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Final Seafood Recommendation 

Nile Tilapia 
Oreochromis niloticus 

Honduras 
Net Pens 

Criterion Score Rank Critical? 

C1 Data 7.05 Green 

C2 Effluent 4.00 YELLOW NO 

C3 Habitat 5.87 YELLOW NO 

C4 Chemicals 10.00 GREEN NO 

C5 Feed 8.00 GREEN NO 

C6 Escapes 10.00 GREEN NO 

C7 Disease 5.00 YELLOW NO 

C8X Source 0.00 GREEN NO 

C9X Wildlife mortalities –2.00 GREEN NO 

C10X Introduced species escape –4.00 YELLOW 

Total 43.91 

Final score (0-10) 6.27 

OVERALL RANKING 

Final Score 6.27 

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, or a single Critical criterion score, result in a Red 
final result. 

Summary 
Tilapia farmed in open net cages in Honduras present a final “Yellow” overall score of 6.27 out of 
10, resulting in a final recommendation of “Good Alternative.” 
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Executive Summary 

This Seafood Watch assessment involves a number of different criteria covering impacts 
associated with effluent, habitats, wildlife and predator interactions, chemical use, feed 
production, escapes, introduction of non-native organisms (other than the farmed species), 
disease, the source stock, and general data availability. This is the first report for tilapia raised 
in net pens in Honduras, because Seafood Watch has not previously assessed this species and 
culture method for this location. 

Tilapia is the common name applied to three genera of tropical freshwater fish in the family 
Cichlidae, but the species that are most important for aquaculture are in the genus 
Oreochromis, including Oreochromis niloticus (Nile tilapia). Though native to Africa and the 
Middle East, these omnivorous fish have been introduced into most tropical and subtropical 
regions worldwide. Typically, these introductions have been to improve control of aquatic 
weeds and insects, as well as for aquaculture. 

Tilapia production involves a phase for fingerling production and a grow-out phase where 
fingerlings are grown to market size. The scope of this assessment is Nile tilapia (Oreochromis 
niloticus), farmed using floating cages in lakes in Honduras. As of this report date, only 
Aquafinca Saint Peter Fish SA, which is owned by Regal Springs, is utilizing cage culture 
production to export tilapia to the United States (U.S.). But this assessment would apply to 
other companies utilizing the same production system for tilapia in Honduras if more 
companies begin to export to the U.S. This report utilizes information from the Regal Springs 
operations, along with other data sources, to indicate ecological impacts from freshwater cage 
culture in Honduras.  

Tilapia farming in Honduras began as subsistence farming in the 1930s and has grown since 
then to include export to neighboring Central American countries and to the United States. The 
primary exporter of farmed tilapia from Honduras is utilizing cage culture production and it 
operates three main sites in Honduras: one fingerling site (San Francisco de Yojoa, Cortés), a 
grow-out site in Lake Yojoa (Lago de Yojoa) and a grow-out site in Lake Cajon (Embalse el 
Cajon).  

In 2015, the U.S. imported more than 496,000 total pounds of tilapia, valued at USD 980 
million. Honduras dominates the market of fresh tilapia products into the United States; in 
2015, Honduras provided 35% of the total tilapia fresh fillet imports to the United States, 
valued at USD 66 million.  

Data 

The Data quality and availability criterion scores a moderately high 7.05 out of 10. Personal 
communication from farm management resulted in high data availability at the farm level, and 
partial verification from several years of ASC audit reports increases the quality of the relevant 
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points. Although plenty of research (academic, government, and industry) regarding pond 
culture in Honduras is available, there is a lack of publicly available research regarding cage 
culture, so data from other jurisdictions were used where relevant. The primary exporter of 
tilapia from Honduras to the United States is Aquafinca, which is owned by Regal Springs. 
Production information was gathered from the company, as well as import information from 
the USDA and export information from the FAO, in order to assess the industry and production 
statistics. Prior to 2001, specific regulations for aquaculture activities were largely absent in the 
national legal framework in Honduras. There is information regarding environmental licensing 
procedures and implementation, and the audit reports from ASC certification provide 
confirmation of activities relating to water quality, chemical use, escapes, predator interactions, 
and legal compliance.  

Effluent 
Although data are collected by Regal Springs and some are evaluated by ASC audit, the Data 
criterion score for Regal Springs, Honduras tilapia is not high enough to warrant use of the 
Evidence-based assessment for Factor 2.1. The Risk-based effluent assessment combines the 
FCR (1.8) and feed protein content (32%) to calculate the amount of nitrogen waste discharged 
per ton of tilapia production (55.8 kg). The tilapia are raised in net pens, which release 
approximately 80% of the nitrogen waste beyond the immediate farm area, resulting in a score 
of 4 out of 10. For Factor 2.2, the government management system addresses the effluent 
water quality of aquaculture production, as well as other anthropogenic sources of nitrogen 
and phosphorus; however, there have been records of eutrophication and harmful 
phytoplankton blooms, which indicate that monitoring measures are not effective. Combined 
with a moderate regulatory/management effectiveness score (to assess the potential 
cumulative impacts from the industry as a whole), the final Effluent criterion score is 4 out of 
10. 

Habitat 
Regal Springs, Honduras operates two farms: one in a manmade lake created by an artificial 
dam and one in a natural lake. For Factor 3.1, there is research available about the habitat 
before farm establishment and, although net pen production systems do not have direct impact 
on habitat, it is expected that the farms have a moderate impact on the habitat below the nets 
(from uneaten feed and eventual deposition of feces) while still allowing the habitat to 
maintain functionality. Benthic impacts are not addressed in the current Honduran government 
standards or in the ASC requirements; however, high-value wetland area has not been lost due 
to construction of the farms. The score for Factor 3.1 is 7 out of 10. For Factor 3.2, farm siting in 
Honduras operates with environmental function and services in mind, but exempts farms under 
5 ha in area. The omission of small-scale farms does increase concern regarding cumulative 
impact, but the combination of regulation content and enforcement results in a moderate 
habitat management effectiveness score. Lake Yojoa is listed as a protected area with the 
designation for “multiple use,” a designation that seems to contradict the protected status of 
the waters, though this status is influenced by the mining activities in the area. The resultant 
score for Factor 3.2 is 3.6 out of 10. The Habitat criterion overall receives a moderate score of 
5.87 out of 10. 
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Chemicals 

Chemical use has been reported by Regal Springs, Honduras and verified by the ASC audits of 
both farms. The farm reports administering a vaccine for Streptococcus agalactiae that has 
been put to use proactively although there have not been disease outbreaks at the farms. In 
order to test the efficacy of the vaccine, several on-farm studies using low levels of antibiotics 
have been performed with a subset of fish. A statement from the farm’s veterinarian was 
available to confirm the amount and identities of antibiotics used, as well as the study design 
and results. Other forms of reported chemical use include anesthetic and biodegradable 
cleaning detergent, but these are used in small quantities and disposed of such that their 
environmental risk is low. The chemical use score is 10 out of 10.  

Feed 

Feed companies will have different feed formulations and use different ingredient sources, 
which depend on such diverse factors as price and availability. This assessment utilizes data 
provided by Regal Springs, Honduras to determine scores for wild fish use, net protein gain or 
loss, and feed footprint. Based on the information provided, the value for Fish Feed Equivalency 
Ratio (FFER) is 0.00 because all fishmeal and fish oil is sourced from by-products, giving an 
overall Factor 5.1a score of 10 out of 10. The value for sustainability of the source fishery 
included in the feed was 0, because the fishmeal and fish oil used in the grow-out feeds are 
sourced entirely from by-products rather than whole fish. Combining the FFER score and the 
sustainability of the wild fish, the score for Factor 5.1 is 10 out of 10.  

The percentage inclusion levels of crop ingredients and land animal ingredients are known, as 
well as the specific types of ingredients (and subsequently whether those ingredients are 
considered edible or non-edible). The percentage of non-marine protein in the feed is 74.9%. 
This is entirely from edible crop sources. When factored with the protein content of the 
harvested fish, edible yield of harvested fish, and percent of non-edible byproduct utilization, 
the net protein loss is 60.4%, giving an overall Factor 5.2 score of 3 out of 10. The overall factor 
5.3: Feed Footprint score is 9 out of 10, because the inclusion levels of crop and land animal 
feed ingredients are known. This assessment determined that the commercial tilapia feed 
produced and utilized at Regal Springs, Honduras results in a final Feed Criterion score of 8.00 
out of 10.  

Escapes 
Because of the open nature of floating net pens, escapes of fish into the environment are highly 
likely. Additionally, there are a number of risks surrounding establishment of feral tilapia 
populations in foreign ecosystems, including the potential for habitat destruction and 
competition with native fish (Canonico et al. 2005). But there is a history of government-
promoted tilapia production dating to 1936, when Mozambique tilapia (Oreochromis 
mossambicus) and common carp (Cyprinus carpio) were introduced via El Salvador (FAO 2015). 
Although the possibility for escape is considered high, the invasiveness factor is considered low 
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given the prior establishment of the species, resulting in an overall score of 10 out 10 for 
Criterion 6 – Escapes. 

Disease, Pathogen and Parasite Interactions 
There is no current data or evidence indicating that tilapia cultured by Regal Springs, Honduras 
at their floating cage culture sites in Lake Yojoa and Lake Cajon are causing population declines 
in wild fish through the amplification and retransmission of pathogens or parasites. Regal 
Springs operations vaccinate against the most common relevant strain of Streptococcus and 
quarantine every fish hatched at the hatchery prior to transferring to the grow-out phase. But a 
precautionary approach requires an ongoing concern for the potential disease impacts to wild 
fish, due to the presence of disease agents at the farm sites and the open nature of the 
production system. The score for Criterion 7 – Disease is 5 out of 10. 

Source of Stock 
Cage culture of tilapia in Lake Yojoa and Lake Cajon in Honduras is entirely dependent on 
domesticated stock and does not rely on wild broodstock, wild fisheries, or endangered species. 
The final numerical score for Criterion 8X – Source of Stock is a deduction of 0 out of –10. 

Wildlife and predator mortalities 
There is evidence that tilapia cage culture operations in Lake Yojoa and Lake Cajon attract or 
interact with predators or other wildlife. There is also evidence that effective management and 
prevention measures limit mortalities and require written documentation for any interaction. 
Lethal interactions are prohibited. The concern for wildlife and predator mortalities due to 
these operations is low. The final numerical score for Criterion 9X – Wildlife and predator 
mortalities is –2 out of 10. 

Escape of Unintentionally Introduced Species 
Regal Springs, Honduras tilapia culture operations rely 100% on the trans-waterbody transport 
of live tilapia fingerlings in Honduras, because the two farms and the hatchery are each in a 
separate watershed. Movements between operations of “low to moderate” concern (Regal 
Springs, Honduras hatchery site) to “moderate to high” concern (Regal Springs, Honduras cage 
culture operations) or vice versa both result in a score of 6 out of 10. The final numerical score 
for Criterion 10X – Escape of Unintentionally Introduced Species is –4 out of –10. 

The final score is 6.27 out of 10 and with zero Red criteria. Tilapia raised in net pens in 
Honduras scores “Yellow” or a “Good Alternative.”  
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Introduction 

Scope of the analysis and ensuing recommendation 

Species: Nile tilapia (Oreochromis niloticus) 
Geographic coverage: Honduras 
Production Methods: Net pens   

Species Overview 

Brief overview of the species 
Tilapia is the common name applied to three genera of fish in the family Cichlidae: Oreochromis 
(maternal mouth brooders), Sarotherodon (maternal and paternal mouth brooders), and Tilapia 
(substrate brooders). The species that are most important for aquaculture are in the genus 
Oreochromis, including Oreochromis niloticus (Nile tilapia), O. mossambicus (Java tilapia), O. 
aureus (blue tilapia), and O. hornorum (Zanzibar tilapia). Though native to Africa and the Middle 
East, tilapias have been introduced into most tropical and subtropical regions worldwide. 
Typically, these introductions have been to improve control of aquatic weeds and insects, as 
well as for aquaculture (Boyd 2004) (El-Sayed 2006).  

