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Introduction
No other group of fish has thrived spectacular environmental changes as fish of the Amazon, that include extreme changes in dissolved oxygen, ion-poor acidic waters, high temperatures, and seasonal river level oscillation. To copy with these conditions, fish of the Amazon evolved a suite of behavioral, physiological and biochemical responses exhibited by healthy individuals to maintain their organic homeostasis, despite the environmental conditions. These are so-called stress responses to environmental stressors. Under certain environmental circumstances, mostly of anthropogenic origin, there is an over stimulation of these coping responses beyond the capacity of the animal to resume its normal life history what lead to severe ecological disturbances. The activation of the stress response can be a biomarker reflecting combined effects of physiological constraints and changes of habitat quality, natural or caused by men, on the individual animal and on the population as a whole. The increasingly exposure of fish of the Amazon to acute and chronic environmental changes caused by men is a cause of concern, despite the enormous plasticity of this group of fish. The present paper analyzes the effects of two noxious anthropogenic stressors, crude oil and copper, on fish of the Amazon.
Petroleum in the Amazon
Petroleum mining is expanding in the northern Latin America. Large reserves of petroleum and gas are being exploited near the city of Coari, along the Urucu River, a tributary of the Amazon River. Oil barges transport the oil, about 20,000 barrels per day, to Manaus located 700 kilometers down the river, to be refined. Although the Environmental Authorities enforces the observation of strict safety protocols, there are always risks of oil spills both at the wellhead and during the transportation. The pipe system used to move the oil to the barges and from the barges to the refinery also is a cause of concern. In fact, minor accidents have occurred in the Amazon. Another branch of petroleum industry in the Amazon that soon will assume large importance from environmental perspective is the gas-pipe that will connect the mining site to the consuming centers, i.e., Coari and Manaus, and Coari and city of Porto Velho.
Mining and crude oil transport potentially affect the fish of the Amazon in two major ways: the effect of crude oil itself and the effect of physical environmental disturbances caused by machines and barges traffic. After any oil spillage occurs a number of simultaneous processes – collectively known as weathering – that result in physical and chemical modifications of the original compounds present in the crude oil. Weathering of crude oil includes spreading, evaporation, dispersion, emulsification, biodegradation, dissolution, oxidation and sedimentation. The primary and secondary crude oil compounds affect aquatic organisms and those interacting with polluted sites both directly, via physical and toxicological effects, or indirectly, via habitat modifications, including changes in food availability, changes in competition rates, and changes in predation rates, among others (reviewed by Val et al., 2003). Physical environmental disturbances directly affect fish at the ecological level by rupturing fish assemblages and by causing fragmentation and loose of genetic variability in fish populations.
Fish exposed to crude oil experience two sets of challenges. The crude oil on the top of the water column reduces oxygen diffusion and shades the water column, limiting the photosynthesis, what further causes a reduction of dissolved oxygen. As many fish of the Amazon breathe air or depend on the water-air interface to uptake oxygen, an oil spillage is a deadly environmental situation. Tambaqui exposed to crude oil and normoxia, for example, exhibits no major behavioral changes; i.e., it is almost impossible to estimate lethal level for this fish within 96 hours under this condition. Similar situation happens for facultative breathers and contrasts with that observed for obligatory air-breathing fishes. However, if hypoxia and crude oil are set simultaneously, tambaqui can face only a thin oil slick on the top of the water column, i.e., an oil slick of 1mm. This high sensitivity in hypoxia relates to the specific behavioral adaptation of this fish to hypoxia that is its ability to expand the lower lips to skim water surface when exposed to low oxygen, what increases the amount of crude oil taken in. In the case of the obligatory air-breathing fish, the situation is even drastic, as these fish must surface at regular time intervals to breathe. To protect itself, pirarucu, Arapaima gigas, reduces breathing intervals what results in an increasing oxygen debt and in a reduced locomotion (Figure 1, see an accompanying abstract on this volume), an unsustainable situation if the condition persists for long time.
