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a b s t r a c t

In Mexico shrimp pond aquaculture is the main activity and contributes with 45.9% of the total fisheries
volume and 74.3% of gross profit generated by the national products, being Sonora, Sinaloa and Nayarit in
the east coast of the Gulf of California the states generating around 70% of region gross profit. The main
species cultivated is the white shrimp Litopenaeus vannamei, and for this reason academic and govern-
ment sector devoted much attention in this species, however, still researching on economic feasibility is
scarce and needed. In this paper, the technical, economics, production and environment parameters of 80
semi-intensive commercial in these states are analyzed and discussed. The results showed the main
external constraints affecting short and long run farm performance. The overall observations pointed out
that there is an increase on yield and income when shrimp farms invest in higher quality inputs such as
equipment and technology for more efficiency in using water, use of certified post-larvae and better
design of farm facility. Nevertheless, further research is needed to adjust shrimp production strategies to
specific farm requirement by investing in premium quality inputs. Furthermore, the most serious threat
from shrimp aquaculture is the potential effect on water quality and the infrastructure associated, that
having more serious effects on the environment, particularly in the coastal wetlands. The economic and
the environment care must be driven to lead a more sustainable scenario.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

From 2006 to 2008 the world shrimp farms produced about 3
million metric tons yearly, with prices around US$ 4000 per ton.
Nearly 80% of this production came from Asian countries (mainly
China and Thailand), while Latin America contributed with slightly
more than 15% of the total production, placing Mexico as the sixth
largest producer worldwide (FAO, 2009).
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Development of coastal aquaculture, particularly shrimp
farming, has generated debate in recent years for social and envi-
ronmental costs and benefits. Rapid expansion of shrimp farming in
countries of Latin America and Asia has focused attention on the
need for better and effective management strategies required to
enhance the positive contributions from this industry to economic
growth and poverty alleviation in coastal areas communities, while
controlling negative environmental and social impacts that may
accompany poorly planned and regulated developments (World
Bank et al., 2002).

The competition among shrimp producing countries around the
world, and the rapid advances in technology and the increase in
market demand, suggest that the shrimp industry at global level
and in Mexico in particular, needs to take appropriates measures to
maintain its viability. This can be achieved by making better use of
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Table 1
Farms and total area of farms in the Gulf of California, Mexico.

State Number of farms Cultivation area (ha)

Western
Baja Californiaa 21 117
Baja California Surb 4 618

Eastern
Sonorac 169 21,410
Sinaload 426 34,652
Nayarite 181 4633

Total 801 61,430

a CESAIBC, 2009. Resumen de actividades 2008. Comité Estatal de Sanidad Acuí-
cola e Inocuidad de Baja California A.C. http://cesaibc.org/pdf/informestecnicos/
crustaceos/2008/iNFORME%20GENERAL%20CRUSTACEOS.pdf.

b CESABCS, 2010. Producción de camarón de cultivo en Baja California Sur en el
ciclo 2009. Comité Estatal de Sanidad Acuícola de Baja California A.C.. http://www.
cesabcs.org/pdf/Produccion/camarón/producción camaron2009.pdf.

c COSAES, 2010. Informe Final Sanidad Camarón 2009. Comité de Sanidad Acuí-
cola del Estado de Sonora A.C.

d CESASIN, 2009. Boletín Informativo. Comité Estatal de sanidad acuícola de
Sinaloa. http://www.cesasin.com.mx/BOLETIN INFORMATIVO 13-01-10.pdf.

e CESANAY, 2010. Comité Estatal de Sanidad Acuícola de Nayarit A.C.
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the available scarce resources and appropriates technology without
further deteriorating environment. Decision maker and farmers are
challenged with the responsibility of planning and conducting
aquaculture development in a sustainable way whereby technical,
economic, social, and environment goals are simultaneously
satisfied.

