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    Abstract     Marine capture fi sheries in Mexico are dominated by sardine, shrimp, 
and tuna, representing as a whole 60 % of the total catch. However, shrimp and tuna 
are the most important fi shery resources in terms of economic value. Capture shrimp 
fi shery in Mexico has exhibited stagnating catches (around 65 thousand tonnes) 
since the last two decades, and shrimp stocks have been clearly depleted in some 
parts of the country. Conversely, shrimp ( Litopenaeus vannamei ) aquaculture has 
shown an exponential growth in the number of farms and shrimp production since 
mid-1980s. As a result, currently, shrimp aquaculture production has almost dou-
bled the total production of the capture shrimp fi shery. On the other hand, total catch 
of tuna by Mexican tuna fl eet has fl uctuated around 130 thousand tonnes during the 
last 5 years (2007–2011). Contribution of farmed tuna ( Thunnus orientalis ) has 
been negligible in terms of volume; however, the price of 1 tonne of farmed tuna is 
about 7–13 times that of tuna caught by the fi shing fl eet, making it an attractive 
alternative as source of employment and income. The case studies presented here 
are indicative of the potential value of aquaculture as a complementary productive 
activity to meet the growing human demand for food from the sea. This is especially 
relevant in terms of global fi sheries production because the maximum fi sheries 
catch potential from the oceans around the world has apparently been reached. 
However, there are still concerns associated with aquaculture impacts on the envi-
ronment that must be addressed.  
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5.1         Introduction 

 The fundamental purpose of aquaculture and fi shing is providing seafood products 
for human consumption. Wild capture fi shing is a much older activity than aquacul-
ture, which is referred as the farming of aquatic animals and plants (FAO  2012 ). 
Fishing has been practiced by humanity since the earliest stages of human evolution 
as a source of food supply (Gartside and Kirkegaard  2009 ). This practice allowed 
many ancient cultures around the world to settle in the coastal areas, obtaining sea-
food products from the intertidal zone and from shallow waters along the seashore 
(Squires  2009 ). 

 Apparently, fi shing in the ancient world did not only play a marginal role in the 
economy, since there is archeological evidence of fi sh processing on a commercial 
scale along the Mediterranean, Atlantic coast and in the Black Sea (Bekker-Nielsen 
 2005 ). However, during the last century the prominent intensifi cation of fi shing 
effort, and the fi sheries industrialization in general, made possible a pronounced 
increase of total landings as well as of the diversity of catches, including the capture 
of new species that had not been exploited before, such as pelagic and deep sea 
organisms. However, while global fi shing production and the total number of fi sh-
ing species captured underwent a meaningful increase during the last decades, on 
the other hand, the intensifi cation of the fi shing effort caused the depletion of fi shing 
stocks due to overfi shing, overstressing the marine systems, which is considered to 
be largely responsible for the current global fi sheries crisis (Pauly et al.  2002 ). 

 Total landings of worldwide marine fi sheries have fl uctuated from 16.8 million 
tonnes in 1950 up to 86.4 million tonnes in 1996, stabilizing at about 80 million 
tonnes during the following years; with a slight decrease in 2010, when the global 
marine capture fi sheries was of 77.4 million tonnes. Stabilization of global fi sheries 
production over the past recent years might suggest that the maximum fi sheries 
catch potential from the oceans around the world has probably been reached. 
Actually, according to recent data from FAO ( 2012 ) 14.1 % of the world marine 
fi shery stocks are underexploited or moderately exploited, 57.3 % are fully exploited, 
13.7 % are overexploited and 7.6 % are depleted or in recovering. Additionally to 
the impacts of fi shing per se, it has been pointed out that capture fi sheries are also 
affected by climate-related threats, including climate change (Brander  2007 ). 

 Under this scenario there is apparently little chance to increase the production of 
marine resources based solely on captured fi sheries production, and thus seafood 
supply as a source of animal protein for human consumption could be seriously 
compromised in the following years. Moreover, the world human population has 
increased exponentially, from 2.53 billion in 1950 to 7.16 billion in 2013 (United 
Nations  2013 ) and, as a result, the human population demand for seafood is continu-
ously growing year after year. In this regard, during the last years, aquaculture has 
been playing an increasingly important role in contributing to the production of 
marine resources, and, although fi sheries production remains stable, aquaculture 
production is still expanding globally and diversifying (FAO  2012 ). Aquaculture is 
the fastest growing sector of the world food economy, and its production is  projected 
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to overtake that of other sectors of animal food production. Indeed, since 2011 
world farmed fi sh production topped beef production (Larsen and Roney  2013 ). 

 Aquaculture was probably fi rst practiced in China more than 4,000 years ago, 
and particularly in Asia, this activity has been traditionally important as source of 
food (Rabanal  1988 ). In fact, Asian countries have historically been the major pro-
ducers of cultured aquatic organisms in the world (FAO  2012 ). The contributions of 
capture fi sheries and the aquaculture industry to the world’s production of marine 
resources for human consumption have evolved to reach total production levels of 
148 million tonnes of fi sh in 2010 (FAO  2012 ). The combined contribution of fi sh-
eries and aquaculture might be critical to guarantee the supply of nutritious food and 
animal protein to the escalating demands of a growing world population. However, 
the future trends of this interaction might not be easily predicted, in part because 
fi sheries catch is primarily dependent on the natural boundaries of the environment, 
whereas aquaculture productivity is mostly limited by water quality and biotechno-
logical aspects of the aquatic species of interest. However, it is clear that contribu-
tion of aquaculture to seafood production is increasingly signifi cant in many 
countries around the world. 

 Mexico is a country that has 8,475 km of coastline along the Pacifi c Ocean and 
3,118 km along the Gulf of Mexico and the Caribbean Sea (Cifuentes-Lemus et al. 
 1995 ) (Fig.  5.1 ). Seafood production in Mexico was mostly based on capture fi sher-
ies, but since the mid-1980s aquaculture has become a growing contributor for the 
production of marine resources for human consumption. Even in certain regions of 
the country the relative contribution of fi sheries and aquaculture production has 
been reversed in the last years, generating higher production of seafood by aquacul-
ture than by fi shing; such is the case of shrimp production along the Mexican Pacifi c 
coast.

   In this chapter, we analyze the historical interactions of capture fi sheries and 
aquaculture as complementary sectors in the production of marine resources for 
human consumption in Mexico. Advances and perspectives regarding the  interaction 
between fi shing and aquaculture activities of the most important fi shery resources in 

  Fig. 5.1    Geographic location 
of Mexico showing both 
coastlines along the Pacifi c 
Ocean and Gulf of Mexico       
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the country (shrimp and tuna) are analyzed considering their production levels, 
inherent characteristics and concerns.  

5.2     Inherent Characteristics and Global Situation of Marine 
Fisheries and Aquaculture 

 World marine fi sheries are based on the capture and removal of marine organisms 
from the natural environment. This activity can be view as a form of hunting of wild 
animals in the marine ecosystem. The productivity and sustainability of fi sheries are 
mostly dependent on natural constraints such as the population size and fi sh stocks 
regeneration, environmental variability and ecosystems health, but also of the fi sh-
ery management practices. Most fi sheries in the world are characterized by an open 
access regime and are impacted by additional stressors such as global climate, lead-
ing to fi shing stocks to be overharvested and in some cases overexploited to the 
point of collapse (Pauly et al.  2005 ). Apparently, more than 3,000 years of scientifi c 
understanding of the phenomena, theirs causes, and suitable mitigation measures, 
are not suffi cient to prevent the destruction of natural resources, as stated by Ludwig 
et al. ( 1993 ). 