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The crude oil taken in elicits adjustments to reduce its adverse organic effects, in particular the toxicity caused by water-soluble compounds. Changes in gene expression precede these adjustments to unavoidable stressful situations. Currently, two sets of effects of crude oil on fish of the Amazon are under analysis: a) at the molecular level, differential gene expression and expression of CYP1A genes, and b) at physiological and biochemical levels. Differential display reverse transcriptase polymerase chain reaction (dd RT-PCR), a technique used to analyze differentially expressed genes, revealed extensive effect of crude oil exposure on tambaqui. This fish exhibits gene differentially expressed in all analyzed tissues after oil exposure even at very low levels of exposure. The gene “multi-drug resistance associated protein 5”, differentially expressed in the skeletal muscle of tambaqui exposed to crude oil, is the first gene identified so far in this fish species, making this gene a potential biomarker for crude oil contamination. However, a clear picture depends on further analysis of the expression of this gene in animals exposed to various environmental stressors. CYP1A subfamily is an important biomarker of exposure to environmental pollutants; its products catalyze the oxidation of planar substrates, such as petroleum compounds. In tambaqui exposed to crude oil for 24 hours, EROD activity increased up to 60 pmol mg-1 min-1 compared to animals from unpolluted sites that had an activity for this enzyme varying between 1.76 and 22 pmol mg-1 min-1. Peculiarly, in specimens of tambaqui acclimated to humic acid and further exposed to crude oil for 24 h, EROD activity doubled relative to crude oil exposure alone (Matsuo et al., 2004). These aspects all deserve further studies for clarification.
Fish exposed to crude oil experience a significant respiratory distress, in many cases associated with changes at other biological level, and significant changes in detoxification mechanisms already above mentioned. In tambaqui, gas transfer is impaired in animals exposed to crude oil because of its behavior – when facing environmental hypoxia, this fish expands the lower lips and skim water surface that is richer in oxygen. Therefore, the animal exposed to crude oil activates all adaptive mechanisms directed towards increasing oxygen uptake, including a significant reduction of intraerythrocytic levels of modulators of Hb-O2 affinity. In conclusion, fish respond oxygen depletion caused by crude oil pollution using the adaptive mechanisms selected during the evolution to respond to regular environmental hypoxia what makes the animals even more vulnerable to this new extreme anthropogenic challenge. 
Copper in the Amazon
Copper is a trace element essential for all living organisms. However, excess of copper interfere with a number of organic functions, such as respiration, protein synthesis, ion regulation and reproduction, what requires strong capabilities of the organisms to manage the cellular copper levels. These capabilities display high relationship with the evolutionary history and the historical metal background levels in the habitat of the studied animal. The reduced number of samples from pristine areas of the Amazon so far analyzed indicates low background levels of copper, relatively to the world average. In general, the copper levels follow the general pattern of metal concentrations in white and black waters of the Amazon, i.e., Rio Solimões has higher levels of dissolved metals contrasting with the solute deficient waters of the Rio Negro. The average background level of copper in the Rio Solimões is 2.4±0.6 g/l, while analyzed samples from Rio Negro had values ranging between 0.03 and 1.0 g/l. However, in several spots in the Amazon, the levels of copper are much higher as a consequence of anthropogenic activity, as is the case of some areas around Carajás mining site and in the  “Igarapé do 40”, a stream running across the industrial area of Manaus. In addition, oil mining is a potential source of copper pollution in the Amazon as the production water from the Urucu Petroleum Mining Plant contains as much as 240 g of copper per liter.
Metals from mining sites and from industries may drain into nearby aquatic ecosystems; once there they can be transported considerable distances downstream. Indeed, several physical processes can give rise to attenuation of metals available to contaminate aquatic animals: advection, dilution dispersion, and sedimentation. However, in the case of the fish of the Amazon, even very low levels can be lethal because of their evolution under an environment roughly free of metals, as copper. In addition, the enormous diversity of fish living in the Amazon allows no generalization; it may be possible that fish from different places or even from different phylogenetic groups present different sensitivities to dissolved metals. Once exposed to metals fish experiences three distinct phases that are species-specific: a) an initial shock-phase; b) a recovery phase; and c) acclimation phase. 
Preliminary data on two fish species of the Amazon confirm this difference in sensitivity: the CL50 for Colossoma macropomum is 700 g of copper per liter, while the CL50 for Hoplosternum littorale is a mere 100 g/l, both measured in pH 7, 28oC, after 96 hours. Exposure of Colossoma to copper (1/2CL50) caused severe liver disturbances, in particular when exposed simultaneously to copper and lead, and an increase in erythrocytic nuclear abnormalities (ENA). Thus, it seems clear that we need to investigate CL50 for additional fish species as well as the physiological effects of copper on wide variety of fish of the Amazon before we can have a clear picture.
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Figure 1. Relationship between oxygen debt caused by crude oil exposure and locomotion of Arapaima gigas.








PAGE  
1

_1149496769.unknown

