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 This study aimed to establish the influence of eutrophication and cyanobacterial blooms 
in a shallow lake in Paraiba, Brazil on the population of the fish, to assess the physical, 
chemical and biological characteristics of water. The analysis was performed by 
histophatology analyses of intestine, liver and gills of 30 fishes, including water 
samples for evaluation of quality habitat, comparing the results with a shallow reservoir 
and good water quality. The results indicated high attenuation of light and low 
dissolved oxygen concentrations favoring cyanobacterial blooms, including producing 
toxins. Under these conditions, individuals Oreochromis niloticus (Nile tilapia), 
identified single species of fish showed large amounts of telangiectasia and loss of 
hepatic architecture, an increase in the number of branquites and lymphoid aggregates 
in the gills, besides a large number of inflammatory infiltrate and the presence of 
dilated lymphatic vessels in the intestine, which had villi fused, flattened and without 
branches. This is the first report on the influence of eutrophication on histopathological 
lesions in fish fauna in the Brazil semiarid. We conclude that the conditions associated 
to eutrophication determining environmental stress on histopathological changes made 
by tilapia individuals. 
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INTRODUCTION 

 
The small and shallow lakes and are currently 

the most vulnerable ecosystems to human action, 
featuring clear waters and high taxonomic richness 
of aquatic macrophytes in its pristine state (Scheffer, 
1998). Artificial eutrophication, the broadest 
worldwide form of aquatic ecosystems pollution, 
promotes serious changes in the functioning of these 
ecosystems (Schindler, 2006). In this context, the 
intense anthropogenic activity developed in the 
vicinity of these water bodies promotes the 
acceleration of eutrophication and proliferation of 
cyanobacteria. The excessive growth of 
cyanobacteria contributes to the deterioration of 
water quality jeopardizing the multiple uses of 
reservoirs (Panosso et al., 2007), considering that 
many species are potentially toxic and lethal, such as 
observed in the case which occurred in Caruaru, 
Brazil causing the death of 65 people (Komarék et 
al., 2001). 

With the expansion of fish farming in Brazil, 
beginning in the 80s, there was a growing interest by 
developers in respect to economic losses caused by 
fish mortality. In environments inhabited by fish 
there should be a balance between the health of the 
host, the proliferation of pathogens and conditions of 
the aquatic environment. Thus, the eutrophication of 
aquatic environment can produce stress to animals, 
predisposing them to different bacterial, fungal and 
parasitic infections (Lim et al., 2005). According to 
experts in environmental pollution and ichthyology, 
the study of the liver, intestine and gill are quick and 
valid methods to check for contamination and 
eutrophication of water resources and to analyze its 
consequences on fish (Santos, 2003).  

Knowledge about fish species and aquatic 
ecosystems that make up the Brazil Semiarid is still 
incipient. Furthermore, the identification of fish 
health in eutrophic ecosystems that make up the 
region can generate subsidies for conservation of 
water resources on a regional scale, as well as for 
artisanal fishing. Thus, the present study aims to 
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establish the effects of eutrophication in a shallow 
lake in the semiarid of Brazil on the populations of 
algae and fish, analyzing the physical, chemical and 
biological characteristics of water and biometric and 
histopathological aspects of fish. 

 
MATERIAL AND METHODS 

 
Samples were taken at the deepest station of the 

lagoon, for a cyanobacterial bloom period. The 
lagoon is an urban lake situated in Alagoa Grande, 
Paraiba, Brazil, with diffuse sources of sewage 
reception and uses associated with artisanal fishing.  

Determining of variables of temperature (ºC), 
conductivity (μS cm-1), pH, dissolved oxygen (mg L-

1) was performedin situ by using a multiparametric 
probe in the shallow lake studied. Water 
transparency (m) of the water bodies was calculated 
by the depth of visual disappearance of the Secchi 
disk (Zds), corresponding to 10% of the incident light 
upon the surface (Cole, 1994). The vertical light 
attenuation coefficient (k) was calculated by using 
the ratio k=1.7 x ZDS

-1 (Poole and Atkins, 1929). The 
euphotic zone (Zeu) was empirically calculated by 
multiplying the value obtained by the Secchi disk 
(10% of incident light) by 2.7 (Cole, 1994). The ratio 
between Zeu/Zmis was used as an index of light 
availability in the mixed layer. Phytoplankton 
quantification was performed according to Utermöhl 
(1958) and the sedimentation time according to Lund 
et al. (1958). 

For the analysis of external biometrics of the 
fish and histopathological analysis of the samples 
taken from the livers, intestines and gills, thirty 

samples of fish were randomly collected. The 
animals were weighed, and then measured. Then, the 
biological fragments of their livers, gills and 
intestines were collected and fixed in 10% 
formaldehyde. These fragments were processed 
histologically according to the standard protocol 
(Heleno et al., 2011). The capture of histological 
images was performed on an Olympus BX-60 
microscope and a ZeissAxioCam camera coupled 
with a digital image Ks-400 capture program.  

