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Final Seafood Recommendation 

Criterion Score Rank Critical? 

C1 Data 3.41 YELLOW 

C2 Effluent 4.00 YELLOW NO 

C3 Habitat 5.47 YELLOW NO 

C4 Chemicals 4.00 YELLOW NO 

C5 Feed 8.24 GREEN NO 

C6 Escapes 5.00 YELLOW NO 

C7 Disease 4.00 YELLOW NO 

C8X Source 0.00 GREEN NO 

C9X Wildlife mortalities –6.00 YELLOW NO 

C10X Introduced species escape –0.40 GREEN 

Total 27.72 

Final score (0–10) 3.96 

OVERALL RANKING 

Final Score 3.96 

Initial rank YELLOW 

Red criteria 0 

Interim rank YELLOW FINAL RANK 

Critical Criteria? NO YELLOW 
Scoring note – scores range from 0 to 10, where 0 indicates very poor performance and 10 indicates the 
aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are exceptional criteria, where 0 
indicates no impact and a deduction of –10 reflects a very significant impact. Two or more Red criteria result in a 
Red final result. 

Summary 
The final numerical score for tilapia produced in net pen cages in Colombia is 3.96 out of 10, 
which is at the lower end of the Yellow range. With no red criteria, the final recommendation is 
“Yellow” or “Good Alternative.” 
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Executive Summary 
 
Global production of tilapia is currently estimated to be approximately 4.5 million metric tons 
(MT), and is predicted to increase to 7.3 million MT by 2030. With an annual production of 
approximately 52,000 MT (2012 data), Colombia is one of the world’s largest producers 
(following China, Egypt, Philippines, Thailand, Indonesia, Laos, Costa Rica, and Ecuador), and 
one of the top three exporters into the U.S. market, with China and Indonesia. The United 
States is the world’s largest importer of tilapia, consuming 225,000 MT 2014 and importing 
5,394 tons from Colombia in 2015.  
 
Small-scale extensive tilapia farms that produce for local consumption are common in 
Colombia, but farms that export to the United States primarily use intensive net pen production 
systems. Approximately 30,000 MT (more than half of Colombia’s total production) is produced 
in floating net pens in the Betania Reservoir in the Department of Huila. Huila accounts for 44% 
of Colombia’s total aquaculture production (103,000 tons in 2015).  
 
The industry is regulated through the National Authority for Aquaculture and Fisheries 
(Autoridad Nacional de Acuicultura y Pesca, AUNAP), under various government ministries 
including the Ministry of Agriculture and Rural Development (Ministerio de Agricultura y 
Desarrollo Rural), the Ministry of Environment and Sustainable Development (Ministerio de 
Ambiente y Desarrollo Sostenible), and the Colombian Agricultural Institute (Instituto 
Colombiano Agropecuario, ICA). The industry is also represented by the Colombian Aquaculture 
Federation (Federación Colombiana de Acuicultores—FEDEACUA). There have been 
considerable changes to the industry’s management over the last decade, and new regulations 
continued to be issued while this Seafood Watch assessment was made in 2015–2016. A 
number of companies are certified to schemes such as the Global Aquaculture Alliance Best 
Aquaculture Practices (GAA BAP) or the Aquaculture Stewardship Council (ASC), and FEDEACUA 
has projects to encourage farms to improve and to obtain certification. 
  
In November 2015, the government in the Department of Huila in southwest Colombia funded 
and initiated a project to improve the sustainability of production in the Betania Reservoir by 
improving environmental monitoring and data availability, providing better training for farmers, 
improving fish health management, and fostering greater cooperation between the producers. 
The results of this new project will be of considerable interest to future revisions of this 
assessment. 
 
Overall, there is considerable room for improvement in the quality of data available on 
environmental impacts and their management with regard to tilapia aquaculture in Colombia. 
Piecemeal information is available from a variety of sources, and many of them are anecdotal. 
Information from the Colombian Aquaculture Federation (FEDEACUA) is useful (particularly a 
summary of regulations, and its magazine Acuicultores) but is sometimes aggregated, as are 
data from the various regulatory bodies. There are a limited number of peer-reviewed studies 
that focus on tilapia production systems, and many are dated and of little current relevance. 
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Some detailed feed data were provided on request. Three tilapia farms in the Betania reservoir 
are currently certified to one or both of the Aquaculture Stewardship Council (ASC) and the 
Global Aquaculture Alliance (GAA); public availability of data within these audit reports is highly 
variable, but GAA audit reports (which are not usually publicly available) were provided by 
FEDEACUA. Across the range of subjects assessed by Seafood Watch, multiple gaps in data 
availability are apparent. Overall, the score for Data Quality and Availability is 3.4 out of 10. 
 
Despite the open nature of net pen cages and resulting loss of soluble and particulate wastes, 
the relatively low protein content of tilapia feed results in a moderate amount of nitrogenous 
waste discharged per ton of fish produced (40.1 kg N ton–1). With the establishment of AUNAP 
in 2011, carrying capacity limits for Betania Reservoir were established, and more recently (in 
2015), production models have been created to enable better control of production capacity 
and site licenses. Nevertheless, large fish die-offs in early 2015 were potentially caused by 
secondary factors related to overproduction (such as higher than average water temperatures) 
and there is limited evidence (i.e., publicly available data) to understand if the cumulative 
impacts of the industry are being collectively managed. The government of the Department of 
Huila has begun a project to improve the monitoring and management of the industry in the 
reservoir with the aim of making the production more sustainable, but the outcomes are not 
yet known. Until the improvements are supported with robust monitoring data, the final score 
for the Effluent Criterion is 4 out of 10. 
 
With regard to habitat impacts, the Betania Dam was commissioned in 1987, and the human-
made nature of the waterbody makes it challenging to assess the habitat impacts of the tilapia 
production. The floating net pen structures have little direct impact on habitats; however, the 
operations at the scale and intensity seen in the Betania Reservoir clearly have the potential to 
affect the waterbody (which was primarily assessed in Criterion 2 – Effluents) and thus affect 
the ecosystem services it provides. The tilapia industry depends on the ongoing functionality 
and the ecosystem services of the reservoir, yet the scale and intensity of production appears 
to be approaching and potentially exceeding the reservoir’s carrying capacity on occasion, 
particularly in extreme circumstances such as high temperature and low water flows. There is 
some overlap with the Effluent Criterion with regard to the management of cumulative 
impacts, and considering the human-made nature of the site, the Habitat Criterion score is 5.47 
out of 10. 
 
Little public data are available on chemical use in Colombia, but with the intensive production 
and known bacterial and viral diseases of tilapia, the potential use of chemical treatments such 
as antibiotics must be accepted unless data can be provided that show otherwise. 
Encouragingly, three large farms in Betania Reservoir (including the largest) are certified to GAA 
and/or ASC, and audit reports show that antibiotics have not been used in recent production 
cycles. The most recent regulations on the control of chemical use are from 2007, and the 
AUNAP project initiated in late 2015 to improve the sustainability of production in the Betania 
Reservoir mentions the testing of antibiotics as one potential tool to improve fish health. The 
use of low levels of hormones for short periods in the hatchery feeds is considered common 
practice to produce all-male tilapia populations, and studies show that this has minimal 
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environmental (or human health) concerns when best practices are employed. Overall, the 
independent audit reports, which show that large exporting net pen farms in Colombia have 
not recently used antibiotics, are encouraging and dictate a high score. Yet there is clearly a 
concern that chemical use, particularly antibiotics, could be happening in other farms in 
potentially increasing amounts to treat disease outbreaks when they occur. Therefore, the lack 
of publicly available data and a precautionary approach mean that the most appropriate score 
for the Chemical Use Criterion is 4 out of 10.  
 
Tilapia is omnivorous and typically does not require large inputs of fishmeal and fish oil in 
commercial feeds; data provided for multiple feeds from one feed company, and provided 
anonymously from FEDEACUA, give weighted average inclusion levels of fishmeal and fish oil 
over a typical production cycle of 4.95% and 1.02%, respectively. The data also showed that the 
use of fishmeal and oil from dedicated fisheries appears to be limited to starter feeds, which 
represent a quite small part of the total ration provided over the production cycle. Therefore, 
the calculated Forage Fish Efficiency Ratios were close to zero (0.004), giving a high Wild Fish 
Use score of 9.98 out of 10. With high levels of edible crop ingredients in the feed, there was a 
calculated net edible protein loss of 46.3% and a low feed footprint of 3.2 hectares per ton of 
production. These aspects combine to give a final Feed Criterion score of 8.24 out of 10. 
 
Tilapia was introduced into Colombia and became established in the 1960s, before the 
aquaculture industry had begun, and the government had been actively stocking tilapia into the 
country’s freshwater bodies. For aquaculture purposes, tilapia had been legally defined as an 
introduced invasive species by the Colombian government, but new regulations in December 
2015 declared them (Nile and red tilapia, along with rainbow trout) “domesticated.” Although 
the new resolution recognizes the threat from additional escapes and prevents further active 
stocking, tilapia are considered fully established for the purposes of this assessment. Net pen 
aquaculture systems for tilapia carry a high risk of escape, but there are no data available on 
escape events in Colombia or on post-escape recaptures. But potential impacts are limited 
when the species has been historically introduced and actively stocked into the environment, 
and the final Escape Criterion score is therefore a moderate 5 out of 10. 
 
Several disease outbreaks have been recorded for tilapia produced in Colombia, and in many 
cases these diseases are capable of spreading to other species. Streptococcal bacterial 
infections are a common problem, and a viral hepatitis pathogen was one of several potential 
factors related to a large die-off of tilapia in the Betania Reservoir in early 2015. Net pen 
production systems are open, so pathogens could be released from the system and infect other 
wild species. But because of the human-made nature of the Betania Reservoir, the status of 
wild populations and the impact on them from farm-origin pathogens (if any) is unknown. 
Improving fish health and data availability in the Betania Reservoir is a key goal of the recently 
initiated project by the government of Huila. Because of the current lack of data, the Seafood 
Watch risk-based assessment was used. The production system’s openness to the introduction 
and discharge of pathogens with unknown impacts on wild species leads to a moderate score of 
4 out of 10.  
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As a nonnative species, all tilapia seed in Colombia is produced in hatcheries, with no use of 
wild broodstock or seed. For example, Colombia’s largest producer, Piscicola Botero, has 
hatcheries located on islands in the Betania Reservoir and produces 6 million fingerlings per 
month (Welling 2015). Therefore, Colombian tilapia culture is considered to be fully 
independent of wild fisheries for stock, and the score for the exceptional Criterion 8X is a 
deduction score of 0 out of –10. 
 
Studies from more than 10 years ago report considerable mortalities of birds in pond tilapia 
farms in Colombia, but no recent data are available for the net pen farms in Betania Reservoir. 
Anti-bird nets are required, and farms certified to the ASC with publicly available audit reports 
document the lack of lethal predator controls; however, they note that the osprey (Pandion 
haliaetus) is an endangered migrant that utilizes the lake. Little is known about the predator 
controls on the noncertified farms in the reservoir. There are not considered to be mortalities 
of birds or other predators beyond exceptional cases, but the presence of ospreys requires a 
more precautionary approach until more data are made available. The score for Criterion 9X is 
therefore a moderate deduction of –6 out of –10. 
 
Although there were some now-dated concerns that movements of tilapia fingerlings from 
hatcheries in Ecuador to Colombia represented a potential source of unintentionally introduced 
nonnative species, the now-mature industry in Colombia and the available evidence indicate 
that the country is self-sufficient in seed supply. Nevertheless, the recent designation of tilapia 
in Colombia as a “domesticated” species allows the importation of selectively improved tilapia 
strains to improve production. The numbers are considered likely to be low, and the biosecurity 
of the source breeding centers is considered to be moderate. Overall, there is a low risk of 
introducing nonnative species during the live animal shipments, and the score for Criterion 10X 
is a small deduction of 0.4 out of –10.  
 
Overall, the final numerical score for tilapia produced in net pen cages in Colombia is 3.96, 
which is at the lower end of the “yellow” range. With no “red” criteria, the final 
recommendation is a yellow “Good Alternative.”  
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Introduction 
 

Scope of the analysis and ensuing recommendation  
 
Species  
Nile Tilapia and Red Tilapia (Oreochromis niloticus and hybrid Oreochromis spp.) 
 
