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Abstract

The coastline of Northern Sonora is dominated by hypersaline estuaries and vast rocky 
intertidal zones that are intermittently covered by the extreme tides characteristic of the 
Northern Gulf of California. Research on the spatial-temporal distribution of flora and 
fauna in wetland, sandy-muddy bottoms, the pelagic zone, subtidal rocky reefs and an off-
shore island offer an in depth characterization of the region’s habitats and allow the defini-
tion of a unique biological Corridor for the coastal zone between Punta Borrascoso and 
Puerto Lobos, Sonora. Trophic studies and coupled oceanographic-biological models vali-
dated by larval dispersal and population genetic studies on commercial species highlight 
the connectivity between marine and coastal habitats and support the Corridor as a distinct 
management unit, especially for fisheries. Patterns of human use along the coast (fisheries, 
tourism and coastal development) have been documented and currently stakeholders in six 
communities are engaged in fisheries monitoring and management. The wealth of informa-
tion available on this Corridor supports an ecosystem-based approach for fisheries manage-
ment. The traditional hurdles to successful implementation of ecosystem-based fisheries 
management can be overcome for the coastal fisheries of the Peñasco Corridor by defining 
essential habitats for important target species, identifying trophic interactions, involving 
fishers and coastal communities in spatial planning and decision-making, and creating a 
positive incentive system.

9.1 � Introduction

Estuarine environments are known to be among the world’s 
most important ecosystems for marine fisheries production 
(Houde and Rutherford 1993). In the Gulf of California, it has 
been estimated that 32 % of landings of small-scale fisheries 
depend on mangroves and coastal fringe environments 
(Aburto-Oropeza et al. 2008). The Northern Gulf, a distinct 
ecoregion of the Gulf of California, boasts of 2,116 km of 
coastline, three riparian systems, and 114,206 ha of coastal 
wetlands (Glenn et al. 2006). The region yields over 15 % of 
Mexico’s total fisheries volume (Brusca and Bryner 2004). 
Fishing is the primary economic activity for the region’s 
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seventeen permanent fishing communities and 3500 small-
scale fishers (Cudney-Bueno and Turk Boyer 1998; Moreno-
Baez et al. 2012). Valuable shrimp, blue crab, clam, and scal-
lop fisheries abound, with approximately 80 target species 
harvested by small-scale fishers (Cudney Bueno and Turk 
Boyer 1998; PANGAS 2012a, b, c, d, e).

Bound by the Midriff Island archipelago in the south and 
by the Colorado River Delta in the north, the Northern Gulf 
of California has a variety of topographic and bathymetric 
features and habitats that support the region’s biodiversity 
(CONABIO 2004 AICA NO-34; Thomson et al. 2000). The 
shallow sloping shelf of the Northern Gulf is characterized 
by extreme tides, temperatures and salinities (Alvarez-Bor-
rego et  al. 1975) that fuel a seasonally reversing oceano-
graphic gyre (Marinone 2003), distributing nutrients, lar-
vae and food, and connecting populations and communities 
throughout the ecosystem (Marinone et al. 2008).

High biodiversity is another hallmark of the region. For-
ty-six percent of the Gulf’s total ichthyofauna and a similar 
proportion of the Gulf’s macro-invertebrates are present in 
the Northern Gulf (Hastings et  al. 2010; Brusca and Hen-
drickx 2010). Cartilaginous fish are especially well repre-
sented, with 70 % of the Gulf’s 87 species found in the region 
(Hastings et al. 2010). The Northern Gulf is also known for 
its large predatory fish of commercial and recreational im-
portance: for example the families Serranidae and Scianidae 
are especially abundant (Rupnow 2008; Hernández-Velasco 
2010; Aburto-Oropeza et al. 2008). Over 23 species of ma-
rine mammals (Urban 2010; Brusca et al. 2004) and five of 
the world’s seven sea turtle species (Seminoff and Nichols 
2007) use the area for feeding, breeding and nesting. The 
coastal wetlands offer feeding and resting spots for migra-
tory birds of the Pacific Flyway as well as many resident 
and breeding species (Hinojosa-Huerta et al. 2007) and serve 
many other ecosystem functions.

Among the most renowned species in the Northern Gulf 
are the endemic vaquita porpoise ( Phocoena sinus); the 
world’s most endangered marine cetacean (Rojas-Bracho 
et  al. 2006; Urban 2010), and the endemic giant croaker 
( Totoaba macdonaldi), one of the world’s first marine fish 
to be listed as endangered (Barrera-Guevara 1990; Cisneros-
Mata et al. 1995). Protection of these two species has been 
a primary driver for biodiversity conservation and fisheries 
management in the entire region, but especially in the Upper 
Gulf of California and Colorado River Delta Biosphere Re-
serve (Fig. 9.1). The reserve was established in 1993 (DOF 
1993) largely to protect these two species and the spawning 
habitat of over 22 commercially important fish species with-
in the Colorado River Delta (Barrera-Guevara et al. 2004). 
A Vaquita Refuge was created in 2005 (DOF 2005) overlap-
ping the Reserve, offering an additional 1,263 km2 to protect 

this species from entanglement in gillnets, the primary cause 
of incidental mortality (Rojas-Bracho et al. 2006).

The Northern Gulf of California was once a vast estuarine 
environment (Lavín and Sánchez 1999), fed by the mighty 
Colorado River and other riparian systems along the coast of 
Sonora, Mexico. The Colorado once contributed up to 50 % 
of all the freshwater entering the Gulf, with a freshwater 
lens extending up to 65 km south towards San Felipe, B.C. 
(Lavín and Sánchez 1999). Temperature and salinity pro-
files (Alvarez-Borrego et  al. 1975), sedimentation patterns 
(Carriquiry and Sánchez 1999) and the perception of fishers 
(Cudney-Bueno and Turk-Boyer 1998) all indicate that the 
influence of this system was greatest along the northwest-
ern coast of the Northern Gulf, where distinct fisheries are 
harvested. Today, only intermittent or subsurface flow enters 
the Gulf due primarily to upstream diversion for urban and 
agricultural use (Glenn et al. 2006; CONAGUA 2011). The 
impacts of the lack of freshwater from the Colorado River 
on the marine ecosystem have been well documented; these 
impacts include reductions in shrimp landings (Galindo-Bect 
et  al. 2000), lower abundance and reduced distribution of 
freshwater clams (Rodríguez et  al. 2001), riparian habitat 
loss (Glenn et al. 2001), reduction in avian breeding popu-
lations (Hinojosa-Huerta et  al. 2004a, b), and alteration of 
reproduction and spawning habitat of the endemic totoaba 
population (Lercari-Bernier and Arreguín-Sánchez 2009). 
Incidental capture of juvenile totoaba in shrimp trawling ac-
tivities (Barrera-Guevara 1990) and over-fishing (Flanagan 
and Hendrickson 1976) are contributing factors that led to 
the near extinction of this anadromous species (Rowell et al. 
2008), underscoring the complexities inherent in manage-
ment of coastal fisheries.

Despite the changes in freshwater input, the Upper Gulf 
continues to provide important ecosystem services reminis-
cent of estuarine conditions and primary productivity remains 
high (Alvarez-Borrego 2010). There is evidence, however, 
that fisheries populations in the region have declined (Cud-
ney-Bueno and Turk-Boyer 1998; Sáenz-Arroyo et al. 2005; 
Erisman et al. 2012; Rupnow 2008). Open access, increased 
fishing effort, use of non-selective fishing gears, lack of 
management and insufficient enforcement are some of the 
primary causes for this decline (Cinti et al. 2010a, b). In the 
Northern Gulf, lack of information to advance fisheries man-
agement has been a major challenge, particularly amongst 
end users. In the last decade, several multi-disciplinary re-
search efforts have advanced understanding of fisheries in 
the context of the Northern Gulf ecosystem and new strate-
gies have emerged to solve this situation (PANGAS 2012a, 
b, c, d, e; Ainsworth et al. 2011).

In the Upper Gulf Reserve, where the survival of the 
world’s most endangered marine mammal is threatened by 
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the region’s most important fisheries, these various man-
agement challenges are compounded and complex. Though 
management structures have evolved, the process has been 
characterized by conflict and consumed the energy of envi-
ronmental and fisheries authorities. In contrast, at the south-
eastern corner of the Reserve a different approach to fisher-
ies management has emerged. Here, participatory research 
and management processes are unfolding with the collabora-

tion of six coastal communities that exploit distinct fisheries 
in a diversity of habitats. A wealth of scientific information 
has been generated that characterizes the Peñasco Corridor, 
linking coastal and marine habitats and communities from 
Punta Borrascoso to Puerto Lobos in Northern Sonora as 
a distinct eco-region. Here, important advances have been 
made on key components for implementation of Ecosystem-
based Fisheries Management (EBFM).

Fig. 9.1   Northern Gulf of California, Mexico, it’s 17 fishing communities and 11 natural protected areas. The Upper Gulf of California/Colorado 
River Delta Biosphere Reserve is the northern-most red area
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This chapter explores EBFM for the Peñasco Corridor. In 
this Corridor, fisheries production rivals that at the mouth of 
the Colorado River, supported by riparian, wetland, rocky 
and soft-bottom habitats. Especially in areas as diverse (at 
the genetic, species and environmental levels) as the Peñasco 
Corridor, effective fisheries management can be well served 
by an integrated approach that recognizes the connectivity 
between marine and coastal systems, habitats, species and 
human communities. We present a characterization of the 
diverse habitats of this Corridor, documenting physical char-
acteristics, overall biodiversity, presence and abundance of 
fisheries species, and life stages present. We describe fishing 
effort, the fisheries exploited in each habitat, and present an 
analysis of catch composition and diversity by community. 
We describe studies on the connectivity between habitats and 
species by looking at trophic structure within the estuary sys-
tem and offshore environments. We also summarize research 
on larval dispersal and genetic structure for three important 
commercial species using coupled biological-oceanographic 
models. Finally, this work highlights an emerging participa-
tory process for ecosystem-based fisheries management in 
the rich biological Corridor from Punta Borrascoso to Punta 
Lobos, Sonora.

The information presented here is derived from research 
of an ecosystem-based management research consortium 
studying small-scale fisheries in the Northern Gulf of 
California-PANGAS (http://www.pangas.arizona.edu); and 
from the Atlantis Ecosystem-based modeling project for 
the Northern Gulf ecosystem developed by the Northwest 
Fisheries Science Center (NWFSC), National Oceanic and 
Atmospheric Administration (NOAA) in collaboration with 
PANGAS and CEDO. Methods and results for different com-
ponents of these projects are available as theses, reports, or 
in some cases published papers, while other publications are 
in process. Additional unpublished data and analyses from 
these studies are presented in this chapter, such as the calcu-
lation of indices of richness, trophic structure, and diversity, 
generation of species lists, and site-specific comparisons.

A general description of the methods employed for sur-
veys conducted in subtidal rocky reefs of the Peñasco Cor-
ridor and Northern Gulf from 2007 to 2012 can be found 
in Appendix 9.1. Methods for a 2-year community catch 
monitoring program in the Peñasco Corridor between Sep-
tember 2010 to 2012 and for data analysis are outlined in 
Appendix 9.2.