Histopathological findings from the samples 
taken from the livers, gills and intestines of the 
animals collected were compared to those of fish (10 
animals of similar weight) of the same species, bred 
in tanks with good ecological quality by the Center 
for Agricultural Sciences (CCA) from Federal 
University of Paraíba (UFPB), Brazil.  

 
Results: 
Habitat Conditions: 

Water parameters indicated limiting underwater 
light climate (Zeu/Zmix≤1), with high light 
attenuation probably associated to the high density 
of phytoplankton algae (Table 1). Dissolved oxygen 
indicated low concentrations near the bottom, with 
anoxia (0.0 mg.l-1) (Table 1). 

The limiting underwater light climate and higher 
phosphorus concentration favored the following 
species of phytoplankton algae Planktothrix agardhii 
(Gomont) Anagnostidis & Komárek and 
Cylindrospermopsis raciborskii (Woloszynska) 
Seenayya & Subba Raju (Table 1) and Microcystis 
sp., are species that liberate cyanobacterial toxins. 

 
 
Table 1: Physical, chemical and biological variables of a shallow lake in the Brazilian semiarid (Alagoa Grande, Paraíba - Brazil). 

Underwater light climate Values 
Secchi disk (m) 0.15 
Light attenuation coefficient 11.33 
Euphotic zone (m) 0.45 
Zeu:Zmix (Euphotic zone:Mixed zone)  
Climatic variables  
Wind Speed (m/s) 1.2 
Air temperature (°C) 35.1 
Physical and chemical variables (subsurface)  
pH 10.7 
Electrical conductivity (μS cm-1) 1.13 
Turbidity 112 
Total Dissolved Solids (mg.l-1)  0.721 
Redox potential (mV) -25 
Depth (m) DissolvedO2(mg l-1) 
0 7.13 
0.2 7.68 
0.4 7.04 
0.6 6.71 
0.8 4.66 
1 4.61 
1.2 3.40 
1.4 1.63 
1.6 0.58 
1.8 0 
Phytoplankton algae found (cells/ml) 
Planktothrix agardhii (Gomont) Anagnostidis & Komárek 61474,43 
Closteriopsis sp. 463.95 
Microcystis sp. 386.63 
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Dictyosphaerium sp. 77.32 
Cylindrospermopsis raciborskii  (Woloszynska) Seenayya & Subba Raju 
Coelosphaerium sp. 

77.32 
77.32 

 
Table 2: Histophatological alterations in the liver, gills and intestine villi of Oreochromis niloticus in a sallow lake eutrophizated in 

Paraíba, Brazil and in a controlled environment. 
Environment Liver Gills Intestinal villi 
 Large amounts of telangiectasia 

 
Increased number of branquites 
 

Large number of inflammatory 
infiltrate 
 

Shallow lake 
eutrophizated 

Loss of hepatic architecture 
 

Increase of lymphoid aggregates 
 

Dilated lymphatic vessels and 
eosinophil in the submucosa 
 

  Fusion of secondary lamellae 
 

Thevilli were fused, flattened 
and without branches 

    
 Globose hepatocytes   
Controled environment lack of telangiectasia Scarce branquites Villi well branched 
 Hepatocytes with cytoplasmatic 

vacuoles 
  

 

Histopathology of the Oreochromis niloticus: 
All animals collected with the trawl were 

characterized as being of the species Oreochromis 
niloticus (Nile tilapia).  

Grossly, specimens of fish showed no change, 
and they measured 20 ± 1.97 cm and weighed 123 ± 
21.36 g. Microscopically, the liver of the animals 
showed large amounts of telangiectasia (Figure 1A) 
and loss of hepatic architecture. An increase in the 
number of branquites (Figure 1B), an increase of 
lymphoid aggregates (Figure 1C), aside from 
decreasing size and fusion of secondary lamellae 
(Figure 1B, C). A large number of inflammatory 
infiltrate was observed in the intestinal villi; the 

presence of dilated lymphatic vessels (Figure 1D, F) 
and eosinophil (Figure 1F) were noted in the 
submucosa. The villi were also fused, flattened and 
without branches (Figure 1E). Comparing (Table 2) 
the microscopic findings of the collected animals 
with the specimens created in the CCA-UFPB 
(controlled environment) it was noted that the liver 
of the latter lacked telangiectasia and hepatocytes 
were globose (Figure 1G), and also included 
cytoplasmic vacuoles; the gills were whole with 
scarce branquites (Figure 1H); and the intestines had 
villi of appropriate size for the species, and were 
well branched (Figure 1I). 