Geographic coverage  
Colombia 
 
Production Methods  
Freshwater net pens 
 

Species Overview 
Tilapia is farmed in over 100 countries, but is native to Africa (Fitzsimmons 2011). Three genera 
fall under the common name tilapia: Oreochromis (maternal mouthbrooders), Sarotherodon 
(paternal or biparental mouthbrooders), and Tilapia (substrate spawners). This assessment is 
based on black or Nile tilapia (Oreochromis niloticus) and hybrids of multiple species within the 
genus Oreochromis, collectively known as red tilapia. Tilapia is tolerant of wide environmental 
fluctuations (Lowe-McConnell 1987) (Boyd 2004) (Fitzsimmons 2007). It is also omnivorous, 
requires little inputs of fishmeal and fish oil, and is capable of spawning year-round (Lowe-
McConnell 1987) (Naylor et al. 2000) (FAO 2012). 
 
Production statistics  
According to data from the United Nations Food and Agriculture Organization (FAO), global 
production of tilapia increased from 1,417,412 metric tons (MT) in 2002 to 4,506,877 MT in 
2012 (FAO 2014a), with the majority (72%) farmed in Asia, followed by Africa (19%) and the 
Americas (9%) (FAO 2012). According to Bacharach et al. (2016), the largest producers (in order) 
are China, Egypt, Philippines, Thailand, Indonesia, Laos, Costa Rica, Ecuador, Colombia, and 
Honduras.  
 
Tilapia production in Colombia was fairly steady (≈25,000 metric tons annually) from 2002 to 
2007, but began to increase, reaching 52,688 MT in 2012 and representing ≈1% of global tilapia 
production that year (FAO 2014a). More than 50% of Colombia’s tilapia production takes place 
in net pens in the Betania Reservoir in the Department of Huila, where approximately 30,000 
MT of tilapia are produced annually (Pulido et al. 2015). The Department of Huila produced 44% 
of Colombia’s total aquaculture production (all species) of 103,000 tons in 2015 (SIOC 2016). 
 
Import and export statistics 
The United States is the leading importer of tilapia globally, and consumes 225,000 MT of 
tilapia annually (Bacharach et al. 2016). Exports of tilapia to the United States from Colombia 
were relatively high in the early 1990s but declined rapidly into the early 2000s because of an 
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increase in local demand; they then increased again after the signing of the United States–
Colombia Trade Promotion Agreement in 2006 (NMFS 2015). In 2012, exports of Oreochromis 
spp. from Colombia to the United States reached approximately 2,904 MT, growing to 3,876 MT 
in 2013 and 4,141 MT in 2014 (NMFS 2015). The Colombian Ministry of Agriculture and Rural 
Development claims Colombia is now the second-largest exporter of fresh fillets to the United 
States, with 5,394 MT in 2015 (MARD 2016). 
 
Table 1. Scientific and market names 

Scientific Name Oreochromis spp. 

Common Name tilapia 

United States Market Name izumidai 

Spanish mojarra 

French tilapia du Nil 

Japanese chikadai 

 
Product forms 
Fresh or frozen fillets, but exports to the United States are dominated by fresh fillets. 
 
Production system 
Tilapia production systems in Colombia are primarily earthen ponds and floating net pen cages 
in human-made reservoirs, with rapid growth in the net pen production sector (FAO 2014b). 
The main production sectors are the departments of Huila, Tolima, Antioquia, Santander, Meta, 
and Valle del Cauca, which together contribute 75% of the total production (FAO 2014b). Fish 
produced for export to the United States are grown primarily in net pen cages in the Betania 
Reservoir in the Department of Huila (FAO 2014b).  
 
The five large tilapia farms in the Betania Reservoir that export tilapia products to the United 
States are 1) Piscicola New York; 2) Proceal S.A.; 3) C.I. Fish Co.; 4) Piscicola Botero; and 5) 
Comepez S.A. (Hidrósfera 2003) (Import Genius 2014) (pers. comm., Schwarz 2015). These five 
farms use net pen production systems, as do almost all of those in the Huila region. Currently, 
more than 50% of Colombia’s tilapia production occurs in net pens in the Betania Reservoir 
(Welling 2015), and this production for export is the focus of this assessment.  
 
Three tilapia farms in Colombia are currently certified to both the Aquaculture Stewardship 
Council (ASC) and the Global Aquaculture Alliance (GAA): PezCo Aquafarming/Piscicola Botero, 
Piscicola Rosario (a pond farm), and Proceal Farm; and a fourth, Piscicola New York S.A., is 
certified to GAA only. There is a push to drive farmers in Colombia toward international 
certification through FEDEACUA (Bonilla 2016). 
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Analysis 
 

Scoring guide 
 

 With the exception of the exceptional factors (8X, 9X and 10X), all scores result in a zero to 
ten final score for the criterion and the overall final rank. A zero score indicates poor 
performance, while a score of ten indicates high performance. In contrast, the two 
exceptional factors result in negative scores from zero to minus ten, and in these cases zero 
indicates no negative impact. 

 The full Seafood Watch Aquaculture Criteria that the following scores relate to are available 
here http://www.seafoodwatch.org/-
/m/sfw/pdf/standard%20revision%20reference/2015%20standard%20revision/mba_seafoo
dwatch_aquaculture%20criteria_final.pdf?la=en 

 The full data values and scoring calculations are available in Appendix 1 

 
 
  



 

11 
 

Criterion 1: Data quality and availability 
 
Impact, unit of sustainability and principle 

 Impact: poor data quality and availability limits the ability to assess and understand the 
impacts of aquaculture production. It also does not enable informed choices for seafood 
purchasers, nor enable businesses to be held accountable for their impacts. 

 Sustainability unit: the ability to make a robust sustainability assessment 

 Principle: having robust and up-to-date information on production practices and their 
impacts publicly available. 

 
Criterion 1 Summary 

Data Category Data Score Score (0–10) 

Industry or production statistics 5 5 

Management 5 5 

Effluent 2.5 2.5 

Habitat 2.5 2.5 

Chemical use 5 5 

Feed 5 5 

Escapes 2.5 2.5 

Disease 2.5 2.5 

Source of stock 5 5 

Predators and wildlife 0 0 

Introduced species 2.5 2.5 

Other – (e.g., GHG emissions) Not Applicable n/a 

Total   37.5 

      

C1 Data Final Score (0–10) 3.4 YELLOW 

 
Brief Summary 
Overall, there is considerable room for improvement in the quality of data available on the 
environmental impacts and their management for tilapia aquaculture in Colombia. Piecemeal 
information is available from a variety of sources, and many of them are anecdotal. Public 
information from the Colombian Aquaculture Federation (FEDEACUA) is limited (although a 
summary of regulations and their magazine Acuicultores are useful) and aggregated, but some 
audit reports and feed company data were provided on request. There are a limited number of 
peer-reviewed studies that focus on tilapia production systems, and many are dated and of 
little current relevance. Overall, the score for Data Quality and Availability is 3.4 out of 10, and 
the limited data lead to some low scores in other criteria because of the necessary application 
of a precautionary approach. 
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Justification of Ranking 
There are no central locations for the documentation of aquaculture in Colombia. Information 
and data must be collected piecemeal from various sources within the government, the 
industry, the scientific literature, gray literature, and indirect sources such as farm certification 
audit reports. The majority of the information is only available in Spanish, which makes it 
difficult for consumers and major buyers in importing countries such as the United States to 
understand the industry and its environmental impacts.  
 
Industry and Production Statistics 
National production statistics for tilapia are available in some FAO documents and databases 
(e.g., FAO-INCODER 2011 and FishStat [estimated for some years]) but are not fully up to date.  
Colombia’s Ministry of Agriculture and Rural Affairs provides production figures in the form of 
news updates and articles (e.g., MARD 2016), and the website of the Colombian Aquaculture 
Federation (FEDEACUA) has data separated only by fish and crustacea (i.e., it is not possible to 
separate tilapia data specifically). Formal statistics are not readily apparent. A recent regulation 
(January 2016) launched the Registry of Livestock Establishments Aquaculture (Registro 
Pecuario de los Establecimientos de Acuicultura, RPEA), which for the first time will document 
farm locations and production; however, no information is published yet. AUNAP has a 
database of permits, but in 2012 it indicated a total of 375 “Permits for Culture,” or 
approximately 1.3% of an estimated 29,500 farms operating in Colombia (AUNAP 2012). The 
locations of the industry must therefore be gathered largely from anecdotal evidence and 
communications with experts in the industry, or from statements in the literature and 
government documents (e.g., (Hidrósfera 2003) (FAO-INCODER 2011)) on the concentration of 
large-scale aquaculture operations for export in the country (i.e., Betania Dam, Huila region). 
Aquaculture industry articles and company websites (e.g., (Welling 2015) (FEDEACUA 2016)) 
provide further unconfirmed details. Overall, there is some useful but incomplete information 
available, and the data score for Industry or Production Statistics is 5 out of 10.  
 
Management and Regulations 
The industry trade body, Federación Colombiana De Acuicultores (FEDEACUA), has good 
information documenting and listing the regulatory structures in Colombia, and it lists sections 
of relevance to this assessment. But the information and the regulations are all in Spanish, and 
there is only occasional anecdotal evidence to articulate the practical reality of these 
regulations with regard to tilapia produced for export to countries such as the United States. 
FEDEACUA’s magazine, Acuicultores, has some useful articles with background information on 
the industry and recent developments in regulations, and the organization provided some 
certification audit reports (and feed data – see below) on request. Overall, the data score for 
Management and Regulations is 5 out of 10. 
 
Effluent and Habitat 
Monitoring records relevant to effluent and habitat impacts are available in several reports but 
are subject to some temporal and spatial averaging and may show data gaps. For example, in-
depth water quality monitoring studies were conducted in the Betania Reservoir for the periods 
of 2003 and 2012–2013, but these two studies did not cover all the same sites for easy 
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temporal comparison (Hidrósfera 2003) (CAM 2014). Studies on net pen tilapia in other 
countries provide some useful information that can be extrapolated to similar production 
systems in Colombia; for example, Neto and Ostrensky (2015) examined the nutrient loads in 
the waste of Nile tilapia production in net pens in Brazil.  
 
Some data on effluent and habitats are available for those farms that are audited by 
independent certification companies (e.g., the Aquaculture Stewardship Council [ASC] and the 
Global Aquaculture Alliance Best Aquaculture Practices [GAA]), but the temporal coverage of 
these audits is limited, and not all information is available in the audit reports (e.g., (ASC 
2015)).1 FAO reports and online databases (e.g., NALO) were the major contributors to the data 
used in assessing habitat functionality and effluent management effectiveness. Several 
governmental articles and reports (e.g., (La Nación 2013) (AUNAP 2014a) (AUNAP 2014b) 
(AUNAP 2014c)) make note of recent improvements in the enforcement of water quality 
regulations, but it is unknown whether these efforts are sufficient. Recent reports indicate that 
overproduction may be a factor in recent fish die-offs in the Betania Reservoir (Pulido et al. 
2015), but there is insufficient evidence to confirm the cause. Attempts at direct 
communication with experts in Colombia were not successful, and given this practical example 
of an inability to understand a key aspect of the effluent and habitat impacts of the industry, 
the data scores for the Effluent and Habitat Criteria are 2.5 out of 10. 
 
Chemical Use 
Although regulations on permitted and prohibited chemicals are available in Spanish, the text is 
confusing and it is difficult to interpret the current permitted use. Data on the amount or types 
of antibiotics, pesticides, or other chemicals used on farms could not be found for Colombia, 
but specific data on antibiotic use for three of the five largest companies (two of the three are 
ASC-certified, and all three are GAA-certified) are available in their audit reports (either publicly 
from ASC 20152, or provided confidentially by FEDEACUA). But ultimately, useful data on 
chemical use in general are quite limited across all the net pen tilapia farms in Colombia, and 
the data score for the Chemical Use Criterion is 5 out of 10. 
 
Feed 
Published feed information specific to Colombia is quite limited, and the available academic 
references are considered dated (e.g., (Gonzalez 2001) (Hidrósfera 2003) (Pompa and 
Rodriquez 2007) (Zubieta 2007) (Tacon and Metian 2008)). But requests to FEDEACUA and feed 
companies yielded three feed datasets: two from the same company were for average tilapia 
feeds and a company-specific profile, and the third was provided anonymously through 
FEDEACUA. The combined data allow a detailed analysis of the ingredients and inclusion levels, 
but there is a possibility that all three sources are from the same company and therefore 
potentially do not reflect tilapia feeds overall for net pens in Colombia. Information on the use 
of by-products from fish processing, including the amount of each by-product created and used 
annually, was provided by farmers (pers. comm., Vera 2015). Overall, some detailed data were 

                                                 
1 http://www.asc-aqua.org/index.cfm?act=tekst.item&iid=4&iids=204&lng=1#qdsfdswutjes 
2 http://www.asc-aqua.org/index.cfm?act=tekst.item&iid=4&iids=204&lng=1#qdsfdswutjes 
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provided, but it is not clear if the data fully reflect all tilapia feeds used in net pens in Colombia; 
thus, the data score for Feed is 5 out of 10. 
 
