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Final Seafood Recommendation 
 

 
Criterion Score (0-10) Rank Critical? 

C1 Data 4.44 YELLOW   
C2 Effluent 0.00 CRITICAL YES 
C3 Habitat 2.53 RED NO 
C4 Chemicals 6.00 YELLOW NO 
C5 Feed 0.00 CRITICAL YES 
C6 Escapes 10.00 GREEN NO 
C7 Disease 6.00 YELLOW NO 
C8 Source 0.00 RED   
C9X Wildlife mortalities –6.00 YELLOW NO 
C10X Introduced species escape 0.00 GREEN   
Total 22.97     
Final score  2.87     

       
OVERALL RANKING     

Final Score  2.87     
Initial rank RED     
Red criteria 4     
Interim rank RED   FINAL RANK 

Critical Criteria? YES   RED 
 

Scoring note –scores range from 0 to 10 where 0 indicates very poor performance and 10 
indicates the aquaculture operations have no significant impact. Color ranks: red = 0 to 3.33, 
yellow = 3.34 to 6.66, green = 6.66 to 10. Criteria 9X and 10X are exceptional criteria, where 0 
indicates no impact and a deduction of ‐10 reflects very poor performance. Two or more red 
criteria trigger a red final result. 

 
Summary 
The final numerical score for net pen farming of Pacific bluefin tuna in Mexico is 2.83 out of 10. 
In addition, the presence of four Red criteria (Effluent, Habitat, Feed, and Source of Stock) 
results in an overall Red recommendation of “Avoid.” 
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Executive Summary 
 
This assessment was originally published in December 2016 and reviewed for any significant 
changes in February 2021. Please see Appendix 2 for details of review. 
 
Tuna farming in Mexico is exclusively a capture-based aquaculture practice, in which wild-
caught individuals are reared as captive farm stock. The most current production statistics by 
the Mexican government indicate that 6,399 metric tons (MT) of farmed Pacific bluefin were 
produced in 2013. Although Pacific bluefin aquaculture represents the second-largest industry 
sector in Mexico in terms of production and price, the average growth rate in annual 
production has been 1.07% due to inconsistent seasons and fishery sustainability issues. Over 
the last decade, Mexico has averaged 3,500 MT of farmed bluefin per annum. 
 
Although Pacific bluefin tuna (Thunnus orientalis) have been a commercially important fish 
species in Japan for many years, markets are expanding in the United States, Europe, and other 
parts of Asia, and fish farmers have established tuna farms in Mexico to meet increasing 
international demand. Although the contribution of farmed tuna in Mexico has been small in 
terms of volume (compared to wild-caught tuna), the price of one ton of farmed tuna is 
approximately 7 to 13 times that of tuna caught by the Mexican fishing fleet, making it an 
attractive alternative as a source of employment and income. Since the mid-1990s, the 
Ensenada region of Baja California has been used to farm tuna because of its temperate 
weather conditions, abundant supply of sardine for feed, favorable regulations, low labor costs, 
and proximity to the Los Angeles international airport. Juvenile tuna weighing approximately 
12–14 kg (2-year-old fish, ≈85 cm) are caught off the coast of Ensenada and typically reared for 
3–5 months before reaching a marketable quality and size of 19–28 kg. Most captive tuna are 
harvested during the same farming season in which they are caught, and a recurring fallow 
period is created when net pens are unoccupied between the harvest period of one rearing 
cycle and the stocking period of the next (7–9 months). 
 
In general, data availability for Mexican bluefin tuna farms is very limited, although some 
information from other regions can be applied by proxy in some aspects. Major sources of 
information in this assessment include regional fisheries management organizations (RMFOs)  
(ISC, IATTC), the Food and Agriculture Organization of the United Nations (FAO), the 
International Union for Conservation of Nature (IUCN), and the national environmental 
agencies for aquaculture management (CONAPESCA). In Mexico, the extent of environmental 
impacts from the bluefin tuna farming industry is difficult to determine because of the lack of 
publicly available environmental data. In particular, the availability of recent data is limited; for 
example, at the time of this assessment (2016), the annual National Aquaculture Charter (Carta 
Nacional Acuícola) had not been updated since September 2013, and many scientific 
publications are somewhat dated. For other types of information required in this assessment, 
data accessibility and availability are variable, depending on the subject matter. Overall, the 
availability and accessibility of Mexican Pacific bluefin tuna farming data to sufficiently assess 
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the industry’s operations and impacts under Seafood Watch criteria is given a low to moderate 
score. The Criterion 1 - Data score is 4.44 out of 10. 
 
Given the scarcity of direct information regarding effluent-related environmental impacts from 
Pacific bluefin tuna farms in Mexico, this report utilizes a Risk-Based Assessment method (as 
opposed to Evidence-Based) that combines the total amount of waste released per ton of 
production with an assessment of applicable management measures and their implementation. 
For Pacific bluefin farmed in net pens, the total waste discharged (using nitrogen as a proxy) is 
estimated to be 329.95 kg N per ton of farmed tuna. Regarding regulatory management, 
established thresholds for carrying capacity are inappropriate for net pen stocking limits, and 
enforcement processes are undermined by insufficient funding and the leniency given to 
government-promoted aquaculture projects when meeting environmental management 
standards. Overall, there is a high potential for Pacific bluefin net pen systems in Mexico to 
produce significant impacts to the environment from the untreated discharge of farm-based 
effluents. When combined with poor management of cumulative impacts, these conditions 
result in a final Criterion 2 – Effluent score that is Critical (0 out of 10) for farmed Pacific bluefin 
from Mexico. 
 
In the absence of robust data, a comparison with bluefin tuna farms in Australia was used to 
evaluate benthic impacts in the immediate vicinity of Mexican bluefin tuna farms. Though 
extensive 2-year fallow periods and offshore siting in Australia have resulted in minor benthic 
impacts beneath the immediate farm area, shorter 7–9 month fallow periods and siting in 
coastal, inshore habitats likely permits ongoing organic enrichment beneath tuna farms in 
Mexico. For Habitat Conversion and Function (Factor 3.1), the persistent nature of benthic 
impacts at tuna farms results in a score of 2 out of 10. Despite the development of 
environmental impact assessment (EIA) requirements, site development plans, and critical 
habitat protection for aquaculture, enforcement measures and public participation process 
remain deficient in Mexico. Furthermore, regulatory consideration of cumulative impacts is not 
required for tuna farms under current legislation. For Habitat and Farm Siting Management 
(Factor 3.2), poorly implemented habitat regulations, the lack of enforcement transparency, 
and the strong potential for ongoing habitat impacts result in a score of 3.58 out of 10. When 
combined, these conditions result in a low overall Criterion 3 - Habitat score of 2.53 out of 10. 
 
Historically, chemical-use has been absent in the bluefin tuna farming industry in Mexico. There 
is no direct evidence of chemicals being employed in Mexico, but chemical use has recently 
been introduced in other bluefin tuna farming regions in the Pacific. Although Pacific bluefin 
has a demonstrably low need for chemical inputs, it cannot be verified that chemical use is 
completely absent in Mexico’s bluefin tuna farming industry. On a precautionary basis, the 
Criterion 4 - Chemical Use score is 6 out of 10. 
 
Although formulated pellet feeds are available in Japan, Mexican bluefin tuna farms rely almost 
entirely on the use of whole wild baitfish for feed due to the lower feeding costs. Unlike almost 
all other aquaculture industries that are focused on growing their farmed stocks, the goal of 
Mexican tuna operations is to increase the tuna’s fat content for market desirability. Therefore, 
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the feed conversion ratio is typically high. A reported economic feed conversion ratio (eFCR) of 
15:1 is considered representative for farming juveniles. The exclusive use of whole feedfish 
means that the Fish In to Fish Out ratio (FIFO) is the same as the eFCR and produces a critically 
high FI:FO ratio (a simple measure of wild fish use) and a score of 0 out of 10. In the wild, tuna 
also consume baitfish, but do so as part of a complex natural foodweb and ecosystem. The 
extraction of these two ecosystem components (i.e., the tuna and the baitfish) and their use as 
inputs in an artificial farming system does not enable them to provide the same ecosystem 
services. Locally caught Pacific sardines represent the primary feed ingredient used in Mexico, 
but a variety of other local baitfish species are utilized as a minor portion of the feed 
composition. A precautionary Source Fishery Sustainability score of –4 out of –10 was applied 
to Factor 5.1 (Wild Fish Use), producing a final adjusted score that remained 0 out of 10. 
Furthermore, a net protein loss greater than 90% and the presence of a significant feed 
footprint (107.28 ha per ton of farmed fish) represent additional environmental concerns. 
Overall, the absence of by-products or non-edible processing ingredients as alternative sources 
of feed protein and the highly inefficient conversion of feed into harvestable fish result in a 
critical Criterion 5 - Feed score of 0 out of 10. 
 
For net pen aquaculture, there is an inherent risk of escape from catastrophic losses or more 
chronic “leakage.” Given that farmed tuna are the product of capture-based aquaculture and 
that captive tuna originate from Mexican waters, the risk of ecological impacts (i.e., competitive 
and/or genetic) of escaped tuna on other wild species or wild counterparts is considered to be 
negligible. The resulting Criterion 6 - Escape score is therefore 10 out of 10. 
 
There is currently no clear evidence of pathogens or parasites within bluefin tuna farms causing 
significant population declines in wild tuna stocks or other wild species, but the prevalence of 
pathogens within farm sites, the open nature of tuna net pens, and the overlap between farm 
sites and migratory feeding routes in the eastern Pacific warrant some level of ongoing concern 
for potential disease transfer between farmed and wild species. On a precautionary basis, these 
conditions result in a moderate Criterion 7 - Disease score of 6 out of 10. 
 
Mexican bluefin tuna farms are considered to be 100% reliant on threatened wild tuna 
populations because of the industry-wide dependence on wild-caught individuals for farm 
stock. Thus, the Criterion 8 - Source of Stock score is 0 out of 10. 
 
In Mexican bluefin tuna farming, wild stocks are captured and transported to net pens within 
the same waterbody, so the unintentional introduction of non-native species does not occur. 
Generally, there is risk associated with open exchange net pens, but the exclusive use of native 
tuna (0% reliance on international or trans-waterbody live animal shipments) results in a 
Criterion 10X - Escape of unintentionally introduced species final score of 0 out of –10.  
 
In summary, the final numerical score for net pen farming of Pacific bluefin tuna in Mexico is 
2.87 out of 10. This low to moderate numerical score, in addition to four Red criteria (Effluent, 
Habitat, Feed, and Source of Stock), results in an overall Red recommendation of “Avoid.”  
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Introduction 
 

Scope of the analysis and ensuing recommendation  
 
Species 
Pacific bluefin tuna (Thunnus orientalis) 
 
Geographic coverage 
Mexico 
 
Production Method 
Net pens 
 
Species Overview 
The Pacific bluefin tuna (Thunnus orientalis) is one of 13 species of tuna in the Scombridae 
family and possesses the largest home range of the three bluefin species. Found throughout the 
Pacific Ocean from the East China Sea to the Pacific coasts of the United States and Mexico 
(Collette and Nauen 1983) (Bayliff 1994), Pacific bluefin is a highly mobile fish with 
extraordinary migratory activity, and must swim continuously in order to breathe (Zertuche-
González et al. 2008) (Boustany 2011) (Estess et al. 2014). Well-known for its distinct 
physiology, bluefin tuna is an endothermic fish species possessing the unique ability to maintain 
internal temperatures through metabolic processes (Korsmeyer and Dewar 2001). Reflected in 
its high metabolic rates (Korsmeyer and Dewar 2001) (Munday et al. 2003) (Conservation 
Working Group 2007) (Di Maio and Mladineo 2008), bluefin tuna grows faster than any other 
teleost fish (Itoh 2000) (Block et al. 2005) and reaches a maximum length of 3 m (9.84ft) and a 
maximum weight ranging from 400 to 600 kg (1,100 lbs) (Zertuche-González et al. 2008) (Blinch 
et al. 2011) (Boustany 2011) (Masuma et al. 2011). Pacific bluefin is generally an epipelagic and 
oceanic species, but seasonally comes close to shore (Zertuche-González et al. 2008). Although 
predominantly a temperate water species, it has been observed in tropical regions (Collette et 
al. 2014). Diving to depths of 550 m, Pacific bluefin tolerates a wide variety of temperature and 
salinity ranges, and sometimes schools with other scombrids of the same size (SAGARPA 2013) 
(Collette et al. 2014). 
 
Tuna are voracious opportunistic feeders and consume a wide range of prey (Yokota et al. 
1961) (Collette and Nauen 1983). Juvenile Pacific bluefin feeds on small fish (e.g., anchovies), 
crustaceans, and cephalopods, whereas adult Pacific bluefin primarily feeds on larger pelagic 
finfish species such as herring (Clupea harengus), sand lance (Ammodytes spp.), bluefish 
(Pomatomus saltatrix), mackerel (Scomber scombrus) and various anchovy, sardine, and sprat 
species, and it is associated with the top of the trophic food web (Zertuche-González et al. 
2008) (Mourente and Tocher 2009) (SAGARPA 2013). Pacific bluefin matures between the ages 
of 3 and 5 years and can live over 25 years (Bayliff 1994) (Chen et al. 2006) (Tanaka 2006) (Itoh 
2006) (Zertuche-González et al. 2008) (Shimose 2009) (Boustany 2011) (SAGARPA 2013). 
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Figure 1. Home range and spawning area of Pacific bluefin tuna (Source: Boustany 2011). 

 
Although Thunnus orientalis ranges throughout the Pacific Ocean, it is primarily found in the 
North Pacific, and the entire population is considered to be a single Pacific-wide stock that 
relies on one distinct spawning area in the eastern Pacific (Figure 1) (Collette et al. 2014) (IATTC 
2014). Spawning occurs between Japan and the Philippines (East China Sea among the Ryukyu 
Islands; i.e., Okinawa) in April, May, and June; off southern Honshu in July; and in the Sea of 
Japan in August (Bayliff 1994) (Inagake 2001) (Collette et al. 2014). Females weighing between 
270 and 300 kg may produce as many as 10 million eggs per spawning season (Collette and 
Nauen 1983) (Zertuche-González et al. 2008). A portion of the resulting juvenile tuna 
population will remain their entire lives in the western Pacific, but others will migrate over 
11,000 km to the eastern Pacific during the first and second years of life, depending on 
oceanographic and prey conditions, before returning to the Sea of Japan after 1–4 years to 
spawn (Zertuche-González et al. 2008) (SAGARPA 2013) (Collette et al. 2014) (Whitlock 2016). 
In the eastern Pacific, migrations during the summer and fall coincide with the migration of 
Pacific sardine (Yamanaka et al. 1963) (Kitagawa et al. 2007) (Zertuche-González et al. 2008). 
During these feeding migrations, the strong schooling behavior exhibited by juvenile Pacific 
bluefin (Zertuche-González et al. 2008) makes them especially vulnerable to fishing pressure. 
 
