drastic 

structural interventions, such as plumbing and the 

removal of riverside vegetation. The decrease in 
BII scores in urban areas is mainly caused by the 

physical degradation of the aquatic environment 

(Costa and Schulz, 2010). The results observed by 

Esteves and Alexandre (2011), showed that the 

places within the agricultural areas where the 

cane fields were dominant supported biologically 
diverse fish communities, urban areas, especially 

in the dry season. The results of this study suggest 

that the integrity of the stream is decreasing, 

especially in urban locations, due to changes in 

habitat and/or deterioration in water quality. 

 The  results  of  Cassati  et  al.  (2012)   indicate 

that the composition of the fish community 

reflects the progressive loss of vegetation quality 

in the riverside area. The study data showed that 

changes in species composition were also 

accompanied by changes in the functional 

composition of communities, represented by the 

dominance of tolerant and opportunist fish, to the 

detriment of the decrease/elimination of more 

sensitive and specialized species along the 

degradation gradient, riverside area. These results 

indicate that the stream ichthyofauna responds to 

the degradation gradient of riparian vegetation, 

through a change in its species composition and 

functional characteristics. 

Acknowledgements 

The authors wish to thank Fernando G. Becker and 
Fábio Vilella for their suggestions and discussions 
on the Biotic Integrity Index. FFL thanks his 
colleagues from the Laboratory of Ichthyology at 
UFRGS for field work support and Luiz Roberto 
Malabarba and Roberto Esser dos Reis for 
specimens identification. CNPq provided a 
fellowship to FFL (proc. 476821/2003-7).  

References 

Andrade  LC,  Rodrigues  LR,  Andreazza  R  and   
Camargo   FAO. (2019) Lago Guaíba:uma  análise   
histórico-cultural   da   poluição   hídriga  em   Porto  
Alegre,  RS,  Brasil.  Engenharia Sanitária Ambiental. 
24(2): 229-236.  

Andrade RR and Giroldo D. (2014) Limnological 
characterisation and phytoplankton seasonal 
variation in a subtropical shallow lake (Guaiba Lake, 
Brazil): a long-term study. Acta Limnologica 
Brasiliensia 26(4): 442-456. 

Angermeier  PL and  Karr  JR. (1986) Applying  an  index 
of biotic integrity based on stream – fish   
communities:   considerations  in  sampling  and   
interpretation.  North Am J Fish Manag  6: 418-429. 

Angermeier PL and Davideanu G. (2004) Using fish 
communities to assess streams in Romania: initial 
development of an index of biotic integrity. Hydrobiol. 
511: 65-78. 

Araújo FG.   (1998a)  Uso  da  Taxocenose  de  peixes  
como  indicadora  de degradação ambiental no rio  
Paraíba  do Sul, Rio de Janeiro, Brasil. Brazilian Arch  
Biol Technol 41: 370-378. 



16 

 

Araújo FG.  (1998b)  Adaptação  do  Índice de Integridade 
Biótica usando a comunidade de peixes para o rio 
Paraíba do Sul. Rev Brasileira  Biol. 58: 547-558.  

Becker B, Bastian C, Emiliani F, Gunsing F, Heyse J, 
Kauwenberghs K, Kopecky S, Lampoudis C, Massimi 
C, Otuka N, Schillebeeckx P and Sirakov I. (2012) 
Data reduction and uncertainty propagation of time-
of-flight spectra with AGS. J Instrumentation  7(11): 
P11002. 

Bendati MMA, Maizonave   CRM,  Olabarriaga  ED  and  
Rosado  RM. (1998) Use of the   benthic   
macroinvertebrate   community   as    a   pollution   
indicator  in the Gravati River (RS, Brazil).  
Verhandlungen  Int  Verein  Limnologie   26:        
2019-2023. 

Berge D and Dahl-Hansen G. (2005)  Management of 
freshwater fisheries on bordering rivers. EU 
regulations in the field of water and fish 
management. NIVA Rep SNO 5001 –2005. 

Bozzetti   M   and    Schulz   U H.   (2004)    An   index   of    
biotic   integrity    based   on    fish assemblages    for   
subtropical   streams   in   southern   Brazil.   
Hydrobiol.   529: 133-144. 