Escapes  
Data availability is low to moderate for escapes because no detailed records of escapees or 
recaptures exist. There is some evidence of Best Management Practices to limit escapees for 
the net pen cage systems in the Betania Reservoir, but effectiveness of and compliance with 
these measures is uncertain (Resolution no. 461 of 1995) (BAP 2012) (IMO Group 2013). 
Furthermore, detailed information exists on the invasive potential of some tilapia species, but 
little exists on that of red tilapia beyond anecdotal evidence that it suffers high predation 
mortality in the wild (Fitzsimmons 2014). Because of the recent government Resolution to 
describe tilapia as a “domesticated” species in Colombia, some anecdotal evidence is now 
available in articles that describe the previous introductions and government stocking of the 
species. Overall, this gives some confidence in the situation regarding potential escapes, and 
the data score for Escapes is 5 out of 10. 
 
Disease 
Data availability on Disease is low to moderate and is largely in the form of published peer-
reviewed studies (e.g., (Camus et al. 1998) (Fitzsimmons 2000) (Iregui 2004) (Hernandez et al. 
2009) (Iregui et al. 2011) (Garcia et al. 2012) (Iregui et al. 2012) (Barato 2015) (Bacharach et al. 
2016)). Though tilapia diseases prevalent in Colombia are known to have the potential to 
influence wild populations (Camus et al. 1998) (Iregui 2004), little focus has been given to the 
impact of disease on the surrounding ecosystem. Furthermore, no records exist as to whether 
improved vaccinations for tilapia disease are being used in the country. The data score for the 
Disease Criterion is 2.5 out of 10. 
 
Source of stock 
Data availability for Source of stock is moderate. Villaneda (2007), which is dated, provided 
detailed information on the source of stock in the country, but there are no updated reports 
with which to confirm this information for the current industry. Industry media reports on 
individual farms indicate that the large farms have their own hatcheries in Colombia, and in the 
case of the largest farm (Botero), the hatcheries for red tilapia are located on islands in Betania 
Reservoir itself (Welling 2015). The data score for the Source of stock Criterion is 5 out of 10. 
 
Wildlife and Predator Mortalities 
Data availability for wildlife mortalities is also quite limited. One dated study by Bechard and 
Marquez-Reves (2003) focused on pond production systems and found that as many as 50% use 
shooting as a method of reducing bird depredation, but the relevance to current net pen 
systems is clearly unknown. There are no farm-level records of wildlife mortalities for the 
production system and location of interest. The data availability score for Wildlife and Predator 
Mortalities is 0 of 10. 
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Unintentionally Introduced Species 
In the past, some seed production may have originated in Ecuador, but it has not been possible 
to confirm if this is still the case, and the biosecurity of these production systems is unknown. 
The Resolution describing tilapia as a “domesticated” species has opened up the possibility of 
introducing genetically improved broodstock strains into Colombia; these are apparently 
primarily from Holland and Honduras. This information provides minimal assistance to the 
Introduced Species Criterion (10X), and the data score is 2.5 out of 10. 
 
Conclusions and final score 
Data availability in general is very low in Colombia, with little robust information on the aspects 
considered in this Seafood Watch assessment. Direct contacts made with the industry were 
limited in response; overall, this limits the ability to perform a robust assessment. Thus, the 
score for Criterion 1, Data Quality and Availability, is 3.4 out of 10. 
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Criterion 2: Effluents 
 
Impact, unit of sustainability and principle 
 Impact: aquaculture species, production systems and management methods vary in the 

amount of waste produced and discharged per unit of production. The combined discharge 
of farms, groups of farms or industries contributes to local and regional nutrient loads. 

 Sustainability unit: the carrying or assimilative capacity of the local and regional receiving 
waters beyond the farm or its allowable zone of effect. 

 Principle: not allowing effluent discharges to exceed, or contribute to exceeding, the 
carrying capacity of receiving waters at the local or regional level. 

 
Criterion 2 Summary 
 

Effluent parameters Value Score   

F2.1a Biological waste (nitrogen) production per of fish (kg N ton–1) 50.10     

F2.1b Waste discharged from farm (%) 80     

F2.1 Waste discharge score (0–10)   5   

F2.2a Content of regulations (0–5) 2     

F2.2b Enforcement of regulations (0–5) 3     

F2.2 Regulatory or management effectiveness score (0–10)   2.4   

C2 Effluent Final Score   4 YELLOW 

Critical? No     

 
Brief Summary 
Despite the open nature of net pen cages and resulting loss of soluble and particulate wastes, 
the relatively low protein content of tilapia feed results in a moderate amount of nitrogenous 
waste discharged per ton of fish produced (40.1 kg N ton–1). With the establishment of AUNAP 
in 2011, carrying capacity limits for Betania Reservoir were established, and more recently (in 
2015), production models have been created to enable better control of production capacity 
and site licenses. Nevertheless, large fish die-offs in early 2015 were potentially caused by 
secondary factors related to overproduction (such as higher than average water temperatures) 
and there is limited evidence (i.e., publicly available data) to understand if the cumulative 
impacts of the industry are being collectively managed. The government of the Department of 
Huila has begun a project to improve the monitoring and management of the industry in the 
reservoir with the aim of making the production more sustainable, but the outcomes are not 
yet known. Until the improvements are supported with robust monitoring data, the final score 
for the Effluent Criterion is 4 out of 10. 
 
Justification of Ranking 
Because the effluent data quality and availability score is only moderate (i.e., Criterion 1 score 
of 5 of 10 or lower for the Effluent category), the Seafood Watch Risk-Based Assessment was 
utilized. This method involves assessing the amount of waste produced by the fish and then the 
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amount of that waste that is discharged from the farm. The effectiveness of the regulatory 
system in managing wastes from multiple farms is used to assess the potential cumulative 
impacts from the industry as a whole. 
 
It is interesting to note that overproduction and poor water quality in the lake were two of 
several potential factors indicated in large fish mortality events in March and April 2015 (Pulido 
et al. 2015). Several other potential causes were noted (rancid diets, viral agents, high ambient 
temperatures and low dissolved oxygen, and other opportunistic pathogens). Therefore, high 
effluent waste concentrations from overproduction cannot be determined as the cause; 
however, they are kept in mind through the discussions in this section on a precautionary basis. 
A study conducted in 2003 found that the system behaved as a eutrophic one in the low water 
season due to a high phosphorus load, but that phosphorus levels are diluted during high water 
levels (Hidrósfera 2003). Thus, it is important that the management system be sophisticated 
enough to take account of unusual events, such as low water flows and higher temperatures 
also associated with the 2015 mortality event. 
 
Factor 2.1a Waste Discharged per ton of fish 
Calculations in the Seafood Watch Aquaculture Standard for the amount of waste discharged 
per ton of fish are based on nitrogen, because this is the most data-rich proxy indicator for 
aquaculture nutrient inputs and waste outputs. Phosphorous may be a more important limiting 
nutrient in freshwater systems, and with regard to the Betania Reservoir, Hidrósfera (2003) 
found that the system behaved as a eutrophic one in the low water season due to a high 
phosphorus load, but that phosphorus levels are diluted during high water levels. As a proxy for 
the nutrients discharged, the nitrogen waste produced per ton of fish is calculated using the 
nitrogen input per ton of fish and the harvested nitrogen per ton of fish. The nitrogen input per 
ton of fish is the product of the protein content of feed, a fixed protein nitrogen content factor 
of 0.16 (protein is 16% nitrogen), and the economic feed conversion ratio (eFCR). Although 
nitrogen fertilizer inputs may be added to this calculation, fertilizers are not used in net pen 
aquaculture in Colombia (FAO-INCODER 2011). The harvested nitrogen per ton of fish is 
calculated by multiplying the protein content of a harvested whole fish and the fixed protein 
nitrogen content factor.  
 
The eFCR value and weighted average protein content over a production cycle are 1.59 and 
28.5%, respectively (see Criterion 5 – Feed for further information on these values). The protein 
content of a whole harvested farmed tilapia is 14% (Boyd 2007). As a result, the nitrogen input 
per ton of fish produced is 72.5 kg N t–1 and the harvested nitrogen per ton of fish produced is 
22.4 kg N t–1, so that, on average, there is 50.1 kg N t–1 of waste nitrogen produced for every 
ton of fish produced. This value, calculated according to the Seafood Watch Aquaculture 
Standard, is quite close to that calculated by Neto and Ostrensky (2015) of 44.95 kg N per ton of 
production. 
 
Factor 2.1b Production System Discharge 
The amount of waste that enters the surrounding ecosystem depends on how open the 
production system of interest is or, in the case of a closed system, how regularly water 
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exchanges are made throughout the grow-out process. Net pen aquaculture is generally 
assumed to have an increased nutrient loss compared to closed systems, given that uneaten 
feed and fecal waste can easily be transmitted untreated to the environment (Halwart et al. 
2007). Thus, Seafood Watch considers net pens to discharge 80% of the nitrogenous waste as 
effluent (the remaining 20% of nitrogenous waste remains within the immediate vicinity of the 
farm and is considered in Criterion 3 – Habitat). An adjustment of 0.8 is therefore applied. It is 
important to note that water from this reservoir may be used for local irrigation and therefore 
aquaculture waste products may reduce the need for fertilizer use on nearby land. 
 
The Factor 2.1 score is the product of the amount of waste produced (Factor 2.1a) and the 
production system discharge (Factor 2.1b). Factors 2.1a and 2.1b combine to give a net nutrient 
discharge of 40.1 kg N t–1, and a score of 5 of 10 for Factor 2.1. 
 
Factor 2.2 Management of farm-level and cumulative impacts  
 
Factor 2.2a Intent and content of effluent regulations and management measures 
This factor addresses the cumulative impacts of multiple farms on the receiving environment, 
with a focus on areas beyond the immediate vicinity of the farms. 
 
Colombia has a variety of regulations relating to aquaculture. The Colombian Federation of Fish 
Farmers (Federación Colombiana De Acuicultores, FEDEACUA) provides a summary,3 including 
sections on the development of the industry, conditions of culture, and environmental 
conservation. The large number of laws, resolutions, and decrees listed in the summary makes 
a detailed understanding of the regulatory content challenging for this assessment. In 2011, the 
National Authority for Fisheries and Aquaculture (AUNAP) was created within the Ministry of 
Agriculture and Rural Development (MADR), and AUNAP is in charge of implementing domestic 
policies (pers. comm., Rengifo, AUNAP 2017). There have also been recent developments; for 
example, in January 2016, Resolution 64 was enacted to require the registration of all 
aquaculture farms in Colombia, which had not been the case before.  
 
Of practical relevance to this assessment of tilapia production in the Betania Reservoir is the 
anecdotal information available regarding a project funded and enacted in December 2015 and 
January 2016 to improve the sustainability of production in the lake (Pulido et al. 2015). The 
project was formulated in 2013 after demand from the producers for concrete actions to 
support the industry, and it was funded by Acuapez within the government of the Department 
of Huila (within the Coporación Centro de Desarrollo Tecnológico Piscícola Surcolombiano). The 
project has four goals relating to the division of the reservoir into eight micro-production zones, 
and according to a translation of Pulido (2016) they are: 
 

                                                 
3 http://www.fedeacua.org/assets/uploads/files/3fbc1-MATRIZ-UNICA-NORMATIVA---03--03-2016.pdf. Accessed 
July 15, 2016. 

http://www.fedeacua.org/assets/uploads/files/3fbc1-MATRIZ-UNICA-NORMATIVA---03--03-2016.pdf


 

19 
 

 A network of real-time environmental water quality data will be collected and made 
accessible to all producers. This will complement fish health monitoring and help to give 
early warnings of any problems.  

 Regular training in fish biology, aquaculture practices, fish health and biosecurity, and feed 
will be conducted for the producers. This will complement Best Practices for Production of 
Aquaculture (BPPA) for all producers. 

 Fish health will be improved based on experiments in each microzone using experimental 
cages to test different alternatives to prevention and control that suit the characteristics of 
the lake. This will generate a health protocol for each microzone.  

 Greater integration of management among the producers, particularly including small- and 
medium-sized growers, will help improve the sustainability of the Betania production 
system. 

The various sectors involved came to agreement in May 2014 and the Department of Huila 
signed the subsequent papers in November 2015. Because this is clearly a recent development, 
it is not yet known how successful it will be in improving the management of total production 
and cumulative impacts in the reservoir. 
 
