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Abstract: The objective of this study was to evaluate the environmental quality of streams of the Biological Reserve 
of Una through the Biotic Integrity Index (IBI). Integrated quality index (IQI) and the Habitat Assessment index 
(HAI) were used for validation of the IBI. These indices were calculated from attributes of fish community. Four 
seasonal collections were performed with a seine net at seven sampling points. A total of 5549 individuals were 
collected from 4 orders, 9 families and 22 species. According to IBI, point 7 could be considered as having good 
environmental quality, points 1, 2 and 5 of regular quality, points 3 and 4 as poor and point 6 as very poor quality. 
The results were considered similar to those obtained by HAI and IQI, indicating that points 1, 2, 5 and 7 had a 
better environmental quality than point 6. No point were classified as excellent, suggesting a possible 
environmental degradation in the reserve. The attributes "Richness of benthic species", "Richness of nectonic 
species" and "Per centage of individuals with anomalies and diseases" did not significantly influence the index 
result, and the other parameters appeared to be more effective. The IBI was considered an useful tool in the 
environmental evaluation of the region since it was sensitive to the gradient of degradation of the points sampled. 
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Introduction 

Environmental conditions of rivers in Brazil is 
associated by structural maintenance and 
consequent preservation of the environment 
(Pinto et al., 2006) and  indicate dramatic 

changes in the quality of streams, primarily 
due to sewage emission.  Cetra and Ferreira 
(2016) demonstrated a relation between 
environmental quality of streams and 
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biological integrity of fish assemblages. 
Environmental monitoring programs are seen 
as a way of understanding the causes of 
pollution, as well as quantifying trends in the 
level of contaminants and how they enter the 
atmospheric, aquatic and terrestrial 
compartments (Pearce and Despres-Pantajo, 
1988).  

 Indices of biotic integrity (IBIs) based on 
fish assemblage structure, which were first 
introduced by Karr (1981), has been widely 
accepted as a tool to classify the quality of 
aquatic environments (Belpaire et al., 2000), 
with fish being the most visible and sensitive 
components of aquatic ecosystems, various 
attributes make them useful indicators of 
biological integrity and ecosystem health 
(Fausch et al., 1990). Verdonschot et al. 
(2000) stated that IBIs offer more 
comprehensive assessments than other biotic 
indicators based solely on species richness, 
diversity indices, indicator species, or 
multivariate analyses In addition, 
understanding how biological communities 
distribute themselves in the natural 
environment enables management and 
actions that minimize the degradation of these 
ecosystems (Karr et al., 1986). 

 The inclusion of IBI in monitoring 
programs can be used to detect spatial and 
temporal trends in water quality and is an 
efficient instrument in the conservation and 
management programs of Brazilian aquatic 
ecosystems (Araújo, 1998). On the other hand, 
considering the annual ecological differences 
that occur in the tropics, it would be 
interesting to evaluate the temporal variation 
for many years in the same locality, in the 
same season (Roset et al., 2007). This 
approach would allow understanding and 
dimensioning the internalization of long-term 

environmental variation in biota (Jamarillo-
Villa and Caramaschi, 2008). 

 Originally developed for the evaluation of 
the ichthyofauna in streams of temperate 
climate of the Midwest of the United States, 
the IBI has been adapted to regions of tropical 
climate. In many of Brazilian ecosystems, the 
application of IBI is limited by the lack of 
systematic knowledge of the species (Buckup 
et al., 2007) as well as the difficulty of finding 
fully conserved watercourses to serve as a 
reference, especially in non-amazonian areas 
(Casatti et al., 2008). The lack of knowledge 
about fish fauna and environmental changes 
in neotropical regions are a concern to 
ichthyologists and ecologists, since regional 
biodiversity may disappear from some rivers 
even before the species are known (Terejina-
Garro, 2008).  

 According to Ferreira (2010), the 

Ichthyofauna generally presents high species 

richness, low dominance, absence of exotic 

species and high contribution of 

allochthonous items (seeds, fruits and 

terrestrial arthropods) in the diet of its fishes. 

Cetra and Ferreira (2016) demonstrated a 

relationship between environmental quality 

of streams and biological integrity of fish 

assemblages. Davideanu and Angermeier 

(2004) stated that the fish community is an 

excellent indicator of ecosystem health and 

water is commonly used to assess the quality 

of rivers. Few studies have realized on 

freshwater fish in the southern region of 

Bahia (Cetra et al., 2010).  Sarmento-Soares et 

al. (2005) observed the existence of a diverse 

fauna, especially endemic species. 

 The aim of this study was to evaluate the 
environmental quality of streams in Biological 
Reserve of Una, using fish communities as an 
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assessment tool through the Biotic Integrity 
Index. 

