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SUMMARY I 
Environmental diagnosis of supra-littoral and semi- 

intensive shrimp farm systems (SCS) in the northwestern 
part of Mexico had been developed for a 10-years period 
(1993 to 2003). The activities in the construction, opera- 
tion and abandonment phases were evaluated by an envi- 
ronmental impact diagnosis analysis, causal diagrams, com- 
plex analysis systems, relevant environmental criteria andy- 
sis, and fuzzy logic impact assessment. The SCS, divided in 
Natural and Socioeconomic subsystems, showed important 
negative impact in the construction phase affecting the flora 
and fauna because of vegetation removal, but as positively 
was detected the employment because of the number of 
people hired. During the operation phase, positive impacts 
in the Socio-economic subsystem (SEC) were produced by 
high-educated employments offers, and increase of life 
quality. Opposite, the most important negative effect was 
caused by pollutant-enriched water discharges. In the aban- 
donment phase, negative effects were identified by soil 
salinization, acidification, erosion increase, or the ecolo- 
gic barriers' role that ponds play. The combination of the 
methods applied in this work help to identify in an ordinal 
way the magnitude of the environmental impacts on shrimp 
cultures in any region and different conditions. 

KEYWORDS: Environmental diagnosis, complex system analy- 
sic, semiarid region, environmental assessment, fuzzy logic. 

During the last 15 years, shrimp aquacultures have 
maintained a sustainable growth, and had generated posi- 
tive and negative effects on the society [ l ,  21, as well as in 
nature [3-61. In Mexico, shrimp aquacultures followed the 
same trend, growing from O tonslyear in 1984 to more 
than 48,000 tonslyear in 2000 [7]. The study atea located 
in the Gulf of California (Fig. 1) groups 21 shrimp ponds 
in scrubland regions with a very dry semi-warm, temper- 
ate weather (average annual precipitation 150 mm [8,9]), 

and, since 1984, its noticeable national contribution to 
shrimp culture production (25%) are steadily increasing by 
rates up to 0.76%. During 2003, more than 3 1,000 tons were 
produced in only 14,000 ha, while other Mexican states, 
such as Sinaloa, Nayarit and Baja California produced 
21,841 tons in 24,000 ha, 5,714 tons in 4,731 ha and 306 
tons in 19 ha [7]. According with these statistics, these areas 
represent the first shrimp producers throughout México. 

FIGURE 1 - Location of grouped shrimp farms evaluated (A = 
Puerto Peñasco-San Luis Rio Colorado area; B = Hermosillo- 
Pitiquito area; C = Gyamas-Empalme area; D = Huatabampo area). 



The aim of this paper is to develop an environmental 
diagnosis of 21 supra-littoral shrimp farms in the semi-arid 
coastal zone of the Gulf of California through a fuzzy logic 
method used for environmental impacts assessment [lo], 
complemented by a complex system analysis, and a new 
qualification method to segregate relevant and important 
components. The study site was divided in four zones in 
the State of Sonora (Fig. 1). The whole system was named 
Shrimp Culture System (SCS). 

MATERIALS AND METHODS 

SCS was focused on the semi-intensive supra-littoral 
shrimp farm category, representing 98% of the farms in- 
stalled in Sonora. We divided SCS in four phases to evalu- 
ate the environmental impacts: 1) Complex System Analy- 
sis (CSA); 2) Checklist of relevant factors and components, 
3); Causal Diagram construction and; 4) Fuzzy impact 
assessment. 

Cornplex Analysis Systern Model 

We used CSA to obtain the energy fluxes inside the 
subsystem of SCS. CSA "combines theory, methods, and 
the philosophy and analysis of the system's behavior" 
[l  1, 121. This tool gives a specific value of human activity 
effect and has been used in the last years in different Envi- 
ronmental Impacts Assessments to evaluate human activi- 
ties [13]. Finally, to evaluate the environmental impacts of 
the SCS, we applied a Fuzzy logic theory. The fuzzy as- 
sessment can effectively frame the complexity of impacts 
into manageable terms, taking into account the vagueness 
and imprecision of the information [lo]. 