 The global marine catch in 2009 was mostly comprised of pelagic species 
(41 %) such as herrings, sardines, anchovies (small pelagics) as well as tunas, 
bonitos, and billfi shes (large pelagics) (Ye and Cochrane  2011 ). It has been 
pointed out that as part of the global marine fi sheries crisis, a decrease in the mean 
trophic level of species groups in landings from 1950 to 1994 has been experi-
enced, a phenomenon known as “fi shing down marine food webs”. This situation 
not only denotes the gradual transition in catch composition (from long-lived, 
high trophic level piscivorous bottom fi sh toward short-lived, low trophic level 
invertebrates and planktivorous pelagic fi sh) but also implies that the exploitation 
rates of fi shing marine stocks are unsustainable (Pauly et al.  1998 ). Moreover, 
from 1950 to 1989 global marine catches increased continuously at an average 
rate of 1.6 million tonnes per year, however, a shift in this trend has been observed 
from 1989 to 2011 exhibiting a phase of stagnating catches stabilizing at about 80 
million tonnes (Fig.  5.2 ), suggesting that its maximum productive potential has 
probably been reached. Irrespective of the global fi sheries crisis, human demand 
for fi sh and seafood will inevitably continue to grow; therefore, additional produc-
tion of seafood is necessary to meet the global demand for food from the continu-
ously growing world human population. Under this scenario, aquaculture 
production might be an important complementary source of seafood for human 
consumption.

   Aquaculture is the farming of aquatic organisms (e.g. fi sh, mollusks, crusta-
ceans, aquatic plants) in a controlled environment, which implies some form of 
intervention such as rearing, feeding and protecting from predators (FAO  2011 ). 
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Aquaculture of marine species usually occurs in ponds or tanks (land based aqua-
culture) as well as in existing water bodies utilizing some type of artifi cial enclo-
sure, like cages or pens, for containing the aquatic organisms (water based 
aquaculture). 

 Composition of farmed marine species varies among countries and is depen-
dent of the culture environment (brackish or marine water). According to FAO 
data from 2011 (  http://www.fao.org/fi shery/statistics/en    ), freshwater aquacul-
ture is dominated by the farming of carps and cichlids. However, aquaculture 
production of brackish and marine species is mainly characterized by mollusks 
(clams, oysters, mussels) representing about 61 % of the production, followed 
by crustaceans (shrimps, prawns, crabs) representing 15 %, and marine fi shes 
(miscellaneous coastal and pelagic fi shes) representing 8 % of the total. 
Aquaculture by volume is dominated by Asian countries; which all together 
account for about 80 % of world aquaculture production in brackish and marine 
environments. 

 In contrast with the marine fi sheries crisis, aquaculture of marine and brackish 
species has experienced a continued growth, increasing its production from 340 
thousand tonnes in 1950 to 23 million tonnes in 2011 (Fig.  5.2 ). In fact, when com-
paring marine fi sheries and aquaculture production from 1993 to 2011, a signifi cant 
negative trend is observed for capture fi sheries whereas a signifi cant positive pattern 
is evident for aquaculture production of brackish and marine species (Fig.  5.3 ). It is 
clear that fi sheries alone cannot fi ll the global demand for fi sh and seafood; how-
ever, aquaculture production combined with wild fi sheries production might be a 
plausible alternative.
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  Fig. 5.2    World production of marine capture fi sheries and aquaculture of marine species (1950–
2011) (Data from FAO statistics)       
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5.3        Contribution of Fisheries and Aquaculture to Seafood 
Production in Mexico 

 Commercial landings from marine capture fi sheries in Mexico are dominated by 
sardines, shrimp, and tuna, which as a whole represent about 60 % of the total catch 
in the country. However, the most economically important species or species groups 
are shrimp and tuna accounting for 43 % and 7 %, respectively, of the total value of 
fi shery production in the country (CONAPESCA  2011 ). According to fi sheries and 
aquaculture statistics in Mexico, capture fi sheries increased from 118,043 tonnes in 
1954 to a maximum of 1.5 million tonnes in 1981; nevertheless, during the follow-
ing years catches have fl uctuated around 1.2–1.4 million tonnes (Fig.  5.4 ). Temporal 
trends of fi shery landings in Mexico could be the result of different extractive phases 
of the fi shery stocks over time, as described for Latin American benthic shell fi sher-
ies (Castilla and Defeo  2001 ). In this regard, an initial exploitation phase occurred 
during 1954 to early 1970s; afterward an expansive extraction phase began from 
mid-1970s extending to early 1980s. Finally, a trend toward stabilization of catches 
is observed from mid-1980s to the present.

   With regard to aquaculture production in Mexico, its fi rst record in offi cial statis-
tics was 109,061 tonnes in 1983, reaching 262,855 tonnes in 2011 (Fig.  5.4 ). To 
date, the contribution of aquaculture to the national fi sheries production is about 
16 % by volume. Nonetheless, aquaculture production accounts for 40 % in terms 
of economic value of the national fi sheries production, which could be explained by 
the growing industry of shrimp farming, the most economically important species 
in Mexico (CONAPESCA  2011 ).  
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  Fig. 5.3    Trends in global production of marine capture fi sheries and marine aquaculture for the 
period 1994–2011. In both cases a signifi cant linear relationship was fi tted. The slope coeffi cient 
( b ), its signifi cance, and determination coeffi cient are reported (Data from FAO statistics)       
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5.4     Trends and Advances on the Interaction of Fishing 
and Aquaculture for Shrimp Production 

5.4.1     Situation of the Shrimp Fishery in Mexico 

 Shrimp is the most important marine resource in terms of economic value in Mexico, 
representing about 550 million dollars in 2011; its fi shery occurs along the Gulf of 
Mexico and Caribbean coasts as well as the Pacifi c coast. Shrimps are captured as 
juveniles by an artisanal fl eet in coastal lagoons, whereas the industrial fl eet off-
shore captured adult shrimps, resulting in a sequential fi shery. In the Gulf of Mexico 
and the Caribbean Sea the main species captured by the shrimp fi shery are 
 Farfantepenaeus aztecus ,  F. duorarum ,  Litopenaeus setiferus  and  F. brasiliensis . 
On the other hand, catches of Mexican Pacifi c shrimp fi shery are mainly conformed 
by  F. californiensis ,  Litopenaeus stylirostris  and  L. vannamei  (INAPESCA  2006 ). 

 Shrimp catches in the Gulf of Mexico have shown an overall decreasing trend 
from 27 thousand tonnes in 1980 to 20 thousand tonnes in 2011, exhibiting remark-
able differences in historical landings according to the region (Fig.  5.5 ). For instance, 
shrimp captures in the Campeche Sound (Southern Mexico) declined sharply from 
14 thousand tonnes in 1979 to 2.6 thousand tonnes in 2006, with a slightly increase 
to 7.5 thousand tonnes in 2011 (Fig.  5.5 ). The shrimp stocks in this region of the 
Gulf of Mexico are depleted, particularly the pink shrimp ( F. duorarum ). During the 
1960s this region accounted for about 90 % of total shrimp catches in the Gulf of 
Mexico and the Caribbean Sea; however over recent years its contribution has been 
usually lower than 20 % (Fig.  5.5 ). The decreasing trend in shrimp catches has been 
related to recruitment failures; however, the future scenario of the shrimp fi shery in 
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  Fig. 5.4    Total production (freshwater and marine) of capture fi sheries and aquaculture in Mexico 
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the Campeche Sound is not promissory because if the current levels of fi shing inten-
sity are maintained, then the stock density will continue to decrease (Ramírez- 
Rodríguez et al.  2000 ) aggravating the present situation of fi shery depletion.