Materials and Methods 

The Biological Reserve of Una (REBIO Una) is 
an protection conservation unit of the World 
Patrimony Site, Reserve of the Atlantic Forest 
of the Discovery Coast, which is part of the 
Biosphere Reserve of the Atlantic Forest. It 
has an area of 11.400 ha and a perimeter of 52 
km, created on October 10, 1980 by Decree 
No. 85463 is limited to the northeast by the 
Maruim river and by right arm by Bandeira 
river (MMA, 1997). Fully inserted in the 
municipality of Una, the reserve still has as 
influence areas, due to the proximity and 
access roads, the municipalities of Itabuna, 
Ilhéus, Buerarema and Arataca. 

 Four seasonal samplings were performed, 
collected using a seine net (5.5 m x 1.5 m; 
mesh size 0.5 cm) (Malabarba and Reis, 1987), 
from February 2011 to March 2012, in seven 
points in Biological Reserve of Una: Point 1 - 
São Caetano stream (39°03’36” W -  15°12’34” 
S); Point 2 - Rosário riverside (39°04’24” W - 
15°13’04” S); Point 3 – Serra river (39°04’32” 
W - 15°13’52” S); ponto 4 – Maruim river 
(39°05'13" W - 15°08'22" S); Point 5 - 
Miriguim stream (39°08'08" W - 15°06'41" S); 
Point 6 – Toninho riverside (39°10’42” W - 
15°07’17” S); Point 7 - Vila Brasil (39°09’31” 
W - 15°05’38” S) (Fig. 1). Each point realized 
standardized samplings with 6 margin trawls. 

 Some specimens were anesthetized with 
MS222 (3-Aminobenzoic Acid Ethyl Ester) and 
preserved in 10% formalin. In the laboratory 
the material was sorted and identified to the 
species level and preserved in 70% alcohol. 
Some specimens were sent to experts at the 
Federal University of Rio Grande do Sul 
(UFRGS) and Museum of Zoology at Pontifícia 

Catholic University of Rio Grande do Sul 
(PUCRS) for identification. An analysis was 
performed to verify the presence of 
morphological abnormalities and the presence 
of ectoparasites in all the individuals sampled. 
Subsequently the material was deposited in 
the scientific collection of the State University 
of Santa Cruz (UESC). 

Biotic Integrity Index (IBI)  

The Biotic Integrity Index (IBI) was calculated 
from an adaptation of the method proposed 
by Karr (1981) due to the different 
characteristic of the species collected, the 
structural difference of the environments 
analyzed, the absence of specimens of some 
characteristics, the lack of decent 
ichthyological information on some of the 
present species, etc. It was originally based on 
twelve attributes of the fish community            
in order to evaluate the environmental quality 
of the points sampled. These attributes were 
adapted and defined from the characteristics 
of the fish community in the region                
and grouped into three categories: 
Composition and Species Richness, Trophic 
Composition and Abundance of Fish, and 
Condition (Table 1). 

 The attribute “Number of Sunfish Species”, 
which are not observed in the region, was 
replaced by “Per cent Characiformes and 
Siluriformes”. The proportion of species 
belonging to these orders in conserved 
continental waters of the Neotropical region is 
well known, however, under degraded 
conditions the environment can be dominated 
by more tolerant species of the orders 
Perciformes and Cyprinodontiformes.  

 The attribute “Number of native species”, 
originally proposed by Karr (1981), was 
replaced   by   “Proportion   of   individuals   of  
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Figure 1: Map of Biological Reserve of Una with the location of the sampling points. Modified by Landau et al. 
(2003). 

 

Table 1: Originals and adapted metrics for the Index of Biotic Integrity (IBI) and the expected response to an 
increase in environmental degradation 
 

Originals metrics (Karr, 1981) Adapted metrics Response 

Species richness and composition 

1-Number of sunfish species 1-Per cent of Characiform and Siluriform Reduces 
2-Number of darters species  2-Benthonics species richness  Reduces 

3-Number of water column species 3-Nekthonics species richness Reduces 

4-Number of intolerant species 4-Species richness Reduces 

5-Numbers of native species 5-Proportion of individuals of exotic species  Increases 

Trophic composition 

6-Number of sucker species 6-Per cent herbivores/detritivores Reduces 

7-Per cent top carnivores 7-Per cent carnivores Reduces 

8-Per cent omnivores 8-Per cent omnivores Increases 

9- Per cent insectivores 9-Per cent invertivores Reduces 

Fish Abundance and Condition   
10-Per cent DELT abnormalities 10-Per cent individuals with abnomalities Increases 

11-Per cent hybrids 11-Per cent individuals with black spot 
disease 

Reduces 

12-Number of individuals 12-Number of individuals Reduces 

 

6

Limite da REBIO de Una com área de ampliação 

Hidrografia 
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exotic species” due to the lack of knowledge of 
the species in this drainage-basin. The 
calculation of the scores was based on the 
number of individuals sampled during the 
study period. The attribute “Number of Sucker 
Species” was replaced by "Per cent 
herbivores/detritivores" according to Harris 
and Silveira (1999), since these species make 
the index more sensitive to changes in the 
river's geomorphology through the 
specialization of these fish into the habitat.  