Most species are unable to survive at temperatures below 50°F (10°C); their optimum 
temperature range is roughly 82–89°F (28–32°C). Tilapias are freshwater species, but they can 
also be cultured in salt water up to 25 ppt (Boyd 2004). They are omnivores that feed mainly on 
algae, aquatic macrophytes, detritus, and associated bacterial films (Fitzsimmons and 
Watanabe 2010). Therefore, tilapia can be grown on feeds with relatively lower protein and 
higher carbohydrate levels than carnivorous farmed species (El-Sayed 2006). 

Production system 
Tilapia production involves a phase for fingerling production and a grow-out phase in which 
fingerlings are grown to market size. The scope of this assessment is Nile tilapia (Oreochromis 
niloticus) farmed using floating cages in lakes in Honduras. As of this report date, only 
Aquafinca Saint Peter Fish SA, which is owned by Regal Springs, is utilizing cage culture 
production to export tilapia to the United States. But this assessment would apply to other 
companies utilizing the same production system for tilapia in Honduras if more companies 
begin to export to the United States. This report utilizes information from the Regal Springs 
operations, along with other data sources, to indicate ecological impacts from freshwater cage 
culture in Honduras.  

Fingerling production site 
At the fingerling production site in San Francisco de Yojoa, fingerlings are produced from 
broodstock in-house. The broodstock originated from a partner hatchery in Mexico and are 
now used to produce fry for stocking in both lake culture sites in a hatchery owned by Regal 
Springs, Honduras. Prior to transfer into these lakes, the fry are grown to stocking size utilizing 
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earthen ponds. Fingerlings undergo sex reversal utilizing a masculinization technique involving 
androgen hormone treatment, which results in male monosex populations. Fingerlings are then 
transported and stocked into floating plastic cages for grow-out in either Lake Yojoa (Lago de 
Yojoa, a natural lake) or Lake Cajon (Embalse el Cajon), which is a hydroelectric impoundment. 
The length of the hatchery portion of the production cycle is minimal compared to the grow-out 
portion, and it does not contribute significant ecological impacts. Therefore, it is not taken into 
account when assessing ecological impacts of tilapia production in Honduras.  
 
Cage culture sites 
Production of tilapia exported to the United States occurs in two lakes in Honduras: Lake Yojoa 
and Lake Cajon. Lake Yojoa is a natural lake of 89 km2 and is 28.3 m at is deepest point. Regal 
Springs tilapia production in Lake Yojoa began in 1997 and, as of 2016, consists of one site that 
comprises 120 circular cages located throughout the lake (pers. comm., E. Baide 29 September 
2016). Lake Cajon is 94 km2 and is 180 m at its deepest point. Regal Springs tilapia production in 
Lake Cajon began in 1998 and, as of 2016, consists of one site that comprises 317 circular cages 
(pers. comm., E. Baide 29 September 2016). Fingerlings are cultured in the floating cages to a 
harvest size of approximately 950–1000 grams (Stark 2012a) (Spence McConnell 2015a). 
Harvest size tilapia are then live-hauled to the processing plant owned and operated by Regal 
Springs in Borboton, Honduras.  
 
In addition to Regal Springs, there is one other large, cage culture grow-out farm: Lobos del Mar 
(APAY), located in Lake Yojoa (Turriago 2011) (Stark 2012b). Additionally, Aquacorporacion de 
Honduras S.A. operates a large tilapia hatchery and raceway grow-out operation, which is fed 
by waters from Lake Yojoa (Turriago 2011). In Lake Cajon, there are two large tilapia culture 
operations utilizing cages in addition to Regal Springs, Honduras (Turriago 2011). In addition to 
commercial and small-holder operations, there are government and academic tilapia cage 
culture sites in both Lake Cajon and Lake Yojoa (pers. comm., F. Yupanco 2015) 
  
Production Statistics 
Globally, tilapia aquaculture has expanded rapidly during the last decade and is expected to 
almost double from 4.3 million tons to 7.3 million tons between 2010 and 2030 (World Bank 
2013). Tilapia production is distributed worldwide, with approximately 70 percent occurring in 
in China and Southeast Asia (FAO 2010). Tilapia is produced in more than 100 nations, 
surpassing any other farmed fish (Fitzsimmons et al. 2011), and is the ninth greatest 
aquaculture species group in terms of weight of production worldwide (Boyd 2004). 
 
Tilapia production began in Honduras as subsistence farming in the 1930s, with commercial 
production for export beginning in 1989 (Fitzsimmons 2000) (FAO 2015). The primary tilapia-
producing departments are Cortés, Olancho, Comayagua, and Copan (Figure 1). Total 
production of farmed tilapia in Honduras increased from 1,900 MT in 2000 to 30,000 MT in 
2014 (FAO FIGIS 2016). Imports of Honduran tilapia into the United States during that period 
rose from 1,043 MT in 2000 to nearly 10,000 MT in 2014 (USDA 2016). The two major water 
bodies for such production are Lake Yojoa (Lago Yojoa) and Lake Cajon, which was created by 
the hydroelectric dam Francisco Morazan (Embalse el Cajon). Lake Yojoa is situated between 
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Comayagua, Cortés, and Santa Barbara departments, and Lake Cajon is located between 
Comayagua, Yoro, and Cortés. Lake Yojoa contains three industrial cage culture tilapia projects 
and several small-scale projects, and Lake Cajon contains two large, tilapia cage culture projects 
(Turriago 2011). Total production amounts at the Yojoa and Cajon Regal Springs sites in 2015 
were approximately 6,000 MT and 25,000 MT, respectively (pers. comm., E. Baide 29 
September 2016). Given that U.S. imports of Honduran tilapia in 2015 were roughly 9,800 MT 
(USDA 2016), most, if not all, U.S. imports of Honduran tilapia are originating from one of these 
two farms. 
 
 

Map of tilapia production regions in Honduras 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 1. Map of Honduras detailing the four main Tilapia producing provinces:  
Copán, Comayagua, Cortés, and Olancho (Turriago 2011). 

 
Import and Export Sources and Statistics 
The United States is the largest importer of fish and fishery products outside of Asia and is 
driving the increasing international aquaculture trade market (FAO 2012). American domestic 
production supplies approximately 4.5% of the U.S. market for tilapia; the remainder is 
imported (Fitzsimmons 2010). The National Fisheries Institute (2016) reports that, in 2014, 
tilapia was the fourth most consumed seafood in the United States after shrimp, tuna, and 
salmon. In 2014, the U.S. per capita consumption of tilapia was 1.44 lbs.  
 
The United States Department of Agriculture ranks tilapia import trade statistics by the sum of 
a country’s total trade volume as follows: 1) total volume; 2) whole, frozen; 3) fillets fresh; and 
4) fillets frozen. In 2015, the United States imported more than 496,000 pounds of tilapia, 
valued at USD 980 million (USDA 2015). Chinese (mainland) fresh and frozen products 
dominated the U.S. tilapia import market, providing about 65% of total tilapia imports in 2015. 
But Honduras dominates the market of fresh tilapia products to the United States; in 2015, 
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Honduras provided 35% of the total tilapia fresh fillet imports to the United States, valued at 
USD 66 million (USDA 2016). This has been an increase of more than 8,000 MT since the year 
2000.  
 
Common and Market Names 
 

Scientific Name Oreochromis niloticus 

Common Name Nile tilapia, tilapia, Saint Peter fish 

 
In the U.S., tilapia is commonly known as tilapia, Nile tilapia, and Saint Peter fish (Fitzsimmons 
2006). A majority of the tilapia originating from Honduras and exported to the U.S. market is 
farmed by Aquafinca Saint Peter Fish SA, which is owned by Regal Springs. Tilapia is marketed 
under the Regal Springs brand. Costco brand (Kirkland Signature) farm-raised tilapia loins (2.5 
pound bag) are sourced from Regal Springs, Indonesia- or Honduras-produced tilapia (The 
Costco Connection 2011). As of the date of this report, Regal Springs’ cage culture operations in 
Mexico, Indonesia, and Honduras are the main supplier of fresh and frozen tilapia fillets to 
Costco, supplying 70% of its product (Stewart and Seaman 2015).  
 
Product forms 
Typically, tilapia can be found in the U.S. market as fresh and frozen fillets, loins, portions, and 
whole fish. Value-added products, such as frozen fillets with a sauce, can also be found using 
tilapia from Honduras. Tilapia by-products generated in the processing plant can be used to 
produce fishmeal, fish oil, biodiesel, and raw materials for cosmetic products (Global 
Aquaculture Alliance 2012) (Yeomans 2012) (Calderon 2016a) (Calderon 2016b).  
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Analysis 
 

Scoring guide 
 With the exception of the exceptional criteria (8X, 9X and 10X), all scores result in a zero to 

ten final score for the criterion and the overall final rating. A zero score indicates poor 
performance, while a score of ten indicates high performance. In contrast, the three 
exceptional criteria result in negative scores from zero to minus ten, and in these cases zero 
indicates no negative impact. 

 The full Seafood Watch Aquaculture Standard that the following scores relate to are 
available on the Seafood Watch website. http://www.seafoodwatch.org/-
/m/sfw/pdf/criteria/mba_seafood%20watch_aquaculture%20standard_version%20a3.2.pdf
?la=en  

  

http://www.seafoodwatch.org/-/m/sfw/pdf/criteria/mba_seafood%20watch_aquaculture%20standard_version%20a3.2.pdf?la=en
http://www.seafoodwatch.org/-/m/sfw/pdf/criteria/mba_seafood%20watch_aquaculture%20standard_version%20a3.2.pdf?la=en
http://www.seafoodwatch.org/-/m/sfw/pdf/criteria/mba_seafood%20watch_aquaculture%20standard_version%20a3.2.pdf?la=en
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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 publically available. 
 
Criterion 1 Summary 
 

Data Category Data Quality Score (0-10) 

Industry or production statistics 7.5 7.5 

Management 7.5 7.5 

Effluent 5 5 

Habitat 5 5 

Chemical use 7.5 7.5 

Feed 10 10 

Escapes 5 5 

Disease 5 5 

Source of stock 10 10 

Predators and wildlife 7.5 7.5 

Introduced species 7.5 7.5 

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

Total   80 

      

C1 Data Final Score (0-10) 7.05 GREEN 

 
Brief Summary 
The Data quality and availability criterion scores a moderate high 7.05 out of 10. Personal 
communication from farm management resulted in high data availability at the farm level, and 
partial verification from several years of ASC audit reports increases the quality of the relevant 
points. Although plenty of research (academic, government, and industry) regarding pond 
culture in Honduras is available, there is a lack of publicly available research regarding cage 
culture, so data from other jurisdictions were used where relevant. The primary exporter of 
tilapia from Honduras to the United States is Aquafinca, which is owned by Regal Springs. 
Production information was gathered from the company, as well as import information from 
the USDA and export information from the FAO, in order to assess the industry and production 
statistics. Prior to 2001, specific regulations for aquaculture activities were largely absent in the 
national legal framework in Honduras. There is information regarding environmental licensing 
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procedures and implementation, and the audit reports from ASC certification provide 
confirmation of activities relating to water quality, chemical use, escapes, predator interactions, 
and legal compliance.  
  
Justification of Rating 
Scientific publications and data availability related to tilapia cage culture production systems in 
Honduras and its potential environmental impacts are not current, and they are not easily 
available. Some data points were supplied by farm managers and some were confirmed 
through ASC audits for the years 2012, 2015, and 2016.  
 
Because of the limited availability of scientific or other independent data, this assessment relies 
heavily on scientific publications and technical reports related to tilapia aquaculture conducted 
in other jurisdictions. Information and data gaps limit the ability to fully assess and understand 
the impacts of tilapia hatchery and cage culture aquaculture in Honduras. 
 
Both Regal Springs Honduras grow-out operations (Yojoa and Cajon farms) have been certified 
by the Aquaculture Stewardship Council (ASC) since 2012 (Stark 2012a) (Stark 2012b) (Spence 
McConnell 2015a) (Spence McConnell 2015b) (Calderon 2016a) (Calderon 2016b). The ASC unit 
of certification for both Yojoa and Cajon farms includes the grow-out phase in floating cages 
and the harvest, landing, and transport to the Regal Springs processing plant. The reports for 
these certification and surveillance audits were available online and were used as part of the 
data and information for each criterion in this assessment. 
 
