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ABSTRACT. A feeding test was performed to evaluate compensatory growth in the Nile tilapia (Oreochromis 

niloticus) and to assess changes in feed conversion ratio (FCR), body condition, and carcass composition 
associated with the imposed feeding strategy. The experiment was carried out under two different stages, 

restricted (RS) and compensated (CS), with six weeks long each other. Three hundred juveniles of Nile tilapia 
(average weight of 16.4 ± 0.2 g) were divided into three treatments and one control. The control group was fed 

to apparent satiation four times a day in both stages. The RS treatments were based on 100% (RS100), 80% 
(RS80), and 60% (RS60) of a feeding chart, respectively. In the next six weeks, fishes from the CS treatments 

(CS100, CS80, and CS60) were then fed to apparent satiation four times a day. In the RS, the control group 
displayed the most considerable weight gained, but with a significant FCR. Nevertheless, in the CS, the previous 

restricted treatments (RC80 and RC100) showed a compensatory growth, with a smaller FCR than the control 
group. The restricted-compensated rations did not have a significant effect on the size heterogeneity; when the 

food is restricted, fish use to moisturize their tissue to compensate for the muscle loss until they receive more 
food. However, when the food restriction levels are too high, the weight gain, lipid, and protein levels do not 

recover as they were before. Thus, restricted (marginally) and compensatory feeding strategies provide evidence 
that growth rates of fishes can be regulated. 
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INTRODUCTION 

In intensive aquaculture, commercial feed is one of the 

inputs of the greatest economic impact, since it 

represents 30 to 60% of production costs (Guimarães et 

al., 2008; Borski et al., 2011). Nevertheless, feed ration 

management can offer growth advantages and decrease 

its use (Gélineau et al., 1998; Khan et al., 2004; Bureau 

et al., 2006; Booth et al., 2008). Feed management in 

fish includes the quality and quantity of protein, ration 

size, and spatial and temporal supply (Talbot et al., 
1999). 

Fish growth rate can be manipulated by deliberately 

restricting the amount of feed supplied during a given 

time, followed by a phase of overfeeding or compen-
sation (Jobling et al., 1999). It has been observed that  
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animals that undergo a period of growth depression due 

to a reduction or lack of food (quality and quantity) can 

reach the same size or weight corresponding to their age 

when the feeding conditions are favorable. This 

response, which tends to restore the original growth 

trajectory, is called compensatory growth (Ali et al., 
2003). However, manipulation of feeding regimes can 

also influence production features that are important 

commercially, such as the increase in biomass, 

proportion of fat in the body, feed conversion ratio, fish 

size, and size variability (Sveier & Lied, 1998). The 

size variability or size heterogeneity of a population is 

a common event among organisms of the same cohort. 

It can be interactive (competition) and non-interactive 

(genetic variation), due to biotic and abiotic factors 
(Kestemont et al., 2003), such as the initial heterogeneity, 
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hierarchical behavior, high culture densities, and daily 

feeding ration. An increase in size heterogeneity has 

been observed during periods of restricted feeding 

because the growth rates of subordinate fish can be 

reduced due to the aggression of larger fish (Cutts et al., 
1998; Gélineau et al., 1998; Joblin et al., 1999; Nicieza 
& Metcalfe, 1999; Álvarez, 2011).  

In the intensive culture of tilapia, studies that have 

assessed the effect of ration size have focused on 

evaluating: growth and feeding efficiency (Al-Ahmad 

et al., 1988; Papoutsoglou & Voutsinos, 1988; Xie et 

al., 1997), feeding ration on size heterogeneity, 

harvesting time (Domínguez-May et al., 2011), and 

feeding ration size from an economic and environ-

mental point of view (Poot-López et al., 2014).  

About compensatory growth in tilapia, Wang et al. 