 Regarding the fourth attribute, “Number of 
Intolerant Species”, due to a lack of knowledge 
about the tolerance of neotropical species to 
the factors influencing the condition of the 
environment, this attribute was replaced by 
"Species richness". 

 The attributes “Numbers of individuals”, “Per cent top carnivores”, “Per cent 
omnivores”, “Nectonics”, “Benthics” and “Per 
cent DELT Abnormalities” were used without 
modification. The attribute “Per cent 
Insectivores”, due to the lack of occurrence of 
this group in this region, was replaced for the 
per cent of “Invertivores”. The attribute “Per 
cent Hybrids”, due to the lack of knowledge 
about the response of this attribute to the 
environmental condition in the region, was 
replaced by “Per cent individuals with black 
spot disease” (PP), according to Flores-Lopes 
and Thomaz (2011) (Table 1). 

Attribute Scoring 

Each attribute was given a score of 5 (good 
situation), 3 (regular situation) and 1 (bad 
situation), being the place classified in four 
classes of water quality (Good, Moderate, Poor 
and Very Poor), according to the degradation 
response shown in Table 1. The value of the 
biotic integrity index was determined from 
the sum of the scores of all the attributes and 

then classified in one of the five categories of 
biotic integrity (Ferreira and Casatti, 2006).  

IBI validation 

In order to valídate, the IBI was calculated by  

the Integrated Quality Index (IQI), as 

described in Bruschi Jr. et al. (2000), and was 

made an evaluation of the environment with 

the Habitat Assessment Index (HAI), based on 

a rapid assessment protocol of habitat 

diversity as described in Vieira and Shibatta 

(2007). This protocol consists of a score on a 

scale of 0 to 3 (where 0 = poor; 1 = median; 2 

= suboptimal; 3 = optimal) for each of the 

eleven habitat parameters measured --  1 - 

Bottom type; 2 - Width of backwaters; 3 - 

Frequency of backwaters; 4 - Types of 

substrate; 5 - Deposition of mud; 6 - Sediment 

deposition; 7 - Channel alteration; 8 - Water 

flow characteristics; 9 - Riparian vegetative 

zone; 10 - Bank stability and 11 - Riparian 

vegetative zone width. The sum 

of points  obtained for each 

parameter generates a Habitat Assessment 

Index (HAI), where the highest score 

demonstrated the best quality of the aquatic 

environment analyzed. 

 The rainfall data were obtained from the 
Executive Committee of the Cacao Plan 
(CEPLAC), Cocoa Research Center (CEPEC) in 
the Climatology sector.  

Results 

5549 individuals were collected and 
distribuited in 4 orders, 9 families and 22 
species. The most abundant species was 
Astyanax burgerai Zanata and Camelier, 2009 
with 3896 individuals (70% of total). The 
most constant species were Geophagus 

brasiliensis (Quoy and Gaimard, 1824) (89%), 
Astyanax burgerai (86%) and Astyanax 
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fasciatus (46%). The most abundant order 
was Characiformes (83% of total). 

 The point 2 presented the highest 
abundance (1910 individuals), followed by 
the point 3 (926 individuals). The point 5 
presented the lowest abundance (283 
individuals), followed by point 7 (411 
individuals). Point 7 had the highest species 
richness (15), followed by points 2 and 5 (11), 
points 3 and 6 presented the lowest richness 
(8).  Astyanax. burgerai was the most 
dominant in all sampling points, except for 
point 7, whose most dominant species was 
Astyanax fasciatus. 

 The Habitat Assessment Index (HAI) 
ranged from 2 in point 6 to 28 in point 2. The 
points that obtained the highest mean of this 
index were points 2, 3 and 7 (25.2, 19.2, 20.2, 
respectively), being that points 4 and 6 
presented the lowest values (5.7 and 4, 
respectively) (Table 2). 