There is a lack of current research on the ecological impacts of intensive tilapia production in 
Honduras, specifically with cage culture. Historical research activities in Central America, 
including Honduras, were funded in part by the United States Agency for International 
Development (USAID) under the Pond Dynamics/Aquaculture Collaborative Research Support 
Program (PDA/CRSP) (1982–2006) (FAO 2014). The PDA/CRSP program aims were primarily 
focused on improving aquaculture system efficiency in several countries worldwide (Molnar et 
al. 1996). Additional research programs were also underway through the Auburn University 
PDA/CRSP in the late 1980s, working mainly with pond culture and promoting productivity to 
maximize growth (Green et al. 1990). These former research activities concentrated on 
knowledge mobilization and training programs to promote subsistence and small-scale 
commercial fish culture. 
 
The scope of this assessment is Nile tilapia (Oreochromis niloticus) farmed using floating cages 
in lakes in Honduras. As of this report date, only Aquafinca Saint Peter Fish SA, which is owned 
by Regal Springs, is utilizing cage culture production to export tilapia to the United States. But 
this assessment would apply to other companies utilizing the same production system for 
tilapia in Honduras if more companies using the same production methods were to begin to 
export to the United States. This report utilizes information from the Regal Springs operations 
as an indicator of freshwater cage culture in Honduras. Robust tilapia production statistics from 
the Honduras production industry and government are not publicly available. Current and 
reliable production statistical information is available in reports produced by international 
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organizations such as Food and Agriculture Organization (FAO) and World Bank (WB), or by 
government agencies from importing countries such as USDA or FDA. This report relies heavily 
on information reported by Regal Springs and in the ASC reports, with inferences made in 
comparison to data from FAO, World Bank, and USDA import statistics. The score for Industry or 
production statistics receives a 7.5 out of 10.  
 
In Honduras, aquaculture activities were not included into the national legal framework until as 
recently as 2001. In that year, the General Fishery Regulations of 2001 (Reglamento General de 
Pesca, 2001) were passed to provide specific regulations on procedures and requirements for 
aquaculture licenses and concessions (FAO 2014). Since 2009, more stringent water-use 
regulations have come into effect, and aquaculture licenses depend on an environmental 
impact assessment prior to being authorized (FAO 2013). Cajon and Yojoa farms both currently 
hold valid environmental licenses for their operations but were not required to conduct a 
thorough EIA. To maintain these licenses, the farms are required to submit evidence of 
compliance with a number of indicators outlined by the Honduran government that are specific 
to their location and lease size. The indicators contain measures for monitoring and protocols, 
such as biosecurity protocols, water quality and, more recently, benthic macroinvertebrate 
monitoring (pers. comm., E. Vargas January 2016). The primary government agencies that 
control aquaculture in Honduras are SERNA (Secretary of Natural Resources and the 
Environment) and DIGEPESCA (General Directorate of Fisheries and Aquaculture). With regard 
to cage culture operations in Cajon and Yojoa, there is evidence indicating that the operations 
frequently meet or exceed government regulations. The farms have also been certified 
according to Aquaculture Stewardship Council Farmed Tilapia standards since 2012. These are 
voluntary, farm-level standards for environmental management, and audit reports are available 
publicly; however, the reports do not always include the specifics, such as test values for water 
quality measurements. The data availability and quality for management and regulations 
scored a 7.5 out of 10. 
 
The Effluent criterion scores 5 out of 10 for data availability. Although somewhat limited, a 
variety of academic, government, and third-party audit publications provide information on 
receiving water body characteristics (Spence McConnell 2015a) (Spence McConnell 2015b) 
(Trate 2006) (Walker and Puckett 2011) and relevant legislation (FAO 2009 & 2013). Water 
quality information for Lake Yojoa is more abundant than for Lake Cajon. The information 
gathered from these sources does not offer detailed values, but there are sources for 
preliminary data for both lakes based on hydrography reports from the 1970s to 1980s. Regal 
Springs, Honduras has made available relevant effluent data points including eFCR, feed protein 
percent, and production system characteristics, as well as government monitoring reports for 
water quality (pers. comm., E. Baide 29 September 2016). But many of the datasets obtained 
from the farms only include one year (2015 or 2016) and are not always complete. Information 
contained in a yet unpublished report contains detailed water quality data collected over the 
course of a decade (2004–2015) for Lake Yojoa only. Even with this information, it is not 
possible to perform a comprehensive evaluation of the impacts on both water bodies in which 
the tilapia farms operate. 
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Habitat receives a data score of 5 out of 10. Basic information about the ecosystem 
characteristics and farm structure was available from farm management and the ASC audit 
(Spence McConnell 2015a) (Spence McConnell 2015b) (pers. comm., F. Yupanco 2015). An 
environmental impact assessment summary is available for this assessment, along with limited 
information about benthic conditions below Regal Springs net pens. Government documents 
outlining the compliance with environmental laws and the most recent renewal of 
environmental licenses were available. Habitat regulatory and management information is 
sourced primarily from the ASC audit reports (Spence McConnell 2015a) (Spence McConnell 
2015b) (Calderon 2016a) (Calderon 2016b).  
 
The Chemical Use criterion receives a moderately high score of 7.5 out of 10. Personal 
communications from the farm are supported by third-party audits of the farm activities 
(Spence McConnell 2015a) (Spence McConnell 2015b) (Calderon 2016a) (Calderon 2016b) 
(pers. comm. F. Yupanco 2015). But the audit reports primarily focus on antibiotic use and do 
not cover other chemical use in detail. The biosecurity plans do outline other chemicals that are 
used on site, which confirmed reports of low chemical use beyond antibiotics. For purposes of 
this assessment, Regal Springs submitted a letter outlining antibiotic use in 2014 and 2015, 
including information regarding the specific antibiotics, frequency of use, and quantities used. 
The company further provided evidence to support that this antibiotic use was for research 
purposes and the affected fish were not sold to customers in the U.S. Because this information 
only included 2 years, this report is unable to verify with certainty the use of chemicals and 
other antibiotics for any years other than 2014 and 2015. 
 
Feed scores a high 10 out of 10 for data quality and availability. Regal Springs, Honduras has 
provided feed data to populate the assessment, and much of the information needed was also 
gathered from the 2015 ASC reports. As a vertically integrated operation, Regal Springs, 
Honduras owns and operates a feed manufacturing plant that supplies all feed for both farms 
and the company was able to provide detailed and comprehensive information for each of the 
feeds used throughout the life cycle, including ingredients lists and percentage inclusion. 
 
The Escapes criterion has a moderate data score of 5 out of 10. The escape risk section is 
informed by details provided by Regal Springs, Honduras regarding escape prevention 
measures, and with certain points confirmed by ASC audit (Spence McConnell 2015a) (Spence 
McConnell 2015b) (pers. comm., F. Yupanco 2015). Trickle losses do occur, but records of these 
losses are not currently taken. The invasiveness section is informed predominantly by studies of 
tilapia aquaculture in other jurisdictions (Martin et al. 2010) (McCrary et al. 2007) (Senanan and 
Bart 2008) (Starling et al. 2002), because data regarding ecological impacts of farmed tilapia on 
lakes in Honduras is not available. But both lakes are historically stocked with tilapia by the 
Honduran government (via the same hatchery that supplies the farm) and are well established, 
with somewhat known impacts from any additional escapees. Data regarding this historical and 
current stocking were mostly anecdotal but well confirmed between sources from within and 
outside Regal Springs operations. 
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The Disease criterion is informed primarily by tilapia studies in other jurisdictions (Green and 
Engle 2000) (Martins et al. 2011) (Soto et al. 2011). But the data score is 5 out of 10 because no 
portion of data was verified by ASC audits, no record of disease at either farm was made 
available, and there is a lack of research and monitoring and exploring potential impacts of 
disease transfer from cultured tilapia to wild fish populations. Time gaps occur in existing data. 
The farm does maintain a comprehensive biosecurity plan, which was shared for purposes of 
this assessment.  
 
The data score for Source of Stock is 10 out of 10. Regal Springs, Honduras sources fry from 
their hatchery in San Francisco de Yojoa (Honduras). These fry are sourced from in-house 
broodstock that originate from a partner hatchery in Mexico. All broodstock in both locations 
are domesticated. This information is available via personal communication and in the ASC 
audit reports (pers. comm., E. Baide 29 September 2016) (Stark 2012a) (Stark 2012b) (Spence 
McConnell 2015a) (Spence McConnell 2015b) (Calderon 2016a) (Calderon 2016b).  
 
Data availability for the Predators and Wildlife exceptional criterion scores 7.5 out of 10. The 
assessment is informed by a combination of personal communication from Regal Springs, 
Honduras and verification from ASC audit reports (Spence McConnell 2015a) (Spence 
McConnell 2015b) (Calderon 2016a) (Calderon 2016b) (pers. comm., F. Yupanco 2015). 
Available data include control measure protocols and predators present in the area, and 
records of mortalities or other interactions were available for the years 2015 and 2016. 
 
The score for Introduced Species data is 7.5 out of 10. The operations depend on movement of 
fish from the hatchery in San Francisco de Yojoa in Honduras to the farms in either Lake Yojoa 
or Lake Cajon. This information was confirmed in ASC reports and personal communication 
from the farm (pers. comm., E. Baide 29 September 2016) (Stark 2012a) (Stark 2012b) (Spence 
McConnell 2015a) (Spence McConnell 2015b) (Calderon 2016a) (Calderon 2016b). Biosecurity 
procedures covering the hatchery, grow-out, and harvest were submitted and reviewed for this 
report. 
 
Conclusions and final score 
Despite the importance of the export of cultured tilapia to the United States, scientific 
publications and data availability related to tilapia cage culture production systems in Honduras 
and their potential environmental impacts are not current and are not easily available. This 
assessment relies heavily on scientific publications and technical reports related to tilapia 
aquaculture conducted in other jurisdictions, as well as anecdotal farm data and verified third-
party ASC audits. Despite personal communications with Regal Springs, significant information 
and data gaps limit the ability to fully assess and understand the impacts of tilapia cage culture 
aquaculture in Honduras. The final numerical score for Criterion 1 – Data is 7.05 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 Waste (nitrogen) production per of fish (kg N ton–1) 69.76   

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

F2.1 Waste discharge score (0–10)   4 

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

F2.2b Enforcement of regulations (0–5) 4   

F2.2 Regulatory or management effectiveness score (0–10)   3.2 

C2 Effluent Final Score (0–10)   4.00 

Critical? NO YELLOW 
 

 
Brief Summary 
Although data are collected by Regal Springs and some are evaluated by ASC audit, the Data 
criterion score for Regal Springs, Honduras tilapia is not high enough to warrant use of the 
Evidence-based assessment for Factor 2.1. The Risk-based effluent assessment combines the 
FCR (1.8) and feed protein content (32%) to calculate the amount of nitrogen waste discharged 
per ton of tilapia production (55.8 kg). The tilapia are raised in net pens, which release 
approximately 80% of the nitrogen waste beyond the immediate farm area, resulting in a score 
of 4 out of 10. For Factor 2.2, the government management system addresses the effluent 
water quality of aquaculture production, as well as other anthropogenic sources of nitrogen 
and phosphorus; however, there have been records of eutrophication and harmful 
phytoplankton blooms, which indicate that monitoring measures are not effective. Combined 
with a moderate regulatory/management effectiveness score (to assess the potential 
cumulative impacts from the industry as a whole), the final Effluent criterion score is 4 out of 
10. 
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Justification of Rating 
 
Risk-based assessment: 
Because effluent data quality and availability is moderate/low (i.e., Criterion 1 score of 5 of 10 
or lower for the effluent category), the Seafood Watch Risk-based assessment is utilized. This 
method involves assessing the amount of nitrogenous waste produced per ton of fish, 
combined with the amount of that waste that is discharged from the farm. The effectiveness of 
the management systems in place to control the ecological impact of waste produced is 
assessed, and combined with the amount of waste leaving the farm site to assess the potential 
cumulative impacts from the industry as a whole. 
 
