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The rupture of the OLAPA (Oleoduto Araucária-Paranaguá) pipeline in February 2001 caused a spill of approximately 
52,000 litres of diesel oil that reached rivers in the Serra do Mar region, in part, of the Atlantic Forest, which is one of the 
most important and fragile biomes in Brazil. The aim of the present study was to determine whether, 10 years after the 
rupture of the Oleoduto Araucária-Paranaguá pipeline, the fish populations at sites exposed to the spill showed changes 
in structure that may be correlated with the oil spill. Five rivers were selected for assessment of their ichthyofauna: the 
Meio and Sagrado rivers (treatment), which were exposed to oil, and the Pinto, Passa Sete and Marumbi Rivers (control), 
which were selected because they present environmental characteristics similar to those of the exposed rivers and are 
located in the same geographic region. A comparison of biometric variables between the treatment and control groups 
showed greater mean values for the total length, standard length and total weight of the fish captured in the treatment 
group. The analyses indicated no difference between the treatment and control groups in relation to the number of 
significant differences previously reported for the biometric variables of each studied species. These findings indicate 
biometric similarity between the fish populations inhabiting rivers exposed to the oil spill and those in unexposed rivers. 
There was no evidence of changes in the population structure of fish in the environments affected by the oil spill.  
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INTRODUCTION 

On February 16, 2001, the rupture of the OLAPA (Oleoduto 
Araucária-Paranaguá) pipeline in the Serra do Mar, Paraná 
State, Brazil, resulted in the release of 52,000 litres of diesel 
fuel. A total of five containment barriers was installed along the 
stretches affected by the spill to minimise oil dispersion and 
facilitate its removal. Despite these containment efforts, some 
of the oil reached the rivers and streams of the region, 
dispersing over approximately 28 km in one of the most 
important and fragile biomes of Brazil, the Atlantic forest, and 
reaching the estuary of the bay of Paranaguá. Once in the 
environment, petroleum-derived hydrocarbons undergo various 
processes, including volatilisation, hydrolysis, photolysis, 

biodegradation, biotransformation, physical degradation and 
dissolution (Pedrozo et al., 2002). The extent of the impact 
generated and the rate of each of these processes varies 
according to the intrinsic conditions of each environment, 
making it difficult to predict the breakdown of petroleum and 
the composition of the resultant degradation by-products as 
well as to infer their ecotoxicological potential (French-MaCay 
et al., 2009). 

 Diesel fuel, which is composed of carbon and hydrogen 
atoms together with low concentrations of sulphur, nitrogen 
and oxygen, is a compound that is considered moderately to 
highly toxic to aquatic biota (Alvez 2008). 

http://www.pyrexjournals.org/pjnm/index.php
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Fish come into contact with the oil via different routes, mainly 
through gas and ionic exchange, with a consequent 
contamination of the gills, as well as trophic routes (Filho 
2006). This contamination temporally influences all levels of 
biological organisation, from individuals to the highest levels 
(ecosystems) (Cajaraville et al., 2003). According to Lawrence 
& Elliott (2003), the effects of oil on fish depend mainly on the 
organism’s developmental stage as well as its mode of 
interaction with the environment. These responses are not 
always specific. In addition to contaminants, fish tend to 
respond simultaneously to the environmental changes caused 
by the physical and chemical conditions of the water. 
Variations of these natural factors can often induce subcellular 
and physiological responses in fish similar to those caused by 
exposure to contaminants (Hewitt & Thrush 2007). 
 At the individual level, the effects of environmental stress 
can manifest at various levels of biological organisation 
(ranging from the organelle to organismal scale). However, the 
response rate at each level decreases as the level of 
organisation becomes more complex (Hylland et al., 2003). In 
turn, when fish communities are exposed to environmental 
stress, they may undergo a selection process favouring more 
tolerant species or species that are capable of more rapid self-
detoxification, making them more capable of surviving in the 
impacted region. When the environmental stress is reduced, 
populations of aquatic organisms tend to recover through 
recruitment, recolonization and immigration (Lawrence & 
Hemingway 2003). This capacity of the system to return to its 
previous state (before the accident) is known as resilience 
(Bown et al., 2013). The present study aimed to assess 
whether the population and biological structures of the fish 
species found in rivers exposed to the OLAPA pipeline oil spill 
are similar to the structures found in rivers with similar 
environmental characteristics in the same geographic region 
that were not exposed to oil, 10 years after the accident. 
 

