
4872

INTRODUCTION

Tilapia (Oreochromis sp.) is one of the most im-
portant species in aquaculture; its culture is performed 
under very variable husbandry, environmental condi-
tions, and management strategies. Commonly, tilapia 
is considered a disease-tolerant species, but the chance 
of outbreaks increases under stressful conditions 
(Watanabe et al., 2002; El-Sayed, 2006). Nowadays, 
different approaches to control diseases in aquatic pop-
ulations have been developed in many regions. Current 
strategies are based on a combination of epidemiologi-
cal surveillance systems and biosecurity measures to 
identify and to control risk situations affecting fish 
populations (MacDiarmid, 2001). Early disease detec-
tion could trigger contingency plans to minimize the 
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period of the production cycle. For the construction 
and validation of the PMI we have used production 
data from 8,614 monthly records of 2 tilapia farms 
in Huila Department (Colombia), and because of  the 
complexity of tilapia management, different anoma-
lous situations have been detected and then defined as 
exceptions. As a result, 419 records were considered 
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have constructed a PMI for tilapia as the product of 
3 elements to obtain a positive value index. Instead 
of classic parameters, we had to calculate an adapted 
version of them: the relative average daily growth, the 
survival (as a complementary value of the estimated 
monthly mortality), and a feed conversion ratio index. 
To assess the utility of the PMI, some comparisons 
were performed using records from black and red tila-
pia. We observed significant differences depending on 
tilapia strain (PMIblack = 1.0248 vs. PMIred = 1.1661; 
P < 0.001), age (better values for small fish), and 
season (PMIrainy = 1.0847 vs. PMIdry = 1.1011; P = 
0.026). According to these results, we can conclude 
that the PMI could be a useful tool for tilapia farmers, 
despite the complexity of the calculation.
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impact on fish health. Surveillance programs allow col-
lecting continuous information about the health status 
of a population, as well as certain risk factors related 
to disease (Subasinghe et al., 2004; World Organisation 
for Animal Health, 2014). In recent years some systems 
of epidemiological surveillance have been implemented 
on the basis of productivity changes. The continuous 
monitoring of production data could be very useful for 
early detection of emerging diseases (Bayot et al., 2008; 
Dórea et al., 2013; Wendt et al., 2015). The challenge 
is to summarize collected data to create an index that 
allows us to assess normal production conditions and to 
detect low yields that could be related to health problems. 
However, we need to realize that the production of tila-
pia has evolved from artisanal farms with no available 
data toward intensive farms with recordkeeping systems. 
Furthermore, indexes designed to estimate the produc-
tivity in other species, like shrimps (Sonnenholzner et 
al., 2004) and broilers (Fuller, 2004), did not work for 
tilapia. The aims of this study were to propose and to 
validate a production and management index (PMI) for 
tilapia farming, which could be useful to assess devia-
tions from normality in a wide range of situations.

MATERIALs AND METHODS

Data Collection
Production data were collected from 2 tilapia farms 

with cages of 81.6 and 244.8 m3 in a dam located in 
Huila Department (Colombia). The information on 726 
cages from 2003 to 2011 was collected for variable 
periods (usually months or fortnights) with Microsoft 
Excel (Microsoft, Redmond, WA) data sets used by 
the companies for production purposes. Data included 
extrinsic variables such as the season (rainy or dry de-
pending on monthly waterfall); intrinsic variables such 
as cage size, tilapia variety, and weight; and produc-
tion variables such as initial population size, animal 
movements, deaths, and provided feed. From these data 
other variables were calculated such as population size 
(taking into account initial population, transferences, 
captures, and deaths), biomass (as the product of the 
population size and average weight), and fish density 
(as ratio between population size and the cage volume)

The original data were cleaned to detect and to cor-
rect anomalies, such as abnormal values and logic in-
consistencies. The data were collected for producers in 
different data sheets of the same Excel file using specific 
templates for each company. These templates lack a ro-
bust system to prevent errors. For this reason we found 
discrepancies between the initial population of a period 
and the final population of the same cage in the previous 
one, changes in the reared species or the volume of the 

cage during the same production cycle, errors in dates, 
and so on. Once the data were checked, data cleaning 
was performed, and the inaccurate records were removed 
from the database; finally, 8,614 records (corresponding 
to 1,175 production cycles from 726 cages) were ex-
ported to Microsoft Access 2010 and IBM SPSS 19.0 for 
Windows (Armonk, NY: IBM Corp.) to perform further 
analysis.