   Conversely, the trend in shrimp catches in the Tamaulipas coast (Northeastern 
Mexico) has shown an increasing trend during the years 1950–1990, reaching an 
apparent stabilization of catches at around 12–13 thousand tonnes since 1992. It is 
worth noting that since 1990 the shrimp catches in Tamaulipas have been higher 
than catches from the Campeche Sound (Fig.  5.5 ). In fact, during the last years the 
shrimp fi shery of Tamaulipas has provided annually more than 50 % of the total 
shrimp catch from the Gulf of Mexico, while Campeche usually contributes with no 
more than 20 %, except for the period of 2009–2011 where it was from 25 to 38 % 
(Fig.  5.5 ), which might be mostly due to the increase in captures of other shrimp 
species such as the Atlantic seabob ( Xiphopenaeus kroyeri ) and rock shrimp 
( Sicyonia brevirostris ) from the Caribbean waters. 

 On the other hand, captures in the Mexican Pacifi c shrimp fi shery have fl uctuated 
around 45 thousand tonnes during the last years, representing the most important 
shrimp fi shery in Mexico in terms of volume, contributing in average about 70 % of 
the national shrimp catch, whereas the Gulf of Mexico shrimp fi shery accounts for 
the remaining 30 %. Historically, higher shrimp catches have been obtained on the 
west side coast of Mexico (Fig.  5.6 ). Therefore, national trends in shrimp catch fol-
low the same pattern of the Mexican Pacifi c shrimp fi shery, being the states of 
Sonora and Sinaloa the most productive for this fi shery. Contrary to the declining 
trend of shrimp catch in the Gulf of Mexico, the Mexican Pacifi c shrimp fi shery has 
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exhibited an apparent stabilization since the early 1990s; this pattern is also mir-
rored in the national trend (Fig.  5.6 ). According to the above, it is clear that the 
shrimp fi sheries in Mexico are at their maximum catch potential and indeed in some 
particular regions the shrimp stocks have declined steadily; and the most severe 
decline has been experienced by the pink shrimp ( F. duorarum ) in the Campeche 
Sound, Gulf of Mexico (Ramírez-Rodríguez et al.  2000 ).

   Production of farmed shrimp in Mexico has been recorded in offi cial statistics 
since 1985 with 35 tonnes (Secretaría de Pesca  1993 ). However, shrimp farming has 
grown exponentially since then, reaching an annual production of 133 thousand 
tonnes in 2009 and about 110 thousand tonnes in 2011 (Fig.  5.7 ). Moreover, since 
2003 shrimp farming production exceeded the total national production of the cap-
ture shrimp fi shery, and nowadays aquaculture production of shrimp nearly doubles 
the capture shrimp fi shery production in Mexico. Farmed shrimp has made it pos-
sible to reach a national production of 170 to almost 200 thousand tonnes of shrimp 
during recent years (Fig.  5.7 ).

   Along with the substantial increase in aquaculture production of shrimp, there 
has been an increase in the number of shrimp farms, particularly along the Mexican 
Pacifi c; while in contrast, a continuous reduction in the number of shrimp vessels 
has been observed since 2004. Afterward, in 2011 the number of shrimp vessels and 
shrimp farms was almost the same (Fig.  5.8 ). Although there has been a fast incre-
ment of farmed shrimp production in the Mexican Pacifi c during the last two 
decades, shrimp aquaculture has remained incipient in states located along the 
Mexican coasts of the Gulf of Mexico and consequently most shrimp production, 

0

20,000

40,000

60,000

80,000

100,000

1975 1980 1985 1990 1995 2000 2005 2010

Sh
rim

p 
ca

tc
h 

(t
on

ne
s)

Mexican Pacific

Total national

Gulf of Mexico
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from the fi shery and aquaculture sectors, comes from the Mexican Pacifi c (Fig.  5.9 ). 
In this regard, according to offi cial statistics of fi sheries and aquaculture production 
in Mexico provided by CONAPESCA ( 2011 ), the Mexican Pacifi c accounts for 
73 % of the national capture shrimp fi shery production and 97 % of shrimp farming 
production in the country (Fig.  5.10 ).
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5.4.2          Aquaculture of Shrimp in Mexico: Technological 
and Biological Aspects 

 Global production of farmed marine shrimp was around 3.5 million tonnes in 2011, 
being dominated by the culture of  L. vannamei  (white leg shrimp) and  Penaeus 
monodon  (giant tiger prawn) (Fig.  5.11 ). In the case of Mexico, the main shrimp 
species utilized in aquaculture industry is the Western white shrimp or white leg 
shrimp ( L. vannamei ). The culture of  L. vannamei  in Mexico began in the early 
1980s because of the viral disease problems with  L. stylirostris  that until then used 
to be the most widely exploited in shrimp farming along the Mexican Pacifi c 
(SAGARPA  2012 ).

   Production of the white shrimp ( L. vannamei ) represents about 75 % of the world 
shrimp production and it is the main species used in shrimp farms of America 
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(including Mexico), Asia, and Africa (FAO  2012 ); being the main introduced spe-
cies for aquaculture purposes in the last two mentioned continents. 

 This shrimp species reaches a maximum total length of a 23 cm, and shows a 
uniform growth rate. The white shrimp tolerates salinities from 15 to 40, and some 
experimental evidence suggests the possibility for farming shrimp in freshwater 
areas with special acclimation (Araneda et al.  2008 ,  2013 ; Miranda et al.  2010 ; 
Ortega-Salas and Rendón  2013 ). Even, some commercial farms in Mexico, particu-
larly in the Northeastern region, operate under very low salinity to freshwater 
conditions. 

 Before the 1980s, a high number of shrimp farms used to obtain post larvae 
directly from the wild environment or brood stock collected from natural habitats 
for reproduction purposes in production laboratories (maturation and hatcheries). 
During the period of mid-1980s to the early 1990s, the traditional method to obtain 
the post larvae and brood stock from wild habitats changed to obtain organisms 
from shrimp farms, which support the use of quality control measures against 
shrimp diseases (Martínez-Córdova  1999 ; Walker and Winton  2010 ). In this period, 
all Mexican farms employed specifi c pathogen free (SPF) or specifi c pathogen 
resistant (SPR) post larvae. At same time, the collection of wild post larvae was 
prohibited in order to prevent dispersion of shrimp diseases and as an environmental 
protection measure for wild shrimp populations that support shrimp fi sheries (Páez- 
Osuna  2001 ; Lightner  2005 ; Walker and Winton  2010 ). Nowadays, the brood stock 
individuals are collected from special shrimp ponds where SPF of SPR organisms 
are maintained under low density, suitable feeding, and a high control of water qual-
ity (Lightner  2005 ). Collected organisms are analyzed in certifi cated aquatic animal 
health laboratories (Ortega  2012 ) before being transported to maturation tanks. 

 Maturation and reproduction of brood stock shrimp is carried out in tanks under 
controlled conditions in a maturation laboratory (Treece  2000 ). Shrimp females 
with attached spermatophore are transferred to the spawning area for spawning. 
Afterward, shrimp females are returned to their specifi c maturation tank. The 
spawned eggs are maintained in the spawning area until hatching. The nauplii are 
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collected, washed, and evaluated for quality (Treece  2000 ). Later, they are cultured 
under standard conditions to protozoea (I–III) and mysis stages (I–III) before 
assuming the body plan of the adult as a post larva (Treece  2000 ). 

