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Abstract

The pisciculture sector in Colombia, has grown 13% annually between 1988 and 2013, and it is the sixth major water user. 
Considering the influence that pisciculture has over the water resources, the water footprint of pisciculture was studied 
as a sustainability indicator, a method was developed to estimate the water footprint of the sector, which include not only 
the direct and indirect components, but also the green, blue and grey water footprint. The method was applied to the three 
most produced species in the country: tilapia (Oreochromis mossambicus), cachama (Piaractus brachypomus) and trout 
(Oncorhynchus mykiss), to corresponding case studies in Valle del Cauca, Colombia. It was found that the water footprint 
of tilapia culture is 5,486 m3/Ton, cachama culture is 6,193 m3/Ton, and trout culture is 19,854 m3/Ton. The highest total 
water footprint for tilapia was that of the concentrated feed, followed by the blue water footprint, associated with the 
amount of water that remains stored in the ponds, whereas for the cachama and trout, the highest water footprint was grey, 
due to the high concentrations of solids and nutrients present in fish excretions and unconsumed feed.

Keywords: Method, pisciculture, sustainability, water footprint, water resources.

Resumen

El sector piscícola en Colombia creció en promedio 13% anual de 1988 a 2013 y es el sexto mayor usuario de agua en 
el país. Considerando la presión que ejerce la producción piscícola sobre las fuentes de agua, se estudió la huella hídrica 
(HH) de la piscicultura como un indicador de sostenibilidad. Para ello se desarrolló una metodología que mide la HH en el 
sector, que incluye sus componentes directos e indirectos, así como las huellas hídricas verde, azul y gris. La metodología 
se aplicó a las tres especies piscícolas más producidas en el país: tilapia (Oreochromis mossambicus), cachama (Piaractus 
brachypomus) y trucha (Oncorhynchus mykiss), para sendos casos de estudio en el Valle del Cauca, Colombia. Se encontró 
que la HH total del cultivo de tilapia es de 5,486 m3/Ton, la del cultivo de cachama de 6,193 m3/Ton y la del cultivo de 
trucha de 19,854 m3/Ton. La huella hídrica total más alta para la tilapia fue la del alimento concentrado, seguida por la 
huella hídrica azul, asociada a la cantidad de agua que permanece almacenada en los estanques; en la cachama y trucha 
la mayor huella hídrica total fue la gris, relacionada con las altas concentraciones de sólidos y nutrientes, presentes en las 
excretas de los peces y en el alimento concentrado no consumido.

Palabras clave: Colombia, huella hídrica, metodología, piscicultura, recurso hídrico, sostenibilidad.
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1. Introduction
Colombia is the seventh country in the world 
with greater availability of water resources and 
the second in South America (1). From the total 
water used in the country during 2012, the demand 
for pisciculture was 4.6% (1.654 Mm3), placing 
this sector as the sixth largest user of water in the 
country after agriculture (46.6%), energy ( 21.5%), 
livestock (8.5%), domestic (8.2%) and industrial 
(5.9%) sectors (2). The productive dynamics of 
the pisciculture sector grew around 13% each year 
since 1988, driven by the external demand which 
grew 250% annually in the last 10 years (3, 4). The 
production growth of this sector in Colombia in the 
last decade was 9.3% annual average, reaching a 
production of 103,114 tons in 2015, from which 
61.3% were Tilapia (Oreochromis mossambicus), 
20.2% Cachama (Piaractus brachypomus), 15.4% 
Trout (Oncorhynchus mykiss) and 3.1% of other 
species (5). The global foresight for the year 
2030 indicates that 62% of fish will come from 
aquaculture (6), resulting in an increase in the 
pressure on water resources exerted by this sector.

Reducing  this pressure improves the competitiveness 
of the pisciculture sector by reducing costs and 
increasing sustainability. Sustainability assessment 
is carried out through indicators that allow the 
transformation of ambiguous concepts into tangible 
and concrete forms, making it possible to guide 
resource management strategies and policies (7).

Among the indicators of sustainability are those of 
pressure over the environment (8), one of them is 
the water footprint (WF). The WF is an indicator 
of water consumption that can be represented as 
an aggregate number in units of volume, able to 
consider different types of consumption and water 
pollution as a function of time and space (9). 