More broadly, wastewater discharge in Colombia is regulated under one law (Law No. 9 of 
1979) and two legislative decrees (Decree No. 2.811 of 1974 and Decree No. 1594 of 1984). 
These regulations are applicable to aquaculture, but were not specifically developed with 
aquaculture in mind. Water use rights for aquaculture facilities also require a permit from the 
Autonomous Corporation of Upper Magdalena (CAM) (Coze and Nava 2009) (FAO 2014b). 
Included in the functions of CAM is the development of environmental indicators that allow for 
the conservation of national heritage and sustainable use of biodiversity (Resolution 643 of 
2004). But the limits used for these indicators are not listed in the wastewater regulations.  
 
Regarding relevant legislation of waste management based on the cumulative impacts of 
multiple farms, an in-depth study on the load capacity of Betania Dam reservoir was conducted 
in 2003 (Hidrósfera 2003). The study produced a carrying capacity estimate of 470,402 MT of 
tilapia for the reservoir, using data on a number of parameters including food conversion ratios, 
average depth of sites, average input flow, and the phosphorus content of feed. More recently, 
after the establishment of AUNAP in 2011, a much smaller fish carrying capacity of 22,000 MT 
was established for the Betania Reservoir, and a revised infrastructure requirement to produce 
that volume of fish was implemented. But in 2015, a production model was created for the lake 
to allow current and future assessment, monitoring, and control of additional production over 
the carrying capacity limit (pers. comm., Rengifo, AUNAP 2017). Although it appears that such 
additional production will be assessed and/or approved on a site-by-site basis with specific 
volume allocations (pers. comm., Rengifo, AUNAP 2017), it is unclear what indicators will be 
used for the assessment or what parameters/thresholds must not be exceeded by those 
indicators for production to be approved. 
 
The zone of the reservoir in which most tilapia production occurs has a fairly short residence 
time of 28.54 days, resulting in a lower impact of nutrient inputs compared to systems with a 
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long residence time (Hidrósfera 2003). An additional carrying capacity study conducted by the 
Wetlands Foundation recommended that a maximum area of 2,846,391 m2 be granted to fish 
farmers in the reservoir (CAM 2014). The area occupied by fish farms in the reservoir was lower 
than this carrying capacity in 2013 (CAM 2014). These studies indicate that it would be unlikely 
for the carrying capacity of the lake to be exceeded, but as noted above, recent large fish die-
offs in early 2015 were linked to several factors, of which overproduction and poor water 
quality were two (e.g., (Pulido et al. 2015)), and the reported volume of production in the 
Betania Reservoir (30,000 MT) exceeds the aforementioned 22,000 MT carrying capacity. The 
industry has grown rapidly, with the number of net pen cages in Betania Dam increasing from 
1,686 in 2005 to 7,000 in 2013 (Polinizaciones 2013).  
 
Overall, regulatory measures are in place but their contents appear limited with regard to 
cumulative impacts, including in the Betania Reservoir. The new project in Betania to monitor 
and improve the sustainability of production appears to be driven partly by similar concerns, 
but the factors included in the management of production volume are not demonstrably based 
on preserving the ecology (i.e., the water quality) of the reservoir. Furthermore, until this 
project becomes established, there is uncertainty that the management of production is fully 
adequate. Thus, the intent and content of effluent regulations and management measures 
must be considered to be limited, and the score for Factor 2.2a is 2 out of 5. 
 
Factor 2.2b Enforcement of effluent regulations and management measures  
In the early 2000s, the laws and regulations relevant to aquaculture were considered to be 
“complex and unmanageable,” which hindered their ability to be enforced (Hernandez-
Rodruquez 2001). According to Ramirez and Gomez (2014), enforcement of regulations was 
relatively weak throughout the first decade of the 2000s, and efforts have been made to 
improve guidance, regulation, and enforcement regarding aquaculture in the Betania Dam 
reservoir through the creation of AUNAP in 2011 (AUNAP 2014a) (AUNAP 2014b) (La Nación 
2013). AUNAP replaced the fisheries and aquaculture functions held by the Sub-department for 
Fisheries and Aquaculture of the Colombian Institute for Rural Development (FAO INCODER, 
2011). Ramirez and Gomez (2014) subsequently reported that robust penalties for 
infringements regarding water quality exist under the current laws.  
 
AUNAP, CAM, and the national police have been working together to enforce aquaculture 
regulations in the Betania Dam reservoir and to close down any illegal projects, i.e., those 
without the proper environmental use permits (La Nación 2013) (AUNAP 2014a) (AUNAP 
2014b) (AUNAP 2014c). For example, AUNAP staff visited over 1,400 fishery and aquaculture 
operations in 2013 and seized 9.6 tons of illegally captured or produced fish products, and 
because of these controls, all the farms in Betania Dam are legal as of 2014 (AUNAP 2014c).  
 
CAM monitors water quality in the reservoir (CAM 2014). Recent water quality monitoring 
efforts have used a numerical score combining several water quality parameters, including 
dissolved oxygen, nitrogen as nitrite and nitrate, phosphorus, pH, total suspended solids, and 
Escherichia coli biomass. CAM monitored six sites within and downstream of the area of intense 
tilapia farming at bimonthly intervals in 2012 and 2013 (CAM 2014). All six sites had either 
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“good” or “acceptable” water quality. The station downstream of the reservoir, “La Esperanza,” 
had the highest water quality of the stations monitored (“good” water quality), indicating a low 
impact on areas outside the farms’ immediate vicinity. This monitoring implies some active 
enforcement, but the lack of public data makes it difficult to know the regularity of this 
monitoring and therefore its effectiveness, particularly in relation to events such as the 2015 
fish mortality (see below). 
 
Although the available monitoring data for 2013 show that the average dissolved oxygen (5.2 
mg/l), biological oxygen demand (< 2 mg/l), and nitrogen and phosphorus levels were not 
indicative of eutrophication (CAM 2014), declines in the water quality have been noted prior to 
2015 and were often blamed on ineffective wastewater treatment in surrounding municipalities 
and/or periods of low water level (Hidrósfera 2003) (Zubieta 2007) (FAO-INCODER 2011) 
(Polinizaciones 2013). But in March and April of 2015, approximately 10% of the tilapia in the 
reservoir were lost to a large mortality event. As noted above, overproduction and cumulative 
effluent impacts leading to deteriorating water quality were two of several potential causes (in 
addition to rancid diets, viral agents, high ambient temperatures, low dissolved oxygen, and 
other opportunistic pathogens) (Pulido et al. 2015). The farms that are independently audited 
to either GAA or ASC should follow the requirements of these schemes’ standards, which do 
take some account of the carrying capacity and the total production (and feeding rate) of the 
water body as a whole. 
 
Robust penalties for infringement of effluent regulations exist, and efforts have been made by 
CAM and AUNAP to improve enforcement. Despite these recent efforts, there is evidence of 
overcapacity (e.g., 30,000 MT production in light of a 22,000 MT carrying capacity limit) and 
resultant water quality declines in the Betania Dam reservoir. As in Factor 2.1 above, the 
developing projects that imply greater monitoring and enforcement in the Betania Reservoir 
are encouraging, but as yet unproved. Overall, the effectiveness of the enforcement is currently 
considered to be moderate because of the apparent lack of publicly available data and the 
corresponding inability to understand key problems such as fish mortality events. The score can 
improve with further information and public data availability. The score is 3 out of 5 for Factor 
2.2b. 
 
The score for the effectiveness of the management scheme in Betania Reservoir (combining 
Factors 2.2a and 2.2b) is 2.4 out of 10, indicating moderate effectiveness of control measures 
related to cumulative impacts of the large scale of production in the reservoir.  
 
Conclusions and Final Score 
Overall, tilapia has a relatively low level of effluent waste per ton of production due to relatively 
low protein feeds, but the scale and intensity of farming in the human-made Betania Reservoir, 
combined with some concerns over the effectiveness of the management scheme to control 
cumulative impacts, result in a final numerical score of 4 out of 10 for Criterion 2 – Effluent. In 
future assessments, it will be interesting to note the effectiveness of the project recently 
initiated by Acuapez and the government of Huila in improving the monitoring and 
management of production in the reservoir.  



 

22 
 

Criterion 3: Habitat 
 
Impact, unit of sustainability and principle 

 Impact: Aquaculture farms can be located in a wide variety of aquatic and terrestrial habitat 
types and have greatly varying levels of impact to both pristine and previously modified 
habitats and to the critical “ecosystem services” they provide. 

 Sustainability unit: The ability to maintain the critical ecosystem services relevant to the 
habitat type. 

 Principle: being located at sites, scales and intensities that maintain the functionality of 
ecologically valuable habitats. 

 
Criterion 3 Summary 
 

Habitat parameters Value Score   

F3.1 Habitat conversion and function   7.00   

F3.2a Content of habitat regulations 2     

F3.2b Enforcement of habitat regulations 3     

F3.2 Regulatory or management effectiveness score   2.4   

C3 Habitat Final Score    5.47 YELLOW 

Critical? NO     

 
Brief Summary 
Floating net pen structures have little direct impact on habitats; however, the operations at the 
scale and intensity in the Betania Reservoir clearly have the potential to impact the waterbody 
(which was primarily assessed in Criterion 2 – Effluents) and affect the remaining ecosystem 
services. Although siting and other management regulations are in place and at least 
moderately enforced, the ongoing development project recently initiated by AUNAP indicates 
that there is room for improvement in the cumulative management of impacts in the reservoir, 
particularly the potential contributions to a loss of ecosystem services in extreme 
circumstances, such as high temperature and low water flows. Overall, the human-made nature 
of the reservoir results in a moderate Habitat Criterion score of 5.47 out of 10. 
 
Justification of Ranking 
Factor 3.1 Habitat conversion and function 
The Betania Dam was constructed on the Magdalena River for hydroelectricity production in 
1987 (GEO 2012). The Magdalena River is poorly studied, with the only documented study on 
the ecosystem’s water quality, species composition, and environmental changes occurring in 
2001 (Sanchez et al. 2001). This study identified 41 native fish species, with 9 of high economic 
importance, and noted that construction of the dam had reduced fish populations (Sanchez et 
al. 2001). Approximately 55% of the fish production that comes from the Magdalena River is 
now in the form of aquaculture production (FAO-INCODER 2011); although the number of net 
pen cages in Betania Reservoir increased from 1,686 in 2005 to 7,000 in 2013 (Polinizaciones 
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2013), the total area of fish farm sites is low compared to the total surface area of the lake 
(CAMS 2014). 
 
With the large scale of tilapia production relying on the water quality (i.e., ecosystem services) 
of the reservoir, it is clear that ongoing production depends on maintaining habitat 
functionality in this respect. Because the fish die-offs in early 2015 were potentially caused 
directly or indirectly by overproduction (Pulido et al. 2015), it is clear that the limits of 
functionality may be approached on occasion. (Note that factors such as high water 
temperatures, rancid feed, and viral or other opportunistic pathogens were also identified as 
potential confounding causes of the fish die-offs.) It must be noted that problems with water 
quality in the reservoir as a whole resulting from cumulative effluent impacts of the industry 
are primarily assessed in the Effluent Criterion above.  
 
It could be argued that benthic impacts from settling particulates (waste feed and feces) would 
have an impact on the lake bed, but again, the human-made nature of the reservoir diminishes 
this concern. Ultimately, when the human-made nature of the reservoir and its historically 
altered ecosystem services are considered, along with the limited direct habitat impacts from 
the floating net pen infrastructure, it is thought that the ecosystem maintains functionality with 
only moderate impacts. This equates to a score for Factor 3.1 of 7 out of 10. 
 

Factor 3.2a Habitat and farm siting management effectiveness (appropriate to the scale of 
the industry) 
In Colombia, management measures for effluent and habitat impacts have a high degree of 
overlap. Information regarding water quality in general in Betania Reservoir is included in 
Criterion 2. 
 
In Colombia, high value habitats and/or easily impacted habitats are avoided for aquaculture 
siting. For example, Resolution 408 of 2013 banned aquaculture in the Amani Reservoir of 
Colombia because of the high potential for negative impacts on native species and traditional 
uses (e.g., river transport). Strategic plans to ensure ecosystem protection have been 
developed within the Magdalena River basin, which include the preservation of coral reefs and 
mangroves in the region—particularly against mining, aquaculture, and fisheries (Ministerio de 
Ambiente y Desarrollo Sostenible 2012). Colombia is also part of two intergovernmental 
treaties: the Ramsar Treaty, which aims to protect wetlands, and the Convention on 
International Trade in Endangered Species (CITES), which aims to protect wildlife against over-
exploitation.  
 