 
 

 
Fig. 1: Photomicrographies of biological samples from Oreochromis niloticuscollected in Alagoa Grande, 

Paraíba, Brazil lake. A) Hepatic parenchyma with telangiectasia (arrow head); B) Gills with lamellar 
hyperplasia (arrow). C) Lymphoid aggregates in gills (arrows). D) Intestinal villi with large number of 
inflammatory infiltrate (arrow) and presence of dilated lymphatic vessels (arrow head). E) Intestinal 
villi fused, flattened and without branches (arrows). F) Intestinal submucosa with eosinophil (arrow 
heads) and presence of dilated lymphatic vessels (arrows). G) Hepatic parenchyma of fish from 
oligotrophic water without telangiectasia. H) Gills of fish from oligotrophic water without 
histopathological alterations. I) Intestine of fish from oligotrophic water well branched.A,C,D,E,G,I) 
Bar: 1000µm. B,H) Bar: 200µm. F) Bar: 100µm. A-H) Hematoxilin-eosin stain. I) Masson´s trichrome 
stain. 
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Discussion: 
The presence of only Nile tilapia in the 

collections may be due to several characteristics of 
the species that subjugate those of other species in a 
highly eutrophic environment, among which we can 
mention: short production cycle, rapid growth, 
hardiness, tolerance to overcrowded and eutrophic 
environments, consumption of agricultural residues 
of animal and plant origin, etc (Leonhardt, 1997). 

Eutrophication most often occurs in lentic water 
bodies like dams and lakes, as well as the one where 
our study took place (Rovieri, 2011). Water 
pollution levels in these ponds increase due to an 
irregular occupation of the surroundings. The 
consequences are more drastic with disordered 
occupations along the watersheds (Rovieri, 2011). 
The presently studied pond fits the model described 
above, being in an urban center, with no riparian 
vegetation, with organic and inorganic pollution, and 
with sewer systems draining into it. Excessive loads 
of nitrogen and phosphorus compounds favor the 
growth of cyanobacteria, which in turn promote the 
shading of the water body, increased turbidity, and 
consequent limitation by light. In this context, the 
process of artificial eutrophication leads to a 
deterioration of water quality, causing profound 
modifications not only in the physics and chemistry 
of the water, but also in the structure of aquatic 
communities, compromising the stability of the 
ecosystem (Mallasen et al., 2008). In such cases, the 
species are reduced to minimal levels such as in this 
case, in which only tilapia were found because of the 
characteristics aforementioned (Leonhardt, 1997). 

The advanced process of eutrophication of the 
lake under study, through the physical and chemical 
changes that occurred in the water, led to an increase 
in the density of phytoplankton algae, which, in turn, 
contributed to the development of histopathological 
alterations in some of the organs of the fish that 
managed to survive in this lake, due to toxins 
produced by cyanobacteria (Garcia-Santos et al., 
2007). 

Cyanobacteria are natural components of the 
phytoplankton found in marine, estuarine and 
freshwater environments, which often form high 
biomass blooms (Panosso et al., 2007), directly 
associated to watershed eutrophication (Marcon, 
2011). The increase in the frequency, intensity and 
dispersion of cyanobacterial blooms in freshwater 
environments has been attributed to the expansion of 
the problem of artificial eutrophication. As observed 
in our study, these blooms provoke the reduction of 
oxygen concentrations to below the critical limit for 
fish, which leads to the death of aquatic organisms 
and to changes in the color and odor of the waters. 
This event becomes more problematic when the 
water is used for public supply or fishing, due to the 
potential presence of cyanotoxins, which are a risk to 
public health. According to (Mallasen et al., 2008) 
cyanobacteria also cause damage to the quality of 

fish meat. In Alagoa Grande, the fish collected are 
consumed in the communities, which can cause 
problems in the health of the population, and is a 
concern regarding public health. 

Worries about cyanobacterial blooms have 
intensified after the recognition of the ability of 
some species to produce cyanotoxins, with 
dermatotoxic, hepatotoxic and neurotoxic effects. 
About 32 cyanobacterial genera are described as 
producers of cyanotoxins, and this estimate is 
potentially underestimated (Guerra, 2012; Sant'anna 
et al., 2008). The presence of the following 
cyanotoxin producers was observed in the reservoir 
studied: Microcystis sp., Planktothix sp., and C. 
raciborskii. The two last ones are the most recurrent 
in reservoirs in northeastern Brazil (Panosso et al., 
2007). 

In humans, poisoning can occur from contact 
with water containing toxins, from the consumption 
of fish and consumption of contaminated water 
(Guerra, 2012). Poisoning of human populations by 
oral consumption of the water contaminated with 
toxic strains of cyanobacteria has been reported in 
countries like Australia, England, China and South 
Africa (Falconer, 1994). In Brazil, strong evidence 
was identified of a correlation between the 
occurrence of cyanobacterial blooms and the 
poisoning of 200 people, including 88 killed, by 
water consumption (Teixeira et al., 1993). Toxins 
can build up in the muscles of fish and become an 
important route of contamination for humans, 
especially the low-income population, who depends 
on fish as a source of protein (Panosso et al., 2007).  