In Mexico, the main species cultivated is the white shrimp
Litopenaeus vannamei although other Pacific shrimp species are also
cultured such as the blue shrimp Litopenaeus stylirostris and the
brown shrimp Farfantepenaeus californienses but in less proportion,
because the native shrimp species of Gulf of Mexico, still does not
had demonstrated their feasibility of culture. The production
mainly comes from semi-intensive practices, but this was not
significant until late 1980’s. After this, a rapid growth the shrimp
industry was observed, particularly in three states (Sonora, Sinaloa
and Nayarit) of the east coast of the Gulf of California, where most
of research was focused on environmental and disease issues.
Whereas in the Gulf of Mexico shrimp farms are working with
L. vannamei, because local species did not had demonstrated a real
potential for aquaculture purposes.

The Gulf of California is located at the northwest ofMexico and it
is surrounded by the states of Baja California (BC), Baja California Sur
(BCS), Sonora, Sinaloa and Nayarit (Fig. 1). The region constitutes
a heterogeneous space with climate varying from very dry to very
warm in Sonora, with an annual precipitation <450 mm and
mean temperatures of 18.5e22.0 �C, to dryewarm and sub-
humidetemperate in Sinaloa andNayarit, with annual precipitation
of 450e1600 mm and mean temperatures around 24.0e28.0 �C
(INEGI, 2007).

The economy of these three states is based on agriculture (grains
and vegetables crops), fishing, tourism, and recently aquaculture
that have rapidly been incorporated to the food production sector.
ShrimpMexican Aquaculture industry represents the 74.3% of gross
profit generated by the national products, being Sonora, Sinaloa
and Nayarit the main producer states with around 70% of regional
gross profit (CONAPESCA, 2010).

Shrimp production is the main aquaculture activity in México
which contributes to 45.9% of the total volume production,
compared with other important fisheries such as tilapia and oyster
that represent 25% and 19.9% respectively. Moreover, shrimp
Fig. 1. Localization of the region Gulf of Californ
farming represents 98.2%, 81.5% and 39.3% of the aquaculture
activities in Sonora, Sinaloa and Nayarit, respectively. In general,
aquaculture is the most important food production industry in the
Gulf of California region, where exists the 50% of the total farms in
the country, that employs 67.4% of its total population (which
means around of 8200 direct employment), and produces 88% of
the national gross domestic product (GDP). Regarding the GDP,
there is an inequality among the economics of Sonora and Sinaloa
states, compared with Nayarit is observed, due it has a smallest
industry, agriculture and fishing development in the region (INEGI,
2007). With regard to shrimp farming, in 2008 Sinaloa accounted
with the largest number of farms (426), fromwhich 89% work with
semi-intensive culture. In the case of Nayarit, there are 181 farms
(Table 1) with 70% operating on semi-intensive system, meanwhile
96% of the 169 farms found in Sonora work with semi-intensive
units (CONAPESCA, 2010).

Shrimp farming industry in Mexico grew rapidly since it
formerly started at the beginning of the 1980’s and it was stimu-
lated by growth in the world market for high-value shrimp
ia, Mexico and shrimp farm area sampled.
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Table 2
Stocking density of shrimp farms in the east coast of the Gulf of California, Mexico.

State Extensive (%) Semi-intensive (%) Intensive (%)

Sonora 0 96 4
Sinaloa 9 89 2
Nayarit 28 70 2

Extensive ¼ less 6 org/m2; semi-intensive ¼ 6e25 org/m2; intensive ¼ more 60
org/m2.
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production (Martinez-Cordero and Leung, 2004). The development
and dynamics of the aquaculture can be explained as a result of
legal changes that opened strict regulations on communitarian land
property and favored private aquaculture practices and market
regulations (Fishing Law and regulations, Law for Foreign Invest-
ment and General Law For Sustainable Fisheries and Aquaculture,
2007), these laws promoted participation of private capital, both
national or foreigner.

Sinaloa was the first state developing their shrimp farming
infrastructure followed by Nayarit and Sonora. According envi-
ronmental conditions, only Nayarit has possibilities to expand their
productive surface whereas Sonora seems to have the best
economic potential growth.

The national shrimp farm industry has been studied from
different points of view considering different aspects such as envi-
ronmental issues (Aguilar-Manjarrez and Ross, 1995; Hernandez-
Cornejo and Ruiz-Luna, 2000; Alonso-Perez et al., 2003;
González-Ocampo et al., 2003, 2006), shrimp health and diseases
(Esparza-Leal et al., 2007; Ruiz-Velazco et al., 2010) and economic
studies (Martinez and Seijo, 2001; Sanchez-Zazueta and Martinez-
Cordero, 2009), most of them achieved in Sonora and Sinaloa states.