Design of a Production and  
Management Index for Tilapia

Taking into account previous indexes developed in 
other species (Fuller, 2004; Sonnenholzner et al., 2004), 
we have constructed a PMI to obtain a positive value 
index (PMI ≥ 0) as the product of 3 factors: the rela-
tive average daily growth (ADGr), the survival (as the 
complementary value of the estimated monthly mortal-
ity [EMM]), and a feed conversion ratio index (iFCR) 
according to the following equation (in which none of 
the 3 factors can have a negative value):

PMItilapia = (1 + ADGr) × (1 – EMM) ×  iFCR. [1]

Thus, the values ​​closer to zero will be the worst, and 
the highest values will be the best ones for this index.

Calculation of Relative Average Daily Growth

Classic ADG only considers the absolute incre-
ment of weight in a period of time, but when we calcu-
lated the absolute ADG and compared it with the fish 
weight (Fig. 1), we observed negative values that can 
be attributable to a loss of weight or errors in sampling 
for weight estimation. Furthermore, the values and the 
variability of the ADG were higher when the weight 
increased; this fact limits the comparison among dif-
ferent ages, and one of our premises was to obtain an 
index that was independent of weight.

To solve this problem, we propose to use a relative 
ADG (ADGr). The ADGr was calculated as the daily 
increase of the average weight of the animals (Wt) in 
a given period, adjusted by the average weight of the 
animals in the previous period:

ADGr

W W
period days

W

t t

t

=

− −

−

1

1

( ) .
 
	 [2]

However, there are 2 situations where the calcu-
lation of this component provides nonvalid results, 
so 2 exclusion rules were defined: negative values of 
ADGr and ADGr greater than 0.5 (considered outli-
ers). We did not consider the excluded records for 
further calculations.
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Calculation of Estimated Monthly Mortality 

Classic mortality is calculated for a full produc-
tion cycle for a specific period of time. However, data 
provided correspond to periods of different and not 
uniform lengths (from 1 to 62 d), so in order to nor-
malize the value of survival, we used an estimation of 
the monthly mortality. The EMM was estimated tak-
ing into account the number of deaths in a given peri-
od in relation to the population at the beginning of the 
period and the duration of the period. It was calculated 
as the cumulative probability of survival during the 
study period, expressed in days and further adjusted to 
1 mo (30.42 = 365/12):

EMM

Number of deaths
Population at the beginning

= −

−






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

1

1

300 42.
duration(days) . 	 [3]

Two exclusion rules were also defined: anomalous 
high mortalities (≥0.30) and relative high mortalities 
(≥0.20) in records with a short period of time (≤7 d).

Calculation of Index for Feed Conversion Ratio

The greater challenge for building the PMI was to 
create a consistent index corresponding to the classic 
feed conversion rate (FCR) calculated as the ratio be-
tween the provided feed and the increment of biomass:

FCR Feed kg
Biomass kg Biomass kgt t

=
− −

( )
( ) ( )1 . 	 [4]

However, we need to get an index related to FCR 
(iFCR) whose magnitude is similar to the other 2 
components of the PMI (Eq. [1]). The values of ADGr 
can vary from 0 to 0.5 (Fig. 2), whereas the theoreti-
cal values of EMM should be between 0 and 1, but in 
our proposal some values have been excluded, and the 
maximum value will be 0.3 (Fig. 3).

Therefore, to build the iFCR, we need to carry out 
some transformations and to analyze the obtained re-
sults. We describe step by step the different transforma-
tions that we performed to solve the observed situations, 
which usually do not occur in standardized management 
systems such as poultry and shrimp production:

1.	 Initially, the FCR (Fig. 4) was normalized 
with a logarithmic transformation log10 (FCR), 
and the first problem to solve was the nega-
tive values obtained with FCR less than 1. An 

Figure 1. Relationship between absolute ADG and weight.

Figure 2. Relationship between relative average daily growth and 
weight (applying exclusion rules).

Figure 3. Relationship between relative estimated monthly mortality 
and weight (applying exclusion rules).