Table 2: Average values of the Habitat Assessment 
Index (HAI) observed in the Biological Reserve of Una, 
Bahia 

 

 The highest value of the Integrated Quality 

Index (IQI) was observed in point 7 (2.22), 

followed by points 4 and 2 (1.88, 1.87, 

respectively), and the lowest value was found 
in point 6 (1.21). According to the results 

obtained by IQ, only point 7 was considered of 

high environmental quality, points 2, 4 and 5 
of medium quality and points 1, 3 and 6 were 

classified as having low environmental quality 

(Table 3). The Integrated Quality Index ranged 

from 0.95 at point 1 to 2.41 at point 4. Points 

1, 5, 6 and 7 showed no significant difference 
for this index during the study period.  

Table 3: Classification of sampling points in Biological 
Reserve of Una according to the Integrated Quality 
Index (IQ) 
 

Categories      Range of classes (IQ) Points 

Low 1.21 – 1.54 1, 3, 6 

Median 1.55 – 1.88 2, 4, 5 

High 1.89 – 2.22 7 

 

 The only point considered of good 
environmental quality according to the Biotic 
Integrity Index was point 7. Points 1, 2 and 5 
presented regular quality, points 3 and 4 were 
classified as poor and point 6 obtained the 
lowest score (20), being classified as very 
poor. No point scored enough to be classified 
as excellent (Table 4).  

 According to the classification orders, 
points 1, 2 and 6 were classified as first order 
rivers, points 3, 4, 5 and 7 of second and third 
order. In this way, point 2 obtained the 
highest IBI score (52), considered excellent. 
Points 1 and 7 were classified as having good 
environmental quality, points 3 and 5 were 
considered regular, point 4 was classified as 
poor and point 6 had the lowest score (18) 
and was considered very poor.  

 When considering the position in the 
water column, the majority of the species was 
considered nectonic (15). In relation to the 
trophic groups of the specimens examined, 
the majority were of invertivorous species 
(10) and according to the origin of the 
individuals, most were native species (19) 
(Table 5). 

 The per centage of Characiformes and 
Siluriformes   ranged  from   52.1   at point 6 to  

HAI Sample 

1 

Sample 

2 

Sample 

3 

Sample 

4 

Average 

Pt 1 18 18 15 14 16.2 

Pt 2 28 23 25 25 25.2 

Pt 3 19 19 17 22 19.2 

Pt 4 4 6 7 6 5.7 

Pt 5 15 18 17 15 16.2 

Pt 6 2 5 5 4 4 

Pt 7 19 22 20 20 20.2 
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Table 4: Result and classification of IBI for each sampling point during the study period 

 

Metrics                 

                

Points    

                            

  1    2     3       4     5     6   7 

 
1- Per cent of Characiformes and Siluriformes 
2- Benthonics species richness 
3- Nekthonic species richness 
4- Species richness 
5- Proportion of individuals of exotic species 
6- Per cent herbivores/detritivores 
7-Per cent carnivores 
8-Per cent omnivores 
9-Per cent invertivores 
10-Per cent individuals with abnormalities 
11- Per cent individuals with black spot disease 
12-Number of individuals 

 

5 

 

5 

 
5 

 
3 

 
5 

 
1 

 
3 

3 5 3 1 3 3 5 

3 1 1 5 5 1 5 

3 3 1 3 3 1 5 

5 5 5 1 5 1 3 

1 1 3 1 1 1 5 

3 1 1 3 5 1 5 

5 5 5 3 5 1 1 

5 5 5 3 5 1 1 

5 5 3 5 1 5 5 

1 1 3 1 1 1 5 

3 5 5 3 1 3 1 

IBI 42 42 34 32 40 20 44 

Categories M M P P M VP G 

                                                          G = good; M = moderate; P= poor; VP= very poor 

 

98.4 at point 3. The richness of benthic species 

ranged from 0 at point 4 to 5 at point 7. The 

richness of nectonic species ranged from 6 at 

Points 2, 3, 6 to 10 at points 4 and 7. Species 

richness varied between 8 at points 3 and 6 

and 15 at point 7. The per centage of 

individuals of exotic species ranged from 0 at 

points 1, 2 and 3 to 35.2 at point 4. The per 

centage of scrapers ranged from 0.1 to 19.5 at 

points 3 and 4. The per centage of carnivores 

ranged from 0.1 at point 2 to 2.2 in point 7. 

The per centage of omnivores ranged from 1.6 

at point 3 to 47.9 at point 6. The per centage 

of invertivores varied between 42.6 in Point 7 

and 96.8 in point 3. The number of individuals 

with anomalies and diseases varied between 1 

in points 3 and 5 or 0 in the other points. The 

per centage of individuals with black spots 

disease ranged from 1.7 in point 6 to 20.6 in 

point 7      (Tables 4, 6).  