In spite of this, few studies integrating technical, economics,
social and environmental issues have been done at regional level.
For this reason the goal of this study is the evaluation of technical,
production, economic and environmental parameters in semi-
intensive shrimp culture in Sonora, Sinaloa and Nayarit in order
to attain an integral vision and approach of this region and their
perspectives of sustainability for the next years. With this in mind,
the present study analyzes the above subjects for the semi-
intensive shrimp culture in Sonora, Sinaloa and Nayarit, to attain
an integral approach in the east coast of Gulf of California, Mexico.

2. Methodology

2.1. Technical and economics parameters

The analysis of technical and economics parameters was con-
ducted in 80 semi-intensive commercial shrimp farms; 18 in
Nayarit, 45 in Sinaloa and 17 in Sonora that represent 10% of farms
for each state. The parameters utilized in this study were selected
according to Ling et al. (1999), who compared at regional level
technical and economic aspects of shrimp farm in several Southeast
Asian countries. The total parameters included: total number of
farms, average farm size (ha), pond size (ha), stocking density
(postlarvae, PL/m2), number of crops/year, survival (%), mean yield
(kg/ha/crop), yield (kg/ha/year) and total production (ton), and
economic parameters as fixed costs (%), variable costs (%), feed (%),
seed (%), fertilizer (%), gasoline/oil (%), power (%), labor (%), main-
tenance (%), other (%), total costs (US$/kg) and profit (US$/kg).
Interviews to shrimp farm producers, managers and financial
organizations such as Unión de Acuacultores de Guasave, FIRA-
Sinaloa, FIRA-Sonora and Asociación de Acuacultores de Nayarit,
were realized by students of the School of Fisheries National
Autonomous University of Nayarit, Mexico, during a survey from
January to December 2007. The collected informationwas analyzed
and complemented with official records from the Sonora state
government.

2.2. Environmental parameters

Indicators onwater supply sources, landscape andanthropization
level and design of shrimp ponds were also evaluated. The water
sources and infrastructure characteristics forwaterdistributionwere
determined throughout satellite imagery analysis (2003e2007),
usingGoogle Earth applications. Anthropization level andvegetation
structure and physiognomy were derived from digital cartography
published by theNational Commission for theUse andKnowledge of
Biodiversity of Mexico (CONABIO, http://conabioweb.conabio.gob.
mx/metacarto/metadatos.pl). The size and shape of shrimp ponds
were integrated to the analysis as proper design helps to control
potential environmental impacts easier, facilitating a sustainable
activity (Treece, 2001). Most of this information was integrated in
previous works (Hernandez-Cornejo and Ruiz-Luna, 2000; Alonso-
Perez et al., 2003; Berlanga-Robles and Ruiz-Luna, 2006; Berlanga-
Robles et al., 2008) and information on the location and status of
productiononall farms fromtheSonora (COSAES), Sinaloa (CESASIN)
and Nayarit (CESANAY) was given by the Commissions of Aquacul-
ture Health (CAH).

2.3. Shrimp farming scenarios

Considering the economic information of shrimp farming in
Mexico and the environmental characteristics associated to this
activity all along the coastal zone of northwest Mexico, three
shrimp farming scenarios could be described for the Gulf of
California region:

a) Dynamic. With average utilities and high profitability to utility
average and higher profitability, this scenario is directly asso-
ciated with high productivity levels, so much with relationship
to the added value generated by busy man as in their relate
monetary of capital and work.

b) Stable. Characterized by a high profitability and utility,
although in an inferior degree to the shrimp farm in the region,
however its utility is very superior to the average of the
national fishing companies, as soon as their indicators of
productivity show high efficiency in terms of employment and
remunerations, nevertheless it is low for the indicators of
productivity of capital, inputs and fixed assets.

c) Decadent scenario. It presents the worst economic conditions,
with negative levels in profitability and losses in farm opera-
tion which is reflected in poor performance in terms of
productivity.
2.4. Statistical analysis

A total of twenty-four technical and economics variables were
submitted to Principal Components Analysis (PCA). Initially, vari-
ables were normalized before be analyzed and rotated using VAR-
IMAXwith Kaiser normalization, an orthogonal rotation procedure,
to increase the interpretability (Milstein et al., 2005). The SPSS
version 17 software program was utilized to realize the statistical
analysis.