Production system 
In Mexico, the tuna farming industry is primarily located 15 km north of Ensenada, Baja 
California, in Salsipuedes Bay, with some farms in Todos Los Santos Bay and others off the coast 
of Ensenada. Salsipuedes Bay is a small, open bay with an area of approximately 30 km², 
current speeds of 10–20 cm sec–1, and depths varying between 10 and 100 m. Since 2002, 
Pacific bluefin has been cultured in Salsipuedes Bay at depths greater than 25 m (Zertuche-
González et al. 2008). Although Baja Aqua Farms has operated tuna net pens in proximity to the 
Coronado Islands (Yamaguchi and Slobig 2011), more recent information indicates that these 
net pens were removed in early 2015 (pers. comm., Anonymous 2015). 
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A tuna farming concession (license) grants the rights to install up to 16 net pens, each of which 
is 30–50 m in diameter and 12–20 m in depth, and set no less than 5 m from the sea floor. Net 
pens are stocked with 1,500–2,000 fish (40–45 MT), with an average stocking density of 
approximately 2–4 kg/m3 (Sylvia et al. 2003) (NASO-Mexico 2005) (Zertuche-González et al. 
2008) (Díaz-Castañeda and Valenzuela-Solano 2009) (Blue Farm de México 2013) (SAGARPA 
2013). Although mortalities were high early in the history of Mexican bluefin tuna farming, 
current farming mortality rates have been reduced to 5%–6% (Zertuche-González et al. 2008) 
(SAGARPA 2013). Mexico’s current National Aquaculture Charter indicates that 6 aquaculture 
companies were operating 13 net pens with a maximum capacity of 6,800 MT in 2011 
(SAGARPA 2013), though personal communication with an industry expert indicates that the 
active companies have been consolidated into two.  
 
Other terms used to describe bluefin tuna farming include ranching, penning, on‐growing, cage‐
culture, and mariculture. The scope of this assessment is farmed Pacific bluefin tuna (Thunnus 
orientalis) in the Pacific Ocean (Mexico), in net pens. 
 
Fisheries information 
Catches of Pacific bluefin tuna have fluctuated substantially between years and by gear type, 
but there has been an overall negative trend since the 1950s (Collette et al. 2014). The highest 
historical annual catch occurred in 1956, totaling 39,824 MT, and the lowest catch occurred in 
1990 with 8,588 MT. During the last 10 years, wild fisheries have produced 21,250 MT, with 
80% of the catch occurring in the western Pacific. Since the 1950s, catches have been 
predominantly made up of juveniles, and since the 1990s, the catch of age-0 fish (yearlings) has 
increased significantly (Zertuche-González et al. 2008) (Tzoumas 2009) (ISC 2014). With the 
majority of the bluefin being caught in the North Pacific, Japan catches the vast majority, 
followed by Mexico, the United States, South Korea, and China (Collette et al. 2014). 
 
Recently, regional fisheries management organizations (RFMOs) have instituted catch limits in 
response to the dramatic decline in the Pacific bluefin tuna stock. In the eastern Pacific, the 
Inter-American Tropical Tuna Commission (IATTC) has adopted Resolution C-14-06 Pacific 
Bluefin Tuna, which states that the total annual commercial catch of both member states and 
cooperating non-member states shall not exceed 6,600 MT from 2015–2016 (IATTC 2014) 
(Collette et al. 2014). 
 
Pacific bluefin tuna aquaculture in Mexico 
Commercial purse seiners are the primary farm-stock supplier to the tuna farming industry, 
because this fishing method is the only technique that keeps the fish alive. As a selective fishing 
method, purse seining is often assisted by spotting planes and helicopters to locate schools of 
Pacific bluefin (Zertuche-González et al. 2008). In the eastern Pacific, bluefin tuna are caught 
between May and August but the season can be extended into November, depending on when 
and how long the fish reside off the coast of Ensenada, Mexico during feeding migrations (Sylvia 
et al. 2003) (SAGARPA 2013). Purse seining generally occurs within 100 nm of the coast 
between 22° N and 33° N (west of Baja California and California, United States) (Zertuche-
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González et al. 2008) (SAGARPA 2013). The largest schools targeted for capture are typically 2 
years old (Sylvia 2007). Once a tuna school is located, the purse seine boat is positioned on the 
side of the school while the net is released. The net is then pulled by both a “pangon” (fast 
boat) at one end and by the purse seine boat at the other to enclose the school. Once enclosed, 
the net is kept open until the arrival of a towboat with a tow pen (Zertuche-González et al. 
2008). Divers manually open gates in the nets and herd the fish into the tow pen. During this 
procedure, a diver remains on the side of the doors filming the movement of fish from net to 
pen to quantify the total capture. The video data is used in tandem with size and weight 
measurements from a number of sacrificed fish to calculate the quantity and biomass of the 
catch (Zertuche-González et al. 2008). Towing may take days to weeks, depending on the 
distance between the capture zone and the farm (96–800 km) (Sylvia et al. 2003). Tow boats 
typically travel at approximately 1 kt to reduce stress on the captive tuna (Zertuche-González et 
al. 2008). The tow can take up to a month, during which time ≈1%–3% of the fish either die or 
escape from the nets (Zertuche-González et al. 2008). 
 
Bluefin tuna farming has emerged relatively recently in the eastern Pacific, and development is 
beginning in several other countries, including the United States (Ottolenghi et al. 2004). In 
Mexico, Pacific bluefin tuna farming began in the mid-1990s in the vicinity of Cedros Island, 
south of Ensenada, Baja California (Zertuche-González et al. 2008) (SAGARPA 2013) (IATTC 
2014). Mexico’s current National Aquaculture Charter indicates that 6 aquaculture companies 
were operating 13 net pens with a maximum capacity of 6,800 MT in 2011 (SAGARPA 2013), 
though personal communication with an industry expert indicates that the active companies 
have been consolidated into two. 
 
Over 90% of the fish caught in the eastern Pacific are below the age of maturity (ages 3–5) (Itoh 
2001) (Zertuche-González et al. 2008) (IATTC 2010). In Mexico, catching juvenile bluefin 
weighing less than 12 kg (minimum size limit under the Carta Nacional Pesquera) has been 
prohibited since 2012. On average, juvenile bluefin weighing approximately 12–14 kg (primarily 
2-year-old fish, ≈85 cm) are caught and reared for 3–5 months, reaching a suitable quality and 
marketable size typically between 19 and 28 kg (in minor cases, tuna have also been reared for 
as long as 18 months to 45 kg, based on buyer preference) (Sylvia et al. 2003) (Dalton 2004) 
(NASO-Mexico 2005) (Zertuche-González et al. 2008) (Díaz-Castañeda and Valenzuela-Solano 
2009) (Aires-da-Silva and Dreyfus 2012) (Blue Farm de México 2013) (SAGARPA 2013) 
(Anonymous 2016a). Tuna are harvested from October to March (Pederson 2010). 
 
Farmed Pacific bluefin production statistics 
Farmed bluefin production statistics are published annually in the Statistical Yearbook of 
Aquaculture and Fisheries (Anuario Estadístico de Acuacultura y Pesca) by the National 
Commission of Aquaculture and Fisheries (CONAPESCA). The contribution of farmed tuna in 
Mexico is relatively small compared to that of wild caught tuna (Pérez-Castañeda et al. 2015), 
but the most current statistical yearbook indicates that 6,399 MT of farmed Pacific bluefin were 
produced in 2013 (CONAPESCA 2013). Although farmed tuna command prices that are 
approximately 7 to 13 times that of wild tuna caught by Mexico’s commercial fishing fleet 
(Pérez-Castañeda et al. 2015), the average growth rate in annual production has only been 
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1.07% over the last decade (CONAPESCA 2013). Throughout its history, farmed bluefin 
production in Mexico has been inconsistent due to unpredictable seasons and fishery 
sustainability issues (Sylvia et al. 2003) (Clarke and Ham 2008). According to CONAPESCA’s most 
recent aquaculture production statistics, Mexico has roughly averaged only 3,500 MT of farmed 
bluefin annually over the last 10 years (CONAPESCA, 2013). 
 
Import and export sources and statistics 
Pacific bluefin tuna is a highly prized fish that is in demand globally (Tičina et al. 2004). In 
Mexico, nearly all Pacific bluefin aquaculture production has been exported to Japan (Dalton 
2004) (Zertuche-González et al. 2008) (SAGARPA 2013) (IATTC 2014). Because of bluefin’s large 
size and the color, texture, and high fat content of its meat, bluefin tuna is highly desired for 
the Japanese sushi and sashimi trade and is consistently among the most expensive fish in the 
world (Collette et al. 2011) (Meng et al. 2011). Each farmed Pacific bluefin can fetch more than 
¥100,000/USD 1,116 when sold in Japan (Inoue 2013). The Japanese preference for Pacific 
bluefin is second only to Atlantic bluefin (Thunnus thynnus) (Ottolenghi 2004). 
 
Farmed bluefin sold in Japan are concentrated in the hands of Japanese trading houses; most 
notably those found in the Tsukiji Fish Market in Tokyo (Zertuche-González et al. 2008) 
(SAGARPA 2013) (Tunafarming.net 2015). Japan consumes approximately 50,000 MT of bluefin 
tuna per year, of which farmed Pacific bluefin makes up approximately 20% (Scott et al. 2012) 
(CONAPESCA 2013) (Fisheries Agency 2014). Though Japan currently consumes 80% of the 
world’s bluefin tuna, important markets are emerging in the United States, Europe, and other 
parts of Asia (SAGARPA 2013) (Kyoto and AP 2014). 
 
Mexico exports farmed Pacific bluefin primarily to Japan, but also to Spain and the United 
States (Zertuche-González et al. 2008) (CONAPESCA 2013) (SAGARPA 2013). Approximately 95% 
of the Mexican farmed Pacific bluefin goes to Japan, with a minor amount remaining in Mexico 
(Zertuche-González et al. 2008).  
 
Common and market names 

Scientific Name Thunnus orientalis 
Common Names Pacific bluefin tuna 
United States Pacific bluefin tuna (FDA, 2015) 

Bluefin tuna 
Northern Pacific bluefin tuna 
Northern bluefin tuna 

Mexico/Spain Atún aleta azul del Pacífico, Atún cimarrón 
Japan When sold as sushi or sashimi: 

クロマグロ(くろまぐろ) 
Kuro maguro (black tuna) 
Maguro (tuna) 
Hon maguro (real tuna) 
Chikuyo maguro (farmed tuna) 
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Hong Kong 和平的藍鰭鮪魚 
France Thon bleu du Pacifique, thon rouge 

 
Product forms 
Although small amounts of farmed Pacific bluefin are sold to the United States and Europe, the 
majority are destined for the Japanese market (Dalton 2004) (Zertuche-González et al. 2008) 
(SAGARPA 2013) (IATTC 2014) (Kyoto and AP 2014). Pacific bluefin are supplied to the market as 
whole fish (gilled and gutted) in either fresh-chilled or frozen form. 
 
Typically, tuna sold to restaurants and markets are traditionally prepared as sushi or sashimi. 
Specific cuts of bluefin are sold in a variety of forms based on the fat content of the flesh. 
Primary cuts include akami (lean), chu‐toro (medium), and o‐toro (high fat) (Figure 2). Other 
Japanese-style preparations include grilled (fillet, head), boiled (eyeball), and stewed tuna 
(Tunafarming.net 2015). 
 

 
Figure 2. The terms used to describe certain cuts are not specific to bluefin and are applied to all tuna species 

(Source: Federation of Japan Tuna Fisheries Co-operative Associations).  
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Analysis 
 

Scoring guide 
• Except for the exceptional factors (9X and 10X), all scores result in a zero to ten final score for 

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

• The full Seafood Watch Aquaculture Criteria that the following scores relate to are available 
here 
http://www.montereybayaquarium.org/cr/cr_seafoodwatch/content/media/MBA_SeafoodWat
ch_AquacultureCriteraMethodology.pdf 

• The full data values and scoring calculations are available in Appendix 1 
 
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.1 As a result of the controversy and polarity of opinions relating to 
some of these aspects, this report has been reviewed by a number of experts representing a variety 
of stakeholders. 
 

 
 
 
  

 
1 The full Seafood Watch aquaculture criteria are available at: 
http://www.seafoodwatch.org/cr/cr_seafoodwatch/sfw_aboutsfw.aspx 

http://www.montereybayaquarium.org/cr/cr_seafoodwatch/content/media/MBA_SeafoodWatch_AquacultureCriteraMethodology.pdf
http://www.montereybayaquarium.org/cr/cr_seafoodwatch/content/media/MBA_SeafoodWatch_AquacultureCriteraMethodology.pdf
http://www.montereybayaquarium.org/cr/cr_seafoodwatch/content/media/MBA_SeafoodWatch_AquacultureCriteraMethodology.pdf
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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: robust and up‐to‐date information on production practices and their impacts is 

available to relevant stakeholders. 
 
 

Data Category Relevance (Y/N) Data Quality Score (0-10) 
Industry or production statistics Yes 5 5 
Effluent Yes 5 5 
Locations/habitats Yes 5 5 
Predators and wildlife Yes 0 0 
Chemical use Yes 0 0 
Feed Yes 5 5 
Escapes, animal movements Yes 7.5 7.5 
Disease Yes 2.5 2.5 
Source of stock Yes 10 10 
Other – (e.g. GHG emissions) No Not relevant n/a 
Total   40 
        

C1 Data Final Score 4.44 YELLOW   
 
Brief Summary 
Major sources of information in this assessment include regional fisheries management 
organizations (RFMOs) (ISC, IATTC), the Food and Agriculture Organization of the United 
Nations (FAO), the International Union for Conservation of Nature (IUCN), and the national 
environmental agencies for aquaculture management (CONAPESCA). In Mexico, the extent of 
environmental impacts from the bluefin tuna farming industry is difficult to determine due to 
its relatively recent development and subsequent lack of environmental data. For other types 
of information required in this assessment, data accessibility and availability are variable, 
depending on the subject matter. Overall, the availability and accessibility of Mexican Pacific 
bluefin tuna farming data to sufficiently assess the industry’s operations and impacts under 
Seafood Watch criteria is given a low to moderate score. The Criterion 1 - Data score is 4.44 out 
of 10. 
 
Justification of Ranking 
Key public sources of information or data include: 
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Regional fisheries management organizations (RFMOs) 
• International Scientific Committee for Tuna and Tuna-like Species in the North Pacific 

Ocean (ISC) 
o The Pacific Bluefin Tuna Working Group conducts independent stock assessments 

for Pacific bluefin tuna. Subsequent management recommendations are developed 
by IATTC and WCPFC based on ISC stock assessments 
http://isc.ac.affrc.go.jp 

• Inter-American Tropical Tuna Commission (IATTC) 
o The IATTC is responsible for the conservation and management of tuna and other 

highly migratory fish stocks in the eastern Pacific Ocean 
https://www.iattc.org/HomeENG.htm 

• Food and Agriculture Organization of the United Nations (FAO) 
o FAO Fisheries and Aquaculture Technical Papers 

http://www.fao.org/fishery/publications/technical-papers/en 
o FAO Fisheries and Aquaculture proceedings generally present results and outcomes 

of technical meetings including national and regional review studies and main 
findings/recommendations from the meeting discussions 
http://www.fao.org/fishery/topic/166293/en 

o National Aquaculture Sector Overview (NASO) 
http://www.fao.org/fishery/naso-maps/fact-sheets/en/ 

o National Aquaculture Legislation Overview (NALO) 
http://www.fao.org/fishery/collection/nalo/en 

o Global aquaculture production statistics 
http://www.fao.org/fishery/statistics/global-aquaculture-production/query/en 

 
National environmental agencies 

• Ministry of Agriculture, Livestock, Rural Development, Fisheries and Food (SAGARPA) 
o Since 2001, SAGARPA has been in charge of administering both fisheries and 

aquaculture legislation 
http://www.sagarpa.gob.mx/English/Pages/Introduction.aspx 

• National Fisheries and Aquaculture Commission (CONAPESCA) 
o Under SAGARPA, CONAPESCA was created in 2001 and is currently responsible for 

management, coordination, and policy development regarding the sustainable use 
and exploitation of fisheries and aquatic resources in Mexico  
http://www.conapesca.sagarpa.gob.mx/wb/cona/conapesca_english_version 

• National Fisheries Institute (INAPESCA) 
o National Aquaculture Charters provide summary information on aquaculture 

regulations, technology development, cultivation areas, aquaculture species biology, 
harvesting development, and production statistics 
http://www.inapesca.gob.mx/portal/publicaciones/carta-nacional-acuicola 

• National Service of Agro Alimentary Health, Safety and Quality (SENASICA) 
o SENASICA is responsible for the prevention, diagnosis, and control of pathogen and 

disease for aquaculture production in Mexico 
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http://www.senasica.gob.mx 
• Secretariat of Environment and Natural Resources (SEMARNAT) 

o Mexican Official Standards (Normas Oficiales Mexicanas, NOMs) facilitate the 
implementation of the Fisheries Act by specifying requirements in relation to 
aquaculture activities, and can be found at Mexico’s environment ministry website. 
www.semarnat.gob.mx 

 
Threatened-species conservation organizations 

• International Union for Conservation of Nature (IUCN), Pacific bluefin tuna  
http://www.iucnredlist.org/details/21860/0 

• National Oceanic and Atmospheric Administration (NOAA), Pacific bluefin tuna 
https://swfsc.noaa.gov/FRD-PacificBlueFinTuna/ 

 
In this assessment, inquiries to relevant environmental enforcement agencies, associated 
universities and academic organizations, and related aquaculture experts were met with few 
responses. 
 