The method used in this study is the one proposed 
by the Water Footprint Network (WFN) (10), in 
which the total WF of a product consists of: i) 
direct WF (dWF), which refers to water consumed 
and contaminated in all stages of production of the 
product, and ii) indirect WF (iWF) which refers to 
water consumed and contaminated in the production 
of goods and services used in the production 
stages of the product (10), where consuming water 

generates opportunity costs for others social groups 
and ecosystems that demand the resource, while 
their use does not generate them (11).
In the pisciculture sector, the dWF measures the 
amount of water consumed directly in the production 
of the product. Its components are the green WF 
(WFv), the blue WF (WFb) and the gray WF (WFg). 
The WFv is the volume of water from precipitation, 
which would reach the natural ecosystem, but instead 
is captured and consumed in the fish production 
process. WFb is the volume of fresh water collected 
from surface or underground sources. This considers 
the water that evaporates in the production, the water 
incorporated in the product, the water that does not 
return to the same catchment area from where it 
was extracted and the water that does not return to 
the body of water in the same climatic period. The 
WFb of fish production consists of i) the volume of 
evaporated water (VEv) which is the amount of water 
leaving the system by evaporation, ii) the volume of 
water contained in ponds (VAc) which is the amount 
of water that remains physically accumulated in 
them, iii) the volume of water incorporated in the 
product (VBio) which is the amount of water in the 
biomass of the fish, and iv) the volume of water used 
for maintenance (VMant), which is the water used to 
wash ponds and installations. The WFg is the volume 
of water from the source required to dilute the 
contaminating effluent loads of the fish production 
process, which corresponds to the contaminant that 
requires the most amount of water to be diluted.
The iWF in fish production can also be defined as 
WFv, WFb and WFg. Based on previous research 
(14), the main components of iWF for the sector 
are WF of concentrated feed (WFcf), WF of electric 
power (WFe) and WF of hatching eggs (WFh), 
where each of them includes the components 
WFv, WFb and WFg. The WFe is generated in 
the production of the electric energy consumed 
during the production process, and depends on 
the generation technology used (12). The WFcf is 
the volume of water consumed in the production 
of the concentrated feed, which is different for 
each species (13). The WFh is generated in the 
production of the eggs, larvae or fingerlings.
The method of WFN (10) has been applied in 
Colombia in few experiences in the pisciculture 
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sector, where two stand out: a study of the WF for 
trout farming in Antioquia (14) and a study for 
cachama in Meta (15). Both cases show that the main 
determinants of WF are iWF and WFg, both related 
to the concentrated feed used in fish production.

The general perception is that fish-farming projects 
are sources of pollution that damage the water 
quality of rivers; this can identify the sector as a 
water-intensive consumer. In this regard, institutions 
in Colombia have changed their concept: in the 
National Water Study - ENA 2010 (16), the sector 
was classified as a consumer and in the 2014 edition 
(2), as a user of water. The character of user or 
consumer of water for the fish sector is clarified by 
measuring the volume of water consumed, which 
corresponds to the WF. In the current work the WF 
of tilapia, cachama and trout crops was measured 

within the framework of a project developed by 
the CINARA Institute of Universidad del Valle, 
in association with the Colombian Federation of 
Aquaculture - FEDEACUA. The resulting method 
fills a gap in the research of WF for sectors or 
productive activities worldwide, since there was no 
specific method for the pisciculture sector.

After this introduction, the method developed 
to estimate the fish water footprint is presented. 
Afterwards, the results obtained and the analysis of 
the application of this method in tilapia, cachama 
and trout cultures are presented for three case studies 
in the Valle del Cauca, Colombia. However, the 
method can be applied in other basins and regions 
of the world. Conclusions are presented at the end.

