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This article discusses the territorial implications generated by three productive activities in 
the Hermosillo, sonora coastal strip: charcoal production, harvesting of marine species, and 
shrimp farms. Data were obtained through semi-structured interviews and the generation 
of a complex database. The results indicate a loss of mesquite ecosystems, an increased de-
nuding of rangeland, wide variation in the catch of various species in coastal f isheries, com-
plete loss of vegetation in some places, and a change in the hydrology in aquaculture zones. 
F inally, the article analyzes a set of synergies that positively articulate the three activities in 
some cases, but generate unhealthy competition in others.

keywords: 1. territory, 2. shrimp farming, 3. charcoal production, 4. coastal f isheries, 
5. Hermosillo coast.

Resumen

en este artículo se analizan las implicaciones territoriales que generan tres actividades pro-
ductivas en la franja costera de Hermosillo, sonora: elaboración de carbón vegetal, captura de 
especies marinas y cultivo de camarón. se obtuvieron datos por medio de entrevistas semies-
tructuradas y construcción de indicadores territoriales. los resultados señalan: pérdi da de 
ecosistemas de mezquite, incremento de suelos desnudos en agostaderos, variación de especies 
de captura ribereña, pérdida de vegetación y modif icación de hidrología en áreas acuícolas. 
F inalmente se analiza un conjunto de sinergias que, en algunos casos, articulan positivamente 
el aprovechamiento de las tres actividades, mientras que en otros provocan competencia.

Palabras clave: 1. territorio, 2. camaronicultura, 3. producción de carbón vegetal, 4. pes-
ca ribereña, 5. costa de Hermosillo.
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INTRODUCTION

in recent decades, mexico's coastal regions have undergone social, productive, 
territorial, and ecological changes, highlighted by population migration, develop-
ment of new economic activities, human settlements with various levels of in-
come, and overexploitation of natural resources. This has allowed the coastal areas 
to be characterized as transition zones of high fragility and as complex systems 
with a diversity of marine and land resources (castillo, ulloa and alvarado, 2009) 
that consolidate a regional overview of a multisectoral nature.

This has been the case with the Hermosillo coast, an agricultural and f ishing 
region located in the west of sonora state that in recent decades registered an 
intensive process of transformation, caused by the spatial, territorial, and temporal 
conf luence of three economic activities that we will call utilizations or inductive 
factors: charcoal production in ejidos, capture of marine species by coastal com-
munities, and shrimp farming. This process has been linked to dif ferentiated use 
of the soil and of the benef its of nature in ten localities, which have been undergo-
ing reconf iguration and modif ication in the productive context, such as the food 
chains of the ecosystem. The results presented below indicate a loss of ecosys-
tems, an increase in bare soils in ejido pastures, variations in the species caught 
in coastal f isheries, complete loss of vegetation, and a change in the surface water 
hydrology in aquaculture areas. The above are part of a set of territorial synergies 
that in some cases articulate positively with the harvests generated, while in others 
bring about competition and friction between various users who contest the ap-
propriation of the territory.

to study the process of regional transformation of the area of study (map 1), the 
concept of the coastal strip was limited to one that begins 15 kilometers from 
the coastline, going both inland and into the sea, and that covers the area of all the 
utilizations included in the analysis. it was necessary to weave in spatial data with 
territorial indicators from the national institute of ecology and climatic change 
(instituto nacional de ecología y cambio climático, known by its spanish acro-
nym inecc) through a Geographic information system. The technique of geo-
metric superimposition with vector graphics of the national Forestry inventory 
was applied, and was compared with data obtained through an unof f icial clas-
sif ication of vegetation in ejido pasture areas, space taken up by aquaculture, and 
the hydrology of the area. This technique was designed using the programs Arc-
view 3.3, ENVI 4.5, and ArcMap 10 with Landsat and Aster satellite images for 
various years, digitization of the hydrology of the area, and f ield corroboration of 
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the sites. For the analysis of the f ishing activity, the study examined production 
and operation databases generated by the state of f ice for information for sus-
tainable Development (of icina estatal de información para el Desarrollo Rural 
sustentable, known by its spanish acronym oeidrus sonora) and by the commit-
tee for aquaculture Health of the state of sonora (comité de sanidad acuícola 
del estado de sonora, a. c., known by its spanish acronym cosaes). Further-
more, key actors (ejido leaders, coastal f ishermen, and shrimp farm technicians 
and producers) were consulted through semi-structured interviews. The central 
objective of the compilation of information was directed at understanding the 
perception of the social actors about the various production scenarios, the process 
of transformation, to identify conf licts, and to have a prospective analysis of its 
context. This set of procedures and techniques was articulated with a theoretical 

maP 1. area of sudy and sites of Harvests

source: authors' calculation based on digital mapping of inegi and cosaes.
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conceptual approach based on territory as a condition to interpret the transforma-
tions in the regional scenario of the coastal strip, def ined as a set of ecological and 
social scales in constant change through the incidence of anthropogenic activities 
(Gómez, 2007; castro, 2008) tied to the intervention of key actors in the proce-
dure of building, adapting, and utilizing their environment (Giménez and Héau, 
2007; toledo, 2008).

The objective of this article is to analyze the implications of the territorial 
dynamics generated by the cited inductive uses of the Hermosillo coastal strip, 
within the context of the ecological depletion of the region. The productive over-
view of the Hermosillo coast is described as on the cusp of being a zone shocked 
by the excessive use of coastal resources. an analysis is later presented of each one 
of the inductive factors and their ecological implications. Furthermore, the ter-
ritorial changes and their social relevance in the progress of regional transforma-
tion are described. F inally, information is integrated to identify the synergies and 
consequences of each one of the utilizations of the area of study. 