9.2 � Ecosystem-Based Fisheries Management

Traditional fisheries management is slowly evolving from 
single species stock assessment models to multi-species 
approaches that incorporate management of biodiversity, 

habitat and ecosystem processes as well as socio-economic 
considerations (Koen-Alonso 2009; Crowder et  al. 2008; 
Pikitch et al. 2004). This change has resulted from the rec-
ognition of the ineffectiveness of past approaches, as well 
as the importance of managing not only target species, but 
also considering food web dynamics where both preda-
tor and prey species abundance are secured (Crowder et al. 
2008) and habitats are protected for maintenance of a healthy 
ecosystem (Pikitch et al. 2004). Ecosystem-based fisheries 
management addresses many of these issues. The overall ob-
jective of EBFM is to sustain healthy marine ecosystems and 
the fisheries they support (Pikitch et al. 2004). Ecosystem-
based fisheries management can be defined in a variety of 
ways, but at its core, it recognizes: (1) that the use of all 
resources should be sustainable for the long-term (from both 
ecological and socio-economic perspectives); (2) ecosys-
tem structure and function must be preserved or restored (if 
possible); and (3) uncertainties, weaknesses and knowledge 
gaps need to be explicitly recognized and the management 
structure needs to address unexpected changes in system 
conditions (Done and Reichelt 1998).

While the Gulf of California’s sardine fishery incorpo-
rates ecosystem approaches (Bakum et  al. 2010), as yet, 
no integrated EBFM exists for Gulf of California fisheries 
(Lluch-Cota et  al. 2007), although the most recent fisher-
ies law calls for more integrated management approaches. 
In 2012, Mexico’s first fisheries refuges were established in 
Baja California Sur (DOF 2012), and a process was devel-
oped to define conditions for their establishment. Mexico has 
also established eleven Natural Protected Areas in the North-
ern Gulf (Fig. 9.1). These areas are managed by the National 
Commission of Natural Protected Areas (Comisión Nacional 
de Áreas Naturales Protegidas, CONANP), an agency of the 
Environmental Secretariat (Secretaría del Medio Ambiente y 
Recursos Naturales, SEMARNAT). A comprehensive Envi-
ronmental Impact Assessment process, which is a broad en-
vironmental planning tool, is now required in all of Mexico’s 
protected areas (DOF 2000); to date this instrument has only 
been enforced for fishers in the Upper Gulf of California Re-
serve and Vaquita Refuge.

Lack of basic life history information on individual target 
species, ecological and historical data on most fisheries, and 
limited characterization of the diverse habitats important for 
fisheries has made it all but impossible to move forward with 
an EBFM approach in the Gulf (Lluch-Cota et  al. 2007). 
Ecosystem modeling is a tool that can support EBFM; sev-
eral ecosystem models have been developed for the North-
ern Gulf, where a growing body of information has made 
this possible (Lercari-Bernier and Arreguín-Sánchez 2009; 
Ainsworth et al. 2011, Díaz-Uribe et al. 2012). Nonetheless, 
so far there is no formal pathway to incorporate model pre-
dictions into management. Given the enormity of the task 



1299  Ecosystem-Based Fisheries Management of a Biological Corridor Along the Northern Sonora Coastline (NE Gulf of California)

required to implement EBFM practical approaches are being 
sought (Cowan et  al. 2012, Crowder et  al. 2008). Hilborn 
(2011) distinguishes between core and extended EBFM and 
proposes that at the most basic level EBFM should: (1) man-
age individual species by keeping fishing mortality below 
Maximum Sustainable Yields and fleet capacity within the 
resource limits; (2) prevent bycatch of non-target species 
through gear modification, offering incentives to avoid by-
catch, or use area and seasonal closures; and (3) avoid fish-
ing practices that modify habitats through spatial closures in 
sensitive areas.

The processes necessary to implement EBFM are already 
present in many fisheries systems throughout the world and 
important advances towards implementing them are being 
made within the Upper Gulf of California Biosphere Reserve 
and the Vaquita Refuge. A permit and gear buy-out program 
was implemented by the Mexican government in 2008 to re-
duce bycatch on the vaquita porpoise (Rodríguez-Ramírez 
2010). Industrial fishers in the Upper Gulf Reserve were the 
first group required to implement an Environmental Impact 
Assessment; and in 2009 the same was required from small-
scale fishers, setting an important precedent. Small-scale 
fishers have been active participants in conducting studies 
necessary for the assessment process, which includes on-
board observations, fisheries monitoring, training programs, 
participation in decision-making processes for managing by-
catch and improving compliance, based on socially accepted 
indicators (Pérez-Valencia et al. 2013a).

Finally, fisheries are part of a complex socio-ecological 
system and fishers must be incorporated into manage-
ment (Gutiérrez et al. 2010; Hilborn 2011). Stakeholders 
need to be involved in processes to understand their fish-
eries, make decisions about management, and commit to 
comply with agreements; these aspects are as important 
as top-down approaches and legal tools (Cudney-Bueno 
et  al. 2009; Espinoza-Romero et  al. 2011; Cinti 2010a). 
Where co-management processes exist, leadership, social 
capital and incentives have been shown to promote suc-
cess (Gutiérrez et al. 2010). The need for cross-scale fo-
rums to bring different parties together has been identified 
(Cudney-Bueno and Basurto 2009); many such forums are 
emerging in the Upper Gulf where progress is being made, 
such as in the Vaquita Refuge (Turk-Boyer and Barrera 
2012). A balanced and comprehensive incentive system is 
needed to keep all parties motivated and working together 
towards developing functional fisheries systems (Jones 
et al. 2011). Socio-economic and market incentives will be 
the ultimate driver to maintain sustainable fisheries. Catch 
share systems with harvest quotas or turfs are actively 
being promoted in the region as one such incentive. These 
management tools can help prevent overfishing, promote 
stability and ecological stewardship (Gutiérrez et al. 2010; 
Fujita et al. 2012).

9.3 � The Peñasco Biological-Fisheries Corridor

The Peñasco Biological-Fisheries Corridor, hereafter Pe-
ñasco Corridor, is located along the northeastern coast of 
the Northern Gulf of California between Punta Borrascoso 
and Puerto Lobos, Sonora (Fig. 9.2). Stakeholders from six 
coastal communities who engage in small-scale coastal fish-
eries are an integral part of this Corridor. With the exception 
of Puerto Peñasco, fishing is the primary economic activity 
for all of these communities. Puerto Peñasco has a more di-
versified economy with tourism, industrial (shrimp and fin-
fish) and recreational fisheries in addition to small-scale fish-
ing. The Corridor’s small-scale fishers engage in a variety of 
fisheries, predominantly using small skiffs, called “pangas”. 
The fisheries use a variety of gears, including commercial 
diving, gillnets and traps in the shallow subtidal zones up to 
30 m depth, and longline and deepwater nets used in waters 
up to 150 m depth. Fishing for the star-studded grouper ( Hy-
porthodus niphobles) occurs occasionally in depths of up to 
300 m using long-line, but this depth is not considered in our 
definition of the Corridor. An average fishing day might take 
a fisherman 45 km from the coast. Deeper water is closer to 
the shore at the southern part of the Corridor than at Puerto 
Peñasco.

The southern limit of this Corridor, Puerto Lobos, is the 
approximate latitude where the summer (May to Septem-
ber) counterclockwise current (Marinone 2003, 2012) turns 
northward along the Sonoran coast, transporting larvae along 
the way (Soria et al. 2012). Puerto Lobos also is the southern 
limit of the Puerto Peñasco regional fisheries office (Ofici-
na de Pesca y Acuacultura, Puerto Peñasco, Sonora) which 
manages all fisheries issues for the communities of the Cor-
ridor as well as for the community of Golfo de Santa Clara. 
Given that the biological, ecological and fisheries context for 
Golfo de Santa Clara is distinct, we have excluded this com-
munity from the definition of the Peñasco Corridor.

9.4 � Characterization of Habitats of the 
Peñasco Corridor

The variety of coastal habitats in the Peñasco Corridor, from 
riparian to saltwater wetlands, sandy and muddy bottom en-
vironments, intertidal and offshore rocky reefs, an island ar-
chipelago and a rich pelagic environment give sustenance to 
marine fisheries and a diversity of marine life.

9.4.1 � Pelagic Environment

The offshore pelagic environment has lower salinity than 
other Upper Gulf sites, defining a distinct hydrogeographic 
zone (Sánchez-Velasco et al. 2012). Here a physical-chemical 
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front separates the shallow sloping coastal Corridor from the 
deeper waters to the south, roughly corresponding to the area 
we describe as the “Peñasco Corridor”, up to the 40-m iso-
bath.

Both in this pelagic zone and in adjacent wetlands of the 
Peñasco Corridor the abundance and richness of fish larvae 
are high, which underscores its relevance as nursery habitat 
(Iris-Maldonado 2011; Sánchez-Velasco et al. 2012). Anchoa 
spp., an important prey for targeted commercial species, nest-
ing birds and sea lions populations, is the dominant species 
group in these waters (Iris-Maldonado 2011; Sánchez-Velas-
co et al. 2012). A significant portion of the nesting popula-
tion of the least tern, Sternula antillarum, uses the wetlands 

in the Corridor (Palacios and Mellink 1996; Rosemartin 
2008). Here, the terns feed and nourish their young with the 
abundant Anchoa spp., Leuristhes sardina, and Colpichthys 
regis found in the pelagic environment (Zuria and Mellink 
2005; Iris-Maldonado 2011; Sánchez-Velasco et al. 2012).

9.4.2 � Riparian Habitats

Riparian vegetation gives evidence of fresh water input at 
three sites along the Sonora coast (Felger 2000) (Fig. 9.3). 
North of Puerto Peñasco at Bahía Adair in the high inter-
tidal zone, inside the coastal dunes, artesian springs create 

Fig. 9.2   Peñasco Biological-
Fisheries Corridor in the Northern 
Gulf of California, Sonora, 
Mexico and the six coastal com-
munities it sustains
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freshwater oases that harbor relict vegetation from the Colo-
rado River (Felger 2000; Ezcurra et al. 1988). Riparian veg-
etation is also found along the now dry Sonoyta River chan-
nel (Felger 2000), which has its terminus between Estero 
Morúa and Estero La Pinta, once a single estuarine system 
(Turk-Boyer 1998). At Desemboque, the Asunción River ter-
minates inland of the coastal dunes forming a small wetland 
with both mesquite trees and halophytic vegetation (Glenn 
et al. 2006). The marine zones offshore from these riparian 
areas are recognized as key spawning habitat for shrimp, 
blue crabs and sharks, species generally known as estuarine 
spawners (Calderón-Aguilera et al. 2003; Loaiza-Villanueva 
and Downton- Hoffmann 2011).

9.4.3 � Wetland Habitats

In the Puerto Peñasco Corridor, there are eight estuaries that 
range in size between 235 and 98,740 ha and cover a total of 
114,206 ha (Table 9.1; Fig. 9.3) (Glenn et al. 2006). These 

are negative estuaries with higher salinities at the head than 
at the mouth, resulting from high evaporation rates and lack 
of freshwater input (Brusca et al. 2006; Glenn et al. 2006). 
Environmental conditions within these estuaries are extreme 
and highly dependent on depth, solar heating, and tidal ex-
change (Morzaria-Luna et al. 2010), with tidal fluctuations 
of up to 8 m (Brusca and Bryner 2004). Such extreme envi-
ronmental conditions determine faunal community structure. 
Fish community structure is determined by tidal cycle, with 
higher richness and abundance during neap tide (Iris-Maldo-
nado 2011); while fish larvae are found in zones defined by 
salinity and temperature gradients, with lower diversity in 
hypersaline waters (Sánchez-Velasco et al. 2012).