Figure 4. Relationship between feed conversion ratio and weight 
(extreme values excluded).
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adjustment adding the unit to FCR was per-
formed. So we used the value of log10(FCR +1; 
Fig.  5), but if FCR ≤ −1, the proposed trans-
formation was not possible (611 records), and 
the result was questionable when FCR = 0 (i.e., 
because of the absence of feed consumption; 
181 records). On the other hand, we obtained 
76 records with negative values (corresponding 
to values of FCR between 0 and −1, both ex-
cluded).

2. 	 We observed that values after this transforma-
tion were less than 1 in most cases, so the best 
values of FCR correspond to the values ​​closer 
to zero (the proposed target). For this reason, 
we decided to work with the inverse value: 1/
log10(FCR +1). Figure 6 shows a distribution 
similar to that in Fig. 5 with a different scale, 
but unfortunately, this new approach was not 
valid for values of FCR equal to zero.

3. 	 The next problem was that the resulting values ​​
were so far from the unit (even more than 30) 
and the factor excessively influenced the PMI 
calculation, so it was decided to work with the 
square root of the previous value. However, 
now, the records with negative values in the 

previous transformation were not valid for 
calculation (181 records; Fig. 7).

4. 	 In spite of this adjustment, the value still showed 
excessive weight in the PMI, so we chose to cal-
culate the relative value of the same expression 
calculated to a neutral value of FCR (FCR = 1). 
Once simplified, the resulting expression was as 
follows (although it is only calculable for values 
of FCR ​​greater than zero):

iFCR
FCR FCR

=
+( )

+( )

=
( )
+( )

1
1

1 1

2
110

10

10

10log
log

log
log

. 	 [5]

Most of the results for iFCR are between 0 and 2 
(Fig. 8), so the initial requirement is fulfilled.

Using Eq. [5], it was not possible to calculate 
iFCR for 10.1% of records (868 of 8,614) because of 1 
or more of the following circumstances:

1. 	 (Biomasst − Biomasst-1) < 0: This situation 
corresponds to a decrease in biomass that 
can be produced by a decrease in the average 

Figure 5. Relationship between log10(FCR+1) and weight (excluded 
values of FCR ≤ −1). FCR = feed conversion ratio.

Figure 6. Relationship between relative log1
0(FCR+1) and weight 

(excluded values of FCR ≤ −1 and FCR = 0). FCR = feed conversion ratio.

Figure 7. Relationship between square root of 1/log10(FCR+1) and 
weight (excluded values of FCR ≤ 0). FCR = feed conversion ratio.

Figure 8. Relationship between preliminary iFCR and weight (ex-
cluded values of FCR ≤ 0 and 3 extreme values of iFCR). FCR = feed 
conversion ratio; iFCR = FCR index.



Muniesa et al.4876

weight of the fish, excessive mortalities, and/
or output movements of fish.

2. 	 (Biomasst − Biomasst-1) = 0: The biomass 
remains constant (either the average weight 
remains constant during the studied period, or 
the increase in average weight is counteracted 
by the mortality of the period), and therefore, 
FCR is not calculable because the denomina-
tor is zero. It is an infrequent situation, but it 
should be considered.

3.	  Feed consumption = 0: This can be due to 
food restriction associated with movements of 
fish or can occur when feed management is 
based on only primary production.

Different scenarios for calculating FCR are summa-
rized in Table 1. Only in the first combination (feed > 0 
and ΔBiomass > 0) do the formulas for FCR and iFCR 
work fine, and a range of values that was obtained ​​in 
5 subranges based on FCR values was established (be 
careful that the upper limit of FCR corresponds to the 
lower limit of iFCR and vice versa): 

1. 	 Excessive indicates FCR (0, 0.1] and iFCR 
[2.697, ≈ 8.346). The upper limit of iFCR was 
calculated using a FCR equal to 0.01 (the max-
imum value recorded in our study was 0.012), 
and we decided to consider the records of this 
category as extreme values because the FCR 
value was unacceptably low, and they were 
discarded in further analysis (17 records).

2. 	 Good indicates FCR (0.1, 1] and iFCR [1, 2.697).
3. 	 Intermediate indicates FCR (1, 9] and iFCR 

[0.549, 1).
4. 	 Bad indicates FCR (9, 50] and iFCR [0.420, 

0.549).
5. 	 Dreadful indicates FCR > 50. The highest 

value for FCR was 379.6 (corresponding to a 
high feed consumption in a very short period 
of time), and even with extreme values like 
this, the value of iFCR is reasonable (0.342).