Bruschi  Jr    W,   Malabarba   LR   and   Silva  JFP     
(2000)   Avaliação   da  Qualidade Ambiental   dos   
riachos  através   das  Taxocenoses  de  peixes.  In:  
Carvão  e Meio Ambiente. (Ed.Centro de 
Ecologia/ufrgs). p. 803-809, ed. da 
Universidade/UFRGS, Porto Alegre. 

Casatti L, Teresa FB, Gonçalves-Souza T, Bessa E, 
Manzotti AR, Gonçalves CS and Zeni JO. (2012) From 
Forest to cattail: how does the riparian zone 
influence stream fish? Neotrop Icthyol. 10(1):          
205-214. 

Cetra M and Ferreira FC. (2016) Fish-based Indexo f 
Biotic Integrity for wadeable strems from Atlantic 
Forest of south São Paulo State, Brazil. Acta Limnol 
Brasiliensia 28: 14-22. 

Cooper MJ,  Lamberti GA, Moerke AH, Ruetz CR, Wilcox 
DA, Brady VJ, Brown TN, Ciborowski JJH, Gathman JP, 
Grabas GP, Johnson LB and Uzarski DG. (2018) An 
expanded fish-based index of biotic integrity for 
Great Lakes coastal wetlands. Environ Monitor 
Assess. 190: 580-609. 

Costa PF and Schulz UH. (2010) The fish community as 
na indicator of biotic integrity of the streams in       
the Sinos River basin. Brasil. Br J Biol. 70(4):      
1195-1205. 

Eaton  HJ  and  Lydy   MJ. (2000)  Assessment   of  water  
quality  in  Wichita, Kansas, using an   index  of   
biotic  integrity  and  analysis  of  bed  sediment  and   
fish   tissue  for organochlorine insecticides.  Arch  
Environ Contam Toxicol. 39: 531-540.  

Emater    (1991)     Manejo     de     recursos     Naturais 
renováveis (área do projeto 4): Pró-Guaiba. Porto 
Alegre. EMATER, Resumo parcial, p. 14.  

Esteves  KE and  Alexandre  CV. (2011) Development of 
an Index of Biotic Integrity based  on fish   
communities  to   assess  the  effects   of  rural  and  
urban land  use on a stream in Southeastern Brazil. 
Int Rev Hydrobiol.  96(3): 296-317.  

Ferreira   CP.   (2010)    Estrutura    da    ictiofauna    e    
integridade    biótica    de    riachos   em fragmentos   
florestais   remanescentes   no   noroeste   paulista.   
Unpublished   Ph.   D.  Dissertaion. Unversidade 
Estadual Paulista. São José do Rio Petro, p. 167.  

Figueiredo  JAS,  Drumm E, Rodrigues MAS and  Spilki 
FR.  (2010)  The  rio dos Sinos watershed:   na   
economic   and    social    space   and    its    interface   
with    environmental  status. Br J Biol. 70(4):         
1131-1136.  

Flores-Lopes F. (2014) The occurence of black spot 
disease in Astyanax aff.Fasciat (characiformes: 
characidae) in the Guaíba Lake basin, RS, Brazil.  Br  J 
Biol.  74: 127-134.  

Flores-Lopes F, Brito NC, Cruz AO and Paulo DV. (2019) 
Histopathology of fish liver to assess the water 
quality of Limoeiro Stream, Floresta Azul, Ba, Brazil. 
Intern J  Zool Invest.  5: 31-42. 

Flores-Lopes  F,  Cetra  M  and  Malabarba  LR.  (2010)  
Utilização  de  índices  ecológicos em assembléias de  
peixes  como  instrumento  de  avaliação da 
degradação ambiental  em  programas de 
monitoramento. Biota Neotropica 10(4): 1-11.   

Flores-Lopes F, Correia, MA and Silva DML. (2020) 
Histological and ultrastructural analysis of Tilapia 
rendalli liver as an environmental assessment tool 
for Cachoeira river, Bahia, Brazil. Intern J Zool Invest. 
6: 31-48. 