(2000) compared the growth of hybrids (Oreochromis 

mossambicus × O. niloticus) fed to satiety and starved 

for one, two and four weeks (before compensation to 

satiety). Only the fish that were deprived of food for a 

week managed to compensate growth with the 

treatment to satiety. Abdel-Hakim et al. (2009) 

developed an experiment in tanks, where they 

compared the growth and feed conversion ratio of 

tilapia hybrids (Oreochromis niloticus × O. aureus) fed 

with diets to satiety and starved weekly for four months 

(one, two, and three days per week) and with a 

compensation stage (two months). The restricted 

treatments of one and two days, presented growth like 

the treatment to satiety when they were compensated, 

reducing feed consumption and production cost. 

However, in studies of compensatory growth in tilapia, 

few experiments have been performed using partially 

restricted rations in comparison with fish fed rations to 

satiety. Therefore, the present study aims to evaluate 

the biological indicators commonly applied in 

aquaculture (growth and feed conversion ratio) and 

analyze biometric aspects and the behavior of the size 

distribution when comparing restricted and compen-

sated feeding rations. 

MATERIALS AND METHODS 

Experimental design 

A randomized design was performed in the aquaculture 

facilities of the Department of Marine Resources at 

CINVESTAV Merida, divided into two stages: restricted 

stage (RS) and compensated stage (CS). In both 

experimental stages, balanced commercial feed (32% 

protein) was offered.  

Tilapia juveniles (reversed males) of the Chitralada 

line were used from a single clutch of fish (Grupo 

Consultor Acuícola S.C.). The experiment was 

developed on two stages, restricted (RS) and 

compensated stage (CS), each stage lasted three weeks 

(six weeks in total). Three hundred juveniles of Nile 

tilapia Oreochromis niloticus (mean initial weight of 

16.4 ± 0.2 g) were divided into three treatments, each 

treatment with three repetitions (25 fish per tank) and 

one control. The control group was fed four times a day 

to apparent satiation in both stages, where satiation is 

the maximum amount of feed that a fish can consume 

per unit time (10 min), thus avoiding waste (Goddard, 

1996). In the RS, treatments were based on 100% 

(RS100), 80% (RS80), and 60% (RS60) of a feeding 

chart recommended by the manufacturer, respectively 

(Table 1). Feeding supplied was adjusted every 14 days 

as fish gain weight, following the feeding chart and 

their proportions; each ration was divided into four 

portions a day. 

In the CS, the fishes of all treatments were fed with 

satiety rations, recording the weight feed consumed. 

The CS treatments were identified as CS100, CS80, 

CS60, and control group. At the end of each experi-

mental stage, a total of 12 individuals per treatment 

were sacrificed to perform chemical analysis. 

Experimental system 

The experiments were carried out in a semi-open 

recirculation system, which included 12 self-cleaning 

fiberglass tanks with a capacity of 0.5 m-3, in addition 

to a container for decantation and complementary 

aeration. Tank maintenance consisted of feces daily 

removal using a siphon, and replacement of 25% of the 

water volume to avoid the accumulation of nitrogenous 

wastes (feces and unconsumed feed). The total water 

volume in the tanks was replaced once a week, and 

general cleaning was performed every 14 days to 

remove the biota established on the walls of the tanks. 

 
Table 1. The feeding chart used to calculate restricted 

rations per Fish weight (≈11 g intervals). 

 

 Restricted ration 

 RS100% RS80% RS60% 

Fish weight (g) Body weight (%) 

12.1 - 22.9 5.6 4.5 3.4 

23.0 - 39.9  4.7 3.8 2.8 

40.0 - 50.0  3.8 3.0 2.3 

50.1 - 65.0 3.8 3.0 2.3 

65.1 - 90.0  3.3 2.6 2.0 

90.1 - 150  2.8 2.3 1.7 

 150 - 200  2.3 1.9 1.4 

 200 - 300  2.2 1.7 1.3 
 300 - 500  1.9 1.5 1.1 
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Indicators of growth, survival, and feeding 

The organisms were weighed every 14 days using an 

electronic balance with an accuracy of 0.01 g. Fish 

growth was evaluated using the models suggested by 

Hepher (1988), Goddard (1996) and Halver & Hardy 

(2002): individual weight gained (g), (WG = average 

final weight - average initial weight); survival (%), (S 

= 100 (final number/initial number); and feed 

conversion ratio (FCR = feed offered/weight gained). 