SCS System is conformed by two subsystems, namely, 
Socio-economic subsystem (SEC) and Natural Subsystem 
(NAT). SCS is based on a qualitative description of the 
shrimp culture process, and is an abstract model of the 
environmental system. Its causal diagram includes only 
the change process that involves the current dynamic in 
the study area, but excluding shrimp projects actions. We 
obtained the SCS applying two analysis tools, a factor and 
environmental components checklist and the causal dia- 
grams [14]. 

Check list includes the factors and environmental com- 
ponents (natural, socio-economic and productive), that most 
of environmental impact assessments (EIA) of shrimp farms 
around the world and Mexico used, and presented to the 
Environmental Ministry of Mexico, the Secretaria del Me- 
dio Ambiente y Recursos Naturales [15]. 

Environmental components were classified according 
to the categorization used in this paper. The numerical val- 
ues and their significance interval were determined as zero, 
if they were absent in the SCS system, but 1-2, when the 
interval corresponds to components determined as impor- 
tant, 3 as relevant, and 4 as critical (Table 1). 

TABLE 1 - Criteria for selection of relevant 
and critical indicators of the SCS system. 

Attnbutes Classification Value Classification Value 
Legislation Present 1 Absent O 
Institutional impor- 
fanre Importan1 1 Non-lmportant O 

Political Develop- 
ment and Institu- Development 

Non-development 
lndicator indicator 

o 
tional Imponance 

Limitative Non-limitative 
Expert Analysis function in other 1 function in other O 

systems systems 
List of Proposed Present 
factors 

1 Absent O 

- 

Range Qualification 
O Ahsenf 

1-3 lmportant 
4 Relevant 

Proximal reviews were made to check and analyze the 
human interactions and environmental components, mainly 
those affected by the shrimp culture projects, including the 
externa1 factors caused by human activities. 

Relevant Environrnental Criteria Analysis 

After the causal diagram analysis, we listed the envi- 
ronmental components and SCS factors with effects on 
the environment. The environmental complexity makes it 
impossible to include al1 the environmental components 
and factors presented in SCS. We applied a binary method 
based on 5 criteria to obtain a list of selected critical and 
relevant environmental indicators. After this, we identified 
six relevant and four critical indicators in the SCS system 
(Table 2). 

TABLE 2 - Results of relevant and 
critical environmental indicators selection. 

Subsystem Factor Component Classification 
Air Air qualir~ 1 
Noise Noise leve1 1 

Erosion C 
Soil Chemical properties R 

I T E P  R 

Hydrology 
Water body disposal R 
Water quahty 1 

Natural Cover C 
Flora Protected C 

Cornmercral 1 
Group abundance 1 

Fauna 
Distribution pattems 1 
Protected C 
Commercial 1 

Landscape Esthetic characteristics 1 
Population 1 
Employment R 
Health care services R 
Life quality R 

Socioeconomc Socioeconomic Public services 1 
Development planes 1 
Shrimp production 1 
Land value 1 
Local financial system 1 



Causal diagram construction 

The proposed sú-ucture of the SCS was analyzed based 
on the system analysis dynamic, qualitatively considering 
the matter and energy flows among integrated environ- 
mental factors and components. using causality diagrams. 

The most evident interactions were related to the coastal 
dynamic, and the resulting values of each component were 
calculated and defined as positive or negative. 

The criteria used were: A) Positive when the change in 
one component produced a change in another one in the 
same sense, i.e. if "A" increases or decreases and "B" fol- 
lows the same trend (Fig. 2a). On the other hand. the inter- 
action was Negative if "A" increases or decreases and "B" 
goes the opposite way (Fig. 2b), i e., the interaction be- 
tween the environmental components, "productive activi- 
ties" (SEC), and the "Vegetation Cover" (NAT) (Fig. 2). 

FIGURE 2 - Criteria used for energy interaction fluxes relationship 
between A and B components in the casual diagram: (a) Positive, (b) 
Negative. The productive activities' increment (shrimp farms) 
caused a decreasing of "vegetation cover", and this interaction is 
defined as negative. 