3. Results

3.1. Technical and economics parameters

The semi-intensive farms is the most widely used shrimp
aquaculture system in these states (Table 2), and is based on
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Table 3
Technical parameters of semi-intensive shrimp farming systems in the east coast of
the Gulf of California, Mexico.

General Nayarit Sinaloa Sonora
aTotal no. of farms 144 411 163
aAverage farm size (ha) 25.0 71.0 89.9
Pond size (ha) 2e10 5e15 3e10
Stocking density (PL/m2) 6e25 6e20 15e30
Number of crops/year 2 2 1
Survival (%) 60 65 75
Yield (kg/ha/crop) 800 (600e3000) 902 (800e2500) 3200 (1500e5000)
Yield (kg/ha/year) 1200e6000 2400e5000 1500e5000
Total Production (Ton) 3223.8 33,950 66,031

a SAGARPA-CONAPESCA, 2007. Anuario estadístico de acuacultura y pesca.
Comisión Nacional de Acuacultura y Pesca. Mazatlán Sinaloa México. 223 pp.

Table 5
The rotated factor matrix, result from a principal component analysis based on 24
variables of 80 semi-intensive shrimp farms.

Parameter Component

1 2

Total number of farms �0.43587 0.90001**
Average farm size (ha) 0.74426 0.66789
Pond size (ha) �0.23998 0.97078**
Stocking density (PL/m2) 0.98437** 0.17609
Number of crops/year �0.99034** 0.13865
Survival (%) 0.97538** 0.22051
Mean yield (kg/ha/crop) 0.99814** �0.06091
Minimum yield (kg/ha/crop) 0.98511** 0.17191
Maximum yield (kg/ha/crop) 0.92277** �0.38535
Minimum yield annual (kg/ha/year) �0.06370 0.99797**
Maximum yield annual (kg/ha/year) �0.61525 �0.78833
Total production (ton) 0.79729 0.60360
Fixed costs (%) �0.32945 �0.94417**
Variable costs (%) 0.37078 0.92872**
Feed (%) �0.99990** 0.01387
Seed (%) 0.98952** 0.14440
Fertilizer (%) 0.88099 �0.47314
Gasoline/oil (%) 0.49657 �0.86799
Power (%) 0.13866 0.99034**
Labor (%) 0.79899 0.60134
Maintenance (%) 0.05684 0.99838**
Other (%) 0.98297** 0.18378
Total costs (US$/kg) 0.99657** 0.08278
Profit (US$/kg) 0.57766 0.81628
Expl. Var 23.74073 20.25927

**Significant parameter (p < 0.05).
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relatively high investments on hatchery production of L. vannamei
seed stock and supported with substantial amounts of fertilizers as
well as supplementary feeds, required to maintain stocking
densities into ponds ranging from 6 to 30 postlarvae (PL) per square
meter (PL/m2). However, due to the presence of virus diseases
farms have reduced stocking density and maintained a minimum
of water exchange. Even when the environmental conditions at
south of the study area seem to be better for cultivation purposes,
management practices are very important to obtain higher
yields. The stocking densities in semi-intensive systems showed
a northesouth gradient.

The technical parameters evaluated in 80 shrimp farms showed
that Sonora presented highest average yields per surface unit
(3.2 ton/ha), with survival rates around 75% (Table 3), by contrast,
Sinaloa shrimp farming yields in average 0.90 ton/ha and shrimp
survival of 65%, whereas Nayarit obtained the lowest yields and
survival rate with 0.80 ton/ha and 60%, respectively.