However, it is necessary to propose alternative 
formulas for the other scenarios described in Table 1:

1. 	 FCR = +0. This is the most favorable situation 
since biomass increases without feed admin-

istration (based on only primary production). 
In this case, the iFCR is not calculable, and 
we decided to assign the FCR to the lower 
limit of the subrange good, 0.1.

2. 	 FCR = x/0. In this case, it is not possible to cal-
culate the FCR, and it is like the bad scenario 
(or even worse) since fish did not grow but were 
feeding. So the value of the estimated monthly 
feeding rate (EMFR) was calculated as

EMFR

Feed (kg)
Period (days)

Biomass (kg) Biomasst t - 1
=

×

+

30 42.

((kg)
2

. [6]

Statistical analysis shows that the values of the 
EMFR were between 0 and 3, and after different sim-
ulations we opted to assign the FCR a value propor-
tional to the EMFR in the bad and dreadful range (9, 
300], so we estimated the FCR with

FCR EMFR EMFR= ×
−

+ = × +
300 9

3
9 97 9 . [7]

3. 	 FCR = 0/0. This situation is not as bad as previ-
ous one since although the fish did not grow, at 
least they did not eat food. For that reason, we 
decided to use these records to cut off values 
between the subranges intermediate and bad 
(Table 1). Thus, in this case, the FCR is 9 (and 
iFCR equal to 0.549). Additionally, records cor-
responding to periods less than 15 d were exclud-
ed because they are not representative (n = 165).

4. 	 FCR < 0. In this situation, the FCR could be 
calculated using the Eq. [2], but the iFCR 
could not be calculated by Eq. [7]. As an al-
ternative equation, we propose Eq. [8], ob-
tained by using the trial and error method, and 

Table 1. Different scenarios for calculation of the feed 
conversion ratio (FCR)
Scenario Feed > 0 Feed = 0
ΔBiomass > 0 FCR > 0 FCR = (+)0
ΔBiomass = 0 FCR = x/0 = ∞ FCR = 0/0
ΔBiomass < 0 FCR < 0 FCR = (−)0

Table 2. Equations proposed for calculation of the feed 
conversion ratio (FCR) and the FCR index (iFCR)
 
ΔBiomass

 
Feed

 
FCR

Formulas  
for FCR1

 
Formulas for iFCR

 >0  >0  >0 Feed
BiomassD

log
log

10

10

2
1

( )
+( )FCR

 0  = (+)0 0.1
= 0  >0  = x/0 EMFR×97+9

 = 0  = 0/0 9
 <0  > 0  <0 Feed
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10
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2

250 1 1
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+



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
FCR

 = 0  = (−)0 Biomass
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D

1EMFR = estimated monthly feeding rate.
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it provides values from 0.302 to 0.510 for the 
negative values of the FCR. It is an overlap-
ping range with values of the iFCR previously 
described in subranges bad and dreadful:

iFCR

FCR

=
( )

+










log

log
�10

10 3

2

250 1 1 . [8]

5. 	 FCR = −0. This case occurs when a decrease in 
biomass is seen in the absence of feed adminis-
tration, so the FCR is not calculable. Therefore, 
we propose that in this case the inverse of the 
relative variance of the biomass can be used; a 
negative value will be obtained, so we have to 
apply Eq. [8] for the calculation of the iFCR:

FCR Biomass
Biomass Biomass �

t

t t

=
−

−

−

1

1
. [9]

Table 2 summarizes the different situations for 
calculating the iFCR, and Fig. 9 shows the results of 
applying them to the data in our study after applying 

some exclusion rules described in Table 3. Some of 
these rules have been previously described, and ad-
ditionally, we performed a statistical analysis of fish 
densities to discard records with too high or too low 
fish densities (8 and 19 records, respectively). We also 
excluded 98 records with fish movements (inputs or 
outputs).

Statistical Methods

Qualitative variables were described with fre-
quencies and quantitative variables using mean, medi-
an, SD, minimum, maximum, and a CI (CI95%) based 
on the values of percentiles 2.5 and 97.5. Normality 
was checked with the Kolmogorov-Smirnov test. The 
mean comparison of quantitative variables compat-
ible with a normal distribution was performed with 
Student’s t test (2 means) or ANOVA (more than 2 
means). Differences between categories were checked 
with Duncan’s test. When the distribution was not nor-
mal, the alternative nonparametric test was used in-
stead (Mann-Whitney U and Kruskal-Wallis tests).