 Regarding the temporal variation, in 
points 1, 2, 3 and 4, the highest IBI values 
were observed in November 2011 (third 
collection), with the highest cumulative 
precipitation (250 mm). At point 5, this month 
the lowest IBI value was observed and in the 
months of February and July 2011 the highest 
values. However, in these months the lowest 
IBI values were observed in points 1, 2, 3, and 
7 and the accumulated precipitation (124 and 
175 mm, respectively). The point 7 showed a 
small gradual increase during the first three 
collections and a heavy increase in the last 
collection, point 6 remained constant. 

 The attributes that most influenced the 

increase in biotic quality in the third collection  
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Table 5: Classification of sampled species according to attributes related to position in the water column, 
trophic group and origin 

Order/Species Position Trophic group Origin 

Characiformes    

Astyanax bimaculatus Nektonic Invertivorous Native 

Astyanax burguerai  Nektonic Invertivorous Native 

Astyanax aff.  Fasciatus Nektonic Invertivorous Native 

Astyanax sp. Nektonic Invertivorous Native 

Characidium sp. Benthonic Invertivorous Native 

Hoplerythrinus unitaeniatus Nektonic Carnivorous Native 

Hoplias malabaricus Nektonic Carnivorous Native 

Hoplias sp. Nektonic Carnivorous Native 

Hyphessobrycon luetkenii Nektonic Invertivorous Native 

Oligossarcus macrolepis  Nektonic Carnivorous Native 

Oligosarcus sp  Nektonic Carnivorous Native 

Cyprinodontiformes    

Poecilia reticulata Nektonic Omnivorous Exotic 

Poecilia vivípara  Nektonic Omnivorous Exotic 

Perciformes    

Geophagus brasiliensis  Nektonic Omnivorous Native 

Geophagus sp. Nektonic Omnivorous Native 

Siluriformes    

Aspidoras sp.  Benthonic Invertivorous Native 

Awaous taiasica  Benthonic Invertivorous Native 

Callichthys callichthys  Benthonic Invertivorous Native 

Pareiorhaphis bahianus  Benthonic Herbivorous/detritivorous Native 

Rhamdia sp.  Benthonic Omnívoro Native 

Rineloricaria sp. Benthonic Herbivorous/detritivorous Native 

Scleromystax lacerdai Benthonic Invertivorous Native 
 

in points 1, 2 and 3 were "Benthic species 

richness", "Species richness" and "Per centage 

of individuals with “Black Spot Disease". In 

addition to these, point 3 was also influenced 

by the "Per centage of individuals of exotic 

species". In point 4, the "Per centage of 

Characiformes and Siluriformes", "Per centage 

of individuals of exotic species" and "Per cent 

of omnivores" were the attributes that most 

influenced the heavy increase of the index. In 

point 7, the parameters "Species richness", 

"Per centage of carnivores" and "Per centage 

of individuals with Black Spot disease" were 

the parameters that most influenced during 

the fourth collection. The attributes that 

contributed to the decrease of the 

environmental quality in point 5 in the third 

collection were "Richness of nectonic species", 

"Richness of benthic species" and "Species 

richness". 

Discussion 

According to Cetra and Ferreira (2016), 

several studies demonstrated a relation 

between environmental quality of streams 

and  biological   integrity  of   fish  assemblages  
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Table 6: IBI metrics and scoring criteria for  Biological Reservation of Una, Bahia 
 

 

 

and it can be used as an indicator for assessing 
and monitoring the quality of water bodies. 
Machado et al. (2011) accentuated that the 
Index of Biotic Integrity is an instrument used 
in various places in the world as a way to 
evaluate environmental impacts in aquatic 
communities. 

 Araújo (1998) stated thatit is unlikely that 

a single number could reflect in a 

comprehensive and adequate manner all the 

existing variability, whether natural and/or 

caused by anthropic influence, however, can 

be very useful in environmental monitoring 

programs since it provides important 

information, based on parameters of the fish 

fauna, for decision making by environmental 

institutions. The Biotic Integrity Index proved 

to be an efficient tool for environmental 

assessment of the region of Biological Reserve 

of UNA, due to its sensitivity to the different 

degrees of degradation observed. Studies in 

conjunction with other methodologies are 

needed to elucidate factors still pending in this  

 

region and to make a more consistent 
diagnosis. 

 In this study it was observed that the 
points 1, 2, 5 and 7 were the ones that 
presented the best environmental quality 
according to IBI, and the results are in line to 
those observed in the HAI, probably due to the 
fact that these environments are more 
preserved, in these places it was possible to 
verify the occurrence of minor alterations in 
the river channel, greater amount of riparian 
vegetation, less amount of pastures and less 
erosive margins. Agostinho et al. (2005) 
reported that these alterations are among the 
main factors that hinder the conservation of 
biodiversity in Brazilian inland waters. These 
results also mostly agree with IQI results, in 
which the highest value was observed at point 
7, followed by points 2, 4 and 5 and the lowest 
value was found at point 6.  

