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Feed conversion ratio (FCR), the ratio between feed intake and body weight gain, is of major interest for improving aquaculture sustainability through reduced feed costs and environmental impacts. Demonstrating
whether FCR measured in juvenile ﬁsh is an accurate predictor of their performance during the whole rearing
period is critical to developing genetic improvement programs for this trait. This is especially true for estimates
obtained in individually reared ﬁsh, for which this has high implications regarding the size of the necessary
rearing structures. We obtained individual FCR from 30 male Nile tilapia Oreochromis niloticus from the GIFT
strain individually reared in a recirculating system, from 36 to 260 g mean weight. They were fed twice a day
and uneaten pellets were counted every day to determine the feed intake of each ﬁsh. Individual growth was
monitored every week. Feed conversion ratio was estimated over two-week periods and over the whole rearing
period (210 days). Phenotypic correlations between the two-week FCRs and global FCR estimations were mostly
signiﬁcant (ranged from 0.38 to 0.64). A signiﬁcant phenotypic correlation between growth and FCR was also
found: faster-growing ﬁsh had a better (lower) FCR. Individual breeding values for global FCR were estimated
using FCR phenotypes from the present study and previously published heritabilities for FCR in Nile tilapia.
Potential estimated genetic gain for global FCR was 2.2% per generation with 50% selection intensity. When
selecting ﬁsh on their FCR from only a two-week period, approximately 50% of the reference genetic gain could
be obtained with the same selection intensity. FCR measured during a two-week period at juvenile stage could be
a moderately accurate approximation of the whole rearing period FCR, and could be used as a lower cost
criterion to select for FCR in future genetic improvement programs using individual rearing of ﬁsh.

1. Introduction
Continuing to feed the increasing world’s human population while
reducing food production pressure on the environment is a major
challenge. Fish is seen as a key component of sustainable future diets
(Froehlich et al., 2018). Since ﬁsheries production stagnates, meeting
the future demand for products of aquatic origin will rely on aquaculture (FAO, 2016). However, increasing aquaculture production will
require an increase in ﬁsh feed production which will compete for

access to ingredients with agriculture and direct human consumption
(Troell et al., 2014). Improving the ability of cultured ﬁsh to convert
feed intake into biomass could play a signiﬁcant role in reducing feed
use in aquaculture and improving its sustainability through reduced
costs and environmental impacts (Besson et al., 2014, 2016; de Verdal
et al., 2018a). The ability to convert feed intake into body weight gain
can be measured by the feed conversion ratio (FCR) which is the ratio
between feed intake (FI) and body weight gain (BWG) over a given time
period. Feed conversion ratio can be improved through changes in feed

⁎

Corresponding author at: CIRAD, UMR ISEM, F-34398 Montpellier, France.
E-mail addresses: charles.rodde@cirad.fr (C. Rodde), beatrice.chatain@ifremer.fr (B. Chatain), marc.vandeputte@inrae.fr (M. Vandeputte),
T.QuocTrinh@cgiar.org (T.Q. Trinh), J.Benzie@cgiar.org (J.A.H. Benzie), hugues.de_verdal@cirad.fr (H. de Verdal).
https://doi.org/10.1016/j.aqrep.2020.100349
Received 26 February 2020; Received in revised form 20 April 2020; Accepted 25 April 2020
Available online 11 May 2020
2352-5134/ © 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

Aquaculture Reports 17 (2020) 100349

C. Rodde, et al.

between individuals.
At 145 dph, ﬁsh were too young to be sexed. Fish were sexable only
after seven weeks of experiment (at 201 dph). Among these 40 ﬁsh,
nine were females and 31 were males, one of which jumped and died
after the beginning of the experiment. Although females were kept in
the rearing system, the study focused on the 30 remaining males (18
coming from the ﬁrst family and 12 from the second one). The ﬁrst
objective was to study both sexes, but the number of females was too
small to ensure a reliable statistical analysis including both sexes.