Quality and availability of scientific literature 
In Mexico, the extent of environmental impacts generated by the bluefin tuna farming industry 
is difficult to determine due to its recent and ongoing development. For the same reason, 
scientific studies related to tuna farming are exceptionally scarce. Even though there are 
several institutions devoted to research and education in marine sciences in the tuna farming 
region in Mexico (Ensenada), environmental baseline data at tuna farming sites are very limited 
(Zertuche-González et al. 2008). From the beginning of the tuna farming industry (mid-1990s) 
to 2009, no studies were published on tuna farming, and little information is currently available 
on environmental impact assessment in Mexico (Díaz-Castañeda and Valenzuela-Solano 2009). 
 
Because of the lack of data regarding the environmental impacts associated with the Mexican 
tuna farming industry, information on other tuna farming regions, their farming characteristics, 
and related environmental impacts are used in this assessment to evaluate Mexican tuna farms 
by proxy. All three bluefin species—Atlantic (Thunnus thynnus), southern (Thunnus maccoyii), 
and Pacific (Thunnus orientalis)—share many biological characteristics, such as large size, high 
metabolic and respiratory rates, and the ability to retain metabolic heat (Mourente and Tocher 
2009) (Boustany 2011); however, production levels (including waste production) differ among 
the four bluefin tuna farming regions of Australia, Japan, the Mediterranean, and Mexico. 
Furthermore, the environmental impacts derived from the release of organic waste are highly 
influenced by a fish farm’s management characteristics, unique location, and the hydrographic 
nature of the receiving water body (Abo et al. 2013). Therefore, comparisons between tuna 
farming regions are made with particular attention, and supporting information is provided in 
this assessment. 
 
For other types of information required in this assessment, data accessibility and availability are 
variable depending on the subject matter. In Mexico, farmed tuna production statistics are 
published online annually by CONAPESCA. Very little data are available regarding chemical use 
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(potentially as a result of limited chemical use) and, although there is currently no clear 
evidence that pathogens or parasites within bluefin tuna farms are causing significant 
population declines in wild counterparts, few studies are actively investigating the matter. 
Furthermore, escape statistics are absent because Pacific bluefin are native to Mexico, and little 
data are available regarding the interactions between bluefin tuna farms and marine mammal 
or protected species. The source of farmed stock for tuna farming in Mexico is well-
documented as being fully reliant on the capture of wild tuna for captive stock. 
 
Public disclosure 
National legislation in Mexico provides for public participation during the environmental impact 
assessment process for aquaculture. According to the literature, public consultation exists on 
paper, but the public participation process is considered to be nonfunctional in practice 
(Perevochtchikova and Andre 2013). 
 
Handling and research constraints 
Experimental work to date with Pacific bluefin has been particularly challenging due to 
difficulties inherent in studying active, large pelagic fish (Estess et al. 2014). 
 
Remaining data limitations 

• Waste management compliance data 
• Pellet feed use 
• Cumulative impacts  
• Control measures for farm site maintenance and offal disposal at harvest 

 
Data Criterion — Conclusions and Final Score 
Overall, data accessibility and availability for Mexican bluefin tuna farming is variable 
depending on the subject matter and is given a low to moderate score based on current 
information availability. The final score for the Data Criterion is 4.44 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: aquaculture operations minimize or avoid the production and 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. 

 
 

Effluent Risk-Based Assessment         
Effluent parameters Value Score   

F2.1a Biological waste (nitrogen) production per of fish (kg N ton-1) 412.44     
F2.1b Waste discharged from farm (%) 80     
F2 .1 Waste discharge score (0-10)   0   
F2.2a Content of regulations (0-5) 2.75     
F2.2b Enforcement of regulations (0-5) 2.25     
F2.2 Regulatory or management effectiveness  score (0-10)   2.475   
C2 Effluent Final Score   0.00 CRITICAL 
Critical? YES     

 
Brief Summary 
The Seafood Watch Effluent Criterion considers the impact of farm waste beyond the 
immediate farm area or outside a regulatory allowable zone of effect.  
 
Given the scarcity of direct information regarding effluent-related environmental impacts from 
Pacific bluefin tuna farms in Mexico, this report utilizes a Risk-Based Assessment method (as 
opposed to Evidence-Based) that combines the total amount of waste released per ton of 
production with an assessment of applicable management measures and their implementation. 
For Pacific bluefin farmed in net pens, the total waste discharged (using nitrogen as a proxy) is 
estimated to be 329.95 kg N per ton of farmed tuna. Regarding regulatory management, 
established thresholds for carrying capacity are inappropriate for net pen stocking limits, and 
enforcement processes are undermined by insufficient funding and the leniency given to 
government-promoted aquaculture projects when meeting environmental management 
standards. Overall, there is a high potential for Pacific bluefin net pen systems in Mexico to 
produce significant impacts to the environment from the unmitigated discharge of farm-based 
effluents. When combined with poor management of cumulative impacts, these conditions 
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result in a final Criterion 2 - Effluent score that is Critical (0 out of 10) for farmed Pacific bluefin 
from Mexico. 
 
Justification of Ranking 
The Seafood Watch criteria assess the environmental impacts from waste discharged by 
Mexican Pacific bluefin tuna farms in both the Effluent and Habitat Criteria as follows: 

• This Effluent Criterion (C2) assesses impacts of both particulate and soluble wastes 
beyond the immediate farm area or a regulatory allowable zone of effect (AZE). 

• The following Habitat Criterion (C3) assesses the impacts of primarily particulate wastes 
directly under the farm and within a regulatory AZE. 

 
Though the two criteria cover different impact locations, there is inevitably some overlap 
between them in terms of monitoring data and scientific studies. The majority of this 
information will be presented in this Effluent Criterion, with the intent of minimizing (but not 
entirely avoiding) replication in the Habitat Criterion. 
 
Effluent production and dispersal 
Organic waste is discharged from Pacific bluefin tuna farms in the form of uneaten feed, fecal 
matter, and other excretory waste that are released into the surrounding ocean environment in 
both dissolved and particulate form. The amount of waste generated by farmed Pacific bluefin 
is dependent on several factors: 
 

1. Feeding regime 
Different levels of waste are produced, depending on the various feed strategies and 
management practices employed at individual farms (Conservation Working Group 
2007) (Zertuche-González et al. 2008) (Biswas et al. 2009b) (Ji et al. 2008) (Yokoyama 
2010) (Deguara et al. 2011) (Estess et al. 2014). 

2. Feed composition 
Farmed tuna feed is primarily made of locally sourced wild baitfish, but a variety of 
species of mixed origin are also used as feed. Differences in diet affect feed conversion 
ratios and the resultant waste production (Zertuche-González et al. 2008) (Estess et al. 
2014). 

3. Farming period 
The rearing period (and resulting waste production) employed by individual farmers 
varies, depending on each company’s management and marketing strategy (Zertuche-
González et al. 2008). 

4. Water temperature 
Seasonal variability affects metabolism and feed rate (Deguara et al. 2011) (Masuma 
et al. 2011) (Estess et al. 2014). 

5. Stocking density 
The stocking density of each net pen influences the amount of waste generated at 
each farm site (Zertuche-González et al. 2008). 
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6. Harvest frequency 
A partial harvest reduces waste production between net pens, whereas a complete 
harvest removes waste production at farm sites entirely. 

7. Age 
Juvenile bluefin convert feed into body mass more efficiently than older counterparts 
due to higher growth rates, resulting in lower feed conversion ratios and lower waste 
production in juveniles (Estess et al. 2014) (Jusup 2014). 

 
Given the endothermic characteristics and the extremely high metabolic rate of Pacific bluefin 
(Korsmeyer and Dewar 2001) (Munday et al. 2003) (Conservation Working Group 2007) (Di 
Maio and Mladineo 2008), only a small fraction of feed inputs are retained for growth, and a 
large amount of effluent is typically released by tuna farms. Under research conditions, only 
12.4% of the gross energy consumed by captive Pacific bluefin is directly used for growth 
(Estess et al. 2014). 
 
Although evidence in the literature indicates that a high proportion of the nutrients discharged 
from tuna net pens originates from the application of whole-baitfish feed, information 
specifically on the resulting environmental impact of bluefin tuna farms in Mexico remains 
exceptionally scarce. Tuna farm operators in Mexico are required to monitor benthic conditions 
as a part of license conditions (see regulatory sections below for more details), but none of the 
data is available publicly. Reliable information is quite limited, and literature on effluent-related 
environmental impacts from bluefin tuna farming in Mexico was absent until seafloor sampling 
in Salsipuedes Bay (Baja California) was undertaken from 2003–2004 by Díaz-Castañeda and 
Valenzuela-Solano (2009). To date, this study represents the most current published 
information on the subject matter. Given the poor data availability for effluent-based 
environmental impacts, the Risk-Based Assessment method (as opposed to Evidence-Based) is 
employed in this Seafood Watch report. 
 
Factor 2.1a – Biological waste production per ton of farmed Pacific bluefin 
For Factor 2.1a, the nitrogenous waste produced per ton of tuna is used as a proxy indicator to 
measure the amount of waste discharged during a typical tuna production cycle. The data 
required to calculate this quantity includes the (1) protein content of feed, (2) eFCR, and (3) the 
protein content of whole harvested tuna (i.e., protein is 16% nitrogen): 
 
1. Protein content of feed ingredients 

Pacific sardine is the primary baitfish species used to feed farmed bluefin tuna. Based on 
yield values by FAO (Torry Research Station 1989) and Barnveld et al. (2003), an average 
protein content of 18.67% is applied to baitfish feed. 

2. Feed conversion ratio 
Over a typical farming cycle, food conversion ratios generally range from 9:1 to 20:1 using 
whole baitfish (Sylvia 2007) (Zertuche-González et al. 2008) (Estess et al. 2014) (Anonymous 
2016a). Overall, an FCR of 15:1 is considered representative of the industry. 
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3. Protein content of harvested tuna 
Without specific data, an average protein content of 22.28% is applied to whole harvested, 
farmed Pacific bluefin based on the average protein content of farmed southern bluefin 
(23%) (Thunnus maccoyii) (Fernandes et al. 2007) and farmed Atlantic bluefin tuna (21.55%) 
(Thunnus thynnus) (Giménez-Casalduero and Sánchez-Jerez 2006) 

 
Based on these values, a calculated 412.44 kg of nitrogen-based waste are produced per ton of 
farmed Pacific bluefin. This amount of waste indicates that approximately 92% of the nitrogen 
inputs into Pacific bluefin farms in Mexico are directly released into the surrounding 
environment. 
 
Factor 2.1b – Production system discharge 
Under Seafood Watch criteria, the waste that is discharged by a production system is 
established using a basic score that can be adjusted by production/management techniques 
that reduce the discharge of nutrients. For bluefin tuna farms in Mexico, all discharged effluent 
is released untreated from the net pens into the surrounding environment. Thus, the basic 
unadjusted production system discharge score for net pens is 0.8. This value indicates that 80% 
of the waste produced by farmed Pacific bluefin is considered to be directly discharged into the 
surrounding environment. 
 
Combining the scores from 2.1a and 2.1b produces a final Factor 2.1 score of 0 out of 10 for 
farmed Pacific bluefin from Mexico. 
 
In addition to Factor 2.1, a study from 2003–2004 by Díaz-Castañeda and Valenzuela-Solano 
(2009) found that organic carbon (2.53%) and nitrogen (0.12%) were being accumulated, and a 
negative redox potential between –110 and –302 mV was found at distances of 250 m or more 
from tuna farms. Despite also detecting a decrease in the diversity of benthic macrofauna and 
an increase in opportunistic species in the same study, stress-predictability models revealed 
that approximately 80% of sampling stations in the bay in 2003 and 2004 presented “favorable 
and stable conditions” (the rest were considered “moderately disturbed”). It must be stressed 
that this study (Díaz-Castañeda and Valenzuela-Solano 2009) was not able to sample closer 
than 250 m from the net pens, and the authors noted that opportunistic species were rapidly 
increasing near the farms. A later study in 2007 (Díaz-Castañeda and Reish 2009; referenced in 
Díaz-Castañeda and Valenzuela-Solano 2009) found greater indications of species complexes 
indicative of organically enriched areas near the tuna pens. 
 
Factor 2.2a Content of effluent regulations and management measures 
Though the federal government is responsible for administering aquaculture management 
legislation in Mexico, the environmental impacts of Pacific bluefin tuna farming are managed by 
a number of different legislative tools and environmental authorities. 
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Regulatory regimes and management 
1. Fisheries Act 

• The third title of the Fisheries Act specifically refers to aquaculture (NASO-Mexico, 
2005). Mexican Official Standards (Normas Oficiales Mexicanas, NOMs) facilitate the 
implementation of the Fisheries Act by specifying requirements in relation to 
aquaculture activities. Generally, NOMs are legal provisions that provide for the 
development of aquaculture. Official NOMs required for waste management in 
aquaculture include NOM-ECOL-001-1996 (maximum allowable limits of physical and 
chemical parameters for wastewater discharges) (NALO-Mexico 2005) (FAO 2009). 

2. Environmental Law and National Water Law 
• The legal framework governing water pollution is set forth in two laws. Generally 

applying to all aquatic ecosystems (including marine waters), the Environmental Law 
establishes provisions for the prevention and control of water pollution. The 
National Water Law provides for a comprehensive legal system that supports these 
provisions. 

3. General Law for Sustainable Fisheries and Aquaculture (LGPAS) 
• Since 2001, aquaculture in Mexico has been regulated under LGPAS by the National 

Fisheries and Aquaculture Commission (CONAPESCA), a division of the Ministry of 
Agriculture, Cattle, Rural Development, Fisheries and Feeding (SAGARPA). LGPAS is 
the primary legislative instrument relevant to aquaculture (Table 1). All issues 
dealing with the management of Pacific bluefin farming (including licensing) are 
under the jurisdiction of the federal government through CONAPESCA (Zertuche-
González et al. 2008). CONAPESCA is responsible for aquaculture management, 
coordination, and policy development, including designating suitable areas 
(Aquaculture Management Units) for aquaculture and regulating introduced species 
(NASO-Mexico 2005) (Saborio Coze and Flores Nava 2009). 

 

 
Table 1. Articles under the General Law for Sustainable Fisheries and Aquaculture 

(Source: Zertuche-González et al. 2008). 
 

4. General Law of Ecological Equilibrium and Environmental Protection (LGEEPA) 
• Mandates the evaluation of environmental impacts for aquaculture development 

(NALO-Mexico 2005) (NASO-Mexico 2005) (Saborio Coze and Flores Nava 2009). 
 