As of January 2016, it is mandatory for all aquaculture operations to comply with the Livestock 
Registration of Aquaculture Establishments (RPEA), issued by the Colombian Agricultural 
Institute (ICA) (Aquahoy 2016). An environmental impact assessment (EIS) for new sites became 
mandatory in 1997 and includes measures for preventing and mitigating environmental impacts 
(Coze and Nava 2009). In 2011, a separate unit of the Ministry of Environment, the National 
Environmental Authority Licenses unit (ANLA), was created to handle environmental permits 
(Ministerio de Ambiente y Desarrollo Sostenible 2012). As of 2009, although an EIS was 
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required for new aquaculture operations, there were no specific requirements on its content or 
robustness (Coze and Nava 2009); however, it is unclear if this is still the case today, given the 
complexity of interpreting the regulations (e.g., as summarized by (FEDEACUA 2016)). 
 
Ongoing developments in the management of the Betania Reservoir are apparent with the new 
project announced by AUNAP (Pulido et al. 2015), including the separation of the lake into eight 
“microzones” and improved monitoring and management of production. Though these are 
improvements, there is still a need to improve the cumulative management of production in 
the lake, particularly with respect to extreme conditions such as high water temperatures and 
low water flows. 
 
Overall, there appears to be some siting according to ecological principles in Colombia in 
general, and within the Betania Reservoir; however, there is some uncertainty regarding the 
ongoing measure in place regarding cumulative management. The appropriate score for Factor 
3.2a is a moderate 2 out of 5 due to a potentially limited consideration of cumulative impacts.  
 
Factor 3.2b Enforcement of Habitat Management Measures 
Limited information is available on the enforcement of habitat regulations and management 
measures. There are three types of environmental fees established by Law 99 of 1993 that can 
be applied to aquaculture facilities: retributive fees for pollution, compensation fees for the 
maintenance of natural resources, and fees for water use (Ramirez and Gomez 2014). 
Additionally, environmental licenses may be revoked if the aquaculture facility does not comply 
with the conditions of the license, and infractions could cause daily fees, equivalent to a 
maximum of 300 minimum wages (Coze and Nava 2009). In 2013, multiple farms were closed 
down by AUNAP because of a lack of proper environmental permits, so that all the farms in the 
reservoir were legal by 2014 (La Nación 2013) (AUNAP 2014a) (AUNAP 2014b) (AUNAP 2014c). 
Stricter enforcement has had noticeable effects, including a decrease in the total area covered 
by fish farms, better delineation of farm areas, and better management of solid waste and fish 
mortality. Factor 3.2b is also given a score of 3 of 5.  
 
Floating net pens have little direct habitat impact, particularly considering the human-made 
nature of the waterbody, but the operational impacts are potentially associated with 
overcapacity and the loss of ecosystem services in the form of fish kills due to confounding 
factors. Factors 3.2a and 3.2b combine to give a Management Effectiveness score of 2.4 out of 
10 for Factor 3.2, and Factors 3.1 and 3.2 combine to give a moderate final numerical score of 
5.47 out of 10 for Criterion 3 – Habitats. 
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Criterion 4: Evidence or Risk of Chemical Use 
 
Impact, unit of sustainability and principle 

 Impact: Improper use of chemical treatments impacts non-target organisms and leads to 
production losses and human health concerns due to the development of chemical-resistant 
organisms. 

 Sustainability unit: non-target organisms in the local or regional environment, presence of 
pathogens or parasites resistant to important treatments 

 Principle: limiting the type, frequency of use, total use, or discharge of chemicals to levels 
representing a low risk of impact to non-target organisms. 

 
Criterion 4 Summary 

Chemical Use parameters Score   

C4 Chemical Use Score 4   

C4 Chemical Use Final Score 4 YELLOW 

Critical? NO   

 
Brief Summary 
Little public data are available on chemical use in Colombia, but with the intensive production 
and known bacterial and viral diseases of tilapia, the potential use of chemical treatments such 
as antibiotics must be accepted unless data can be provided that show otherwise. 
Encouragingly, three large farms in Betania Reservoir (including the largest) are certified to GAA 
and/or ASC, and audit reports show that antibiotics have not been used in recent production 
cycles. The most recent regulations on the control of chemical use are from 2007, and the 
AUNAP project initiated in late 2015 to improve the sustainability of production in the Betania 
Reservoir mentions the testing of antibiotics as one potential tool to improve fish health. The 
use of low levels of hormones for short periods in the hatchery feeds is considered common 
practice to produce all-male tilapia populations, and studies show that this has minimal 
environmental (or human health) concerns when best practices are employed. Overall, the 
independent audit reports, which show that large exporting net pen farms in Colombia have 
not recently used antibiotics, are encouraging and dictate a high score. Yet there is clearly a 
concern that chemical use, particularly antibiotics, could be happening in other farms in 
potentially increasing amounts to treat disease outbreaks when they occur. Therefore, the lack 
of publicly available data and a precautionary approach mean that the most appropriate score 
for the Chemical Use Criterion is 4 out of 10.  
 
Justification of Ranking 
There has historically been a low need for chemical use on tilapia farms because of the disease-
resistant nature of these species (Boyd 2004) (Fitzsimmons 2007), but with increasing scale and 
intensity of production, diseases are now a common problem (Bacharach et al. 2016). There 
have been several recent outbreaks of diseases on Colombian farms, sometimes resulting in 
severe losses (Hernandez et al. 2009) (Garcia et al. 2012) (Iregui et al. 2012) (Pulido et al. 2015). 
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Unfortunately, data availability on recent or current chemical use in Colombia is quite limited, 
but these disease outbreaks imply a potential for treatment with antibiotics or other chemicals.  
 
The summary of regulations provided by FEDEACUA4 includes a section on chemical products 
and supplies. The most recent resolution was made in 2007 (Resolution 676 on the control of 
chemical products), but other measures include registered products and uses, prohibited 
products, and various requirements relating to practical use. The large number of laws, 
resolutions, and decrees in Spanish makes a detailed understanding of the content challenging 
for buyers and consumers of the products on the U.S. market. Resolution 1326 of 1981 relates 
to the veterinary use of antibiotics, but does not appear to limit the type or total quantity (or 
frequency) of use. According to the European Commission, the antibiotics florenicol and 
sulfadimethoxine and veterinary products containing the hormone 17-alpha 
methyltestosterone are authorized for use in fish in Colombia, with 17-alpha 
methyltestosterone used regularly for sex reversal in closed systems producing fingerlings 
(European Commission 2011). Villaneda (2007) reported that farmers are known to use human 
and animal chemicals and antibiotics, such as malachite green, formaldehyde, methylene blue, 
and furazone; however, this 2007 publication must be considered dated and cannot be robustly 
relied upon to represent current practice. It is considered common practice for 
methyltestosterone to be used in hatchery feeds for the production of all-male populations via 
sex reversal, but according to Macintosh (2008), there are no known risks to the environment 
(or human health) from its use, provided that best management practices are employed.  
 
Global surveys on antibiotic use in aquaculture, such as Tusevljak et al. (2012), have limited 
coverage of South America but do indicate that antibiotic groups such as tetracyclines, 
quinolones, and sulphonamides are used in tilapia production globally. This cannot be robustly 
extrapolated to Colombia, and the most reliable data sources for chemical use in the tilapia 
produced for export to the United States are the few public audit reports for the large farms 
certified to the ASC and GAA (the latter reports were provided for this assessment by 
FEDEACUA). The combined information across these farm audits, including the largest tilapia 
farm in Colombia (Welling 2015), shows that antibiotics have not been used in recent 
production cycles. The project to improve the sustainability of tilapia production in Betania 
Reservoir that was recently initiated by the government of the Department of Huila mentions 
testing of antibiotics as one strategy to improve health management of the farms, so antibiotic 
use could potentially increase (Pulido et al. 2015).  
 
The European Commission published a study in 2011 that was conducted on beef, fish, and 
shrimp farms in Colombia for compliance with the European Commission’s chemical bans. The 
report noted that the governmental laboratories had limited methods to screen for nitrofurans, 
steroids, dyes, or antibacterial substances (European Commission 2011). The same study noted 
further that there were issues with internal quality controls, such as proper sampling methods 
and satisfactory sealing of samples, thus hindering the ability to accurately test for chemical 
use. There has been some improvement in the control of chemical use in aquaculture and 

                                                 
4 http://www.fedeacua.org/assets/uploads/files/3fbc1-MATRIZ-UNICA-NORMATIVA---03--03-2016.pdf 
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agriculture in Colombia; for example, as of March 2011, veterinary prescriptions must be 
obtained for a number of products that were previously sold over the counter, including 
antibiotics and pesticides (European Commission 2011).  
 
Disease outbreaks in Colombian aquaculture have been common (Camus et al. 1998) 
(Fitzsimmons 2000) (Iregui 2004) (Hernandez et al. 2009) (Iregui et al. 2011) (Garcia et al. 2012) 
(Iregui et al. 2012) (Pulido et al. 2015), suggesting the potential need for chemical use. Vaccines 
for leading tilapia diseases have made considerable progress over the last decade (e.g., (Evans 
et al. 2004) (Kwon et al. 2006) (Agnew and Barnes 2007) (Shoemaker et al. 2010) (Huang et al. 
2014)) and, if used in Colombia, could lead to a reduced need for chemicals (pers. comm., 
Fitzsimmons 2015), but there are no records to suggest that this is yet the case.  
 
Conclusions and Final Score 
Overall, the independent audit reports showing that large exporting net pen farms in Colombia 
have not recently used antibiotics are encouraging and dictate a high score. But there is clearly 
a concern that chemical use, particularly antibiotics, could be happening in other farms in 
potentially increasing amounts to treat disease outbreaks when they occur. Although it could 
be argued (based on the audit reports) that the species and the production system in Colombia 
have a low need for chemical use (score 6 out of 10), the lack of publicly available data covering 
all farms combined with a precautionary approach mean that the most appropriate score for 
the Chemical Use Criterion is 4 out of 10.  
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Criterion 5: Feed 
 
Impact, unit of sustainability and principle 

 Impact: feed consumption, feed type, ingredients used and the net nutritional gains or 
losses vary dramatically between farmed species and production systems. Producing feeds 
and their ingredients has complex global ecological impacts, and their efficiency of 
conversion can result in net food gains, or dramatic net losses of nutrients. Feed use is 
considered to be one of the defining factors of aquaculture sustainability. 

 Sustainability unit: the amount and sustainability of wild fish caught for feeding to farmed 
fish, the global impacts of harvesting or cultivating feed ingredients, and the net nutritional 
gains or losses from the farming operation. 

 Principle: sourcing sustainable feed ingredients and converting them efficiently with net 
edible nutrition gains.  

 
Criterion 5 Summary 

Feed parameters   Value Score 

F5.1a Fish In:Fish Out ratio (FIFO) 0.00 9.99 

F5.1b Source fishery sustainability score   –6.00   

F5.1 Wild fish use score     9.98 

F5.2a Protein IN (kg/100 kg fish harvested)   31.26   

F5.2b Protein OUT (kg/100 kg fish harvested)   16.77   

F5.2 Net Protein Gain or Loss (%)   –46.34 5 

F5.3 Feed Footprint (hectares)   3.17 8 

C5 Feed Final Score (0–10)     8.24 

Critical? NO GREEN 

 
Brief Summary 
Tilapia is omnivorous and typically does not require large inputs of fishmeal and fish oil in 
commercial feeds; data provided for multiple feeds from one feed company, and provided 
anonymously from FEDEACUA, give weighted average inclusion levels of fishmeal and fish oil 
over a typical production cycle of 4.95% and 1.02%, respectively. The data also showed that the 
use of fishmeal and oil from dedicated (i.e., reduction) fisheries appears to be limited to starter 
feeds, which represent a quite small part of the total ration provided over the production cycle. 
Therefore, the calculated Forage Fish Efficiency Ratios were close to zero (0.004), giving a high 
Wild Fish Use score of 9.98 out of 10. With high levels of edible crop ingredients in the feed, 
there was a calculated net edible protein loss of 46.3% and a low feed footprint of 3.2 hectares 
of area appropriated per ton of production. These aspects combine to give a final Feed Criterion 
score of 8.24 out of 10. 
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Justification of Ranking 
 
Factor 5.1 Wild Fish Use 
Tilapia is omnivorous and commercial feeds typically do not contain a high proportion of animal 
proteins, but inclusion levels often exceed those required (Naylor et al. 2000) (FAO 2012), in 
order to maximize growth rates and flesh quality.  
 