composition and husbandry (NRC, 2011) and through selective
breeding (de Verdal et al., 2018a). The main challenge to improving
FCR in breeding programs is the capacity to accurately measure FCR at
the individual level on a large number of ﬁsh.
Measuring the individual FI of a large number of ﬁsh is particularly
diﬃcult as ﬁsh are reared in groups, and the share of a meal eaten by
each individual is not easily recorded. Various methods have been
proposed to measure individual FI, such as X-radiography with radioopaque pellets (Kause et al., 2006; Grima et al., 2008) or using video
recording of small groups of ﬁsh distinguished by colored T-bar tags (de
Verdal et al., 2017, 2018b). Another option is the rearing of individual
ﬁsh in aquaria with collection of all uneaten pellets (Silverstein, 2006;
Martins et al., 2011; Besson et al., 2019). This method is tedious, but
has potential to be used for selective breeding through the identiﬁcation of Quantitative Trait Loci (QTLs) or the use of genomic selection
(Lu et al., 2017; Besson et al., 2019).
Estimating individual ﬁsh FCR beyond juvenile stages is particularly
important as the amount of feed consumed during the later stages of
growth is higher than during the younger stages (Alanärä et al., 2001).
In broiler chicken, de Verdal et al. (2013) made a long-term FCR evaluation and showed that selection for FCR undertaken at a given age
improves oﬀspring FCR much more at that selection age than at other
ages. That work demonstrated it is essential to estimate the correlations
between FCRs measured at diﬀerent development stages, in order to
assess the ability to use data from one given stage to select eﬃciently
for FCR over the whole rearing period. Due to the rearing infrastructures needed and to rearing costs, it would be much more convenient to select for juvenile ﬁsh than for ﬁsh at commercial size,
especially when individual rearing is used. Whether FCR estimated at
early stages gives a reliable picture of FCR at older stages is thus critical
information in this respect.
The objective of the present study was to assess the changes over
time of three key performance traits (i.e. BWG, FI and FCR), to estimate
whether ﬁsh with the best (lowest) FCR at juvenile stage also had the
best FCR during the whole rearing period. Nile tilapia (Oreochromis
niloticus) was used as this is the second most farmed aquaculture species
in the world (FAO-FIGIS, 2019). We used the GIFT (Genetically Improved Farmed Tilapia) strain (Ponzoni et al., 2010), for which phenotypic and genetic data on individual FCR are available (de Verdal
et al., 2018b). In the present study, male Nile tilapia were reared individually in aquaria, in order to measure individual BWG, FI and FCR
from the juvenile stage (36 g) up to commercial size (250−300 g), and
to evaluate the relevance of FCR estimated over short periods to predict
FCR over the whole grow-out period.