Flores-Lopes    F,    Malabarba   LR,    Pereira   EHL   and   
da   Silva  JFP.   (2001) Alterações   histopatológicas  
em  placas  ósseas  do  peixe cascudo Rineloricaria 
strigilata  (Hensel) (Teleostei, Loricariidae)   e  sua   
freqüência  no  lago  Guaíba,  Rio   Grande do  Sul,  
Brasil. Rev Brasileira  Zool. 18(3): 699-709.  

Flores-Lopes  F, Malabarba  LR,  da  Silva JFP and  Pereira 
EHL. (2002)  Histologia de deformidades vertebrais 
em  Astyanax alburnos  (Hensel, 1870)  
(Ostariophysi: Characidae)  do  lago Guaíba,  Rio    
Grande  do  Sul,   Brasil. Comunicação  do Museu de 
Ciências e Tecnologia, PUCRS, Série Zoologia 15(1): 
137-155. 

Flores-Lopes  F and  Reus-strenzel   GM.  (2011) 
Frequency of morphological alterations in   the fish   
of Lake Guaíba  and its application to environmental  
monitoring. Bioikos  25: 11-23.  



17 

 

Flores-Lopes  F  and  Thomaz  AT.   (2011a)  Histopatho- 

 logic alterations observed in fish gills as a  tool   in   
environmental   monitoring. Br J Biol. 71: 179-188.  

Flores-Lopes  F  and Thomaz  AT. (2011b) Assessment 
of environmental quality through analysis of   
frequency  of  the  black spot disease in an 
assemblage of fish, Guaíba lake, RS, Brazil. Br J Biol. 
71: 915-923.  

Galuch AV. (2007) Adaptação de um Índice de Integridade 
Biótica para igarapés da Amazônia Central, com base 
em atributos ecológicos da comunidade de peixes. 
Instituto Nacional de Pesquisas da Amazônia – 
INPA.Dissertação de Mestrado em Ciências Biológicas. 
Programa Integrado de Pós-Graduação em Biologia 
Tropical e Recursos Naturais do convênio 
INPA/UFAM. 

Ganasan V  and   Hughes  RM.  (1998)  Application  of an 
Index of Biological Integrity (IBI)  to fish   
assemblages   of   the   rivers   Khan   and    Kshipra    
(Madhya   Pradesh),    India.  Freshwater Biol. 40(2): 
367-383. 

Gonino G., Benedito E, Cioneck VM, Ferreira MT and 
Oliveira JM. (2020) A fish-based Index of Biotic 
Integrity for neotropical rainforest sandy soil 
streams--Southern Brazil. Water 12: 1201-1215.  

Hughes RM. (1995) Defining acceptable biological status 
by comparing with reference conditions. In: 
Biological Assessment and Criteria: Tools for Water 
Resource Planning and Decision Making, (eds) Davis 
W.S. and Simon T.P., Lewis Publishers, Boca Raton, 
FL, pp. 31-47. 

Hughes   RM  and  Gammon JR. (1987)  Longitudinal  
changes  in fish assemblages and water quality  in  
the  Willamette  River,  Oregon.  Trans  Am  Fisheries  
Soc.  116: 196-209. 

Hughes  RM  and   Oberdorff  T.  (1998)  Applications  of  
IBI  concepts  and  metrics  to waters outside  the   
United   States  and   Canada. In:  Assessment    
Approaches    for   Estimating   Biological Integrity 
using Fish Assemblages, (ed.) Simon T.P., Lewis 
Press, Boca Raton, FL, pp.79-83. 

Hugueny  B,  Camara  S,  Samoura  B  and  Magassouba  
M.  (1996) Applying an índex  of  biotic integrity  
based  on  fish  assemblages in a west African river. 
Hydrobiol.  331: 71-78. 

Irz,   P,  Bortoli  J,  Michonneau  F, Whittier  TR, Oberdorff   
T   and   Argillier   C.   (2008) Controlling  for  natural  
variability  in  assessing  the  response  of  fish   
metrics   to   anthropogenic pressures  for  Northeast  
U.S.A.  Lakes.  Aquat Conserv Mar Freshwater 
Ecosystems 18(5): 633-646. 