Factor 2.1 Waste discharged per ton of fish production 
Factor 2.1a – Biological waste production per ton of fish 
The amount of waste discharged from Regal Springs, Honduras cage culture operations is 
estimated through the nitrogen (N) balance between inputs and outputs. N inputs are 
calculated by multiplying the FCR (1.8), the protein level in feeds (32%), and the proportion of N 
in proteins (16%) (pers. comm., E. Baide 29 September 2016). This results in a nitrogen input of 
92.16 kg N per ton of Tilapia products. N outputs are represented by the N in fish tissues, and 
this value is estimated through the multiplication of the amount of protein in the harvested 
tilapia (14%) and the proportion of N in protein (16%) (Boyd et al. 2007), resulting in a nitrogen 
output of 22.4 kg N per ton of harvested fish. The balance between inputs and outputs results 
in 69.76 kg of waste N produced per ton of tilapia.  
 
Factor 2.1b – Production system discharge 
Regal Springs, Honduras raises tilapia in net pen systems, which are estimated to release 
approximately 80% of the fish waste as soluble effluent that leaves the immediate farm area. 
No waste collection or other offsets occur, and the final nitrogen release is calculated at 55.8 kg 
per ton of tilapia production.  
 
The combined values for Factors 2.1a and 2.1b result in a waste discharge score of 4 out of 10.  
 
Factor 2.2: Management of farm-level and cumulative impacts  
Factor 2.2a: Content of effluent management measures 
In Lake Yojoa, a number of anthropogenic inputs have the potential to affect continued water 
quality in the lake, including mining, runoff from agriculture in the area, sewage from 
surrounding communities, and inputs from aquaculture. In Lake Cajon, aquaculture and 
agricultural runoff are the only potential contributors to inputs of nitrogen and phosphorus 
(Trate 2006) (Walker and Puckett 2011). Regal Springs, Honduras monitors the water quality of 
Lake Yojoa and Lake Cajon for internal limnologic programs, government compliance, and 
compliance to several private, third-party-verified aquaculture standards. For limnologic 
programs, the farms monitor physical water quality parameters including temperature, pH, 
daily diurnal DO, and conductivity. In Lake Cajon, there are 20 monitoring stations along the 
length of the reservoir, at 5-meter intervals from 0 m to 30 m deep. In Lake Yojoa, there are 
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four water sampling stations within the lake, as well as six sampling points in the surrounding 
rivers for limnologic data. The water quality parameters in both lakes are seasonal, with cold 
fronts arriving October to March and causing high turnover in the water column, and the warm 
season running from April to September without inversion of the water column (pers. comm., E. 
Baide 29 September 2016).  
 
For government compliance, Regal Springs is not required to perform an EIA; however, they are 
required to perform water quality monitoring quarterly at four stations in Lake Cajon and three 
stations in Lake Yojoa. These quarterly measurements are reported annually to SERNA 
(Secretary of Natural Resources and Environment). Parameters measured include alkalinity, 
grease and oil (hexan), total ammonia nitrogen (TAN), total phosphorus, nitrite, nitrate, 
settleable solids, total suspended solids (TSS), total solids, total coliform count, biological 
oxygen demand (BOD), and chemical oxygen demand (COD). Only the following parameters 
have set limits: COD, BOD, TAN, nitrite, nitrate, and total coliform count. The results of the 
regular government monitoring for only one year, 2015, were submitted for this report and, 
according to these results, Regal Springs has measured values far below the required limits for 
these parameters in 2015 (pers. comm., R. Gomez October 2016).  
 
The regulatory frameworks in Honduras are established to set, manage, and enforce effluent 
guidelines, which include the 2009 General Water Law (Ley General de Aguas, “Water Law”) 
and the 2003 Water Framework Law (Ley Marco del Sector Agua Potable y Saneamiento, 
“Water Law Framework”) (FAO 2013). There is some concern that the Honduran wastewater 
discharge limits as set by the government may not be robust enough to protect water 
ecosystem services (FAO 2014).  
 
The oversight of the ASC Tilapia standard requires the ongoing monitoring, testing, and 
reporting of discharge and receiving water quality. The ASC standards are specific to 
aquaculture, considered scientifically robust, and lead to discharge limits, but the limits are not 
site-specific and do not cover peak events, though they do cover the entire production cycle. 
ASC does not fully address the cumulative impact of an industry, but does measure diurnal 
dissolved oxygen (DO) based on a water body’s salinity and temperature (ASC 2012).  
 
Monthly monitoring covers most aspects of the production cycle, but may miss specific points 
such as peak biomass. Parameters are measured at three locations with regard to each farm: a 
receiving water reference point, a receiving water farm outfall (i.e., immediate effluent), and a 
receiving water farm afar (i.e., distant effluent). The parameters measured include diurnal 
dissolved oxygen, pH, temperature, and chlorophyll a levels. The exact measurements for these 
parameters were not available, but both Lake Cajon and Lake Yojoa farms were found to be 
compliant with the ASC requirements at the 2012, 2015, and 2016 audits (Stark 2012a) (Stark 
2012b) (Spence McConnell 2015a) (Spence McConnell 2015b) (Calderon 2016a) (Calderon 
2016b). 
 
Regal Springs is conscious of the risk of contributing to eutrophication and regularly relocates 
the cages throughout the permitted region of the lakes, according Dr. Ed Hall, an ecosystem 
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and microbial ecologist who has collected limnologic and benthic data from Lake Yojoa 
between 2004 and 2015 (Colorado State University, unpublished results). Of particular interest 
in these data is the comparison of total N, total P, and Secchi visibility depth in June and 
January (representative of the two climate extremes within the year) between the current data 
(2011–2015) and historical data collected between 1979 and 1981. Comparison of these 
parameters indicates that the lake is becoming a more eutrophic system, because the nutrient 
levels are increasing while water clarity is decreasing. This conclusion of trending toward 
eutrophication is also reflected in a 2006 thesis (Trate) and a 2003 report (Schmittou). 
Additionally, comparison of the monthly Secchi disk visibility indicates that, prior to the arrival 
of cage culture in the lake, the visibility during the cooler months of November through April 
increased significantly; however, these periods of increased visibility are no longer part of the 
inter-annual variation in water quality. There are a number of other anthropogenic sources for 
the increased nutrients, but this study has concluded that aquaculture activities are the likely 
primary driver for eutrophication in Lake Yojoa (E. Hall, Colorado State University, unpublished 
results).  
 
During October 2003 and October 2005, Regal Spring, Honduras experienced sudden tilapia 
kills. Regal Springs, Honduras believes that a sudden overturn in the lake caused the poor 
quality anoxic water from the bottom to move to the surface in a short time period, depleting 
the dissolved oxygen (DO) from the top region. The water in the top layers could not absorb 
sufficient atmospheric oxygen in this short period to sustain the fish, thus resulting in massive 
fish kills (Trate 2006). Although lake turnover is a weather-related phenomenon, the properties 
of the lake’s typically stratified layers can be influenced by anthropogenic inputs of nitrogen 
and phosphorus (Chokshi 2006) (Trate 2006). Although the farms are working to monitor the 
water quality and meet the regulations in place, the occurrence of more frequent water 
turnover indicates that management measures are not completely effective. This results in a 
score of 2 out of 5 for factor 2.2a.  
  
Factor 2.2b: Enforcement of effluent management measures 
Mandatory audits and compliance with ASC standards ensure that enforcement is effective for 
their included limits and schedules. Annual reports confirming compliance with water quality 
measures, such as total coliform or biological oxygen demand limits, are required by SERNA, the 
national authority, in order to maintain environmental licenses. Random audit checks can be 
conducted at any time, and failure to comply with standards can result in closure of business or 
fines (pers. comm., R. Gomez October 2016).  
  
Because of limited information surrounding enforcement of aquaculture environmental 
regulations specifically for tilapia culture in Honduras, a proxy for this information was gathered 
previously for a Seafood Watch report covering shrimp aquaculture in Honduras. According to a 
personal communication regarding enforcement in the aquaculture industry published in the 
farmed shrimp report, “results of reporting or fines are not published, but they are available to 
any member of the public requesting the information. It is reported that fines have been 
leveled, but no licenses revoked” (Gee 2015). Regarding Regal Springs’ compliance with 
government regulations, an overview of wastewater management in Lake Yojoa indicates that 
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the company had regularly passed government inspections from SERNA (Walker and Puckett 
2011). 
 
Walker and Puckett (2011) state that, due to a heavy nutrient load to Lake Yojoa, there is 
evidence that there is eutrophication throughout the Lake. Additionally, unpublished data 
obtained in 2016 indicate that the lake is continuously becoming more eutrophic and 
experienced an extreme algal bloom event in April of 2013 (E. Hall, Colorado State University, 
unpublished results). Thus, there appears to be a long-term trend toward eutrophication from 
anthropogenic sources in Lake Yojoa, indicating that the management of the anthropogenic 
inputs into the lake is not effective to prevent such occurrences. 
 
Required third-party audits and compliance with ASC standards, along with national oversight, 
result in a score of 4 out of 5 for Factor 2.2b. Enforcement is considered to be effective; 
however, acceptable limits are not based on the locale and surrounding ecosystem of the farms 
themselves, because there is also limited information regarding the current and historical state 
of the surrounding ecosystems.  
 
The score for Factor 2.2a is 2 out of 5. When combined with the Factor 2.2b score of 4 out of 5, 
the final Factor 2.2 score is 3.2 out of 10. 
 
Conclusions and final score 
Based on the feed content, FCR, and the estimated 80% release of nitrogen for net cages, cage 
cultured tilapia in Honduras is estimated to release 55.8 kg N per ton of production, resulting in 
a score of 4 out of 10 for Factor 2.1. The regulatory framework for cage culture of tilapia in 
Honduras has undergone improvements in recent years, but there is a strong possibility that 
cage culture operations are the principal contributors to eutrophication in Lake Yojoa, one of 
the largest natural freshwater lakes in Honduras. With moderately appropriate and moderately 
effective regulation and management, Factors 2.1 and 2.2 combined result in a final score of 4 
out of 10 for Criterion 2 – Effluent. 
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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 

F3.2a Content of habitat regulations   3   

F3.2b Enforcement of habitat regulations   3   

F3.2 Regulatory or management effectiveness score     4 

C3 Habitat Final Score (0-10)     6 

Critical? NO YELLOW 

 
Brief Summary 
Regal Springs, Honduras operates two farms: one in a manmade lake created by an artificial 
dam and one in a natural lake. For Factor 3.1, there is little research available about the habitat 
before farm establishment and, although net pen production systems do not have direct impact 
on habitat, it is expected that the farms have a moderate impact on the habitat below the nets 
(from uneaten feed and eventual deposition of feces) while still allowing the habitat to 
maintain functionality. Benthic impacts are not addressed in the current Honduran government 
standards or in the ASC requirements; however, high-value wetland area has not been lost due 
to construction of the farms. The score for Factor 3.1 is 7 out of 10. For Factor 3.2, farm siting in 
Honduras operates with environmental function and services in mind, but exempts farms under 
5 ha in area. The omission of small-scale farms does increase concern regarding cumulative 
impact, but the combination of regulation content and enforcement results in a moderate 
habitat management effectiveness score. Lake Yojoa is listed as a protected area with the 
designation for “multiple use,” a designation that seems to contradict the protected status of 
the waters, though this status is influenced by the mining activities in the area. The resultant 
score for Factor 3.2 is 3.6 out of 10. The Habitat criterion overall receives a moderate score of 
5.87 out of 10. 
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Justification of Rating 
 
Factor 3.1. Habitat conversion and function 
Floating net pens do not result in direct impact on ecosystems, but harm may occur due to 
nutrient enrichment below the pens from uneaten feed and fish feces. Although not directly 
related to tilapia net pens aquaculture, the impacts of additional organic matter with net pens 
have been well studied in salmon aquaculture and can alter benthic community diversity and 
abundance (Brooks and Mahnken 2003) (Black et al. 2008).  
  