THE TERRITORIAL APPROACH IN THE TRANSFORMATION 
OF COASTAL REGIONS

The close association and conf luence of variables of several types in the conf igura-
tion and transformation of coastal zones has questioned the orthodox views of 
regional analysis, oriented toward maintaining the division between disciplines 
of the social and natural sciences (Breton, 2001); at the same time it has gen-
erated the need for a regional and systematic vision to tackle the issue through 
a territorial approach (Boisier, 2010). This explains the development of a set of 
utilizations that slowly occur in the regional ecological transformation, whose 
problem is constituted of cyclical phenomena of exhaustion of resources in pro-
cesses of interdependence of productive activities, of appropriation, competition, 
and utilization of territory. These phenomena can be understood as synergies gen-
erated by the occurrence of various sectors in a common space that gives rise 
to inductive factors, capable of interrupting the food chains of the environment 
(Gómez, 2007; cerdan, aquilante and Freire, 2011; colinvaux, 1995). in that 
sense, the territory is seen as a systemic framework of reference, through eco-
logical and social scales (Gómez, 2007; castro, 2008) in which processes of ap-
propriation are identif ied (Giménez and Héau, 2007) and where the subjects 
articulate with their ecological dimension through work (toledo, 2008). Thus, 



DE LA TORRE–SANDOVAL / EcOLOgicAL TRANSfORmATiON AND TERRiTORiAL SyNERgiES 147

the territory exerts endogenous mechanisms of regulation with those that develop 
ecological events and distribution of populations, def ined as processes of self- 
organization and f luctuations of physical elements (margalef, 1977), which can 
also be induced by external factors (colinvaux, 1995). Human intervention pro-
duces an accumulation of tangible and intangible resources available for its man-
agement (castro, 2008). The tolerance of the users of the territory to adversity or 
recovery in the face of various shocks through mechanisms of self-organization and 
adaptation will depend on the level of resilience they develop (Rescia, Fungariño 
and Dover, 2010). This response depends on the ability to absorb, utilize, or even 
come to benef it from the shocks and the changes the inductive factors exert (young 
et al., 2006). in this sense, social capital contributes to the construction of respons-
es that are able to maintain management of the territory (ostrom, 2000), which 
is able to consolidate itself over time (szauer and castillo, 2003) through an accu-
mulation of interpersonal relationships where the cohesion between various social 
actors is essential (madrid, 2003). Thus, the territorial approach, seen through a 
local-regional vision, encompasses a particular analysis about the use of available 
natural resources and their management. The territorial synergy that is developed 
between various utilizations leads to the identif ication of mechanisms of inclu-
sion and exclusion, above all when there is a common interest for some resource, 
space, or benef it that it generates (Gómez, 2007; cerdan, aquilante and Freire, 
2011). similarly, the inf luence of the regional context (political-social-economic-
environmental) involves its response dynamic in the environment (Boisier, 2010). 

PRODUCTIVE CONTExT OF THE HERMOSILLO COAST

until the end of the 1980s, the Hermosillo coastal strip was crossed by a process 
of ecological and productive transition where a set of inductive factors f lowed, 
with specif ic productive cycles resulting from the particular characteristics of each 
activity at the territorial level. This has as its background the exploitation of the 
aquifer and the agricultural crisis, two phenomena that inf luenced, directly and 
indirectly, the rest of the local activities (moreno, 2006). The weakening of ag-
ricultural production contributed to the transformation of the zone, marked by 
ecological occurrences in abandoned f ields and a process of desertif ication at 
the regional level (castellanos et al., 2009; martínez, 1998). The ejido members 
of the coastal strip were articulated with agriculture as a complementary source of 
income to charcoal production (moreno, 2006). Thus, forestry use increased as 
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an alternative for the agricultural workers lacking employment (sedesol, 2011). 
Furthermore, the closure of cropland contributed to an intensif ication of the har-
vesting of wood in pasture areas, weakening the utilization of mesquite and dam-
aging ejido land, which translated into wood overexploitation (cabazos, 1997; 
Rosas, 1992). at the same time, the agricultural crisis led some of the older work-
ers to seek f ishing work, which increased the number of independent f ishermen; 
this took the numbers outside the norm and af fected the control over the f ishing 
ef fort in the region (inapesca, 2012; Delgado, 2003). in addition to the above, 
the deterioration of the f ishing gear of the coastal f ishermen, internal divisions 
in the associations representing them, and territorial disputes between local and 
foreign groups led to an irrational use of natural resources (montemayor and mo-
lina, 2002; moreno et al., 2005).

During its declining productive-ecological cycle, the coast experienced the de-
velopment of shrimp farming. its territorial participation was limited to the utili-
zation of the coastal strip (nava, 2003), emerging as a new activity inspired in the 
successful experiences in the south of sonora, which benef ited from the decree of 
constitutional reforms of those years that allowed extending its physical presence 
into ejido zones and its exclusive participation in this f ishery production; further-
more, it benef ited from the political strategies of the comprehensive agrarian 
Plan of sonora (Plan agrario integral de sonora, known by its spanish acronym 
Pais), which integrated the ejidos into the incipient activity (DeWalt, et al., 2002; 
Ramos, 1989; luers, naylor and matson, 2005). The new context generated in-
tersectoral synergies with local activities through the territorial relationship that 
was established with the coastal f ishery, through the utilization of maritime space 
through water intakes and aquaculture discharges (semarnat, 2006; Ramírez, 
2010; Rodríguez, crespo and lópez, 2010). at the land level, synergies were de-
veloped with ejidos in areas of wood harvesting and plots of extensive salt f lats 
without apparent use (Ramos, 1989; nava, 2003). 