Joy MK and Death RG. (2004) Application of the Index of 
Biotic Integrity methodology to New Zealand 
freshwater fish communities. Environ Manag. 34(3):  

 415-428.  

Karr JR.  (1981)  Assessment  of  biotic  integrity using 
fish communities. Fisheries 6(6): 21-27. 

Karr JR and Chu EW. (2000) Sustaining living rivers. 
Hydrobiol. 422: 1-14.  

Karr JR and  Dudley DR. (1981)  Ecological perspective 
on water quality goals. Environ Manag 5: 55-68.  

Karr  JR, Fausch  KD,  Angermier  PL,  Yant  PR  and  
Schlosser IJ. (1986) Assessing biological  integrity  in  
running  waters,  a  method  and  its  rationale.  
Special  Publication 5,  Illinois Natural History 
Survey. 

Londe   LR,   Coutinho   MP,   Gregório  LT,   Santos  LBL   
and   Soriano  E. (2014) Desastres    relacionados    a   
água   no   Brasil:    perspectivas    e     
recomendações.    Ambiente     Sociedade 17(4):     
133-152.  

Lyons J, Navarro-Perez S, Cochran PA, Santana E and 
Guzmán-Arroyo M. (1995) An Index of  Biotic  
Integrity  based  on  fish  assemblages  for  the 
conservation of streams and rivers in West- Central 
Mexico. Conserv Biol. 9(3): 569-584. 

Machado  NG,  Venticinque  EM  and  Penha  J.  (2011)  
Effects of environmental quality and mesohabit   
structure  on  a  Biotic  Integrity  based  on fish 
assemblages of cerrado streams from Rio Cuiabá 
basin, Brazil. Br J Biol. 71(3): 577- 586. 

Malabarba  LR. (1989)  Histórico  sistemático  e  lista  
comentada  das espécies de peixes de água doce  do  
Sistema   Laguna   dos   Patos,   Rio  Grande  do  Sul,  
Brasil.  Comunicações do  Museu de Ciências da 
PUCRS, Série Zoologia  2: 107-190. 

Malabarba LR and  Reis  RE.  (1987)   Manual  de  
Técnicas  para  a  preparação  de Coleções Zoológicas. 
Nº  36 – Peixes. Campinas, Sociedade Brasileira de 
Zoologia  p. 14. 

Malabarba  LR  and  Weitzman  SH.  (2003)  Description 
of a new genus with six species from southern   
Brazil,   Uruguay    and    Argentina,    with    
discussion   of   a   putative   characid   clade 
(Teleostei:  Characiformes:   Characidae).   
Comunicações    Museu  e  Ciências  Tecnologia 
PUCRS, Série Zoologia 16(1): 67-151. 

Marciano FT, Chaudhry  FH  and Ribeiro MCDB.  (2004)  
Evaluation  of  the index  of biotic  integrity  in   the   
Sorocaba   River   Basin   (Brazil,  SP)   based   on  fish 
communities. Acta Limnol Brasil. 16(3): 225-237. 



18 

 

Marcogliese  DJ  and  Cone  DK.  (1997)  Food  webs:  a  
plea for parasites. Trends Ecol Evol. 12: 320-325.  

Mason CF. (1991) Biology of Freshwater Pollution. 2nd 
Ed., Longman Scientific Technical., London, p. 351.  

Meador  MR,  Brown  LR  and  Short T.  (2003)   Relations   
between   introduced   fish   and environmental 
conditions at large scale geographic. Ecol Indic 3(2): 
81-92. 

Menezes  NA,  Weitzman  SH,  Oyakawa  OT,  Lima  FCT, 
Castro RM and Weitzman  MJ.  (2007)   Peixes  de  
água  doce  da Mata Atlântica: lista preliminar das 
espécies e comentários   sobre  conservação  de  
peixes  de  água  doce  neotropicais.  Museu   de   
Zoologia   da Universidade de São Paulo, p. 407.  

Morandi  IC  and  Bringhenti  ML.  (1997)  Qualidade  das  
águas  do   rio   Gravataí Prefeitura Municipal de 
Porto Alegre, DMAE, p. 57. 

Oberdorff T and Hughes RM. (1992)  Modification  of  an  
Index of Biotic Integrity based on fish assemblages to 
characterize rivers of the Seine basin, France. 
Hydrobiol. 228: 117-130. 