In addition to the legislation above, SAGARPA (2013) has also recommended the following 
practices and preventive measures to minimize the environmental impacts of tuna farming on 
the marine environment: 
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• Relocate net pens 100 m away from their last active position before restocking. 
• Use specialized and authorized services for wastewater management generated by 

maintenance boats and capture vessels. 
• Perform vessel maintenance only on shore 
• Avoid accidental discharge of oil or other liquid waste into the marine environment from 

the operation and maintenance of vessels and equipment. 
• Avoid the use and application of any chemical in the rearing environment and during 

processing. 
 
Carrying Capacity 
According to Zertuche-González et al. (2008), there are no carrying capacity models in Mexico 
that appropriately integrate hydrodynamic and biogeochemical parameters to establish net pen 
stocking limits. Furthermore, evidence of site-specific effluent limits for individual farm sites 
could not be verified and, as a result, such limits are considered absent in the bluefin tuna 
farming industry for Mexico. 
 
Regulating cumulative impacts 
Although cumulative and long-term impacts are explicitly mentioned in EIA criteria (Gomez et 
al. 2006), an EIA primarily focuses on a development’s individual impacts. In Mexico, an 
assessment of cumulative and residual environmental impacts from aquaculture is addressed 
under a regional EIA. Though an individual, specific EIA is required for all aquaculture projects, a 
regional EIA is only required for aquaculture farms > 500 hectares in size (1.9 mi2) (CEC 2003) 
(NALO-Mexico 2005) (Saborio Coze and Flores Nava 2009). This minimum farm size 
requirement makes any regional EIA requirement inapplicable to net pen tuna farms, though 
the requirement for all farms to have a specific EIA does confer a small degree of management 
of cumulative impacts. 
 
For Factor 2.2a, these regulatory conditions result in a score of 2.75 out of 5 for farmed Pacific 
bluefin from Mexico. 
 
Factor 2.2b – Enforcement of effluent regulations and management measures 
In Mexico, SEMARNAT (Secretariat of Environment and Natural Resources) is responsible for 
verifying any mitigation measures specified in an EIA, and requires farmers to submit 
monitoring information to periodically check compliance. All tuna farm operators are required 
to maintain an environmental monitoring program as part of license conditions (parameters for 
both water quality and the benthic environment). There are a number of NOMs and other legal 
instruments, such as integrated-territorial management plans and protected-area management 
plans, that are used to determine the maximum allowable physical and chemical limits for 
aquaculture projects (FAO 2009). In cooperation with SEMARNAT, the Mexican Navy performs 
their own sampling, at least twice a year, to verify the reports submitted by each fish farm. 
 
Although monitoring programs have been established for tuna farmers in Mexico, governance 
of the industry is likely underdeveloped becuase the ability of these programs to reduce 
environmental impacts is questionable, especially in regard to better scientific data for the 
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carrying capacity of each site, and development of better technological and management 
alternatives to reduce the impact of fish wastes on the benthos (Zertuche-González et al. 2008). 
Despite gradual efforts to improve environmental law enforcement in Mexico, impediments in 
regulating aquaculture include a shortage of trained staff to inspect farm operations and the 
allowance for state-promoted aquaculture projects to receive greater flexibility in meeting 
environmental management criteria, regardless of the impacts detected (FAO 2009). As a 
result, monitoring and follow-up exist on paper, but in practice, these enforcement processes 
are functionally deficient (Perevochtchikova and Andre 2013). 
 
Furthermore, because public access to monitoring results from the websites of SEMARNAT and 
the Mexican Navy is absent, and the requirement for effluent monitoring measures during all 
stages of the tuna production cycle (e.g., peak biomass, harvest) cannot be verified, scoring 
reflects a low level of confidence in the enforcement of existing effluent regulations. 
 
Overall, these regulatory enforcement conditions result in a final Factor 2.2b score of 2.25 out 
of 5 for farmed Pacific bluefin. 
 
Combining Factor 2.2a and 2.2b results in an overall regulatory enforcement and management 
effectiveness score of 2.475 out of 10 for farmed Pacific bluefin from Mexico. 
 
Effluent Criterion—Conclusions and Final Score 
In Mexican bluefin tuna farming, the estimated total nitrogen waste produced is 412 kg per ton 
of production, of which approximately 80% (i.e., 329.95 kg N) leaves the farm boundary. This 
quantity of discharged waste results in a Factor 2.1 score of 0 out of 10 for farmed Pacific 
bluefin. 
 
Regarding waste management in the industry, although tuna farm operators are required to 
maintain an environmental monitoring program as a part of license conditions, enforcement 
and follow-up processes are deficient due to insufficient funding and the allowance for state-
promoted aquaculture projects to receive greater flexibility in meeting environmental 
management criteria. Furthermore, regulatory thresholds for carrying capacity appear to be 
inappropriate for net pen stocking limits, and regulatory consideration of cumulative impacts 
are not required for tuna farms under current regional EIA requirements (i.e., minimum farm 
size). Without robust data stating otherwise, effluent-related impacts beyond the immediate 
farm area appear to be significant using the Seafood Watch Risk-Based Assessment method, 
and the inadequate regulatory management of the industry warrants ongoing concern 
regarding the release of waste from tuna farms and the poorly defined limits in place to 
manage them. 
 
Combining the overall waste discharge score with the overall management effectiveness score 
results in a Critical effluent score of 0 out of 10 for farmed Pacific bluefin from Mexico, and 
reflects uncertainties with respect to potential cumulative impacts from inadequate regulations 
for an aquaculture industry that produces and discharges significant amounts of waste in 
inshore locations. 
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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: aquaculture operations are located at sites, scales and intensities that 
cumulatively maintain the functionality of ecologically valuable habitats. 

 
 

Habitat parameters Value Score   
F3.1 Habitat conversion and function   2.00   
F3.2a Content of habitat regulations 3.25     
F3.2b Enforcement of habitat regulations 2.75     
F3.2 Regulatory or management effectiveness score   3.58   
C3 Habitat Final Score    2.53 RED 
Critical? NO     

 
Brief Summary 
In the absence of robust data, a comparison with bluefin tuna farms in Australia was used to 
evaluate benthic impacts in the immediate vicinity of Mexican bluefin tuna farms. Although 
extensive 2-year fallow periods and offshore siting in Australia have resulted in minor benthic 
impacts beneath the immediate farm area, shorter 7–9 month fallow periods and siting in 
coastal, inshore habitats likely permits ongoing organic enrichment beneath tuna farms in 
Mexico. For Habitat Conversion and Function (Factor 3.1), the persistent nature of benthic 
impacts at tuna farms results in a score of 2 out of 10. Despite the development of EIA 
requirements, site development plans, and critical habitat protection for aquaculture, 
enforcement measures and public participation processes remain deficient in Mexico. 
Furthermore, regulatory consideration of cumulative impacts is not required for tuna farms 
under current legislation. For Habitat and Farm Siting Management (Factor 3.2), poorly 
implemented habitat regulations, the lack of enforcement transparency, and the strong 
potential for ongoing habitat impacts result in a score of 3.58 out of 10. When combined, these 
conditions result in a low overall Criterion 3 - Habitat score of 2.53 out of 10. 
 
Justification of Ranking 
Finfish net pens are open systems that act as point sources of waste in coastal areas. The 
deposition of solid waste and uneaten feed underneath net pens can potentially change the 
physical structure and nutrient availability in the sediments and can strongly influence the 
abundance and diversity of benthic communities. 
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Factor 3.1. Habitat conversion and function 
Pacific bluefin tuna migrate through coastal waters along Mexico’s western coast during 
feeding migrations. It is clear that bluefin tuna farms occupy the same area considered to be 
key feeding grounds for juvenile bluefin tuna, but there is no evidence to indicate that the 
physical structure of the net pens affects wild bluefin’s ability to feed in the marine waters 
surrounding Mexico. 
 
Benthic impacts beneath Pacific bluefin tuna net pens 
The benthic impact derived from tuna farming is highly influenced by the farm’s location and 
the hydrographic nature of the receiving waterbody. Because the hydrodynamic regime 
(current speed, wave action) and geographic exposure (water depth, distance from shore) at 
bluefin tuna farms largely control the dispersion and subsequent impact of discharged organic 
material (Axiak et al. 2002) (Aksu et al. 2010) (Grigorakis and Rigos 2011), farm site selection is 
considered to be a crucially important measure to ensure the operational sustainability of net 
pen tuna farms (Ottolenghi 2008). 
 
Though evidence in the literature indicates that a high proportion of the nutrients discharged 
from tuna net pens is largely controlled by site selection, information specifically on the 
resulting benthic impact at bluefin tuna farms in Mexico is quite limited. Given the absence of 
robust data, a comparison is made in this report between Mexico and Australia, which is a 
bluefin tuna farming region with operational and production similarities to Mexico but with 
more robust data. Production quantities and farm management characteristics influencing 
benthic impacts are provided in the table below: 
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In Australia, bluefin tuna farms are currently sited 30 km offshore in a very well-flushed location 
that strongly reduces benthic impacts to the immediate farm area (Fernandes et al. 2007) 
(Fernandes et al. 2007b) (Lauer et al. 2007) (Putro et al. 2007) (Svane and Barnett 2007) 
(Tanner and Volkman 2009) (Kirchhoff et al. 2011) (Pecl et al. 2011) (Gaylard et al. 2013) (PIRSA 
2013e). In addition to siting in offshore locations, the current tuna farming regime also requires 
operators to fallow previously farmed sites for a minimum of 2 years to allow local benthic 
recovery (Fernandes et al. 2007) (pers. comm., ASBTIA 2015). These conditions result in impacts 
on benthic communities and metabolism that are temporary rather than chronic (Fernandes et 
al. 2007) (Lauer et al. 2007). 
 
Although a comparison of the tuna farming characteristics in Table 1 between Mexico and 
Australia would suggest parity between the two regions, benthic monitoring results in a 2009 
report for tuna farms in Salsipuedes Bay (Baja California) indicate that distinctive Capitella 
species, which are universally associated with organically enriched areas, were detected in 
proximity to tuna farms (Díaz-Castañeda and Reish 2009). These benthic impacts may be 
explained by brief fallow periods between production cycles and the siting of Mexican tuna 
farms in coastal bays (i.e., Salsipuedes Bay and Todos Los Santos Bay) rather than offshore in 
deeper, more exposed, and well flushed open-water systems. Given these results (and the lack 
of robust data from any other sites in Mexico), the ongoing alteration of the benthic community 
near Mexican tuna farms may be attributed to shorter seasonal fallow periods (7–9 months vs. 
2 years) and siting within more protected, inshore locations in comparison to Australia. For 

MEXICO AUSTRALIA

Rearing period 3-5 months 4-8 months

Stocking density 2-4kg/m-3 2-4kg/m-3

Feeding schedule 6 days/wk 6-7 days/wk

Primary feedfish 
species

Sardine, Mackerel,
Anchovy

Sardine
Redbait

Protein-content of feed 18.67% 18.13%

Daily feed (% of biomass) 5-8% 1-15%

Juvenile tuna eFCR 15.0:1 12.5:1

Initial weight 12-14kg 15-20kg

Harvest weight 19-28kg 30-40kg 

Annual production 3,500t 7,700t

Juvenile Bluefin Tuna Farming Comparison

Table 1. Juvenile bluefin tuna farming characteristics of Mexico and Australia.
                 See Supplemental Information for references.
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rearing periods lasting over a year (18 months based on buyer preference (Anonymous 2016a)), 
benthic impacts can be exacerbated by the complete absence of any fallow period between one 
production cycle and the next. 
 
Overall, the duration of seasonal 7–9 month fallow periods is likely too short to completely 
eliminate organic enrichment between production cycles. In contrast to the greater degree of 
benthic recovery seen in Australian tuna farms, ongoing impacts to the benthic community in 
proximity to Mexican tuna farms may also result from farm siting in coastal, inshore locations. 
Under these conditions, a low Habitat Conversion and Functionality score of 2 out of 10 is 
assessed to Factor 3.1, but could be improved with greater data availability from benthic 
monitoring around tuna farms in Mexico. 
 
Factor 3.2. Habitat and farm siting management effectiveness (appropriate to the scale of the 
industry) 
The Effluent and Habitat Criteria cover different impact locations, but there is inevitably some 
overlap between them in terms of regulatory and management effectiveness. For additional 
information on environmental management and monitoring requirements, see the Effluent 
Criterion. 
 
Environmental impact assessment 
Under Article 5 and Article 28 of the General Law of Ecological Equilibrium and Environmental 
Protection (LGEEPA), SEMARNAT requires an environmental impact assessment for aquaculture 
before initiating farming operations. In the EIA, SEMARNAT requires an analysis of the potential 
impacts to the water column and benthic ecosystem derived from three sources: excretions, 
uneaten feed, and operational waste (NALO-Mexico 2005) (Zertuche-González et al. 2008). A 
copy of every EIA resolution is sent to the Environmental Protection Agency (PROFEPA), which 
is responsible for inspecting all project sites and ensuring that EIA conditions are fulfilled (FAO 
2009). Though an EIA primarily manages a development’s individual impacts, regulatory 
consideration of cumulative impacts is not applicable to tuna farms under regional EIA 
requirements (i.e., tuna farms are below the required minimum farm size of 500 hectares [1.9 
mi2] for assessment). 
 
Fallowing practices 
In Mexico, Pacific bluefin are generally harvested after 3–5 months and the site is left to fallow 
over the remaining period between one farming cycle and the next (7–9 months) (Blue Farm de 
México 2013) (Anonymous 2016a). Mexico does not appear to have any specific regulatory 
requirement for mandatory fallow periods, but under the General Law for Sustainable Fisheries 
and Aquaculture (LGPAS), the responsibility for maintaining legislated limits is placed on fish 
farm operators as part of the license conditions imposed by SEMARNAT (pers. comm., 
Autonomous University of Baja California 2015) (pers . comm., Ensenada Center for Scientific 
Research and Higher Education 2015). Compliance with this environmental monitoring program 
is enforced by both SEMARNAT and the Mexican Navy. In addition to monitoring reports, 
SAGARPA also recommends that previously occupied net pens should be cleaned on land and 
relocated 100 m away from their last active position before being reused (SAGARPA 2013). 
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Site selection process 
In Mexico, LGPAS requires the development of aquaculture management units (UMA) and 
aquaculture territorial management plans (POA). Under UMAs, aquaculture development plans 
are required for geographic “meso-regions” with similar environmental characteristics, 
aquaculture techniques, and culture species (FAO 2009). For larger areas, POAs have to be 
aligned with the National Ecological Territorial Management Plan and the State Ecological 
Territorial Management Plan (Saborio Coze and Flores Nava 2009). Both UMAs and POAs 
influence the decisions regarding the approval of an aquaculture license. 
 
Critical habitat protection and restoration 
In Mexico, natural resource conservation is administered by SEMARNAT, which provides for 
critical habitat protection through the establishment of Protected Natural Areas (PNA). No 
bluefin tuna farms are located in any PNA (see http://www.conanp.gob.mx/regionales/). 
Furthermore, LGEEPA also mandates a planning process to both preserve and restore the 
marine environment (NASO-Mexico 2005). Other provisions for the conservation of ecologically 
important habitats and the development of restoration zones are established under the 
General Wildlife Law and the Ecology Law (CEC 2003). 
 
Regulatory effectiveness and enforcement 
Under LGPAS, aquaculture management in Mexico (including licensing) is regulated by 
CONAPESCA, and SEMARNAT is responsible for verifying benthic impact monitoring results, 
which is a mandatory part of license conditions (Anonymous, 2016a). Despite gradual efforts to 
improve environmental law enforcement in Mexico, there remains a shortage of trained staff to 
inspect aquaculture operations, and aquaculture developments promoted by state or municipal 
governments receive greater flexibility in meeting environmental management criteria, 
regardless of the impacts detected (FAO 2009). As a result, monitoring and follow-up are 
established on paper, but in practice, these enforcement processes are deficient due to a lack 
of funding and qualified personnel (Perevochtchikova and Andre 2013). 
 
