Effect of Crowding Stress on Some Physiological Functions of Nile Tilapia, Oreochromis niloticus (L.) Fed Different Dietary Protein Levels
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ABSTRACT

The evaluation of hematological parameters might be useful for the diagnosis of health status. However, alterations in blood biochemistry and hormones status might be indicative to unsuitable environmental conditions or the presence of stressing factors. The increase in stocking density is one of the usual practices in aquaculture that may be stressor inhibiting fish growth. This study was carried out to evaluate the growth response of Nile tilapia, Oreochromis niloticus (L.) to dietary protein levels at chronic stress induced by doubling fish density. In this study, Nile tilapia (15±1 g) was randomly distributed into the aquaria at a rate of 15 or 30 fish/100 L. The temperature was adjusted at 27(1 oC. Fish of each density were fed either a diet containing 25%, 35% or 45% crude protein (CP) with a feeding rate of 3% of life body weight twice daily for two weeks. The results of this study showed that hemoglobin (Hb) and hematocrit (Hct) were slightly reduced and no significant effect of protein level on both of them. The red blood corpiscules (RBCs) count in chronically stressed fish by high fish density showed such elevation and was increased significantly with increasing protein level in the diet. Glucose level in plasma was increased significantly due to high fish density especially at 25% and 35% CP. No marked changes in glucose level were observed at both fish densities at 45% CP. Protein level in the diet induced significantly plasma glucose and protein especially at low fish density. Chronic stress induced by high fish density insignificantly affected protein level in plasma. Similarly, a decrease in plasma cortisol levels due to high densities and high dietary protein levels was verified. The aspartate amninotransferase (AST) activity in liver was insignificantly reduced at high fish density and significantly increased by increasing protein level in the diet. AST activity in plasma was only significantly increased at 45% CP, however, AST activity in fish muscle is not significantly affected by either fish density or protein level in the diet. Alanine aminotransferase (ALT) activity in plasma, liver and muscle was insignificantly affected by fish density or protein level. It could be concluded that Nile tilapia may quickly adapted to high rearing density by enhancing feed quality especially protein level in the diet to prevent the deleterious effect in fish farm. 
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INTRODUCTION

Nile tilapia, Oreochromis niloticus (L.) is a native fish species in Egypt, and grows faster in warm months. So, its culturing in Egypt has become more popular because it is relatively easy in a variety of aquaculture systems and because tilapia are favorable food fishes. The maximum growth of tilapia depends upon the dietary protein quality, energy content of the diet, the physiological state of the fish, age, reproductive state, and the environmental factors such as temperature, salinity etc (Lovell, 1989). 

In aquaculture, control of fish size and production are two important tasks to meet the market demands, and increasing the stocking density is a way of dealing with problem of land shortage. In many cultivated fish species, growth is inversely related to stocking density and this is mainly attributed to social interactions (Miao, 1992; Huang and Chiu, 1997; Canario et al., 1998). The social interactions through competition for food and/or space represent a type of chronic stressor that could negatively affect fish growth. On the other hand, fish in intensive rearing facilities are continuously exposed to management practices such as handling, transportation or confinement, which are often confined in high fish densities (Sommerville, 1998). These practices are potential stressors to the fish (Wendelaar Bonga, 1997). 

Fishes respond to stress throughout many physiological changes to maintain homeostasis after stress including hematology (Dethloff et al., 1999), osmolaty (McDonald and Milligan, 1997), hormone release, and energy metabolism (Carragher and Rees, 1994; Barton and Iwama, 1991). The hematological and biochemical examinations of intensively farmed fish are an integral part of evaluating their health status. However, the diet composition, metabolic adaptations and variations in fish activity are the main factors responsible for the seasonal changes in hematological parameters of fish (Řehulka, 2003; Řehulka et al., 2004). The alteration of blood biochemistry and hormones status might be indicative of unsuitable environmental conditions or the presence of stressing factors as toxic chemicals, excess of organic compounds, crowding and even usual procedures in aquaculture (Barcellos et al., 2004). Thus, determining the basal parameters of blood biochemistry and hormones might be of great importance in order to monitor the health status for commercial purposes.