2.3. Rearing system
The rearing system consisted of two recirculating water systems, in
the same room, each including 20 aquaria, a sand and a biological ﬁlter.
Each ﬁsh was placed into a 60 L (61 × 30 × 33 cm) single plastic
aquarium at 145 dph and left for one week of acclimation time. The
experiment started at 152 dph with males weighing 36.3 ± 5.9 g
(mean ± standard deviation). The initial coeﬃcient of variation
(CV = 100 *(Standard deviation. Mean−1) ) of body weight was thus
16.3%. The 30 males were shared equally (15 and 15) between both
recirculating water systems even if ﬁsh were distributed by a random
draw.
Water renewal rate was 240% per hour and each aquarium included
a constant aeration system. Water temperature was 29.1 ± 1.2 °C,
water oxygen saturation rate was on average 7.1 mg/L (92.1% of saturation), water pH was 7.0 and photoperiod was natural, around 12 h
light/12 h dark. The feed used was the same during all the experiment:
a commercial tilapia feed (Cargill®, “Starter tilapia 6113”) with 34.0%
crude protein, 5.0% crude fat, 5.0% crude ﬁbre and 12.0% moisture,
with constant pellet size (2 mm diameter). The 100% daily feed ration
(DFR; in percentage of body weight) was calculated based on the formula published by Mélard et al. (1997):
DFR = 14.23 * BW −0.322 with BW the body weight of each ﬁsh (in g).
Throughout the experiment, ﬁsh were fed 90% of the calculated
DFR, shared equally in two meals. Fish were fed by hand twice a day at
9 a.m. and 2 p.m. (all ﬁsh were fed in less than 10 min), except on days
of body weight measurements where ﬁsh were fed only at 2 p.m. The
ﬁsh were fed 90% rather than 100% of the DFR in order to reduce the
amount of uneaten feed and thus the time needed for counting uneaten
pellets. With this feeding rate, ﬁsh were generally wasting a few pellets
at each meal, indicating that they were close to ad libitum. Furthermore,
while the equation developed by Mélard et al. (1997) was not developed on the same feed and on the same tilapia strain, a calculated ration was preferred to an “ad libitum” feed ration. Several people were
involved in the management of the experiment, and from one experimenter to another, the amount of feed given to a ﬁsh as “ad libitum” can
ﬂuctuate widely, reducing repeatability of the FI measurement.

2. Material and methods
2.1. Ethics statement

2.4. Feed intake measurement and FCR calculation
This study utilised phenotypic data collected as part of the GIFT
selective breeding program managed by WorldFish at Jitra, Kedah
State, Malaysia (6°15′32 °N; 100°25′47 °E). All ﬁsh in the GIFT breeding
population are managed in accordance with the Guiding Principles of
the Animal Care, Welfare and Ethics Policy of the WorldFish.

Each ﬁsh was anaesthetized with clove oil (0.5 mL per litre of water)
and weighed once a week. The DFR was updated every week for each
ﬁsh. Every day, feed given to the ﬁsh was weighed and the uneaten
pellets were counted and removed from the aquaria at least two h after
the last meal of the day. The uneaten feed weight was estimated every
day, considering that all pellets had the same weight (16.2 ± 1.8 mg).
Daily feed intake (DFI) was calculated for each ﬁsh as the diﬀerence
between daily feed weight given and daily feed weight uneaten.
The FI, BWG and FCR for individual ﬁsh were calculated on twoweek time steps. Two-week periods were chosen instead of one-week
periods to smooth the strong weekly variation of individual BWG
(Supplementary Material 1). Bi-weekly FI values were calculated for
each ﬁsh as the sum of the DFI during two full consecutive weeks. Biweekly BWG was calculated for each ﬁsh as BWG = BWf − BWi , with
BWi and BWf the body weights at the beginning and at the end of the
two-week period, respectively. Each ﬁsh was measured for FI and BWG

2.2. Biological material
Forty individual Nile tilapia were used in the experiment, taken
from two families (20 full-sibs from each family) from the 17th generation of GIFT produced on the 27th of December 2017 at WorldFish
Aquaculture Extension Centre in Jitra. Fish were reared in two distinct
hapas in the same pond and transferred to 1500 L holding tanks (3 × 1
× 0.5 m) at 110 days post hatching (dph). During this period, PIT-tags
were injected to identify each ﬁsh individually. These 40 ﬁsh were
initially sorted from a larger group at 131 dph to have a similar body
weight at the beginning of the experiment, allowing easier comparisons
2
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Fig. 1. Mean body weight (g) over the duration of the experiment (error bars represent standard deviation).

following repeated measures linear mixed model:

over 15 consecutive two-week periods (30 weeks of experiment in
total), from 152 to 362 dph. Global FI (FIg) and BWG (BWGg) were
calculated for each ﬁsh over the whole experimental period, as the sum
of all DFI values and as the diﬀerence between body weights at the end
and at the beginning of the experiment, respectively, in order to estimate global FCR (FCRg = FIg . BWGg −1).