Divided in two subsystems, the SCC model, the inter- 
actions balance among components of each subsystem, 
and the system itself were accomplished. The sign re-pre- 
sents the type of interaction considered. Identical signs 
result in a positive balance (either growth or decrease), dif- 
ferent signs result in a negative balance (while one grows, 
the other decreases, or vice versa). 

The SCS can be defined as a system configured by 
2.053,9 ha, and represents 85% (21 farms) of the total area 
occupied by semi-intensive shrimp culturing. 

Fuuy Logic lmpact Assessment 

Fuzzy logic is a formal mathematical theory for the 
representation of complex, uncertain, and unstructured 
problems. The fuzzy logic has been applied to evaluate the 
environmental impacts of diverse projects, such as high- 
way construction [lo]. 

With the relevant and critical components of the sys- 
tem, we evaluated the impact between the project activity 
and the environmental components of SCS by five indices 
of Bojorquez-Tapia et al. [16], the complementary Index 
(SI), Basic Index (BI), Mitigation Index (MI), Environ- 
mental Index (R), and Vulnerability Index (V). 

synergic effects (n), cumulative effects (c), controversy (r) 
and rnitigation efficiency measure ( t ) .  According to them, 
we established the scale 0-9, representing no importance (O), 
and very low (I), very-low-to-low (2), low (3) ,  low-to- 
moderate (4), moderate (5), moderate-to-high (6), high (7), 
high-to-very-high (8), and very high (9) importante's. 

To determine the leve1 of the criteria, we based the 
value on discussions between authors, consultants and spe- 
cialists in Environmental Impact of shrimp farms, and by 
literature reviewing. But, where there were reasonable facts 
to suspect that wider-field 'serious' impacts could occur, 
the precautionary principle', as enshrined in the European 
legislation [17], was applied the highest value, 9. 

For the fuzzyfication or the incorporation of the se- 
mantic values in the analyzes [lo], we established in this 
study fuzzy sets by giving variables' limits ranging from 
O to 1 (very low O I x >0.125; low 0.126 5 x c 0.375: 
moderate 0.376 I x I 0.625; high 0.626 I x I 0.875 and 
very High 0.876 I x I 1). 

With the relative importance scale, we applied the ba- 
sic, supplementary and significance indices [6] to the six 
relevant and four critical components identified for the 
SCS using the six criteria established (Table 3). 

TABLE 3 - Criteria check list and their relative importance scale. 

Relative Importante 
Criterio 0 

O 1 7 3 4 5 6 7 8 9  

- - 

Spatial extension 

Synergic effects 
Cumulative 
effects 
Controversy 
Mitigation effi- 
ciencv measure 

RESULTS 

In the NAT subsystem, the environmental factors (soil 
physicochemical properties. fauna, flora cover, land use, 
water body receptors and flora protected) suffered a nega- 
tive effect caused by different activities of the shrimp farms 
(Fig 3). The results of the fuzzyfication (Fig. 5) indicate that 
the activities have different magnitudes of irnpact on the 
environment. 

The land erosion and land use indicators show a nega- 
tive magnitude impact from moderate to high (Figs. 5a and 
5c), and caused for the flora cover a clearing prior to pond 
construction. The Land Use is modified from natural status 
to that of pond shrimp culture based on official data [8], and 
supported with previous field trips. We also deduced that 
40% of shrirnp farms are located in soils with a depth- 

Bojorquez-Tapia et al. [16] used 7 criteria in the above textured sú-ucture, nutrients' content and low erosion: which 
indices indicating magnitude (m), extension (e), duration (4, make them adequate for some crops (i. e. the neighboring 



agricultura1 Yaqui Valley area in the "C" area). But also, 
the low water availability in these areas restricts the agri- 
cultural land developmento but the shrimp culture activity 
is an excellent alternative for these isolated zones. 

The flora cover indicator showed a negative impact 
between high to very high, caused by different factors. In 
the C and D zones (Fig. l) ,  more than 200 ha have been 
destroyed and cleared by the construction of shrimp farms 
causing natural area reduction, native flora and fauna 
damages, and soil erosion [18] 
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FIGURE 3 - Energy fluxes resulting from the interrelationship between components 
in the Natural Subsystem's causal diagram (SCS = Shrimp Culture System). 