Materials and Methods 
 
Five rivers in the region affected by the OLAPA accident were 
analysed. As there were no available data on the structure of 
the biological system from the period prior to the accident, a 
comparative approach was adopted based on an analysis of 
environments that were exposed to oil as well as unexposed 
areas. In addition to the system affected by the accident (the 
Meio and Sagrado rivers), three other rivers (Pinto, Passa Sete 
and Marumbi) (Figure 1) were identified. The unaffected rivers 
selected for the present study are located in the same 
geographic region and present physiographic characteristics 
that are very similar to those of the system exposed to the oil. 
Thus, the rivers exposed to the oil were considered to 
represent the treatment condition and the unexposed rivers to 
represent the control. 
 To achieve a more accurate comparative analysis, three 
sampling sites were established in each of the monitored 
rivers. However, it was only possible to establish a single site 
in the Meio River due to its characteristics (i.e., its greater 
slope, smaller dimensions, homogeneity of habitats and low 
mean flow). Samples were collected between April 2010 and 
January 2011. Characterization of the population structure of 
the ichthyofauna was performed with the aid of electronarcosis 
equipment (electrofishing). This apparatus consists of two dip 
nets connected to a power generator (Honda EB 1000) that 

emit electrical discharges of approximately 120 Volts into the 
water. The discharges were applied in a downstream-upstream 
direction, with the dip nets travelling in parallel relative to each 
other through a predetermined area corresponding to a water 
surface area of 250 m², comprising backwaters and rapids, 
during a one-hour period. 
 During the discharges, unconscious fish were captured 
with the aid of a hand net and kept in a container with river 
water until the end of collection and the beginning of the 
sorting stage. At each sampling site, the temperature, 
dissolved oxygen concentration (mg / L) and saturation (%), pH 
and conductivity were measured throughout the sampling 
period (Table 1). After sampling, the fish were sacrificed by 
severing the spinal cord, fixed in 10% buffered formalin (the 
fixative was injected into the coelomic cavity, followed by 
immersion in the same solution) and stored in barrels. The 
material was then sent to the laboratory of the Ichthyological 
Research Group of the Capão da Imbuia Natural History 
Museum (Museu de História Natural do Capão da Imbuia), 
where species were identified based on specialized literature in 
the catalogues from Lucena & Lucena 2002; Pereira & Reis 
2002; Reis & Schaefer 1998; Kullander & Lucena 2006; 
Menezes et al., 2007; and Lucinda 2008 and Buckup et al., 

2007. The fish was subsequently sent to the Laboratory of 
Histology and Microbiology of the Integrated Group on 
Aquaculture and Environmental Studies at the Federal 
University of Paraná (Universidade Federal do Paraná - 
UFPR).  
 In the laboratory, the following biometric parameters were 
determined in the sampled animals: total length (TL)/cm; 
standard length (SL)/cm and total weight (TW)/g. A random 
sample of 30 specimens of each species was analyzed from 
each sampling site. When the number of captured specimens 
was less than 30 for a given species, biometric measurements 
were taken from all specimens. Statistical analyses were 
performed using Statsoft Statistica™ 8.0 software. A 
comparative assessment of the abiotic variables measured in 
each river was carried out using comparative tests of multiple 
independent variables via the Kruskal-Wallis method. A 
multivariate cluster analysis of the sampling sites was 
performed using the simple Euclidean distance method. 
 Analyses comparing the biometric variables obtained 
from the treatment and control group specimens were 
performed using the Kolmogorov-Smirnov test. Next, a ratio 
test was conducted using Chi-square analysis to assess the 
significance of the number of differences observed between 
the fish from the treatment and control groups. The constancy 
of occurrence (C) of the different species was determined 
based on the percentage of the study period in which each 
species occurred and calculated for each analyzed river using 
the following formula: 
 