Public participation and transparency 
Both the Ecology Law and EIA regulations provide for public participation in the environmental 
impact assessment process (CEC 2003) (Telfer et al. 2009). Furthermore, any citizen has the 
legal right of access to information relating to an EIA or environmental licensing in Mexico (FAO 
2009). Both EIA submission and approval announcements are published online in SEMARNAT’s 
Ecological Gazette (GACETA ECOLÓGICA). Draft aquaculture EIAs are publicly available from the 
SEMARNAT website (http://tramites.semarnat.gob.mx/index.php/consulta-tu-tramite), upon 
request from the Federal Institute of Access to Information 
(http://inicio.ifai.org.mx/SitePages/ifai.aspx), and from the Ministry of Environment of the 
Federal District (Secretaria de Medio Ambiente, Gobierno del Distrito Federal, SMA-GDF) 
(Perevochtchikova and Andre 2013). SEMARNAT conducts public consultations upon request 
and, in special cases, public meetings are held for information and feedback. 
 
But mandatory benthic monitoring reports set by EIA requirements are not made publicly 
available (Anonymous 2016a). Moreover, opportunities for public participation in the 
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environmental assessment process are absent in Mexico (Perevochtchikova and Andre 2013). 
As a result, even though public consultation exists on paper, the public participation and 
monitoring/follow-up processes for aquaculture are both considered non-functional in practice 
(Perevochtchikova and Andre 2013). 
 
Compliance 
To ensure that EIA conditions are complied with in a timely manner, PROFEPA will randomly 
select aquaculture sites for environmental auditing purposes. Furthermore, SEMARNAT is 
responsible for verifying the mitigation measures stipulated in an EIA, and requires farmers to 
periodically submit monitoring information to check compliance (FAO 2009). In cooperation 
with SEMARNAT, the Mexican Navy performs their own sampling, at least twice a year, to verify 
the reports submitted by each fish farm. According to these agencies, tuna farming has not 
produced significant impacts beyond legislated limits (Zertuche-González et al. 2008). 
 
Overall, national legislation addresses aquaculture-related EIA requirements, site development 
plans, and critical habitat protection; however, enforcement processes are not transparent, and 
even though monitoring and follow-up exist on paper, these enforcement processes are 
functionally deficient in practice. Furthermore, regulatory consideration of cumulative impacts 
is not required for tuna farms under current regional EIA requirements (minimum farm size). 
Based on Seafood Watch criteria, Mexican bluefin tuna farming scores 3.25 out of 5 for 
regulatory effectiveness and 2.75 out of 5 for enforcement, resulting in a final management 
score of 3.58 out of 10. 
 
Habitat Criterion—Conclusions and Final Score 
The final score for the Habitat Criterion is a combination of the habitat conversion score (Factor 
3.1) and the effectiveness of the regulatory system in managing potential cumulative impacts 
(Factor 3.2).  
 
The environmental impacts derived from the release of organic waste are highly influenced by a 
net pen farm’s location and the hydrographic nature of the receiving water body. Given the lack 
of data regarding the environmental impacts associated with bluefin tuna farms in Mexico, 
information from the Australian bluefin tuna farming industry is used in this assessment to 
support the habitat impacts described by Díaz-Castañeda and Reish (2009). Thus, the duration 
of seasonal 7–9 month fallow periods in Mexican tuna farms and siting in coastal, inshore 
locations may contribute to ongoing accumulation of organic material on the seafloor 
surrounding tuna farms. Furthermore, although an EIA process and critical habitat 
considerations are required prior to aquaculture development, cumulative impact 
considerations are absent in regulatory requirements, environmental monitoring and follow-up 
are deficient, and public participation is considered non-functional in practice. Overall, these 
conditions result in a low Criterion 3 - Habitat score of 2.53 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: aquaculture operations by design, management or regulation avoid the  discharge 
of chemicals toxic to aquatic life, and/or effectively control the frequency, risk of 
environmental impact and risk to human health of their use 

 
 

Chemical Use parameters Score   
C4 Chemical Use Score 6.00   
C4 Chemical Use Final Score 6.00 YELLOW 
Critical? NO   

 
Brief Summary 
Historically, chemical use has been absent in the bluefin tuna farming industry in Mexico. There 
is no direct evidence of chemicals being employed in Mexico, but chemical use has recently 
been introduced in other bluefin tuna farming regions in the Pacific. Although Pacific bluefin 
has a demonstrably low need for chemical inputs, it cannot be verified that chemical use is 
completely absent in Mexico’s bluefin tuna farming industry. On a precautionary basis, the 
Criterion 4 - Chemical Use score is 6 out of 10. 
 
Justification of Ranking 
Historically, chemical use has been absent in the bluefin tuna farming industry in Mexico 
(Zertuche-González et al. 2008). Although one industry expert indicates that chemicals are not 
used in Mexican tuna farming industry (pers. comm., Anonymous 2016c), other tuna farming 
regions in the Pacific (Australia and Japan) have recently introduced anti-parasitic blood fluke 
treatments using praziquantel (pers. comm., ASBTIA 2015) (pers. comm., Anonymous 2015b), 
which is a schistosomicide that appears to be harmless to the marine environment (Ishimaru et 
al. 2013) (FRDC 2014), and oxytetracycline (pers. comm., Anonymous 2016b), which is an 
antibiotic that is recognized by the World Health Organization as a highly important chemical 
for human medicine (WHO 2011). Although specific data are unavailable in Mexico, Pacific 
bluefin is a species that has a demonstrably low need for chemical inputs during grow-out due 
to its high resistance to infectious diseases (Munday et al. 2003) (Nowak et al. 2003) 
(Ottolenghi 2004) (Sawada 2005) (Nowak et al. 2007) (Shirakashi et al. 2012). 
 
Chemical Criterion—Conclusions and Final Score 
Historically, chemical use has been absent in the bluefin tuna farming industry in Mexico. 
Though there is no direct evidence of chemicals being employed in Mexico, chemical 
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therapeutants have recently been introduced in other bluefin tuna farming regions in the 
Pacific. Pacific bluefin has a demonstrably low need for chemical inputs, but it cannot be 
verified that chemical use is completely absent in Mexico’s bluefin tuna farming industry. On a 
precautionary basis, the Criterion 4 - Chemical Use score is 6 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: aquaculture operations source only sustainable feed ingredients, convert them 
efficiently and responsibly, and minimize and utilize the non‐edible portion of farmed fish.  

 
 

Feed parameters Value Score   
F5.1a Fish In: Fish Out ratio (FIFO) 15.00 0.00   
F5.1b Source fishery sustainability score   –4.00   
F5.1: Wild Fish Use   0.00   
F5.2a Protein IN 280.05     
F5.2b Protein OUT 22.28     
F5.2: Net Protein Gain or Loss (%) –93.7 0   
F5.3: Feed Footprint (hectares) 107.28 0   
C5 Feed Final Score   0.00 CRITICAL 
Critical? YES     

 
Brief Summary 
Although formulated pellet feeds are available in Japan, Mexican bluefin tuna farms rely almost 
entirely on the use of whole wild baitfish for feed due to the lower feeding costs. Unlike almost 
all other aquaculture industries that are focused on growing their farmed stocks, the goal of 
Mexican tuna operations is to increase the tuna’s fat content for market desirability. Therefore, 
the feed conversion ratio is typically high. A reported economic feed conversion ratio (eFCR) of 
15:1 is considered representative for farming juveniles. The exclusive use of whole feedfish 
means that the Fish In to Fish Out ratio (FIFO) is the same as the eFCR and produces a critically 
high FI:FO ratio (a simple measure of wild fish use) and a score of 0 out of 10. In the wild, tuna 
also consume baitfish, but do so as part of a complex natural foodweb and ecosystem. The 
extraction of these two ecosystem components (i.e., the tuna and the baitfish) and their use as 
inputs in an artificial farming system does not enable them to provide the same ecosystem 
services. Locally caught Pacific sardines represent the primary feed ingredient used in Mexico, 
but a variety of other local baitfish species are utilized as a minor portion of the feed 
composition. Therefore, a precautionary Source Fishery Sustainability score of –4 out of –10 
was applied to Factor 5.1 (Wild Fish Use), producing a final adjusted score that remained 0 out 
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of 10. Furthermore, a net protein loss greater than 90% and the presence of a significant feed 
footprint (107.28 ha per ton of farmed fish) represent additional environmental concerns. 
Overall, the absence of by-products or non-edible processing ingredients as alternative sources 
of feed protein and the highly inefficient conversion of feed into harvestable fish result in a 
critical Criterion 5 - Feed score of 0 out of 10. 
 
Justification of Ranking 
In Mexico, locally caught wild baitfish are used almost exclusively as the sole feed source for 
farmed Pacific bluefin (Zertuche-González et al. 2008) (SAGARPA 2013). Although a small 
percentage (< 20%) of the tuna diet is made up of artificial feed (Ottolenghi 2008), local baitfish 
species are preferred because they represent a natural component of the Pacific bluefin diet, 
they are readily available in proximity to Ensenada, and their price is lower compared to 
artificial feeds (Zertuche-González et al. 2008). With no other information available on the 
industry’s use of pellet feeds, the use of whole wild-caught baitfish is considered the primary 
feed source for the bluefin tuna farming industry in this assessment. 
 
Feeding practices 
Feeding rates for farmed Pacific bluefin are low during the first 3–4 weeks of rearing. To 
acclimate freshly caught stock, Pacific tuna are initially fed small amounts, but once acclimated, 
tuna are fed 2–3 times a day, 6 days a week. The daily feeding rates employed by the farmers 
range from 5%–15% of body weight depending on the season, but are generally between 5% 
and 8% (Zertuche-González et al. 2008) (Díaz-Castañeda and Valenzuela-Solano 2009) 
(SAGARPA 2013). 
 
Feedfish composition 
Farmed tuna are primarily fed locally caught Pacific sardine (Sardinops sagax caerulea), and 
occasionally mackerel (Scomber spp.), anchovy (Engraulis mordax), and squid (Doryteuthis 
opalescens) (Sylvia et al. 2003) (Zertuche-González et al. 2008) (SAGARPA 2013) (Anonymous 
2016a). Preferred for their high lipid content, the majority of these baitfish are fed to the tuna 
in fresh form due to the proximity of wild populations off the coast of Ensenada (Zertuche-
González et al. 2008). 
 
Because the baitfish feed composition is based on maximizing the fat content in farmed bluefin 
tuna, it should be noted that the feeding practices employed by Mexican tuna farmers do not 
reflect the normal food spectrum available to wild Pacific bluefin. Prey items are 
opportunistically consumed during feeding migrations (Yokota et al. 1961) (Collette and Nauen 
1983), so the prey composition for wild bluefin is more varied than the feedfish composition 
provided by Mexican tuna farming operations. 
 
Ecological impact of wild feed 
Although the baitfish species used by tuna farmers represent a normal dietary component of 
wild Pacific bluefin, the use of wild baitfish for farming is inherently extractive in nature. The 
sourcing of wild baitfish for farming both increases pressure on pelagic feedfish resources and 
creates additional impact on predators that exploit these baitfish as prey. Removal of both the 
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tuna and these baitfish from the wild and concentrating them into tuna farms results in the loss 
of ecosystem services provided by both species throughout their native ranges. 
 
Feed efficiency - Feed conversion ratio 
An economic feed conversion ratio (eFCR) is used to measure the efficiency of farmed tuna at 
converting feed into harvestable fish. In the Feed Criterion, an eFCR is used to determine the 
industry’s reliance on wild feedfish, the net protein gain/loss in tuna production, and the ocean 
area appropriated for feed ingredients. 
 
Reflecting bluefin’s high metabolic rates and higher waste outputs (Korsmeyer and Dewar 
2001) (Munday et al. 2003) (Conservation Working Group 2007) (Di Maio and Mladineo 2008), 
eFCRs for farmed Pacific bluefin are much larger compared to those for other cultured species 
(Volpe 2005) (Cardia and Lovatelli 2007). As a consequence of endothermy and constant 
swimming, only a small fraction (5%–12.4%) of the energy input is used for growth (Korsmeyer 
and Dewars 2001) (Estess et al. 2014). The eFCR in farmed Pacific bluefin is strongly influenced 
by water temperature (Mourente and Tocher 2009), but also varies due to differences in 
rearing period (3–41 months), feedfish composition, and each farm’s feeding regime. Over a 
farming season, eFCRs generally range from 9:1 to 20:1 using baitfish (Sylvia 2007) (Zertuche-
González et al. 2008) (Estess et al. 2014) (Anonymous 2016a). Overall, an FCR of 15:1 is 
considered representative of the industry. 
 
Factor 5.1. Wild Fish Use 
This factor combines an estimate of the amount of wild fish used to produce farmed Pacific 
bluefin with the sustainability of the fisheries from which they are sourced. 
 
Using Seafood Watch Criteria, the use of whole wild baitfish as the primary feed input results in 
a FI:FO value equal to the eFCR for farmed tuna. A FI:FO value of 15 indicates that 15 tons of 
wild fish are required to supply sufficient feed for 1 ton of farmed tuna growth. The substantial 
amount of feed input required to produce harvestable farmed tuna results in a critical FI:FO 
factor score of 0 out of 10. 
 
Source fishery sustainability 
North American fisheries for Pacific sardine (Sardinops sagax caeruleus) are considered a “Best 
Choice” by Seafood Watch (Seafood Watch 2013), a “Species of Least Concern” by the IUCN 
(IUCN 2010), “Not Overfished or Subject to Overfishing” (4/4 points) by NOAA’s Fish Stock 
Sustainability Index (NOAA 2014), “Green” by the Safina Center (Safina Center 2013), and a 
species of “Little or No Concern” by Oceanwise (Oceanwise 2013). 
 
In addition to Pacific sardine, a number of other local baitfish are fed to farmed Pacific bluefin 
based on price and availability (Zertuche-González et al. 2008) (Mourente and Tocher 2009) 
(Anonymous 2016a). Given the variety of baitfish species that are utilized as feed, the 
sustainability of every baitfish fishery contributing to the tuna farming industry in Mexico 
cannot be assessed with any confidence, because the full list of species is indeterminate. In 
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Seafood Watch criteria, these conditions result in a precautionary score of –4 out of –10 for 
source fishery sustainability. 
 
Wild Fish Use Score 
A sustainability penalty of –4 is applied to the FI:FO score and generates a final Wild Fish Use 
score that remained at 0 out of 10, indicating critical conservation concerns. 
 
Factor 5.2. Net Protein Gain or Loss 
Aquaculture has the potential to be a net producer of protein, but when external feed is used in 
any significant quantity, there is typically a net loss of protein when feed is converted into 
farmed fish. A net protein value is quantified using an average protein content of feed, eFCR, 
the protein content of whole harvested tuna, and the edible yield of farmed Pacific bluefin. 
 
In addition to the eFCR, other values are used to calculate the net protein consumption in 
Pacific bluefin tuna farming: 
 
1. Protein content of feed ingredients 

Pacific sardine is the primary baitfish species used to feed farmed bluefin tuna. Based on 
yield values by FAO (Torry Research Station 1989) and Barnveld et al. (2003), an average 
protein content of 18.67% is applied to baitfish feed. This species is considered to be an 
“edible” protein source. 

2. Protein content of harvested tuna 
Without specific data, an average protein content of 22.28% is applied to whole harvested, 
farmed Pacific bluefin based on the average protein content of farmed southern bluefin 
(23%) (Thunnus maccoyii) (Fernandes et al. 2007) and farmed northern bluefin tuna 
(21.55%) (Thunnus thynnus) (Giménez-Casalduero and Sánchez-Jerez 2006). 

