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Introduction

The success in fish rearing depends on the production of eggs and larvae of good quality. In hatcheries, individuals in early ontogenetic stages are usually maintained in high densities. Oxygen consumption measurements are needed to estimate oxygen requirements of eggs and larvae as reduced oxygen concentration retards embryonic and larval development increasing the production costs (Kamler, 1992). Tropical fishes present fast development and high metabolic rate, and so a close relationship between development stage and temperature is expected for these fishes. This study analyzes the metabolic rate at different temperature (24, 26, 28 and 30oC) of tambaqui, Colossoma macropomum, in eight stages of the embryonic and larval development. 

Material and Methods

I) Experimental Protocol and animals

The experiment consisted of 4 treatments (temperatures of 24, 26 28, 30 oC) and 3 replicates. Eggs were fertilized and incubated in water at 24, 26, 28 and 30 oC. Incubators like funnel (1800 ml) with constant water flux were used. The embryonic and larval stages were verified using the Albuquerque et al. (1994) description under optical microscope (10X). Larvae acclimation was achieved by 1oC adjustments each 30 minutes up the desired water temperature and kept at this level for respirometry.
The metabolic rates (VO2) were estimated at the stages of morula, gastrula, closing blastopore, 5-6 hours after hatching, 36-37 hours after hatching, 58-59 hours after hatching, 8-9 hours after initial exogenous feeding (91-92 hours after hatching) and 18-19 hours after initial exogenous feeding (101-102 hours after hatching).

II) Respirometric chambers

For the eggs and larvae, VO2 were measured in cylindrical plastic chambers of 25 ml with a plastic cover that provide hermetical sealing, in triplicate. In each stage, 50 eggs or 60 larvae were used at each chamber. Individuals were placed into respirometers and filled with filtered water (nets with 0.45 (m mesh size) and kept under continuous slow shaking. After each test, individuals were removed from the chambers and fixed in Bouin´s solution. Volume of fixed eggs and larvae was determined by modified microhematocrit technique.

III) Water sampling and analysis

Water samples were obtained using 5ml syringes. Oxygen concentration was estimated by Winkler method modified to 2ml-sample, using Na2S2O3 0.00025N for titration. This procedure gives a precision of 0.025 mg/l. VO2 was calculated and reported as (l O2 hour-1.individual-1. 
IV) Statistic

Statistical significance of the differences between data sets was determined by ANOVA with p ( 0.05, followed by a post hoc Tukey test. Data are reported as mean ( SEM.

Results and Discussion

No changes in VO2 were found in the temperature range tested (Table 1). A similar situation has been found for other fish species (Overnell, 1997). The VO2 is species-specific thought many environmental and physiological parameters affect if even within the “tolerance range” of the species. The increase of VO2 with increasing temperature can be described by the temperature coefficients Q10 (Rombough, 1988; Kamler, 1992). Optimum temperatures for fish development are related to low Q10, normally between 2 and 3 (Blaxter, 1988). Between 25 and 30 oC Q10 is 2.2 for the majority of fish and this seems the major reason that many studies have found 26-30oC as optimum temperature range for the development of tambaqui (reviewed by Castro-Pérez, 2001).

Table 1. Effect of temperature on VO2 of tambaqui.

	Temperature
	VO2 ((l / hour-1.individual-1)

	30 oC
	1.80±0.22

	28 oC
	1.61±0.17

	26 oC
	1.80±0.28

	24 oC
	1.40±0.21


The VO2 showed significant difference among the stages. The VO2 increased from morula to gastrula. In gastrula the VO2 was the highest. In closing blastopore stage, the VO2 decreased and was the lowest. VO2 increased again for individuals with 6-7 hours after hatching and then was almost constant for all other stages (Figure 1). 

From embryo to juvenile, fishes exhibit numberless and fast morphological and physiological changes. In this study gastrula was the event that most affect the metabolic rate. Fertilization, gastrula, appearance of embryonic circulation, hatching and skin and gill gas interchange transition are the events that most alter the VO2. The VO2 ontogenetic pattern for tambaqui is very similar to that found for Oncorhynchus tshawytscha (Roumbough, 1988).
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Figure 1. VO2 for Colossoma macropomum at different stages. M = morula, G = gastrula, B = closing blastopore, L5 = 5-6 hours after hatching (hAH), L36 = 36-37hAH, L58 = 58-59hAH, L8EF = 8-9 hours after initial exogenous feeding (hAIEF), L18EF = 18-19 hAIEF. Different letters indicate significant difference (p≤0.05) between stages.

The main constraint in rearing tambaqui, the most important reared fish from Amazon, is the production of stocking specimens in quantity and quality. We suggest maintaining 5.6 ml O2/l for an incubation of 100,000 individuals in 60L incubator and 28oC as the optimum temperature for incubation and larviculture of tambaqui. 
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