 
 
 
Where, pi equals the number of samples containing species i, 
and P is the total number of samples collected.  
 The calculated values of C enabled species to be 
grouped into three categories: (i) constant (C > 50%), (ii) 
accessory (25% < C < 50%) and (iii) accidental (C < 25%). 
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Figure 1: Monitored Rivers and respective sampling sites. Highlight of the pipeline and location (*) of the accident 

 
 

 
Figure 2: Cluster analysis grouping sampling sites from different rivers based on abiotic characteristics 

 

 
 

Table 1: Physical and chemical parameters analyzed. TW (total weight, g) 

 
                                                         Parameters              Unit                           Equipment Model 

 
                                                         Temperature                ˚C                              Oximeter YSI550 
                                                         Dissolved Oxygen   mg/L and %                Oximeter YSI550 
                                                                    pH                -                Portable pH Meter HI8424 
                                                     Electric Conductivity  μS               Conductivity Meter pHtek 
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Table 2: Mean values of abiotic parameters measured at each sampling site for each river. T (temperature), DO (dissolved oxygen), EC 

(electric conductivity). Different letters indicate significant differences (p<0.05) between sites 
 

Factor 
Meio Sagrado Passa Sete Pinto Marumbi 

1 1 2 3 1 2 3 1 2 3 1 2 3 

T (°C) 

20.7 

(19-

22.2) 

21.2 

(19-

23.2) 

22 

(19.6-

24.2) 

21.4 

(19.1-

23.7) 

21 

(20-

22) 

21.6 

(19.6-

23.5) 

22 

(20.1-

23.7) 

20.7 

(19-

22.3) 

21.5 

(19.5-

23.3) 

22.5 

(20-

24.8) 

20.2 

(18.2-

22.1) 

20.7 

(18.5-

22.7) 

21.6 

(19.4-

23.6) 

OD 

(%) 

88.3 

(82.4-

94.2) 

83.1 

(74.5-

91.5) 

80.8 

(68.8-

92.7) 

88.1 

(83.7-

92.3) 

87.6 

(82-

93.2) 

82.8 

(74.7-

90.7) 

78.6 

(73.4-

83.7) 

88.1 

(79.3-

96.8) 

84.2 

(76.8-

91.5) 

87.5 

(79.8-

85) 

88.7 

(82.1-

95.2) 

87.6 

(82.7-

92.4) 

90.2 

(82-

98.2) 

OD 

(mg/L) 

8.1 

(7.2-9) 

7.7 

(6.8-

8.4) 

7.2 

(6.2-8) 

7.7 

(7.2-

8.2) 

7.8 

(7.3-

8.2) 

7.2 

(6.2-

8.1) 

6.7 

(6.0-

7.3) 

7.8 

(7-8.6) 

7.8 

(7.2-

8.3) 

7.2 

(6.2-

8.1) 

7.8 

(7.3-

8.2) 

7.8 

(7.3-

8.2) 

7.9 

(7.2-

8.5) 

pH 
7.7 

(7.4-8) 

7.5 

(6.7-

8.3) 

7.5 

(7.1-

7.9) 

7.4 

(6.9-

7.9) 

7.6 

(7.4-

7.8) 

7.4 

(7.1-

7.6) 

7.2 

(6.8-

7.5) 

7.6 

(7.2-

7.9) 

7.7 

(7.2-

8.1) 

7.4 

(7.1-

7.8) 

7.7 

(7.4-

8.1) 

7.6 

(7-8.1) 

7.6 

(7.2-

7.9) 

EC 

(µs) 

90.2a 

(72-

108.3) 

69.5ab 

(41.5-

97.4) 