Locations of 
fish farming and 
weather stations

Year monthly
average multiyear

precipitation

Volume of 
rainfall water by

time

Green 
water 

footprint

Year monthly
average multiyear

evaporation

Volume of water
evaporated by time 

Final weight minus 
initial weight for an 

average fish

Multiply by 
the number of 

fish

Multiply the
survival rate

Calculate volume
of water in 

biomass
Total 

volume of 
water

consumed
in the
bWF

Average depth
of the pond

Multiply the surface 
area of the ponds

Calculate volume of 
accumulated water

Water flow
used for

maintenance

Multiplied by 
the duration of 
maintenance

Multiply by the number of 
times maintenance is 

performed during the stage

Calculate
maintenance water

volume

Blue
water 

footprint

Analyze water quality 
parameters at the source 

before dumping and subtract 
the values of quality 

objectives

Find the quotient of the
differences and multiply
it by the flow that enters

the pond

Analyze water quality
parameters at the beginning

and end of the pond and 
subtract them

Grey 
water

footprint

Production

Direct 
water 

footprint

Water
footprint of 

eggs/ova

Duration of the stage in relation
to the total time of the process

Multiply by WF of feeding one
ton of fish, according to species

Feed 
water 

footprint

Number of hatching eggs to be 
planted considering mortality

Multiply by WF of 
producing a hatched

egg

Know the percentage of energy 
that is contributed by each 

generation technology

Multiply by WF of 
each technology per 

kWh

Energy 
water 

footprint
Multiply by the volume of 
water consumed to produce 

1 kWh of energy

Indirect 
water 

footprint

Multiply the 
surface area of 

ponds and roofs

Multiply the 
surface area of 

ponds and roofs

Figure 1. Methodology to estimate the fish-farming water foot print.
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2. Methodology
The stages in which the production of the species 
under study are developed vary according to 
their life cycle and productive parameters. The 
production of tilapia, cachama and trout was 
grouped in three stages: seed (2-3 months), 
fattening (5-7 months), slaughter and processing 
(1-2 days). The TotalWF corresponds to the 
sum of the dWF and the iWF corresponding 
to the three stages of production for one ton of 
final product. In Figure 1, the method developed 

to estimate the fish WF by stage is presented 
in detail. This method was applied in the three 
annotated case studies. The cases were selected 
for the same region (Valle del Cauca, Colombia) 
and for the same river basin (Cauca river), since 
they were in productive interaction (Figure 2). For 
each case study, we randomly selected: i) a pond 
with fish in seed stage; Ii) two ponds with fish in 
the fattening stage (one in the first months and 
another in the last month of the stage); and, iii) a 
day of sacrifice and prosecution. The method was 
used as described below.

Guabas River Basin
Production: 48 Ton/Year

Guabas River Basin
Production 317 Ton/year

Cauca River
Production: 216 Ton/year

TROUT

PACIFIC
OCEAN

Figure 2. Map of the study area, cultures of tilapia, cachama and trout.

2.1 Direct water footprint

2.1.1 Green water footprint (WFv)

The WFv was estimated for the seed and fattening 
stages from historical precipitation data (1980 to 
2014), recorded by 25 weather stations located 
within a radius of less than 33 km around the case 
studies in the municipalities of Geneva, El Cerrito, 
Buga, Yotoco, La Victoria, La Unión, Toro, Zarzal, 
Obando and Roldanillo (17). With these data a 

spatial interpolation was performed by the Inverse 
Distance Weighting (IDW) method, and monthly 
“rasters” of multiyear precipitation averages 
were obtained. The volume of precipitation was 
found to be the product of the pond area and the 
water column that fell on them during the months 
corresponding to each stage (Figure 1). 

(1)WFv

∑Volume of water captured from rainfall
Production of the product of the stage=
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2.1.2  Blue water footprint (WFb)

The water volume of the WFb was calculated based 
on Eq. v:

(2)

Where: VEv is the volume of water evaporated; VAc 
the volume of water accumulated in ponds; VBio 
the volume of water incorporated in the biomass of 
the fish, and VMant the volume of water used for the 
maintenance and cleaning of the ponds. 

VEv was found using the same steps as for WFv, but 
with evaporation information, which was recorded 
only in five climatological stations within a radius 
of less than 33 km, in the municipalities of: Buga, 
Yotoco, La Victoria and La Union (2 stations). 
The VAc was calculated as the wet volume of the 
pond according to its geometry, during the seed 
and fattening stages, since it is the life support 
medium of the fish and remains approximately 
constant throughout the stage (Figure 1). 

El VEv se halló usando los mismos pasos que para 
la HHv, pero con información de evaporación, 
la cual fue registrada solo en cinco estaciones 
climatológicas dentro de un radio menor a 33 km, 
en los municipios de: Buga, Yotoco, La Victoria y 
La Unión (2 estaciones). El VAc se calculó como el 
volumen húmedo del estanque según su geometría, 
en las etapas de semilla y engorde, pues es el medio 
de vida de los peces y permanece aproximadamente 
constante durante toda la etapa (Figure 1).