Crowding is a common husbandry practice in aquaculture, as is reducing the water level or increasing the fish stocking density. By establishing the relationship between dietary protein level and crowding stress, enhanced monitoring of fish stocks and prediction of their physiological needs may be possible. These situations are of obvious concern within the aquaculture industry, as they often related to the need for decreasing mortality, increasing feed efficiency and minimizing food wastes and the concomitant environmental pollution (Baras and Lagardere, 1995).  Therefore, this study was carried out to evaluate the physiological changes of Nile tilapia subjected to different stocking densities, which represent usual stress in aquaculture practice, and to which extent the protein nutrition may reduce this effect.

MATERIALS AND METHODS

Experimental procedures:

Healthy fish of Nile tilapia were collected from the nursery ponds of Central Laboratory for Aquaculture Research, Abbassa, Abo-Hammad, Sharqia, Egypt. Fish (15±1 g) were acclimated in indoor tanks for 2 weeks to laboratory conditions. The fish of mixed sex were distributed randomly in glass aquaria (130-liter capacity containing 100 L of aerated water) with either 15 and 30 fish/aquarium. Each aquarium was supplied with compressed air via air-stones from air pumps. The temperature was adjusted at 27(1 oC by using thermostatically controlled heaters. Half of the aquaria water was siphoned every day for excreta removing and an equal volume of well-aerated water replaced it. Dead fish were removed and recorded daily.

A semi-moist diet was prepared from purified ingredients and was used to formulate three identical diets in all the nutrient contents except for the protein levels (Table 1). The formulated diets contained 25%, 35% or 45% crude protein. Fish were fed frequently to satiation level three times daily one week before the experiment start for food adaptation. Then, the experiment was conducted for two weeks after which fish harvested, counted and weighed. Three aquaria were assigned for each treatment in each fish stocking density. During the experiment, fish fed one of the tested diets at a rate of 3% of live body weight twice daily. The used diets were analyzed using standard methods of the Association of Official Analytical Chemists (AOAC, 1990) for determination of moisture, crude protein, total lipids and ash. 

Preparation of blood samples:


Fish were not fed for 24 hour before sampling. Fish were anaesthetized with buffered MS222 (50 mg/L) and blood was collected with a hypodermic syringe from the caudal vein. The blood collection lasted less than 3 min in order to avoid cortisol rise induced by the manipulation during sampling. The extracted blood was divided in two sets of eppendorf tubes. One set contained heparin, used as anticoagulant, for hematology (hemoglobin, hematocrit and red blood cell counting). The second set, without anticoagulant, was left to clot at 4 oC and centrifuged at 5000 rpm for 10 min at room temperature. The collected serum was stored at –20 oC for further assays (glucose and cortisol). After decapitation of fish, samples of liver and muscle were taken and frozen for further biochemical analysis.

Physiological measurements:

Hematocrit values (Hct, %) were immediately determined after sampling by placing fresh blood in glass capillary tubes and centrifuging for 5 min in a microhematocrit centrifuge. Hemoglobin levels (Hb, g/dl) were determined colorimetrically by measuring the formation of cyanomethaemoglobin after using a commercial kit. Red blood cells (RBCs, cells/(l) were counted under the light microscope using a Neubauer hemocytometer after blood dilution with phosphate-buffered saline. 

Glucose was determined colorimetrically using glucose kits according to Trinder (1969). Total protein content in plasma, muscle and liver was determined colorimetrically according to Henry (1964). Activities of aspartate amninotransferase (AST) and alanine aminotransferase (ALT) in plasma, liver and muscle were determined colorimetrically according to Reitman and Frankel (1957). Kits reagents used for these measurements are supplied by Egyptian American Co. for Laboratory Services, Egypt.

Serum cortisol levels were measured by radioimmunoassay with a commercially available [125I], and the radioactivity was quantified using a liquid scintillation counter as previously validated by Barcellos et al. (2001). 

Statistical analysis:

The obtained data were subjected in two-way ANOVA and the differences between means were at the 5% probability level using Duncan’s new multiple range test. The software SPSS, version 10 (SPSS, Richmond, USA) was used as described by Dytham (1999).

RESULTS

At high fish density, groups showed no elevation in the RBCs counting, while it was significantly affected with increasing protein level in the diet (P<0.05). Besides RBCs count increased and Hct decreased  insignificantly (Table 2). At high fish density, blood parameters (Hb and Hct) were not reduced significantly, further no significant effect of protein level was observed (Table 2). Glucose level in plasma was significantly increased due to high fish density at 25% and 35% CP (Table 2). No significant changes in glucose level were observed between fish densities at 45% CP. On the other hand, protein level in the diet significantly induced plasma glucose at low fish density, while at high fish density, no changes of glucose level was observed due to the increment in protein level in the diet. Protein level in the diet significantly induced the level of plasma protein (P<0.05), while high fish density insignificantly affected protein level in plasma (Table 2). Plasma protein in this study ranged from 2.07 to 3.58 g/dl. 