Typical values for fishmeal inclusion (8.3%) in the somewhat dated reference paper of Tacon 
and Metian (2008) were confirmed by direct contacts in Colombia to broadly represent current 
feeds (pers. comm., Pino 2015). But data for two tilapia feeds from a large feed company in 
Colombia (Contegral), in addition to anonymous feed data provided by FEDEACUA, show lower 
fishmeal levels, with a weighted average inclusion of 4.95%. Weighted averages were calculated 
based on average consumption figures provided by the feed company for starter, growout, and 
finishing feeds (10 g, 158 g, and 580 g, respectively, in a typical production cycle).  
 
Although Tacon and Metian (2008) report a fish oil inclusion level of 2% for tilapia feeds, three 
of the large farms that export to the U.S. are reported to not use any fish oil (pers. comm., Pino 
2015). Feed company data show fish oil inclusion varies from 3% in starter feeds to between 0% 
and 2% in finishing feeds, with a weighted average across the feeds of 1.02%.  
 
Three of the large farms exporting tilapia to the United States (those that are GAA- and ASC-
certified) are considered to use 100% fisheries by-products (e.g., tuna offal) to supply marine 
ingredients in their feeds (pers. comm., Pino 2015). Only one dataset from the feed company 
identified the use of by-products, and confirmed the use of 100% by-product fishmeal 
ingredients after the starter feeds (which used 100% whole fish fishmeal). Information on the 
use of fish oil from by-products was not specifically stated, but for the feeds that used fish oil 
(beyond starter feeds), the source was identified as farmed salmon processing by-products. 
Recent ASC audit reports confirm the use of by-products for both fishmeal and oil in the 
certified farms and, although it is accepted that these data may not reflect all tilapia feeds used 
in net pens in Colombia, the weighted averages of by-product marine ingredient use are based 
on these values and are calculated to be 98.7% of fishmeal and 100% of fish oil.  
 
Economic feed conversion values (eFCR) were available from two ASC audit reports for 
Colombian net pen farms from audits in 2016 and 2017 (the most recent reports available on 
the ASC website), and from the feed company Contegral. The average of the three values (1.47, 
1.6, and 1.7) is 1.59. This value indicates that 1.59 kg of feed inputs are required to product 1 kg 
of tilapia.  
 
Calculations according to the Seafood Watch Aquaculture Standard result in Forage Fish 
Efficiency Ratios (FFER; i.e., the amount of wild fish used to produce farmed fish) of 0.004 and 
0.0 for fishmeal and fish oil, respectively.5 This equates to an FFER score of 9.99 out of 10. 

                                                 
5 Although these values disagree with the ASC audit reports, it is not clear that their audit calculations ignored the 
use of fishmeal and fish oil from by-products (which they are also supposed to do). 
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For the small amount of fishmeal and fish oil considered to be sourced from dedicated fisheries 
for starter feeds (i.e., whole fish-derived marine ingredients), the sources were provided by the 
feed company and FEDEACUA. The feed company has a policy of sourcing from fisheries with 
FishSource6 scores > 6, but data from FEDEACUA indicate at least one fishery with one or more 
FishSource scores < 6. Therefore, a sustainability factor score of –6 leads to a small adjustment 
of –0.01, which is deducted from the initial score of 9.99 to give a final Wild Fish Use score 
(Factor 5.1) of 9.98 out of 10. 
 
Factor 5.2 Net Protein Gain or Loss 
Data on the protein content and its primary source ingredients were provided for a range of 
feeds produced by the feed company and by FEDEACUA. Total protein content varied from 45% 
for starter feeds to 25% in finishing feeds; the weighted average of these values (weighted on 
relative feed consumption over a production cycle) is 28.5%. Dated references indicate ranges 
from 24% to 34%, with an average value of 28% (Pompa and Rodriquez 2000) (Vallaneda 2007) 
(Zubieta 2007) (FAO 2014b). Neto and Ostrensky (2015) evaluated tilapia feeds in Brazil, which 
in this report are considered similar to those in Colombia, and found that protein content 
averaged 27.6% for the growth stage—similar to the figures stated above. 
 
The feed data from Colombia show that protein is supplied by a variety of ingredients, including 
fishmeal, crops, and terrestrial animal by-products. A similar weighted average calculation for 
all the available data shows that 11.0% of total feed protein comes from fishmeal, 69.2% from 
crops, and 19.8% from terrestrial animals. Calculations to estimate the percentage of the total 
protein coming from edible ingredients show that 68.9% of ingredients come from edible 
sources (non–by-product fishmeal and edible crops) and 31.1% come from nonedible sources 
(by-product ingredients from fishmeal and terrestrial animals).  
 
The protein content of a whole harvested farmed tilapia is 14% (Boyd 2007). For tilapia farmed 
in Colombia, the edible yield (i.e., fillet) is 33%, which is fairly low compared to other finfish 
species (Borderias and Sanchez-Alonso 2010). Although the edible portion of the tilapia used to 
make fillets is low, a large portion of the by-products from the tilapia farms in Betania Dam 
reservoir (≈75%) is used for other food production (pers. comm., Vera 2015). By-products from 
the processing of tilapia are suitable sources of protein for feed for other farmed species 
(Osorio et al. 2013). Skins, scales, bones, and viscera are sold to animal feed supplement 
companies (e.g., Industry Flour Meat Huila SAS) to produce fishmeal and fish oil. Heads and 
some trim are washed and frozen for wholesale in the domestic market. Any whole animals not 
suitable for consumption (i.e., mortalities) are also sold to animal feed supplement companies 
(pers. comm., Vera 2015). Therefore, there is a net utilized protein output of 11.7 kg per 100 kg 
of harvested fish, which is adjusted to 16.8 kg to account for the increase in protein quality 
from crop ingredients to farmed fish. 
 

                                                 
6 www.fishsource.org 
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Comparing the inputs and outputs of edible and utilized protein (31.3 kg/ton and 16.7 kg/ton, 
respectively), there is a net protein loss in Colombian production of tilapia of 46.3%. This results 
in a score of 5 out of 10 for Factor 5.2.  
 
Factor 5.3 Feed Footprint 
The creation of feeds for aquaculture requires the use of global ocean and land resources. The 
global ocean and land area required to feed tilapia can be estimated using inclusion levels of 
different feed ingredients and yield values per hectare of production area. For tilapia farmed in 
Colombia, the total inclusion level of aquatic feed ingredients (FM% + FO%) is 9.3% (by-
products are included in this calculation). The average carbon required for the necessary 
aquatic feed ingredients is 69.7 tC t–1, and the average ocean productivity for the continental 
shelf area is 2.68 tC ha–1 (fixed values in the Seafood Watch Aquaculture Standard). Using these 
values, the ocean area of primary productivity appropriated by feed ingredients is calculated as 
2.47 ha/ton tilapia.  
 
The average yield of major feed ingredient crops is 2.64 tons crops per ha–1, and with 
conversion factors for land animal products (also fixed values in the Seafood Watch 
Aquaculture Standard), the total land area appropriated by crop and land animal feed 
ingredients is calculated to be 0.70 ha to produce 1 ton of tilapia, and the total global area 
appropriated per ton of farmed fish (ocean area + land area) is 3.17 ha to produce 1 ton of 
farmed fish. Given the low requirements for global resources, the score for feed footprint, 
Factor 5.3, is 8 out of 10. 
 
Final Score 
Factors 5.1, 5.2, and 5.3 combine to give a final numerical score of 8.24 out of 10 for Criterion 5 
– Feed. 
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Criterion 6: Escapes 
 
Impact, unit of sustainability and principle 

 Impact: competition, genetic loss, predation, habitat damage, spawning disruption, and 
other impacts on wild fish and ecosystems resulting from the escape of native, non-native 
and/or genetically distinct fish or other unintended species from aquaculture operations  

 Sustainability unit: affected ecosystems and/or associated wild populations. 

 Principle: preventing population-level impacts to wild species or other ecosystem-level 
impacts from farm escapes. 

 
Criterion 6 Summary 
 

Escape parameters Value Score   

F6.1 Escape Risk   2.00   

F6.1a Recapture and mortality (%) 0     

F6.1b Invasiveness   8.0   

C6 Escape Final Score    5.00 YELLOW 

Critical? NO     
 

Brief Summary  
Tilapia was introduced into Colombia and became established in the 1960s, before the 
aquaculture industry had begun. The government had been actively stocking tilapia into the 
country’s freshwater bodies. For aquaculture purposes, tilapia had been legally defined as an 
introduced invasive species by the Colombian government, but new regulations in December 
2015 declared them (Nile and red tilapia, along with rainbow trout) “domesticated.” Though 
the new resolution recognizes the threat from additional escapes and prevents further active 
stocking, tilapia is considered fully established for the purposes of this assessment. Net pen 
aquaculture systems for tilapia carry a high risk of escape, but there are no data available on 
escapes events in Colombia or on post-escape recaptures; however, potential impacts are 
limited when the species has been historically introduced and actively stocked into the 
environment, and the final Escape Criterion score is therefore a moderate 5 out of 10. 
 

Justification of Ranking 
Factor 6.1 Escape risk 
All aquaculture operations carry the risk of escapes (Diana 2009), but the degree of risk 
depends on the type of production system and the effectiveness of management, including the 
proper training of employees and emergency plans in the case of escapes (Halwart et al. 2007) 
(Jensen et al. 2010). Net pen production systems are associated with a higher risk of escape 
given their open nature (Naylor et al. 2005) (Halwart et al. 2007). For net pen farms in the 
Betania Reservoir, best management practices (BMPs) are employed to reduce the risk of 
escapes; for example, Resolution no. 461 (1995) outlines the requirements for mesh size and 
borders around net pens, and requires that all farmed fish are single sex or sterile. And the 
certification requirements for both ASC and GAA will require the use of BMPs to minimize 
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escapes. No data are available on escape events in the reservoir or for other farms in Colombia, 
and data on recapture after escape events are also unavailable. Audit reports indicate that 
trapping or recapture nets cannot be used because they are considered illegal (IMO Group 
2013), so the initial Escape Risk score (Factor 6.1a) in the Seafood Watch Aquaculture Standard 
is 2 out of 10 for an open system with best management practices.  
 
Factor 6.2 Invasiveness 
There is ample evidence regarding the invasive nature of tilapia and their impacts on native 
populations in ecosystems worldwide (e.g., (Lowe et al. 2000) (Starling et al. 2002) (Canonico et 
al. 2005) (Narváez et al. 2005) (Oliveria 2005) (Caraballo 2009)). Various species of tilapia 
(including those commonly cultured and assessed here) are established in Colombia, including 
in freshwaters, estuarine waters, and alkaline waters (Narváez et al. 2005). These are largely 
the result of historic introductions, and establishment is thought to date to the 1960s (Pullin et 
al. 1997).  
 
Until Decree 1071 and Resolution 228 were passed in December 2015, tilapia had been defined 
as an introduced invasive species by the Colombian government (AUNAP 2013a). Resolution 
228 declared them (Nile tilapia and red tilapia, along with rainbow trout) “domesticated” in 
Colombia. The resolution recognizes the threat from additional escapes, and although the 
Colombian government historically actively stocked freshwater bodies in the country with 
tilapia from hatcheries (Caraballo 2009) (FAO-INCODER 2011), this practice now appears to be 
prohibited under Resolution 228. 
 
It is recognized that there is potential for ongoing escapes to have some impact on the natural 
species and habitats in the area. To take this into account, a score of 8 out of 10 is set for Factor 
6.2. This score reflects that the nonnative species of tilapia farmed in Colombia are considered 
ecologically established in the region (i.e., actively reproducing in the wild); however, they were 
intentionally introduced for purposes prior to the growth of the aquaculture industry.  
  
The final escape criterion score is based on the interaction of the risk of escape (Factor 6.1; 
score 2 of 10) and the invasiveness of the farmed species (Factor 6.2; score 8 of 10) and results 
in a moderate final numerical score of 5 out of 10 for Criterion 6 – Escapes. 
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Criterion 7: Disease; pathogen and parasite interactions 
 
Impact, unit of sustainability and principle 

 Impact: amplification of local pathogens and parasites on fish farms and their 
retransmission to local wild species that share the same water body  

 Sustainability unit: wild populations susceptible to elevated levels of pathogens and 
parasites. 

 Principle: preventing population-level impacts to wild species through the amplification and 
retransmission, or increased virulence of pathogens or parasites.  