3. Edible yield of harvested tuna 
Based on values compile by FAO, an edible yield of 58% is applied to farmed Pacific bluefin 
tuna (Torry Research Station 1989). 

4. Percentage of non-edible by-products from harvested tuna used in other food production 
It is assumed that 50% of the inedible by-products from harvested bluefin are used in other 
food production processes. 

 
For farmed tuna, the primary reliance on external feedfish inputs results in a calculated 93.7% 
loss in edible protein (i.e., for human consumption), and a critical factor score of 0 out of 10. 
 
Factor 5.3. Feed Footprint 
This factor is an approximate measure of the global resources used to produce feed based on 
the area used to produce the ingredients. 
 
The resources used to obtain feedfish for tuna farming are substantial, and a large amount of 
ocean area is required to produce the feed necessary to grow each farmed fish. When whole 
fish are used as feed, the inclusion level of aquatic feed ingredients is equal to the total 
fishmeal and fish oil available in the feed (27.5%). Using an eFCR of 15, a carbon-feed 
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conversion of 69.7 t C per ton of feed, and a carbon-ocean-area conversion of 2.68 t C per 
hectare, a calculated 107.28 ha of ocean area are required to supply the amount of feed 
ingredients necessary to produce 1 ton of farmed tuna. This feed footprint is considered to be 
very high and results in a factor score of 0 out of 10. 
 
Feed Criterion—Conclusions and Final Score 
The final Feed score combines the three factors with a double weighting on the FI:FO score. A 
high FI:FO value of 15 indicates that Pacific bluefin farming in Mexico, on average, uses 15 tons 
of wild fish are used to produce 1 ton of farmed bluefin tuna. The consequence of this process 
is a net protein deficit, in which over 90% of protein inputs are lost to the environment. The 
inefficiency of Pacific bluefin tuna feed is compounded by the significant ocean area 
appropriated for feed ingredients, because the industry relies almost completely on using wild 
baitfish for feed. Overall, even though bluefin tuna farming in theory mimics the natural 
predator-prey relationship found in the wild, the highly extractive nature of bluefin tuna 
farming in Mexico results in a critical Feed Criterion score of 0 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: aquaculture operations pose no substantial risk of deleterious effects to wild 

populations associated with the escape of farmed fish or other unintentionally introduced 
species. 

 
 

 
 
Brief Summary 
For net pen aquaculture, there is an inherent risk of escape from catastrophic losses or more 
chronic “leakage.” Given that farmed tuna are the product of capture-based aquaculture and 
that captive tuna originate from Mexican waters, the risk of ecological affects (i.e., competitive 
and/or genetic) of escaped tuna on other wild species or wild counterparts is considered to be 
negligible. The resulting Criterion 6 - Escape score is therefore 10 out of 10. 
 
Justification of Ranking 
The Escapes Criterion combines the risk of escape with the potential for ecological affects (i.e., 
competitive and/or genetic) of the escapees. The capture-based nature of bluefin farming in 
Mexico creates unusual escape dynamics and inevitably a lower level of concern regarding 
potential ecological impacts of escapes, as discussed below. 
 
Factor 6.1a. Escape risk 
Fish escapes from fish farming sites are an inevitable occurrence resulting from human errors 
during routine handling, mechanical failures, damages caused by adverse weather conditions, 
or aquatic predators such as seals and dolphins tearing the nets (Grigorakis and Rigos 2011). 
 
In Pacific bluefin tuna farming, operational “leakage” losses are associated with tuna escapes 
during initial capture, fish transfer between purse seines and transport cages, and during net-
herding maneuvers at harvest. Large-scale “event” escapes are typically caused by storms, 
vandalism, marine mammals, or human error. 
 

Value Score
2.00

0
10

10.00 GREEN
NO

Escape parameters
F6.1 Escape Risk
F6.1a Recapture and mortality (%)
F6.1b Invasiveness
C6 Escape Final Score 
Critical?
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In net pen aquaculture, robust data on escapes are rarely available because of the difficulty in 
counting live fish and also knowing the proportion of any losses due to mortality versus escapes 
at harvest. Without escape statistics, the magnitude of current escapes is unknown, and 
information on both low-level leakage and large event escapes is poor for Mexican Pacific 
bluefin tuna farming. Regardless of the absence in escape statistics, the relatively large biomass 
held in any one net pen and the risk of escape inherent in net pen farming suggest that the 
ongoing potential for escapes continues to be high. 
 
Despite improvements in the design and construction of net pens, the risk of escape from 
catastrophic losses or chronic leakages undeniably remains. The initial numerical Escape Risk 
factor is scored 2 out of 10. 
 
Recapture and Mortalities 
Evidence of recaptured escapees or mortality at the escape site can improve the escape risk 
score on a linear basis (i.e., if escaping fish are recaptured or preyed on by predators, they will 
not be able to have an impact beyond the farm site). 
 
With no specific recapture data available for Mexico, no Recapture and Mortality adjustment 
was applied to the Escape Risk score (and will not affect the score for this criterion because of 
the wild-caught nature of the majority of stocked bluefin). 
 
Factor 6.1b. Invasiveness 
Because farm stock consists entirely of wild individuals that are native to Mexican waters, any 
significant impact of escaped bluefin tuna on other wild species, including wild counterparts, is 
unlikely. Although the potential exists for ecological impact from reintroducing these farmed 
tuna into their native habitat (i.e., potential pathogen amplification and dispersal, which is 
addressed in C7 Disease), this Invasiveness factor (6.1b) is specific to the primary species being 
farmed. Given that farmed tuna are the product of capture-based aquaculture and that captive 
tuna are native to Mexico, escapees would pose no additional risk of direct, ecological affects 
(i.e., competitive and/or genetic) upon their reintroduction. Consequently, the overall 
Invasiveness score for farmed bluefin tuna in Mexico is 10 out of 10. 
 
Escape Criterion—Conclusions and Final Score 
Although the ongoing potential for Pacific bluefin tuna escapes from a high-risk production 
system are significant, potential ecological impacts are considered low for captured wild tuna 
that escape back into their original environment. The Escape Criterion score is 10 out of 10.  
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Criterion 7. Disease; pathogen and parasite interactions 
 
Impact, unit of sustainability and principle 
 Impact: amplification of local pathogens and parasites on fish farms and their 

retransmission to local wild species that share the same water body  
 Sustainability unit: wild populations susceptible to elevated levels of pathogens and 

parasites. 
 Principle: aquaculture operations pose no substantial risk of deleterious effects to wild 

populations through the amplification and retransmission of pathogens or parasites.  
 
 

Pathogen and parasite parameters  Score   
C7 Biosecurity 6.00   
C7 Disease; pathogen and parasite Final  Score 6.00 YELLOW 

Critical? NO   
 
Brief Summary 
There is currently no clear evidence of pathogens or parasites within bluefin tuna farms causing 
significant population declines in wild tuna stocks or other wild species, but the prevalence of 
pathogens within farm sites, the open nature of tuna net pens, and the overlap between farm 
sites and migratory feeding routes in the Eastern Pacific warrant a low to moderate level of 
ongoing concern for potential disease transfer between farmed and wild species. On a 
precautionary basis, these conditions result in a moderate Criterion 7 - Disease score of 6 out of 
10. 
 
Justification of Ranking 
The open nature of net pens means that farm fish are constantly exposed to ubiquitous 
pathogens from the surrounding waterbody, from wild fish, or from other captive individuals. 
As a result, tuna farms can act as a temporary reservoir for a variety of pathogens and parasites 
that have the potential to affect other wild species in the region. 
 
Because of the scarcity of data on farm-related diseases in the Mexican tuna farming industry, 
additional information from the Japanese bluefin tuna farming is provided here for 
supplementation. 
 
Documented in both Mexico and Japan, diseases in wild Pacific bluefin are caused by a wide 
variety of pathogens, including parasites, viruses, and bacteria (Munday et al. 2003) (Di Maio 
and Mladineo 2008) (Meng et al. 2011) (pers. comm., Anonymous 2015a). Although occurring 
at very low levels in the wild, an increase in the intensity and prevalence of infection for some 
of these pathogens has been observed in farmed Pacific bluefin (Munday et al. 2003). 
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Parasite prevalence and diversity 
Pacific bluefin are host to a diverse parasite community (Di Maio and Mladineo 2008). 
According to the available literature, parasitic flatworms (subfamily Nephrodidymotrematinae 
and Koellikeriinae), nematodes (Anisakis spp.) and parasitic thorny-headed worms 
(acanthocephalans) have been known to infect farmed Pacific bluefin in Mexican tuna farms 
(SAGARPA 2013). Parasites spanning several phyla, including Acanthocephala, Ciliophora, 
Microspora, Myxozoa, Nematoda, and Platyhelminthes, have been identified in farmed Pacific 
bluefin (Miyashita and Kumai 2002) (Munday et al. 2003) (Di Maio and Mladineo 2008) (Zhang 
et al. 2010) (Meng et al. 2011) (Shirakashi et al. 2012) (SAGARPA 2013). Among these parasites, 
blood flukes achieve the highest levels of prevalence and abundance in Japan and are 
recognized as a major problem to their tuna farming industry (Munday et al. 2003) (Ogawa et 
al. 2010) (Ogawa et al. 2011) (Shirakashi et al. 2012). 
 
Lack of disease 
Because of the lack of scientific literature on farm-related disease outbreaks in the Mexican 
tuna farming industry, related information from the Japanese tuna farming industry was 
included for reference. Despite the strong prevalence and diversity of potential pathogens 
linked to tuna farming, the large number of infectious species typically do not cause intensive 
disease proliferation and clinical disease outbreaks (Sawada 2005). Even when subjected to 
trauma and other factors likely to predispose them to infection, bluefin is recognized as having 
a relatively high tolerance to pathogens and is a species known to be resistant to disease 
(Munday et al. 2003) (Sawada et al. 2005) (Shirakashi et al. 2012). Except for red sea bream 
iridovirus (RSIV) outbreaks in yearling tuna (no available treatment), disease proliferation has 
been relatively uncommon in Pacific bluefin aquaculture (Masuma et al. 2011) (Meng et al. 
2011). Nonetheless, the Pacific bluefin farming industry in Japan has recently introduced anti-
parasitic treatments using the schistosomicide praziquantel to control blood fluke levels in farm 
stock (pers. comm., Anonymous 2015b). 
 
Introduced pathogens 
Mexican tuna farms source the majority of their feedfish from local fisheries (Sylvia et al. 2003) 
(Zertuche-González et al. 2008) (SAGARPA 2013). But Mexican tuna farms have recently had 
severe problems with shortages of local baitfish (Anonymous 2016) (Anonymous 2016a). This 
lack of baitfish availability has led to the sourcing of baitfish from fisheries as far as 200 miles 
from the Ensenada region of Baja California (Anonymous 2016a).  
 
Whether fresh or frozen, sourcing whole baitfish from international or trans-waterbody 
fisheries for feed must be exercised cautiously, because international imports of (frozen) 
baitfish represent a significant risk of introducing pathogenic, exogenous microorganisms to 
Mexico and a high potential for infecting susceptible native baitfish and tuna populations 
(Mourente and Tocher 2009). 
 
Of particular concern is the spread of viral haemorrhagic septicaemia (harbored in herrings) to 
other susceptible naive baitfish populations, and digenean trematodes that use baitfish as an 
intermediate host prior to infecting tuna (Mladineo et al. 2008) (Mladineo and Bočina 2009). In 
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addition, the dissemination of a virus (via tuna feces, seagulls, or uneaten baitfish) into a 
foreign environment represents a serious threat to species with a naive immune response 
(Mladineo et al. 2008). A well-known example of this occurred in Australian southern bluefin 
tuna (Thunnus maccoyii) farms in 1995 and 1998, where a previously unknown pilchard herpes 
virus was propagated by exotic baitfish feed, resulting in two mass mortality events in which 
the native Australian pilchard spawning biomass fell by 75% and 70%, respectively, though it 
has since recovered (Ward et al. 2007) (WWF 2005). 
 
Disease management 
Disease management in aquaculture is implemented by the National Service of Agro Alimentary 
Health, Safety and Quality (SENASICA). Under the General Law on Sustainable Fishery and 
Aquaculture, health inspections and disease monitoring are conducted by the Office of 
Aquaculture and Fishery Health. Furthermore, the Mexican official standard NOM-EM-006-
PESC-2004 stipulates measures to prevent the dissemination of high impact diseases, lists 
permitted therapeutants, and defines the standards for the use of aquaculture antibiotics and 
practical preventive measures to avoid epizootics (FAO 2009). 
 
Disease Criterion—Conclusions and Final Score 
Because of the lack of scientific literature or farm-level data on diseases in the Mexican tuna 
farming industry, related information from the Japanese tuna farming industry was also 
included for reference. Overall, there is currently no direct evidence that pathogens or 
parasites within Mexican bluefin tuna farms are causing significant population declines in wild 
counterparts, but few, if any, studies are actively investigating the matter. Despite the apparent 
lack of disease proliferation in Pacific bluefin tuna farms, the open nature of net pens and the 
prevalence of pathogens in farmed tuna warrant some level of ongoing concern for potential 
disease transfer between farmed and wild species. Furthermore, the geographic overlap 
between the tuna farming industry and the migratory feeding routes of wild bluefin in the 
Eastern Pacific also represents an additional area of concern for potential disease impacts. 
 
Seafood Watch applies a precautionary principle in warranted situations where there is 
significant uncertainty. Therefore, the final score for the Criterion 7 - Disease is 6 out of 10 and 
reflects the ongoing ecological concern associated with the absence of data on wild tuna 
impacts and the high potential for pathogen transmission through open-exchange net pens. 
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Criterion 8. 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: aquaculture operations use eggs, larvae, or juvenile fish produced from farm‐

raised broodstocks, use minimal numbers, or source them from demonstrably sustainable 
fisheries. 

 
 

Source of stock parameters Score   

C8 % of production from hatchery-raised broodstock, natural (passive) 
settlement, or sourced from sustainable fisheries 

0 
  

C8 Source of stock Final  Score 0.00 RED 
 
Brief Summary 
Mexican bluefin tuna farms are considered to be 100% reliant on threatened wild tuna 
populations because of the industry-wide dependence on wild-caught individuals for farm 
stock. Thus, the Criterion 8 - Source of Stock score is 0 out of 10. 
 
Justification of Ranking 
The bluefin tuna farming industry in Mexico relies entirely on catching wild tuna, transporting 
them into net pens, and rearing them for farm stock (Zertuche-González et al. 2008) (SAGARPA 
2013). The inherently extractive nature of Pacific bluefin farming is compounded by the 
extremely high catch rates of juvenile tuna that have not yet reached sexual maturity and are 
prevented from spawning and contributing to wild stocks (Blinch et al. 2011). Currently, an 
estimated 93% of fish caught in the eastern Pacific are below the size (60–100 cm) and age of 
maturity (< 3 years old) (Zertuche-González et al. 2008) (IATTC 2010) (IATTC 2014). These recent 
rates of fishing mortality are considered to be well over sustainable levels (ISC 2008), indicating 
that Pacific bluefin have been overfished for decades (Ichinokawa et al. 2010). As an inherent 
part of capture-based aquaculture, Pacific bluefin farming practices clearly overlap with the 
wild fisheries sector, and access to farm stock is heavily influenced by fisheries regulations and 
management. 
 
Declining wild stocks 
Since the 1950s, catches of Pacific bluefin tuna have fluctuated substantially over time and by 
gear, with an overall negative trend (Collette et al. 2014). The maximum historical catch 
occurred in 1956 with 39,824 t and the lowest historical catch occurred in 1990 with 8,588 t. 
During the last 10 years, the average catch has been 21,250 t, with most of the catch (80%) 
occurring in the western Pacific. Since the 1950s, the catches have been predominantly made 
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up of juveniles, and since the 1990s, the catch of age-0 fish (yearling) has increased significantly 
(Zertuche-González et al. 2008) (Tzoumas 2009) (ISC 2014). 
 