Sonora has oriented their activities to obtain a long unique
cultivation cycle (8e9 months) a year. The objective is to obtain
larger, best priced, shrimp sizes, from26e45per pound, up to16e20
per pound. This situation is forced in part by the environmental
conditions since Sonora coast is characterized by very dry andwarm
climates, which limits the shrimp farming in wintertime. Climate
changes in the south, fromdryor semidryandwarmand semi-warm
in Sinaloa, towarm sub-humid inmost of the coastal plain inNayarit
that naturally promotes the growth of shrimp and allows two
production cycles byyear. However, as production cycles are shorter,
smaller shrimp sizes areobtainedper Sinaloa andNayarit producers,
reaching sizes from 51e60 to 36e40 shrimp per pound, that are
deviated to the national market searching for attractive prices.

Also, estimating the production costs per kilogram (kg) of
shrimp, output shows that Sonora produces the highest value
Table 4
Economic parameters of semi-intensive shrimp farming systems in the east coast of
the Gulf of California, Mexico.a

General Nayarit Sinaloa Sonora

Fixed costs (%) 9.6 9.0 17.9
Variable costs (%) 90.4 97.0 82.1
Feed (%) 38.0 34.0 32.0
Seed (%) 24.5 22.0 18.1
Fertilizer (%) 3.2 3.0 2.2
Gasoline/oil (%) 7.1 10.0 4.0
Power (%) 0.5 0.1 0.3
Labor (%) 11.0 10.0 7.9
Maintenance (%) 3.8 7.0 3.0
Other (%) 2.3 4.9 14.6
Total costs (US$/kg) 2.5 2.8 4.0
Profit (US$/kg) 1.2 2.1 2.9

a The data had been collected in 80 semi-intensive shrimp farms; 18 Nayarit, 45
Sinaloa and 17 Sonora in 2007.
(US$ 4.0), and followed by Sinaloa (US$ 2.8) and Nayarit (US$ 2.5).
Distributions of variable and fixed costs for the 80 semi-intensive
farms studied here are shown in Table 4. The variable costs
represent most of the budget, ranging from 97.0% in Sinaloa’s
systems, which together with Nayarit’s costs (90.4%) were the
highest estimates, compared with 82.1% assessed for the Sonora
producers.

The aquaculture turns out to be a very profitable industry inside
the region in relation to the national production, and is character-
ized by a structure extremely heterogeneous when comparing the
salaries in different entities. The productive structure of aquacul-
ture conforms for companies with a high profitability (as shrimp
farms in Sonora) and companies with serious problems to remain
in the market as Nayarit. The indicators of productivity and effi-
ciency show in relatively capital (inputs and fixed assets) that it is
relatively low, which reveals a high factor cost capital.

In general terms, fixed costs for the three states are relatively
low, compared with those from other countries, making feasible
Fig. 2. Dendrogram of state groups comparing technical, economic and environmental
features of the production of shrimp farming in the east coast of the Gulf of California,
Mexico. (SON ¼ Sonora state; SIN ¼ Sinaloa state; NAY ¼ Nayarit state).
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the activity. The Nayarit’s farms showed the lowest fixed cost in
proportion, and this is attributed to the limited creation of direct
employment, as many of the farms located in Nayarit are managed
by family members which do not receive any salary. Additionally,
shrimp farms in Nayarit are technologically less developed, with
reduced infrastructure and equipment, which translate into smaller
fixed costs. By contrast, Sonora and Sinaloa integrate more equip-
ment and infrastructure, and also create a larger number of
permanent employments, raising the fixed costs. Compared with
Sinaloa, the Sonora systems have reduced the proportion of fixed
costs, which not necessarily implies a significant improvement in
the operative efficiency of the farms.

Variable costs are higher in Sinaloa and Nayarit, as both states
produce shrimp in two cycles per year, requiring a large quantity of
seed and feed, whereas Sonora produces one cycle per year (bigger
animals) only, as mentioned above. Feed and seed, that represent
more than a half of the variable costs, must be considered as the
two most important items for the semi-intensive systems (Table 4).
Also it is important to include the others costs since represent 14.6%
of the variable costs for Sonora, mainly used for the product
commercialization (processing, packing and store) to the North
American market since most of the production from this state is
destined for exportation. The Sinaloa and Nayarit producers do not
consider those costs, as the shrimp they produce is mainly desti-
nated for local market.