Overstreet  RM. (1997) Parasitological data as monitors 
of environmental health. Parassitol 39: 169-175. 

Paulo DV, Fontes FM and Lopes FF. (2012) 
Histopathological alterations observed in the liver of 
Poecilia vivípara (Cyprinodontiformes: Poeciliidae) 
as a tool for the environmental quality assessment of 
the Cachoeira River, BA. Br J Biol. 72: 131-140. 

Paulo DV, Lopes LL, Neves AOC, Júnior FOM, Jesus RM, 
Braga LGT and Flores-Lopes F. (2020) 
Bioaccumulation, hepatotoxicity, immune response 
and growth in Oreochromis niloticus exposed to 
cadmium. Intern J Zool Invest. 6(1): 1-20. 

Pearce  JB and  Despres-Patanjo  L. (1988) A review of 
monitoring strategies and assessments of estuarine 
pollution. Aquat Toxicol.  11: 323-343.  

Pinto  BCT  and  Araújo  FG. (2007)  Assessing  of biotic 
integrity of the fish community in a heavily  
impacted  segment  of  a  Tropical  River  in  Brazil.  
Br  Arch   Biol Technol.  50(3): 489-502. 

Pinto  BCT, Araujo  FG and Hughes RM. (2006) Effects of 
landscape and riparian condition on  a fish índex of 
biotic integrity in a large southeastern Brazil river. 
Hydrobiol.  556: 69-83. 

 

 

 

 

 

Reis RE,  Kullander  O  and  Ferraris Jr CJ.   (2003)  Check 
list of the freshwater fish of South and Central 
America.: EDIPUCRS, Porto Alegre, Brazil, p. 742. 

Rodríguez-Olarte  D,  Amaro  A,  Coronel  J  and  Taphorn  
DC. (2006) Integrity of fluvial fish communities  is  
subject  to  environmental  gradientes  in  mountain  
streams,  Sierra  de Aroa, north Caribbean coast, 
Venezuela. Neotrop Ichthyol. 4(3): 319-328. 

Ruaro R and Gubiani ÉA. (2013) A scientometric 
assessment of 30 years of the index of biotic integrity 
in aquatic ecosystems: applications and main flaws. 
Ecol Indic. 29: 105-110. 

Simon TP and Evans NT. (2017) Environmental quality 
assessment using stream fishes. In: Methods in 
stream ecology, 3rd edition, (eds.) Lamberti G. A. and 
Hauer F. R., Volume 2: Ecosystem Function, Elsevier 
London, pp. 319-334. 

Terra BF  and  Araújo  FG. (2011) A preliminary fish 
assemblage index for a transitional river-reservoir 
system in southeastern Brazil. Ecol Indic. 11:        
874-881. 

Terra NR and Gonçalves SP. (2013) Daphnia magna 

Straus, 1820 response to sediment samples from a 
contaminated river (Rio Grande do Sul, Brazil). Acta 
Limnol Brasiliensia 25(1): 19-33. 

Toham AK and Teugels GG. (1999) First data on an Index 
of Biotic Integrity (IBI) based on fish assemblages for 
the assessment of the impact of deforestation in a 
tropical West African river system. Hydrobiol. 397: 
29-38. 

Verdonschot  PFM,  Nijboer   RC   and   Janssen   SN.   
(2000)   Ecologische   typologie, ontwikkeling-
sreeksen  en waterstreefbeelden Limburg. I: Ruwe  
indeling  in   beektypen. Rapport nr. 171.1, Alterrra, 
Wageningen, p.116.  

Whittier  TR,  Hughes  RM,  Stoddard  JL,  Lomnicky  GA,  
Peck DV and Herlihy T. (2007) A structured 
approach for developing indices of biotic integrity: 
three examples from streams and rivers in the 
western USA. Trans Am Fish Soc.  136: 718-735.   

Winemiller  KO  and  Rose  KA.  (1992)  Patterns   of   
life-history   diversification   in   North American  
fishes:  implications  for population regulation. 
Canadian J Fish Aquat Sci. 49: 2196- 2218. 

 

 

 


