UV: AN ENVIRONMENTAL CHALLENGE
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Introduction

Ozone depletion is the cause of increased ultraviolet radiation at the ground level, especially at high latitudes. Most of the compounds causing ozone depletion have now been phased-out but we cannot yet be sure whether global ozone reached a minimum. In the Equatorial regions, there are no statistically trends in total ozone what mean that the UV-B (280-315 nm) irradiance will continue to be the highest one in this region (Winckler & Fidhiany, 1996), thought local attenuation caused by clouds, smoke from burning forest, etc., can indeed occur. This is a cause of concern, particularly because (a) plenty of evidence shows that changes in spectral composition exceeding those experienced during the evolution of exposed animals cause stress, and (b) it may affect the existence of the stupendous life diversity in the tropics. Many organisms possess protective and effective cellular repair mechanisms against UV exposure, but excessive exposure to UV radiation may overload their capabilities. In addition, changes of solar radiation on aquatic ecosystems may result in decreased biomass productivity including fish yields.  

Three physical processes attenuate solar radiation in the water column: water surface reflection, scattering and absorption. Surface reflectance is a function of solar elevation and incidence angle, while scattering and absorption depends on inherent properties of the water and are independent of the incident radiation. The UV absorbance for natural waters is dependent on the concentration of dissolved organic material (DOM). The absorbance spectra for DOM are low at the red end and rise exponentially with decreasing wavelength in the UV. These processes limit UV penetration to the first centimeters of the top of the water column in natural freshwater bodies. This means that for a given water type, the amount of solar radiation reaching water surface roughly determines the amount of radiation penetrating the water column. Because UV irradiance prevailing at the Equator is high, even compared to ozone-depleted region in Antarctic, any environmental disturbance that exposes the aquatic animal to water surface can be highly stressful.

Hypoxia is an environmental condition that can drive fish to water surface. Early in the evolution, fish had to deal with hypoxia and improved a myriad of adaptive strategies to explore all available sources of oxygen, including air and air-water interface, or to conform themselves to low oxygen availability. Fish managements in aquaculture facilities can also involve situations that enhance exposure to UV. Under these environmental conditions, tambaqui, Colossoma macropomum, and pirarucu, Arapaima gigas, are emblematic animals to analyze the effect of UV on tropical fish.

Biological aspects of pirarucu and tambaqui

Pirarucu is an air-breather. Except for the first few weeks of its life, up to 7 cm in length, pirarucu surfaces regularly to breathe. In adults of A. gigas, near 80% of oxygen is taken up at the well-vascularized swim-bladder and 20% at the gills, while carbon dioxide is preferentially excreted at the gills (~78%) and the rest at the gills (~15%) and kidney (~7%). Therefore, adults of Arapaima are dependent of air uptake into the modified swim-bladder to transfer oxygen to tissues. Under normal environmental conditions, pirarucu surfaces every 5 minutes to breathe and may drown within 10 minutes without access to air. Pirarucu is the largest scaled freshwater fish and one of the most important species farmed across South America.

Tambaqui is a favorite culture species in many parts of South America and in several other countries. The young fish filter plankton, but the adults eat mainly fruits during the flooded season, using powerful jaws that crash fruits and hard seeds. Tambaqui is hypoxia-tolerant; this species can survive oxygen levels as low as 10% air-saturation. Beyond this point, tambaqui starts to breathe at the water surface, i.e., under environmental hypoxia the animal comes to the surface and skims the well-oxygenated surface layer of water (reviewed by Val and Almeida-Val, 1995). To improve this, the animal expands the inferior lips that form a funnel that directs the surface water across the gills. The lips are not involved with gas exchange; they serve strictly to facilitate the skimming of water surface. The animals remain skimming as long as oxygen depletion persists. As the oxygen returns to normal levels, the lips swelling disappear in about the same time required for the expansion, ca. two hours, and the animals move to the middle of the water column. Undoubtedly, this mechanism provides tambaqui and other fish species, as Mylossoma and Brycon, an important alternative to ventilation in hypoxic waters. When access to water surface is denied, the animals exposed to hypoxia expand the lips but a massive drop of blood oxygenation occurs and the animals die. Thus, pirarucu and tambaqui face UV radiation exposure when managed in aquaculture stations, ventilating in hypoxic water, and eating. 

Effect of UV exposure

Experimental aquaria were fitted from above with three different sources of radiation (UVA, UVB and UVR (UVA+UVB)) provided by Philips TL40W/05 and TL40W/12 lamps. The radiant intensity at the surface of the water column was previously set (250; 500; and 125+250 mW.cm-2.h-1, respectively) and monitored continuously over the experimental period. We aimed to access the effect of irradiance duration and the differential effect of UVA and UVB on tambaqui and pirarucu, kept initially under normoxia and neutral pH, in standard water.

Exposure of pirarucu and tambaqui to UVA, UVB and UVR (UVA+UVB) under controlled conditions in the laboratory revealed several differences between the two species. Even at reduced duration, the animals presented extensive physiological and biochemical disturbances. Large skin damage was observed on the head of pirarucu and this is related to its inability to self protect by reducing the distance to UV source, i.e., to stay away from water surface, as do the tambaqui. Contrasting to tambaqui, pirarucu also experienced high mortality at a given irradiation. To analyze the effects of irradiance duration on pirarucu a new set of experiments are in progress using lower UV doses. This difference between the two species may be reflecting the amount of time they spend at water surface, what roughly relates to UV exposure dose. Pirarucu spends only few seconds to uptake air, while tambaqui stays there until dissolved oxygen returns to normal levels in their natural habitats. Therefore, one can assume that tambaqui has being in contact with higher doses of UV radiation in nature and thus acquired adaptive mechanisms to reduce the effects of UV exposure.

Exposure to UVB is more dangerous to tambaqui than UVA or UVR exposure. Tambaqui exposed to UVB presented significant changes of hematological indexes, white cells and swimming performance. Ucrit was reduced to one seventh of the control values in animals exposed to UVB while the animals exposed to UVA presented no changes. In pirarucu, the proportion of nuclear erythrocytic abnormalities (ENA) increased from 0.5% to 2.0% under this condition. The preliminary results obtained here for tambaqui are similar to those described for Cichlasoma nigrofasciatum and for Rutilus rutilus (Winkler and Fidhiany, 1996; Salo et al., 2000). Under natural conditions, tambaqui can avoid UV exposure by escaping to deeper waters or to flooded forest. However, under hypoxia the animals must remain skimming water surface. In our experimental setup, escape response was also useless as we used clear water with no suspend solids or DOM, a situation in many cases similar to that found in aquaculture facilities. 

Concluding Remarks

These preliminary observations suggest that these two tropical fish are very sensitive to UV exposure, despite the high incidence of UV light on their pristine environments. Additional analysis are needed before we can have a clear picture on the effect of UV exposure on tropical fish, particularly species from different groups and fish from different water type habitats.
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