 In 2012, Mexico had 58 offi cial companies of post larvae production (commonly 
named as production laboratories) with 10,000–15,000 million of post larvae pro-
duction of  L. vannamei  and/or  L. stylirostris  distributed in the Mexican Pacifi c 
(states of Baja California, Baja California Sur, Nayarit, Sinaloa, and Sonora) and 
the Gulf of Mexico (Tamaulipas and Yucatan). The majority of these laboratories 
(75 %) are located in the states of Sinaloa and Sonora; in fact, these states from the 
Mexican Pacifi c are the largest producers of farmed shrimp in the country and have 
the largest number of shrimp farms. 

 Extensive shrimp farming was the fi rst shrimp production system installed in 
Mexico, before private investment in the aquaculture industry was allowed by the 
government (Martínez-Córdova  1999 ; DeWalt et al.  2002 ). As in other countries, 
extensive production of shrimp was initially based on the capture of wild post 
larvae; however, presently post larvae are supplied from controlled farms with SPF 
or SPR organisms (Lightner  2005 ; Walker and Winton  2010 ). Table  5.1  displays the 
general characteristics of the main shrimp farming systems in Mexico; the number 
of shrimp farms and the extension in hectares used for shrimp aquaculture in 2011 
is also reported. Extensive shrimp culture systems are disappearing compared to 
intensive and semi-intensive systems. The historical transition from extensive to 
intensive systems is evident; in 1995 there were 71 extensive shrimp farms (2,884 ha) 
whereas there were 147 semi-intensive (10,872 ha), and 13 intensive (546 ha) 
production systems (SEMARNAP  1996 ). Afterward, by 2011 the number of exten-
sive shrimp farms decreased to only two farms (3 ha); however, there was a notable 
increase of semi-intensive shrimp farms reaching the amount of 1,367 farms 

    Table 5.1    General characteristics of the Mexican shrimp culture systems (CONAPESCA  2011 )   

 Shrimp culture systems 

 Extensive  Semi-intensive  Intensive  High intensive 

 Pond area (ha)  1.5–280  5–15  0.3–5  0.03–1 
 Post larvae/m 2   1.7–15.4  0.4–40  21–58  450–500 
 Feeding  Natural  Moderate natural + 

commercial 
 Low natural + 

commercial 
 Commercial feed 

 Technology  Low level  Moderate level  High level  Higher level 
 Production (cycle/

year) 
 1  1–2  2–3  3–4 

 Production (kg/ha)  13–500  500–1,000  1,000–5,000  >5,000 
 Shrimp and water 

quality 
management 

 No quality 
control 

 Low to moderate in 
nursery, 
moderate to high 
in grow-out 
phase 

 High during all 
production 
cycle 

 Higher during all 
production 
cycle 

    Number of farms  2  1,367  13  – 
 Production area  3  71,057  384  – 
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(71,057 ha), while the number of intensive shrimp production units did not change, 
remaining at 13 farms (383 ha) (CONAPESCA  2011 ).

   In general, a few farms have continued using the extensive, which require rela-
tively low levels of technology and investment. The production of shrimp depends 
on the natural productivity of the enclosed body water which is enhanced by fertil-
ization (organic and inorganic); additionally, shrimp are fed a commercial feed 
close to harvest time, in order to increase shrimp size (Treece  2001 ; Martínez- 
Córdova et al.  2004 ). In this type of aquaculture system, shrimp farms take advan-
tage of natural tides for water exchange in the shrimp pond which at the same time 
helps to maintain proper water quality in the ponds. This system can use pumps to 
facilitate this process during harvest time or during extreme low water quality con-
ditions (Páez-Osuna et al.  2003 ). 

 Semi-intensive shrimp farming have been utilized since 1980s, being the main 
shrimp farming systems used in Mexico today (Table  5.1 , Fig.  5.12a, b ). The 
increase of semi-intensive and intensive production systems was possible because 
the Mexican government allowed private investment in the shrimp aquaculture 
industry, although the exploitation of shrimp species had been exclusively reserved 
to organizations of fi shermen named ‘cooperatives’ (INAPESCA  2006 ). This 

  Fig. 5.12    Shrimp culture pond of extensive ( a ) and intensive ( b ) systems. ( c ) Nursery greenhouse 
of  L. vannamei  post larvae with freshwater in Reynosa, Tamaulipas, Mexico. ( d ) Shrimp harvest 
under HACCP conditions (Photographs provided by Zeferino Blanco-Martínez ( b ,  c ) and Gabriel 
Aguirre-Guzmán ( a ,  d ))       
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 situation generated an exponential growth in shrimp farming enabling it to reach the 
actual levels of productivity, where farmed shrimp production has practically 
 doubled the capture shrimp fi shery production (Fig.  5.7 ).

   Mexican farms that use these systems recognize two culture phases. The fi rst 
phase or nursery (from post larva to juvenile shrimp ≤0.5 g) use natural food 
obtained through previous fertilization (inorganic) with triple superphosphate or 
TSP [Ca(H 2 PO 4 ) 2 ] + Urea [CO(NH 2 ) 2 ] on shrimp ponds (Treece  2001 ; Martínez- 
Córdova et al.  2004 ). The post larvae acclimatization is very relevant to reduce post 
larval stress caused by changes in temperature, salinity and pH when they are trans-
ferred from hatcheries to shrimp farms. 

 During this phase, shrimp ponds are fi lled with less than 100 % of their water 
capacity, which is increased as the shrimp grows. Pond fertilization is strongly mon-
itored during the shrimp culture focusing on obtaining a proper productivity of 
algae, mollusks, polychaetes, organic matter, small crustaceans, and diverse benthic 
organisms that provide a natural feed source for shrimp (Treece  2001 ; Martínez- 
Córdova et al.  2004 ). However, as shrimp grow natural feeding is replaced by artifi -
cial feed (pellets). Several farms with intensive systems have specialized areas such 
as greenhouse or nursery areas with a high control of water quality, where shrimp 
are maintained until reaching a suitable body size before they are transported to the 
grow-up ponds. 

 In the second phase or growth phase (shrimp ≥0.5 g to harvest) there is a con-
stant control of the different parameters of shrimp production, such as disease pre-
vention and/or control, feeding and growing rates, feed conversion ratio, feed intake, 
shrimp density, among other parameters. Commercial feed is supplied one or two 
times per day. Dissolved oxygen levels, pH, and water temperature in the shrimp 
pond is assessed daily, whereas ammonium, nitrites, nitrates and primary productiv-
ity parameters are monitored weekly. Semi-intensive and intensive shrimp farms 
utilize water exchange and aeration supply to maintain water quality. Additionally, 
shrimp survival, their size and weight, and intestinal fullness are monitored biweekly 
in order to calculate the feed necessary for the next weeks (Arredondo-Figueroa 
 2002 ; Rojas et al.  2005 ). 