Physically, the estuaries are a complex of intertidal 
mudflats, tidal channels, marshes, saltpans, coastal dunes, 
beaches and the wetland-terrestrial ecotone (Fig.  9.4) (Ez-
curra et al. 1987; Felger 2000; Johnson 1982). The Peñasco 
Corridor is beyond the northern limit for mangrove distribu-
tion except for a small stand of black mangroves at Puerto 
Lobos (Brusca et al. 2006; Glenn et al. 2006). The marsh is 

Fig. 9.3   Coastal wetlands in the 
Puerto Peñasco Biological-Fish-
eries Corridor, Sonora, Mexico 
are hypersaline negative estuaries 
that cover 114,206 ha. (Glenn 
et al. 2006)
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vegetated by halophytes and surrounded by Sonoran Desert 
vegetation characteristic of the Lower Colorado River Valley 
subdivision (Shreve and Wig-gins 1964). This is the most 
arid type of Sonoran Desert, because of the combination of 
high temperature and low precipitation (Turner and Brown 
1994).

Wetland-dependent fisheries represent a large proportion 
of the commercial harvest in the Northern Gulf of California. 
For example, in 2008 shrimp landings in Sonora represented 
over 8000 metric t in live weight or 16 % of national produc-
tion (CONAPESCA 2008). The Corridor’s most important 

commercial fish use these wetlands in their adult phases 
(Table  9.2). Fish and invertebrates of commercial impor-
tance such as shrimp and blue crab use estuaries as nursery 
sites. Blue shrimp ( Litopenaeus stylirostris) larvae recruit 
within coastal wetlands and the coastal area outside estuar-
ies in the Corridor has the highest concentration of mature 
females along the coast of Sonora (Calderón-Aguilera et al. 
2003). A majority of estuary fish are juveniles; an analysis 
of fish community structure in Estero Morúa and Estero La 
Salina found that 60 to ~ 80 % of fish found throughout the 
year were immature (Iris-Maldonado 2011).

Fig. 9.4   Estero Cerro Prieto, 
Sonora, Mexico. Estuaries are a 
complex of intertidal mudflats, 
tidal channels, marshes, salt 
pans, coastal dunes, beaches and 
the wetland-terrestrial ecotone

 

Table 9.1   Coastal wetlands in the Puerto Peñasco Biological-Fisheries Corridor, Sonora, Mexico. (Data from Glenn et al. 2006; Felger 2000; 
Johnson 1982)
Wetland Area Main habitats Tidal regime
Estuaries of Bahía Adair 29226 Halophyte marsh, mud flats, coastal dunes, salt flats, fresh-

water springs
Macrotidal, mixed semidiurnal

Cerro Prieto 1987 Halophyte marsh, mud flats Macrotidal, mixed semidiurnal
La Cholla 235 Halophyte marsh, mud flats, coquina reefs (consolidated shells) Macrotidal, mixed semidiurnal
Morúa 1097 Halophyte marsh, mudflats Macrotidal, mixed semidiurnal
La Pinta 3338 Halophyte marsh, mudflats Macrotidal, mixed semidiurnal
Estuaries of Bahía San Jorge 9874 Halophyte marsh, mudflats, coastal dunes, salt flats Macrotidal, mixed semidiurnal
San Francisquito 543 Halophyte marsh Macrotidal, mixed semidiurnal
Delta del Rio Asunción 9233 Brackish marsh (vegetated by mesquites, Prosopis spp.) and 

halophyte marsh
Mixed semidiurnal

Los Tanques 543 Halophyte marsh Mixed semidiurnal
Puerto Lobos 4 Halophyte marsh, mangrove (black mangrove, Avicennia 

germinans)
Mixed semidiurnal
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9.4.4 � Sandy and Muddy Bottom Habitats

The vast majority of the seafloor in the Puerto Peñasco Cor-
ridor is either sandy or muddy bottom habitat (Carriquiry 
and Sánchez 1999) (Fig. 9.5). The Colorado River once con-
tributed over 160 million t of sediment per year to the Gulf 
(Van Andel 1964). Combined with river deposits from main-
land Sonora, these sediments now cover the entire continen-
tal shelf of the Northern Gulf and fill two deep water basins 
with sand and mud (Carriquiry and Sanchez 1999). With no 
additional input today, tidal and wind driven currents con-
tinually rework these sediments (Carriquiry et al. 2011). Par-
ticle size and associated oxygen content are primary factors 
that determine the distribution of both infauna and epifauna 
in these habitats.

Sandy and muddy bottom environments in the Gulf of 
California are known for their high diversity of invertebrate 
species. Considering all depths, sandy and muddy habitats 
account for 41.2 and 26.7 % of the total macro invertebrate 
species in the Gulf, respectively (Brusca and Hendrickx 
2010).

Sharks and rays (Chondrichthys) are particularly diverse 
in soft-bottom habitats, with 52 % of the Gulf’s species pres-
ent in the Upper Gulf, probably in part related to the preva-
lence of soft substrates (Hastings and Findley 2007). Other 
species groups typically found in soft bottoms in the Corri-
dor include: anchovies (Engraulidae), herrings (Clupeidae), 
new world silversides (Atherinopteridae), a variety of perci-
form fish such as corvinas and croakers (Sciaenidae), grunts 
(Haemulidae), flounders and flatfishes (Pleuronectiformes) 
(Hastings and Findley 2007).

Sandy bottoms are the primary habitat for the region’s 
commercial shrimp and the valuable geoduck clam ( Pano-
pea globosa) (Pérez-Valencia and Aragón–Noriega 2012), 
as well as other invertebrates of commercial importance 
(Appendix 9.3).

9.4.5 � Rocky Reefs

Intertidal and subtidal rocky reefs are also found in the North-
ern Gulf of California. Intertidal reefs are limited to only a few 
sites, and three of them are in the Peñasco Corridor (Borras-
coso, Puerto Peñasco, and Puerto Lobos). Subtidal rocky 
outcrops appear in the Corridor as a series of patch reefs that 
parallel the shore along the continental shelf between Bahía 
Adair and Bahía San Jorge, in both shallow water (2–25 m 
depth) and deep water (> 25 m depth) (Fig. 9.6). Composed 
predominantly of beach rock (limestone), the reefs appear as 
small exposed islands of hard substrate in a predominantly 
sandy and muddy bottom. These reefs were probably once 
shoreline intertidal habitats inundated by Pleistocene sea 
level rise (Thomson and Gilligan 1983). Recreational fish-
ers identify 17 reefs they fish regularly (Pérez-Valencia et al. 
2007; Rupnow 2008); while industrial trawlers have located 
many more rocky outcrops as targets to avoid during their 
trawling activities (Turk-Boyer et al. 2009).

Rocky reefs vary in size and rugosity. Some create sub-
strate for habitat forming species, such as Sargassum spp. 
(Aburto-Oropeza et  al. 2007) and rhodoliths (Steller et  al. 
2003). They offer shelter, spawning and feeding sites for 
large predatory fish and support coastal fisheries. Though 
reefs represent an essential habitat for many species, they 
are a patchy resource, limited in geographical coverage and 

Table 9.2   Commercial fish species that use estuaries of the Peñasco 
Corridor, Sonora, Mexico. (Cudney-Bueno and Turk-Boyer 1998; 
Hastings and Findley 2007; Iris-Maldonado 2011)
Species Common name
Paralabrax maculatofasciatus Spotted sand bass
Orthopristis reddingi Bronze-striped grunt
Lutjanus argentiventris Yellow snapper
Mycteroperca jordani Gulf grouper
Mustelus lunulatus; Mustelus henlei Smooth-hound sharks
Dasyatis brevis Whiptail stingray
Rhinobatos productus Shovelnose guitarfish
Paralichthys aestuarius Cortez flounder
Menticirrhus nasus Highfin king croaker
Mugil cephalus, Mugil curema Mullets
Lobotes pacificus Pacific tripletail
Hyporthodus niphobles Star-studded grouper
Hyporthodus acanthistius Gulf coney

Fig. 9.5   Substrate map showing relative distribution of major habitat 
types of the northern Gulf of California, Mexico: Rock ( solid black); 
mud ( cross-hatch); sand ( fine dots). (From Ainsworth et al. 2011)
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physically separated from other reefs. Despite their limited 
abundance, rocky habitats harbor 33.4 % of the total Gulf 
macroinvertebrate faunal species (Brusca and Hendrickx 
2010), with mollusks and echinoderms commonly associ-
ated with these habitats (Keen 1971; Brusca 1980; Maluf 
1988; Cintra-Buenrostro 2001; Solís-Marín et al. 2005).

9.4.6 � Offshore Islands

The San Jorge Island reefs are the most important offshore 
rocky habitats in the Peñasco Corridor in terms of diversity 

(Martinez 2010). San Jorge is the northern-most rocky island 
in the Gulf, located approximately 41 km southeast of Puerto 
Peñasco. With one main island and four islets, San Jorge is 
an island archipelago that extends 1,097 m in length. The is-
lands are composed of granite and are arid and steep, with ter-
restrial and intertidal habitats that decline precipitously into 
subtidal rocks. San Jorge Island is a protected area under the 
CONANP category of Special Area for Protection of Flora 
and Fauna (Area Especial de Protección de Flora y Fauna: 
Islas del Golfo de California, Sonora), but the marine portion 
of this island archipelago is not included in this designation 
and is under no special management or protection category.

Fig. 9.6   Subtidal reefs and bathymetry offshore of Puerto Peñasco, Sonora, Northern Gulf of California. Data from research expert workshop, 
commercial divers who fish these areas and industrial shrimp trawlers who avoid these rocks
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The San Jorge Island reefs represent one of the North-
ern Gulf’s biodiversity hot spots. Diversity indices for fish 
show the island to be among the highest of the Northern Gulf 
(Martinez 2010). Large predatory fish are abundant; the is-
land presented the highest average trophic level for fish of 
all surveyed sites in the Northern Gulf in 2010 and 2011. 
Subtidal surveys in 2007 and 2011 show commercially im-
portant invertebrates were most abundant at San Jorge Island 
when compared to other sites in the Northern Gulf. Rock 
scallop ( Spondylus limbatus), black murex snail ( Hexaplex 
nigritus), pen shells, the pearl oyster ( Pinctada margari-
tensis), and Octopus spp. (Martinez 2010) were the most 
abundant at San Jorge Island. The island also had the second 
greatest abundance of the brown sea cucumber ( Isostichopus 
fuscus). Winged oyster ( Pteria sterna), an important fishery 
in the Corridor, was more abundant at Angel de la Guarda 
and Tiburon Island.