Size heterogeneity and proximal composition 

Size heterogeneity was evaluated with the coefficient 

of variation (CV) of weight: 

CV (%) = (𝜎/𝑥̅) × 100 

where: σ is the standard deviation of the weights (g) and 

𝑥̅ is the average weight (Bhujel, 2008). 

At the end of each experimental stage, proximate 

analyses were performed to fish carcasses (three 

replicates) with standard methods (AOAC, 1990). The 

moisture content was determined using a drying oven 

at 36-48 h to 104°C, depending on fish size and the 

crude protein content by using the Kjeldahl method 

(N×6.25). The lipid content was determined by the 

Soxhlet method, using petroleum ether as a solvent and 

ash by incineration of a pre-weighed sample in a silica 

crucible in a muffle furnace at 600°C for 6 h. 

Water quality parameters 

The water quality parameters were measured and 

recorded weekly during the experiment. Dissolved 

oxygen concentrations and temperature were measured 

onsite twice a week with a YSI model 550A, whereas 

pH was determined using an Oakton Combo 

pH/EC/STS/SAL. A Hach DR/890 portable colori-

meter was used to measure the ammonia nitrogen 

(NH3
+), nitrite (NO2

-), and nitrate (NO3
-). 

Statistical analysis 

At the end of each experimental stage, the results of 

weight gained, final weight, and the feed conversion 

ratio was compared using a one-way analysis of 

variance (ANOVA), with a confidence interval of 95% 

to test statistical differences among treatments (Bhujel, 

2008). Besides, due to the initial weight of the fish in 

CS, the final weight and weight gained was compared 

using a one-way analysis of covariance (ANCOVA). It 

was verified that both tests met the assumptions of 

normality and homogeneity of variance. The diffe-

rences between the means were tested using Tukey´s 

HSD test. 

 

RESULTS 

Restricted stage (RS) 

Survival was 100% (excluding the individuals 

sacrificed for the other analysis). The weight gained, 

and final weight presented significant differences 

(ANOVA, P < 0.05) between the four treatments; the 

RS60 ration presented the lowest final weight (20.1 ± 

1.0 g) and the ration control group gave the highest 

(41.8 ± 0.7 g). The partial feed conversion ratio showed 

significant differences (ANOVA, P < 0.05) between the 

control group and restricted rations (RS60, RS80, and 
RS100) (Table 2). 

The final coefficient of variation (CVf) of RS 

increased when the restricted ration was higher until it 

reached the control group, except for the RS60, which 

was higher than for RS80 (Table 2); however, no 
significant differences were found between treatments. 

According to the results of proximate composition, 

the fish carcasses RS60 showed moisture content 

significantly higher than the control group. Addi-

tionally, the control group had a higher percentage of 

protein compared with RS60 (ANOVA, P < 0.05), but 

not with other rations. Lipid levels of RS60 and RS80 

were significantly lower than those of the control group 

(ANOVA, P < 0.05); however, the percentages of 

RS100 showed no differences with other treatments 

(ANOVA, P > 0.05). The percentage of ash did not 

show significant differences among treatments (Table 
3). 

Compensated stage (CS) 

Only one organism died throughout the CS, which 

corresponded to the control group (Table 4). The 

weight gained, and final weight did not present 

significant differences (ANCOVA, P > 0.05) between 

the treatments CS80, CS100, and control group. 

However, the CS60 treatment did not manage 

compensatory growth concerning the control group 

(Table 4). The feed conversion ratio (FCR) of the 

control group was significantly higher than other 

treatments (ANOVA, P < 0.05). The CVf values of CS 

did not present significant differences (ANOVA, P > 
0.05).  

Proximate analysis of fish carcasses indicated that 

the moisture content was not a significantly different 

amount of treatment. The lipid level of CS60 was lower 

than the control group, but not when it was compared 

with the other rations. The crude protein of CS60 was 

significantly lower than those of CS80 (ANOVA, P < 

0.05); however, the percentages of CS80 showed no 
differences with other treatments (ANOVA, P > 0.05).  
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Table 2. Mean values ± standard deviation of weight, feed conversion ratio (FCR), and coefficient of variation (CV) of 

juvenile tilapia fed with restricted rations (RS) and control group. Values with the same superscript numeral did not present 

significant differences, ANOVA (P > 0.05). 