A significant decrease in plasma cortisol levels was observed at the two high protein levels, but it decreased insignificantly due to the high stocking density (P<0.05; Fig 1).

The AST activity in plasma was only significantly increased at 45% CP, and insignificantly changed at 25% and 35% CP. AST activity in liver was insignificantly reduced at high fish density, and significantly increased by increasing protein level in the diet. Moreover, AST activity in fish muscle is insignificantly affected by either fish density or protein level in the diet (Table 3). The obtained data revealed that ALT activities in plasma, liver and muscle were insignificantly altered at either fish density or protein level in the diet (Table 4). 

DISCUSSION

The blood parameters of teleost fish may be affected by acute and/or chronic stress, as reviewed by Barton and Iwama (1991) and Wendelaar Bonga (1997). In this regard, Hb, Hct and RBCs values of Nile tilapia were insignificantly increased by doubling fish density in limited water volume and space. This could be related to the low level of activity of the fish in this experiment. Moreover, any chronic stress induced by high fish density here may be limited, and it is supposed if the fish density increased over that used here and/or the fish growth was faster, the stress effect will be higher. In this regard, McFarlane et al. (2004) found that fish stress via crowding by decreasing water level for one minute had no influence on growth, but did induce obvious changes in swimming behavior. This result is due to the short stress time while the stress time here is longer. It is supposed that if the stress time is longer the obvious growth reduction will be obtained especially the higher fish density did lead to higher swimming activity (Cooks et al., 2000) that spent more energy leading to reduced growth. In this concern, Schippers et al. (1994) reported that time has a positive effect on the physiological functions as a result of crowding-related social stress due to increase in biomass with time.

There is an increase in plasma glucose levels induced by high fish density (P<0.05). The mobilization of glucose in response to stress is generally accepted as a means of providing extra energy resources, enabling the fish to overcome the disturbance (Arends et al., 1999; Carragher and Rees, 1994). Alterations in glucose metabolism are a common response to stress by capture in fish (Barton and Iwama, 1991) including other species such as the golden perch, M. ambigue (Braley and Andersson, 1992). On other hand, the direct effect of the higher metabolic demands during stress is driven by an increase in oxygen transport efficiency by elevation of the haematocrit and red cell numbers (Acerete et al., 2004). 

Plasma protein in this study reflected the protein feeding levels. Similar results were obtained by Verdegem et al. (1997). Working with freshwater-reared rainbow trout, Schippers et al. (1994) and Zeitoun et al. (1974) did not find significant differences in total plasma protein levels in fish fed different protein levels. Plasma proteins contribute significantly to the maintenance of the blood volume and the water content of the fluid in tissue (Farghaly et al. 1973;  Wedemeyer and Yasutake (1977). The colloidal plasma protein can not diffuse through capillary membranes towards the surrounding, relatively protein-free tissues. In this way, they exert an osmotic pressure allowing a minimum liquid volume to be maintained in the capillary blood vessels (Verdegem et al. 1997). 

Concerning the plasma cortisol levels, the obtained results indicated that the dietary protein level inhibited the plasma cortisol level at high density, meanwhile high stocking density has no effect on the cortisol plasma level. This result may be due to that the nature of the chronic stressor can play an important role on how the fish may respond to an additional disturbance. Tripathi and Verma (2003) reported that cortisol induces catabolic and aerobic but inhibits anabolic and anaerobic processes in freshwater catfish (Clarias batrachus). They also found an inverse relationship between cortisol level and protein synthesis capacity in fish. Also, Gaslin and Auperin (2004) suggested that the particular activation of pre-existing proteins, govern cortisol production.

Exposure of fish to chronic stressors such as toxicants (Quabius et al. 1997) and parasites (Ruane et al. 1999), was not always elevating basal plasma cortisol levels. Of the relatively few studies that have examined the influence of chronic crowding stress on the response to an acute stressor, most have found no effect or a reduction in post-stress cortisol elevations. Kebus et al. (1992) and Rotllant and Tort (1997) found no effect of increased stocking density on the cortisol response of rainbow trout, Oncorhynchus mykiss (Walbaum) and gilthead seabream Sparus aurata (L.) after rearing periods of 8 and 3 weeks. Similarly, Procarione et al. (1999) observed no difference in post-stress cortisol levels in rainbow trout after 3, 10 and 17 days of crowding. Also, Urbinati et al. (2004) found that the concentration of plasma cortisol in matrinxã (Brycon cephalus) decreased inversely to the densities. On the other hand, Ruane et al. (2002) observed a transient elevation in plasma cortisol levels in the higher density of common carp Cyprinus carpo (L.) after 15 hours before values returned to control levels after 39 hours. The lack of an effect on the acute stress response in the previous studies may be due to an acclimation of the internal tissue to chronic stress over time (Pickering and Stewart 1984).