San Jorge has no terrestrial plants but supports an im-
portant seabird colony (Everett and Anderson 1991; Velar-
de and Anderson 1994). Reported nesting species include 
brown boobies ( Sula leucogaster), blue-footed boobies 
( Sula sula), double-crested cormorants ( Phalacrocorax au-
ritius), Heerman’s gulls ( Larus heermanni), and red-billed 
tropicbirds ( Phaethon aetherus) (Velarde and Ander-son 
1994). The island is the Gulf’s second most important breed-
ing site for the California sea lion ( Zalophus californianus 
californianus); sea lion censuses conducted in 2004 found 
3,822 individuals with 968 pups (Szteren et al. 2006), but 
in July 1998, an ENSO year that number was almost double 
(6,717 sea lions and 793 were pups) (Mellink and Romero-
Saavedra 2005).

9.5 � Fishing Communities

The Peñasco Corridor is comprised of six fishing communi-
ties along a 200 km stretch of coast (Fig. 9.2). The largest 
community is Puerto Peñasco (pop. 57,342 in 2010; INEGI 
2011). Puerto Peñasco also has the most diversified economy 
with small-scale, industrial, and recreational fisheries as well 
as commerce, tourism, other service industries and related 
activities; the municipal government is also based here. The 
other communities of the Corridor are much smaller and 
have varying degrees of infrastructure and access to basic 
services and education. Three of these coastal communi-
ties are fishing camps, associated with inland ejidos as fol-
lows: Bahia San Jorge (BSJ)—Ejido Rodolfo Campodónico; 
Santo Tomas (STO)—Ejido Álvaro Obregón; Punta Jag-
üey (PJA)—Ejido 15 de Septiembre. In this work we use 
the names of the coastal villages. The local fisheries office 
that services these communities is a dependency of the Na-
tional Commission for Fisheries and Aquaculture (Comis-
ión Nacional de Acuacultura y Pesca-CONAPESCA). The 
CONAPESCA office is located in Puerto Peñasco, where all 
fisheries catch is officially landed. Because of the distance, 
most of the catch from communities south of Puerto Peñasco 
was largely unreported until a community logbook program 
was initiated in September 2010–2012 (Downton-Hoffmann 
et al. 2013c). Due to its size, Puerto Peñasco has the largest 
number of pangas (Table 9.3). In contrast, Santo Tomás has 
37 total (20 active) pangas, and no fishing permits. Bahia 
San Jorge, the fishing community that is most organized, has 
only one cooperative fishing unit and all the members of the 
community belong to it.

Table 9.3   Number of small skiffs (pangas), permits, commercial species fished and fishing gear used by three communities of the Upper Gulf of 
California Biosphere Reserve in 2011, and five communities of the Peñasco Corridor in the Northern Gulf of California, Sonora, and capture in tons
Site Number of pangas Number of permits Capture in tons Number of species 

fished
Fishing gear

San Felipe 315a 603 7,848.6b 65 Hooka, gillnet, longline, cane 
and traps

Golfo de Santa Clara 457a 925 11,619b 59 Hooka, gillnet, longline and 
traps

Puerto Peñasco 350a 278 19,045b 46 Hooka, gillnet, longline, pole 
and traps

Subtotal 1,122 1,806 38,512.6
Bahia San Jorge 30 124 205.21 13 Gillnet, traps
Punta Jagüey 48 19 128.41 17 Gillnet, pots and traps
Santo Tomás 37 0 72.34 24 Gillnet, longline, traps
Desemboque 194 65 291.05 30 Hooka, gillnet, longline, pole, 

traps
Puerto Lobos 42 8 74.91 36 Hooka, gillnet, longline, cane, 

pots and traps
Subtotal 351 216 771.92
Total 1473 2022 31435.92
a Data from Upper Gulf small-scale fishers environmental impact study (Pérez-Valencia et al. 2012)
b Data from OEIDRUS (2011)
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Puerto Peñasco is the community that targets the most 
species (46) and Bahía San Jorge the least (13). Only four 
target species are shared by all six communities: Gulf drum 
(chano), guitarfish, blue crab and flounder (Downton-Hoff-
mann et al. 2013c). A cluster analysis of catch composition 
separates Bahía San Jorge and Punta Jagüey, communities 
close to each other that fish in nearby sites and have similar 
catch (Downton-Hoffmann et al. 2013c; Appendix 9.2). The 
second cluster groups the two communities that are furthest 
apart from each other, Puerto Lobos and Puerto Peñasco. 
Both of these communities harvest resources in rocky habi-
tats, which are likely connected via larval dispersal (see sec-
tion on marine connectivity). Desemboque also has catch in 
common with Puerto Lobos, but the latter also fishes in other 
types of habitats.

An analysis of the trophic level of catch by community 
shows in general the communities of the Corridor are impact-
ing top predators, with average trophic level ranging between 
3.5 and 3.8 (Fig. 9.7). The exceptions are the communities of 
Bahía San Jorge and Punta Jagüey, which fish predominantly 
in Bahía San Jorge and lower down the food chain.

Habitat characterizations and fishery-use patterns define a 
distinct coastal zone and oceanographic region for the Corri-
dor. The offshore limits for the Corridor definition are based 
on depth and/or distance from the shore. Fishing with traps, 
hooka and gillnets takes place in shallow areas. In Puerto 
Peñasco and Bahía San Jorge most areas used by small-scale 
fisheries do not exceed 30 m depth; while at Desemboque, 
Puerto Lobos and Santo Tomas fishing takes place in wa-
ters up to 150 m deep (Fig. 9.8), which is relatively close to 
shore. In the deepest areas (300 m), the star-studded grouper 
is caught using long line and some sharks are also captured, 
but most catch comes from below the 100  m isobath. At 
depths between 60 to 100 m longline and gillnets are used 
to catch angel shark, smoothhound shark and large floun-
ders. Distance from shore might be the most realistic way 
to define the Corridor, as logistically and economically this 
distance is what limits daily trips.

9.6 � Fisheries in the Peñasco Corridor

A total of 75 species are captured, either as target species or 
secondary catch by small-scale fishers from the six commu-
nities of the Peñasco Corridor. For communities other than 
Puerto Peñasco the most important commercial fish spe-
cies include blue crab, winged oyster, squid (occasionally), 
murex snail, and guitarfish, flounder, angel shark, smooth-
hound shark and drum (Fig. 9.9) and at Puerto Peñasco geo-
duck clam, blue crab, and black and pink murex snail are the 
most important fisheries. Most of these are soft-bottom spe-
cies or species that use both soft bottom and hard substrates.

Though it does not register as a dominant species any-
more, shrimping is an important fishery occurring in sandy 
and muddy habitats in the Peñasco Corridor, though it is not 
all backed by permits. Shrimp represented 10 % of the total 
catch landed in Puerto Peñasco in 2011 (OEIDRUS 2011), 
including landings from small-scale and industrial fisher-
men. Small-scale fishers use 2 ¾ inch gillnets from small 
boats with outboard motors called pangas, while industrial 
otter trawlers target over nine shrimp species. Approxi-
mately 80 % of the catch from trawlers is composed of blue 
shrimp ( Litopenaeus stylirostris) and most of the remaining 
20 % are brown shrimp ( Farfantepenaeus californiensis) 
and white shrimp ( Litopenaeus vannamei), all of high eco-
nomic value.

Trawling for finfish takes place after the shrimp season 
is closed; this fishery is directed towards big fishes such 
as flounder (families Paralichthyidae and Pleuronectidae), 
trigger fish (cochito, Balistes spp), gold-spotted sand bass 
(extranjero, Paralabrax spp.), corvinas ( Cynoscion spp.), 
Pacific hake ( Merluccius spp.) and several species of elas-
mobranchs (rays and sharks). Occasionally, when trawls 
are done close to reefs, predatory sea bass and groupers are 
caught as well.

The extensive subtidal sandy and muddy plains of the 
Bahía Adair and Bahía San Jorge Corridor are key habitats 
for commercially important benthic mollusks harvested by 

Fig. 9.7   Average trophic level of catch from the 
six communities of the Puerto Peñasco Corridor, 
Northern Gulf of California, Sonora. Based on catch 
data from September 2010 to September 2012. 
(Downton-Hoffmann et al. 2013c)
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commercial divers, based mainly in Puerto Peñasco. Diving 
takes place in water up to 30 m, depending on the species, 
generally with the use of surface supplied air (hookah). Geo-
duck clam ( Panopea globosa), white clam ( Dosinia ponder-
osa), Chione spp. clams and speckled scallop ( Argopecten 
circularis) as well as other bivalve species; pen shells ( Pinna 
spp.) and winged oyster are the most important of these 
fisheries (Cudney Bueno and Turk Boyer 1998; Downton-
Hoffman et al. 2013a). The spatial distribution of geoduck 
clam beds (Perez-Valencia and Aragón-Noriega 2012), and 
winged oyster beds (INAPESCA 2011; Downton-Hoffmann 
2012) have been delineated in this region. Also the density of 
black murex snail (Loaiza-Villanueva et al. 2012; Cudney-

Fig. 9.8   Fishing zones for 
communities of the Peñasco 
Corridor in the Northern 
Gulf of California, Sonora. 
(Downton-Hoffmann et al. 
2013c, Appendix 9.3)

 

Fig. 9.9   Composition of small-scale fishing catch (in percentages) 
from five communities of the Peñasco Corridor, Sonora, Mexico in 
2011, excluding Puerto Peñasco. (Downton-Hoffman et al. 2013a)
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Bueno 2000) and blue crab (Loaiza-Villanueva and Down-
ton-Hoffmann 2011) is known from some areas.

The rocky reef habitats of the Peñasco Corridor are espe-
cially important sites for artisanal fisheries (Cudney-Bueno 
and Turk-Boyer 1998). The shallow water reefs (< 25  m) 
near Puerto Peñasco are used mostly by commercial divers 
who harvest rock scallop, black murex snail and other abun-
dant species. Shallow and deeper water reefs are used by 
recreational fishers who seek out large predatory fish such 
as groupers.

In 2009, there were 207 recreational users at Puerto Pe-
ñasco (35 small local operators, 32 local guides working 
aboard yachts, and 140 tourists with their own boats operat-
ing out of La Cholla, the main recreational port (Martinez 
et al. 2011). In 2003, recreational fishers in Bahía La Cholla 
mentioned that they used 27 reefs (Rupnow 2008), land-
ing 26 species. Ninety-five percent of their catch consisted 
of 8 species, in order of importance: triggerfish “cochito” 
( Balistes polylepis), spotted sand bass or “cabrilla arenera” 
( Paralabrax maculatofasciatus), gold-spotted sandbass “ex-
tranjero” ( Paralabrax auroguttatus), red snapper “pargo”, 
( Lutjanus peru), gulf grouper or “baya” ( Mycteroperca jor-
dani), spotted cabrilla or “pinta” ( Epinephelus analogus), 
and leopard grouper or “cabrilla sardinera” ( Mycteroperca 
rosacea), Gulf corvina (Rupnow 2008) and shortfin corvina 
“curvina de orilla” ( Cynoscion parvipinnis) (Pérez-Valencia 
et al. 2007) caught by local guides. Other snappers, bass and 
groupers are also targeted, including the rare and endangered 
black sea bass, Stereolepis gigas, and other top predators.