consequently, from the 1990s to date, a period of productive transition and 
continual ecological transformation took shape. This phenomenon took place in 
a declining agricultural context (salazar, moreno and lutz, 2012); with charcoal 
activity debilitated by mesquite deforestation, combined with unfavorable climatic 
conditions (Rosas, 1992); and with coastal activity immersed in sectoral and envi-
ronmental conf licts (Doode and Wong-González, 2001). However, shrimp farming 
experienced an accelerated growth, becoming the activity with greater development 
expectations, as well as its inherent risks (Páez, 2005; miranda, 2004) (table 1).
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taBle 1. chronological Description of the Productive context

Periods Agriculture Ejidos
Coastal 

communities:
Shrimp farming

1940-1970 conf iguration of the 
irrigation district, 
agricultural boom, 
and f irst closure 

Formation of the 
f irst settlements

Formation of Ki no 
viejo, f ishing boom, 
and depletion of 
species (totoaba and 
shark)

F irst experiments

1971-1980 Reduction of cultivat -
ed land and depletion 
of the aquifer

Formation of eji  dos, 
wood harvesting, 
and agricultural 
employment

introduction of new 
f ishing gear and 
increase in f ishermen

experimental 
productive phase

1981-1990 economic crisis and 
abandoned f ields

lack of agricultural 
jobs and intensif ica-
tion of charcoal 
production

intensive and exten-
sive f ishing, new f is-
hing areas. increase 
in f ishing vessels

F irst shrimp farm

1991-2000 Prolongation of 
crisis, reconversion 
and reduction of 
agricultural areas

sale of lands, 
migration, and 
continuation of 
charcoal production

Depletion of species 
(sea cucumber, turtle) 
and crab harvest

appropriation of 
eji do land and 
places without 
apparent use

2001-2014 Prolongation of the 
crisis, reconversion 
and reduction of 
agricultural areas

Depletion of 
mesquite, association 
with or exclusion 
from farms

crab harvest and 
variation in f ishing 
species

accelerated 
growth, rise and 
fall of production 
due to diseases

source: authors' calculation based on other authors (moreno, 2006; castellanos et 
al., 2009; Delgado, 2003; moreno et al., 2005; sedesol, 2011; nava, 2003; Ramos, 
1989; Rosas, 1992), f ield data, and results.

INDUCTIVE FACTORS AND ECOLOGICAL ANSwERS

wood Harvest: Producing Charcoal and Depletion 
of Mesquite in Ejido Pasture Areas
The wood harvest for charcoal production in pasture areas represents an inductive 
factor of ecological transformation through the cutting of mesquite (Prosopis spp.). 
The activity has had productive cycles depending on variations in the economic 
context of the region. The ejidatarios say they generated a moderate harvest in the 
1960s and 1970s, inf luenced by being able to raise income from outside their 
plots. in the 1980s this intensif ies in the face of the cropland closures. F inally, 
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from the 1990s to date, the harvest diminished as a result of aquaculture devel-
opment. to see how widespread this was, information was taken from the data 
of each national Forestry inventory (inventario nacional Forestal, known by its 
spanish acronym inF), whose results ref lect variations through the transition of 
environments of each associated class: mesquite, dune vegetation, without appar-
ent vegetation/not applicable (Wav/na), scrubland and halophiles1 (table 2).

taBle 2. types of vegetation and area occupied in ejido Pasture areas

INf series
INf time 
interval

Types of vegetation (classes) (hectares)

 Mesquite Dunes wAV/NA Scrubland Halophiles
i (80s) – 15 154 54.27 2 099.03 252.81 15 537.37
ii (90s) 10 years 15 092.95 73.55 2 092.06 260.65 15 574.75
iii (00) 10 years 15 258.59 109.16 2 634.09 310.76 14 799.23
iv (08) 5 years 12 672.61 75.55 7 489.11 310.76 12 563.8

source: authors' calculation based on inF digital mapping (series i-iv).

The negative variations in changes of coverage are located in mesquite environ-
ments reduced by 2 481.39 hectares, as well as halophiles by 2 973.57 hectares. 
negligible increases occur in coastal dune ecosystems (21.28 hectares) and scru-
bland environments (57.95 hectares). The noteworthy increase corresponds to ar-
eas without apparent vegetation associated with productive land use with 5 390.08 
hectares. This increase comes through development of aquaculture projects and 
the intensif ication of charcoal activity as a result of the aquaculture incursion 
generating a reduction in vegetation, replacing areas of apparent bare soil and 
removing biomass from the subsoil, on the one hand, and on the other, the wood 
harvest contributing to the expansion of areas without apparent vegetation and a 
reduction in mesquite environments.

to identify in greater detail the inductive level that the charcoal activity has 
and to verify the inF results, it was necessary to generate a self-classif ication using 

1 mesquite scrubland (Prosopis spp.) has the presence of ironwood (Olneya tesota) and 
palo verde (Cercidium spp.). The class “without apparent vegetation and not applicable” was 
grouped together as areas without the presence of vegetation and anthropogenic character. 
scrubland includes: crasicaul, microphyllous scrubland, sarcocrasicaul, and sarcocaul. Halo-
philes include: mangrove, hydrophylic halophiles, and xerophytes.
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satellite images from various years. F ive spectral signatures were analyzed, three 
grouped in vegetation: dense, disperse, and without apparent vegetation; and two 
classes without associated vegetation: bare soils and aquaculture use (table 3).

taBle 3. classif ication of vegetation and use 
of soils, 1990-2008 (Hectares)