 

 Restricted ration 

 RS60% RS80% RS100%  Control 

Survival (%) 100 100 100  98.55 

Initial weight (g) 16.6 ± 0.2a 16.6 ± 0.2a 16.7 ± 0.1a  16.6 ± 0.1a 

Final weight (g) 36.7 ± 0.9a 46.8 ± 1.1b 52.4 ± 1.7c  58.5 ± 0.7d 

Weight gained (g) 20.1 ± 1.0a 30.1 ± 1.2b 35.6 ± 1. 7c  41.8 ± 0.6d 

FCR  1.30 ± 0.1a 1.25 ± 0.0a 1.29 ± 0.0a  1.39 ± 0.0b 

CVi (%) 10.6 ± 0.5a 11.6 ± 3.2a 10.8 ± 1.2a  10.5 ± 0.5a 

CVf (%) 26.5 ± 1.5a 26.1 ± 3.7a 29.8 ± 0.7a  32.8 ± 3.3a 

 

Table 3. Whole-body proximate composition of Nile tilapia (Oreochromis niloticus) at the end of the restricted rations 

(RS), and control group. Values with the same superscript letters did not present significant differences, ANOVA (P > 

0.05). 

 

% Wet weight 
Restricted ration 

Initial RS60% RS80% RS100% Control 

Moisture  67.2 ± 0.5 64.1 ± 1.2a 62.1 ± 0.3a,b 60.6 ± 2.4a,b 56.9 ± 1.3b 

Lipid    9.0 ± 0.1   9.5 ± 0.4a   9.8 ± 0.4a 10.2 ± 0.3ª,b 11.6 ± 0.5b 

Ash    3.8 ± 0.2   4.7 ± 0.0a   4.5 ± 0.2a   4.3 ± 0.5a   4.2 ± 0.0a 

Crude protein  19.9 ± 0.8 21.7 ± 0.8a 23.6 ± 0.2ª,b 24.8 ± 1.6ª,b 27.3 ± 0.8b 

 

Table 4. Mean values ± standard deviation of weight, feed conversion ratio (FCR), and coefficient of variation (CV) of 

juvenile tilapia fed with restricted rations compensated rations (CS) and control group. Values with the same superscript 

numeral did not present significant differences ANOVA (P > 0.05), *ANCOVA (P > 0.05). 

 

Mean values 
Compensated rations 

CS60% CS80% CS100%     Control 

Survival (%)       100         100 100       98.55 

Initial weight (g) 36.7 ± 0.9a   46.8 ± 1.1b   52.4 ± 1.7c   58.5 ± 0.7d 

Final weight (g)* 98.2 ± 10.0a 122.3 ± 12.5a,b 131.3 ± 9.9b 132.8 ±  11.1b 

Weight gained (g)* 61.6 ± 10.6a   75.5 ± 12.0a   78.9 ± 9.1a   74.3 ± 10.6a 

FCR  1.67 ± 0.1a,b   1.63 ± 0.0a,b   1.62 ± 0.0a   1.86 ± 0.1b 

CVi (%) 26.5 ± 1.5a 26.13 ± 3.7a 29.79 ± 0.7a 32.83 ± 3.3a 

CVf (%) 28.6 ± 2.8a   28.7 ± 5.5a   28.4 ± 2.0a   35.2 ± 4.9a 

 

The ash percentage of CS100 and the control group 

showed significant differences with other treatments 
(Table 5) 

Water quality parameters 

The water quality parameters were maintained within 

acceptable ranges, as shown in Table 6. The average 

water temperature for RS was 27.07 ± 0.97°C, with a 

minimum of 25.0°C and a maximum of 28.1°C. 

However, in CS, the average water temperature was 
25.8 ± 1.88°C, with a minimum of 22.3°C and a 
maximum of 28.1°C. 