In 2011, the jumbo squid fishery, Dosidicus gigas, ap-
peared as an anomaly in the two most southern communities 
of the Corridor, Desemboque and Puerto Lobos. This fishery 
had never before been registered this far north, though the 
species has been observed in the region occasionally. This 
species is known to invade and colonize new areas by vary-
ing its behavior and diet to suit local environmental condi-
tions (Bazzino et al. 2010).

9.7 � Human Impacts

Overfishing and incidental catch are the greatest threats to 
the marine habitats in the Peñasco Corridor. The cumulative 
impacts of over 60 years of trawling on the soft bottoms of 
the Upper Gulf have raised the most concern (Lluch-Cota 
et al. 2007). Bycatch volume and ratio for shrimp trawling 
in Pacific waters ranges from 5 to 10.2 kg of bycatch per 
1 kg of shrimp, with the ratio on the higher end for Sonora 
and the Gulf of California. Much of the bycatch from indus-
trial trawling has no market value because it is composed 
of small individuals (García Caudillo and Gómez Palafóx 
2005). Industrial trawlers from Puerto Peñasco reported 
110 bycatch species in the 2004–2005 season, dominated 

(61.1 %) by 15 species, including big eye croaker, bronze-
striped grunt, stingray, lizardfish, weak-fish, flatfish, 
swimming crab, robust swimming crab, sardine and shark. 
Small-scale fisheries that target the same species once they 
reach commercial size are impacted by trawler bycatch and 
associated diminished recruitment. Additionally, the cumu-
lative effect of trawling on overall biodiversity and on the 
resilience of sandy bottoms can be high (Lluch-Cota et al. 
2007; Higuera-Ciapara and Mayorga-Ríos 2006; Arreguín-
Sánchez et al. 2005; Pauly et al. 1998; Rogers et al. 1999). 
Dive fisheries have low incidental catch and their overall 
environmental impact is considered low. Studies are under-
way to determine the environmental impact of the geoduck 
clam fishery, which only started in the Peñasco Corridor 
in 2007 (Pérez-Valencia and Aragon-Noriega 2012). Geo-
ducks are extracted by using high powered air compressors 
to blow away sediments over the deeply-embedded clam.

In 2010, the community of Puerto Peñasco participated 
with the other communities within the Upper Gulf Bio-
sphere Reserve in a comprehensive participatory Environ-
mental Impact Assessment for the nine major small-scale 
fisheries that take place in the Reserve (Pérez-Valencia 
et  al. 2012). Through this process, specific mitigation ac-
tions were identified for their most important fisheries, and 
fishers agreed to continue to develop spatial-temporal and 
gear solutions to reduce bycatch of the critically endangered 
vaquita porpoise.

Coastal areas in the Puerto Peñasco Corridor have been 
impacted mostly through tourism-related developments 
(Guido 2006). In 1972, Estero Puerto Peñasco was convert-
ed to a marina to support the large industrial fleet (Munro-
Palacio 2007). Over 50 % of the original area of Estero La 
Cholla was converted for a residential tourist development 
(Glenn et al. 2006). In Estero La Pinta, 20 % of the original 
wetland area has been affected by dredging and filling for 
tourism activities (Turk-Boyer 2008). In Mexico, beaches 
and wetlands up to 20 m inland from the highest tide line are 
public domain (Federal Maritime-Terrestrial Zone) (Cortina-
Segovia et al. 2007). Long-term use and exploitation of the 
Federal Zone requires an environmental review and permits 
from the Environmental Secretariat, which can define use 
and in some cases limit conversion of coastal areas to other 
uses (Morzaria-Luna et al. 2013).

In 2012, the Puerto Peñasco Tourist Homeport project, 
proposed to receive 50,000 tourists and 48 cruise ships per 
year, was approved for construction along Sandy Beach, 
northeast of Puerto Peñasco (SEMARNAT 2012). With the 
construction of a 3,000 m long and 51 m wide sea wall, the 
project is poised to change sediment dynamics along the 
coast and alter key soft bottom and rocky habitats used by 
commercial divers for harvest of the valuable geoduck clam 
and rock scallop fisheries (Cudney-Bueno et al. 2009; Pérez-
Valencia and Aragón–Noriega 2012).
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9.8 � Food Web Linkages Between Fisheries 
Species in the Peñasco Corridor

Food web considerations are important in EBFM; there is in-
creasing emphasis on the importance of understanding food 
web linkages and in maintaining the diversity of such linkag-
es (Marasco et al. 2007). In the most simplistic view, assur-
ing an adequate food supply for fisheries species is key for 
sustaining fisheries populations. The first step for manage-
ment is to identify the diet of the primary fisheries species 
and to understand trophic linkages because changes in one 
component of the food web can have cascading effects on 
other components of the food web and the ecosystem overall 
(Crowder et al. 2008). Overharvesting low on the food chain 
can have disproportionately larger impacts on the top of the 
food chain, and harvesting top predators leads to simplified 
community structure and lack of stability or resilience in the 
system (Pauly et al. 2002; Essington et al. 2006).

Diet composition of functional fisheries groups of the 
Northern Gulf was determined through stomach content 

analysis (Ainsworth et al. 2009). Figure 9.10 shows the rela-
tive importance of different prey to different fisheries groups 
identified for the Northern Gulf of California, which includ-
ed samples collected from the Peñasco Corridor and in the 
Guaymas region.

The abundant bivalves and mollusks that inhabit the Cor-
ridor’s rocky reefs and sandy-muddy bottoms and support 
Puerto Peñasco commercial dive fisheries, are part of the 
diet of blue crab, guitarfish, smoothhound shark and predato-
ry murex snails (Table 9.4). Other non-commercial species, 
mussels for example ( Modiolus capax), are a key component 
of the diet of the black murex snail and other species. Small 
pelagic fishes sustain many of the region’s fisheries species: 
Gulf croaker, gold-spotted sand bass, flatfish and shrimp 
(Table 9.4). There is currently no formal fishery for the small 
pelagic species in this region of the Gulf.

Many species are opportunistic feeders and change diet 
as food availability varies. This shows the importance of 
linking food abundance to oceanographic changes and cli-
mate conditions (Marasco et al. 2007). For the Corridor, the 

Fig. 9.10   Diet composition of functional fisheries groups of the Northern Gulf of California as defined for the Atlantis ecosystem model, derived 
from stomach content analysis of fish in the Peñasco Corridor (Ainsworth et al. 2009)
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variation in abundance and distribution of small pelagics 
could be an important indicator of fisheries productivity and 
of the health of the entire ecosystem (Velarde et al. 2004). 
Prey of the most important target species in the Corridor 
were abundant in the analysis of Ainsworth et  al. (2009), 
highlighting the region as an important feeding habitat for 
fisheries species. Through identification of linkages in the 
food web it becomes possible to connect species and habitat 
use, which in turn can inform spatial planning processes.

9.9 � Identification of Essential Fish Habitat for 
Different Life Stages

Essential fish habitat includes areas that are most favor-
able for fish populations to spawn, feed and mature (Levin 
and Stunz 2005). Fishery management plans in the US and 
the European Union take into consideration the essential 
fish habitat of exploited species (Bellido et al. 2008; Levin 
and Stunz 2005). Fishery managers are required to identify 
threats to essential fish habitats and design steps to amelio-
rate those threats (Lindeman et al. 2000). As with protected 
area initiatives, the essential fish habitat designation can be 
used to assure the sustainable use of exploited coastal re-
sources (Lindeman et al. 2000). Although Mexico does not 
consider essential fish habitat within the current regulatory 
framework, identification of these key habitats for exploited 
species can nonetheless be used to support biodiversity con-
servation and fisheries management. Understanding which 
habitats and sites in the Puerto Peñasco Corridor serve as 
essential fish habitat could help target conservation efforts 
to protect a variety of species, lead to better regulatory deci-
sions for fisheries management, and allow efficient use of 
limited conservation resources (Beck et al. 2001; Levin and 

Stunz 2005). Identification of essential fish habitats is cru-
cial for ecosystem-based management of fisheries (Bellido 
et al. 2008; Levin and Stunz 2005).

Different approaches have been used to identify essential 
fish habitat of high conservation priority, including quanti-
tative assessments of habitat effects at specific life history 
stages (Levin and Stunz 2005), spatial modeling (Valavanis 
et al. 2004), habitat suitability index modeling (Brown et al. 
2000), and analysis of life-history characteristics including 
recruitment, seasonal abundance and growth rates by habi-
tat (Gallagher and Heppell 2010). These approaches require 
key information for managed groups, including potential 
spawning aggregation sites, larval duration patterns and in-
shore and offshore use areas for different life stages (Linde-
man et al. 2000). Often, commercial fishing activities take 
place over essential fish habitat (i.e. spawning aggregations); 
thus mapping fishing grounds can also provide relevant in-
formation on areas of biological importance (Erisman et al. 
2012). Within the Puerto Peñasco coastal Corridor, empha-
sis has been placed in identifying essential fish habitat for 
fish larvae and juvenile fish (Iris-Maldonado 2011; Peguero-
Icaza et al. 2008, 2011), and predatory reef fishes (Aragón-
Noriega et al. 2009; Erisman et al. 2007, 2012). The spatial 
distribution of fishing activities has also been assessed for 
fisheries within the coastal Corridor (Aragón-Noriega et al. 
2012; Cudney-Bueno and Turk-Boyer 1998; Erisman et al. 
2012; Moreno-Báez 2010; Rodríguez-Quiroz et  al. 2010) 
(Fig. 9.8).

Table 9.5 summarizes the primary habitats of the domi-
nant fisheries species in the Peñasco Corridor, generated 
from catch data records collected during 2011 (Downton-
Hoffmann et al. 2013a). For this analysis dominant fisher-
ies species are defined as the top 75 % of the catch volume 
and/or species that generated 75 % of the income for that 

Table 9.4   Dominant fisheries species, communities that exploit them (Downton-Hoffmann et al. 2013c) and dominant prey species (Ainsworth 
et al. 2009) in the Peñasco Corridor, Northern Gulf of California, Mexico. Dominance is defined to include the top 75 % of catch volume or 
income. (Communities are: PPE Puerto Peñasco, BSJ Bahía San Jorge, PJA Punta Jagüey, STO Santo Tómas, PLO Puerto Lobos, DDC Desem-
boque de Caborca)
Dominant fisheries species Communities Dominant prey species
Callinectes spp. BSJ, PJA, STO, PPE Crustaceans, sessile mollusks
Hyporthodus acanthistius STO, PLO Blue crab
Pteria sterna DDC Filter feeder
Dosidicus gigas DDC, PLO Hake, lizardfish, pelagic red crab*
Micropogonias megalops STO, PJA, PLO Hake, small pelagics, pennaeid shrimp, flatfish
Paralabrax auroguttatus STO, PLO Hake, small pelagics, crabs and lobsters
Pleuronectidae PJA, PLO Pennaeid shrimp, small pelagics, hake
Rhinobatos productus BSJ Crabs and lobsters, bivalves
Squatina californica DDC, PLO Bivalves, infauna
Musteles henlei STO, PLO Crabs and lobsters, infauna/epifauna meibenthos, carnivorous macrobenthos
Litopenaeus stylirostris BSJ Small pelagics
Hexaplex nigritus BSJ, PPE Sessile mollusks
Phyllonotus erythrostomus BSJ, DDC, PPE Sessile mollusks
Panopea globosa PPE Filter feeder
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community. Presence or absence of these species in a given 
habitat is indicated in Table 9.5. Quantitative assessments of 
abundance of each of these species are available at some sites 
and for some life stages, but not all. In the case of some of 
the habitats data is available at multiple sites and for multiple 
seasons, which adds another dimension for assessing critical 
sites, key for spatially explicit management considerations.