TABLE 4 -Results of the basic (Bi), supplementary (Si) and mitigation (MI) indices for the environmental impacts of SCS. 





et al. [24] in Sonora: to calculate phosphorus and nitrate 
contents in the wastewater discharges. We found that 
phosphorus and nitrogen are below the limits allowed in 
the NOM-00 1 -SEMARNAT- 1996 [ 2 5 ] ,  a domestic fed 



TABLE 5 - Flora registered in the surroundings sites of the semi-intensive shrimp farms evaluated . 
(dv = Non apparent vegetation present; xl = Farm 1; x2 = Farm 2). 

GROUP "A" GROUP "B" GROUP "C' GROUP "D" GROUP "E" 
SPECIES 

S/\, X 

Abronja maritima s /v  x x 
Ahutilon sp. s /v  x 
Allenrolfea occidentalis s /v  x 

Batis maritima s /v  x 

Bursera odorata s/v x 
Cercidum microphvlhm S/ v x 

Distichlis srricta s l v  x x 
Er~celiafarir~osa s /v  x x 
Encelia Iialimifolia s /v  x 
Eriochloa gracilis s /v  x 
Euphorbici leucophvlla S/\' x x 
Evseniiardtiu orti~oc,ava s /v  x 
Ferocactus sp s /v  x x x 
Fouquieria diguetii S/\, x 
Fouquieria splendens s lv  x 
Frankenia johnstonii x I S/\ 
Guaiacum coulteri S/Y x 
Gutierrezia microcephla S/\, x 
Jatropha cinereo. s /v  x 
Lvciurn berlandieri s /v  x 
Lvsiloma candida s /v  x 
Muhlenhergia sp. s l v  x 
Opuntia cholla S/\, x 
Opuntia leptocaulis s /v  x 
Pirhecellobium sonorae s /v  x 
Prosopis glandulosa s /v  x x 
Salicornia sp. X I S/\, 
Setaria sp. s /v  x 

TABLE 6 - Fauna registered in the surrounding sites of the semi-intensive shrimp farms evaluated (* = presente; - = not present). 

GROUP SPECIES ZONE 
AMPHIBIANS A B C D E 

Rufín nlvnriil\ * * e * * 
Bu80 pirrictarus * * * 
Buffo retrformi * * * * * 
Rana carerbiana * * t * * 

REPTILES 
Cnemidophorus exsaguis * e * e * 
Cnemidophorus inornatus * e * e * 
Cnemidophorus tigris ir. e * * * 
Lampropeltis triangulm * * * * * 
Sauromaulus obesus * * * * e 

Urna notata * 
Uta stanburiuna * * * 

MAMMALS 
Amnospeimophilus hr r i s i  * * * e 

Canis letrans * * * * 

Didelphis wirginiaiui e * * 
Dipodomvs deserti * e e e * 
Lasiurus horealis * e e * * 
Lasiurus e ~ a  * * e * * 
Leptonicteris nivalis * * * * 
Lepus alleni * * * e 

Lepus califonzicus * 
Linx rufus * e * * * 
Macrotus californicus * * * * * 
Mvotis californicus * * * * * 
Neotoma lepida * 



TABLE 6 - continued 

GROUP SPECIES ZONE 
M A M A 1  S 

Perognathus bavlevr e * * 
Perogmthus penicillatus e * * 
Pipistrellus hesperus e * * * * 
Spilugale putorius * * * * * 
Svlvilagus aududoni * * * * * 
Taúarida brasilrensis * * * e * 
Tadarida molossa * * * * * 
Taxidea taxus * * * * * 
Thomomvs bottae * * * * * 
Urocvon cinereoargetiteus * * * * * 
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FIGURE 5 - Environmenial impact results of environmenial indicators through fuzzy logic analysis, used for the shrimp aquaculture 
environmenial diagnosis: VL = Very low; L = Low; M= medium; H = High; VH = Very High; p(x) = Impact indices range. 