Yij = μ + β * Ti + Aj + εij
where Yij is the phenotype (FI, BWG, FCR) of individual j measured for
the two-week measurement period i (i between 1 and 15), μ is the
general mean, β is the ﬁxed eﬀect of time T for every period i, Aj the
random eﬀect of the animal j with Aj ∼ N(0;σ²a), and εij the residual (εij
∼ N(0;σ²e)). The normality of residuals was checked using the quantilequantile method (comparing residuals quantiles with theorical normal
quantiles), and their homoscedasticity and independence by comparing
residuals with the model ﬁtted values. Linear mixed models and Student tests associated to these models were realized using R packages
“lme4” (Bates et al., 2015) and “lmerTest” (Kuznetsova et al., 2017).

2.5. Statistical analysis
All statistical analyses were performed using R software (R Core
Team, 2018). Negative and outlier bi-weekly FCR values (10 data points
out of 450) were not included in the statistical analysis. Over each
period, FCR values were considered outliers when not between M – 3 *
Sd and M + 3 * Sd, with M the mean FCR and Sd the standard deviation
of FCR over the period. Negative FCR were due to ﬁsh losing weight and
outlier (high) FCR to ﬁsh gaining very little weight. The family and the
recirculating water system eﬀects were not signiﬁcant for any trait in
any period, and are thus not reported in the analyses.

2.5.2. Correlation estimates and correlation temporal patterns
Individual values of FI, BWG and FCR were log-transformed (lnFI,
lnBWG, lnFCR) to achieve normal distribution, allowing Pearson correlation analyses. Correlations between lnFIg, lnBWGg and lnFCRg allowed the estimation of phenotypic links between the three traits over
the whole rearing period. Then, for each trait, the correlation between
each two-week period and the whole rearing period was estimated. For
each trait, pairwise correlations between the diﬀerent two-week periods
were submitted to a Mantel test (R “ape” package; Paradis and Schliep,
2018) to assess whether they were signiﬁcantly structured along a
temporal gradient. The Mantel test was performed between the matrix
of between-periods correlations and the matrix of time lapse between
periods.
The relevance of measuring FCR during a two-week period rather
than during the whole rearing period was then assessed. To this end, the

2.5.1. Linear mixed models
The aim was to determine how ﬁsh performance traits (FI, BWG and
FCR) changed through time. Firstly, whether they could be modelled as
a function of time with only one linear regression through the whole
experiment was tested. Otherwise, a segmented regression was used in
the case of performance with sequences of increase and decrease.
Potential breakpoints and segments in ﬁsh performance were detected
using Chow test with the R package “strucchange” (Zeileis et al., 2002)
that can handle repeated measures on the same individuals. Then,
performance traits were analyzed on each separate segment with the
3
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FCRg was compared with that projected using FCR from two-week
periods to rank the ﬁsh. When using FCR from 152 to 166 dph to rank
the ﬁsh (the period for which FCR was best correlated with FCRg, r =
0.64), the estimated genetic gain was 1.0%. When using FCR from 334
to 348 dph to rank the ﬁsh (r = 0.38 with FCRg, the worst period) the
estimated genetic gain was 1.2%. Globally, when using a two-week
period to rank the ﬁsh, approximately 50% of the reference genetic gain
can be obtained with 50% selection intensity.

potential genetic gain on FCRg using direct mass selection on FCRg was
compared to the potential genetic gain on FCRg using mass selection on
FCR measured during the two-week periods which showed 1) the
highest and 2) the lowest correlation with FCRg. For each ﬁsh, an estimated breeding value for FCRg was obtained with the following
equation (Falconer and Mackay, 1996):