 Recently, the use of liners or geo-membrane of synthetic polymers (high-density 
polyethylene or HDPE, and ethylene-propylene-diene-monomer or EPDM) is used 
in shrimp farms with intensive systems (Horowitz et al.  2001 ; Samocha  2011a ). 
Shrimp farms use these polymeric geosynthetic barriers principally as pond cover to 
prevent water fi ltration (Horowitz et al.  2001 ; Samocha  2011a ); this type of material 
also facilitates the collection, treatment and/or removal of organic material and sedi-
ment produced during shrimp farming. Initially, these geo-membranes were used in 
maturation and larval rearing tanks, later they were also utilized in nursery ponds 
and fi nally in grow-out ponds. However, the use of EPDM has decreased due to its 
apparent toxicity to shrimp (Samocha  2011b ). In most shrimp farms one to two 
crops a year are obtained; in tropical climates, even three crops a year are possible. 

 Some farms in Mexico grow shrimp in freshwater conditions. To this end, shrimp 
post larvae are previously adapted to freshwater in tanks before they are transferred 
to the grow-out ponds (Araneda et al.  2008 ,  2013 ; Miranda et al.  2010 ; Ortega-Salas 
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and Rendón  2013 ). Some of these types of farms that culture shrimp in freshwater 
conditions, are located in the Mexican states of Baja California, Colima, Sinaloa, 
Sonora, and Tamaulipas which operate at commercial scale, using freshwater from 
artesian wells (2–10 ‰) (CONAPESCA  2011 ; Ortega-Salas and Rendón  2013 ). 
Early post larvae of  L. vannamei  (PL 2–7) are acclimated from seawater to freshwa-
ter at a rate of 1 ‰ per day until obtaining a salinity water level similar to that in 
grow-up ponds (Fig.  5.12c ). The post larvae are acclimated in greenhouses at low 
densities for a better control of the environmental conditions, and they are feed with 
 Artemia  spp. nauplii and microparticle feed (Treece  2001 ; Araneda et al.  2008 ; 
Miranda et al.  2010 ). 

 When organisms show an adequate body size, they are transferred to the grow- 
out ponds (land and/or liners). The freshwater shrimp farm close to Reynosa, 
Tamaulipas (Mexico) located at 65–70 km from the coast is a good example of this 
type of production system (Gutiérrez-Salazar et al.  2011 ).  

5.4.3     Future Considerations and Concerns 

 The further development of the shrimp aquaculture industry may generate a high 
environmental pressure (mangrove deforestation, increase of organic material and 
sediments in estuaries and coastal lagoons) that at the same time might diminish or 
stop the continuous growth of this industry. In this regard, the implementation of 
measures in order to develop aquaculture methods environmentally sustainable is 
critical (Páez-Osuna  2001 ; Ferreira et al.  2007 ). 

 The rapid expansion of the shrimp farming industry brought with it frequent 
outbreaks of diseases affecting the shrimp growth and survival (Walker and Winton 
 2010 ). Pathogens represent a critical problem to the shrimp industry, causing impor-
tant declines in shrimp production with the concurrent economic losses. Viruses are 
known as the most important pathogens faced by the shrimp farming industry. In 
Mexico, the Infectious hypodermal and hematopoietic necrosis virus (IHHNV) was 
introduced during early 1980s into shrimp farms, producing the collapse of young 
farmed  L. stylirostris  which encouraged shrimp farmers to change the cultured 
shrimp species to  L. vannamei  (Aguirre-Guzmán and Ascencio-Valle  2000 ). Later, 
the Taura Syndrome Virus (TSV) affected the shrimp cultures of  L. vannamei  during 
the 1990s causing the return of  L. stylirostris  to the shrimp cultures (Lightner  1999 ; 
Aguirre-Guzmán and Ascencio-Valle  2000 ; Lightner  2005 ). Currently,  L. vannamei  
is the most important shrimp cultured in Mexico; however, in early 2000s the White 
Spot Syndrome Virus (WSSV) generated important shrimp losses in shrimp farms 
particularly on  L. vannamei  (Lightner  1999 ,  2005 ; Aguirre-Guzmán and Ascencio- 
Valle  2000 ; Sánchez-Martínez et al.  2007 ). Recently, the Mexican government 
stopped all shrimp imports from Asia due to a new pathogen ( Vibrio parahaemolyti-
cus ) detected in those shrimps; which has produced high shrimp mortality in the 
Mexican Pacifi c region where the vast majority of shrimp farms are located. These 
bacteria are transmitted orally, colonizing the shrimp gastrointestinal tract, and 
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 producing toxins that cause tissue destruction and dysfunction of the  hepatopancreas. 
This bacterial disease is called early mortality syndrome (EMS) or acute 
 hepatopancreatic necrosis syndrome (AHPNS) (FAO  2013 ). 

 The future of shrimp farming in Mexico is relevant for shrimp production in the 
country. For that reason and according to previous experience where signifi cant 
losses of shrimp production were due to several pathogens, some strategies have 
been established with the aim to obtain a healthy shrimp aquaculture industry. The 
strategies implement are based on animal health and technological elements, such 
as the use of SPF (specifi c pathogen free) and SPR (specifi c pathogen resistant) post 
larvae (Walker and Winton  2010 ). Mexico implemented this measure of diseases 
control in the mid-1990s after TSV outbreaks in shrimps from Hawaii, USA, France 
and Tahiti. To date, this biosecurity strategy has been complemented with a reduced 
water exchange, hazard analysis and critical control points (HACCP) systems, and 
the careful monitoring and management of shrimp culture (Fig.  5.12d ). The Mexican 
government decreed a law project (NOM-062-ZOO-1999 and Project NOM-000- 
ZOO-2009) on aquatic animal health showing the relevance of using SPF organisms 
in shrimp production (Lightner  2005 ), with special attention to quarantine laws to 
prevent the import of exotic pathogens. 

 Shrimp farmers associations (SFA) in Mexico are highly communicated and 
organized (intra and inter-associations) allowing them to achieve common objec-
tives for the shrimp aquaculture industry. They also have a close relationship with 
research groups to work in common areas of interest; this is especially true in the 
Mexican Pacifi c, which accounts for 97 % of total farmed shrimp (Fig.  5.10 ). This 
organizational arrangement has also enabled them to get fi nancial support for tech-
nology to improve shrimp production, as well as to get better national and/or inter-
national prices. Currently, the SFA have been working on the issue of animal health 
in shrimp farms in real time with different laboratories focused on the diagnosis of 
shrimp diseases in Mexico, USA, and France.   

5.5     Trends and Advances on the Interaction of Fishing 
and Aquaculture for Tuna Production 

5.5.1     Situation of the Tuna Fishery and Wild Tuna Stocks 
in Mexico 

 Tuna represents the third most important marine resource in Mexico in terms of 
volume, after sardine and shrimp; but it is the second most economically important 
fi shery resource, just after shrimp, reaching about US$86 million in 2011. The 
Mexican tuna fi shery occurs along the Pacifi c Ocean and Gulf of Mexico; however, 
the Mexican Pacifi c is the most important region for tuna fi shing in the country. In 
fact, the catch of tuna in the Mexican Pacifi c in 2011 was 106 thousand tonnes (107 
tuna vessels) whereas in the Mexican Atlantic (Gulf of Mexico and the Caribbean 
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Sea) was 1.5 thousand tonnes (31 tuna vessels) (CONAPESCA  2011 ). This fi shery 
on the Pacifi c side of Mexico is supported primarily by the catch of the yellowfi n 
tuna ( Thunnus albacares ) accounting for about 80 % of total tuna catch, followed 
by skipjack tuna ( Katsuwonus pelamis ), bluefi n tuna ( T. orientalis ) and bonito 
( Sarda  spp.) among others (INAPESCA  2006 ), which are mainly caught with purse 
seine gears. In the Gulf of Mexico, the fi shery is based on yellowfi n tuna primarily 
caught with long-line fi shing gears. 