 The IBI results showed that point 7 had 
the best environmental quality, unique located 
outside the UNA reservation. Point near the 

Metric Scoring criteria  

 1 3 5 

1- Per cent of Characiformes and Siluriformes < 63.5 63.5 – 82.9 >82.9 

2- Benthonics species richness < 2 2 – 3 >3  

3- Nekthonics species richness <7 7 – 8 >8 

4-Species richness <10 10 – 12 >12 

5- Proportion of individuals of exotic species >235 11.7 – 23.5 <11.7 

6- Per cent herbivores/detritivores <6.5 6.5 – 12 >12 

7-Per cent carnivores <0.8 0.8 – 1.5 >1.5 

8-Per cent omnivores >32.4 17 – 32.4 <17 

9-Per cent invertivores <60.7 60.7 – 78.8 >78.8 

10-Per cent individuals with abnormalities >02 0.1 – 0.2 0 

11- Per cent individuals with black spot disease <6.3 6.3 – 12.3 >12.3 

12-Number of individuals <534 534 – 926 >926 
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urban perimeter of the community Vila Brasil, 
despite presenting large amounts of riparian 
vegetation and little modification in its 
surroundings, demonstrated anthropogenic 
activity such as the dumping of detergent and 
domestic sewage, constant activities that 
directly influenced the HAI. It was considered 
the point of greatest environmental quality by 
IBI and IQI since it presented the highest 
species richness and the highest diversity 
index, factors that influenced the IQI result. 
Present results similar are to those reported 
by Leidy and Fielder (1985), who found that 
both species richness and diversity increase in 
places subject to a moderate human 
disturbance. According to Fausch et al. (1990), 
community attributes decline with severe 
degradation, but species richness and 
diversity tend to increase even in places with 
less or moderate degradation due to a possible 
increase in food supply and habitats.  

 An apparently preserved site, with a large 
amount of marginal vegetation and little 
anthropic activity, the point 3, presented one 
of the highest HAI values. However, the lowest 
species richness and an individual with 
anomaly were observed, which contributed to 
their low IBI and IQI classification. This 
information indicating that this site may be 
under influence of some stressor agent not 
identified in the present study.  

 The Point 4 is the most visibly modified, 
dammed, of very degraded riparian forest, a 
large amount of pasture in its surroundings 
and in a very advanced silting process, 
presented one of the lowest values in HAI. Its 
characteristics make it a lentic and shallow 
environment in which the sample effort is 
facilitated, which may have an influence on the 
quantity of individuals and species collected, 
making its classification in IQI. In addition, 

point 4 presented the highest per centage of 
exotic species Poecilia reticulata and Poecilia 

vivipara, considered by Aquino et al. (2009) as 
indicators of quality in streams due to their 
tolerance to impacted habitats and 
environmental variations, occurring in places 
where a large number of species have a 
limited distribution (Araújo et al., 2003). 
According to Kennard et al. (2005) the 
occurrence of tolerant species in great 
abundance mainly belonging to the family 
Poecilidae may be related to the loss of 
watercourse integrity. IBI was very sensitive 
to this attribute (Per centage of exotic 
species), which contributed to the fact that 
this point was classified as poor by this index. 

 On the other hand, point 6 presented the 
worst environmental quality, being considered 
very poor by the IBI and of low quality by the 
IQI and obtained the lowest score in the HAI. 
The greatest environmental degradation at 
this point may be due to the anthropic action. 
Inside a farm this point presents the highest 
amount of pastures, modifications in its 
surroundings, very little amount of riparian 
vegetation and in an advanced process of 
silting. 

 The fact that no point within the reserve 
obtained sufficient score in the general IBI to 
be classified as excellent indicates a possible 
environmental degradation in the reserve. The 
results obtained agree with the observations 
made in the field, where it was possible to 
observe a greater amount of pasture, human 
occupation, effluent removal and domestic 
detergents and changes in river banks than 
expected for a biological reserve. Several 
authors, such as Araújo (1998), Bozzetti and 
Schulz (2004), Ferreira and Casatti (2006). 
Pinto and Araújo (2007), Paulo et al. (2012, 
2020), and Reuss-Strenzel (2011), Flores-
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Lopes and Thomaz (2011) and Flores-Lopes et 

al. (2019, 2020) when carrying out studies in 
different environments in Brasil, verified the 
occurrence of several environmental changes 
due to human activity, and several of them 
used the IBI as a form of environmental 
assessment.    