Ejidos Image

Vegetation Without vegetation

Dense Disperse wAV Bare soil Aquaculture use
1 2 3 4 5

narciso 
mendoza

1990 917.42 1 079.58 933.24 1 430.46 –
2000 876.73 1 083.85 624.04 1 776.08 –
2008 849.24 910.88 988.93 1 614.38 –

san juan y 
el Pinito

1990 2 338.73 2 054.03 1 254.29 4 764.32 –
2000 1 843.94 1 369.27 1 259.41 5 541.65 397.12
2008 1 145 1 101.02 1 065.91 4 086.45 3 013

viva 
méxico

1990 1 189.19 833.82 704.1 1 775.42 –
2000 1 277.17 630.45 864.34 1 723.75 6.82
2008 843.68 663.35 512.95 1 225.27 1 257.27

cardonal 
y tres 
Pueblos

1990 2 204 1 761.29 1 280.5 2 849.44 –
2000 2 061.42 1 505.76 1 181.85 3 337.66 8.55
2008 1 610.37 1 235.88 1 142.89 3 859.06 247.03

nuevo 
suaqui

1990 627.62 698.57 402.08 1 117.54 –
2000 737.14 441.75 518.78 1 146.97 1.17
2008 619.92 436.79 406.83 1 290.3 91.99

Puerto 
arturo

1990 2 012.84 1 690.93 1 469.4 2 784.46 –
2000 2 079.66 1 372.16 1 909.15 2 595.32 1.34
2008 1 173.39 826.26 663.55 3 001.81 2 292.62

source: authors' calculation based on classif ication results.

in 1990, the pastures presented the following classes in area: dense, 9 289.8 
hectares (24.34 %), disperse, 8 118.23 hectares (21.27 %), Wav, 6 043.61 hect-
ares (15.83 %), bare soils, 14 721.64 hectares (38.57 %), and aquaculture use, cero 
hectares (0 %). Between 1990 and 2000 there was an intensif ied prolongation 
of mesquite cutting, with a reduction in the dense and disperse classes of 413.74 
and 1 714.99 hectares with a percentage variation of 23.35 and 16.77 percent, 
respectively. Following the described sequence, an increase was seen in Wav of 
313.95 hectares (16.65 %), in bare soils of 1 399.78 hectares (42.23 %), and of the 
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incursion of aquaculture with 415 hectares (1.09 %). The variations indicate a pro-
cess of gradual transformation over time where charcoal production intensif ied, 
with aquaculture's presence still negligible. The ecological response was a loss of 
vegetation and an increase in bare soils and in areas without apparent vegetation.

Between 2000-2008, all the classes of vegetation decreased, accompanied with 
the increase in bare soils, to which the aquaculture growth contributed to a greater 
extent. The areas of dense vegetation fell by 2 634.45 hectares, corresponding to 
16.35 percent of the total. also seen were reduced areas of disperse vegetation 
of 1 229.07 hectares (13.35 %), Wav of 1 576.51 hectares (12.52 %), and bare 
soils of 1 044.15 hectares (39.5 %), while the aquaculture areas registered increases 
of 6 486.91 hectares (18.08 %). The variations indicate a loss of vegetation envi-
ronments, but at the same time the areas of bare soils are reduced, occupied by 
shrimp farms. in both areas, the charcoal activity continues with a trend toward 
harvesting pasture mesquite, in conjunction with the aquaculture projects, where 
the two inductive factors create a territorial synergy that generate a distinct eco-
logical response. it should be noted that through direct observation in the f ield, 
clearcutting of mesquite was found in the majority of the pastures, which now 
only show vestiges of the species, with no indicators of regeneration. it was found 
that charcoal production remains inactive in some ejidos, while being active on a 
minimal scale in others.

Shrimp Farming: Coastal Utilization and Landscape Transformation
aquaculture development has involved land-use changes for construction of 
ponds as well as other hydrological works. in this case the inductive factor in 
the land arena generates an ecological response in the complete transformation 
of the landscape, while in the maritime arena, it intervenes through the utiliza-
tion of direct intakes of water that return to the marine ecosystem in the form of 
discharges. This analysis was done by identifying the types of vegetation removed 
by aquaculture activity2 (table 4). The results show a surface area of 15 547.64 
hectares in ponds. Based on the inF, the most-af fected environments are the halo-
philes with 44.36 percent of the total, mesquite with 39.89 percent, and areas 
without apparent vegetation 14.23 percent.

2 The area occupied by aquaculture was digitized with an aster 2010 satellite image. con-
sidered in this analysis was the inF series ii, which did not address aquaculture areas and where 
the types of removed environments can be seen. inF land-use classes were adjusted.
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taBle 4. types of vegetation Removed in aquaculture areas

Classes of vegetation
Total area (hectares) 

15 547.64

microphyllous scrubland 6.578
sarcocrasicaul scrubland 8.658
sarcocaul shrubland 24.354
mesquite 6 202.686
coastal dune vegetation 196.026
Halophylic vegetation 6 897.622
Without apparent vegetation (Wav) 2 211.719

source: authors' calculation based on inF series ii.

it should be noted, on the other hand, that the types of environments where 
scrubland is found as well as coastal dune vegetation do not represent signif icant 
cleared areas. The three representative classes in changes of land use are: mesquite 
(Prosopis spp.) with ironwood (Olneya tesota) and palo verde (Cercidium spp.), 
halophiles with chamizo [saltbush] (Atriplex spp.), and wav areas with f lood-prone 
zones, identif ied in the f ield in areas surrounding farms. to verify the of f icial 
information, a classif ication was made identifying vegetation before the clearing. 
F ive spectral signatures corresponding to the types of environments corroborated 
in the f ield were analyzed (table 5).

taBle 5. types of environments Removed by aquaculture 
Development (Hectares)

Classes
Subregions

Total
kino Cardonal Tastiota

Halophiles 477.11 742.49 111.7 1 331.28
Without apparent vegetation 744.75 1 278.73 1 042.16 3 065.63
Disperse vegetation 1 050.86 2 792.48 1 099.83 4 943.17
Dense vegetation 270.34 1 481.29 962.63 2 714.26
F lood-prone areas 2 745.88 1 116.58 393.59 4 256.05

Total area 5 288.94 7 411.57 3 609.91 16 310.39
Percentage change in land use 32.43 45.44 22.13 100

source: authors' calculation based on classif ication results.
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maP 2. modif ication of surface Hydrology, Placement of aquaculture Farms, 
intakes and Discharges of Water, coastal localities

source: authors' calculation based on data from inegi, cosaes, and digitization of 
the area.