VBio was found using the average biomass increase 
of the fish at each stage and the body moisture 
content by species: tilapia 72.3-76.9%; cachama 
74.8-79.3% and trout 69.8-75.9% (18), Eq. (3):

(3)

Where: (PBiof) is the weight of the fish at the end 
of the stage; (PBioi), the weight of the fish at the 
beginning of the stage; (% A) is the body moisture 
content per species, and (Nfish) is the number of fish.

VMant was calculated with information provided 
in each case study according to the maintenance 
practices used, Eq. (4):

2.1.3 Gray water footprint (WFg)

The WFg was estimated from Eq. (5) (see Figure 
1). The concentrations of the quality parameters 
in the tributaries and effluents for all the stages 
of the process, and for the water source before 
receiving any type of dumping, were obtained by 
means of a monitoring campaign conducted in 
condition of low rains (December). 

Where: (Cmax) is the maximum concentration of 
contaminants according to river quality objectives, 
(Cnat) is the concentration of contaminants in 
the water source before receiving discharges, 
(Cafl) is the concentration of contaminants at the 
beginning of stage, (Ceffl) is the concentration of 
contaminants at the exit of the stage; (Effl) is the 
flow of the stage and (T) is the time in which the 
dumping occurs. 

Samples were taken for three consecutive 
days, four times per day in each case study; the 
sampling schedules were defined considering the 
incidence of sunlight and the feeding and digestion 
schedules of the fish. 360 samples were taken, for 
a total of 5,358 laboratory analysis including: 
pH, dissolved oxygen, chemical oxygen demand 
(COD), biochemical oxygen demand (BOD5), 
total organic carbon (TOC), total suspended 
solids (TSS) , total nitrogen or TKN, ammoniacal 
nitrogen, nitrites, nitrates, total phosphorus, fats 
and oils, fecal coliforms, total coliforms and 
sedimented solids (11). Concentrations of the 
quality parameters were normalized in order to 
use Eq. (5). The limit concentration was found in 
the quality objectives of different water sources in 
the country (Table 1).

(4)

(5)

WFv

WFv
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The results of the WFg were analyzed by deter-
mining the time required by the body of water 
receiving the shed to return to its initial conditions. 
To do so, the method proposed by Streeter and 
Phelps in 1925 was used. This method describes 
variations in the concentration and oxygen demand 
when water receives shedding (19).

2.2 Indirect water footprint 

2.2.1 Water footprint of electric power (WFe)

The WFe was estimated from the energy matrix of 
the Colombian National Interconnected System, 
composed of: hydroelectric power (72%) and 
thermal energy (28%) (20). The WF of each type 
of electric power generation technology (12) 
was multiplied by the corresponding percentage 
(Figure 1) and by the number of kWh consumed 
in the production unit during the process; then 
divided by the fish production stage (Table 2).

Quality Parameters Units Limit Quality objectives

Biochemical oxygen demand (BOD5) mg/L O2 7 Agreement 043 of CAR. Quality  
objectives of Bogotá River

Total Suspended Solids (TSS) mg/L 50 CRC. Quality objectives of Cauca 
River in Popayán

Dissolved Oxygen (OD) mg/L O2 6
CARDER Resolución 252. Otún River 
quality objectivesFecal coliforms NMP/100mL 200

Total coliforms NMP/100mL 1,000

Nitrites (NO2) mg/L N-NO2 10 CVC Resolución 0686. Cauca River 
quality objectives

Agreement 043 of CAR. Quality  
objectives of Bogotá River

Nitrates (NO3) mg/L N-NO3 10

Table 1. Concentration limit values for the quality parameters used in the estimation of the gray water footprint.

Source: (11).

Indirect WF WF Input unit Input units Used

WFe

Tilapia (1) 0.0394 m3/kWh 30,666 kWh
15,306 kWh
888 kWh

Cachama (1) 0.0394 m3/kWh
Trucha (1) 0.0394 m3/kWh

WFl

Tilapia (2) 2,250 m3/Ton 1 Ton
1 Ton
1 Ton

Cachama (2) 2,250 m3/Ton
Trucha (2) 1,500 m3/Ton

WFh

Tilapia (3) 0.088 m3/egg 55,960 eggs
40,000 eggsCachama (3) 0.00234m3/egg

Trucha (4) 0.5222m3/egg 45,000 egg

Source: 1. (12) y (20); 2: (13); 3: (21-23); 4: (24).