 Similar results were observed by Castro et 

al. (2012) that reveal a series of common 

threats in the Brazilian Conservation Units, 

such as artificial limits, insufficient sizes and 

lack of resources for management and 

effective control programs. In addition, in 

most protected areas, land tenure problems, 

agriculture, livestock and the exploitation of 

forest resources and hunting are frequent 

(Volcan et al., 2009). Despite being an integral 

conservation unit, these threats were 

identified in the Biological Reserve of Una, 

which may explain the low environmental 

quality found.  

 In rivers, the wealth of the local assembly 

usually increases along the 

upstream/downstream gradient, often 

attributed to the increase in size and diversity 

of downstream habitats or increase in food 

sources, or both (Grenouillet et al., 2002). In 

tropical streams, this pattern has been 

associated with an increase in habitat 

heterogeneity, which, in turn, is mainly related 

to an increase in flow and availability of coats 

(Garutti, 1988). 

 The IBI was sensitive to this fluvial 
hierarchy. When sorted by order of the river, 
the classification of point 1 changed from 
regular to good, from point 2 from regular to 
excellent and that from point 6 remained as 
very poor. The attributes that most 
contributed to this were "Per centage of 
individuals with Black Spot disease". The 

attribute "Per centage of scrapers", which 
obtained higher scores due to non-
comparison with other points, such as 7, is 
characterized by rapid water and stony 
bottom, characteristics more favorable to 
scraping individuals when compared to lentic 
environments such as the first order 7 
(Casatti, 2005).  

 These results were corroborated by the 

field observations and the results obtained by 

IQI and HAI, since point 2 presented a higher 

amount of marginal vegetation and lower 

amount of pasture and anthropic activities 

than point 1. This point showed part of its 

canalized, indicating a lower environmental 

quality of this point when compared to point 

2. The classification of point 3, according to 

the second and third order segments, went 

from poor to regular, and the others 

maintained the general classification. These 

results were maintained according to the HAI, 

where at the point 3 it is possible to observe a 

considerable amount of marginal vegetation 

and little change in its surroundings, and 

apparently presented an environmental 

quality superior to point 4. 

 The period of greatest rainfall presented 

the highest IBI values in relation to the dry 

period, indicating the possibility of a better 

environmental quality in the rainy season. 

Sarmento-Soares et al. (2008) obtained 

similar results in this type of analysis. Usually 

IBI studies do not assess seasonal variations 

on index values, mainly because did not 

record any temporal dependence (Jaramillo-

Villa and Caramaschi, 2008), and present 

results are similar to those of Bozzetti and 

Schulz (2004) and Ferreira and Casatti (2006) 

which had little temporal influence on this 

index. 
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 At the points 1, 2 and 3, the attributes that 
contributed most to the results were: 
"Richness of benthic species", "Richness of 
species" and "Per centage of individuals with 
Black Spot Disease". According to Barbieri and 
Kronemberg (1994), results such as this may 
be due to a greater supply of food with the 
greater input of organic matter and sediments 
originated from the leaching of the soil by the 
rains, favoring the occurrence of more species. 
The period of higher rainfall favors the 
increase of river flow, which in addition to 
promoting a greater dilution of domestic and 
industrial effluents, leads to an increase in 
water quality (Ballester et al., 1999), which 
favors (Galli et al., 2001).  The attributes that 
contributed to the decrease of the 
environmental quality at point 5 were those 
related to the number of species, which may 
be due to the greater difficulty of sampling in 
that period added to the fact of being the point 
of greater depth. 

 The predominance of the orders 
Characiformes and Siluriformes in the 
ichthyofauna reflects the expectation for 
Atlantic river systems (Barreto and Aranha, 
2005). In degraded conditions the 
environment can be dominated by more 
tolerant species of Perciformes and 
Cyprinodontiformes (Casatti, 2005) such as 
Poecilia vivipara and Poecilia reticulata. The 
attribute "Per centage of Characiform and 
Siluriformes species" obtained the lowest 
scores at points 4 and 6, considered as the 
ones with the lowest environmental quality 
and proved to be very efficient for assessing 
the environmental quality of this region.  

 Low soil cover causes erosive processes, 
which has a direct effect on water column 
species. Active swimmers with varied feeding 
are sensitive to high concentration of 

suspended matter and habitat degradations, 
which also affects the species most closely 
associated with the bottom, as this becomes 
more silt and homogeneous with the increase 
of the sedimentation (Ferreira and Casatti, 
2006). The attributes "Richness of benthic 
species" and "Richness of nectonic species" 
seem to cancel out when used at the same 
time in this region. Although they are sensitive 
to environmental degradation, their non-use 
does not seem to affect IBI. 