 Tuna catch by Mexican vessels started in the 1950s in the Pacifi c Ocean reaching 
around 109 thousand tonnes; before this year the fi shery was artisanal (INAPESCA 
 2006 ). However, after the following two decades tuna catches decreased to 13,825 
tonnes in 1972 reaching its maximum in 2003 with 188,821 tonnes; but during the 
last 5 years (2007–2011) tuna catch has fl uctuated around 130 thousand tonnes. 
Additionally, tuna farming has also contributed to tuna production in Mexico; how-
ever, its contribution in terms of volume has been much lower than from the tuna 
fi shery. Tuna aquaculture production in Mexico was recorded in offi cial statistics of 
CONAPESCA since the mid-2000s, and its production has fl uctuated from 4,193 
tonnes in 2004 to 3,689 tonnes in 2011 (Fig.  5.13 ).

   There are three bluefi n tuna species: Southern bluefi n tuna ( T. maccoyii ), Atlantic 
and Mediterranean bluefi n tuna ( T. thynnus ), and Northern Pacifi c bluefi n tuna ( T. 
orientalis ); of these three species, the Northern Pacifi c bluefi n tuna is currently 
farmed in Mexico.  Thunnus orientalis  is a highly migratory species, and its com-
mercial value exceeds that of most other species of tunas (Kitagawa et al.  2007 ). 
This species also has the largest home range of any tuna of the genus  Thunnus  
(Withlock et al.  2012 ). 
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  Thunnus orientalis  spawns in the North Pacifi c in the sea between Japan and the 
Philippines from April to June, south of Honshu Island in July, and in the Japan Sea 
in August (del Moral-Simanek and Vaca-Rodríguez  2009a ); however, their 
 reproductive biology is not well understood (Chen et al.  2006 ). Juvenile bluefi n tuna 
remain in the Western Pacifi c during their fi rst year of life (Kitagawa et al.  2007 ), 
and then, when the carrying capacity of the sea begins to saturate, part of the 2-year- 
old bluefi n tuna population migrate to California and Baja California as a survival 
strategy, using the cold water of the Subarctic Frontal Zone (Kitagawa et al.  2009 ). 
These organisms constitute the tuna fi shery found in the East Pacifi c from May to 
October, where they stay until they are 6 years old; no tuna larvae have been reported 
from the East Pacifi c, and it is surmised that the tuna return to Japan to spawn. 
Several studies have reported on the seasonal movements of pacifi c bluefi n tuna in 
the Eastern North Pacifi c using archival tags, and they have revealed that in the sum-
mer, tuna are located primarily over the continental shelf of Baja California and 
migrate north to Central California in the fall, to return to Southern California by 
mid-winter (Kitagawa et al.  2007 ). In another study, electronic tagged bluefi n tuna 
showed repeatable seasonal movements along the west coast of North America, and 
were found farthest south in the spring off southern Baja California, Mexico and 
farthest north in the fall when fi sh were found predominately off central and north-
ern California (Boustany et al.  2010 ), concentrating in areas of high productivity, 
with dispersed fi sh in areas of low productivity. 

 There are commercial fi sheries for Pacifi c bluefi n tuna throughout their distribu-
tion range, from the Western to the Eastern Pacifi c Ocean (Withlock et al.  2012 ). Of 
the total population of Northern Pacifi c bluefi n tuna, about 15 % is captured in the 
Eastern Pacifi c (California and Baja California), where due to its high value in the 
Japanese market, it is ranched and fattened for export to Japan (del Moral-Simanek 
et al.  2010 ). The Mexican fl eet usually captures tuna from May to October (del 
Moral-Simanek and Vaca-Rodríguez  2009a ). 

 There are other valuable tuna species that are valuable alternatives to bluefi n 
tuna; these species are bigeye tuna ( T. obesus ) and yellowfi n tuna ( T. albacares ), 
which have been farmed in the Cedros Island farm, located on the Mexican Pacifi c 
(Belle et al.  2003 ).  

5.5.2     Tuna Culture in Mexico 

 Global demand for tuna has increased at a rapid rate, resulting in a downward trend 
in supplies of tuna, which in turn has resulted in increased catch restrictions by the 
Tuna Regional Fisheries Management Organization (RFMO); at the same time 
there has been an increase in tuna stock originating from farms (Ariji  2010 ). 

 The tuna industry in Mexico consisted principally in the capture of wild tuna for 
canning. However, after the 1990 US tuna embargo on Mexico, tuna captures 
stopped being one of the main export fi sheries products, and revenue from tuna 
capture fell (del Moral-Simanek and Vaca-Rodríguez  2009a ). Because of this, Baja 
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California businessmen saw the opportunity to establish North Pacifi c bluefi n tuna 
( T. orientalis ) farms, with the purpose of capturing, farming and exporting tuna to 
the Japanese market (del Moral-Simanek et al.  2010 ). 

 Tuna farming operations in Mexico constitute about 3 % of the world total (Belle 
et al.  2003 ). Most tuna farming operations in Mexico are located on the Baja 
Peninsula, on the Pacifi c side. Tuna farming in Mexico started in 1996 (Belle et al. 
 2003 ) because of its temperate water, low labor costs, and abundant supply of local 
feed, especially sardines ( Sardinops sagax ) (del Moral-Simanek et al.  2010 ). The 
fi rst bluefi n tuna farm was established in Isla de Cedros, Baja California in 1997, 
with a total production of 64 tonnes of live tuna in 3 years (del Moral-Simanek et al. 
 2010 ) and a second farm, Maricultura del Norte, S de RL de CV in 1998. By 2003 
there were already fi ve tuna farms in operation, and by 2007 there were ten farms 
(del Moral-Simanek and Vaca-Rodríguez  2009a ). From 1999 to 2003, the tuna pro-
duction from farming increased from less than 50 to about 600 tonnes (Belle et al. 
 2003 ), and up to 4,535 tonnes in 2005 (CONAPESCA  2005 ) by the ten companies 
in operation (del Moral-Simanek and Vaca-Rodríguez  2009b ). However, due to the 
world fi nancial crisis, by 2009, there were only two farms in production, Baja 
Acuafarms and Maricultura del Norte (Anonymous  2009 ), which limited the num-
ber of captures. An economic reactivation in Baja California, Mexico, began in 
August 2010, when three more farms were opened and newly capture tuna were 
transported and caged (Anonymous  2010 ). By 2013, 79 % of farmed tuna in Tokyo 
was imported from Mexico, which exported from January to April 2013 about 7,000 
tuna (Anonymous  2013 ). Tuna aquaculture in Mexico is only practiced on the 
Pacifi c side of the country; in fact, the Mexican Pacifi c accounts for almost 99 % of 
the total national production of tuna with 108 thousand tonnes (capture fi shery and 
aquaculture) whereas catches of tuna from the Gulf of Mexico fl eet accounts for 1.5 
thousand tonnes (CONAPESCA  2011 ) (Fig.  5.14 ).

   Tuna farming in Mexico is done by fattening wild caught tuna (del Moral- 
Simanek and Vaca-Rodríguez  2009a ). The production cycle lasts from 3 to 8 months, 
depending on the fi sh size. When the fi sh are small they are usually held for longer 
periods of time. Water temperatures range from 18 to 22 °C and the cage systems 
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are 40–50 m in diameter, 15–20 m deep with holding volumes of 18,000–20,000 m 3 , 
with fi sh densities ranging from 2 to 5 kg/m 3 . Fish are fed both fresh and frozen 
sardines, mackerel and squid. Weight gain ranges from 30–90 % of initial weight. 
Fish are harvested from December to April/May, using the Australian method (Belle 
et al.  2003 ) (see Fig.  5.15 ).