Table 2. Summary of Indirect Water Footprint for the production of inputs used in fish farming.
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2.2.2 Water Footprint of Concentrated  
Food (WFcf)
The WFcf was only estimated for the stages of seed 
and fattening because in sacrifice and processing 
there is no feeding. The duration of seed and 
fattening stages was multiplied by the WF of fish 
food production. For tilapia and trout it was taken 
from Pahlow et al. (13), and for cachama the value 
used was the same as for tilapia since they consume 
the same food (Table 2).
2.2.3 Water footprint of hatched eggs (WFh)
The WFh was calculated as the product of the 
number of hatching eggs required to produce 

one ton of final product and the amount of water 
consumed in the production process of these 
eggs from reproduction (Figure 1). For this 
estimation, we considered: (i) direct blue WF; 
(ii) direct green WF; and (iii) indirect WF of the 
concentrated feed consumed by breeding fish for 
growth (Table 2).

3. Results and analysis

3.1 Water footprint obtained in each case study

The WF values obtained for the three species 
under study are presented in Figure 3.

Figure 3. Water footprint obtained for three case studies of tilapia, cachama and 
trout. Note: The case study of tilapia does not have a slaughter and processing stage. 
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3.2 Analysis of tilapia culture results

The TotalWF in tilapia culture reached 5,486 m3 
/ Ton, where 50% is dWF, consisting mainly of 
the WFb. The volume of water that contributes 
most to the WFb (1,965m3/Ton) is the water 
content accumulated in the ponds, which remains 
approximately constant throughout the stage. 
The second most important volume in WFb is the 
amount of water that evaporates from the ponds; 
This depends directly on the surface area, the solar 
radiation (location) and the duration of the stage, 
all from which also depends the WFv (727m3/Ton).

The WFg in tilapia (27.6 m3/Ton) is determined 
by the quality parameters that generate greater 
affectation to the water resource: BOD5 and fecal 
coliforms, which increased their concentration 

(Table 3), since the fish feed is rich in organic matter 
that is excreted in the metabolic process, increasing 
the coliform bacteria count and the concentration of 
biochemically oxidizable organic compounds. The 
high densities of seeded fish, low water exchange 
and limited maintenance of pond bottoms, raise the 
concentration of ammoniacal nitrogen and BOD5 
in water, contributing to an increase in WFg.

The iWF (2,765 m3/Ton) is mainly due to the 
WFcf (2,250 m3/Ton), which depends on the 
duration time of the stage, and the latter will be 
proportional to the size reached by the fish. The 
WFh (497 m3/Ton) is only counted in the seed 
stage, but constitutes an important contribution to 
TotalWF, 9.1%.

Species

Seed Fattening Sacrifice and processing

Parameter Increase that  
defined the WFg

Parameter Increase that de-
fined the WFg

Parameter Increase that  
defined the WFg

Tilapia
BOD5 30 – 34 mg/L BOD5 30 – 34 mg/L BOD5 34 – 390 mg/L
Fecal  
coliforms 

89 – 222 
MPN/100mL

Fecal  
Coliforms

22 – 88 
MPN/100mL

Fecal  
Coliforms

10 – 59,000 
MPN/100mL

Cachama
BOD5 25 – 34 mg/L BOD5 25 – 34 mg/L BOD5 34 - 390 mg/L

TSS 80 - 95 mg/L SST 80 - 95 mg/L SST 55 – 1,418 mg/L

Trout

TSS 0.8 – 2.8 mg/L SST 63 – 98 mg/L SST 2 – 271 mg/L

BOD5 9 - 23 mg/L Fecal  
Coliforms

14 – 22 
MPN/100mL BOD5 4 – 305 mg/L

NH3 0.36 – 0.47 mg/L - - TKN 3.8 – 114 mg/L

Tabla 3. Quality parameters that determined the grey water footprint.