49.8bcd 

(46-

56.4) 

49.4bd 

(44.5-

54.3) 

79.6ac 

(73-

86.1) 

70.8ad 

(66.2-

75.3) 

72.4ad 

(63-

81.8) 

51.4bcd 

(46.5-

56.2) 

54.1ab 

(51-

57.5) 

56.2ab 

(52.7-

60) 

35.3b 

(30.3-

40.2) 

36.1b 

(30.5-

41.6) 

38.5b 

(33.5-

43.4) 
 

Table 3: Distribution and abundance of individuals in the different families collected in the studied rivers 

 

Family 

River 

Meio Sagrado Passa Sete Pinto Marumbi 

Sampling sites 

1 1 2 3 1 2 3 1 2 3 1 2 3 

Callichthyidae 4 12 52 1 0 29 11 39 22 66 8 18 40 

Characidae 58 39 62 85 87 290 254 33 101 39 27 36 74 

Crenuchidae 0 18 15 11 18 26 47 163 284 70 97 147 318 

Cichlidae 7 10 25 3 0 10 5 3 2 4 2 3 16 

Curimatidae 0 0 0 0 0 2 2 0 0 0 0 0 0 

Erythrinidae 0 1 1 0 0 6 3 0 2 0 3 0 9 

Gymnotidae 8 2 2 2 2 3 6 3 2 1 0 1 10 

Gobiidae 0 2 3 18 0 0 0 0 2 3 0 0 8 

Loricariidae 0 35 114 93 0 58 36 16 191 268 75 69 216 

Pimelodidae 7 7 6 1 18 17 20 59 16 8 63 23 11 

Poecicliidae 43 13 24 6 4 4 12 1 8 37 1 6 59 

Synbranchidae 8 16 4 1 0 2 2 7 17 1 9 8 8 

Pseudopimelodidae 0 0 0 0 0 0 0 0 0 1 0 0 1 

Trichomycteridae 0 0 0 0 0 0 0 2 0 0 1 1 1 
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Table 4: Frequency of occurrence of species captured in the studied rivers 

 

Frequency Species 

Frequent 

A. leptos, A. multispinis, A. altiparanae, A. cf. ribeirae, A. 

janeiroensis, A. tajasica, B. microcephalus, C. callichthys, 

C. lanei, C. pterostictum, C. facetum, C. tingui, C. 

sanctacatarinae, D. langei, G. brasiliensis, G. carapo, G. 

pantherinus, H. leucofrenatus, H. multifasciatus, H. 

malabaricus, H. reticulatus, K. lacerta, M. microlepis, O. 

hepsetus, P. splendens, P. harpagos, P. pappenheimi, P. 

obtusa, R. quelen, R. transfasciatus, Rineloricaria sp., S. 

barbatus, S. marmoratus, Trichomycterus sp. 

Accessory Characidium sp., C. nattereri, H. bifasciatus 

Accidental 

Astyanax sp., B. saporator, G. cf. oceanicus, Gobionellus 

sp., H. graciosa, Hypostomus sp., Microglanis sp., P. cf. 

azygolechis, P. steindachneri, P. alessandrae, S. guntheri 
 
Table 5: Mean values and confidence intervals of biometric variables of the species captured in the studied rivers. TL (total length, cm); 

SL (standard length, cm); TW (total weight, g); C (Control) and T (Treatment); Different letters indicate significant differences (p<0.05) 
between Treatment and Control by Kolmogorov Smirnov Test 

Species 
TL SL TW 

C T C T C T 

Characidium lanei 
5.0b 5.9a 3.9b 4.8a 1.4b 2.5a 

(4.9-5.0) (5.0-6.7) (3.8-4.0) (4.0-5.4) (1.3-1.5) (1.5-3.5) 

Deuterodon langei 
7.2a 4.2b 5.6a 2.8b 6.7a 1.7b 

(6.9-7.4) (3.1-5.2) (5.4-5.8) (2.2-3.3) (6.1-7.2) (0.04-3.3) 