The results show changes in land use of 30.31 percent of the total of the aqua-
culture coverage in disperse vegetation environments, 26.09 percent in f lood-
prone areas, 18.8 percent in areas without apparent vegetation, 16.64 percent in 
places with dense vegetation, and 8.16 percent of areas with halophilic vegeta-
tion.3 The characteristics of each subregion are dif ferent; in Kino, for example, 
aquaculture areas predominate in f lood-prone areas corresponding to 16.84 per-
cent of the total; this indicates a high concentration of farms situated in areas of 

3 The types of vegetation correspond to saline vegetation, cacti, and mesquite in dense 
patches, scrubland zones in environments with disperse vegetation and without apparent veg-
etation; bare soils in zones of water retention and discharge of runof f.
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water retention surrounding la cruz estuary. in cardonal, the changes occur in 
environments of disperse vegetation in an area of 17.12 percent of the total (away 
from cardonal estuary) and situated in places surrounded by coastal dune cor-
dons. nevertheless, in tastiota the diversity of environments presents a more ho-
mogenous distribution, where ponds predominate in areas of disperse, dense, and 
without apparent vegetation that add up to 19.03 percent of the total area. The 
environment surrounding aquaculture development also responds to the process 
of transformation; in this case, shrimp farming modif ies the surface hydrology 
by blocking existing runof f. Furthermore, it has a close relationship with water 
resources in its operative phase, where its territorial articulation with the marine 
environment generates the appropriation of an environmental benef it through 
water intakes and discharges (map 2).

With the goal of doing the least harm, it is considered that the average distance 
between a discharge drain and a water intake is approximately 2.5 kilometers. 
in Kino, 704.5 hectares of ponds are supplied with water from la cruz estuary, 
while the rest (2 472.69 hectares) use beachfronts.4 in the cardonal zone (8 662.9 
hectares) the farms utilize the beachfront as an area of supply and discharge. in 
tastiota, 2 974.577 hectares of ponds use the estuary as an area for drains and 
only 688.31 hectares use the open sea, while all the farms get their water supply 
directly from the sea.

Coastal F isheries: Maritime Harvest and Variation of Species
The extraction of marine fauna by coastal community f ishermen is the third in-
ductive factor. This activity is articulated in a complex manner with an accumula-
tion of productive chains of the area of study and biological chains of the Gulf of 
california. Both form part of the coast, being in the sphere of inf luence of the 
productive aquaculture developments. to identify the productive environment of 
the coastal dwellers it was necessary to analyze the volume of the catch, of which 
variations were identif ied that—in the opinion of the f ishermen—represent the 
principal indicator of its critical context. The most representative species caught 
are crustaceans such as crab and shrimp; scallop and sea snail in the mollusk fam-
ily; and, in scaled f ish, mackerel (sierra) and mullet (lisa).

4 There are currently no aquaculture projects that deposit their discharges out into the 
water; all use the beachfront for their drains.
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crab f igures as the harvested species of greatest importance, as from 2006 to 
2011 8 021 tons were caught, with oscillating rates of growth of 17.2 percent on 
average. its catch volume represents 28.91 percent of the total of the harvested 
species of the region. During the same period, the f ishing of mackerel had an 
important harvest of 5 665 tons with positive rates of growth of 69.3 percent on 
average; this represents 20.42 percent of the total of harvested species (table 6).

taBle 6. volume and value of coastal catches 
(live Weight tons and Thousands of Pesos)

Species
2005 2007 2009 2011

Volume Value Volume Value Volume Value Volume Value

shrimp 203 9 370 305 16 298 232 9 740 237 8 586
scallop 29 4 454 32 4 574 73 4 150 514 26 310
crab 914 21 417 1 117 11 170 1 233 14 825 1 865 21 380
octopus 48 1 821 29 1 420 130 4 886 179 9 780
lobster 15 925 6 630 14 2 240 16 1 920
sierra 1 177 10 769 744 6 829 501 4 580 670 9 300
mollusks* 40 926 37 427 251 1 797 842 2 682
F ish** 384 6 378 371 5 368 506 8 278 601 11 585
other species 584 5 994 255 10 681 473 6 372 1 006 6 248
unregistered 
catches 411 3 843 231 1 642 61 480 0 0

*squid, oyster, sea snail (minor volume or value).
**Barred pargo, chano (milkf ish), ray, cazón (dogf ish), corvina, mullet (minor vol-

ume or value).
source: authors' calculation based on oeidrus sonora data.

according to information from the f ishermen, the increase in f ishing boats 
has represented one of the principal elements in relation to the variations in the 
f ishing catch. This increase forms part of the set of internal factors of organization 
and operating guidelines, as well as environmental externalities and intersectoral 
conf licts, in which the regulation established by the of f icial authorities on the 
basis of biological studies that estimate the stocks of species and the f ishing ef fort 
stands out (Graph 1).

in the mid-1990s, there were 270 f ishing vessels in the region, while in later 
years the number grew 229 percent to point of reaching 890 vessels in 2000. 
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after that, growth was only 11.79 percent, reaching 995 coastal f ishing vessels in 
2005. according to local authorities, the number of authorized vessels have has 
not varied in recent years; nevertheless, this f igure may not match the true total 
due to the increase in independent f ishermen whose activity is unregulated. This 
context of the existence of a f ishing ef fort outside the parameters regulating the 
productive and biological arena may af fect the data. Thus, it follows that species 
of interest are those that have an evident presence in the market and represent an 
important commercial value when harvested.

GRaPH 1. smaller-scale F ishing F leet Registrations, F ishing of f ice in Kino

source: authors' calculation based on oeidrus sonora data.