The WFv and the WFb depend to a large extent 
on uncontrollable climatic factors, limiting the 
management aimed at reducing it in favor of the 
sustainability of the water resource. Management 
actions to reduce WFg in tilapia cultivation should 
focus on improving the maintenance of ponds, and 
on developing schemes to optimize food supply 
and ration unconsumed food. The management for 
the reduction of the WFcf, requires finding a point 
of balance in the relation food-weight, that allows 
to determine the optimal time for the harvest of 
fish, maintaining the profits of the producers.

3.3 Analysis of Cachama culture results

TotalWF of cachama reached 6,193 m3 / Ton, of 
which 63% is dWF determined by the WFb and 
mainly by the WFg. This is consistent with the 
results of the study for the same kind of crop in 
Restrepo (Meta) (15). The largest component of 
WFb is the volume of water accumulated in the 
ponds. In the case of the WFg (2,831 m3/Ton), 
which represented 72% of the dWF, it is due to the 
increased concentrations of BOD5 and SST (Table 
3). Both coming from fish excreta and organic waste 
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from the slaughter and processing stage. The iWF 
(2,266 m3/Ton) accounted for 37% of TotalWF, 
basically explained by the WFcf (Figure 3).

Although it has a lower contribution, the WFg for 
the seed stage poses a potential threat associated 
with the concentrations of carbon (C) and nitrogen 
(N) in water, from proteins and carbohydrates 
contained in the fish feed (25).

In line with the results found, actions for sustainable 
water management should focus on: i) assessing the 
reduction of water in ponds to reduce WFb, without 
impairing animal welfare or fish production; ii) 
implement final effluent treatment systems to 
reduce the WFg generated during the slaughter and 
processing stage (although the reduction of WFg in 
the fattening stage has the highest value, it depends 
on the duration of the stage: 5 months, so there is 
a metabolic and market limitation to manage the 
reduction of this WF); and iii) optimize fish food 
supply, given its significant contribution to WFg 
and iWF associated with WFcf.

3.4 Analysis of trout culture results

The TotalWF for trout, with final product as butterfly 
cut was 19,854 m3/Ton, of which 85% count as 
dWF. The iWF reached a value of 2,918 m3/Ton, 
equivalent to 15% of TotalWF and explained by the 
WFcf and the WFh.

The largest contribution of dWF is the WFg 
(16,815 m3/Ton) explained by the fattening stage 
(16,097m3/Ton).These results are lower than those 
found by Toro (14) in Antioquia, which reported a 
TotalWF of 610,000 m3 / Ton in trout fillets. In the 
current study the WFg is due to the concentrations 
of SST and fecal coliforms in the fattening stage, 
whereas in the stages of seed and slaughter and 
processing this is due to the concentrations of 
SST, N and BOD5 (Table 3).The nutrients are 
contained in the food of the fish and their excreta, 
providing fecal coliforms, organic matter and 
settleable solids. The major component of SST is 
COT, while P and N are the major components in 
dissolved solids (26).

The value of the WFg is directly proportional to 
the input flow and to the difference between the 
output and input concentrations (Eq. 5); Thus, 

when the concentration difference is low between 
the entrance and the exit of the stage, as in the 
case of the trout crop, the value of the flow has a 
greater influence on the WFg. Reducing the inflow 
to ponds would reduce the WFg of this crop. The 
total flow in the case study (139 L/s) was between 
2 and 7 times higher than the theoretical minimum 
required by the species: 18 to 57 L/s (27).
If the input flow to the ponds were the theoretical 
(18 L/s) during the fattening stage in the trout 
crop, TotalWF would decrease to 5,841 m3 / 
Ton, showing that the optimization of flow rates 
is relevant in this crop. The flow entering seed 
and fattening ponds in the case study is turbulent 
(Reynolds Number: 121,170), causing solids 
from unconsumed food and fish excreta to remain 
in suspension. Thus, the optimization of flow rates 
would have a dual purpose: i) to reduce the WFg 
associated to the concentrations of suspended 
and sedimented solids and, ii) to reduce the WFg 
associated to all flows higher than the optimum.

The Streeter and Phelps model in the trout study 
case showed that the receiving water body needs 
between 8 minutes and 1.9 hours to recover from 
the loading and return to the BOD5 level prior to 
dumping. The Streeter and Phelps model in the trout 
study case showed that the receiving water body 
needs between 8 minutes and 1.9 hours to recover 
from the loading and return to the BOD5 level prior 
to dumping. The above reflects a conceptual and 
methodological limitation of the WFg estimation: 
the WFg concept quantifies the impact of dumping 
on the water quality of the receiving body, 
regardless of the context in which it occurs. That 
is, it does not analyze the availability of water in 
the basin and the capacity of assimilation of the 
environment. This is a limitation that could be 
overcome with sustainability analysis (10), not 
included in this work.