The cortisol response seen in Ruane et al. (2002) is most likely due to the sudden increase in density, as water quality did not deteriorate in the crowded tanks during the experiment and there was no increased competition for food as the fish numbers stayed the same. The plasma cortisol level in this study is less than previously reported for chronically crowded carp (Yin et al. 1995; Ruane et al. 2002). This difference may be due to the difference in fish species and the degree of adaptation to the stressor. Previous work on the mechanisms of cortisol release in the sea bass demonstrated a continuous production of cortisol under control conditions but lower reactivity to adrenocorticotropin hormone (ACTH) pulses (Rotllant et al. 2003). In this regard, when a chronic stressor by high density was applied for the yellow perch Perca flavescens L., cortisol levels increased to 46 ng/ml after 3 days and 20 ng/ml after 2 weeks (Haukenes 2001).

AST activities in muscle and liver were higher than that of plasma and ALT activity in liver was higher than those of muscles and plasma. Both enzymes belong to the non-plasma-specific enzymes, which are located within tissue cells and have unknown physiological function in plasma (Tietz, 1976). In rainbow trout, Gaudet et al. (1975) showed that AST was concentrated in the heart and ALT in the liver and in the kidney. In English sole, Parophrys vetulus Girard, Casillas et al. (1982) found that liver has been shown to contain high AST activity and the liver and kidney are the potential source of ALT. The increase in AST activity in this study is probably related to high activity of enzyme-producing hepatocytes, and slightly released to the fish blood. When cell membranes are intact, these enzymes are present in serum in low concentrations, as the cell membranes are impermeable to enzymes when the cells are metabolizing normally (Sandnes et. al., 1988). 

In conclusion, the overall results presented here indicate that Nile tilapia may quickly adapted to high rearing density, however, the high density could not impair the health status of Nile tilapia. It also indicates to the importance of the corrected procedure of fish culture stock by enhancing feed quality especially protein level in the diet to prevent the deleterious effects in farmed fish.
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Table 1. Ingredients and chemical composition and the experimental diet (on DM basis).

	Ingredients 
	Dietary protein levels

	
	25%
	35%
	45% 

	
	
	
	

	Fish meal
	15.6
	20.3
	31.0

	Soybean meal
	20.0
	40.0
	50.0

	Wheat bran
	5.0
	5.0
	5.0

	Ground corn
	52.63
	28.42
	9.44

	Fish oil + Corn oil (1:1)
	2.0
	2.0
	2.0

	Vitamins & minerals premix (1)
	1.5
	1.5
	1.5

	Ascorbic acid 
	0.06
	0.06
	0.06

	Starch
	2.21
	1.72
	0.0

	Carboxymethyl cellulose
	1.0
	1.0
	1.0

	Total 
	100
	100
	100

	Chemical analysis (%)
	
	
	

	Moisture
	7.52 ± 0.7
	7.31 ± 0.6
	6.91 ± 0.6

	Crude protein
	25.32 ± 0.24
	35.41 ± 0.33
	45.56 ± 0.46

	Crude fat
	5.87 ± 0.15
	5.67 ± 0.25
	5.99 ± 0.20

	Ash
	5.51 ± 0.23
	6.31 ± 0.36
	7.31 ± 0.37

	Fiber
	6.68 ± 0.15
	5.50 ± 0.12
	5.76 ± 0.13

	NFE (2)
	56.62
	47.11
	35.38

	GE (Kcal/g) (3)
	439.14
	446.85
	458.92


(1) Vitamin & minerals premix: each 2.5 kg contain vitamin A 12 MIU; D3 2MI U, E 10 g; K 2g; B1 1g; B2 4g; B6 1.5g; B12 10mg; Pantothenic acid 10g; Nicotinic acid 20g; Folic acid 1g; Biotin 50mg; Choline chloride 500 mg; copper 10g; iodine 1g; iron 30g; manganese 55 g; zinc 55 g and selenium 0.1g.