RESULTS

General Description of Data
Most of the records corresponded to the rainy sea-

son (69.3%), and the rest corresponded to dry season 
(30.7%). Three varieties of tilapia were found: black 
(Chitralada), red, and spotted, but additionally, in 
some cases black and red tilapias were mixed in the 
same cage. Table 4 shows that most of the records 
correspond to black and red tilapias, and the average 
weights were significantly different.

Table 3. Exclusion rules for registers to calculate the production and management index (PMI)
Criteria1 Cause of exclusion Excluded
ADGr < 0 Loss of weight 52
ADGr ≥ 0.5 Growth rate too high 2
EMM ≥ 0.30 Excessive estimated mortality 41
EMM ≥ 0.20, period ≤ 7 d Excessive estimated mortality in a nonrepresentative period of time 16
FCR > 50 FCR too high 14
0.1 > FCR > 0 FCR too low 18
ΔBiomass = 0, feed = 0, period ≤ 15 d Noncalculable FCR and period too short 165
EMFR > 3 EMFR too high (equivalent to a daily feeding rate greater than 10% of biomass) 0
Density > 500 fish/m3, biomass > 200 kg/m3 Fish density too high 8
Density < 50 fish/m3, biomass < 10 kg/m3 Fish density too low 9
Density < 100 fish/m3, biomass < 1 kg/m3 Fish density too low 10
Fish movements Changes in population size 98

1ADGr = relative average daily growth; EMM = estimated monthly mortality; FCR = feed conversion ratio; EMFR = estimated monthly feeding rate.

Figure 9. Relationship between iFCR and weight (applying exclu-
sion rules). iFCR = feed conversion ratio index.
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Calculation of Relative Average Daily Growth

As we can observe in Fig. 2, the ADGr values were 
independent of the weight, and the variability was high-
er at lower weights. Regarding the 2 exclusion rules, we 
detected 52 records with negative values of ADGr and 2 
records where ADGr was greater than 0.5.

Calculation of Estimated Monthly Mortality

The maximum mortality rates are related to lower 
weights that correspond to the initial production stages 
(Fig. 3). From final data some records were excluded, 
those corresponding to anomalously high mortalities 
(≥0.30; 41 records) and relatively high mortalities (≥0.20) 
in records with a short period of time (≤7 d; 16 records).

Calculation of Index for Feed Conversion Ratio

In our study, the variability of FCR was very high, 
between −6,592.3 and 1,863.8. Figure 4 shows the values 
of FCR related to weight, excluding the extreme values 
established as FCR ≤ −500 (n = 9) and FCR ≥ 500 (n = 1).

Using the logarithmic transformation of FCR 
(Eq. [5]), a total of 868 records were not valid. When 
we applied alternative formulas (Eq. [6] to [9]) de-
signed for specific scenarios, the number of excluded 
records was reduced by half, and only 419 records were 
excluded according to 1 or more criteria. Finally, the 
range of the iFCR results was between 0.303 and 2.697.

Evaluation of the PMI

The PMI calculated for valid records (n = 8,195) 
had an average value of 1.0898 and a SD of 0.3700. 
The median (1.0866) was closer to the mean, and the 
range was between 0.2633 and 3.5495.

Figure 10 shows the distribution of the PMI across 
14 categories (created according to Sturges, 1926); how-
ever, the significance of the Kolmogorov-Smirnov test 
indicates that the distribution is not normal (p < 0.001), 
probably because of the concentration of values around 
0.3 (Fig. 11) as a consequence of adjustments in the cal-
culation of the iFCR to avoid too low values.

We have assessed PMI considering 3 factors: tilapia 
variety, weight, and season. According to variety, PMI 
average values were significantly better in red tilapias 
(1.166) compared with black ones (1.025; Table 5).

Table 6 shows the means of PMI for the small-
est (≤20 g) and largest (≥1,000 g) fish were not dif-
ferent between tilapia varieties. For the other weight 
categories, PMI values were consistently better for red 
tilapias, and in both cases, the value decreased pro-
gressively from 20 to 49 g, although in the heaviest 
categories it improved slightly.