Hisonotus leucofrenatus 
5.3 5.4 4.0b 4.1a 1.3b 1.5a 

(5.2-5.3) (5.2-5.6) (3.9-4.0) (3.9-4.2) (1.3-1.4) (1.4-1.7) 

Hollandichthys multifasciatus 
7.0a 5.2b 5.3a 4.0b 4.5a 2.8b 

(5.8-8.1) (4.2-6.0) (4.1-6.4) (3.2-4.7) (2.4-6.7) (1.4-4.2) 

Mimagoniates microlepis 
3.8b 4.8a 2.8b 3.6a 0.5b 1.2a 

(3.6-3.9) (4.4-5.1) (2.7-2.9) (3.3-3.7) (0.5-0.6) (0.9-1.4) 

Oligosarcus hepsetus 
3.7b 7.8a 3.0b 6.3a 0.5b 4.7a 

(2.9-4.6) (5.0-10.5) (2.5-3.5) (3.9-8.5) (0.3-0.8) (0.6-9.1) 

Rineloricaria sp. 
8.1b 8.7a 7.0b 7.5a 3.3b 4.7a 

(7.7-8.3) (8.1-9.2) (6.7-7.2) (7.0-8.0) (2.9-3.7) (3.7-5.6) 

Scleromystax barbatus 
6.1a 5.1b 4.6a 3.8b 3.8a 2.7b 

(5.8-6.2) (4.6-5.6) (4.4-4.7) (3.3-4.1) (3.6-4.1) (2.0-3.5) 
 
 
Table 6: Ratio Test regarding the number of significant differences obtained through the Kolmogorov-Smirnov statistical test applied to 

the biometric variables analyzed in fish from treatment (Meio and Sagrado) and control (Pinto, Passa Sete and Marumbi) rivers. TL 
(total length, cm); SL (standard length, cm) 
 

Biometric variable 

Number of significant differences Total number of 

differences analyzed  

 

p 
Control Treatment 

TL 3 4 48 0.71 
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SL 3 5 45 0.49 

TW 3 5 48 0.49 
Results 
 
Abiotic factors 

 
The abiotic characterization of each sampling site is described 
in Table 2. Multiple comparison analysis showed that only the 
electrical conductivity was significantly different between the 
rivers and their respective sampling sites. Sites 2 and 3 in the 
Pinto River and site 1 in the Sagrado River were the only sites 
that did not differ in terms of conductivity when compared to 
the other sites. The Meio River showed the largest differences. 
Multivariate cluster analyses were performed, grouping 
sampling sites according to the monitored abiotic factors. Thus, 
it was established that despite the initial attempt to identify and 
define the groups of sampling sites that were most similar to 
each other in the studied rivers, the linkage distances 
calculated via cluster analysis were generally shorter between 
the sites in the same river than between sites that were 
presumably similar, but located in different rivers (Figure 2). 
 
Biotic factors 

 
To conduct an analysis of population structure, a total of 4,831 
fish was collected, which belonged to six orders, 14 families 
and 48 species. As a maximum of 30 individuals from each 
species was analyzed, the total number of fish processed was 
4,619. The orders Characiformes and Siluriformes were the 
most abundant, being represented by 2,428 and 1,970 
individuals, respectively. Characidae was the most abundant 
family, with 234 individuals being captured, followed by 
Loricariidae, with 196 individuals, and Crenuchidae, with 140 
individuals (Table 3).  
 Based on the frequency of occurrence of the 48 species 
captured, it was found that the species considered to be 
constant were the most abundant (69.3%) in all of the 
monitored rivers, followed by accidental (22.4%) and 
accessory (8.1%) species (Table 4).  
The control group showed the greatest percentage of constant 
species, which contributed 41.9% of the catches. This category 
accounted for 14.7% of the treatment group. Species 
considered to be accessory constituted 11.8% of the treatment 
group and 6.9% of the control group, while accidental species 
were more common in the control group compared with the 
treatment group, accounting for 18.8% and 5.6% of these 
groups, respectively. 
 The analysis of the biometric parameters obtained for 
each species captured in the assessed rivers determined the 
differences between the treatment and control groups, based 
on comparison of the mean values of each parameter and their 
respective confidence intervals (Table 5). Comparative 
analyses of the studied biometric variables between the 
treatment and control groups showed significant differences for 
the variables (TL, SL, TW) among eight of the 48 species 
captured. The number of species that presented significant 
differences between the treatment and control groups was 7 
for total length, 8 for standard length and 8 in total weight, with 
greater mean values being detected in the treatment group. 
Following comparative analyses of the biometric variables 
between the treatment and control groups using the 
Kolmogorov-Smirnov test, any parameters that showed 
significant differences were subjected to a ratio test (Table 6). 
This test showed that there was no statistically significant 
difference (p > 0.05) between the control and treatment groups 