TERRITORIAL CHANGES AND SOCIAL RESPONSES

Coastal Ejidos: Reduction in Spaces, Prolongation of Utilizations, 
and New Local Activities
The dynamic of territorial growth of the ejidos presents signif icant variability in 
the function of the productive context. From 1983 to 1986 the pasture area re-
mained constant at 26 262.639 hectares. subsequently, in 1990, it grew when the 
Puerto arturo ejido was formed, reaching 33 048.82 hectares in the entire coastal 
strip. Beginning in 2000 and in the face of the agrarian regularization process, the 
ejido area fell. at the same time, the ejidos reduced their territorial participation 
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upon selling a signif icant portion of the areas they utilized. in 2008, the pas-
tures totaled 27 563.19 hectares; just between 2008 and 2010, their area showed a 
dif ference of 16 130.84 hectares (Graph 2).

GRaPH 2. Dynamic of Growth in ejido area (Hectares of Pasture)
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source: authors' calculation based on results from land-use maps.

according to information obtained in the f ield, all the reduction in the area 
of the ejidos became shrimp farms. at the regional level, the aquaculture proj-
ects increased their presence in the face of productive expectations promoted by 
the state. in the face of this scenario, the ejido situation presented vulnerability 
through wood overharvesting, the regional agricultural crisis, environmental adver-
sity, and strong migration. The sale of lands meant a strategy of immediate survival 
in response to the local-regional crisis, which brought about a reconf iguration of 
the social fabric of the coastal communities, being made up of ejidatarios who sold 
their lands and opted to migrate on the one hand, and on the other, ejidatarios who 
managed to stay in the settlements, dealing with adversities and territorial change. 

The specif ic analysis of the ejidos indicates the presence of a set of socio-
productive elements that show how they respond to the aquaculture context. F ive 
factors that intervene in the current scenario were grouped together: pasture con-
dition, productive activity, population level, ejido organization, and association 
with aquaculture projects. in the majority of the pastures where charcoal activ-
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ity remains active, a damaged ecological environment has been registered as a 
result of excessive wood harvesting, adverse environmental conditions, and the 
increase in aquaculture land-use changes. nevertheless, recovery in the san juan y 
el Pinito and Puerto arturo ejidos is seen as a result of their abandoning charcoal 
activity, returning to small-scale livestock production, and the application of miti-
gation measures because of a shortage of precipitation. also, the construction of 
embankments in pastures for water retention in zones where vegetation can grow 
is seen. even when in some cases the ejidatarios have taken mitigation measures or 
use livestock, the conditions stay the same and the overharvesting of wood trans-
lates into a search for immature species to cut or in resorting to the extraction of 
mesquite roots (table 7).

taBle 7. internal socio-Productive characteristics of the ejidos

Ejido
Pasture 

condition
Charcoal 
activity

Small-scale 
livestock 

production
Population

Ejido 
assembly

Aquaculture 
projects

san juan y 
el Pinito Recovery inactive active Repopulation active association

narciso 
mendoza Deteriorated active inactive migration active Waiting

viva méxico Deteriorated active active migration inactive exclusion
cardonal tres 
Pueblos Deteriorated active inactive migration inactive exclusion

nuevo suaqui Deteriorated active inactive migration inactive exclusion
Puerto arturo Recovery inactive active Repopulation active association

source: authors' calculation based on interviews and f ield data.

Half of the ejidos maintain active organizations, ref lected in the monthly 
meetings of ejido assemblies, which provide a space for analysis and discussion 
of the internal situation of the community; furthermore, it gives them the right 
to participate in the decision-making in a collective manner. indeed, the ejidos 
that have developed an association with the shrimp farms are those that have 
kept their eji do assemblies active; their organization has allowed them to strengthen 
their social capital. Their inclusion in aquaculture production responds to extensive 
processes of negotiation and of the inf luence of moral leaders who have propitiated 
levels of trust and social cohesion between all the inhabitants. The perseverance 
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of key social actors, solid organization, and the shunning of land-sale of fers have 
facilitated a benef icial partnership framework with the aquaculture farms in keep-
ing with the territorial change. Both the Puerto arturo as well as the san juan y 
el Pinito ejidos have income that comes from the productivity of shrimp farms, 
maintaining a part of the pasture with livestock production and of fering some 
services to the aquaculture projects. in contrast, the ejidos that do not hold as-
semblies are characterized by being communities excluded from the productive 
context, with strong migratory processes and living of f income obtained outside 
the ejido. The territorial changes have placed them in a situation of extreme vul-
nerability that little by little has fragmented their social cohesion to the point 
of reducing their possibilities of articulating with the aquaculture context. Their 
characteristics include deteriorated pasture conditions, prolonged charcoal activ-
ity, and the impossibility of maintaining their internal organization due to an 
accelerated reduction in the number of ejidatarios.

Shrimp Farming: Intensive Territorial Production and Viral Threats
The dynamic of growth of the aquaculture area developed as the territorial suita-
bility, technological availability, regulation of ejido land tenancy, and government 
support allowed a favorable context for investment. This utilization was subject to 
the types of environments propitious for the construction of ponds and the possi-
bility of recreating water environments in land areas.5 spatial identif ication shows 
how the increase in ponds occupies both ejido areas and land without apparent 
use in the coastal strip. in the tastiota area from 1986 to 1990 there were only 
271.96 hectares of ponds, which had a direct relationship with the estuary. From 
1990 to 2000, the area occupied by ponds was 1 448.18 hectares in the area of 
el Pinito and Kino viejo. The most accelerated growth of the shrimp farms was 
recorded in the 2000-2010 period, in which the activity came to occupy almost 
29 000 hectares and maintains an extensive prof ile (Graph 3).

under this scenario, a productive base was generated whose owners invested 
in pumping mechanisms and water circulation systems that the physical growth 
of the activity benef ited from. The technological improvement allowed them to 
establish themselves a little farther away from the coastline, optimizing the total 
area, with the aquaculture suitability of the coastal strip and the reduction in pro-

5 The comparative advantages were the axis that propitiated an ad hoc environment for the 
requirements of the producers, as well as competitive improvements in technology.
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duction costs this brings about. Furthermore, the health environment of the re-
gion was positive, in contrast with the experiences of the aquaculture parks in the 
south of sonora. everything seems to indicate that the water circulation systems 
used in the area of study brought about a safe environment that buf fered the re-
gion's health problems. as a result, the social responses of the producers translated 
into an increase in aquaculture ponds, and, later, into the intensif ication of the 
activity upon saturating the spaces that had productive suitability.

