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Abstract

Brycon cephalus were kept in ponds, and then transferred to stream channels. Blood samples were removed from them for hematological (red and white series), glucose and ions (Na+, K+, Cl-) determinations. Hemoglobin concentrations, red blood cells and corpuscular hemoglobin concentration were significantly high for fish from the ponds relative to those from the streams. On the other hand, the latter presented low levels of K+ (<1.5 mEq.L-1) and of total leukocytes. The results suggest that the matrinxãs kept in the stream channels presented better physiological status than those kept in ponds. 

Introduction

Matrinxã, Brycon cephalus, is considered to be one of the highest commercial valued species in the Amazon. It inhabits flowing water environments, preferentially the fast-flowing cold water stream rapids (Golding, 1979). They have an omnivorous habit, feeding on wild fruits and seeds (Val & Honczaryk, 1995). 

This species has shown a few characteristics which place it in equal fishery production conditions to tambaqui, the most important species in the fish market of the region, however, with higher potential for intensive culture in captivity (Graef, 1995; Honczarik, 2000; Arbelaéz-Rojas et al., 2002; Fim, 2002). Experimental cultures show positive aspects for investing in matrinxã, such as: fast growth and low mortality rate in culture ponds. Under such conditions, the matrinxã accepts pelleted feeds, as well as agro-industrial by-products (Val & Honczaryk, 1995). 

Those investigations also revealed the intensive culture of matrinxã in stream channels might be a promising alternative for the region, especially in small land holds (Fim et al., 2001; Fim & Honczaryk, 2001; Arbeláez-Rojas et al., 2002). Similar to culture systems in raceways, the culture in a stream seems to offer some advantages relative to the culture in ponds, such as: less room than in ponds or dams, higher stocking rates, constant water change, lower labor costs, etc.. In countries where fish culture is well developed, the knowledge and monitoring of fish physiology have been important tools for the development of a proper culture (Wedemeyer, 1996). With the continuos monitoring follow-up of these parameters it is possible to attain information that can be used for identifying and minimizing fish intensive culture stressing effects (Pickering, 1993). 

The aim of this study was carrying out the monitoring of the physiological parameters of matrinxã bred in stream channels and compares these findings with those obtained from matrinxãs kept in pond culture systems 

Material and Methods

Matrinxã specimens were obtained from the induced reproduction carried out in the Aquaculture Department at INPA and maintained in three 50-m2 ponds (P1, P2 and P3) until reaching the mean weight of 120 g. The juveniles were transferred to three stream channels (Sc1, Sc2 e Sc3) located in country estates close to the city of Manaus-AM, including the Tarumã Mirim-INCRA Settlement Communities: Sc1 - Plot 90, Sc2 - Plot 84-A and Sc3 - Plot 652.  Fish were stocked at a ratio of 20 fish/m2, both in ponds and stream channels. They were fed twice a day with commercial feed containing 45% of crude protein 

Prior to being transported to the streams, around 100 fish from each pond were weighed and measured and blood samples were drawn from 10 specimens. In order to do that, the fish were previously anesthetized by immersion into 2-phenoxyethanol 0.01% for approximately 3 minutes. Blood samples were drawn from the caudal vein though heparinized syringes and assigned to the analysis of the blood parameters. Hematocrit (Ht) was determined by microhematocrit centrifugation technique. The red blood cell (RBC) and total leukocyte count (LEU) was determined optically with a Neubauer chamber using a Natt Herrick solution. The hemoglobin concentration ([Hb]) was determined with Drabkin’s reagent as absorbency at 540 nm. Mean cell volume (MCV), cell hemoglobin (MCH) and cell hemoglobin concentration (MCHC) were computed from the Ht, [Hb] and RBC. The blood was centrifuged and the plasma was used for determining glucose and plasma ions (Na+, K+ and Cl-). Glucose was measured by a glucose oxidase and ions Na+, K+ and Cl- by flame photometer. Following the collections, fish from different pond cultures were placed into plastic bags and hauled to their respective streams, where biometry and blood collection were done, after one month had gone by.