in relation to the number of previously quantified significant 
differences in the biometric variables of each species 
analyzed.  
 

Discussion 
 
Fish populations are selected by the physiographic, physical 
and chemical conditions found in aquatic systems (McCormick 
et al., 2000; Herlihy et al., 2006). Therefore, according to 
Onorato et al., (1998), fish species are not randomly 
distributed, but, rather, occupy specific habitats within each 
aquatic environment. Thus, changes in environmental 
conditions tend to cause a restructuring of fish assemblages, 
reflecting the prevailing conditions of the habitat in which they 
live. According to the American Petroleum Institute (1994), 
changes in aquatic environments caused by petroleum 
hydrocarbons induce a set of responses at the individual, 
population and community levels. Small-sized rivers with a low 
water flow exhibit a high sensitivity to the impacts of oil spills 
because of the lower rates of pollutant dilution observed in 
these waterways (French-McCay et al., 2009). 
 Among the hydrological parameters analyzed in the 
present study, only the electrical conductivity of the water 
showed significant differences between the established 
sampling sites. Several authors have described the direct 
influence of conductivity on the dynamics of fish communities, 
which can alter the population structure, richness, diversity and 
distribution of species in the environment (Casatti et al., 2001; 
Pessano et al., 2005; Felipe & Súarez 2010). In addition to the 
presence of pollutants, electrical conductivity can be directly 
influenced by factors such as the chemical composition of the 
soil and the size of the river (Kney & Brandes 2007). 
 The grouping of rivers, according to the quantified abiotic 
factors showed that the sites within the same river, despite 
being found at different altitudes and different locations, were 
highly similar to each other, while sites in different rivers, even 
with similar altitudes, showed a greater degree of dissimilarity. 
According to Winkelmann et al., (2003), abiotic indices in 
natural environments, especially streams, rarely exhibit high 
similarity values. Due to its low water flow and reduced 
dimensions, the Meio River was shown to be morphologically 
similar only to site 1 in the Passa Sete river. In comparison, the 
other sites in the Passa Sete river (sites 2 and 3) exhibit larger 
dimensions and greater water flows, therefore not showing a 
correlation with site 1. 
 The three sampling sites in the Sagrado, Pinto and 
Marumbi rivers were morphologically similar. Site 1 for each 
river exhibited large-sized rocks in the river bed, a high water 
flow and a broad width. Sites 2 and 3 in the three rivers were 
composed primarily of silty and sandy sediments and were 
located in more lentic river stretches, which allows the 
formation of different habitats for the different species found in 
these stretches. However, despite showing physiographic 
similarities with the Marumbi and Pinto rivers, the Sagrado 
river distinguishes itself due to a greater degree of human 
disturbance, being subjected to constant anthropogenic 
interference (bridge building, crop cultivation along its banks 
and channel widening to avoid flooding) at all sample sites. 
Many studies have been performed to analyze the causes of 
changes in the environmental conditions of ecosystems and 
their biological communities (Araújo 1998; Cunico et al., 2006; 