  Fig. 5.15    Tuna farming on the Pacifi c Ocean in Baja California (Mexico): ( a ) circular cages for 
capture-based aquaculture of tuna located along the coast; ( b ) sea lions surrounding the cages 
attracted by the uneaten food; ( c ,  d ) bluefi n tunas ( Thunnus orientalis ) swimming inside the cages 
which are fattened for several months; ( e ) tuna farmer overseeing the feeding of fi sh; ( f ) harvesting 
of tuna from the cages to be iced and transported to sashimi markets of Japan and USA (Photographs 
provided by Luz Estela Rodríguez-Ibarra)       
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   A particular problem of tuna farming in Mexico is the presence of predators, in 
the form of sea lions, since many areas along the coastline contain large colonies, 
which are attracted to the tuna cages by the excess feed that falls through the cages 
and that is discarded. Therefore, stress and poor performance of fi sh has been a 
problem and is common in most farms. Tuna farmed in Mexico is generally smaller 
in size (Belle et al.  2003 ) (Fig.  5.15 ). 

 The primary market for tuna farmed in Mexico is Japan. However, the rapidly 
expanding US market for sashimi products has increased the number of exports 
from Mexico to the US. It is predicted that a larger percentage of farmed tuna from 
Mexico will be marketed in the US. Bluefi n tuna farmed in Mexico is highly prized 
for its meat within the sashimi market, and consequently the price per tonne of the 
farmed tuna is about tenfold the price per tonne of tuna caught in the fi shery. For 
instance, during 2004–2011 the price of 1 tonne of farmed tuna in Baja California 
(Mexico) was 7–13 times the price per tonne of tuna caught by the Mexican fl eet 
(Fig.  5.16 ).

   The increase in tuna farming in Mexico has also resulted in an increased demand 
of live feed to fatten the tuna in the form of sardines, which has resulted in an 
increased price per tonne, benefi ting the sardine local fi shery with prices of up to 
US$100–120 per tonne (del Moral-Simanek et al.  2010 ). 

 Capture-based aquaculture of bluefi n tuna in Mexico is similar to that occurring 
in other parts of the world, and has been expanding rapidly but little is known about 
its environmental impact. Studies on Mediterranean tuna farms, have reported high 
nutrient concentrations at the cage station, however, monitoring of physico- chemical 
parameters, nutrients, and chlorophyll in the water column together with organic 
carbon in sediment did not show detectable impact of fattening of Atlantic bluefi n 
tuna, probably caused by strong currents present in the area, water depth, controlled 
feeding, and periodic presence of tuna farming activity in the study area (Aksu et al. 
 2010 ). However, fi sh farms cause wild fi sh to aggregate nearby, but the spatial and 
temporal extent of the attraction effect around farms is still poorly understood 
(Bacher et al.  2012 ).  
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5.5.3     Future Considerations and Concerns 

 Tuna from the genus  Thunnus  are high commercial value species that until very 
recently could only be acquired by wild captures (Munday et al.  2003 ) which has 
resulted in the decline of tuna populations worldwide. Japan continues to be the 
most important market for tuna products, however the fi shery productivity has 
decreased, especially for bluefi n tuna ( T. orientalis ,  T. thynnus ), because of the strict 
capture limits implemented, which are needed to conserve the resources (Ariji 
 2010 ). Tuna production from farms or ranches has become increasingly signifi cant, 
but, since these farms rely on natural young tuna as a raw material, they are also 
affected by the resource management efforts (Ariji  2010 ). 

 Complete tuna domestication may be a solution to stop the tuna population 
decline due to overexploitation, fortunately, a full-cycle farming technology for  T. 
orientalis  has recently been developed in Japan (Sawada et al.  2005 ; Ariji  2010 ); 
however, in Japan, there is a negative image of farmed products; therefore it is nec-
essary to change the consumer perception. 

 Particularly, the reproductive biology of Pacifi c bluefi n tuna ( T. orientalis ) appear 
to be poorly known when compared with other tunas (Juan-Jordá et al.  2013 ); while 
larval production technology is underdeveloped (Sawada et al.  2005 ). There are 
studies that report the reproductive stock parameters associated with this species; 
and it seems that condition factor decreases from late May to early June, and the sex 
ratio might be 1:1 for spawners, with a relatively high gonadosomatic index, which 
is markedly increased from late May to early June. Histological examination of 
oocytes revealed that all specimens were sexually mature at the start of the spawn-
ing activity which starts in May and peaks in late May to early June and fecundity 
increased with fork length, and preliminary estimates of spawning frequency 
between batches range 2–4.5 days based on analysis of postovulatory follicles 
(Chen et al.  2006 ). 

 Completion of the life cycle of Pacifi c bluefi n tuna may open the possibility of 
genetic improvement by selecting useful biological traits such as growth, feed con-
version rate, meat quality, disease resistance, resistance to environmental stress, etc. 
(Sawada et al.  2005 ). However, diffi culties in maturation, spawning and seedling 
production of Pacifi c bluefi n tuna still exist, and the key factors initiating spawning 
have not been clearly identifi ed. Furthermore, there are high levels of cannibalism 
in tuna larvae, which needs to be suppressed to ensure high survival rates for practi-
cal larval and juvenile production of Pacifi c bluefi n tuna (Sawada et al.  2005 ). 

 A concern in tuna farming is mercury accumulation. Studies on southern bluefi n 
tuna (SBT) edible tissues showed that there is a reduction in the mercury concentra-
tion over a typical farming period of 136 days, due to growth dilution from 0.51 mg/
kg down to 0.33 mg/kg. Culture beyond 136 days resulted in an increase in mercury 
concentration due to the combined effects of mercury accumulation and seasonal 
lipid depletion (Balshaw et al.  2008 ). 

 Intensive aquaculture is affected by disease epizootics and the introduction of 
parasites as a consequence of the transport of live fi sh (Guo and Woo  2009 ). Marine 
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fi sh parasites are usually considered benign in the wild, except when they may 
impact its host’s fecundity or induce their death (Jones  2005 ). However, in aquacul-
ture settings, parasites are associated with high mortalities and reduced productiv-
ity, especially when these parasites are direct cycle (Hayward et al.  2007 ,  2008 ) and 
they propagate from fi sh to fi sh, reaching high infection rates due to the high density 
at which fi sh are kept. 

 Tuna are energetic pelagic fi sh with a remarkable migratory activity, with a 
unique physiology refl ected in high metabolic rates. However, knowledge of micro-
bial and environmental diseases of tuna is still limited (Di and Mladineo  2008 ). 
Many pathogens can be potentially dangerous for tuna of the genus  Thunnus , both 
in natural populations, as those kept in captivity for aquaculture (Munday et al. 
 2003 ), although only a few have caused noticeable economic losses. 

 Among the different pathogens affecting tuna are viruses. There are two major 
viral diseases affecting Pacifi c bluefi n tuna; juvenile production has often failed in 
Japan because of the occurrence of viral nervous necrosis (VNN) caused by beta-
noda viruses (Sugaya et al.  2009 ). The mortalities mostly occur at larval stages, and 
in some, but not all mortality cases, the diseased fi sh was characterized by vacuola-
tion in the central nervous systems and retina. VNN is a major cause of larval mor-
tality of Pacifi c bluefi n tuna (Nishioka et al.  2010 ). Another virus that affects under 
1 year old juveniles is the Red Sea Bream Iridovirus (RSIV) (Masuma et al.  2011 ), 
which causes high mortality at the grow-out phase (Munday et al.  2003 ). 