Water quality monitoring of the pond and stream channel cultures was done during fish blood collections and biometry. Dissolved oxygen and water temperature were determined through a YSI-55, model 55/12 digital oxygenometer; pH measured with a WTW model D-812, electrode (WTW) type E 50 pH 0...14 – 5... +80o C digital pH-meter; electric conductivity by using a WTW model LF-92 digital apparatus. Water samples were collected and determined by the calorimetric method according to Boyd & Tucker, 1992, for the analysis of total ammonia (NH3 + NH4+) and nitrite (NO2-) concentrations.

Comparisons between pond and stream channel cultures and within the same group were done by the ANOVA variance analysis. The differences were considered to be significant at P<0.05 using the Tukey test. 

Results and Discussion

The findings obtained from the water physical and chemical parameters in pond and stream channel cultures during the sampling period are shown in Table 1. Normoxic conditions were found in the water of the different streams channel and low O2 concentrations were presented in pond cultures 2 and 3 (3.7 and 4.6 mg/L respectively). Temperature values fluctuated from 25.2 to 29.7o C in pond cultures and from 24.8 to 26.1o C in streams. pH values ranged from 4.7 to 6,4 in pond cultures and from 4.7 to 4.9 in streams. Electric conductivity presented values ranging from 6.8 to 65.4 µS/cm-1 for pond cultures and from 6.6 to 11.4 µS/cm-1 for the matrinxãs bred in stream channels. Ammonia concentrations were very low and nitrite was not detected in the water. Among the analyzed parameters, the determined dissolved O2 in the pond cultures was the one presenting the least favorable condition for fish culture. The acid pH of the streams is a characteristic of those environments and, for species such as matrinxã, which inhabit these waters this must not be a limiting factor for its good reproductive performance. However, the other water quality parameters both from the pond cultures and from the streams are within the limits considered to be appropriate in fish intensive culture system (Ono & Kubitza, 2003). A study for determining the tolerance levels of the matrinxã to the different physical and chemical parameters would bring valuable information for breeding this species in captivity. 

Table 1. Dissolved oxygen concentration (O2), temperature, pH, electric conductivity, ammonia (NH3+NH4), and nitrite (NO2-) in ponds and stream channel with matrinxãs. ND=Non-detectable

	Parameter
	Pond 1
	Stream channel 1
	Pond 2
	Stream channel 2
	Pond 3
	Stream channel 3

	O2 (mg/L)
	6.3
	6.9
	3.7
	6.4
	4.6
	6.4

	Temperature oC
	25.2
	26.1
	28.7
	25.0
	29.7
	24.8

	pH
	4.7
	4.7
	5.6
	4.9
	6.4
	4.6

	Eletric Condutivety (µS/cm) 
	12.8
	6.8
	65.4
	6.6
	61.7
	11.4

	NH3+NH4


	0.04
	0.01
	0.07
	0.05
	0.04
	0.04

	NO2


	ND
	ND
	ND
	ND
	ND
	ND


Figure 1 shows length and weight mean values of matrinxãs in ponds and after one month of sampling in stream channels. Significant differences (P<0.05) are found on the weight values of fish kept in different stream channels. Water quality in the different environments as well as the fast weight gain, especially on fish from stream channels 2 and 3, suggest that factors such as fast flowing waters (e.g. stream channels) can favor the breeding of this species, which is known to be migratory. 

Monitoring fish physiological status in an intensive culture system has been an important tool for the development of a proper culture (Wedemeyer, 1996). Hormones (catecholamine and corticosteroid), glucose, total proteins, hematology (white and red series), plasma ions and so on, are a few of the physiological parameters that may be used for identifying and minimizing the stress effects brought about by fish intensive culture systems (Pickering. 1993). 