 

DISCUSSION 

The feed is the main component in fish growth; the 

amount and quality of food directly influence biomass 

production and feed conversion (Brett, 1979). Inducing 

compensatory growth in fish is of considerable 

importance in aquaculture since it can offer advantages 

such as increased growth rates, a reduction in feed 

conversion ratio, and a consequent decrease in 

nitrogenous waste (Tian & Qin, 2004). However, 

disadvantages have been reported in its implemen-
tation, particularly effects on size heterogeneity and 

increases in the aggressiveness of fish when food is 

limited (Moutou et al., 1998) or when it is abundant,  
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Table 5. Whole-body proximate composition of Nile tilapia (Oreochromis niloticus) at the end of the compensated stage 

(CS), and control group. Values with the same superscript letters did not present significant differences, ANOVA (P > 

0.05). 

 

% Wet weight 
Compensated rations 

   CS60%   CS80%   CS100%   Control 

Moisture  57.3 ± 0.92a   51.2 ± 1.1a 51.4 ± 2.0 51.3 ± 2.0a 

Lipid    9.5 ± 0.39a 11.47 ± 0.5a 12.5 ± 1.5a,b 13.1 ± 0.6b 

Ash    4.4 ± 0.01a     4.8 ± 0.0a   4.9 ± 0.2b   5.2 ± 0.0b 

Crude protein  28.7 ± 0.53a   32.7 ± 0.6b 31.2 ± 0.4a,b 30.5 ± 1.4a,b 

 

 

Table 6. Mean values ± standard deviation of physical and 

chemical properties of the water in both experimental 

stages, restricted rations (RS), and compensated stage (CS). 
 

Parameters RS CS 

pH   8.3 ± 0.60    8.5 ± 0.25 

DO (mg L-1)   6.8 ± 0.42    6.9 ± 0.42 

TAN (mg L-1)   0.1 ± 0.117    0.1 ± 0.046 

NO2 (mg L-1) 0.08 ± 0.012  0.03 ± 0.019 

NO3 (mg L-1)   3.9 ± 1.46  4.19 ± 0.422 

 

due to the hyperphagia characteristic (Alvarez, 2011). 

Karplus (2005) summarized this population condition 

in four important aspects: direct competition for food, 

social stress, increased motor activity, and dominance 

cost. Localized food access is often considered an 

important factor responsible for the retarded growth of 

subordinate fish in the cohort, increasing size 

heterogeneity (Gélineau et al., 1998). 

In the present study, food was supplied by hand, 

distributing it homogenously. The values of weight 

gained from RS presented a logical response in 

accordance with the amount of food provided, being the 

control group, which showed the highest growth, but 

with a higher feed conversion ratio. Significant 

differences were observed in weight gain for all the 

treatments when comparing the decrease in this 

parameter and the percentage of feed consumed (% BW) 

by the fish of the restricted treatment. The RS60, RS80, 

and RS100 treatments presented a weight gain of 47.9, 

72.1, and 85.2%, respectively, and the percentage of 

feed consumed was 53.6, 71.7, and 82.5%, in 

comparison with the control group (100%) for both 

parameters (Table 2). Later, this might indicate that the 

fish in the RS100 treatment used the supplied feed more 

efficiently since when faced with a 17.5% reduction in 

food, the weight gained decreased 14.8%, even though 

the RS80 treatment presented the lowest FCR (Table 2). 

Studies on mrigal carp Cirrhinus cirrhosus showed that 

the most efficient rations were below the ration to 

satiety (Khan et al., 2004), as observed in the present 

study. 

At the end of RS, the percentage of moisture was 

significantly higher in fishes of RS60, which were 

subject to greater food restriction. Tissue hydration has 

been observed in fish that suffering periods of 

starvation as a physiological response to prevent 

decreased muscle mass or even maintaining the wet 

body mass during fasting (Jobling, 1980; Miglavs & 

Jobling, 1989). On the other hand, when the growth 

rates of fish are reduced, a decrease occurs in the 

renewal of tissue, and the body fat deposits are more 

affected than protein (Hornick et al., 2000). We 

observed the same situation with tilapias of RS60, 

where a significant decrease in the percentage of lipid 

and protein relative to the control group was found. 