GRaPH 4. Performance of aquaculture Production ton/Hectare
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GRaPH 3. Growth Dynamic in aquaculture area
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if the yield per hectare remained constant (with minimal oscillations of four 
tons), with the passage of time the expectations of growth diminished. as the 
ponds increased and the activity intensif ied, the aquaculture harvest declined as a 
consequence of the surge in various diseases (Graph 4).

During the period of greatest growth of the aquaculture farms (2006-2007), 
health authorities recorded the existence of viruses af fecting ponds (nHP and tsv) 
whose ef fects at that moment were not enough for a health risk zone to be de-
clared. nevertheless, it was not until the spread of white spot syndrome virus 
(Wssv) in 2008 that a critical context arose that caused a reassessment of a sce-
nario and environment that in its beginnings had been seen as an optimal one for 
the resistance of pathogens (table 8).

taBle 8. Health status in Hermosillo coast Farms (Positive test Results)

Year WSSVa IhhNVb NhPc IMNVd TSVe YhVf

2006 0 – 18 – 7 –
2007 0 8 20 – 2 –
2008 8 11 18 – 0 –
2009 0 19 27 0 1 0
2010 222 15 52 – 0 –
2011 168 1 23 0 1 0
2012 392 8 8 0 0 0

aWhite spot syndrome virus (Wssv). bHypodermal and haematopoietic necrosis virus 
(iHHnv). cnecrotizing hepatopancreatitis (nHP). dinfectious myonecrosis virus (imnv). 
etaura syndrome virus (tsv). f yellowhead virus (yHv).

source: authors' calculation based on cosaes data.

Thus, from that date, the situation has tilted toward a vulnerable production 
environment, as, according to the farms' producers and technicians, the mortal-
ity percentages of the harvests have been growing. The critical environment of 
pathogenesis is composed of the following elements: noncompliance with health 
norms, inappropriate cultivation densities, unchecked growth of the number of 
aquaculture units, short distances between water intakes and discharges, reduction 
in seed quality, and lack of an academic relationship with the scientif ic commu-
nity for the analysis of the activity.

Therefore, the territorial change can be interpreted as a product of accelerated 
growth of the farms, the saturation of the spaces, and the appearance of viral dis-
eases as a threat to economic sustainability. The breaking point of shrimp farmers 
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was taken advantage of by the large aquaculture complexes that increased their 
physical space with the purchase or rental of farms in critical situations. The social 
responses of the active shrimp farmers translated into an increase in technological 
mitigation measures to confront the health context, at the same time attempting 
to regulate the increase in their costs of production.

Coastal Communities: Social and Ecological Resilience
to keep their productive development going, the coastal communities tend to 
adopt social and ecological resilience as needed when the ecosystems modify their 
production.6 in general, all the f ishermen of the zone say the aquaculture farms 
have contributed to the variation in the species of commercial interest that they 
catch. The development of shrimp farming is seen as the inductive element put-
ting the most pressure on the coastal strip to generate synergies in all f ishing 
areas. its intervention through the construction and operation of water intakes 
and drains is seen as a central element of competition between coastal f isher-
men. Furthermore, elements of controversy stand out, such as positions taken 
about their implications in estuary systems (eutrophication, sedimentation, loss of 
depth) and in beachfronts, accompanied by fauna that results from hydrological 
works and their possible ef fects on species of commercial interest, which support 
the coastal dwellers. in this sense, the sedimentation of the estuaries, principally 
in tastiota, and to a lesser extent in la cruz, ref lects the friction between the 
f ishing subsectors.

it should be noted, nevertheless, that the f ishermen of the zone have ambiva-
lent feelings about the implications of shrimp farming. For some, the productive, 
environmental, and territorial changes have negatively af fected their f ishing areas, 
while others see a benef it in the possible recovery of other f isheries, which they 
would take advantage of and commercialize, as in the case of crab. indeed, today, 
this species of commercial interest is the uniform utilization factor in all the com-
munities; most of the f ishermen depend on it (table 9). its productive cycle has 
allowed them to stay in business despite the scarce availability of other species 
that could be commercialized, particularly in the area of cardonal and tastiota. 
However, the dependence on crab has increased a situation of risk as a result of the 
set of utilizations where they compete for space and environmental benef its that 
emanate from the marine ecosystems.