 (2) NFE (nitrogen free extract) = 100 – (protein + lipid + ash + fiber)

(3) GE (gross energy) calculated according to NRC (1993) as 5.64, 9.44 and 4.11 Kcal/g for protein, lipid and NFE, respectively.

Table 2. Changes in RBCs, Hb, Ht, plasma glucose and plasma protein of Nile tilapia fed different protein levels at two stocking densities.

	Items
	Treatments



	
	25% CP
	35% CP
	45% CP

	
	D1
	D2
	D1
	D2
	D1
	D2

	RBCs (x106/(l)


	1.262 b

( 1.086


	1.314 b

( 0.096
	1.298 b

( 0.055
	1.522 ab

( 0.1301
	1.528 ab

( 0.1316
	1.608 a

( 0.2075

	Hb (g/dl)


	6.060 a

( 0.533


	6.688 a

( 0.904
	6.572 a

( 0.774
	7.644 a

( 0.912
	7.946 a

( 0.964
	8.398 a

( 0.265

	Ht (%)
	14.26 a 

( 1.169


	13.80 a

( 1.241
	15.60 a

( 1.326
	15.00 a

( 1.581
	16.50 a

( 1.717
	15.80 a

( 1.772

	Glucose (mg/dl) 
	64.90 c

( 11.32


	108.16 ab

( 5.77
	89.46 bc

( 4.89
	119.38 a

( 4.10
	124.22 a

( 6.84
	128.38 a

( 16.00

	Protein (g/dl)
	2.07 c

( 0.28
	2.33 bc

( 0.43
	2.64 b

( 0.38
	2.71 b

( 0.59
	3.45 a

( 0.38
	3.58 a

( 0.42


The same letter in the same row is not significantly different at P<0.05. 

D1 = 15 fish/aquarium, D2 = 30 fish/aquarium.
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Fig. 1. Changes in plasma cortisol level (ng/ml) of Nile tilapia fed different protein levels at two stocking densities. Bars assigned with the same small letter is not significantly differed at P<0.05.

D1 = 15 fish/aquarium, D2 = 30 fish/aquarium.

P1 = 25%CP, P2 = 35%CP, P3 = 45%CP.

Table 3. Changes in AST activity in plasma, liver and muscles of Nile tilapia fed different protein levels at two stocking densities.

	Items
	Treatments



	
	25% CP
	35% CP
	45% CP

	
	D1
	D2
	D1
	D2
	D1
	D2

	Plasma 

(U/l)
	17.36 c

( 1.66


	23.62 bc

( 1.44
	26.70 b

( 1.79
	27.98 b

( 0.89
	63.52 a

( 5.42
	65.90 a

( 3.10

	Liver

(U/g) 
	60.25 bc

( 3.67


	41.00 c

( 13.48
	75.46 b

( 6.65
	55.40 bc

( 4.43
	143.93 a

( 17.09
	122.27 a

( 9.34

	Muscle

(U/g) 
	129.78 a

( 9.16
	139.70 a

( 11.17
	156.05 a

( 13.82
	162.44 a

( 11.99
	172.32 a

( 15.06
	180.64 a

( 14.61


The same letter in the same row is not significantly different at P<0.05. 

D1 = 15 fish/aquarium, D2 = 30 fish/aquarium.
Table 4. Changes in ALT activity in plasma, liver and muscles of Nile tilapia (O. niloticus) fed different protein levels at two stocking densities.

	Items
	Treatments



	
	25% CP
	35% CP
	45% CP

	
	D1
	D2
	D1
	D2
	D1
	D2

	Plasma

(U/l) 
	6.375 a

( 1.199


	6.075 a

( 1.143
	6.30 a

( 1.059
	6.10 a

1.516
	8.75 a

( 2.236
	8.10 a

( 2.362

	Liver

(U/g) 
	27.60 a

( 1.615


	25.40 a

( 3.415
	28.64 a

( 6.303
	25.84 a

( 3.078
	35.00 a

( 4.231
	31.10 a

( 2.542

	Muscle

(U/g) 
	12.50 a

( 2.06
	10.67 a

( 1.85
	11.93 a

( 1.73
	11.35 a

( 0.42
	12.20 a

( 2.38
	11.35 a

( 1.00


The same letter in the same row is not significantly different at P<0.05. 

D1 = 15 fish/aquarium, D2 = 30 fish/aquarium.
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