Ferreira & Cassati 2006). These studies assume that the 
communities present in different environments responds to 
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external impacts through changes in their structural and 
functional characteristics (Ferreira & Cassati 2006). 
 In the present study, the orders Characiformes and 
Siluriformes dominated both the treatment and control groups, 
representing approximately 91% of all individuals captured. 
According to Reis et al., (2003), in freshwater Neotropical 
regions, the order Siluriformes is the group showing the 
greatest abundance of species, followed by the order 
Characiformes, which displays a high prevalence in the 
ichthyofauna of South America, especially in flowing waters. 
Ferreira (2007) also analyzed streams in the Serra do mar 
(though in the state of São Paulo) and found a high species 
richness distributed among the orders Characiformes and 
Siluriformes. In addition to this study, several other studies 
have found a predominance of these two orders in streams 
located in the coastal areas of the serra do mar in the states of 
Rio de Janeiro and São Paulo (Teixeira et al., 2005; Mazzoni 
et al., 2006; Guimarães et al., 2010). According to Gaston 
(1994), the importance of a species in the population can be 
attributed to its frequency of occurrence in aquatic 
environments, or representable in terms of body mass or 
numbers of individuals. The constancy of occurrence of fish 
species is an important factor for characterizing all sites along 
a stream and is considered a qualitative measure that identifies 
the migrant or resident species of a community as well as the 
effect of seasonal variations and environmental changes on 
communities (Teixeira & Gurgel 2005). 
 The findings of the present study showed that the 
identified constant species (n = 34) were the most abundant in 
the five assessed rivers, representing about 69% of the total 
recorded occurrences. This group was comprised mainly of 
Characidium lanei, Deuterodon langei, Hisonotus 
leucofrenatus, Rineloricaria sp, and Characidium pterostictum. 
These records corroborate the findings of Guimarães et al., 
(2010) in the Pinto River, in which the authors found 15 
constant species, representing approximately 45% of the total, 
and the species Characidium pterostictum, Characidium lanei 
and Rineloricaria sp were predominant. 
 According to Flores-Lopes et al., (2006), when there is a 
predominance of constant species in streams contaminated 
with pollutants, the impacted environment is considered to be 
in a state of ichthyofaunal recovery. This situation arises 
because after stressful pollution events, species tend to 
disperse to locations where there is no significant influence of 
the contaminant. The observed predominance of constant 
species, therefore indicates that the ichthyofauna of the rivers 
exposed and not exposed to oil have stabilized. According to 
Lowe-McConnell (1975), the resident communities of a river 
can be increased numerically by the entry of immigrant fish 
joining residents for a certain period time to feed or reproduce. 
However, this phenomenon was observed among only a few of 
the species caught during the sampling campaigns conducted 
in the present study, as there was a greater frequency of 
constant species in the five rivers evaluated. 
 The chronic effects observed in fish populations exposed 
to hydrocarbons may translate into decreases in their survival 
ability and reproductive success, which may lead to a decline 
in the population density and reduced genetic variability within 
populations (Weis et al., 2001). Comparison of the biometric 
variables examined in the present study showed few significant 
differences between the treatment and control groups. 
However, increased mean values were found for the total and 
standard length and the total weight of fish caught in the 
treatment group. Adams et al., (1993) reported that, depending 

on the severity of an oil spill in an environment, the 
physiological systems of fish can be impacted, reducing their 

growth as well as the amount of fat and glycogen stored in 
their livers and, consequently, affecting reproduction. However, 
the results obtained in the present study showed no evidence 
of a reduction in the growth or weight of the fish from rivers 
exposed to oil. Although the observed biometric differences 
could be related to the low number of specimens collected in 
the Meio and Sagrado rivers (treatment), or even intrinsic 
characteristics of the studied species or environments, the ratio 
test performed to analyze the significance of the differences 
found between the fish from the two groups (treatment and 
control) showed that they were not significant. These results 
indicate the existence of biometric similarity between the fish 
populations that inhabit the rivers exposed to oil spills and 
those in unexposed rivers. 
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