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Introduction

The pintado fishes are found in the Brazilian hydrographic basins (Fracalossi, 2002). The study of the early development of the pintado digestive organs is very important to the feeding strategy of fish farms, however, there is little information about the digestive system of P. coruscans larvae (Seixas-Filho et al., 2001). The present study describes the histology of the anterior part of the digestive tract of surubim pintado larvae from the third day after hatching up to the age of 16 days and correlates the morphological modifications of the stomach with this organ function.

Material and Methods

Newly hatched larvae of P. coruscans were held in 250 liters tanks and they were fed Artemia nauplii, ad libitum. The larvae were sampled at 3, 5, 7, 9, 11, 13 and 16 days after hatching (DAH). The average water temperature was 26.5ºC. The animals were fixed and embedded in Leica Historesin (Heidelberg, Germany). Histological sections 1-4 (m thick were cut and stained with 0.1% aqueous toluidine blue pH 2.5.

Results
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At 3 DAH the digestive tract is open and differentiated in bucopharynx, esophagus, stomach anlage and intestine (Fig. 1). The esophagus epithelium changes abruptly from stratified squamous epithelium to columnar simple in the stomach. The stomach of three to nine days old larvae is a short and wide tube. Dark staining mucus granules are found in the epithelium apex (Fig. 1, 2B). From 11 DAH up to 13 DAH, clusters of short gastric glands are found in the stomach. The size of the gastric lumen increases progressively until 16 DAH. The organ wall becomes enlarged due to the increasing thickness of the mucosa. Gastric crypts and convoluted gastric glands can be found deeply in the lamina propria (Fig. 2B). 

Figure 1. Sagittal section of a 3 days larvae were the esophagus (arrow), stomach anlage (open arrowhead) and intestinal bulb (b) may be observed. Note the food inside the intestinal bulb. 
Intestine

Two intestinal regions are found in 3 DAH: the intestinal bulb, which is an ample sac always with food, and the proximal segment (Fig. 1). The proximal segment is tubular with a narrow lumen. Its epithelium is columnar simple and vacuolated, being similar to that found in the intestinal bulb. At the 5th and 7th DAH the yolk sac is still observed. This epithelial and mucosal pattern keeps unchanged until 16 DAH. At this time, the volume of the intestinal bulb is greatly reduced.
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Figure 2. A) Transitional region between the stomach (arrow) and the intestinal bulb (arrowhead) of a 3 days larvae. The arrow points to the typical columnar epithelium of the stomach. The mucus stored in the apical cytoplasm appears as a dark zone. The vacuoles in the enterocytes (arrowhead) probably are lipid droplets. B) Stomach of a 16 DAH larva. The crypts (c) and glands (g) are well defined. Under the glands the two-layered tunica muscularis may be observed.

Discussion

We observed that 3 DAH pintado larvae are ready to take (buccal cavity open), to transport (esophagus and stomach anlage present), to store (in the intestinal bulb) and to absorb food (intestine developed). The pintado larvae have therefore a mixed feeding period, from 3 DAH to 7 DAH, during which they nourish on both endogenous (yolk sac) and exogenous sources. This period may be important for the animals to train prey capture and to stimulate further adaptations of the digestive system to exogenous feeding. The stomach anlage was identified at 3 DAH in pintado larvae. However, gastric glands were only found in the lamina propria after the 11th DAH. The development of gastric glands signals the end of the larval period. It is important to change the larvae diet from live preys to formulated feeds as soon as possible. They are cheaper and easier to store. The critical question is when to replace the live food. Pintado larvae die if they receive dry food before 4DAH (Lopes et al., 1996). Evidences point to a close relationship between the development of a functional stomach and larval survival to formulated food. The stomach differentiation is defined by the appearing of oxyntopeptic cells, an event regarded by some authors as a marker of larval weaning and the most reliable method to verify if the fish larvae can digest formulated feeds (Gordon and Hecht, 2002; Peña et al., 2003). 

Conclusion

The presence of gastric glands in pintado stomach may be taken as an indication that the animal is making gastric digestion of food, being thus ready to accept commercial feeds from the 13th DAH onward. Another indication is the reduction of the intestinal bulb at the 16th DAH and the increase of the stomach volume, which now assumes the storage function.
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