Despite some inconsistencies in catch data, a large number of stock status analyses have all 
produced the same conclusion: the Pacific bluefin stock is highly depleted and is currently 
experiencing overfishing (Zertuche-González et al. 2008) (ISC 2014) (Maunder et al. 2014) 
(NOAA 2014). The global Pacific bluefin stock is at very low levels, and the spawning population 
(largely a single cohort) has been declining for more than a decade (NOAA 2014). It is estimated 
that the spawning stock biomass (SSB) in 2012 was approximately 4% of the stock’s original 
unfished SSB levels (< 10,000 t) (Collette et al. 2014) (Maunder et al. 2014). As a result of 
decades of overfishing, Pacific bluefin was listed as “Overfished” by NOAA in 2013 and 
“Vulnerable” by the International Union for Conservation of Nature (IUCN) in 2014, based on 
the species’ population decline of 19%–33% over the past 22 years (three generations) (Collette 
et al. 2014) (NOAA 2014). 
 
Although no target or limit reference points have been officially adopted (Collette et al. 2014), 
the relevant regional fisheries management organizations (RFMOs) have instituted catch limits 
in response to the sharp decline in wild Pacific bluefin. In the eastern Pacific, the Inter-American 
Tropical Tuna Commission (IATTC) has adopted Resolution C-14-06 Pacific Bluefin Tuna, which 
states that the total annual commercial catch of member and cooperating non-member states 
shall not exceed 6,600 t from 2015–2016 (IATTC 2014) (Collette et al. 2014). This limit 
represents a 50% reduction in Mexico’s allowable catch for bluefin tuna (pers. comm., 
Anonymous 2016d). 
 
Even with current IATTC management and conservation measures, it is unlikely that the status 
of the stock will improve if low recruitment continues. Therefore, more effective management 
measures to reduce fishing mortality and increase SSB are needed (Collette et al. 2014) 
(Maunder et al. 2014). In addition to the protection of spawning adults, substantial immediate 
cuts in fishing mortality of juveniles are needed to ensure the viability of Pacific bluefin tuna, at 
least until reductions in fishing mortality of juveniles allow for incorporation of new spawners 
(Maunder et al. 2014) (ISC 2014). 
 
Source of Stock Criterion—Conclusions and Final Score 
Due to the industry-wide use of wild-caught tuna as captive stock, the Mexican bluefin tuna 
farming industry is considered to be fully reliant on wild bluefin tuna populations (a species that 
is considered “Vulnerable” by the IUCN) for its supply of fish. The ongoing removal of 
threatened fish, whether for fisheries or for farm production, is extractive in nature and 
considered to be a significant loss of ecosystem services in this Seafood Watch assessment. 
Furthermore, over 90% of the catch is made up of juveniles that have not reached sexual 
maturity and are prevented from spawning and contributing to wild stock recruitment. These 
conditions result in a critical Criterion 8 - Source of Stock score of 0 out of 10. 
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Criterion 9X: Wildlife and predator mortalities 
 
A measure of the effects of deliberate or accidental mortality on the populations of affected 
species of predators or other wildlife. 
 
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. 
 
 

Wildlife and predator mortality parameters Score   
C9X Wildlife and predator mortality Final Score –6.00 YELLOW 

Critical? NO   
 
Brief Summary 
In Mexico, sea lions have been observed regularly interacting with bluefin tuna farms, and the 
region hosts a number of resident and migratory marine mammals and other predatory species 
(e.g., sharks). Although established national legislation requires tuna farmers to employ non-
lethal methods to deter marine mammals and threatened species, accidental mortalities 
through entanglement are possible with all net pen production systems, and documentation of 
interactions (lethal or otherwise) in the tuna farming industry are absent. Sea lion populations 
are currently considered robust, but the lack of data on wildlife interactions with other species, 
and therefore potential impacts on their populations, results in a precautionary approach to 
scoring this criterion. Therefore, the final score for Criterion 9X - Wildlife Mortalities is –6 out of 
–10. 
 
Justification of Ranking 
In Mexico, marine net pen farming promotes the aggregation of opportunistic species, including 
marine mammals (pers. comm., Autonomous University of Baja California 2015), and anecdotal 
information indicates that sea lions (Zalophus californianus) are regularly observed within 
bluefin tuna farms (Zertuche-González et al. 2008).  
 
In the absence of any formal observer program or regulatory reporting requirement for tuna 
farmers in Mexico, the degree of impact that tuna farms are having on local wildlife populations 
is currently unknown. Nonetheless, given the interactions observed between seals, sea lions, 
dolphins, and sharks in similar Australian tuna farms (Kemper and Gibbs 2001) (Tanner 2007) 
(National Seal Strategy Group and Stewardson 2007) (Goldsworthy et al. 2009), Japanese tuna 
farms (pers. comm., Anonymous 2015a) (pers. comm., Anonymous 2015b), and Mediterranean 
tuna farms (pers. comm., Spanish Institute of Oceanography 2015), the potential for 
interactions is considered to be high, and ongoing concern regarding the impact of bluefin tuna 
farms on opportunistic and predatory wildlife species in Mexico is warranted. 
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Wildlife management 
In Mexico, all marine mammals are protected under the Fisheries Law (pers. comm., 
Autonomous University of Baja California 2015) and SEMARNAT is responsible for implementing 
protective measures for marine wildlife. In addition to the forfeiture of a farming license, killing 
marine mammals is punishable by a 1–9 year prison sentence under Mexican law (Zertuche-
González et al. 2008). Though some tuna farmers in Mexico employ anti-predator nets (150–
200 mm), many instead use acoustic deterrent devices, electrified fencing (pers. comm., 
Autonomous University of Baja California 2015), or rigid net fences on the surface of the net 
pens (Zertuche-González et al. 2008) (pers. comm., Anonymous 2016c). 
 
Wildlife and Predator Mortalities Criterion—Conclusions and Final Score 
Overall, exceptionally little information exists regarding the impact of Pacific bluefin tuna farms 
on wildlife species, partly because of the lack of regulatory monitoring or publication on 
interactions. This lack of statistical data on wildlife impacts and the regular interactions 
between sea lions (and potentially other species) with tuna farms results in a precautionary 
approach to scoring this criterion. 
 
Note that this is an “exceptional” criterion and the scoring range is from 0 (no concern) to –10 
(very high concern). The final score for this exceptional criterion is therefore –6 out of –10. 
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Criterion 10X: Escape of unintentionally introduced species 
A measure of the escape risk (introduction to the wild) of alien species other than the principle 
farmed species unintentionally transported during live animal shipments. 
 
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. 
 
 

Escape of unintentionally introduced  species parameters Score   
F10Xa International or trans-waterbody live animal shipments (%) 10.00   
F10Xb Biosecurity of source/destination 0.00   
C10X Escape of unintentionally introduced species Final Score  0.00 GREEN 

 
Brief Summary 
In Mexican bluefin tuna farming, wild stocks are captured and transported to net pens within 
the same waterbody, so the unintentional introduction of non-native species does not occur. 
Generally, there is risk associated with open exchange net pens, but the exclusive use of native 
tuna (0% reliance on international or trans-waterbody live animal shipments) results in a 
Criterion 10X - Escape of unintentionally introduced species final score of 0 out of –10.  
 
Justification of Ranking 
In Mexico, the bluefin tuna farming industry relies completely on wild stocks that are native to 
the region. Thus, the unintentional introduction of non-native species during the movement of 
live tuna is impossible to occur in Mexico’s bluefin tuna farming industry. 
 
Factor 10Xa International or trans-waterbody live animal shipments 
With no international or trans-waterbody movements, the score for Factor 10Xa is 10 out of 10.  
 
With no international or trans-waterbody animal movements, Factor 10Xb is not applicable. 
 
Escape of Introduced Species Criterion—Conclusions and Final Score 
Given the absence of international animal movements in the Mexican tuna farming industry, 
the final score for Criterion 10X - Introduced Species is 0 out of –10. 
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Overall Recommendation 
 
The overall recommendation is as follows: 
 
The overall final score is the average of the individual criterion scores (after the two exceptional 
scores have been deducted from the total). The overall ranking is decided according to the final 
score, the number of red criteria, and the number of critical scores as follows: 
 
– Best Choice = Final score ≥6.6 AND no individual criteria are Red (i.e. <3.3) 
– Good Alternative = Final score ≥3.3 AND <6.6, OR Final score ≥ 6.6 and there is one 

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

or more Critical score. 
 

Criterion Score (0-10) Rank Critical? 
C1 Data 4.44 YELLOW   
C2 Effluent 0.00 CRITICAL YES 
C3 Habitat 2.53 RED NO 
C4 Chemicals 6.00 YELLOW NO 
C5 Feed 0.00 CRITICAL YES 
C6 Escapes 10.00 GREEN NO 
C7 Disease 6.00 YELLOW NO 
C8 Source 0.00 RED   
C9X Wildlife mortalities –6.00 YELLOW NO 
C10X Introduced species escape 0.00 GREEN   
Total 22.97     
Final score  2.87     

       
OVERALL RANKING     

Final Score  2.87     
Initial rank RED     
Red criteria 4     
Interim rank RED   FINAL RANK 

Critical Criteria? YES   RED 
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Supplemental Information  
 

 
 
Rearing period 
(1) (Blue Farm de México 2013) (Anonymous 2016a) 
(2) (Nowak et al. 2003) (Clean Seas Tuna 2005) (Aiken et al. 2006) (Cardia and Lovatelli 2007) (Díaz 

López and Bernal Shirai 2007) (Fernandes et al. 2007) (Tanner 2007) (Clarke and Ham 2008) 
(Kirchhoff et al. 2011) (Kirchhoff et al. 2011b) (Pecl et al. 2011) (Leef et al. 2012) (PIRSA 2013) (pers. 
comm., ASBTIA 2015) 

 
Stocking density 
(1) (Sylvia et al. 2003) (NASO-Mexico 2005) (Zertuche-González et al. 2008) (Díaz-Castañeda and 

Valenzuela-Solano 2009) (Blue Farm de México 2013) (SAGARPA 2013) 
(2) (Nowak et al. 2003) (Tanner 2007) (Clarke and Ham 2008) 
 
Feeding schedule 
(1) (Zertuche-González et al. 2008) (Díaz-Castañeda and Valenzuela-Solano 2009) (SAGARPA 2013) 
(2) (Ottolenghi et al. 2004) (Tanner 2007) (Cardia and Lovatelli 2007) (Clarke and Ham 2008) (Thomas 

2010) 
 
Primary feedfish species 
(1) (Sylvia et al. 2003) (Zertuche-González et al. 2008) (SAGARPA 2013) 
(2) (Nowak et al. 2003) (Ottolenghi 2004) (Cardia and Lovatelli 2007) (Fernandes et al. 2007) (Tanner 

2007) (Padula et al. 2008) (Clarke and Ham 2008) (Tanner and Volkman 2009) (pers. comm., ASBTIA 
2015) 

 
Protein-content of feed 
(1) (Torry Research Station 1989) (Barnveld et al. 2003) 

MEXICO AUSTRALIA

Rearing period 3-5 months (1) 4-8 months (2)

Stocking density 2-4kg/m-3 (1) 2-4kg/m-3 (2)

Feeding schedule 6 days/wk (1) 6-7 days/wk (2)

Primary feedfish 
species

Sardine, Mackerel,
Anchovy (1)

Sardine
Redbait (2)

Protein-content of feed 18.67% (1) 18.13% (2)

Daily feed (% of biomass) 5-8% (1) 1-15% (2)

Juvenile tuna eFCR 15.0:1 (1) 12.5:1 (2)

Initial weight 12-14kg (1) 15-20kg (2)

Harvest weight 19-28kg (1) 30-40kg (2)

Annual production 3,500t (1) 7,700t (2)

Juvenile Bluefin Tuna Farming Comparison
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(2) (Torry Research Station 1989) 
 
Daily feed (% of biomass) 
(1) (Zertuche-González et al. 2008) (Díaz-Castañeda and Valenzuela-Solano 2009) (SAGARPA 2013) 
(2) (Fernandes et al. 2007b) 
 
Juvenile tuna FCR 
(1) (Sylvia 2007) (Zertuche-González et al. 2008) (Estess et al. 2014) 
(2) (Ottolenghi et al. 2004) (Cardia and Lovatelli 2007) (Fernandes et al. 2007) (pers. comm., ASBTIA 

2015) 
 
Initial weight 
(1) (Aires-da-Silva and Dreyfus 2012) (Blue Farm de México 2013) (SAGARPA 2013) 
(2) (Nowak et al. 2003) (Clean Seas Tuna 2005) (Aiken et al. 2006) (Cardia and Lovatelli 2007) (Díaz 

López and Bernal Shirai 2007) (Fernandes et al. 2007) (Tanner 2007) (Clarke and Ham 2008) 
(Kirchhoff et al. 2011) (Kirchhoff et al. 2011b) (Pecl et al. 2011) (Leef et al. 2012) (PIRSA 2013) (pers. 
comm., ASBTIA 2015) 

 
Harvest weight 
(1) (Blue Farm de México 2013) (Anonymous 2016a) 
(2) (Nowak et al. 2003) (Clean Seas Tuna 2005) (Aiken et al. 2006) (Cardia and Lovatelli 2007) (Díaz 

López and Bernal Shirai 2007) (Fernandes et al. 2007) (Tanner 2007) (Clarke and Ham 2008) 
(Kirchhoff et al. 2011) (Kirchhoff et al. 2011b) (Pecl et al. 2011) (Leef et al. 2012) (PIRSA 2013) (pers. 
comm., ASBTIA 2015) 

 
Annual production 
(1) (CONAPESCA 2013) 
(2) (pers. comm., ASBTIA 2015) 
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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. 
 

  

http://www.seafoodwatch.org/
http://www.seafoodwatch.org/


 
 

65 
 

Guiding Principles 
 
Seafood Watch defines sustainable seafood as originating from sources, whether fished2 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 

 
339 “Fish” is used throughout this document to refer to finfish, shellfish and other 

invertebrates. 
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• 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 
practices for some criteria may lead to more energy intensive production systems (e.g. 
promoting more energy-intensive closed recirculation systems) 

 
Once a score and rank has been assigned to each criterion, an overall seafood recommendation 
is developed on additional evaluation guidelines.  Criteria ranks and the overall recommendation 
are color-coded to correspond to the categories on the Seafood Watch pocket guide: 
 
Best Choice/Green: Buy first, they're well managed and caught or farmed in ways that cause 
little harm to habitats or other wildlife. 
 
Good Alternative/Yellow: Buy, but be aware there are concerns with how they're caught or 
farmed. 
 
Avoid/Red:  Don't buy, they're overfished or caught or farmed in ways that harm other marine 
life or the environment. 
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Appendix 1 – Data points and all scoring calculations 
 
This is a condensed version of the criteria and scoring sheet to provide access to all data points 
and calculations. See the Seafood Watch Aquaculture Criteria document for a full explanation 
of the criteria, calculations and scores. Yellow cells represent data entry points. 
 