Finally, PMI values were compared between seasons, 
with the PMI means being significantly better during the 
dry season (Table 7). Figure 12 shows the evolution of 
mean PMI during the studied period for black and red 
tilapias; the best results were obtained during 2007, and 
since that year, the average values have decreased.

Table 4. Weight (g) stratified by tilapia variety
Variety n % Mean1 SD Median Minimum CI95% Maximum
Black 4,476 52.0% 426.9a 315.1 365.0 2 11.0 1,085.0 1,590
Red 3,881 45.1% 156.8c 136.6 130.0 2 4.0 453.0 1,100
Spotted 143 1.7% 305.9b 259.0 271.0 2 3.0 903.4 1,035
Mixed 114 1.3% 280.5b 124.7 274.0 6 55.9 544.0 850
Total 8,614 100% 301.3 280.9 220.0 2 6.0 1000.0 1590

a–cDifferent superindexes in the same column show significant differences comparing pairs of results with the Mann-Whitney U test.
1Significance of the Kruskal-Wallis test, P < 0.001. 

Figure 10. Histogram of production and management index values.
Figure 11. Relationship between production and management index 

and weight.
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DISCUSSION

Aquaculture is one of the food-producing sectors in 
the world with a fast growth rate. Currently, the farm-
ing of tilapias and other cichlid species is the most wide-
spread type of aquaculture in the world, and it represents 
an important proportion of global aquaculture produc-
tion (Food and Agriculture Organization of the United 
Nations, 2014). The expansion and intensification of 
aquaculture activities over the last 30 yr have revealed 
the emergence of health problems as a major threat to 
aquaculture development (Subasinghe, 2005). The inter-
national opening up of trade has accelerated the acciden-
tal entry and dissemination of pathogens into fish popu-
lations and geographic areas previously free of these 
pathogens, so they could cause serious environmental 
and socioeconomic consequences, especially to interna-
tional trade (Bondad-Reantaso and Subasinghe, 2008).

Also, it is important to identify, to reduce, or to 
eliminate risk factors related to disease outbreaks. 
These factors include water quality, handling condi-
tions of the animals, feeding practices, stocking densi-
ties, etc.; the lack of knowledge about these risk fac-
tors makes the prediction of disease patterns and the 
design of approaches for prevention and control dif-
ficult (Hedrick, 1998; Georgiadis et al., 2001).

In our experience, disease in tilapia farms is ex-
pressed as a subclinical process in most cases, and it is 
only detectable as a delay in growth and decrease in pro-
ductivity. Thus, we choose this kind of variable to build 

the PMI, with the aim to include it in a future syndromic 
alert system for tilapia. The same approach was used 
by Bayot et al. (2008) for the early detection of shrimp 
epidemics at the regional level using a platform called 
the Epidemiological Alert System and Aquaculture 
Management based on an index of production manage-
ment design by Sonnenholzner et al. (2004).

Currently, indexes developed for other species 
(Fuller, 2004; Sonnenholzner et al., 2004) are calcu-
lated at the end of the production cycle because cycles 
are relatively short (40 to 60 d for broilers and 90 to 
140 d for shrimps); however, the production cycles 
of tilapia could range between 4 and 8 mo (El-Sayed, 
2006). Therefore, the calculation of this PMI is com-
plex since the production cycle of tilapia is long and 
many factors should be taken into account (Georgiadis 
et al., 2001), but the formulas could easily be imple-
mented in a data sheet or a database.

Mortality (or survival) and average weight gain 
are easy to calculate for a population; however, the cal-
culation of the FCR is difficult if we need to take into 
account early mortalities, different feeding strategies, 
and so on. In this way, Dersjant-Li et al. (2014) pro-
posed a modification of the index developed by Fuller 
(2004) using an adjusted FCR to solve this problem. 
In our index, we have a similar problem, and the modi-
fication of FCR was the critical issue of our work. Our 
proposal allows considering different husbandry situ-
ations as growth without feed supplementation, a very 
common situation in tilapia production (Watanabe et 

Table 6. Production and management index stratified by tilapia varieties and weight categories