 
Criterion 7 Summary 
Risk-based assessment 

Pathogen and parasite parameters  Score   

C7 Biosecurity 4.00   

C7 Disease; pathogen and parasite Final Score 4.00 YELLOW 

Critical? NO   

 
Brief Summary 
Several disease outbreaks have been recorded for tilapia produced in Colombia, and in many 
cases these diseases are capable of spreading to other species. Streptococcal bacterial 
infections are a common problem, and a viral hepatitis pathogen was one of several potential 
factors related to a large die-off of tilapia in the Betania Reservoir in early 2015. Net pen 
production systems are open, so pathogens could be released from the system and infect other 
wild species. But because of the human-made nature of the Betania Reservoir, the status of 
wild populations and the impact on them from farm-origin pathogens (if any) is unknown. 
Improving fish health and data availability in the Betania Reservoir is a key goal of the recently 
initiated project by the government of Huila. Because of the current lack of data, the Seafood 
Watch risk-based assessment was used, from which the open nature of the production system 
to the introduction and discharge of pathogens with unknown impacts on wild species leads to 
a moderate score of 4 out of 10.  
 
Justification of Ranking 
A wide range of bacteria, fungi, protozoa, and viruses has been described as challenges to 
tilapia aquaculture (Bacharach et al. 2016). Numerous diseases have been documented on 
tilapia farms in Colombia, including Edwardsiella spp. (Garcia et al. 2012) (Iregui et al. 2012), 
Aeromonas motile (Camus et al. 1998) (Iregui 2004), Rickettsia (Iregui et al. 2011), and 
Streptococcus (Hernandez et al. 2009). With the primary disease problems in tilapia being 
bacterial (e.g., Streptococcus), viruses were not implicated as substantive threats until 2009, 
when massive losses of tilapia, presumed to be caused by viral infection, were described in 
Israel and Ecuador (Bacharach et al. 2016). It is interesting to note that one of several potential 
factors in the large die-offs of tilapia in the Betania Reservoir in 2015 was a viral infection of 
Hepatitis syncytial, in addition to systemic infection by several opportunistic pathogens (Pulido 
et al. 2015). 
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In the past, disease-induced mortality in net pen cages in Colombia has sometimes produced 
serious losses, particularly due to Streptococcal infections (Fitzsimmons 2000). In the regions of 
Huila, Valle, Risaralda, and Tolima, which represent some of the highest producers of tilapia in 
the country, information from more than 10 years ago suggests disease infection rates of over 
50% for tilapia production (Iregui 2004). It is not fully understood how more recent production 
practices and biosecurity protocols have changed this situation; but for comparison, in stocking 
density studies conducted by Garcia et al. (2013), mortality rates averaged only 5.03%, even in 
the highest density treatments (120 kg/m3). Current data on disease outbreaks and mortality 
rates are not available in Colombia, aside from anecdotal evidence such as Pulido et al. (2015), 
but over the past 10 years, substantial progress has been made in vaccinating tilapia against 
common aquaculture diseases, particularly those caused by Edwardsiella (e.g., (Kwon et al. 
2006)) and Streptococcus (Evans et al. 2004) (Agnew and Barnes 2007) (Shoemaker et al. 2010) 
(Huang et al. 2014). It is possible that farms in Colombia are now vaccinating tilapia, which 
would lead to fewer disease outbreaks (pers. comm., Fitzsimmons 2015); however, due to the 
lack of reliable data, the prevalence of vaccinations is currently unknown. 
 
Aquaculture operations may increase the likelihood of pathogen and/or parasite amplification 
in nearby environments (e.g., (Naylor et al. 2000) (Johansen 2011)). The threat is significant for 
aquaculture operations employing net pens because of the open nature of these production 
systems, and wild populations may be impacted when disease spreads from the production 
system. Although all the diseases recorded for tilapia produced in Colombia have the potential 
to spread to other organisms, the published work referenced above on this topic either did not 
study wild populations (e.g., (Iregui et al. 2012)) or studied low sample sizes of wild populations 
and found no incidence of disease (e.g., (Hernandez et al. 2009)).  
 
With regard to the Seafood Watch assessment, the limited amount of data means that the risk-
based assessment has been used (the Data Criterion score for the disease section is < 5 out of 
10). Net pen production systems are open to the environment and therefore may allow for the 
transmission of disease from farmed tilapia to wild species. Disease outbreaks are common on 
tilapia farms in Colombia and are often linked to overstocking; however, the human-made 
nature of the Betania Reservoir has likely had a significant impact on the wild species in the 
area, and the presence and vulnerability of wild species in the vicinity of the farms is unknown. 
Considering the open nature of the net pens, but also the uncertain status of wild species in the 
human-made reservoir, the most appropriate score in the Seafood Watch risk assessment is 4 
out of 10 for the Disease Criterion because the system is open to the introduction and 
discharge of local pathogens.  
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Criterion 8X: Source of Stock – independence from wild 
fisheries 
 
Impact, unit of sustainability and principle 

 Impact: the removal of fish from wild populations for on-growing to harvest size in farms  

 Sustainability unit: wild fish populations 

 Principle: using eggs, larvae, or juvenile fish produced from farm-raised broodstocks 
thereby avoiding the need for wild capture. 

 
This is an “exceptional” criterion that may not apply in many circumstances. It generates a 
negative score that is deducted from the overall final score. A score of zero means there is no 
impact. 
 
Criterion 8X Summary 
 

Source of stock parameters   Score  

C8X Independence from unsustainable wild fisheries (0–10) 0   

Critical? NO GREEN 

 
Justification of Ranking (and Summary) 
All tilapia grown in Colombia are produced in hatcheries with no use of wild broodstock or 
seed. For example, Colombia’s largest producer, Piscicola Botero, has hatcheries located on 
islands in the Betania Reservoir and produces 6 million fingerlings per month (Welling 2015). 
Therefore, Colombian tilapia aquaculture is considered to be fully independent of wild fisheries 
for stock, and the score for the exceptional Criterion 8X is a deduction score of 0 out of –10. 
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Criterion 9X: Wildlife and predator mortalities 
 
Impact, unit of sustainability and principle 
 Impact: mortality of predators or other wildlife caused or contributed to by farming 

operations 

 Sustainability unit: wildlife or predator populations 

 Principle: aquaculture populations pose no substantial risk of deleterious effects to wildlife 
or predator populations that may interact with farm sites. 

This is an “exceptional” criterion that may not apply in many circumstances. It generates a 
negative score that is deducted from the overall final score. A score of zero means there is no 
impact. 
 
Criterion 9X Summary 
 

Wildlife and predator mortality parameters Score   

C9X Wildlife and predator mortality Final Score –6.00 YELLOW 

Critical? NO   

 
Brief Summary 
Studies from more than 10 years ago report considerable mortalities of birds in pond tilapia 
farms in Colombia, but no recent data are available for the net pen farms in Betania Reservoir. 
Anti-bird nets are required on all farms, and farms certified to the ASC with publicly available 
audit reports document the lack of lethal predator controls; however, they note that the osprey 
(Pandion haliaetus) is an endangered migrant that utilizes the lake. Little is known about the 
predator controls on the noncertified farms in the reservoir. Although there are not considered 
to be mortalities of birds or other predators beyond exceptional cases, the presence of ospreys 
requires a more precautionary approach until more data are made available. The score for 
Criterion 9X is therefore a moderate deduction of –6 out of –10. 
 
Justification of Ranking 
High densities of fish in aquaculture facilities in Colombia attract a number of predatory bird 
species, including kingfishers, egrets, herons, and osprey. Although there are dated 
documented bird mortalities in pond systems (Bechard and Marquez-Reves 2003), less is known 
about bird mortalities in net pen systems in reservoirs in Colombia. Resolution no. 461 (1995) 
outlines the anti-bird mesh requirements that all farms must comply with, and any farms that 
do not comply with these requirements can have their permits revoked. The enforcement of 
these regulations is unknown, and there do not appear to be any national laws related to the 
destruction of birds or other predators (BAP 2012).  
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Public independent audit reports for two ASC-certified farms (Piscicola Botero and Proceal) 
show that no lethal control methods are used (ASC 2016).7 These audit reports note that there 
are no International Union for the Conservation of Nature (IUCN) Red-Listed species present in 
the lake, but the osprey (Pandion haliaetus) is noted as an endangered migratory species for 
which additional precautionary measures are in place. Though these practices on large 
exporting farms are encouraging, there are no data available for the other farms.  
 
The good practices of the certified farms indicate that a large proportion of the fish produced 
for export to the United States may be produced responsibly, but the lack of data for other 
farms demands a more precautionary scoring approach. Considering the potential (but 
unverified) concern regarding the presence of endangered osprey in the reservoir, the final 
score for Criterion 9X is a precautionary deduction of –6 out of –10 because of the unknown 
status.  
 
 
 
 
 

  

                                                 
7 http://www.asc-aqua.org/upload/20131213_C.I.%20Pisciola%20Botero_SA%20Farm_FINAL.pdf 
http://www.asc-
aqua.org/upload/3_20150331_Procesadora%20y%20Comercializadora%20de%20Alimentos_Proceal%20Farm_FIN
AL-bilingual.pdf 

http://www.asc-aqua.org/upload/20131213_C.I.%20Pisciola%20Botero_SA%20Farm_FINAL.pdf
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Criterion 10X: Escape of unintentionally introduced species 
 
Impact, unit of sustainability and principle 
 Impact: movement of live animals resulting in introduction of unintended species 

 Sustainability unit: wild native populations 

 Impact: aquaculture operations by design, management or regulation avoid reliance on the 
movement of live animals, therefore reducing the risk of introduction of unintended 
species. 

This is an “exceptional” criterion that may not apply in many circumstances. It generates a 
negative score that is deducted from the overall final score. 
 
Criterion 10X Summary 
 

Escape of unintentionally introduced species parameters Score   

C10Xa International or trans-waterbody live animal shipments (%) 9   

C10Xb Biosecurity of source/destination 6   

C10X Escape of unintentionally introduced species Final Score  –0.40 GREEN 

 
Brief Summary 
Historically, there have been concerns that movements of tilapia fingerlings from hatcheries in 
Ecuador to Colombia represented a potential source of unintentionally introduced nonnative 
species. But the now-mature industry in Colombia and the available evidence indicate that the 
country is self-sufficient in seed supply, with hatcheries in different regions supplying local 
producers. Nevertheless, the recent designation of tilapia in Colombia as a “domesticated” 
species allows the importation of selectively improved tilapia strains to improve production. 
The numbers are considered likely to be low, and the biosecurity of the source breeding centers 
is considered to be moderate. Overall, there is a low risk of introducing nonnative species 
during the live animal shipments, and the score for Criterion 10X is a small deduction of 0.4 out 
of –10.  
 
Justification of Ranking 
This criterion provides a measure of the escape risk (introduction to the wild) of invasive alien 
species (other than the principle farmed species) that are unintentionally transported during 
animal shipments. 
 
Factor 10Xa International or trans-waterbody live animal shipments 
Nearly a decade ago, Villaneda (2007) reported concerns that unregistered imports of tilapia 
fingerlings could be entering Colombia from Ecuador and competing with local production by 
offering lower cost, but it is considered unlikely that the now-mature industry in Colombia 
continues this practice. As noted in Criterion 8X, Welling (2015) described the local hatchery 
production for Colombia’s largest tilapia producer in Betania Reservoir (i.e., the hatcheries were 
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located on islands within the reservoir), and there is evidence of other hatcheries in the lesser 
tilapia producing regions of Colombia (Acuicultores 2016). 
 
The recent declaration of tilapia as “domesticated” in Colombia (Decree 1071 and Resolution 
228, December 2015) allows the importation of genetically improved strains of tilapia in order 
to improve production. These international movements will present a risk of importing 
unintentional “hitchhiker” species along with the intended tilapia, but the scale is considered to 
be infrequent and of small numbers of broodstock. According to Resolution 228, the origins for 
new tilapia strains are limited to Holland and Honduras (Acuicultores 2016).  
 
For the purposes of this assessment, and considering the established nature of tilapia hatchery 
production for the now-mature industry in Colombia, the minor import of tilapia broodstock 
into Colombia is recognized with a score of 9 out of 10 for Factor 10Xa, which represents an 
estimated and arbitrary 10% of production in Colombia.  
 
Factor 10Xb Biosecurity of source/destination 
Although no specific data are available, the origin of the imports in Holland or Honduras will be 
tilapia selective breeding centers. Considering the climate in Holland, these will be closed 
recirculating systems with high biosecurity. The holding systems in Honduras are unknown, but 
for the purposes of domestication and selective breeding, they are likely to be somewhat 
contained with moderate to good biosecurity. The destinations in terms of hatcheries and 
subsequently open net pens in Colombia are considered to be of a lower biosecurity status than 
the sources discussed above. Therefore, a score of 6 out of 10 for Factor 10Xb represents the 
higher biosecurity of the source of live fish shipments. 
 