Criterion 1: Data quality and availability     
          
  Data Category Relevance (Y/N) Data Quality Score (0-10) 
  Industry or production statistics Yes 5 5 
  Effluent Yes 5 5 
  Locations/habitats Yes 5 5 
  Predators and wildlife Yes 0 0 
  Chemical use Yes 0 0 
  Feed Yes 5 5 
  Escapes, animal movements Yes 7.5 7.5 
  Disease Yes 2.5 2.5 
  Source of stock Yes 10 10 
  Other – (e.g. GHG emissions) No Not relevant n/a 
  Total   40 
          
  C1 Data Final Score 4.4 YELLOW   
          
          

Criterion 2: Effluents       
          
Factor 2.1a - Biological waste production score     
  Protein content of feed (%) 18.67     
  eFCR 15     
  Fertilizer N input (kg N/ton fish) 0     
  Protein content of harvested fish (%) 22.275     
  N content factor (fixed) 0.16     
  N input per ton of fish produced (kg) 448.08     
  N in each ton of fish harvested (kg) 35.64     
  Waste N produced per ton of fish (kg) 412.44     
          
Factor 2.1b - Production System discharge score      

 Basic production system score 0.8     
  Adjustment 1 (if applicable) 0     
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  Adjustment 2 (if applicable) 0     
  Adjustment 3 (if applicable) 0     
  Discharge (Factor 2.1b) score 0.8     
          

 80% of the waste produced by the fish is discharged from the farm      
          
    
2.2 – Management of farm-level and cumulative impacts and appropriateness to the scale 
of the industry  
Factor 2.2a - Regulatory or management effectiveness   
  Question Scoring Score 

  
1 - Are effluent regulations or control measures present that are designed 
for, or are applicable to aquaculture? Mostly 0.75 

  

2 - Are the control measures applied according to site-specific conditions 
and/or do they lead to site-specific effluent, biomass or other discharge 
limits? 

Moderately 0.5 

  
3 - Do the control measures address or relate to the cumulative impacts of 
multiple farms? No 0 

  
4 - Are the limits considered scientifically robust and set according to the 
ecological status of the receiving water body? Moderately 0.5 

  
5 - Do the control measures cover or prescribe including peak biomass, 
harvest, sludge disposal, cleaning etc? Yes 1 

        2.75 

          
Factor 2.2b - Enforcement level of effluent regulations or 
management    
  Question Scoring Score 

  
1 - Are the enforcement organizations and/or  resources identifiable and 
contactable, and appropriate to the scale of the industry? Mostly 0.75 

  
2 - Does monitoring data or other available information demonstrate 
active enforcement  of the control measures? Partly 0.25 

  

3 - Does enforcement cover the entire production  cycle (i.e. are peak 
discharges such as peak  biomass, harvest, sludge disposal, cleaning 
included)? 

Partly 0.25 

  4 - Does enforcement demonstrably result in  compliance with set limits? Mostly 0.75 

  5 - Is there evidence of robust penalties for infringements? Partly 0.25 

        2.25 

  F2.2 Score (2.2a*2.2b/2.5)  2.475     
          
  C2 Effluent Final  Score 0.00 CRITICAL   
    Critical? YES   
          
          

Criterion 3: Habitat       
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3.1. Habitat conversion and function     
          
  F3.1 Score 2     
          
3.2 Habitat and farm siting management effectiveness (appropriate to the scale of the 
industry) 
          
Factor 3.2a - Regulatory or management effectiveness 
  Question Scoring Score 

  
1 - Is the farm location, siting and/or licensing  process based on 
ecological principles, including an EIAs requirement for new sites? Yes 1 

  
2 - Is the industry’s total size and concentration  based on its cumulative 
impacts and the maintenance of ecosystem function?  No 0 

  
3 – Is the industry’s ongoing and future expansion appropriate locations, 
and thereby preventing the future loss of ecosystem services? Partly 0.25 

  

4 - Are high-value habitats being avoided for aquaculture siting? (i.e. 
avoidance of areas  critical to vulnerable wild populations; effective 
zoning, or compliance with international  agreements such as the Ramsar 
treaty) 

Yes 1 

  
5 - Do control measures include requirements for the restoration of 
important or critical habitats  or ecosystem services? Yes 1 

        3.25 

          
Factor 3.2b - Siting regulatory or management enforcement 
  Question Scoring Score 

  
1 - Are enforcement organizations or individuals  identifiable and 
contactable, and are they appropriate to the scale of the industry? 

Mostly 0.75 

  

2 - Does the farm siting or permitting process function according to the 
zoning or other ecosystem-based management plans articulated in the 
control measures? 

Moderately 0.5 

  
3 - Does the farm siting or permitting process take  account of other farms 
and their cumulative impacts? 

No 0 

  
4 - Is the enforcement process transparent - e.g. public availability of farm 
locations and sizes, EIA reports, zoning plans, etc? 

Moderately 0.5 

  
5 - Is there evidence that the restrictions or limits  defined in the control 
measures are being achieved? 

Yes 1 

        2.75 

          
  F3.2 Score (2.2a*2.2b/2.5)  3.58     
          
   C3 Habitat Final Score 2.53 RED   
    Critical? NO   

Criterion 4: Evidence or Risk of Chemical Use     
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  Chemical Use parameters Score   
  C4 Chemical Use Score 6.00   
  C4 Chemical Use Final Score 6.00 YELLOW 

  Critical? NO   
          

Criterion 5: Feed       
          
5.1. Wild Fish Use       
Factor 5.1a - Fish In: Fish Out (FIFO)       
          
  Fishmeal inclusion level (%) 22.5     
  Fishmeal from by-products (%) 0     
  % FM 22.5     
  Fish oil inclusion level (%) 5     
  Fish oil from by-products (%) 0     
  % FO 5     
  Fishmeal yield (%) 22.5     
  Fish oil yield (%) 5     
  eFCR 15     
  FIFO fishmeal 15.00     
  FIFO fish oil 15.00     
  Greater of the 2 FIFO scores 15.00     
  FIFO Score 0.00     
          
Factor 5.1b - Sustainability of the Source of Wild Fish (SSWF)    
          
  SSWF -4     
  SSWF Factor -6     
          
  F5.1 Wild Fish Use Score 0.00     
          
5.2. Net protein Gain or Loss       
  Protein INPUTS   
  Protein content of feed 18.67   
  eFCR 15   
  Feed protein from NON-EDIBLE sources (%) 0   
  Feed protein from EDIBLE CROP soruces (%) 0   
  Protein OUTPUTS   
  Protein content of whole harvested fish (%) 22.275   
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  Edible yield of harvested fish (%) 58   
  Non-edible by-products from harvested fish used  for other food production 50   
      
  Protein IN 280.05   
  Protein OUT 17.59725   
  Net protein gain or loss (%) -93.7164   
   Critical? YES   
  F5.2 Net protein Score 0.00     
          
5.3. Feed Footprint   
          
5.3a Ocean area of primary productivity appropriated by feed ingredients per ton of farmed 
seafood 
  Inclusion level of aquatic feed ingredients (%) 27.5   
  eFCR  15   

  
Average Primary Productivity (C) required for aquatic feed ingredients  (ton C/ton 
fish) 69.7   

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

  Ocean area appropriated (ha/ton fish) 107.28   
          
5.3b Land area appropriated by feed ingredients per ton of production     
  Inclusion level of crop feed ingredients (%) 0   
  Inclusion level of land animal products (%) 0   
  Conversion ratio of crop ingedients to land animal  products 2.88   
  eFCR 15   
  Average yield of major feed ingredient crops (t/ha) 2.64   
  Land area appropriated (ha per ton of fish)  0.00   
          
  Value (Ocean + Land Area) 107.28     
         

 F5.3 Feed Footprint Score 0.00    
          
          
  C5 Feed Final Score 0.00 CRITICAL   
   Critical? YES   
          
          

 
Criterion 6: Escapes 
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6.1a. Escape Risk 
          
  Escape Risk 2   

          

  Recapture & Mortality Score (RMS)   

  Estimated % recapture rate or direct mortality at the 
0 

  
   escape site     

  Recapture & Mortality Score 0   

  Factor 6.1a Escape Risk Score 2   
          
6.1b. Invasiveness   
          
Part A – Native species   
  Score 5     
          
Part B – Non-Native species     
  Score 0     
          
Part C – Native and Non-native species 
  Question Score 
  Do escapees compete with wild native populations for food or habitat?  No 

  Do escapees act as additional predation pressure  on wild native populations? No 

  
Do escapees compete with wild native populations for breeding partners or disturb 
breeding behavior of the same or other species? No 

  
Do escapees modify habitats to the detriment of other species (e.g. by feeding, 
foraging, settlement or other)?  No 

  Do escapees have some other impact on other  native species or habitats?  No 

      5 

          
  F 6.1b Score 10   
          
  Final C6 Score 10.00 GREEN   
    Critical? NO   

 

 
 
 
Criterion 7: Diseases       
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  Pathogen and parasite parameters  Score   
  C7 Biosecurity 6.00   
  C7 Disease; pathogen and parasite Final  Score 6.00 YELLOW 

  Critical? NO   
          

Criterion 8: Source of Stock     
          
  Source of stock parameters Score   

  
C8 % of production from hatchery-raised broodstock, natural (passive) 
settlement, or sourced from sustainable fisheries 

0 
  

  C8 Source of stock Final  Score 0 RED 
 

Criterion 9X: Wildlife and predator mortalities 
          
  Wildlife and predator mortality parameters Score   

  C9X Wildlife and Predator Final Score -6.00 YELLOW 

  Critical?   NO   
 

Criterion 10X: Escape of unintentionally introduced 
species   
          
  Escape of unintentionally introduced  species parameters Score   
  C10Xa International or trans-waterbody live animal shipments (%) 10.00   
  C10Xb Biosecurity of source/destination 0.00   
  F6.2X Escape of unintentionally introduced species Final Score  0.00 GREEN 
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Appendix 2 – Interim Update 
 

An Interim Update of this assessment was conducted in February 2021.  Interim Updates focus on an 
assessment’s limiting (i.e. Critical or Red) criteria (inclusive of a review of the availability and quality of 
data relevant to those criteria), so this review evaluates Criterion 5 Feed and Criterion 8x Source of 
Stock.  No information was found or received that would suggest the final rating is no longer accurate.  
No edits were made to the text of the report (except an update note in the Executive Summary). The 
following text summarizes the findings of the review. 
 
Criterion 1 – Data 
The availability and quality of data for Pacific bluefin tuna farmed in Mexico in net pens is moderate 
overall. Data for Criterion 5 – Feed were captured from peer reviewed literature, although the most 
recent readily available publications documenting production practices and performance are from 2016. 
Data for Criterion 8x – Source of stock were readily available, however, there is a lack of a fishery 
assessment evaluating the potential ecological impacts of purse seine fisheries corralling wild juveniles 
for tuna ranching operations. As a result, the availability of information for each Criterion (e.g., Feed and 
Source of Stock) in this interim update is moderate.  

Criterion 5 – Feed 

In the 2016 SFW assessment of Mexican net pen tuna aquaculture production, all Mexican Pacific 
bluefin tuna (PBFT) farms applied whole fish as the exclusive feed source and there is no readily 
available evidence in primary literature or other sources that demonstrate feed practices have changed. 
The motivation to use whole fish instead of a pelleted diet are many fold, but briefly: (i) fish are less 
expensive than formulated diets, but still accounts for “over 60% of operation budgets for tuna farming 
operations” (Benetti et al 2016a), (ii) capturing wild tuna and weaning off whole fish to formulated 
pelleted feeds has led to increased mortality and quality issues - effecting demand from the Japanese 
market (Buentello et al., 2016a), and (iii) a preference for tuna with high fat content and flesh 
composition (Buentello et al., 2016a) that is achieved more easily with whole fish.  

Due to these feeding practices, the “daily feeding of large quantities of untreated fresh or frozen fish/ 
squid results in unreasonably high feed conversion rates (22.6:1 to 17.8:1; Ottolenghi et al., 2004; Estess 
et al., 2014).” (Buentello et al., 2016a). This is consistent with the previous 2016 assessment of Mexican 
net pen tuna farming practices, which estimated an eFCR of 20:1. Without a significant change in 
feeding practices by the industry, such as the use of pelleted feeds, it is highly unlikely for the eFCR to 
have changed significantly. Buentello et al (2016b) lays out the research needs to begin using pelleted 
feeds across the industry: 

 

“For the foreseeable future, tuna nutrition will follow the path paved already for other 
marine fish such as the Atlantic salmon in the determination of nutrient requirements, 
utilization of alternative feed ingredients and supplements, and optimization of weaning 
and grow‐out diets, taking into account the unique scombrid physiology and metabolic 
needs. The achievement of these nutritional objectives will resolve some of the most 
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critical issues currently limiting the success and permanence of the tuna aquaculture 
industry.” (Buentello et al 2016b). 

 

In the Seafood Watch Standard for Aquaculture, Criterion 5 – Feed, evaluates 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. If the 
eFCR is ≥4, then the Feed criterion will be ‘Critical’. Currently, there is no evidence that the tuna industry 
has significantly substituted whole fish with pelleted feed. Since feeding practices haven’t changed, the 
eFCR is not likely to have significantly changed in response, and the eFCR reported in the 2016 
assessment is highly likely to be still applicable. Therefore, the Feed Criterion score is still ‘Critical’ for 
tuna net pen operations in Mexico.  

Criterion 8x – Source of Stock 

Closing the life cycle of Pacific bluefin tuna by developing a successful broodstock, hatchery, grow out to 
harvest tuna production cycle is a significant research and investment priority for the industry. 
Currently, Australia, Japan, and Mexico are all at different stages of commercializing these production 
techniques. In 2000, Australia’s Clean Seas Tuna Ltd “set the major objective to realize the commercial 
production of SBFT fingerlings from eggs spawned by captive broodstock” (Chen et al 2016), but after 
years of research and development Clean Seas Tuna Ltd shifted its focus from SBFT production in 2014 
and is no longer actively developing SBFT hatchery production (Clean Seas, 2020). Mexico has no 
hatchery operations currently operating (Benetti et al 2016), but as of 2019 Ichthus Unlimited has begun 
pursuing fully closed life cycle production. Ichthus Unlimited is operating in San Diego, California, U.S.A 
close to the U.S-Mexico border with the goal of stocking PBFT for grow out in Mexico, and potentially 
the U.S. if demand arises (Leschin-Hoar, C., 2020). Japanese hatchery production of PBFT is further along 
with current egg to harvest production estimates around 6.5% of total PBFT aquaculture production in 
Japan (Craze and Waycott, 2020). 

Since there are no known hatchery operations in Mexico producing PBFT, all PBFT farmed in Mexico are 
sourced from wild PBFT stock; a practice of aquaculture described as capture based aquaculture (CBA) – 
the practice of capturing wild juvenile species and rearing for eventual harvest. To capture PBFT purse 
seine fishing fleets “capture juveniles in the eastern Pacific Ocean between 23 and 33°N, and within 100 
nautical miles from the coast during the fishing season from June to August” (Sylvia, Belle, & Smart, 
2003; Zertuche-González et al., 2008 text from Vergara-Solana et al. 2019). The average capture size is 
between 15-40kg (Jeffries, B., no date).  

The abundance of these wild populations and impacts of the fishery activities to ocean ecosystems is 
important to evaluate the sustainability of the industry. In 2014, an IUCN report (Collette et al., 2014) 
determined that the entire PBFT population was considered vulnerable - inclusive of the wild PBFT 
sourced for Mexico’s aquaculture production.  

In the Seafood Watch Standard for Aquaculture, Criterion 8x evaluates the source of farm stock and its 
independence from wild stocks. Seafood Watch considers capturing wild fish, even from a sustainable 
fishery, and raising them on a farm to be a net loss of resources and ecosystem services. A score of 
‘Critical’ is assigned if there is sourcing of wild juveniles and/or broodstock that are considered 



 
 

76 
 

endangered, protected, vulnerable, threatened, or critically endangered by the IUCN Red List or by a 
national or other official list with equivalent categories. Since wild PBFT stock are considered vulnerable 
by the IUCN, the score for Criterion 8x is Critical for Mexico PBFT production.  
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