 
Item

Black tilapia Red tilapia  
P-valuen Mean SD Median n Mean SD Median

Weight
 ≤20 g 136 1.1385b 0.5853 1.0292 448 1.0894c 0.4999 1.1662 0.360
20–49 g 202 1.2495a 0.3360 1.2374 484 1.3509a 0.3401 1.3028 0.001
50–119 g 416 1.1262b 0.3708 1.0846 750 1.2476a,b,c 0.2641 1.2018  <0.001
120–299 g 1,054 1.0373c,d 0.3264 1.0305 1,453 1.1175c 0.3014 1.0826  <0.001
300–599 g 1,163 0.9848d,e 0.3430 0.9802 498 1.0739c 0.3437 1.0570  <0.001
600–999 g 1,103 0.9549e 0.3897 0.9710 22 1.1418b,c 0.2988 1.0783 0.021
 ≥1,000 g 214 1.0591c 0.4318 1.1176 5 1.3124a,b 0.7224 1.2809 0.376
Total 4,288 1.0248 0.3759 1.0243 3,660 1.1661 0.3493 1.1437  <0.0011

P-value  <0.0012  <0.0012

a–eSuperindexes in the same column show significant differences comparing pairs of results with the Mann-Whitney U test.
1Significance of the Mann-Whitney U test. 
2Significance of the Kruskal-Wallis test. 

Table 5. PMI stratified by tilapia varieties
Variety n Mean1 SD Median Minimum 95% CI Maximum
Black 4,288 1.0248 0.3759 1.0243 0.2672 0.3693 1.8266 2.832
Red 3,660 1.1661 0.3493 1.1437 0.2633 0.4028 2.0158 3.550
Total 7,948 1.0898 0.3706 1.0894 0.2633 0.3758 1.9144 3.550

1Significance of Mann-Whitney U test, P < 0.001.
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al., 2002). However, in other species, like salmonids, 
this situation is infrequent, so a simplified index could 
be used, and most of the exception rules related to Eq. 
[5] could be avoided.

Summarizing, the classic production index does not 
allow us to compare the performance of tilapia cages in 
a period of time. Data provided by the fish farmers cor-
respond to variable periods of time, whereas the lengths 
of the production cycle of broilers and shrimps are very 
similar across all companies. These cycles are rela-
tively short, and the producers can easily compare full 
production cycles with simple indexes and parameters; 
however, in tilapia the production cycle is very long, 
and we need a normalized parameter to compare a spe-
cific period of time, discarding the effect of age/weight 
in the results. Another important problem is related to 
feeding practices. In the case of broilers it is very easy 
to calculate FCR in a full production cycle (as the quo-
tient of final weight and feed provided; initial weight 
is discarded because it is very low). For shrimps, the 
management practices are variable (from continuous 
feeding in intensive systems to nonfeeding in extensive 
systems based on primary production of the pond); as 
a consequence, the FCR is not useful for shrimp farms, 
and average production by hectare is used. In tilapia 
the feeding management changes a lot depending on 
age, environmental conditions, water temperature, and 
primary production of the pond; the classic FCR is not 
valid, and a set of formulas that work in the same range 
of values that include all possibilities is required.

Unfortunately, none of the available production in-
dexes meets the requirements to compare performance 
of production in different stages with variable periods. 

Therefore, the main advantage is that the PMI provides 
a standardized value that allows comparing productivi-
ty under very variable conditions. In our study, red tila-
pia had better performance than black tilapia. Nhi and 
Preston (2012) compared red and black tilapias, and 
they observed that black tilapia had a better specific 
growth rate than red tilapia (3.35% vs. 3.12%/d), but 
survival was worse in black tilapia (93% vs. 98%). The 
use of the PMI combined both components, and it al-
lowed us to carry out better comparisons. For example, 
an increased productivity for both varieties was ob-
served in 2007 with a progressive decrease until 2011; 
unfortunately, we have no additional data to discuss 
this evolution. Further research should be performed 
to determine the effect of different factors such as hus-
bandry, environmental conditions of the dam, and the 
health status of tilapia populations.

In conclusion, the absence of a standardized index 
in tilapia production makes it difficult to compare the 
performance of different production units and/or dif-
ferent periods. We have proposed a PMI that can be 
used with this aim in mind. The application of the PMI 
for 2 tilapia farms showed that this index is consistent 
and useful for detecting potential handling, environ-
mental, or sanitary problems.
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