The analysis of the above information made possible the
calculation of the mean profit values by farm, by state, and the
estimates (US$/kg) for the semi-intensive system in the three states
were determined by subtracting basic costs from gross sales.
Sinaloa and Sonora were similar, obtaining the highest profit (US$
2.1e2.9/kg), while Nayarit systems obtained less than 50% of the
above figures (US$ 1.2/kg), making these farms the less profitable.

The net income by farm is clearly influenced by the yield
performance, farm price and operation costs, but also depends on
some characteristics of the environment that naturally increase the
farm productivity and help to reduce the production costs,
improving the sustainability of the activity.
Table 6
Differences in environmental characteristics and spatial arrangement associated with sh

State Water supply Landscape and anthropizat

Sonora 39% sea (mean distance to the
source ¼ 3.4 km) 7% lagoons 55% estuaries.

Natural/Semi-natural, bare
Vegetated (>10% vascular)
vegetation, shrub-dominat
succulents shrub (75%), arr
Agriculture landscape asso
ponds are not in contact w
frontier.

Sinaloa Most of the shrimp ponds (>85%) are in
close association with the main
lagoon systems of Sinaloa (San Ignacio-
NavachisteeMacapule; Santa
María-La Reforma; Altatta-Ensenada del
Pabellón; Ceuta; Huizache-Caimanero;
Teacapán-Agua Grande). Slightly more
than 10% depends on estuarine creeks,
and less than 3% is directly
connected to the sea.

Natural/Semi-natural, bare
modified. Vegetated (>10%
Shrub-dominated, xeromo
and deciduous dry forest, o
and halophytic vegetation.
dominated by agriculture (
borderline very near to the
(usually <1 km).

Nayarit All the shrimp aquaculture in Nayarit is
in association with estuaries and
lagoons. Only AQUANOVA shrimp farm
is supplied from the sea.

Natural/Semi-natural, bare
modified. Vegetated (>10%
Tropical-xeric, perennial, s
and deciduous forest. Man
vegetation, integrating the
ecosystem in the Mexican
Nacionales), with mangrov
Shrimp ponds are mostly l
agricultural landscape (ext
mangrove vegetation).
It is important to emphasize that Sonora’s aquaculture already
has the highest yield per hectare and the highest economic
revenue, probably as a consequence of its latest development in the
region compared with Sinaloa (the earliest) and Nayarit, which
took advantage of the former experiences. However, natural
conditions, design and management of this activity in Sonora,
contribute to the successful the shrimp culture in this region.

The Principal Component Analysis (PCA) clearly identified two
orthogonal linear combinations of the 24original variables (Table 5),
explaining 43.9% of the total variance. Component 1 had 10 main
variables (component loadingwithanabsolutevalueabove0.9), two
with negative signs related to variable costs (commercial feed used
and number of crops) and eight with positive signs related to
intensification disease outbreak (shrimp stocking density, survival,
mean, minimum and maximum yield, cost of post-larvae, cost of
materials and reagents and total costs). This component represented
‘‘intensification and disease outbreak’’ of the aquaculture activity,
showing the orientation of the production toward intensification
(negative loading), with high stocking density in a shrimp mono-
culture system using high level of inputs and equipments, and
a strong impact on the costs by disease outbreak.

The component 2 had seven significant loadings: total number
of farms, pond size, minimum yield annual, fixed costs, variable
costs, power and maintenance. This factor represented the diver-
sification of production systems in size, technology and operations
in the region between the three states. This component accounts
for 20.2% of the original variance in the set of 24 variables (Table 5).

The hierarchical cluster analysis based on these two compo-
nents indicated the presence of two clusters. It was found that
shrimp farming in Nayarit state is different on technical, economic
and environmental conditions compared with both Sinaloa and
Sonora states (Fig. 2).