¯ )
EBVi = h2 *(FCRgi − FCRg
with EBVi the estimated breeding value of ﬁsh i for FCRg, h² the her¯ the mean FCRg of
itability of FCRg, FCRgi the FCRg of ﬁsh i and FCRg
the 30 ﬁsh. Heritability was set to 0.32, the estimate for juvenile FCR in
GIFT Nile tilapia from de Verdal et al. (2018b).
In mass selection, the best ﬁsh are selected based on their own
phenotypes. So, the ﬁsh were ranked with three alternative methods:
with FCRg (reference method), with FCR on the two-week period
having the best correlation with FCRg, and with FCR on the two-week
period having the worst correlation with FCRg. In each case, the ﬁfteen
best ﬁsh were identiﬁed, corresponding to a selection intensity of 50%.
These best ﬁsh were the ones that would be selected in a mass selection
program. Thus, the mean EBVs for FCRg of the ﬁfteen best ﬁsh obtained
with each of the three methods were estimated.

4. Discussion
4.1. Temporal variation in parameters
The aim of the present study was to determine whether FCR measured in young ﬁsh would reﬂect their performance during the whole
rearing period. Feed intake, BWG and FCR globally increased with time
but also ﬂuctuated through time. Two major ﬂuctuations in the measured performance occurred, which might result from physiological
changes in the ﬁsh, since abiotic parameters were constant over time.
First, the decrease in BWG and FI between 152 and 194 dph might
be explained by sexual maturation. The mean weights during this
period (36.0 g at 152 dph and 70.3 g at 194 dph) correspond to the
weight at onset of maturity in Nile tilapia reported in the literature
(30−60 g, Galemoni de Graaf and Huisman, 1999; Gómez-Márquez
et al., 2003; Hussain, 2004). Decrease in FI linked with male maturation
has been demonstrated in several ﬁsh species (Kelly and Peter, 2006;
Leal et al., 2009; Nishiguchi et al., 2012).
Until 292 dph, FI and BWG changes through time were simultaneous and in similar proportions, FCR did not change strongly during
that period. However, BWG decreased between 292 and 348 dph,
without related FI decrease, leading to a signiﬁcant increase in FCR
during this time frame. Even though ﬁsh were reared individually,
pheromones from the few females kept in the same water system could
be transmitted through the water exchange between tanks (Stacey and
Sorensen, 2002). Female pheromones may induce an increased allocation of energy to gonad development in male ﬁsh (Miranda et al., 2005)
and aggressive behavior (Giaquinto and Volpato, 1997), reducing investment in growth. Reports that male tilapia in a monosex group grew
faster than in a mixed-sex group may provide indirect evidence to
support this hypothesis (Macintosh and Little, 1995; Green et al., 1997;
Dan and Little, 2000; Hafeez-ur-Rehman et al., 2008). However, individual rearing may have impeded behavioral aspects of tilapia reproductive functions, and present observations may not be completely
comparable to large populations with mixed-sex rearing systems.

3. Results
3.1. Temporal patterns of growth, BWG, FI and FCR
Fish reached commercial size (260.5 ± 85.4 g) at 362 dph and the
variability of body weight increased through time (Fig. 1). The mean
BWGg over the full experiment was 224.5 ± 84.4 g. The corresponding
mean FIg was 385.0 ± 128.6 g, resulting in a mean FCRg of
1.76 ± 0.19.
Performance traits were modelled with segmented linear mixed
regressions as, according to the Chow test, the changes in FI, BWG and
FCR over time were best modelled with breakpoints (Fig. 2). The CV of
FCR was ranged from 11.3 to 36.2% with an average of 23.7 ± 7.7%
(Fig. 3).
3.2. Correlation among traits and time periods
3.2.1. Correlation among traits
Over the whole experiment, the correlation between lnBWGg and
lnFIg was high and signiﬁcant (r = 0.98). The correlation between
lnBWGg and lnFCRg was signiﬁcant and negative (r = −0.63). Finally,
the correlation between lnFIg and lnFCRg was also signiﬁcant and negative (r = −0.44).