 Bacteria are another source of disease for tuna. Most bacterial diseases described 
for tuna, mainly  Aeromonas  sp. have been reported as secondary infections follow-
ing skin damage caused by ectoparasites, such as  Caligus elongatus  (Munday et al. 
 2003 ). Infections with  Photobacterium damselae  subsp.  piscicida  have been associ-
ated with high mortalities of blue fi n tuna in the Adriatic Sea (Mladineo et al.  2006 ). 
Tuna are also susceptible to  Mycobacterium  sp., which causes piscine tuberculosis 
(Munday et al.  2003 ). 

 Protozoan infections include Coccidia ( Goussia auxidis ) and Scuticociliates 
( Uronema nigricans ), which cause signifi cant mortalities in Pacifi c bluefi n tuna lar-
vae (Munday et al.  2003 ). However, most parasitic infections in tuna are due to 
metazoan infections, although just a few species are of economic importance. 
 Kudoa  sp. is a myxozoon that is capable of liquefying the fi sh muscle in  T. maccoyii  
and  T. thynnus , which results in high economic losses. There are also many mono-
genean species that infect tuna, affecting gills and skin.  Hexostoma  thynni is one of 
the most common monogenean species found in tuna, causing branchial hyperpla-
sia, lamellar fusion and hemorrhages (Mele et al.  2010 ). Copepod crustacea are also 
another group of problematic parasites, with three potentially pathogenic species 
for tuna:  Caligus elongatus ,  Eyryphorus brachypterus  and  Penella fi losa , which 
cause external lesions, including branchial epithelia hyperplasia, lamellar fusion or 
hemorrhages (Mele et al.  2010 ).  Cardicola forsteri , a digenean sanguinicolid blood 
fl uke has been identifi ed as a moderate risk for farmed southern bluefi n tuna (Nowak 
 2004 ), although the fi sh are able to control de blook fl uke infection on its own 
(Aiken et al.  2006 ) growth may be compromised. Furthermore, studies demonstrate 
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the development of acquired resistance in fi sh against a parasite in an aquaculture 
environment under natural infection conditions (Aiken et al.  2008 ).   

5.6     Conclusions 

 From the viewpoint of food security, the particular case of shrimp aquaculture in 
Mexico has been a very signifi cant alternative to increase the shrimp production for 
human consumption, and perhaps it represents one of the few examples worldwide 
where aquaculture production of a native shrimp species (i.e.  Litopenaeus vanna-
mei ) has practically doubled the national shrimp fi shery production. According to 
offi cial statistics of fi shery landings in Mexico, the maximum level of shrimp caught 
by the fi shing fl eet was reached in a period of 40 years (1947–1987) with 83.8 thou-
sand tonnes. However, it only took about 20 years for shrimp aquaculture industry 
to reach a similar production which was even almost doubled in the following 
5 years up to 133 thousand tonnes of farmed shrimp. 

 Contrarily to the exponential development of shrimp aquaculture industry in the 
Mexican Pacifi c, the number of shrimp farms along the Gulf of Mexico is still incip-
ient accounting only for 2.6 % of the total farmed shrimp production. The opportu-
nity to increase the development of shrimp farming in the Gulf of Mexico is evident. 
However, any future expansion of shrimp aquaculture along the Gulf of Mexico 
coast should be made after a complete analysis of the potential environmental risks 
associated with this activity, which is based on the culture of  L. vannamei , an exotic 
species from the Pacifi c Ocean. Recently, seven individuals of this exotic species 
were reported in a coastal lagoon on the Southern Gulf of Mexico; but, the estab-
lishment of a local population of this species has not been confi rmed (Wakida- 
Kusunoki et al.  2011 ). Irrespective of this, the introduction of exotic species to the 
marine ecosystem of the Gulf of Mexico could have negative and unforeseen 
impacts to the biota. However, the lack of culture technologies for native shrimp 
species is also a limiting factor to avoid the use of  L. vannamei  in shrimp farms 
along the Gulf of Mexico. 

 Shrimp pond effl uents may contribute to nutrient over-enrichment and eutrophi-
cation of coastal ecosystems (Páez-Osuna et al.  2003 ) and the residual waters from 
shrimp farms may also contain chemical products such as fertilizers, pesticides and 
antibiotics (Páez-Osuna  2001 ). In this regard, the rapid increase in the number of 
shrimp farms along the Pacifi c Ocean also increase the pollution risks to the coastal 
environment which have not been suffi ciently documented excepting some particu-
lar cases. 

 Because of the capture shrimp fi shery in Mexico is at its maximum level of 
exploitation exhibiting stagnating catches, coupled with the fact that in some regions 
this fi shery resource is clearly depleted (Campeche Sound, Gulf of Mexico), shrimp 
aquaculture might be a potential alternative to maintain or increase the current 
shrimp production levels. However, aquaculture development should be supported 
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by a most participative environmental research in order to avoid possible negative 
effects to coastal ecosystems and their resources. 

 On the other hand, the interaction between fi shing and farming of tuna is very 
different to the case of the interactive contribution of the fi shery and aquaculture of 
shrimp mentioned above. Tuna fi shing is the main contributor to the total tuna pro-
duction in Mexico with approximately 130 thousand tonnes per year, with a very 
little contribution of bluefi n tuna ( Thunnus orientalis ) farming with around 3–4 
thousand tonnes per year. Contrary to the advanced development regarding shrimp 
farming, capture-based aquaculture of tuna continues to prevail. This means that 
tuna farming depends entirely on wild captures of bluefi n tuna to be transported and 
fattened in circular cages. Furthermore, this relatively new industry requires catch-
ing small pelagic, primarily sardines, which are utilized as feed for tunas. These two 
facts concerning tuna farming make it diffi cult to expect that tuna aquaculture may 
have an important contribution to national fi sh production, because it is directly 
dependent on the capture of wild tunas to be fattened and of small pelagics to be 
utilized as feed. Indeed, amount of bluefi n tuna farmed accounts for only 3.4 % of 
the total tuna production in Mexico, a completely opposite situation to farmed 
shrimp production. However, the price of 1 tonne of farmed tuna is about 7–13 
times that of tuna caught by the Mexican fl eet. Therefore, capture-based aquaculture 
of bluefi n tuna might not be a plausible option to increase the availability of fi sh for 
human consumption; but it is a good alternative as source of employment and 
incomes. 

 The occurrence of outbreaks of infectious diseases in aquatic organisms is one of 
the major threats to aquaculture production. Disease outbreaks have resulted in 
important losses in several countries around the world. In this regard, the use of SPF 
and SPR post larvae has been an important tool in shrimp aquaculture in Mexico as 
biosecurity strategy. However, knowledge of certain microbial diseases in farmed 
tuna is still limited. Thus, future research on this critical topic would be required. 

 In the case of Mexico, the combined contribution of fi sheries and aquaculture to 
food security has allowed to reach seafood production and income levels that could 
not have been obtained from the fi shing or aquaculture activities individually. 
Therefore, aquaculture should not be considered as a replacement of capture fi sher-
ies, but as a complementary productive activity to meet the growing human demand 
for food from the sea.     
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