In the case of trout, just as for tilapia and cachama 
crops, the implementation of treatment systems 
and the optimization of feeding according to the 
duration of the stage and the weight gain of the 
fish (feeding curve) would reduce the WFg that 
determines the dWF. Additionally, it determines 
the WFcf which is the highest of the iWF (Figure 
3). These recommendations were also made by a 
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study for the department of Cauca (27), according 
to which the concentration of these pollutants can 
be reduced by optimizing the feeding, favoring 
the sedimentation of particles in the pond and 
using treatment processes; although the high flow 
rates used in production, limit their management 
by conventional wastewater processes (26).

3.5 Integral analysis

In the integral analysis of the results it is found 
that dWF is the main component of TotalWF in the 
three species: 50% in tilapia, 63% in cachama and 
85% in trout. In the cachama and trout cultures, the 
major component of the dWF was the WFg, while in 
the tilapia culture was the WFb. However, the latter 
is also important in the cultivation of cachama. In 
these last two crops, the WFb is due to the volume 
of water accumulated in the fish ponds for several 
months. This generates an opportunity cost for the 
use of the resource in other ecosystem services, 
downstream of the fish production unit. In all cases 
WFg is associated with nutrients in water, which 
are found as residues of unconsumed food and 
fish excreta. The stabilization of these substances, 
considered pollutants, consumes the OD of the 
water and favors the presence of algae, which 
also contribute to the concentration of SST and 
BOD5. The highest total and direct water footprint 
is observed in the production of trout, despite that 
effluent concentrations are low. However, the high 
flow rates and their continuous nature for up to 
seven months, accumulate high pollutant loads. 

The contribution of iWF to TotalWF is 50% in 
tilapia, 36% in cachama and 15% in trout. The 
management of iWF is of low governance for the 
fishery sector, where it is limited to the optimal use 
of the inputs: eggs (or roe and alevin), concentrated 
food and energy.  However, in a broader perspective 
that encompasses the life cycle of the production 
chain, and includes input producers, management 
actions could be found for these entrepreneurs. The 
reduction of TotalWF should incorporate strategies 
of industrial ecology, in which interaction between 
all the sectors involved generates synergy between 
by-products and residues, changes from linear 
production systems to cyclical systems and 
imitation of natural ecosystems functioning (29). 

4. Conclusions
The WF estimation for the three studied species 
allowed the identification of the technical and 
operational conditions that require changes in each 
stage of the productive process, in order to reduce 
WF and thus to soften the impact of fishery activity 
on water resources. An environmental management 
strategy to reduce the gray water footprint of 
trout crops, responsible for the largest WF in the 
sector, is the use of optimum flow rates and the 
optimization of wastewater treatment systems. In 
tilapia and cachama crops, the reduction of the 
water level in the ponds can be evaluated, in order 
to reduce the accumulated volume, as long as the 
living conditions of the fish are not damage.
The study showed that WF is an indicator of 
process analysis, by involving water consumption 
and contamination. The research filled a gap in 
the studies of WF, by developing a method for 
its measurement in the fish sector. The use of this 
method should be applied in the zones of greater 
fish production in Colombia, as well as in different 
technological schemes. This would help to validate 
the method and consolidate global information of 
the country’s WF fishery. The research evidenced 
limitations of the method proposed by the WFN 
to estimate the WF in three aspects: i) assuming 
that any type of pollutant load can be reduced 
by diluting it in water; ii) not considering the 
assimilation capacity of the receiving water body, 
generating an imaginary in overestimation of WFg, 
which oversizes the environmental problem; and 
iii) not incorporating the vision of a product life 
cycle, makes its management recommendations 
exclusively limited to the sector, losing effec-
tiveness where governance is low. In the first case, 
the WFN is developing new methods that address 
these limitations. In the second and third cases, 
the incorporation of the ecosystem approach 
proposed by industrial ecology, promotes a 
broader sustainability analysis that incorporates 
different scales, dimensions, levels, and sectors 
users of the water resource at the basin level.
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