However, the protein percentages were lower than 
those of lipids (Table 3). 

In CS of the experiment, the values of weight gain 

of organisms from the compensated treatments did not 

present significant differences (ANCOVA, P > 0.05) 

respect to the control group. However, CS60 reached 

only 82.8% of the weight gained respect to the control 

group, unlike CS100, which was 6.2% upper regarding 

weight gain of the control group. Although the average 

daily ration of CS60, CS80, and CS100 (previously 

restricted rations) were 22.11, 12.87, and 0.5% upper 

regarding the control group, respectively, no significant 

differences were observed in the FCR of all treatments. 

Furthermore, no significant effects were presented in 

the CVf.  

At the end of CS, the moisture content of CS60 had 

no significant difference with other treatments, due to 

compensatory ration. However, the percentage of lipids 

failed to recover, presenting lower values than the 

control group, as it has been previously observed with 
fish that underwent low food ration (Tian & Qin, 2004). 

Meanwhile, the protein percentages of CS60 were 
significantly lower than those of CS80. 

Global analysis of the experiment showed that the 

restricted rations equal to or greater than 80% of the 
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quota recommended by the feeding tables (100%), 

could present compensatory growth similar to that of 

the rations to satiety, significantly reducing the FCR. 

The above can be achieved because the quotas of the 

restricted treatments were sub-lethal. The fish were 
able to compensate growth, except for the ration to 60% 

(RS60), which provides evidence that the accelerated 

growth and growth rates of the fish can be regulated 

based on prior food restriction (Ali et al., 2003).  

Although the CVf of the four rations did not present 

significant differences, there is an apparent increase in 

this indicator in the control group (Tables 2 and 4), 
where several subordinate fish did not attain the weight 

necessary to allow them to compete for the available 

food. In species such as salmon, the aggressiveness 

increase of larger fish concerning those that are smaller 

has been detected, even when the diet is not restricted 
(Nicieza & Metcalfe, 1999). Experiment by Onders et 
al. (2008) showed that excessive feeding does not affect 

the variability of individual sizes in the paddlefish. 

Recently these authors presented the same results with 

the classification of sizes and feeding frequency. 

In tilapia studies, rations to satiety increase the 

weight dispersion of fish, reducing the uniformity of the 
final product (Domínguez-May et al., 2011), also 

observed in the present study, corroborated by the 

standard deviation generated based on the data from the 

two stages of the experiment (Tables 2 and 4). It is 

desirable, from the market point of view, that the 
harvested fish to be of uniform size (Zhou et al., 2003). 

A convenient way of helping to control this is through 

feeding management, despite the natural variation of 

individual sizes, widely questioned in fish farming.  

Feeding strategies can be adapted to minimize the 

environmental impact of aquaculture, production costs, 

or the quality of the fish (Bavčević et al., 2010; Poot-
López et al., 2014). If maximizing fish weight is 

important, the optimum feeding strategies should 

involve a slight reduction in food, followed by a short 

period of intensive feeding, which allows them to 

increase their length close to the maximum and increase 
the condition factor and final weight (Bavčević et al., 
2010). It shows that the optimizing feeding regimes 

during the growth process of fish could reduce the costs 

of feeding, without slowing growth, increasing quality 

and profits, which could ensure the future success of 
aquaculture development and management (Oh et al., 

2013). 

In conclusion, the management of feeding regimes 

during the growth process of fish can reduce feed 

consumption and its costs. They are maintaining a 
similar growth and without differences to that 

recommended by feed producers. The R80% and 

R100% treatments had better use of the feed supplied 

by 72.1 and 85.2%, compared to the control group 

(satiety). This study supports the hypothesis when the 

feed is restricted, fish use to moisturize their tissue to 

compensate for the muscle loss until they receive more 

food. However, when the feed restriction levels are too 

high, the weight gain, lipid, and protein levels do not 

recover as they were before. Compensatory feeding 

strategies can help improve different productive 
indicators in Nile tilapia (O. niloticus) culture. 
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