6 Resilience is the property of a system to adapt to shocks of a varied nature in a context of 
continuous change, conserving its structure and functionality. 
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taBle 9. Retrospective analysis of the catches 
and characteristics of the Bodies of Water

Coastal 
Community

Variation in the species caught Characteristics of the 
bodies of water30 years ago Today

Kino viejo turtle, large oyster, 
yellowf in tuna, shark, 
shrimp, sea cucumber, ray

crab, mackerel, scallop, 
shrimp, octopus, ray

Reduction in productivity 
in periods of aquaculture 
discharge 

sahuímero shrimp, ray, clownf ish, 
corvina

crab, sole, mackerel –

cardonal shark, dogf ish, ray, 
shrimp, corvina, oyster, 
clam

crab, mullet, mackerel sedimentation caused 
by hydrometeorological 
phenomena 

tastiota corvina, barred pargo, 
shrimp, mackerel, shark, 
and mullet

crab sedimentation accelerated 
by aquaculture drains

source: authors' calculation based on results of interviews and f ield data.

taBle 10. coastal Perception of aquaculture Growth

Coastal 
Community

Positive Negative Arguments 

Kino viejo x x Benef icial in some aspects, it attracts more species, 
silts up the estuary

sahuímero x x af fected by accompanying fauna; resent the variation 
of species by drains

cardonal x  With the shrimp farms, a recovery of f isheries is seen
tastiota  x estuary sedimentation

source: authors' calculation based on results of interviews and f ield data.

This issue, nevertheless, has not stopped f ishermen from developing a more com-
prehensive and systematic perception about their ecological and productive context, 
which no doubt has something to do with their capacity for resilience. That has al-
lowed them to construct a more holistic vision of their environment and identify 
each one of the utilizations with which they compete as part of a greater ecological 
complexity, articulated with a set of inevitable food chains; they consider causes 
and consequences, and decide what their forms of action will be. Their empiri-
cal knowledge causes them to exercise a species of “socio-ecological rationality,” 
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which allows them to raise their awareness of the workings of the ecosystem and 
continue f ishing (table 10).

CONCLUSION: CyCLICAL TRANSFORMATION OF THE REGION 
AND DEVELOPMENT OF TERRITORIAL SyNERGIES

Through dif ferent processes of territorial appropriation (Giménez and Héau, 2007; 
toledo, 2008), the regional transformation of the coast has brought about a set of 
productive activities seen as inductive factors situated in various periods. each one 
of them af fects ecological and social scales (Gómez, 2007; castro, 2008) in the 
complexity that emanates from the coastal environments (castillo, ulloa and al-
va   rado, 2009; Breton, 2001). The f irst element is considered to be a scenario of de-
pletion, where agriculture, through the over-exploitation of the aquifer, unleashed 
a set of repercussions, both economic and ecological, in the entire region (mo reno, 
2006; castellanos et al., 2009; martínez, 1998). slowly a territorial imbalance was 
generated that reconf igured the environment through the intensif ication of tradi-
tional activities in coastal communities and ejidos (sedesol, 2011; inapesca, 2012). 
at the same time, it fostered the expectations of development of new productive 
activities situated in the land limits of the region through aquaculture production 
(nava, 2003). Thus, the Hermosillo coastal strip is considered to be the last link 
in an ecological-productive transition, which brings together various inductive fac-
tors in a dynamic of ambivalent development subject to territorial synergies. This 
scenario includes the growth of shrimp farming as a pole of economic attraction, 
which shares territorially with less-productive activities such as coastal f ishing and 
ejido charcoal production to develop areas of utilization (table 11).

taBle 11. integration of Research Results Diagram

Territorial 
utilization

Inductive factors
Ecological 
response

Te
rr

ito
ri

al
 S

yn
er

gy

Territorial 
change

Social response

charcoal 
production

mesquite deforestation changes in 
ground cover

Reduction in 
ejido space

association or 
exclusion

shrimp 
farming

cleared land, water 
intakes and discharges

Hydrological and 
land-use changes

increase in 
aquaculture area

intensive 
production

coastal 
f ishery

extraction of marine 
fauna

variation in 
species caught

F ishing ef fort 
competition

adaptation or 
resilience

source: authors' calculation based on results of interviews and territorial indicators.
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The results throughout this work show that each inductive factor in the coastal 
strip has generated a dif ferent ecological response. its contribution to the process 
of regional transformation is placed in a context that had begun in earlier decades 
through agriculture and the changes in the upper part of the sonora River basin 
(salazar, moreno and lutz, 2012). The processes of desertif ication in the ejido 
pastures, the land-use changes and the modif ication of the surface hydrology in 
aquaculture areas, as well as the biological implications of the increase in the f ish-
ing ef fort, f igure as part of the response of the resource to the shocks that each 
utilization induces. as the increase in aquaculture has had a more intense territo-
rial participation, its implications have also been greater in comparison with those 
that the rest of the utilizations have caused. it could be said that shrimp farming 
ref lects a kind of “economic rationality on a greater scale,” now that its incipient 
expectations were directed at the physical growth in the entire coastal strip to the 
point of exhausting the land suitable for it. once again, the current perspective of 
the region is placed in a process of cyclical transformation of the territory, where 
all the utilizations respond to the same factor of ecological depletion existent since 
the formation of the Hermosillo coast. This indicates that there has never been an 
economic activity exempt from an over-utilization of natural resources (F igure 1).

F iGuRe 1. Diagram of intersectoral and synergy interactions

source: authors' calculation based on results of interviews and territorial indicators.
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From the approach of ecology, the territories manage to regulate themselves 
in the face of various shocks emanating from physical external factors (margalef, 
1977; colinvaux, 1995); nevertheless, the continued utilization of the benef its 
nature provides conf licts with this condition of regulation. in the social scale, the 
synergy between inductive factors intercedes in utilizations linked to a shared ter-
ritory (Gómez, 2007; cerdan, aquilante and Freire, 2011), each one responding 
to them in a distinct manner according to the complexity of the context. in gen-
eral, the Hermosillo coast is tied to a region with accumulated ecological impacts, 
incapable of sustaining itself in a harmonious manner with the environment in 
the long run, with productive cycles that leave a reduced portion of benef iciaries 
upon concluding their interval. everything seems to indicate that the possibil-
ity of generating a new productive scenario is uncertain; that depends both on 
scientif ic development and the vision of territorial utilization that social actors 
organize, both of which must take into account the ecological implications of the 
region, such as the continued detriment of the activities that survive to a context 
of adversities herein described.
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