 The points that presented the smallest 
sums of the attributes "Richness of species" 
and "Number of individuals" were the 4, 5 and 
6, the lower value of these metrics at point 5 
may be due to the greater difficulty of 
sampling caused by the depth of this stretch, 
whereas at points 4 and 6 it may be due to the 
lower quality. Combined with diversity 
measures, "Species richness" and "Number of 
individuals" are widely used for the 
assessment of aquatic ecosystems (Casatti et 

al., 2008). These are metrics that tend to 
increase with better environmental quality 
(Karr et al., 1986) and one of the most used of 
the original metrics proposed by Karr (1981). 
To complement the answer given by these 
attributes, Ferreira and Casatti (2006) also 
included the Simpson’s diversity index. 

 The attributes "Per centage of scavengers", 
"Per centage of carnivores", "Per cent of 
omnivores", and "Per centage of invertivores", 
used together proved to be good 
environmental indicators and sensitive to 
environmental degradation. The trophic 
metrics reflect the degree of change in the 
food chains, being an important category and 
widely used in evaluations with the IBI. The 
omnivores are found in abundance in polluted 
places, these species use a great variety of 
foods and their occurrence corroborates the 
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classification of sites of intermediate or low 
quality (Bruschi Jr. et al., 2000). The specialist 
species indicate a diverse trophic chain, since 
they depend on a well-structured trophic 
network (Karr, 1981). The introduction of 
exotic species is among the most common 
causes of extinction of species in aquatic 
environments (Agostinho et al., 2005), due to 
competition for food, shelter, the spread of 
parasites and the absence of natural predator. 
The lower scores for the attribute "Per 
centage of individuals of exotic species" 
contributed to the indication of the sites of 
worse environmental quality, and similar 
results were observed for Araújo et al. (2003) 
and Ferreira and Casatti (2006). 

 Two individuals with morphological 
abnormalities (spinal torsion) were found, 
one at point 3 and one at point 5. Although 
this is an additional reason for alerting to the 
environmental quality of the reserve, these 
individuals may be occasional, and it shows 
that the attribute "Per centage of individuals 
with anomalies and diseases" may not be 
representative for the region, since levels are 
not verified contamination by domestic or 
industrial sewage discharges, factors 
associated with the highest deformity 
(Sanders et al., 1999). Other authors found 
very low or no incidence of individuals with 
visible abnormalities (Araújo, 1998; Ganasan 
and Hughes, 1998). 

 The attribute "Per centage of individuals 
with “Black Spot disease" was also a good 
indicator of environmental quality. Flores-
Lopes and Thomaz (2011) and Galli et al. 
(2001) reported an increase in the abundance 
of digenetic metacercariae (black Spot 
disease) in waters of higher environmental 
quality, which suggests that this attribute may 
be very sensitive to the environmental 

degradation of the region. The presence of 
ectoparasites is used in the adaptations of IBI 
as an indicator of environmental degradation 
(Araújo, 1998). According to Möller (1987), 
some pollution conditions favor the 
propagation of parasites because it exclude 
their natural predators, reduce host resistance 
or promote unfavorable living conditions for 
intermediate hosts.  

 Marciano et al. (2004) observed that all 
areas are degradeted or even have been 
destroyed to accommodate agriculture. Most 
of the tributaries have suffered drastic 
structural interventions like canalisations and 
the removal of riparian vegetation. The 
decrease of IBI scores in urban areas is 
principally caused by physical degradation of 
the aquatic environment (Costa and Schulz, 
2010). Esteves and Alexandre (2011) showed 
that the sites within the agricultural areas 
where sugarcane fields were dominant 
supported biologically diverse fish 
communities, urban areas, especially at the 
dry season. Results of this study suggest that 
stream integrity is declining, especially at the 
urban sites, due to the modifications of habitat 
and/or water quality deterioration. The lack 
of ciliary vegetation facilitates the silting and 
destruction of microhabitats used for food and 
shelter, a fact that prevents the presence of 
many of these species in degraded places 
(Melo et al., 2004). 

 The results of this study and the results 
obtained by Flores-Lopes et al. (2010) and 
Flores-Lopes and Thomaz (2011) revealed the 
need to use more than one methodology as a 
tool to assess the environmental quality. 
Depending on the complexity of relationships 
among physical, chemical and biological 
processes that make up the aquatic 
environment, a wider range of methodologies 
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is indispensable so that a diagnosis can be 
more consistent about the real conditions of 
the watershed that is being studied. Eaton and 
Lydy (2000) demonstrated the importance of 
using multiple attempts to assess water 
quality. According to them, the use of only one 
method is a mitigation of physical, chemical 
and biological water relations.  
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