Lake Cajon is an artificial reservoir, which dictates the types of habitat in the area. There are a 
number of fish, avian, and aquatic species present in the reservoir and surrounding area, 
including one crocodile (Crocodylus acutus) listed as “Vulnerable” by the International Union for 
the Conservation of Nature (IUCN), but it is not often present on the farm (Spence McConnell 
2015a). Furthermore, Regal Springs participates in government monitoring for this population, 
as outlined by their compliance with the environmental parameters described for issuance of 
the environmental licenses (pers. comm., E. Vargas January 2017). No information is available 
regarding the impact of the original construction, but it does not appear that the addition of 
aquaculture cages increased pressure on the ecosystem or resulted in further direct habitat 
loss. Production capacity, or the amount of fish produced at this farm each year, is 24,000 MT 
at Lake Cajon.  
 
Lake Yojoa is the largest natural lake in Honduras. Regal Springs’ operation at Lake Yojoa was 
established in 1997 and has a production capacity of 6,000 MT. The lake is home to a number of 
fish species, aquatic species, and predatory avian species (Spence McConnell 2015b). Predatory 
avian species commonly found on the farms include Ardea alba (great egret), Cairina moschata 
(Muscovy duck), Nycticorax nycticorax (black-crowned night heron), Pelecanus occidentalis 
(brown pelican), and Phalacrocorax brasilianus (cormorant), all of which are listed as “Least 
Concern” by the IUCN (Calderon 2016) (IUCN 2016). Up to 400 species of birds have been 
recorded at Lake Yojoa, which is nearly half of all species known to reside in North America, and 
the lake is bordered by several large wildlife natural areas (Lagos 2014). 
 
Minimal benthic information is available because it has recently been added to the conditions 
for the environmental licensing for both locations, and it will be conducted in further detail 
starting in 2017 (pers. comm., E. Vargas January 2016). Benthic data is not collected for ASC 
compliance because the tilapia standards do not examine benthic impacts directly; however, 
the cages are moved periodically throughout the permitted regions (E. Hall, Colorado State 
University, unpublished results). ASC audit reports indicate that no high value wetland habitat 
has been lost within 5 km of either Regal Springs farm or since 1999 (Spence McConnell 2015a) 
(Spence McConnell 2015b). Net pen aquaculture does directly impact habitat, but without more 
details regarding benthic monitoring or bottom composition/depth, this report utilizes the 
precautionary principle and presumes that Regal Springs’ farms have moderate impacts while 
maintaining functionality. The score for Factor 3.1 is 7 out of 10. 
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Factor 3.2. Farm siting regulation and management 
Individual farms contribute to a larger total impact on ecosystem function, so habitat impacts 
must be considered cumulatively. Factor 3.2 assesses two components related to habitat in 
order to address cumulative impact: 3.2a examines the content of habitat regulations and 
management that control industry size and concentration, and 3.2b examines the effectiveness 
of enforcement of the measures in 3.2a. 
 
Factor 3.2a: Content of habitat management measures 
An environmental license is necessary for any project in Honduras that might contaminate or 
degrade the environment (FAO 2013). Both Cajon and Yojoa farms currently hold 
environmental licenses that were initially granted in 2000 and 2002, respectively. In order to 
maintain these licenses, quarterly water quality monitoring results are submitted to SERNA 
(pers. comm., E. Baide 29 September 2016). Additionally, each license now contains monitoring 
requirements for benthic quality and waste disposal. The monitoring requirements for benthic 
quality are not comprehensive, because they currently only require a survey of 
macroinvertebrates and do not require monitoring of other key parameters, such as sulfides 
and redox potential. Starting in 2017, the monitoring will require a non-farm reference point for 
comparison; the current guidelines do not require this. Furthermore, there are no specific limits 
set for the values obtained during monitoring (pers. comm., E. Vargas January 2017). The 
General Directorate for Fisheries and Aquaculture (DIGEPESCA) is the authority responsible for 
issuing aquaculture farm licenses and concessions. Aquaculture licensing in Honduras is a multi-
stage process, beginning with an initial 1-year environmental license. If the farm complies with 
all conditions in the preliminary license, the government will extend it. A bond or deposit is 
required for projects that are considered high environmental risks. It is unclear in the legislation 
whether tilapia culture is considered high environmental risk. Protected areas (or nature 
reserves) are established by the Fisheries Regulations as areas set aside to ensure the 
preservation of hydrobiological resources (FAO 2013). Lake Yojoa itself is currently listed as a 
protected area; however, it contains the designation “multi-use,” which permits aquaculture 
and fishing activities (IDAMHO 2014). There are several protected areas surrounding the lake, 
including the Cerro Azul Meámbar and the Montaña Santa Bárbara protected areas 
(AMUPROLAGO 2005). 
 
For licensing, DIGEPESCA requires (FAO 2013):  

 a bio-economic study, if the area to be developed is larger than five hectares. This study 

shall contain:  

o technical and biological indicators  
o biological description of the species to be cultivated  
o selection criteria for the site  
o requirements of and supply programs for the organisms  
o description of the methods to be used in each cultivation stage, through harvest  
o sanitary and technical management  
o infrastructure layout and description  
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o investment amount and allotment  
o project financial analysis  
o number of jobs it will generate  

 a map of the location to be developed  

 original topographical survey, signed and stamped/sealed. 

Environmental impact assessments are required, and high value habitats are protected under 
Fisheries Regulations; however, aquaculture is permitted in freshwater lakes such as Lake Yojoa 
(considered high value by Seafood Watch) and ASC tilapia standards only restrict wetland 
ecosystem use without discrete regard for the lake’s ecosystem services. Detailed EIA reports 
were not performed for the farms, because they were established prior to requirements from 
Honduran law as a basis for environment licenses. Though the farms do not have an EIA, they 
were granted environmental licenses on the basis of meeting water quality targets and 
reporting those values quarterly. The most recent compliance resolutions available from the 
farms indicate additional measures, such as biosecurity measures and proper waste disposal.  
 
The ASC tilapia standard contains measures to prevent habitat impacts (e.g., no use of wetland 
habitat, site selection using ecological principles, and monitoring of farm expansion), and 
impacts are audited on an annual basis.  
 
The score for Factor 3.2a is 3 out of 5 
 
Factor 3.2b: Enforcement of habitat management measures 
For environmental impact assessments, enforcement organizations are identifiable and 
appropriate to the size of the industry. On the legislative side, the Secretaría de Recursos 
Naturales y Ambiente (SERNA) is the enforcing body for the General Environmental Law and has 
the authority to enforce restoration of sites to their previous state (Cordero and Carabaguías 
2004). With regard to ASC certification, the ASC is considered the enforcement body. The EIA 
process results in some consideration regarding cumulative impacts and industry expansion, 
but small-scale farms (those below 5 ha) are excluded from the regulation. ASC standards that 
are applied to Regal Springs’ Honduras farms address habitat impacts, but they do so on a farm-
by-farm basis and do not address these impacts at the cumulative level. Noncompliance with 
ASC tilapia standard requirements results in mandatory corrective actions or, depending on the 
severity, a loss of certification.  
 
Farm siting and permitting does take into consideration environmental impact, but there is no 
clear information on what measures are required for farms smaller than 5 ha, leading to a lack 
of clear enforcement mechanisms for these farms. Because of the restrictions imposed by the 
EIA requirement, it is clear that a framework for enforcement has been established; however, 
the Regal Springs’ Honduras farms were constructed prior to the requirement for an EIA and 
thus have not performed an EIA, making this enforcement mechanism not applicable to the 
farms described in this assessment. For farms without an EIA (Regal Springs’ Honduras sites 
included), companies must submit annual compliance reports (“Informes de Cumplimiento de 
Medidas Ambientales,” or ICMA). It is unclear what the ramifications would be in the event of 
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noncompliant results. These reports are available upon request from the government, yet it is 
unclear how to actually request these reports from the government (pers. comm., R. Gomez 
October 2016). The most recent reports for each farm were provided by Regal Springs 
Honduras. Although ASC audits are posted on their website, government permitting and 
monitoring information is available upon request rather than published, and the enforcement 
process is considered mostly, but not entirely, transparent.  
 

Habitat regulation and management measures are considered moderately robust, with some 
concern remaining due to the lack of restrictions for small-scale farms and future industry 
expansion. Regal Springs’ Honduras farms are sited and operated in a manner to not 
significantly affect habitats in the immediate area covered by the farm or affect the ecosystem 
functions they provide. Moderately effective and enforced habitat management at the farm 
level results from a combination of Honduran regulation and ASC standards and oversight. The 
score for Factor 3.2b is 3 out of 5.  
 
When combined, the Factor 3.2a score of 3 out of 5 and Factor 3.2b score 3 out of 5 result in a 
final Factor 3.2 score of 3.6 out of 10. 
 
Conclusions and final score 
Regal Springs, Honduras operates two grow-out sites: Lake Cajon (in “Francisco Moraźan” 
artificial reservoir/hydroelectric dam) and Lake Yojoa (a natural lake). The farms are sited and 
operated in a manner to prevent habitat impacts in the immediate farm area, but no 
environmental impact assessment is available from before the farms were established. 
Although certification to the ASC tilapia standard ensures management of ecological impacts at 
the farm level, there is no framework in place to manage potential cumulative habitat impacts. 
A combination of regulation and enforcement from government sources and from adherence to 
ASC standards results in the final Criterion 3 – Habitat combined score of 5.87 out of 10.  
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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 (0-10)   10   

Critical? NO GREEN 

 
Brief Summary 
Chemical use has been reported by Regal Springs, Honduras and verified by the ASC audits of 
both farms. The farm reports administering a vaccine for Streptococcus agalactiae, which has 
been put to use proactively even though there have not been disease outbreaks at the farms. 
To test the efficacy of the vaccine, several on-farm studies using low levels of antibiotics have 
been performed with a subset of fish. A statement from the farm’s veterinarian was available to 
confirm the amount and identities of antibiotics used, as well as the study design and results. 
Other forms of reported chemical use include anesthetic and biodegradable cleaning detergent, 
but these are used in small quantities and disposed of such that their environmental risk is low. 
The chemical use score is 10 out of 10.  
 
Justification of Rating 
Documentation related to chemical and antimicrobial use in tilapia aquaculture in Honduras is 
limited. DIGEPESCA and DECA (2010) recognize that chemotherapeutants, including antibiotics, 
are used in tilapia production in Honduras, and provide guidance to producers for proper use. 
Producers in Honduras have previously reported using medicated feed to treat bacterial 
pathogens and have used chemicals such as formalin, salt, and copper sulfate to treat parasites 
(Green and Engle 2000). It must be noted that this study was published more than 10 years 
prior to this assessment and the nature of chemical use may have changed in the interim. Regal 
Springs, Honduras reports vaccinating tilapia against Streptococcus agalactiae, a common 
tilapia pathogen, at both the Lake Cajon and Lake Yojoa cage culture sites, as well as using 
anaesthetic for delivering vaccines and biodegradable detergent for cleansing farm equipment 
(pers. comm., E. Baide 29 September 2016). Biosecurity and other sanitation protocols are 
available, which describe the proper use and disposal of both types of compounds and ensure 
minimal disposal directly to the environment surrounding the cages. To test the efficacy of the 
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vaccine, several on-farm studies using low levels of antibiotics have been performed with a 
subset of fish. A statement from the farm’s veterinarian was available to confirm the amount 
and identities of antibiotics used, as well as the study design and results. There was no use of 
antibiotics in 2016 (pers. comm., P. Hietalati, November 2016). 
  