eral regulation concerning the irnpact of these cornpounds 
in agricultural, industrial, urban. dornestic, or any other 
hurnan activities to different water bodies. This regulation 
fixed the input concentrations of total phosphorus and 
nitrogen in the effluents depending on the water body 
value restriction. For exarnple, if the effluent is discharged 

into rivers and costal lagoons or estuaries, the daily aver- 
ages for total P and N are 30 and 60rng/L, respectively, but 
for discharge into the open sea no restriction exists. There- 
fore, we evaluated the rnagnitude of the irnpact of wastewa- 
ter depending on its discharge area. Even so, we detected 
that if the growth rate of shrimp culture will continue as 



now, it is possible that in four years such values will be 
above those allowed by that regulating the shrimp farms' 
discharge into estuaries or costal lagoons. Also a negative 
impact with respect to the commercial fisheries, as de- 
scribed by Dewalt et al. [26], will be caused because 15% 
of shrimp farms evaluated the wild seed capture. 

In the SEC, the environmental indicators of employ- 
ment, life quality and employees' health care access (Figs. 
5 g, h and i) are directly and positively affected by the ac- 
tivities. The opening of new shrimp farms increments the 
job offer, and this is more evident when shrimp farms are 
owned by cooperatives. More than 50% of shrimp farms 
in Sonora belong to this regime, and the indicator em- 
ployment resulted with a moderate-high magnitude. Re- 
lated to the employment offer increment, the indicators of 
life quality and health care access by employees are indi- 
rectly affected. In those cases, the magnitudes of the im- 
pact were moderate to high for health care access (Fig. 
Sj), and low to moderate for the life quality (Fig. 5 ) .  The 
different magnitude of impact obtained by these indica- 
tors is caused by two factors. Al1 of the employees in al1 
shrimp farms have health care access by the law, but the 
low salaries paid make a low quality of life, with the excep- 
tion of the managers and owners. 

DlSCUSSlON AND CONCLUSION 

Natural Subsystern 

The negative effects associated to vegetation loss did 
not affect the mangrove areas as happened in other coun- 
txies [27]. There are two main causes for avoiding mangrove 
impact, at first, there are only few mangrove areas in the 
semiarid region, and secondly, developers try to avoid 
mangrove areas because it is necessary to invest more re- 
sources on this habitat, related to arid habitats, to build a 
shrimp farm. 

The epidemic in shrimp culture has been deeply de- 
scribed [28-321, and wild blue shrimps infected with the 
IHHN in Sonora have been detected [32-341, or a prob- 
able dispersion of Taura vims (IHHV) in the middle of 
the nineties, when the shrimp farms were suspected to play 
a role in self-infection. Lightner et al. [35] detected the 
IHHV first case in Sonora in cultured Penaeus s~lirostns.  
After some years, the virus started to spread gradually 
between neighborhood-shrimp farrns. It was suspected that 
pandemic could be caused by the release of infected seed 
from hatcheries, and related with the discharge into semi- 
closed lagoon systems and low water exchange [20]. Be- 
cause such pandemic effects, both shrimp aquaculture and 
shrimp commercial fishery collapsed in 1994. In other Mexi- 
can states, such as Sinaloa and Nayarit. conditions of low 
control and prevention, this pollution and allowed infec- 
tion expand to Penaeus vannamei (white shrimp) aquacul- 
tures. Since 1995, there is little research on this epidemic 
[36]. Even when epidemic problems in wild shrimps from 
Sonora were present [33], the use of antibiotics was re- 

stricted in shrimp farming there. The bioaccumulation of 
antibiotics makes the products prohibited to be imported 
into the United States, where most of Mexican shrimp 
culture production is destined. The environmental effects 
and human health risks by these chemicals are well- 
described by Holstrom et al. [2]. 

The natural drainage system is a negatively affected 
characteristic [20, 37, 381. The main modification occurs in 
site selection and construction phase, but the negative ef- 
fects remained in the operation phase. The major effects of 
this drainage changes impact the stream structures, as de- 
scribed by Saldias et al. [23], and we detected during the 
field trip that the farms studied in Sonora have avoided 
this impact, because the preparation of technical viability 
reports on the site selected. This report includes al1 physi- 
cal, geographical and social characteristics that are pre- 
sent in the site, and helps in avoiding such kind of dam- 
ages. 