3.2. Environmental parameters

The results of the environmental variables included in this study
are shown in Table 6, where it is possible to confirm that currently
rimp farming in east coast of the Gulf of California, Mexico.

ion Spatial features

ly or partially modified.
. Mostly semi-desertic
ed; xeromorphic and
anged in a matrix.
ciated, but shrimp
ith the agricultural

Farms with irregular shapes, with the largest
axis generally oriented parallel to the coastline.
Small (<10 ha) rectangular ponds.

ly to moderately
vascular).

rphic, sub-deciduous
ften thorny. Mangrove
Surrounding landscape
mechanized), with
shrimp ponds

Farms with irregular shapes, more complex than
Sonora’s systems. Borders facing the seaside are
more irregular, following the saltmarsh, mangrove
or estuary contours. Heterogeneous size and shape
of the shrimp ponds, not always rectangular.

ly to moderately
vascular).

ub-deciduous
grove and halophytic
largest wetland
Pacific (Marismas
e trees >20 m high.
ocated between the
ensive practices) and

Farms with irregular shapes, more complex than
Sonora’s systems, but most of them exhibiting an
elongated more than rounded or quadrangular form.
The largest axis is not specifically oriented,
Heterogeneous size and shape of the shrimp ponds,
not always rectangular.
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Sonora’s farms have the best conditions to ensure sustainability at
times larger than Sinaloa or Nayarit. There is a tendency to increase
the water supplying from marine sources through channelization,
which formerly has an environmental impact on the coastal land by
fragmentation, but reduces further impact on the estuaries and
semi-enclosed, shallow coastal waters.

It is also important to note that bare or low vegetated soils,
together with a proper pond design, also contribute to improve
harvest conditions, reducing operation costs and externalities.

4. Discussion

In Mexico, shrimp farming is the most important aquaculture
activity on economic terms. However, its sustainable development
has been threatened in recent years due the economic risks asso-
ciated with low yields caused by outbreaks of viral diseases
(Sanchez-Zazueta and Martinez-Cordero, 2009). With the current
analysis, clear differences in technical, economic and environ-
mental relations were found between semi-intensive shrimp
farming among Nayarit and Sinaloa and Sonora states.

Usually, shrimp farm typologies are based on the level of
intensification, using variables such as farm area, stocking density,
level of inputs (NEDECO-MDMP,1993;World Bank andMOFI, 2006;
Joffre and Bosma, 2009) and environmental issues in the area
(Aguilar-Manjarrez and Ross, 1995; Hernandez-Cornejo and Ruiz-
Luna, 2000; González-Ocampo et al., 2003, 2006). We used
similar variables reflecting the operation of the shrimp farm and
added variables such as water supply, landscape and anthropiza-
tion and spatial features. The use of these variables was motivated
by a previous survey showing shrimp farming in the area
(Hernandez-Cornejo and Ruiz-Luna, 2000). The Principal Compo-
nents Analysis results were similar to those found by Milstein et al.
(2005) and near Joffre and Bosma (2009), demonstrating the
consistency of analysis for the study of technical, economic and
environmental issues in aquaculture and the first two components
account for approximately 50% of the data.

Currently, the general trend in the region is to reduce the
stocking density (2e15 PL/m2), as a recommended practice to
decrease the impact of diseases (Sanchez-Zazueta and Martinez-
Cordero, 2009) and improve the good pond management prac-
tices. The viral infections have reduced the shrimp survival, which
is accompanied with losses in the farm income by approximately
84% in Honduras (Valderrama and Engle, 2004) and 69% in México
(Esparza-Leal et al., 2007). In addition, there is a tendency to
decrease profits due to the selection of local markets, as profit-
ability is higher in Sonora > Sinaloa > Nayarit.

It has been proven that in Sonora State, farms improve signifi-
cantly their yields of L. vannamei by using high quality inputs,
which implies higher investments, but positively affects on the
yields positively and therefore, on income. Similar results are
described by Brennan et al. (2000) for P. monodon. The regional
production costs in this survey were below from those reported by
Ling et al. (1999), for most of the main Asian producers reported for
the last 90 years, in which the cost of seed was one of the main
economic constraints. Regarding this, Nayarit and Sinaloa had
higher production costs per kg (US$ 2.5 and US$ 2.8, respectively)
than those reported for China (US$ 2.27); and Sonora production
cost of US$ 4.0 was closer to other countries such as Sri Lanka (US$
4.5), Philippines (US$ 4.0) or Vietnam (US$ 3.3) (Ling et al., 1999).