The ASC reports also confirm that any antibiotic is prescribed by a veterinarian, is controlled, 
and has not been used in 2016 (Stark 2012a) (Stark 2012b) (Spence McConnell 2015a) (Spence 
McConnell 2015b) (Calderon 2016a) (Calderon 2016b). Although the reports do not indicate the 
specific antibiotics and chemicals used, the signed confirmation from the company outlines 
these in further detail and the trial summary information confirms that the only use of the 
antibiotics was for research purposes. The contents of the antibiotics use statement are as 
follows: 
 

Year Type of 
medication 

Quantity of 
medication (kg) 

Production 
biomass (MT) 

% 
antibiotic/biomass 

2014 Oxytetracycline 172.3 29112 0.000592% 

2014 Aquaflor 40.5 29112 0.000139% 

2015 Aquaflor 59.7 31056 0.000192% 

2016 None; no tests performed 

 
Conclusions and final score 
The use of antibiotics, drugs, and other chemicals appears to be low at the Regal Springs 
floating cage culture sites in Lake Yojoa and Lake Cajon. The open nature of the cage culture 
system provides no barrier to environmental pathogens, which is an ongoing concern because 
disease may occur that require the use of chemicals or antibiotics, and scoring will be re-
evaluated if evidence of increased chemical use emerges. But neither farm has used antibiotics 
to treat disease and both are proactively vaccinating against common pathogens as a method 
of prevention. Biodegradable detergents and anaesthetics are used minimally and disposed of 
properly. The final score for Criterion 4 – Chemical Use is 10 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 10.00 

F5.1b Source fishery sustainability score   –2.00   

F5.1 Wild fish use score     10.00 

F5.2a Protein IN (kg/100 kg fish harvested)   43.98   

F5.2b Protein OUT (kg/100 kg fish harvested)   17.42   

F5.2 Net Protein Gain or Loss (%)   –60.40 3 

F5.3 Feed Footprint (hectares)   2.72 9 

C5 Feed Final Score (0-10)     8.00 

Critical? NO GREEN 

 
Brief Summary 
Feed companies will have different feed formulations and use different ingredient sources, 
which depend on diverse factors such as price and availability. This assessment utilizes data 
provided by Regal Springs, Honduras to determine scores for wild fish use, net protein gain or 
loss, and feed footprint. Based on the information provided, the value for Fish Feed Equivalency 
Ratio (FFER) is 0.00 because all fish meal and fish oil are sourced from by-products, giving an 
overall Factor 5.1a score of 10 out of 10. The value for sustainability of the source fishery 
included in the feed was –0, because the fishmeal and fish oil used in the grow-out feeds are 
sourced entirely from by-products rather than whole fish. Combining the FFER score and the 
sustainability of the wild fish, the score for Factor 5.1 is 10 out of 10.  
 
Percentage inclusion levels of crop ingredients and land animal ingredients are known, as well 
as the specific types of ingredients (and subsequently whether those ingredients are considered 
edible or non-edible). The percentage of non-marine protein in the feed is 74.9%. This is 
entirely from edible crop sources. When factored with the protein content of the harvested 
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fish, edible yield of harvested fish, and percent of non-edible byproduct utilization, the net 
protein loss is 60.4%, giving an overall Factor 5.2 score of 3 out of 10. The overall Factor 5.3 – 
Feed Footprint score is 9 out of 10, because the inclusion levels of crop and land animal feed 
ingredients are known. This assessment determined that the commercial tilapia feed produced 
and utilized at Regal Springs, Honduras results in a final Feed Criterion score of 8.00 out of 10.  
 
Justification of Rating 
 
Factor 5.1. Wild Fish Use 
The most widely used indicator of production and feed use efficiency in aquaculture is the feed 
conversion ratio (FCR). This indicator is important because it indicates the efficiency with which 
feed is converted to animal biomass (Boyd et al. 2007), and it provides a basis for calculating 
Feed Fish Equivalency Ratio (FFER), which is a measure of the amount of wild fish used to 
produce farmed fish.  
 
Factor 5.1a – Feed Fish Efficiency Ratio (FFER) 
Information and data regarding the inclusion level of marine ingredients as well as the 
sustainability of the source of wild fish (SSWF) utilized in feed for the production of fingerlings 
and the grow-out of fingerlings to marketable size were provided by Regal Springs, Honduras. 
These data included raw data informing the farm’s calculations for FFER and FCR. Further 
information regarding the specific feed types, ingredient lists, and species inclusion for marine-
sourced ingredients was also provided by Regal Springs. When calculating the FFER value, this 
assessment utilizes an FCR value of 1.8, a fishmeal inclusion level of 3.0%, and a fish oil 
inclusion level of 1.0% (pers. comm., F. Yupanco 2015). But the fishmeal and fish oil included in 
the feed are sourced entirely from by-products of several wild fisheries. The fish meal and fish 
oil inclusion levels represent average values for feed utilized at Regal Springs, Honduras Lake 
Yojoa and Lake Cajon cage culture operations over the course of 1 year. Utilizing these values, 
the FFER value is 0.00, resulting in a score for Factor 5.1a – Feed Fish Efficiency Ratio of 10 out 
of 10.  
 
Factor 5.1b – Sustainability of the Source of Wild Fish 
Regal Springs, Honduras is a vertically integrated company, producing its own fish feed by 
utilizing by-products from several wild fisheries in FAO area 77. The species used are specified 
as skipjack, yellowfin, and bigeye tunas and are not MSC-certified (pers. comm., F. Yupanco 
2015). Spence McConnell (2015) indicates that the overall and individual fish source scores for 
all wild fish used in the feeds were ≥ 6.0. Based on information from the feed mill, the stock 
health scores for the fish sources in the feed were > 8 for each source (pers. comm., E. Baide 29 
September, 2016). Because all fishmeal and fish oil in the grow-out feeds are sourced from by-
products, the score for Factor 5.1b – Sustainability of the Source of Wild Fish (SSWF) is –0 out of 
–10. When combined, the Factor 5.1a and Factor 5.1b scores result in a final Factor 5.1 score of 
10 out of 10. 
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Factor 5.2. Net Protein Gain or Loss 
Regal Springs, Honduras provided raw data and sources for nitrogen and phosphorous entering 
the system via feed to determine the net protein gain or loss from their cage culture farms in 
Honduras. To determine a net protein gain or loss score, this assessment utilized: 1) an FCR 
value of 1.8; 2) a feed protein content of 32%; 3) a percentage of feed protein from edible 
sources of 74.9%; 4) a protein content of whole harvested farmed tilapia of 14%; 5) an edible 
yield of harvested farmed tilapia of 35%; and 6) a percentage of non-edible by-products from 
harvested farmed tilapia used for other food production of 65.5% (pers. comm., F. Yupanco 
2015).  
 
These figures represent average values over the course of 1 year for protein inputs and protein 
outputs utilized during the production of tilapia at the Regal Springs cage culture grow-out 
operations. Of the protein in feeds used for tilapia in Honduras, non-edible (for human 
consumption) marine by-products are assumed to compose 6.23% of the total protein content. 
Based on information available from the feed supplier, which included a detailed list of crop 
and land animal ingredients, 74.9% of the total feed protein is derived from edible crops, while 
16.95% of the total feed protein is derived from non-edible land animal ingredients. Overall, 
23.18% of the feed protein is assumed to come from sources not suitable for human 
consumption (fishmeal from marine by-products and land animal ingredients). There is an 
overall net edible protein loss of 60.40%, leading to a Factor 5.2 score of 3 out of 10. 
 
Factor 5.3. Feed Footprint 
The feed footprint factor considers the aquatic and terrestrial area required to produce the 
ingredients used for aquaculture feeds. Information and data to determine the feed footprint 
were provided by Regal Springs, Honduras. This assessment utilizes: 1) an inclusion level of 
marine ingredients (4%); 2) the eFCR provided by the farm (1.8); 3) an inclusion level of crop 
feed ingredients of 74.9%; and 4) an inclusion level of land animal products of 17% (pers. 
comm., E. Vargas 2016).  
 
These figures represent average values for inclusion levels of crop feed ingredients and land 
animal products utilized during the production of tilapia from hatchery to cage culture grow-
out operations. Tilapia feeds typically rely heavily on land-based crops and animal products; in 
this case, 96% of the feed ingredients are from land-based products. This greatly reduces the 
amount of ingredients needed from marine sources, reducing the overall footprint. The area 
necessary for the production of marine ingredients required for 1 ton of tilapia is 1.87 ha/ton of 
farmed fish. The area necessary for production of terrestrial (crop and land animal) ingredients 
required for 1 ton of tilapia is 0.84 ha/ton. The combination of these two values results in an 
overall feed footprint of 2.72 ha/ton of farmed fish. This results in a final Factor 5.3 score of 9 
out of 10. 
 
Conclusions and final score 
Because of a low dependence on wild marine resources for feed components, the tilapia feeds 
typically used in cage aquaculture in Lakes Yojoa and Cajon contribute to a low FFER (0.00) and 
a high score for feed footprint (9 out of 10). Because of a higher FCR, there is a net protein loss 
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of 60.4%, leading to a moderately low score of 3 out of 10 for Factor 5.2. Factors 5.1, 5.2, and 
5.3 combine to give a final Criterion 5 – Feed numerical score of 8.00 out of 10. 
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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 System escape risk 2   

F6.1 Recapture adjustment 0   

F6.1 Final escape risk score   2 

F6.2 Invasiveness   10 

C6 Escape Final Score (0–10)     10 

Critical? NO GREEN 

 
Brief Summary 
Because of the open nature of floating net cages, escapes of fish into the environment are 
highly likely. Additionally, there are a number of risks surrounding establishment of feral tilapia 
populations in foreign ecosystems, including the potential for habitat destruction and 
competition with native fish (Canonico et al. 2005). But there is a history of government-
promoted tilapia production dating to 1936, when Mozambique tilapia (Oreochromis 
mossambicus) and common carp (Cyprinus carpio) were introduced via El Salvador (FAO 2015). 
Although the possibility for escape is considered high, the invasiveness factor is considered low, 
given the prior establishment of the species, resulting in an overall score of 10 out 10 for 
Criterion 6 – Escapes. 
 
Justification of Rating 
 
Factor 6.1. Escape risk 
Regal Springs, Honduras utilizes floating plastic cages located at Lake Yojoa (Lago de Yojoa) and 
Lake Cajon (Embalse el Cajon) for grow-out of tilapia fingerlings to market size. Two final audit 
reports conducted for ASC compliance discuss these cage culture sites with respect to escape 
compliance criteria. The reports state that staff at both sites inspected nets daily for damage, to 
mitigate escape issues, and that double netting was in place where appropriate (Spence 
McConnell 2015a) (Spence and McConnell 2015b). The audit report indicates that trapping 
devices were in place and that they regularly caught fish, but it was difficult to distinguish if 
tilapia caught were escapes or wild stock originating from government-mandated releases. The 
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most recent audit reports indicate that there is a discrepancy between procedures and 
implementation for mesh size; however, this nonconformity was closed prior to publication of 
the report (Calderon 2016a) (Calderon 2016b).  
  
In this assessment, the cage culture production systems utilized by Regal Springs, Honduras are 
considered to be of “moderately high” escape risk because of the uncertainty or the evidence 
questioning the robustness of preventative measures for the open nature of cage culture 
during the grow-out production phase. Additionally, although the audit reports for both the 
Cajon and Yojoa farms state that there are plans in place for escapee control and recapture, the 
specifics of these plans are not clear, and there is no statistical information related to an 
estimated recapture rate (pers. comm., R. Gomez October 2016). Because there is no record of 
escape events, and numbers of escaped individuals are unknown, it is assumed that the net pen 
systems used by Regal Springs at their Honduras sites comply with industry best practices, but 
cannot be assumed to go beyond. The score for Factor 6.1 is 2 out of 10. 
 
Factor 6.2. Competitive and genetic interactions 
Tilapia are one of the most widely distributed groups of exotic fish worldwide and have become 
established in nearly every water body in which they are cultured or have otherwise gained 
access (Costa-Pierce, 2003). Tilapias are tolerant of wide fluctuations in salinity, dissolved 
oxygen, and temperature, so they have been found to colonize diverse habitats in tropical and 
subtropical regions worldwide (Esselman et al. 2013). Conservation concerns have been raised 
over the negative impact of escaped tilapias from farms and from aquaculture research and 
development establishments (Esselman et al. 2013) (Canonico et al. 2005) (Pullin et al. 1997).   
 