4.2. Correlations among traits and time periods

3.2.2. Correlation among time periods within traits
All two-week lnBWG were signiﬁcantly and moderately to highly
correlated with lnBWGg (r = 0.55−0.94). The same results were observed for lnFI (r = 0.67−0.97 with lnFIg). Global FCR (lnFCRg) was
signiﬁcantly and positively correlated with lnFCR recorded in 11 out of
the 15 two-week periods, with correlations ranged from 0.38 to 0.64
(Fig. 4). Signiﬁcant and higher correlations were mainly seen during
the ﬁrst half of the experiment (between 152 and 250 dph).
For each trait, the period to period correlation matrix was signiﬁcantly structured along a temporal gradient, with higher correlations for closer periods (Mantel test, P < 0.001 for lnBWG and lnFI and
P < 0.05 for lnFCR). However, only 19 out of 105 pairwise correlations
were signiﬁcant for lnFCR (only 7 out of 14 considering exclusively
consecutive periods pairs).

For lnFI and lnBWG, the closer two two-week periods were in time,
the higher the correlation between them, meaning that a measurement
at a given period would better predict performance at adjacent periods.
A similar result was observed for body weight in a GIFT-derived strain
of Nile tilapia when reared in mixed-sex groups (He et al., 2017). For
lnFCR, the correlation was also greater between closer measurements in
time, but these correlations were generally low and not signiﬁcant,
showing that FCR measured at a given two-week period is a poor predictor of FCR at any other two-week period. However, lnFCRs for 11 out
of 15 two-week periods were signiﬁcantly correlated with the global
FCRg measured over the whole experiment, suggesting that a two-week
FCR assessment may eﬃciently predict global FCR. Among the four
two-week periods that were not signiﬁcantly correlated with FCRg,
three occurred just before or during the second BWG decrease.
A signiﬁcant but moderate correlation was observed between
lnFCRg and lnBWGg (r = 0.63), showing that faster-growing ﬁsh had a
better (lower) FCR. This is in accordance with phenotypic correlations
found in the literature between FCR and growth traits of ﬁsh reared in
groups, whose values are ranged between −0.6 and −0.9 (de Verdal

3.3. Potential genetic gain for FCR
Estimated improvement in FCRg was 2.2% per generation with 50%
of selection intensity on FCRg itself. This reference genetic gain for
4
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Fig. 2. Feed intake (FI, g day−1), body weight gain (BWG, g day−1) and feed conversion ratio (FCR) measured over the course of the experiment (dots), with
segmented linear regressions associated (regression lines were extended until intersection).

the ﬁsh.
Large phenotypic variability contributes to genetic gain in a
breeding program. In the present study, the average CV of FCR (23.7%)
is in line with literature estimates for GIFT tilapia, ranging from
22.1%–23.4% (de Verdal et al., 2017, 2018b), and for other species like
European sea bass Dicentrarchus labrax (21.9%, Besson et al., 2019).
The CV of FCR was above average (between 27.5% and 36.2%) during
the three periods between 152 and 194 dph, suggesting a potentially
higher genetic gain if selection was done at that stage, provided a
constant level of heritability.
The present results suggest it could be relevant to record FCR before
250 dph, as it is more variable and better correlated to FCRg than in
later periods, thus increasing the likely response to selection. This will
need to be conﬁrmed in additional experiments. Further work is also
needed to increase the accuracy of the approach, especially regarding
heritability estimates at the diﬀerent periods, which were considered
constant and equal to the one estimated on a one-week period by de
Verdal et al. (2018b).
The need to obtain individual information to enable selection for
FCR led us to use individual rearing in the present experiment. This
method has the major advantage to allow recording individual FI every
consecutive day for several months. However, in aquaculture, ﬁsh are
always held in social groups. Studies on several species has suggested
group rearing aﬀects FI and FCR, e.g. bluegill sunﬁsh (Lepomis macrochirus, McComish, 1971); Atlantic salmon (Salmo salar, Nicieza and

et al., 2018a). However, at genetic level, de Verdal et al. (2018b) did
not ﬁnd a signiﬁcant correlation between FCR and BWG (0.07 ± 0.24)
with ﬁsh around 20−30 g. The negative phenotypic correlation observed here should thus be interpreted with care in a selective breeding
context as this is a phenotypic but not a genetic correlation: selection
for BWG may improve FCR, or not, depending on the (unknown) value
of the genetic correlation.