The most common type of poisoning involving 
cyanobacteria is caused by hepatotoxins, which have 
a slower action, but cause death due to intrahepatic 
hemorrhaging and hypovolemic shock (Carmichael 
and Schwartz, 1984; Beasley et al., 1989). The 
species identified as producing hepatotoxins are 
those of the Microcystis (Carmichael, 1992; Silva, 
2008), Anabaena, Nodularia, Oscillatoria, Nostoc 
and Cylindrospermopsis genera (Carmichael, 1992), 
the latter two found in the water analyzed in this 
study. 

The hepatotoxins reach the hepatocyte by bile 
acid receptor (Runnegar et al., 1981; Erikson et al., 
1990; Falconer, 1994; Azevedo, 1998) and promote 
the disruption of intermediate filamentsand actin 
(Runnegar and Falconer, 1986).  As a result, the liver 
loses its architecture, develops severe internal 
injuries causing loss of liver function (Hooser et al., 
1991; Lambert et al., 1994; Affe and Barboni, 2012). 

Because the liver has countless functions, 
including: capacity accumulation, biotransformation 
and excretion of xenobiotic compounds (Santos et 
al., 2004), and because hepatocytes are considered 
the first target of the toxicity of a substance in an 
attempt to degrade them, the liver is characterized as 
a biomarker organ of environmental pollution 
(Santos et al., 2004). These facts explain the 
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histopathological alterations found in the livers 
studied, such as loss of liver architecture and the 
large amount of telangiectasia, coming from the 
cytotoxic action of these toxins. When the livers of 
fish from oligotrophic waters were compared (Fish 
Sector, UFPB, Brazil), it could be noted that they 
had globose hepatocytes, including cytoplasmic 
vacuoles, probably due to a high calorie diet. 

Cyanobacteria found in our study also produce 
neurotoxins, and among them the anatoxin-a, which 
can lead to death by respiratory failure. The 
consumption of food with this toxin causes 
imbalance, muscle twitching, panting, excessive 
abdominal breathing, cyanosis and convulsions 
(Devlin et al., 1977). This toxin must be involved 
with the histopathological findings of the gill 
(Garcia-Santos et al., 2007). 

A large number of branquites were observed in 
the secondary lamellae. It is probably an adaptive 
strategy for conservation of some physiological 
functions of the gills, preventing entry of toxic 
agents into the respiratory system (Garcia-Santos et 
al., 2007). This alteration is associated to the high 
quantity of cyanobacteria found in these waters, and 
other microalgae. These microalgae can accumulate 
and block the gills of these animals compromising 
breathing and/or feeding (Affe and Barboni, 2012). 
However, a normal amount of branquites was found 
in the gills of tilapia raised on fish farms because the 
water quality is ecologically good and the density of 
algae is low. 

The gill results corroborate Rovieri (2011), who 
cites that in eutrophic environments high levels of N 
and P favor the depletion of oxygen, causing 
changes in the gills of fish followed by episodes of 
mass death, including the presence of liver 
abnormalities. The aforementioned mortality is 
reflected in the fact of finding only tilapia in the 
environment studied due to the characteristics of the 
species (Leonhardt, 1997). The results also support 
Silva (2008), who mentions that the toxins produced 
by Cylindrospermopsis cause lesions in the 
respiratory organs, in addition to the gastric mucosa.  

Intestinal findings are also related to water 
quality. A large number of lymphoplasmacytic 
inflammatory infiltrate and the presence of 
eosinophils and dilated lymphatic vessels, as well as 
the fusion, tapering, and absence of branching of the 
intestinal villi was observed in the submucosa. There 
was also necrosis of intestinal epithelium. However, 
the animals from the Department of Fish Farming 
showed larger, more branched villi without the 
presence of lymphoplasmacytic inflammatory 
infiltrate or eosinophils in the submucosa. 
Alterations in villi make the animals from the 
eutrophic environment have a smaller area of 
intestinal surface with food which leads to lower 
absorption and to less growth, leaving them more 
susceptible to opportunistic diseases (Junqueira and 
Carneiro, 2005).  

Conclusions: 
The results lead to the conclusion that the 

ecological stress coming from eutrophic 
environments increases the density of algae and 
leads to histopathological alterations in livers, gills 
and intestines of tilapia, as well as to mortality of 
other native species. Furthermore, it is concluded 
that the intervention of public agencies responsible 
for human consumption of fish from eutrophic 
shallow lakes is needed, since this can lead to 
cumulative health problems. 
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