Overall, the likely low numbers of broodstock shipped lead to a high score for Factor 10Xa, and 
combined with the moderate biosecurity in Factor 10Xb give a final deduction score for the 
exceptional Criterion 10X of 0.4 out of –10. 
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Overall Recommendation 
 
The overall recommendation is as follows: 
 
The overall final score is the average of the individual criterion scores (after the two exceptional 
scores have been deducted from the total). The overall ranking is decided according to the final 
score, the number of red criteria, and the number of critical scores as follows: 
 
 Best Choice = Final score ≥6.6 AND no individual criteria are Red (i.e. <3.3) 

 Good Alternative = Final score ≥3.3 AND <6.6, OR Final score ≥ 6.6 and there is one individual “Red” 

criterion. 

 Red = Final score <3.3, OR there is more than one individual Red criterion, OR there is one or more 

Critical score.  

Criterion Score Rank Critical? 

C1 Data 3.41 YELLOW   

C2 Effluent 4.00 YELLOW NO 

C3 Habitat 5.47 YELLOW NO 

C4 Chemicals 4.00 YELLOW NO 

C5 Feed 8.24 GREEN NO 

C6 Escapes 5.00 YELLOW NO 

C7 Disease 4.00 YELLOW NO 

        

C8X Source 0.00 GREEN NO 

C9X Wildlife mortalities –6.00 YELLOW NO 

C10X Introduced species escape –0.40 GREEN   

Total 27.72     

Final score (0–10) 3.96     

      

OVERALL RANKING       

Final Score  3.96     

Initial rank YELLOW     

Red criteria 0     

Interim rank YELLOW   FINAL RANK 

Critical Criteria? NO   YELLOW 
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About Seafood Watch® 
 
Monterey Bay Aquarium’s Seafood Watch® program evaluates the ecological sustainability of 
wild-caught and farmed seafood commonly found in the North American marketplace.  Seafood 
Watch® defines sustainable seafood as originating from sources, whether wild-caught or 
farmed, which can maintain or increase production in the long-term without jeopardizing the 
structure or function of affected ecosystems.  Seafood Watch® makes its science-based 
recommendations available to the public on www.seafoodwatch.org.  The program’s goals are 
to raise awareness of important ocean conservation issues and empower seafood consumers 
and businesses to make choices for healthy oceans. 
 
Each sustainability recommendation is supported by a Seafood Report.  Each report synthesizes 
and analyzes the most current ecological, fisheries and ecosystem science on a species, then 
evaluates this information against the program’s conservation ethic to arrive at a 
recommendation of “Best Choices,” “Good Alternatives,” or “Avoid.”  The detailed evaluation 
methodology is available on our website.  In producing the Seafood Reports, Seafood Watch 
seeks out research published in academic, peer-reviewed journals whenever possible.  Other 
sources of information include government technical publications, fishery management plans 
and supporting documents, and other scientific reviews of ecological sustainability.  Seafood 
Watch Research Analysts also communicate regularly with ecologists, fisheries and aquaculture 
scientists, and members of industry and conservation organizations when evaluating fisheries 
and aquaculture practices.  Capture fisheries and aquaculture practices are highly dynamic; as 
the scientific information on each species changes, Seafood Watch’s sustainability 
recommendations and the underlying Seafood Reports will be updated to reflect these changes. 
 
Parties interested in capture fisheries, aquaculture practices and the sustainability of ocean 
ecosystems are welcome to use Seafood Reports in any way they find useful.  For more 
information about Seafood Watch and Seafood Reports, please contact the Seafood Watch 
program at Monterey Bay Aquarium by calling 1-877-229-9990. 
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Guiding Principles 
 

Seafood Watch defines sustainable seafood as originating from sources, whether fished8 or 
farmed, that can maintain or increase production in the long-term without jeopardizing the 
structure or function of affected ecosystems.  
 
The following guiding principles illustrate the qualities that aquaculture must possess to be 
considered sustainable by the Seafood Watch program: 
 
Seafood Watch will: 

 Support data transparency and therefore aquaculture producers or industries that make 

information and data on production practices and their impacts available to relevant 

stakeholders 

 Promote aquaculture production that minimizes or avoids the discharge of wastes at the 

farm level in combination with an effective management or regulatory system to control 

the location, scale and cumulative impacts of the industry’s waste discharges beyond the 

immediate vicinity of the farm 

 Promote aquaculture production at locations, scales and intensities that cumulatively 

maintain the functionality of ecologically valuable habitats without unreasonably penalizing 

historic habitat damage 

 Promote aquaculture production that by design, management or regulation avoids the use 

and discharge of chemicals toxic to aquatic life, and/or effectively controls the frequency, 

risk of environmental impact and risk to human health of their use 

 Within the typically limited data availability, use understandable quantitative and relative 

indicators to recognize the global impacts of feed production and the efficiency of 

conversion of feed ingredients to farmed seafood 

 Promote aquaculture operations that pose no substantial risk of deleterious effects to wild 

fish or shellfish populations through competition, habitat damage, genetic introgression, 

hybridization, spawning disruption, changes in trophic structure or other impacts associated 

with the escape of farmed fish or other unintentionally introduced species 

 Promote aquaculture operations that pose no substantial risk of deleterious effects to wild 

populations through the amplification and retransmission of pathogens or parasites  

 Promote the use of eggs, larvae, or juvenile fish produced in hatcheries using domesticated 

broodstocks thereby avoiding the need for wild capture 

 Recognize that energy use varies greatly among different production systems and can be a 

major impact category for some aquaculture operations, and also recognize that improving 

                                                 
8 “Fish” is used throughout this document to refer to finfish, shellfish and other invertebrates. 
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practices for some criteria may lead to more energy intensive production systems (e.g., 

promoting more energy-intensive closed recirculation systems) 

 
Once a score and rank has been assigned to each criterion, an overall seafood recommendation 
is developed on additional evaluation guidelines.  Criteria ranks and the overall recommendation 
are color-coded to correspond to the categories on the Seafood Watch pocket guide: 
 
Best Choices/Green: Are well managed and caught or farmed in environmentally friendly ways. 
 
Good Alternatives/Yellow: Buy, but be aware there are concerns with how they’re caught or 
farmed. 
 
Avoid/Red:  Take a pass on these. These items are overfished or caught or farmed in ways that 
harm other marine life or the environment. 
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Appendix 1 - Data points and all scoring calculations 
 
This is a condensed version of the criteria and scoring sheet to provide access to all data points 
and calculations. See the Seafood Watch Aquaculture Criteria document for a full explanation 
of the criteria, calculations and scores. Yellow cells represent data entry points. 
 

Criterion 1: Data quality and availability   

  Data Category Data Quality (0-10)   

  Industry or production statistics 5   

  Management 5  

  Effluent 2.5   

  Habitats 2.5   

  Chemical use 5   

  Feed 5   

  Escapes 2.5   

  Disease 2.5   

  Source of stock 5   

  Predators and wildlife 0   

  Unintentional introduction 2.5  

  Other – (e.g., GHG emissions) n/a   

  Total 37.5   

     

  C1 Data Final Score (0-10) 3.41 YELLOW 

 
 

Criterion 2: Effluents     

Factor 2.1 - Biological waste production and discharge   

Factor 2.1a - Biological waste production     

  Protein content of feed (%) 28.5   

  eFCR 1.59   

  Fertilizer N input (kg N/ton fish) 0   

  Protein content of harvested fish (%) 14   

  N content factor (fixed) 0.16   

  N input per ton of fish produced (kg) 72.504   

  N in each ton of fish harvested (kg) 22.4   

  Waste N produced per ton of fish (kg) 50.104   

        

Factor 2.1b - Production System discharge      

  Basic production system score 0.8   

  Adjustment 1 (if applicable) 0   

  Adjustment 2 (if applicable) 0   
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  Adjustment 3 (if applicable) 0   

  Discharge (Factor 2.1b) score (0-1) 0.8   

# % of the waste produced by the fish is discharged from the farm    

        

Factor 2.1 Score - Waste discharge score     

  Waste discharged per ton of production (kg N ton-1) 40.08   

  Waste discharge score (0-10) 5   

        

Factor 2.2 – Management of farm-level and cumulative effluent impacts  

  2.2a Content of effluent management measures 2   

  2.2b Enforcement of effluent management measures 3   

  2.2 Effluent management effectiveness    2.4   

        

  C2 Effluent Final Score (0-10) 4.00 YELLOW 

  Critical? NO   

 

Criterion 3: Habitat     

Factor 3.1. Habitat conversion and function   

  F3.1 Score (0-10) 7   

        

Factor 3.2 – Management of farm-level and cumulative habitat impacts  

 3.2a Content of habitat management measures 2   

 3.2b Enforcement of habitat management measures 3   

 3.2 Habitat management effectiveness    2.4   

       

 C3 Habitat Final Score (0-10) 5.47 YELLOW 

 Critical? NO  

 

Criterion 4: Evidence or Risk of Chemical Use 
  Chemical Use parameters Score   

  C4 Chemical Use Score (0-10) 4   

  C4 Chemical Use Final Score (0-10) 4 YELLOW 

  Critical? NO   

 

Criterion 5: Feed   

5.1. Wild Fish Use   

  Feed parameters Score 
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  5.1a Fish In : Fish Out (FIFO) 

  Fishmeal inclusion level (%) 4.95 

  Fishmeal from by-products (%) 98.7 

  % FM 0.06435 

  Fish oil inclusion level (%) 1.02 

  Fish oil from by-products (%) 100 

  % FO 0 

  Fishmeal yield (%) 22.5 

  Fish oil yield (%) 5 

  eFCR 1.59 

  FIFO fishmeal 0.00 

  FIFO fish oil 0.00 

  FIFO Score (0-10) 9.99 

  Critical? NO 

  5.1b Susutainability of Source fisheries 

  Sustainability score -6 

  Calculated sustainability adjustment -0.01 

  Critical? NO 

  F5.1 Wild Fish Use Score (0-10) 9.98 

  Critical? NO 

 

5.2 Net protein Gain or Loss   

  Protein INPUTS   

  Protein content of feed (%) 28.5 

  eFCR 1.59 

  Feed protein from fishmeal (%)   

  Feed protein from EDIBLE sources (%) 68.98 

  Feed protein from NON-EDIBLE sources (%) 31.02 

  Protein OUTPUTS 

  Protein content of whole harvested fish (%) 14 

  Edible yield of harvested fish (%) 33 

  Use of non-edible by-products from harvested fish (%) 75 

  Total protein input kg/100kg fish  45.315 

  Edible protein IN  kg/100kg fish  31.26 

  Utilized protein OUT  kg/100kg fish  16.77 

  Net protein gain or loss (%) -46.34 

  Critical? NO 

  F5.2 Net protein Score (0-10) 5 
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5.3. Feed Footprint

5.97

1.59

69.7

Ocean productivity ( C) for continental shelf areas (ton C/ha) 2.68

2.47

81.24

12.26

2.88

1.59

2.64

0.70

3.17

8

Feed Final Score

C5 Feed Final Score (0-10) 8.24 GREEN

Critical? NO

eFCR 

5.3a Ocean Area appropriated per ton of seafood

5.3b Land area appropriated per ton of seafood

Ocean area appropriated (ha/ton fish)

Carbon required for aquatic feed ingredients  (ton C/ton fish)

Total area (Ocean + Land Area) (ha)

F5.3 Feed Footprint Score (0-10)

Average yield of major feed ingredient crops (t/ha)

Land area appropriated (ha per ton of fish) 

Inclusion level of crop feed ingredients (%)

Inclusion level of land animal products (%)

Conversion ratio of crop ingedients to land animal  products

eFCR

Inclusion level of aquatic feed ingredients (%)

Criterion 6: Escapes
6.1a System escape Risk (0-10) 2

6.1a Adjustment for recpatures (0-10) 0

6.1a Escape Risk Score (0-10) 2

6.2. Invasiveness score (0-10) 8

C6 Escapes Final Score (0-10) 5 YELLOW

CriticaL? NO

Criterion 7: Diseases
Disease Evidence-based assessment (0-10)

Disease Risk-based assessment (0-10) 4

C7 Disease Final Score (0-10) 4 YELLOW

Critical? NO
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Criterion 10X: Escape of unintentionally introduced species 
  F10Xa live animal shipments score (0-10) 9.00   

  F10Xb Biosecurity of source/destination score (0-10) 6.00   

  C10X Escape of unintentionally introduced species Final Score  (0-10)  -0.40 GREEN 

  Critical? n/a   

 

Criterion 8X: Source of Stock
C8X Source of stock score (0-10) 0

C8 Source of stock Final  Score (0-10) 0 GREEN

Critical? NO

Criterion 9X: Wildlife and predator mortalities
C9X Wildlife and Predator Score (0-10) -6

C9X Wildlife and Predator Final Score (0-10) -6 YELLOW

Critical? NO