9.10 � Wetland Connectivity

Wetlands along the Puerto Peñasco Corridor provide a con-
nection between the marine system and the surrounding So-
noran Desert (Glenn et  al. 2006); they export organic nu-
trients (i.e. from bird guano), detritus (i.e. from halophyte 
plants), prey (i.e. invertebrates), and consumers (through 
foraging across habitats and migrations) (Polis et al. 1996; 
Rose and Polis 1998; Spackeen 2009). Thus, coastal wet-
lands in the Northern Gulf represent true “desert oases” that 
concentrate resources in the middle of an arid landscape 
(Glenn et al. 2006). Trophic connectivity, the transfer of food 
resources which can occur through the movement of either 
consumers or resources across habitats (Talley et al. 2006), 
has just begun to be studied for estuaries and surrounding en-
vironments (Alvirde-López 2012; Spackeen 2009); however 
linkages can be inferred from similar systems.

Estuaries and the near shore marine environment are 
likely linked functionally by flows of nutrients and organ-
ic matter moved through the tidal cycle (Polis et al. 1997). 
Salt marshes contribute to secondary productivity in nearby 
coastal waters through in situ consumption of marsh-derived 

sources, the export of dissolved and detrital organic carbon 
and nutrients, and the movement of fish and shellfish (Wein-
stein et al. 2000). The degree of contribution by salt marsh 
outwelling to coastal productivity is unclear, as primary 
production in estuaries in the coastal Corridor has not been 
assessed. However, stable isotope analysis of the food web 
in Northern Gulf estuaries suggests that phytoplankton and 
macrophyte detritus maintain secondary estuarine productiv-
ity (Alvirde-López 2012; Spackeen 2009).

The role of large consumers in transporting materi-
als into the marine environment likely plays an impor-
tant role for estuarine trophic connectivity. Within salt 
marshes, cyclic and ontogenetic movements provide tro-
phic connectivity among habitats and with the marine 
environment (Rountree and Able 2007). Many fish and 
invertebrate species use estuaries during larval and juve-
nile stages, then move out as adults where they inhabit 
nearby subtidal habitats (Cudney-Bueno and Turk-Boyer 
1998; Iris-Maldonado 2011). In this way, movements of 
fish and zooplankton driven by the macrotidal regime 
may facilitate rapid nutrient translocation (Polis et  al. 
1997). Adult fish, entering estuaries during spring tides 
(Iris-Maldonado 2011) feed and then transport materials 
from marshes to coastal environments. Coastal fisheries 
are supported by the export of juvenile fish and inver-
tebrates from marsh channels (Calderón-Aguilera et  al. 
2003; Cudney-Bueno and Turk-Boyer 1998; Loaiza-Vil-
lanueva et al. 2009). Waterbirds feeding on fish and in-
vertebrates also concentrate and transport large amounts 
of nutrients in their guano (Polis et al. 1997). Many mi-
gratory water birds, moving through the Pacific Flyway 

Table 9.5   Dominant fisheries species of the Peñasco Corridor, Northern Gulf of California, Sonora for different communities, their habitat 
occurrence with life history stage, when known ( A Adult , G Gravid , J Juvenile , L Larval ). Dominance is defined as the top 75 % of catch vol-
ume or income for a given community. (Communities are: PPE Puerto Peñasco, BSJ Bahía San Jorge, PJA Punta Jagüey, STO Santo Tómas, PLO 
Puerto Lobos, DDC Desemboque de Caborca)
Dominant fisheries species Communities Estuaries Sandy-muddy 

bottoms
Rocky reefs San Jorge island Pelagic zone River mouth

Callinectes spp. BSJ, PJA, STO, 
PPE

A A A A A

Hyporthodus acanthistius STO, PLO A A, J A, J A
Pteria sterna DDC A A
Dosidicus gigas DDC, PLO A
Micropogonias
megalops STO, PJA, PLO A A
Paralabrax auroguttatus STO, PLO A A A A
Pleuronectidae PJA, PLO A A A, J
Rhinobatis productus BSJ A, J A
Squatina californica DDC, PLO A A A
Musteles henlei STO, PLO A A A
Litopenaeus stylirostris BSJ A, J A A, J, L A, J
Hexaplex nigritus BSJ, PPE A A A A A
Phyllonotus erythrostomus BSJ, DDC, PPE A A A A A
Panopea globosa PPE A, J, L
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(Vega et al. 2006) use estuaries as wintering and stopover 
sites feeding on invertebrates in the mudflats (Glenn 
et al. 2006). Guano can then increase nutrient status and 
primary production in the near shore marine environment 
(Stapp and Polis 2003).

Marine productivity can also subsidize estuaries, 
through input of phytoplankton. The importance of phyto-
plankton can be inferred from its high palatability and the 
efficiency of algae-derived food webs (Deegan and Gar-
ritt 1997). The isotopic signatures of wetland dependent 
species from Northern Gulf estuaries, such as blue crab, 
suggest that marine phytoplankton is an important carbon 
source (Alvirde-López 2012; Spackeen 2009). Tidal ex-
change also deposits macroalgal wrack onshore; wrack can 
then be broken down by invertebrates which are food for 
shore birds (Polis et al. 1997). Estuaries may also provide 
a link between the Sonoran Desert and the marine ecosys-
tem of the Gulf of California. For example, terrestrial rep-
tiles and mammals, such as the coyote ( Canis latrans) sub-
sidize their diets extensively with marine resources (Rose 
and Polis 1998). Trophic connectivity of estuaries should 
be taken into account when considering habitat protection 
mechanisms. However, there is little information regard-
ing the distance offshore reached by estuarine resources 
or the distance that marine resources travel to subsidize 
estuaries. Thus, it is unclear how far is it necessary to pro-
tect marine areas in order to ensure adequate connectivity 
(Talley et al. 2006).

9.11 � Marine Connectivity

Demographic connectivity between populations is charac-
terized by relatively large amounts of propagules that have 
measurable effects on fisheries over ecological timescales. 
Genetic connectivity on the other hand usually involves 
fewer propagules that are key for biodiversity conservation 
(including genetic diversity and structure) over evolutionary 
time scales and affect the evolutionary potential for adap-
tation (Lowe and Allendorf 2010). The seasonally revers-
ing oceanographic gyre that characterizes the predominant 
ocean circulation of the Northern Gulf (Marinone 2003) is 
the primary engine that drives marine connectivity (both de-
mographic and genetic) in the region (Marinone et al. 2008; 
Marinone 2012). Since most marine organisms pass through 
larval dispersal phases, ocean currents are key for their 
transport between populations. Currents also move passive 
particles such as nutrients and contaminants to and from es-
tuarine environments (Marinone 2012). By coupling biologi-
cal information, such as spawning time, habitat, and larval 
behavior, with oceanographic models that predict ocean flow 
(Coupled-Biological Oceanographic models or CBOM) it 
is possible to begin to understand how populations are 

connected (Metaxas and Saunders 2009). Such information 
is key for understanding the flow of matter and energy within 
the ecosystem and for effective marine spatial planning and 
can significantly improve management and conservation 
strategies, particularly when currents are strongly asymmet-
ric (Gaines et al. 2003; Beger et al. 2010; Kininmonth et al. 
2011) as in the Northern Gulf. Cyclonic (counter-clockwise) 
circulation from May-September and anticyclonic circula-
tion (clockwise) from October-April (Marinone 2012) cre-
ate an asymmetrical system in the Northern Gulf. With some 
exceptions (e.g., geoduck clam, catarina scallop), most com-
mercial species in the Northern Gulf spawn during May to 
September (Soria et al. 2014).

A coupled biological oceanographic model developed 
for the Northern Gulf of California (Marinone et al. 2008) 
was used to analyze connectivity in three fisheries species 
that spawn during May-July and that are of prime economic 
importance in the Northern Gulf ecosystem with special em-
phasis on the Peñasco Corridor (Soria et al. 2012; Soria et al. 
2014). These three species are broadcast spawners with dis-
tinct life histories: Blue crab is a muddy bottom species with 
long pelagic larval duration (PLD) of 70 days, the leopard 
grouper is a rocky reef species with intermediate PLD (30 
days) and the rock scallop is a rocky reef species of shorter 
larval duration (PLD = 21 days) (Soria et al. 2012). CBOM 
models of all species were validated using empirical data 
from multiple hypervariable genetic markers and, in the case 
of the rock scallop, data from larval spat abundance on arti-
ficial collectors at various sites where suitable habitat occurs 
was used as well (Soria et al. 2012) (Fig. 9.11).

Larval dispersal within the Peñasco-Lobos Corridor is 
analogous to a river that flows in a single direction (i.e., anti-
clockwise for summer spawners, Fig. 9.11). This implies that 
upstream sources (e.g., Puerto Lobos) are key for sustaining 
fisheries and biodiversity at downstream sites (e.g., Bahia 
San Jorge) (Beger et al. 2010; Kininmonth et al. 2011). In 
such an asymmetric system, the spatial scale of connectivity 
scales-up with the length of the PLD. However, connectivity 
does not decrease with increasing distance. Instead, connec-
tivity is low between some adjacent populations, and high 
between many non-adjacent localities, in a pattern described 
as diagonal connectivity. This points to potential challenges 
where local communities might not benefit from conserva-
tion and management actions within their nearby fishing 
sites, but may benefit from what happens at distant upstream 
sites.

In general, high levels of gene flow are found in the 
Northern Gulf of California for blue crab (Callinectes bel-
licosus), leopard grouper and rock scallop (Spondylus lim-
batus), which prevents local differentiation at most sites. 
However, modeling and empirical evidence indicates that 
Bahía San Jorge in the Upper Gulf, shows higher levels of 
genetic structure, larval retention and genetic relatedness, 
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suggesting high isolation within this bay for multiple spe-
cies (Soria et al. 2012). Despite large tidal fluxes, slow re-
sidual currents seem to explain why larvae get caught up in 
this bay. It seems that local circulation patterns within this 
bay likely contribute to isolating populations of other spe-
cies as well, which is corroborated by the evolution in-situ 
of micro-endemic fish (e.g., Huang and Bernardi 2001).

Additional results for rock scallop showed connectivity 
(genetic and demographic) between the fished subpopula-
tions of the Peñasco Corridor and southern sites (Soria et al. 
2012). For the rock scallop, Puerto Lobos and Desemboque 
de Caborca which are located 150 km south of Puerto Pe-
ñasco, are potentially important upstream larval sources 
at the ecological scale, but Puerto Libertad, Las Cuevitas 
(~ 175 km away) and Desemboque de los Seris (~ 200 km 
away), showed weak connectivity links that imply con-
nectivity with the Corridor at the evolutionary and genetic 
scales (Soria et al. 2012). On the other hand, sites as distant 
as Ángel de la Guarda could also be genetically linked to San 
Jorge Island (Soria et al. 2012). For blue crab, besides sourc-
es within the Corridor, other sites that provide significant 

amounts of larvae at the ecological scale include the Guay-
mas region south of Tiburon Island, separated by 325 km. 
During June, when currents reach their highest speed, ma-
rine reserves located as far away as San Pedro Martir Island 
(350 km distant) are key sources of larvae that could affect 
the demography of commercial fish populations in the Pe-
ñasco-Lobos Corridor in the case of species with a PLD of 
30 days, such as leopard grouper (Soria et al. 2014). These 
results highlight that EBFM within the Corridor depends on 
multiple upstream sources that are distant and not intuitive.