Tilapia is a non-native fish species in Honduras (FAO 2015) and is well-established in water 
bodies throughout the country. There is a history of government-promoted tilapia production 
dating to 1936, when Mozambique tilapia (Oreochromis mossambicus) and common carp 
(Cyprinus carpio) were introduced from El Salvador (FAO 2015). Nile tilapia was later 
introduced, and production systems were developed with the PDA/CRSP program in the 1970s 
(Molnar et al. 1996). Although the possibility for escape is considered high, the invasiveness 
factor is considered low, given the prior establishment of the species for purposes other than 
aquaculture. Nile tilapia is currently stocked in both Lake Yojoa and Lake Cajon, where Regal 
Springs operates their tilapia grow-out production in floating cages. This stocking is performed 
from the Regal Springs, Honduras hatchery, via agreement between the Honduran government, 
Regal Springs, and the local fishers (pers. comm., R. Gomez October 2016). Spence McConnell 
(2015a) (2015b) has documented that there is an historical record of accidental tilapia escape 
from both production sites; however, it is considered that even with this escape record, there is 
no ecological impact from farm escapees beyond that from intentionally introduced tilapia. The 
score for Factor 6.2 is 10 out of 10. 
 
Conclusions and final score 
Tilapia is not native to Honduras, but there is a history of establishment in the country’s 
waterways and promotion from the Honduran government. The government also currently 
promotes stocking of tilapia in the lake and reservoir where it is currently cultured in cages, 
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thus reducing the ability to determine levels of ecological impact made by farmed escapees 
versus intentionally released tilapia. The production system employed for farming tilapia in 
Lakes Cajon and Yojoa is subject to frequent trickle losses, resulting in a score of 2 out of 10 for 
Factor 6.1. But when combined with a low risk of invasiveness in Factor 6.2, the final numerical 
score is 10 out of 10 for Criterion 6 – Escapes. 
 

  



 
 

37 

 

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 
 
Disease risk-based assessment 

      Pathogen and parasite parameters  Score   

C7 Disease Score (0–10) 5   

Critical? NO YELLOW 

 
Brief Summary 
There is no current data or evidence indicating that tilapia cultured by Regal Springs, Honduras 
at their floating cage culture sites in Lake Yojoa and Lake Cajon are causing population declines 
in wild fish through the amplification and retransmission of pathogens or parasites. Regal 
Springs operations vaccinate against the most common relevant strain of Streptococcus and 
quarantine every fish hatched at the hatchery prior to transferring to the grow-out phase. But a 
precautionary approach requires an ongoing concern for the potential disease impacts to wild 
fish, because of the presence of disease agents at the farm sites and the open nature of the 
production system. Although the limited available evidence suggests that there are low levels of 
disease on the farms, there is no available record of diseases that has been provided. 
Therefore, the precautionary score is 5 out of 10 for Criterion 7 – Disease; pathogen and 
parasite interactions. 
 
Justification of Rating 
Because disease data quality and availability are moderate/low (i.e., Criterion 1 score of 5 or 
lower for the disease category), there is an overall lack of evidence and information regarding 
the potential disease impacts on wild fish. Because Seafood Watch does not assume that a lack 
of data implies a lack of impact, the Seafood Watch Risk-based assessment was utilized. 
 
Infectious pathogens have been reported in the literature in wild freshwater fish species as well 
as cultured tilapia. For the most part, the reports of disease in tilapia describe the array of 
microorganisms, parasites, and fungus commonly seen in other cultured species (Shoemaker 
2006). As tilapia culture practices intensified, infectious diseases (for example, genera 
Streptococcus, Aeromonas, Pseudomonas, Vibrio, and Edwardsiella) have emerged (Plumb 
1997) (Stickney 2000) (pers. comm., K. Fitzsimmons 30 Aug 2016). By the mid-1990s, 
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Streptococcus iniae and Streptococcus agalactiae had become the most serious bacterial 
pathogens of intensively cultured tilapia in the Americas (Crosby 1996) (Baya et al. 1996).  
 
Boyd (2005) has suggested that tilapia is more disease-resistant than other fish; in reality, 
multiple disease agents are present in intensive tilapia production (Martins et al. 2011) (Soto et 
al. 2011) and have the potential to affect wild fish health. Intensive fish production often results 
in increased disease, due to poor water quality and the high stock densities (Shoemaker et al. 
2010). This can occur during all phases of tilapia culture.  
 

In Honduras, producers have reported few disease problems. Aeromonas hydrophila was the 
most common bacterial problem reported (Green and Engle 2000). A bacterial pathogen of the 
genus Steprotococcus has also been reported in Honduras (Shoemaker et al. 2009) (Delannoy et 
al. 2012). The most common parasite infestations are protozoans (Trichodina), monogenic 
trematodes (Dactylogyrus), and fungus (Saprolegnia) (Green and Engle 2000).   
 
Reports from ASC list low chemical and antibiotic use since 2012, indicating low disease 
prevalence on the farm sites (Stark 2012a) (Stark 2012b) (Spence McConnell 2015a) (Spence 
McConnell 2015b) (Calderon 2016a) (Calderon 2016b). Additionally, a signed letter from the 
veterinarian indicates a drastic reduction in antibiotics use since 2014 (pers. comm., E. Baide 29 
September 2016). Regal Springs operations also vaccinate against Streptococcus agalactiae in 
their Honduras facilities, which helps contribute to low incidence of on-farm disease and thus 
low chance of disease transfer to wild organisms in the vicinity of the farm. The biosecurity 
procedure for Regal Springs, Honduras’ facilities was shared, and it outlines in detail several 
preventative measures, including low stocking densities and exclusion of unauthorized persons 
or animals (pets) at the farm sites (Aquafinca St. Peter Fish 2011). According to this document, 
each shipment of fry is sampled for common tilapia diseases, and the onsite laboratory issues 
health certificates based on these samples—with the ultimate goal of preventing disease 
outbreaks stemming from the cage facilities. There were no data shared regarding actual 
disease events, so the risk assumptions are based on typical disease agents in tilapia culture as 
well as the openness of the grow-out systems employed. 
 

The disease impacts of cultured tilapia to wild, freshwater fish species are largely unexplored in 
the literature. In Honduras, there is no evidence that pathogens or parasites are causing 
population declines in wild fish. Regal Springs, Honduras has conducted surveys of wild fish in 
both lakes and concluded, after both macro- and microscopic examination of sampled wild fish 
(e.g., necropsy, histology), that diseases are not present in the local wild populations of Nile 
tilapia and black bass (pers. comm., E. Vargas January 2017).  But floating cage culture methods 
utilized by Regal Springs, Honduras provide no barriers to the exposure of environmental 
pathogens and have the potential to impact tilapia health cultured within the cages. 
Additionally, in the event of a disease outbreak in cage-cultured tilapia, there are no barriers to 
prevent the exposure of pathogens to wild fish. There are multiple commercial and medium-
small tilapia culture operations that are linked through effluent discharge and the open nature 
of net pen operations to the water body of both lakes. These facilities have the potential to be 
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point sources for pathogen exposure to both wild fish and cultured tilapia at the cage culture 
sites.  
 
Conclusions and final score 
There is currently a lack of literature outlining the potential for disease transfer in tilapia cage 
culture, specifically in Honduras. Additionally, the research from other similar regions that 
could be used as a proxy is outdated. A precautionary approach requires an ongoing concern 
for the potential disease impacts to wild fish because of the open nature of floating cage 
culture operations in Lake Yojoa and Lake Cajon. The final numerical score for Criterion 7 – 
Disease is 5 out of 10. 
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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  

C8 Independence from unsustainable wild fisheries (0–10) 0   

Critical? NO GREEN 

 
Brief Summary 
 
Cage culture of tilapia in Lake Yojoa and Lake Cajon in Honduras depends entirely on 
domesticated stock and does not rely on wild broodstock, wild fisheries, or endangered species. 
The final numerical score for Criterion 8X – Source of Stock is a deduction of 0 out of –10. 
 
Justification of Rating 
Regal Springs, Honduras tilapia production is considered independent from a reliance on wild 
fisheries for the supply of fry, fingerlings, adults, and broodstock. Regal Springs, Honduras 
sourced the original broodstock from Tilapia fry produced at Regal Springs Mexico. These fry 
were also produced from domesticated broodstock in Mexico. All fry that are currently stocked 
at the grow-out farms in the Honduran lakes have originated from the Regal Springs, Honduras 
hatchery in San Francisco de Yojoa. Fry are hatched in the hatchery and then reared in earthen 
ponds. After they reach a weight of 3 g, they are stocked in one of the grow-out locations in 
Lake Yojoa or Lake Cajon (Stark 2012a) (Stark 2012b) (Calderon 2016a) (Calderon 2016b) (pers. 
comm., E. Baide 29 September 2016).   
 
Conclusions and final score 
Tilapia for cage culture in Lake Yojoa and Lake Cajon is sourced entirely from domesticated 
broodstock. Because 0% of farmed stock is dependent on wild broodstock/ wild fisheries, and 
0% of farmed stock is dependent on endangered species, the final numerical score for Criterion 
8X – Source of Stock is a deduction 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 (0–10) –2  

Critical? NO GREEN 

 
Brief Summary 
There is evidence that tilapia cage culture operations in Lake Yojoa and Lake Cajon attract or 
interact with predators or other wildlife. There is also evidence that effective management and 
prevention measures limit mortalities and require written documentation for any interaction. 
Lethal interactions are prohibited. The concern for wildlife and predator mortalities due to 
these operations is low. The final numerical score for Criterion 9X – Wildlife and predator 
mortalities is –2 out of 10. 
 
Justification of Rating 
To assess wildlife and predator mortalities at tilapia culture operations in Honduras, data 
sources included third-party reports and farm records, because peer-reviewed literature did not 
offer much information on this topic. Predators, especially water birds, are attracted by the 
concentration of cultured tilapia at the Regal Springs, Honduras fingerling production facility 
and the cage culture operations (pers. comm., F. Yupanco 2015). Avian predators include the 
white heron (Ardea alba), cormorants (Phalacrocorax spp.), Muscovy duck (Cairina moschata), 
brown pelican (pelecanus occidentalis), black-crowned night heron (Nycticorax nycticorax), and 
the blue heron (Egretta caerulea). The American crocodile (Crocodylus acutus) has been sighted 
in other parts of Lake Cajon, but not near the farm cages (pers. comm., R. Gomez October 
2016). The blue heron has not yet been assessed, and all other avian predators are listed as 
species of “Least Concern” on the IUCN Red List. American crocodile is listed as “Vulnerable” by 
the IUCN, with an increasing population trend (IUCN 2016). 
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Aquaculture Stewardship Council audit reports for Regal Springs’ cage culture operations in 
Lake Yojoa and Lake Cajon document that additional predator nets and top nets are used to 
control bird predation when tilapia are fingerling size (Spence McConnell 2015a) (Spence 
McConnell 2015b). The most recent surveillance reports indicate that if a bird is found 
entangled in the nets it is released, and confirm that all interactions are recorded (Calderon 
2016a) (Calderon 2016b). The records available for this assessment showed two mortalities in 
2016: a white heron and a Muscovy duck, both at the Lake Yojoa farm. The causes of death 
listed indicated that they were due to entanglements (pers. comm., P. Hietalati November 
2016). The predator interaction policies for both farms also indicate that lethal control methods 
are prohibited in all cases, which is also a requirement of the ASC Tilapia standards (Aquafinca 
St. Peter Fish 2015a and 2015b). Both production systems appear to be using effective 
management and prevention measures to limit mortalities to exceptional circumstances, 
resulting in a low risk of wildlife and predator mortality.  
 
Conclusions and final score 
Reviewing reports and literature related to cage culture of tilapia in Lake Yojoa and Lake Cajon 
in Honduras shows little evidence of predator and wildlife mortalities as a result of farming 
operations. Additionally, the farms utilize effective management systems to prevent lethal 
interactions with wildlife and predators. The final numerical score for Criterion 9X – Wildlife 
and predator mortalities is –2 out of 10. 
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Criterion 10X: Escape of secondary 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   

F10Xa International or trans-waterbody live animal shipments (%) 0   

F10Xb Biosecurity of source/destination   6   

C10X Escape of unintentionally introduced species Final Score  –4.00 YELLOW 

 
Brief Summary 
Regal Springs, Honduras tilapia culture operations rely 100% on the trans-waterbody transport 
of live tilapia fingerlings in Honduras, because the two farms and the hatchery are in separate 
watersheds. Movements from operations of “low to moderate” concern (Regal Springs, 
Honduras hatchery site) to operations of “moderate to high” concern (Regal Springs, Honduras 
cage culture operations), or vice versa, both result in a score of 6 out of 10. The final numerical 
score for Criterion 10X – Escape of Unintentionally Introduced Species is –4 out of –10. 
 