4.3. Implications for genetic improvement programs
The genetic gain estimated for FCRg when ranking ﬁsh based on a
two-week FCR provided a substantial proportion (around 50%) of that
estimated using FCRg itself to rank the ﬁsh. The estimated genetic gain
in FCRg, when selecting ﬁsh with two-week FCR values, ranged between 1.0% and 1.2% per generation with a selection intensity of 50%.
Since FCR is tedious and expensive to estimate, applying such a low
selection intensity would allow a suﬃcient number of breeders for the
next generation to be obtained with the evaluation of a relatively small
number of ﬁsh, reducing the number of ﬁsh to phenotype.
As ﬁrst FCR measurements (before 250 dph) were the most correlated with FCRg, early measurements between 36 and 70 g (between
152 and 194 dph) would be appropriate. This would save 24–28 weeks
of ﬁsh maintenance compared to the measurement of FCRg. The beneﬁt
of saving in time and money would need to be balanced against the
reduced selection gain in comparison with using FCRg directly to rank
5
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Fig. 3. The coeﬃcients of variation (CV) of individual feed conversion ratio over time.

potentially promising for large-scale commercial practice.

Metcalfe, 1999) and Nile tilapia (Schreiber et al., 1998). In the case of
Nile tilapia, Schreiber et al. (1998) suggested that individual rearing led
to better access to feed and to better growth performance. Still, using
the same GIFT strain as the present experiment, de Verdal et al. (2019)
found that agonistic behaviors were not phenotypically correlated with
growth or FCR. Even if group rearing can create competition for feed
among ﬁsh, individual rearing may induce stress, and thus be even
more detrimental to ﬁsh performance. Here, ﬁsh could not come in
contact with fellows and were disturbed every day when the uneaten
pellets were removed, and every week to be weighed. Nevertheless,
other evidence may suggest little diﬀerence between group and individual rearing. In group rearing, phenotypic correlations between
BWG and FCR or between BWG and FI were rather similar to the ones
observed in the present study (Kolstad et al., 2004; Doupé and Lymbery,
2004; de Verdal et al., 2017).
The impact of individual rearing on ﬁsh performance remains debatable and probably dependent on the species, the rearing conditions
and the measurement methodology used. To our knowledge, no experiment has compared individual FCRs of the same ﬁsh successively
reared as a group (but assessed individually) and isolated. Such an
experiment would be very relevant for the evaluation of the reliability
of assessing individual FCR with an individual rearing design. Some
clues were provided by Besson et al. (2019) who have shown that the
average individual FCR of European sea bass was partly reﬂected in
subsequent group FCR diﬀerences. Beyond biological aspects, Besson
et al. (2019) also demonstrated that individual rearing is a method that
permits phenotyping several hundreds of juvenile ﬁsh in very short
periods (two weeks) with a favorable cost-beneﬁt ratio, and is therefore

5. Conclusion
Our results suggest that the use of FCR estimates of juveniles over
short time periods should be adequate to perform selection for FCR
until commercial size in male tilapia. Despite ﬂuctuations of FI, BWG
and FCR over time, most of the FCR values obtained over two-week
periods were positively correlated with FCRg calculated over the whole
rearing period. This was especially true for measurements performed at
juvenile stage (around 152–194 dph, 36−70 g). Under the hypotheses
made, potential genetic improvement of FCR of approximately 1% per
generation, with 50% selection intensity, could be within reach.
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