San Jorge Island had the highest rock scallop spat recruit-
ment (35–45 %) in the Corridor (Soria et al. 2012), and of all 
the islands surveyed throughout the Northern Gulf; it had the 
greatest adult densities of rock scallop (Martinez et al. 2011).

In 2002 a network of experimental marine reserves was 
established in the Puerto Peñasco Corridor, including a re-
serve around San Jorge Island, through a community-based 
process with a group of local divers concerned about de-
clining populations of rock scallop and other benthic fish-
eries (Cudney-Bueno et  al. 2009). Authors hypothesized 
that increases in rock scallop abundance documented at the 

Fig. 9.11   Marine connectivity for three commercial species that spawn 
during May-July in the Northern Gulf of California, Mexico. Sites 
(nodes) are connected via larval dispersal ( links) according to oceano-
graphic models validated with population genetics. Arrows show the 

direction of the dispersal events that follow the anti-cyclonic circulation 
(Soria et al. 2012; Soria et al. 2014). For clarity, some sites are not situ-
ated on their actual coastal location
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northern-most sites of the area could be attributed to sources 
within the rocky reef network and that given the prevailing 
currents, San Jorge Island in particular, could be acting as a 
key source for larval export to reserves and fishing grounds 
on the Peñasco coast (Cudney-Bueno et al. 2009). High ge-
netic relatedness at Bahía San Jorge further suggested that 
local retention was also contributing to the observed recov-
ery at nearby sites (i.e. Sandy Beach and La Choya), estab-
lished as voluntary marine reserves.

The high level of connectivity along the Corridor and 
the high potential for local recruitment within Bahía San 
Jorge have important implications for management of the 
Corridor. In Bahía San Jorge, local communities that partic-
ipate in management decisions and actions have the poten-
tial to reap the benefits of their actions directly (Cudney-
Bueno et al. 2009). On the other hand, given that fishing 
intensity is high in the Corridor (Moreno-Baez 2010) and 
increasing at the margin of the Upper Gulf Reserve where 
fishing activities are being restricted, it is also important to 
guarantee the input of larvae from more distant upstream 
sources within the Corridor (such as Puerto Lobos in the 
case of rock scallop and Desemboque for blue crab), and 
even in upstream locations outside of the Corridor. Pro-
tecting distant larval sources can be an important strategy 
for maintaining the evolutionary potential of species in the 
face of global climate change.

By coupling information on biological connectivity with 
species distribution and location of essential habitats for 
key species within the Corridor with patterns of use of local 
communities, we can begin to create management scenarios 
that make sense considering ecosystem trends and offer ac-
ceptable tradeoffs for the benefit of conservation, manage-
ment and economic sustainability of local communities. For 
example, the decreasing degree of overlap of fishing zones 
used by communities of the Corridor from south to north 
(Fig. 9.8) and the grouping of Puerto Peñasco and Puerto 
Lobos according to the commercial species captured at each 
site might relate to these oceanographic dynamics.

9.12 � Discussion: Management of the Puerto 
Peñasco Corridor

Until the economic boom of the mid 2000s, the Peñasco 
Corridor was an isolated stretch of beach, where fishers 
went about their business with little knowledge of or con-
cern for regulations, except at Puerto Peñasco. As natural 
as it is to pick wild berries, coastal inhabitants would go 
out to fish. There was little local understanding of how to 
obtain fishing permits or why it was necessary. The end re-
sult is that even today approximately 75 % of the Corridor’s 
fishers are irregular; with inadequate legal access to all the 
resources they fish. Fishers also come from nearby towns 

or states into the Corridor and access fisheries intermit-
tently with or without permits. While controlling access to 
resources is one way to control overexploitation, traditional 
fishers need to be legitimized to move forward in creating 
a functional fisheries system.

In general, local fisheries institutions have evolved from 
individual fishers to permit holders, cooperatives and then 
federations of cooperatives in the larger communities. These 
different institutions are varied in their level of organization 
and effectiveness for collective action. The level of organi-
zation also varies by community. For some fisheries, such 
as shrimp, no new permits are available, while permits for 
new fisheries can be obtained. This dynamic offers potential 
for creating good management structures, as new permits 
require monitoring of resources. Independent contractors 
are often employed for this monitoring, but when a local or-
ganization with a commitment to sustainable fisheries and 
conservation is employed in the process, the dynamic can 
be very different. Training in business management, moni-
toring, negotiations and many other processes contributes 
to improving internal operations. Participation in broader 
scale processes offers an important learning opportunity for 
local institutions. Over 15 years of work with one coopera-
tive at Puerto Peñasco has shown impressive results in terms 
of their organization and collective action capacity, but also 
highlights the commitment required.

At its peak in the 1980s the number of industrial boats 
operating in the Upper Gulf reached 240 (Lluch-Cota et al. 
2007; Meltzer et  al. 2012; Galindo-Bect et  al. 2000), the 
majority of these working out of Puerto Peñasco. Begin-
ning in 2000, fishing activities with incidental catch greater 
than 50 % were officially prohibited in all Natural Protected 
Areas in Mexico, and the industrial trawlers in the Upper 
Gulf, with a home base at Puerto Peñasco, were the first 
group required to present a formal impact assessment. Fish 
excluders, turtle excluders, and other gear modifications are 
now mandatory. By 2012, only 58 boats were authorized at 
Puerto Peñasco, though another fisher group has a request 
for authorization pending to fish in the Reserve. A new im-
pact study presented by trawlers in 2012 proposed spatial-
temporal restrictions that in combination with reductions in 
fleet size would effectively reduce the area trawled in the 
Reserve by 43 % compared to previous estimates. While the 
season for trawling in the Reserve is only 3 months, outside 
the Reserve, in the Peñasco Corridor, for example, it extends 
through March.

In 2009, small-scale fishers of the Upper Gulf Reserve 
began working under mitigation measures mandated as part of 
the Environmental Impact Assessment (EIA) process, which 
includes a comprehensive monitoring program to document 
reduction in impacts (Pérez-Valencia et al. 2012). Through 
this process specific mitigation actions were identified for 
their most important fisheries, and they agreed to continue 
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to develop spatial-temporal approaches to reduce impacts on 
the critically endangered vaquita porpoise. The EIA program 
requires fishers to develop training, logbook monitoring, 
onboard observation and participatory programs including 
creating a decision-making body and indicators to measure 
their compliance with the programs they outlined. This type 
of process is unprecedented in Mexico and throughout the 
world for traditional economic activities such as fishing. The 
fishers hired a local conservation NGO (Non Governmental 
Organization) to partner with them to develop these programs 
and have indicated their willingness to find the appropriate 
trade-offs to protect this porpoise, which is the primary driver 
for management in the region. It is too early to see ecosys-
tem-wide results from these efforts. Ample evidence exists, 
however, to raise concerns about increased effort in areas 
outside the Reserve’s boundaries, which are often more heav-
ily targeted as a result of fishing restrictions within protected 
areas (Kellner et al. 2007). This process is being observed at 
Puerto Peñasco, at the southeast margin of the Reserve, where 
fishers have the option to fish within or outside the Reserve, 
and prefer to fish outside rather than participate in the Envi-
ronmental Impact process and associated costs. Some fishers 
from San Felipe, B.C. have expressed similar approaches to 
new regulations in the Reserve. At Puerto Peñasco this has 
the effect of increasing effort and impacts on the Corridor.

A new shrimp law (NOM-002-PESC-2013, in DOF 2013) 
is poised to change these dynamics even further. Through a 3 
year process beginning in 2013 shrimp fishing with gillnets 
will be phased out in the Upper Gulf Reserve and Vaquita 
Refuge and replaced with a light trawl, known as RS-INP-
MX to be pulled from a skiff, or other gear types as they are 
developed. Fishers, especially at Puerto Peñasco, are resis-
tant to adopting this new gear, but incentives to switch are 
being offered by the government.

The Upper Gulf small-scale fishers’ environmental im-
pact study is being managed at the level of communities 
and federations, but it is also working through cooperatives 
to reach individual fishermen. Decision-making commit-
tees were formalized in each community in May and June 
2013 to move the impact study process forward and increase 
compliance. The cross-scale management groups that have 
formed in association with the Upper Gulf Reserve and Va-
quita Refuge have mostly focused on forwarding vaquita 
conservation. In the Peñasco Corridor, on the other hand, 
collective action has taken place around individual species. 
Permit holders of black murex snail, for example, have gath-
ered to discuss management options; Blue crab Subcommit-
tees of Aquaculture and Fisheries, which link to state com-
mittees of the Secretary of Aquaculture and Fisheries, have 
formed to manage this resource across the Corridor. In some 
cases more formal integration of groups for better manage-
ment of the entire chain of custody of a resource has been 
promoted. The Productive System is a model promoted by 
CONAPESCA for improving management and marketing 

of a product. Operated as a civil association, a Productive 
System organization was created for blue crab in the state of 
Sonora and one was initiated for the geoduck clam. These 
organizations are meeting with varying degrees of success 
depending on the leadership. An Integrator, which collects a 
group of producers for formalizing their commercialization 
of a product, is an-other type of institution and one has been 
created for geoduck clam, but many challenges to successful 
operation still exist.

A variety of management actions have been implemented 
on fisheries and coastal habitats of the Corridor. The Upper 
Gulf environment is generally known to be dynamic and 
unpredictable (Cudney-Bueno and Turk Boyer 1998). One 
year a species is abundant, the next it is not, and then new 
species such as the giant squid appear. The communities in 
the region have learned to adapt to these conditions and op-
portunities. The fisheries regulatory systems, however, are 
less adaptable. Obtaining permits for a new species is a slow 
process. Economic security and food security are consider-
ations. There are few legitimate economic opportunities for 
communities in the region and buffers against this are need-
ed for the most vulnerable communities (Morzaria-Luna 
et al. 2013). Management should consider creating sustain-
able development alternatives.

Management plans have been developed for rock scallop 
and geoduck clam), fisheries that are being managed with 
turfs and quotas for individual beds, while management 
regulations for other species are still being developed (blue 
crab, octopus) (PANGAS 2012c, d). Feasibility permits for 
the winged oyster fishery have been granted to two coop-
eratives at Desemboque. Permits regulate access to some of 
these fisheries by controlling the number of boats, gear, and 
sometimes dictating a quota and season.