A few of these parameters were analyzed in the present study. The hematological parameter values on the fish kept in ponds and stream channels are presented in figure 2. Ht values for the fish from different pond cultures and following one month of culture in the respective stream channels showed no significant difference (P<0.05). However, hemoglobin concentration and erythrocyte number for the fish from pond cultures 1 and 2 were high relative to those with a one month of culture in the stream channels. An increase on the two blood variables is a clue indicating the stress condition brought about by one or more factors present in pond cultures. Significant alterations (P<0.05) may also be found for MCV and MCHC values for the three pond cultures. Only fish from pond 1 presented significantly low value for MCH.
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Figure 1. Weight (g) and length (cm) of Brycon cephalus in the different culture systems. P1Sc1= Pound 1+ stream channel 1; P2Sc2= Pound 2+ stream channel 2 and P3Sc3= Pound 3 + stream channel 3. * indicate significant difference (P<0.05). Mean ( SD, n=10.

Figure 2. Hematocrit (Ht), hemoglobin concentration ([Hb]), red blood cell count (RBC), mean cell volume (MCV), cell hemoglobin (MCH), and cell hemoglobin concentration (MCHC) of Brycon cephalus in the different culture systems. P1Sc1= Pound 1+ Stream channel 1; P2Sc2= Pound 2+ Stream channel 2 and P3Sc31= Pound 3+ Stream channel 3. * indicate significant difference (P<0.05). Mean ( SD, n=10.

Table 1. Glucose (Glu), ions (Na+, K+, and Cl-) and total leukocyte count  (LEU) of Brycon cephalus in the different culture systems. P1 and Sc1= Pond 1+ Stream channel 1; P2 and Sc2= Pond 2+ Stream channel 2 and P3 and Sc31= Pond 3 + Stream channel 3. * indicate significant difference (P<0.05). Mean ( SD, n=10.

	Parameter 


	P1
	Sc1
	Culture Systems

P2           Sc2
	P3
	Sc3

	Glu (g/dL)
	62.3(10
	82.2(20
	60.2(10
	59.9(10
	63.9(20
	101.5(30*

	Na+ (mEq,L-1)
	136(7.0
	131.9(7.0
	129.8(5.0
	132(1.0
	138(4
	130.4(2.0*

	K+(mEq,L-1)
	0.7(0.3
	2.0(1.5*
	0.9(0.4
	4.2(1.5*
	0.7(0.4
	2.1(1.0*

	Cl-(mEq,L-1)
	32.6(16
	41.2(1.1*
	28.5(2.1
	40.4(2.2*
	30.1(2.1
	41(2.3*

	Leu (x104/mm3)
	34.5(15
	41.8(2.0*
	27.7(3.0
	41(2.0*
	28.2(2.0
	41.6(1.0*


Table 1 presents the values of glucose, plasmatic ions (K+. Na+ and Cl-) and total leukocyte counts (Leu). Fish from stream channel 3 (Sc3) presented a hyperglycemia relative to the findings obtained for the same group of animals previously kept in pond 3 (P3). The hyperglycemia has been an important indicator of the production of stress hormones, such as cortisol and adrenaline in fish being cultured (Gustavenson et al. 1991). Whether or not the increase of glucose is a consequence of the increase on the levels of cortisol in the plasma can only be confirmed after the analysis of that hormone. The ion-regulation as indicated by the values of K+, Na+ and Cl- presents significant differences between the individuals collected from the ponds and those after a month of culture in stream channels. Among these, the one that arouses more attention is the hypopotassemia of the matrinxãs collected from ponds (>1.5 mEq.L-1). In general, the values of potassium in the plasma range from 3.5 to 5.0 mEq/L; above or below those acute cardiological alterations might occur. Thus, similarly to the hyperpotassemia found in pirarucu by Matos et al. (2003), the hypopotassemia of matrinxã presented in this study should be studied more thoroughly in future researches regarding these species. 

In addition to erythrocytes, leukocytes are good indicators of the physiological stress in fish, even though there are very few studies regarding this parameter, particularly on tropical fish (Heath. 1995; Moura et al.. 1996). The result of total leukocytes in matrinxã shows a significant reduction (P<0.05) of this parameter for the animals from the ponds, which can be a clue of a lower immunological resistance of the fish in this culture system (Table 1). 

Hence, the preliminary findings in this study suggest that the breeding of matrinxãs in stream channels might be a promising alternative, not only on the subsistence fishing level but also as a feasible alternative for the large-scale production of this species. However, the investigations carried out on this culture system are still few and recent, making it necessary that they be continued.
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