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Introduction
Calcium (Ca2+) is essential in a number of physiological  processes such as the control of membrane permeability, activation of muscular contraction, transmission of nervous impulses, and bone formation. Freshwater fish are exposed to a constant supply of Ca2+ in the water, so uptake occurs predominantly through the gills. Uptake through the skin is negligible, but the intestine may participate under some conditions. Calcium uptake in Amazonian fish is poorly known. Only limited information on unidirectional Ca2+ flux is available for freshwater stingrays inhabiting extremely soft waters (Wood et al., 2002). Indirect evidence, based on high acid tolerance, suggests that Ca2+ affinity is very high in some species from the Rio Negro basin.

We examined the kinetics of Ca2+ uptake in two Amazonian species (Apistogramma sp. and Carnegiella strigata) under both natural (on-site) and artificial conditions. On-site experiments involved testing blackwater from the Rio Negro, which has a high content of dissolved organic matter (DOM). Laboratory experiments were based on water with ion concentrations comparable to those of the Rio Negro, but without DOM (reference water).  We also investigated changes in Ca2+ uptake over time in fish exposed to lower pH and a higher concentration of DOM.

Materials and Methods

Calcium kinetics
On-site experiments used adult Apistogramma sp. and Carnegiella strigata collected from a tributary of the Rio Negro where water composition was: Na+=108, Cl-=123, Ca2+=10, Mg2+=8, K+=14 (all (M); pH 3.9; DOM=22 mgC/l; 30(C. Kinetics was based on whole body 45Ca uptake, following Perry & Wood (1985). Jmax and Km were obtained using a non-linear curve-fitting program.

Calcium kinetics was also examined under artificial conditions using wild-caught individuals of the same species, acclimated to the soft water with negligible DOM (reference water; Na+=34, Cl-=28, Ca2+=11, Mg2+=0.8, K+=15 (all (M); pH 6.3; DOM=0.9 mgC/l; 28(C). Kinetics was performed as discussed above.

Effects of increasing DOM concentration and lowering pH
Apistogramma sp. and Carnegiella strigata collected on-site were used to assess changes in Ca2+ uptake resulting from experimentally lowering pH and increasing DOM concentration in the water. Treatments were as follows: a) control (Rio Negro water, composition reported above), b) AHA (37 mgC/l), c) low pH (3.6), d) AHA+low pH. The pH was lowered using HNO3, and DOM concentration was raised by adding Aldrich humic acid (AHA) to the Rio Negro water (initially at 22 mgC/l). Calcium influx over time was based on whole body 45Ca uptake. 

Results and Discussion

Calcium kinetics

Kinetics studies revealed a very high Ca2+ affinity for both Apistogramma sp. and C. strigata (Km~27 (M) tested in blackwater from the Rio Negro (a low Km value indicates a higher affinity). Acclimation to reference water, however, resulted in a significant reduction in Km (Km~68 (M). Likewise, the Ca2+ transport capacity (Jmax) in fish tested on-site was much higher than in fish tested in reference water (Fig.1). Upon acclimation to reference water, Jmax was reduced by 74% in Apistogramma sp. and by 50% in C. strigata, relative to natural conditions. The most striking difference between the waters tested was the presence of high DOM concentrations in the Rio Negro water. One would expect that with elevated concentrations of DOM in the Rio Negro most Ca2+ in the water would be bound up to DOM, so virtually no Ca2+ would be available for uptake through the gills. Our results indicated, however, normal Ca2+ uptake rates in fish tested on-site. DOM is likely to play a role in ion transport as initially speculated by Gonzalez et al. (1998), but the mechanism remains unknown. 
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Figure.1. Kinetics of Ca2+ uptake in two species from the Rio Negro basin, with estimates of affinity (Km) and transport capacity (Jmax) for fish tested in natural blackwater (‘field’) and in reference water (‘lab’).

Calcium uptake under various treatments

Lowering the pH to 3.6 resulted in an inhibition of Ca2+ uptake by 80% in Apistogramma sp. and by 56% in C. strigata (Fig.2). Inhibition of Ca2+ uptake by low pH is believed to result from competition between Ca2+ and H+ for gill binding sites. Because the Ca2+ concentration in the testing water was only 10(M, the increased levels of H+ probably out-competed Ca2+ at the uptake sites, thus inhibiting Ca2+ influx.
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Figure.2. Effects of increasing DOM concentration and lowering the pH on Ca2+ uptake in two species from the Rio Negro. (*) indicates significant difference relative to control; (() indicates total mortality at the sampling time.

Increasing DOM concentration in the water by adding AHA resulted in stimulation of Ca2+ uptake by 30% in both species, suggesting that DOM stimulates Ca2+ transport capacity. It is also possible that this increased uptake capacity was reflecting increased Ca2+ loss due to increased membrane permeability. We were not able to measure Ca2+ efflux in this study. The combination of AHA+low pH did not stimulate Ca2+ uptake in fish, probably because the buffering capacity of the natural blackwater had been exceeded.
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