Socio-econornic subsystern 

The positive impact of the Employment indicator oc- 
curs in the surrounding towns of the farms, from where 
most of the people are hired, and the benefits are temporal 
jobs not qualified in the construction phase, but only less 
than 4% of these personnel are hired in the operational 
phase in maintenance or security activities. This above 
situation is caused, because the clearing company hires 
most of the employments from surrounding communities of 
Sonora, or from farer states, such as Guerrero. Michoacan, 
Oaxaca, Hidalgo and Nayarit. These have negative im- 
pacts on SEC and those related, such as migration in- 
crease and its public service demands detected in other 
regions [ l ] .  

Labor benefits, such as health care, public services' 
access (water, electricity and drainage) are available only 
by those workers with a fixed status. and not by those 
hired during the harvest season, and, therefore, an average 
of 85 people in a farm of 700 ha lacked these services. In 
addition, most of the employees come from indigenous 
communities of the State of Sonora, and only a small per- 
centage from the southern and central states of Mexico, but 
these increased migrations produced indirect negative 
effects [l] .  

During the construction phase, the positive effects in 
the SEC subsystem continues (Fig. 4), affecting the em- 
ployment, health care access and life quality indicators, and 
are stimulated by the supply with economic goods and 
services, as well as spare parts, foods, fuels and energy 
requirements. During field trips, we detected that most 
workers were hired by the construction company and regu- 
larly worked in the previous stage. A negative effect is that 
95% of workers are fired, when this phase is finished. But 
this negative impact generates a population growth in the 
surrounding areas, as described before in the Philippines 
and Bangladesh [39]. On the other hand, the NAT subsys- 
tem analysis shows that main negative effects occurred 



during pond construction as described in the Gulf of Cali- 
fornia Region, where change of the local geomorphology 
was observed in the field during the clearing activity [20]. 

We did not detect operation efficiencies differences 
between private and communal systems. As in the a,gicul- 
tural activities, the communal shrimp cultures have access 
to the government subsidies for equipment, postlarvae, 
seeds and fertilizers purchase. Private companies have, be- 
sides government supports, access to financia1 assistance 
from private banks. It is important to remark that in the 
last 10 years the shrimp farm industry increased its pro- 
duction from O to more than 869,000 tons, representing an 
annual growth rate of 2.13% del GDP and 60% of na- 
tional production in 2000 [7]. 

Site abandonment 

The physicochemical soil change is the most impor- 
tant negative impact we observed in this phase, coinciding 
with several authors [40, 411. Acidification [28, 39, 421, 
caused by sea water use, fertilizers and feeding residues, 
modified this component. and the negative impact has been 
observed by Primavera [39] and Stevenson [28], who de- 
tailed the amount of money necessary to be invested to 
restore the natural conditions of this component. This effect 
is the consequence of the soil physical characteristics 
change, which avoids the growth of the native flora, and 
increases the eroded soil areas. 

The method, applied to obtain the relevant and criti- 
cal indicators, established 14 main indicators significantly 
influencing the field of aquatic sciences because it deter- 
minates the relevance of each indicator affecting the envi- 
ronmental conditions of the ecosystem. The criteria list used 
to select the relevance of an indicator can be modified, 
even with additional new criterions according to the par- 
ticular situation of the specific activities in a specific coun- 
&Y. 

The application of the Fuzzy logic index in this study 
allows nominal indicators to obtain the state of ordinal 
values. Obtaining the magnitude of impact by the shrimp 
farm activities to the relevant and critica1 indicators, al- 
lows useful comparisons. These values can define how much 
a special activity is affecting the natural and socio-economic 
environments. 

Finally, the integration of the relevance method and 
the Fuzzy Index are effective tools to assess the environ- 
mental effects that any human activity has. In addition, 
both tools can be helpful for the stakeholders to predict 
environmental impacts, avoid conflicts between economic 
sectors, or even in the promotion of new projects. 

Our combination of methodologies proposes to allow 
the sustainable development of human activities. 
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