Justification of Rating 
 
Factor 10Xa International or trans-waterbody live animal shipments 
The movement of living aquatic animals internationally and from one water body to another 
may lead to the introduction of pathogens and/or parasites that were not previously present at 
the destination. Regal Springs, Honduras tilapia culture operations rely on the trans-waterbody 
movement of live tilapia fingerlings in Honduras. Mature tilapia broodstock are held in earthen 
ponds at the Honduras hatchery site located in San Francisco de Yojoa until spawning. Tilapia 
fry are raised at the hatchery site in earthen ponds until they reach a weight of 3 g. The 
fingerlings are then transported live to the Lake Cajon or Lake Yojoa cage culture operation, 
where they are reared to market size (pers. comm., E. Baide 29 September 2016).  
 
The movement of live tilapia fry from Regal Springs hatchery operations to Regal Springs cage 
culture operations is considered a trans-waterbody movement of animals, because the 
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hatchery and cage culture production site at Lakes Cajon and Yojoa are from three separate 
watersheds (pers. comm., E. Vargas 12 January 2017).  
 
There is no current evidence that tilapia cultured by Regal Springs, Honduras at their fingerling 
production site and floating cage culture sites in Lake Yojoa and Lake Cajon are causing 
population declines in wild fish due to disease transfer. But uncertainties remain due to: 1) the 
lack of research and monitoring of the potential impacts of disease transfer from cultured 
tilapia to wild freshwater fish and vice versa; and 2) the multiple trans-waterbody movements 
of live tilapia fingerlings and broodstock within Regal Springs Honduras operations. The spread 
of pathogens by trans-boundary movements of live aquatic animals has been clearly associated 
with disease outbreaks (OIE 2010). The OIE Aquatic Animal Health Code aims to assure the 
sanitary safety of international trade in aquatic animals (amphibians, crustaceans, fish, and 
mollusks), which is achieved through measures conducted by competent authorities of 
importing and exporting countries to avoid the transfer of agents that are pathogenic for 
animals or humans (OIE 2010).  
 
100% of Regal Springs, Honduras culture operations rely on domestic trans-waterbody 
movements of live tilapia. To maintain consistency with other Seafood Watch assessments that 
cover areas where tilapia are established in the wild but rely on trans-waterbody movements, a 
low score of 0 out of 10 is assigned. 
 
Factor 10Xb Biosecurity of source/destination 
Regal Springs, Honduras relies on multiple trans-waterbody movements of animals, which 
include the movement of tilapia fry from the Regal Springs, Honduras hatchery site to Lake 
Cajon and Lake Yojoa cage culture operations for the purpose of grow-out. At the hatchery, 
alevins are kept under quarantine in an isolated section of the hatchery for the first 40 days 
after hatch. Afterward, the fish are raised in earthen ponds with a flow-through water system, 
before transfer to the cages in one of the two grow-out sites. The earthen ponds have a low 
flow rate and gates to prevent escapes (pers. comm., R. Gomez 11 October, 2016). But there 
are few precautions in place to limit the entry and discharge of secondary species (such as 
pathogens or parasites) from the pond systems. Because of these characteristics, the source of 
transported animals scores 6 out of 10. At the grow-out sites (the destinations of the 
transport), the watershed is completely separate from the hatchery. Cages do have two nets for 
containment and include top nets, all of which contribute to containment for the fish. But the 
most recent ASC audit indicated that there were some discrepancies between the procedures 
and implementation of mesh sizes used for containment in the cages (Calderon 2016a) 
(Calderon 2016b). The inherent openness of net cage systems results in a high risk of entry and 
discharge of secondary species such as pathogens and parasites to and from the grow-out 
systems. Therefore, the destination of the transported animals scores 2 out of 10. The score for 
Factor 10Xb is 6 out of 10 (the higher of the two scores).  
 
Conclusions and final score 
Lake Cajon and Lake Yojoa cage culture operations are considered of “moderate to high” level 
of concern for biosecurity and escape risk as both a source and destination of tilapia, because 
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of the open nature of the cages. This report recognized that Regal Springs, Honduras hatchery 
operations were a “low to moderate” level of concern for biosecurity and escape risk because 
of their quarantine procedures in an isolated area of the hatchery and the low-flow pond 
systems. Movements from operations of “low to moderate” concern (Regal Springs, Honduras 
hatchery site) to operations of “moderate to high” concern (Regal Springs, Honduras cage 
culture operations), or vice versa, both result in a score of 6 out of 10. 
 
The final numerical score for Criterion 10X – Escape of Secondary Species is –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 rating is decided according to the final 
score, the number of red criteria, and the number of critical scores as follows: 
 

– Best Choice = Final Score ≥ 6.661 and ≤ 10, and no Red Criteria, and no Critical scores 
– Good Alternative = Final score ≥ 3.331 and ≤ 6.66, and no more than one Red Criterion, 

and no Critical scores.  
– Red = Final Score ≥ 0 and ≤ 3.33, or two or more Red Criteria, or one or more Critical 

scores.  

 

Criterion Score Rank Critical? 

C1 Data 7.05 Green   

C2 Effluent 4.00 YELLOW NO 

C3 Habitat 5.87 YELLOW NO 

C4 Chemicals 10.00 GREEN NO 

C5 Feed 8.00 GREEN NO 

C6 Escapes 10.00 GREEN NO 

C7 Disease 5.00 YELLOW NO 

        

C8X Source 0.00 GREEN NO 

C9X Wildlife mortalities –2.00 GREEN NO 

C10X Introduced species escape –4.00 YELLOW   

Total 43.91     

Final score (0–10) 6.27     

      

OVERALL RANKING       

Final Score  6.27     

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 United States 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 in the form of regional pocket guides that can be 
downloaded from 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 on the regional pocket guides 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 upon request.  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. 
 
Disclaimer 
Seafood Watch® strives to have all Seafood Reports reviewed for accuracy and completeness by 
external scientists with expertise in ecology, fisheries science and aquaculture.  Scientific 
review, however, does not constitute an endorsement of the Seafood Watch® program or its 
recommendations on the part of the reviewing scientists.  Seafood Watch® is solely responsible 
for the conclusions reached in this report. 
 
Seafood Watch® and Seafood Reports are made possible through a grant from the David and 
Lucile Packard Foundation. 
 

http://www.seafoodwatch.org/
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Guiding Principles 
 

Seafood Watch defines sustainable seafood as originating from sources, whether fished1 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 

                                                 
1 “Fish” is used throughout this document to refer to finfish, shellfish and other invertebrates. 



 
 

58 

 

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 rating has been assigned to each criterion, an overall seafood recommendation 
is developed on additional evaluation guidelines.  Criteria ratings 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 
 
 

Criterion 1: Data quality and availability 
 

Data Category Data Quality (0-10)   

Industry or production statistics 7.5   

Management 7.5  

Effluent 5   

Habitats 5   

Chemical use 7.5   

Feed 10   

Escapes 5   

Disease 5   

Source of stock 10   

Predators and wildlife 7.55   

Unintentional introduction 7.5  

Other – (e.g., GHG emissions) n/a   

Total 77.5   

   

C1 Data Final Score (0-10) 70.045454545 YELLOW 

 
 
 

 
Criterion 2: Effluents 
 

Factor 2.1 - Biological waste production and discharge   

Factor 2.1a - Biological waste production     

  Protein content of feed (%) 32   

  eFCR 1.8   

  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) 92.16   

  N in each ton of fish harvested (kg) 22.4   

  Waste N produced per ton of fish (kg) 69.76   
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Factor 2.1b - Production System discharge      

  Basic production system score 0.8   

  Adjustment 1 (if applicable) 0   

  Adjustment 2 (if applicable) 0   

  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) 55.81   

  Waste discharge score (0-10) 4   

        

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

  2.2a Content of effluent management measure 2   

  2.2b Enforcement of effluent management measures 4   

  2.2 Effluent management effectiveness  3.2   

        

  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 habiat management measure 3   

 3.2b Enforcement of habitat management measures 3   

 3.2 Habitat management effectiveness  3.6   

       

 C3 Habitat Final Score (0-10) 6 YELLOW 

 Critical? NO  

 

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

  C4 Chemical Use Score (0-10) 10   

  C4 Chemical Use Final Score (0-10) 10 GREEN 

  Critical? NO   
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Criterion 5: Feed 
5.1. Wild Fish Use   

  Feed parameters Score 

  5.1a Fish In:Fish Out (FIFO) 

  Fishmeal inclusion level (%) 3 

  Fishmeal from by-products (%) 100 

  % FM 0 

  Fish oil inclusion level (%) 1 

  Fish oil from by-products (%) 100 

  % FO 0 

  Fishmeal yield (%) 22.5 

  Fish oil yield (%) 5 

  eFCR 1.8 

  FIFO fishmeal 0.00 

  FIFO fish oil 0.00 

  FIFO Score (0-10) 10.00 

  Critical? NO 

  5.1b Sustainability of Source fisheries 

  Sustainability score –2 

  Calculated sustainability adjustment 0.00 

  Critical? NO 

  F5.1 Wild Fish Use Score (0-10) 10.00 

  Critical? NO 

    

5.2 Net protein Gain or Loss   

  Protein INPUTS   

  Protein content of feed (%) 32 

  eFCR 1.8 

  Feed protein from fishmeal (%)  

  Feed protein from EDIBLE sources (%) 76.36 

  Feed protein from NON-EDIBLE sources (%) 23.64 

  Protein OUTPUTS 

  Protein content of whole harvested fish (%) 14 

  Edible yield of harvested fish (%) 35 

  
Use of non-edible by-products from harvested fish 
(%) 65.5 

  Total protein input kg/100 kg fish  57.6 

  Edible protein IN kg/100 kg fish  43.98 

  Utilized protein OUT kg/100 kg fish  17.42 
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  Net protein gain or loss (%) –60.40 

  Critical? NO 

  F5.2 Net protein Score (0-10) 3 

 
5.2 Net protein Gain or Loss 

5.3a Ocean Area appropriated per ton of seafood 

Inclusion level of aquatic feed ingredients (%) 4 

eFCR  1.8 

Carbon required for aquatic feed ingredients (ton C/ton fish) 69.7 

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

Ocean area appropriated (ha/ton fish) 1.87 

5.3b Land area appropriated per ton of seafood 

Inclusion level of crop feed ingredients (%) 74.9 

Inclusion level of land animal products (%) 17 

Conversion ratio of crop ingredients to land animal products 2.88 

eFCR 1.8 

Average yield of major feed ingredient crops (t/ha) 2.64 

Land area appropriated (ha per ton of fish)  0.84 

Total area (Ocean + Land Area) (ha) 2.72 

F5.3 Feed Footprint Score (0-10) 9 

      

   

C5 Feed Final Score (0-10) 8.00 GREEN 

Critical? NO   

 

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

  6.1a Adjustment for recaptures (0-10) 0   

  6.1a Escape Risk Score (0-10) 2   

  6.2. Invasiveness score (0-10) 10   

  C6 Escapes Final Score (0-10) 10 GREEN 

  CriticaL? NO   

        

Criterion 7: Diseases     

  Disease Evidence-based assessment (0-10)     

  Disease Risk-based assessment (0-10) 5   

  C7 Disease Final Score (0-10) 5 YELLOW 

  Critical? NO  
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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) -2   

  C9X Wildlife and Predator Final Score (0-10) -2 GREEN 

  Critical? NO   

 
 

Criterion 10X: Escape of unintentionally 
introduced species 
  F10Xa live animal shipments score (0-10) 0.00   

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

6.00 
  

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

-4.00 YELLOW 

  Critical? n/a   

 