The capital to invest in shrimp farming comes from diverse
sources, such as private capital, national banks, and financial
institutions. Input suppliers (for feed and PL) and marketers also
are providing extended credit and/or loans to farmers. Some
foreign investment is present but most of the capital comes from
national investors. Substantial progress has been made within the
Ministry of Environment and Natural Resources (SEMARNAT),
which is the main official agency, to regulate the development,
growth and consolidation of this activity.

Access to capital for the expensive process of shrimp production
is one of the principal problems reported by producers. Regarding
this, the private sector is concerned about the access to capital that
according them, seems to be more easily reached by the social
sectors, however an analogue debate is proposed by the social
sector against the private one.

Most of the Sonora farms are contained in the dynamic scenario.
The stable scenario is composed with the Sinaloa farms, meanwhile
some Nayarit farms represent the decadent scenario, where the
industries often face economic and financial problems reflected as
low utility and profitability. The profit per kg is higher in Sinaloa
and Sonora that in Nayarit due to the higher input items used in the
production system, which turns them in a more efficient techno-
logical pattern. The profit per kg that is obtained in Sinaloa (US$ 2.1)
and Sonora (US$ 2.9) is compared to those from Philippine (US$
2.54) and Sri Lanka (US$ 3.0), while Nayarit profit per kg (US$ 1.2) is
near the Indian of US$1.31 (Shang et al., 1998).

Finally, even when the economic production the sector is very
important, there are other issues that have helped to construct the
current shrimp industry at the northwest of Mexico. From the
environmental perspective and compared with other countries
from Asia and Latin America, for legal restrictions the shrimp
farming started very late in Mexico, perhaps the negative experi-
ences suffered by most of the former producers, helped to avoid
large environmental impacts.

Shrimp aquaculture in Mexico has thus far developed largely
without the major detrimental environmental effects seen in other
countries of the world. Little evidence of mangrove destruction has
been reported, although it exists (Alonso-Perez et al., 2003;
Hernández-Cornejo et al., 2005; Ruiz-Velazco et al., 2010). The
most serious threat from shrimp aquaculture is probably its
potential effect on water quality (DeWalt et al., 2002), and also the
linear infrastructure associated with shrimp farming (channeliza-
tion, roads, pond construction) is havingmore serious effects on the
environment, particularly in the coastal wetlands.

5. Conclusion

Challenges for better management of shrimp aquaculture
around the world are complex and thus, the analysis of diverse
experiences and sharing of the information frequently lead to
improved management practices. Considering that most of the
shrimp aquaculture industry in Mexico is located to the northwest,
studying representative systems in the region allows to conclude
that the major threat to develop this industry in a sustainable way,
depends on technical (stocking density, number of crops, survival
and yield), economical (fixed costs, variable costs, total costs and
profit) or environmental (landscape, anthropization, and spatial)
features, but shrimp diseases seems to be the main constraint.
Potential reduction in production because of diseases spread results
in an increasing uncertainty, bringing down the investment
required to update the systems and technology needed to make the
activity more social and environmentally sustainable.

Particularly for the study area, the factors affectingwhite shrimp
yields indicate that investment in higher quality inputs such as
certificate postlarvae and feeds has had a positive effect on yield
and income. Thus, the state of Sonora, evenwith the environmental
limitations due to the arid and semiarid climate and therefore
restrictions in water supply, is now the best positioned in the
regional industry, because producers are adequately planning the
activity, from the water intake, switching to ocean sources, to
certified postlarvae, and design of the farms facilities and
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associated infrastructure. By contrast, Nayarit systems are the less
productive, even when the environmental characteristics are most
appropriated for the culture.

In general, feed and seed were the most significant variable
costs, whereas economics of size of farms related to fixed costs and
feed, postlarvae, repair, and interest costs were identified. Net
returns were highest for the farms of high technology (Sonora and
Sinaloa partially) while low net returns reported by most of the
Nayarit farms were connected with low yields, conservative input
usage rates, poor survivals, and economic of size. To minimize
potential for loss, farms should target a minimum acceptable yield
that would vary with farm size. However, further research is
needed on the extent to which management can reduce risk of
shrimp mortality by investing in such premium quality inputs, but
the most important is the perspective of an integral approach to
sustainability.
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