Rock scallop is the only commercial species harvested 
from rocky reefs which has a management plan. This species 
is listed in Mexico as protected (NOM-059-ECOL), based on 
its population status in southern Mexico (DOF 2010). As such 
it cannot be exploited with commercial fishing permits, but 
can be harvested under a strict management program that is 
supervised by Mexico’s Wildlife Department (Cudney-Bueno 
2007). Rock scallop has been harvested sustainably by a group 
of commercial divers since 2008 when they received a permit 
and a quota to harvest the species in an exclusively-designated 
area of the Peñasco Corridor. The management plan requires 
annual censuses of different fishing beds, estimation of bio-
mass, and designation of site-specific quotas, season closures 
and size limitations (Martinez and Turk-Boyer 2011). Under 
this management regime, San Jorge Island was maintained as 
an area of high density of the species until 2011–2012, when 
densities began to drop. New highly valued fisheries (geoduck 
clam, Mexican bay scallop, Argopecten circularis, and con-
cave scallop, Euvola vogdesi) have attracted many into diving 
fisheries, increasing pressure on the benthic resources (Marti-
nez and Turk-Boyer 2011) such as rock scallop.
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Commercial species such as black and pink murex snail, 
rock scallop and winged oyster inhabit the patch reefs that 
are interspersed throughout the Corridor, but the snail is also 
associated with the sandy bottoms where they may find prey 
nearby. For such benthic species, delineation of beds and 
management of quotas offer a good option to maintain vi-
able densities. Such management tools are being used for 
geoduck clam, winged oyster and rock scallop. Use of turfs 
with clearly defined property rights and quotas by bed can 
be an important means for managing soft-bottom habitats, 
patch reefs and associated species. Turf rights are given in a 
variety of ways. The CONAPESCA permitting process gives 
access to a resource in a particular area and may delimit par-
ticular beds within the area for extraction by a resource user. 
The permit process might also designate some beds for con-
servation within a fisherman’s designated area, as has been 
done with geoduck clam. Fishermen might also be granted 
property rights through the Secretary of the Environment’s 
Wildlife Department, which gives exclusive use of an area 
for protected species that have management plans, such as 
rock scallop. Finally, long-term guarantees for the use of a 
resource can be obtained with a concession, which gives ex-
clusive use of an area for extraction for an extended period of 
time. The process for obtaining a concession is more compli-
cated and requires a Technical-Economic Study that evalu-
ates the capacity of the solicitor to administer the technical, 
administrative and financial components of the resource 
adequately. As geoduck fishers obtain commercial permits, 
they are looking to guarantee their rights for this valuable 
resource through concessions.

Turfs can be effective for protecting habitats and species, 
only if there is compliance on the part of fishers backed by 
official enforcement. The number of divers that have ac-
cess to diving resources in the Corridor has increased, and 
with this the overlap in areas of use for different species 
has also increased. If concessions for multiple species were 
possible, such that specific areas could be exclusive to a 
defined group of fishers, it would help resolve this issue 
and strengthen the sense of ownership for protection of the 
resources and habitat. This situation has evolved almost 
naturally for the San Jorge community, which has uni-
fied into one cooperative. The geographic extent of access 
given through fishing permits has traditionally been very 
extensive, however, allowing overlap between fishers and 
conflicts to ensue. If property rights (permits or conces-
sions) are matched to actual fishing zones  in each commu-
nity the chances of management success can be increased. 
Implementation of such a system would be challenging, 
as it would limit access that fishermen currently have to 
larger areas, but information is available to assist in taking 
these steps. Local fisher knowledge has been used in the 
Corridor to generate a large scale perspective on spatial 
and temporal use of fishing zones  and overlap (Cudney 

Bueno and Turk Boyer 1998; Moreno-Baez et al. 2012). 
By Coupling this information with the finer scale spatial 
temporal assessment obtained from 2010–2012 daily catch 
records (Fig. 9.8), we have a multi-dimensional perspec-
tive that can inform management decisions.

San Jorge Island stands out among the rocky habitats of 
the Corridor for its biodiversity value and importance for 
commercial species. Until recently use and impact of fishing 
on the island has been low. Marine connectivity studies high-
light the island as a potential link with more southerly rocky 
habitats (Midriff islands), and as a larval source for more 
northerly sites, such as the rocky reefs at La Choya, Sandy 
Beach and Borrascoso. These studies indicate that the off-
shore waters at San Jorge Island represent a good site to pro-
tect, either through marine conservation tools or as fisheries 
refuges. This strategy could guarantee dispersal of larvae to 
the coastal sites along Puerto Peñasco, and could conserve 
the evolutionary potential of the island by maintaining con-
nectivity with sites further south. San Jorge Island might also 
be an important larval source for sites as distant as Rocas 
Consag within the Upper Gulf Reserve, which is already a 
protected site and possibly a source for more southerly sites 
along the Baja coast. Trophic structure of catch has been cal-
culated and related to standing trophic structure at San Jorge 
Island. The high trophic level of fish species at the island 
suggests special management for the large predatory spe-
cies that live there might be in order. These are targeted by 
commercial fishers as well as recreational fishers, who have 
indicated an understanding of the importance of protecting 
the island (Rupnow 2008). This data on trophic level offers 
an important baseline for measuring changes in ecosystem 
health.

Mexico’s first fisheries refuges were formalized in Baja 
California Sur in 2012 (DOF 2012); this designation of-
fers an alternative for protecting the important biodiversity 
of San Jorge Island that might be socially acceptable. The 
establishment of fisheries refuges in Mexico in 2012 and 
definition of a process for their creation sets the stage with 
fisheries authorities for approaching management in the Cor-
ridor from an ecosystem perspective. The new law allows for 
establishment of networks of refuges as well.

During 2002–2003, commercial divers voluntarily ceased 
fishing activities at the island, creating a no-take area around 
its perimeter (Cudney et al. 2009). Closed areas in coastal 
reefs (where new development projects have been approved) 
were paired with fishing areas and 2 years of data yielded 
important results showing the benefits of marine reserves for 
two dive fisheries (Cudney et al. 2009). The benefits were 
seen most clearly in reefs at the northern end of the study 
area within the Peñasco Corridor. The rapid recovery of rock 
scallop and black murex snail populations was attributed to 
local larval recruitment by dispersion from the more south-
erly sites, including San Jorge Island (Cudney et al. 2009). 
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Subsequent studies of larval recruitment for rock scallop 
(Soria 2010; Marinone et al. 2008), one of the primary tar-
get species studied, confirmed the importance of local re-
cruitment for this species and give a wider view of recruit-
ment throughout the Northern Gulf (Soria et al. 2012) (see 
Sect. 9.11 on marine connectivity).

A time series of on-site density by bed available for rock 
scallop shows a clear decrease in density at San Jorge Is-
land compared to other sites, a reflection of increased fishing 
pressure on diving fisheries in general (Martinez and Turk 
Boyer 2011). Though a good management plan exists for 
this species, quotas are determined annually by bed, legal 
access is defined, and the users are committed to complying 
with regulations, a widespread lack of enforcement of laws, 
turfs, and other regulations has caused a disintegration of 
good management practices. Until there is a strong enforce-
ment process for these benthic fisheries and others, it will 
be difficult to maintain fisher interest in responsible fishing. 
Some changes have been observed in the Upper Gulf Re-
serve where cross-scale forums have fishers and government 
authorities at the table together and fishers make their pleas 
for enforcement clear.

Puerto Lobos represents another potential rocky site 
for special management. Here populations of rock scallop, 
winged oyster, and possibly other species (black murex snail) 
disperse to sites near San Francisquito and Puerto Peñasco, 
where they are accessed by a large number of divers. Diving 
at Puerto Lobos is a new occupation. There are no permits 
for rock scallop, but the winged oyster population has shown 
a resurgence here and access was opened up for two coop-
eratives in 2010 and 2011. Dive fisheries are increasing in 
this community as an economic option. New banks of the 
winged oyster fishery have also appeared north of San Jorge 
Island. When fishers try to obtain access to new fisheries, it 
offers an opportunity to establish limits to areas that might be 
important for recruitment.

Studies on marine connectivity highlight the impor-
tance of Desemboque, the mouth of the Asunción River, for 
recruitment of blue crab. We also know that this is a key 
spawning site for shrimp, shark and blue crab. Shark fish-
ing is not permitted at the mouth of a river, and all three 
species have closed seasons during summer reproduction. 
Enforcement activities are minimal in the area. Members of 
this community recognize that they are extracting resources 
during reproduction and that resources congregate in front of 
their community for this purpose. The children in this com-
munity have actively promoted that fishers respect the laws; 
offering promise that this kind of social pressure might influ-
ence compliance. Identification of viable alternatives for this 
fishing community should be investigated, while also seek-
ing a more enforceable type of closure for this key habitat 
through the use of fisheries refuges. The social capital that 
has been built in this community through education programs 

and other activities has potential for being harnessed in sup-
port of tangible management action such as refuges. Little 
is known about the opportunities that might exist to secure 
upstream water sources from the Asunción River for envi-
ronmental purposes, but it should be considered for mainte-
nance of this important spawning site.

Most of the region’s important fisheries species (except 
squid, Gulf croaker and gold-spotted sandbass) use wetland 
habitats as nursery and/or feeding grounds. For this rea-
son, management of wetland habitats directly affects fish-
ing activities. Several wetlands in the Corridor are partially 
protected by several tools and management processes. The 
Bahía Adair wetland complex and offshore sandy and muddy 
habitats are located within the Upper Gulf of California and 
Colorado River Delta Biosphere Reserve (CONANP 2007) 
and were declared a Ramsar Wetland of International Impor-
tance in 2009 CONANP (CONANP 2011). The Biosphere 
Reserve is managed through a management program and 
other policy instruments, such as the Environmental Impact 
Assessment. In 2010 the San Jorge wetland complex to the 
southeast of the Reserve was also designated a Ramsar Wet-
land of International Importance (CONANP 2011). A par-
ticipatory management plan has been produced for Bahía 
Adair under the Ramsar designation, while processes have 
initiated for developing a management program for the San 
Jorge wetlands (see Chap. 11 in this series). At Bahía Adair 
federal zone transfer agreements were obtained for conser-
vation, with 306 ha registered (DOF 2012). At Estero Morúa 
a federal zone transfer agreement was obtained for the mu-
nicipality of Puerto Peñasco for 68,257 m2 (DOF 2012) for 
protection of nesting sites of the Least tern. Estero La Salina 
in the San Jorge wetland complex is part of Mexico’s Impor-
tant Bird Areas Program (CONABIO 2004).

Federal and municipal concessions, the Reserve’s man-
agement plan, and Ramsar designations all are potential 
deterrents to development pressure, and help maintain the 
integrity of these coastal systems, but don’t directly address 
fisheries management. A more active strategy, however, is 
underway through participatory processes being promoted as 
part of the Ramsar sites at Bahía Adair and Bahía San Jorge. 
In Chap.  11 these processes are described in detail; land-
owners and fishers of these wetlands have engaged actively 
in management of resources, zoning, and development of 
sustainable, economic alternatives, such as monitoring and 
ecotourism. The social capital developed in these sessions 
will be leveraged for formalizing a management group for 
this larger concept of a Biological-Fisheries Corridor. In fact 
landowners in both bay regions have formalized a network 
for sharing experiences.

Additional evidence discussed in the section on con-
nectivity suggests a degree of local larval retention in the 
Peñasco Corridor for multiple species, which lends itself to 
implementing local management actions in which the users 
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will benefit directly, as was the case with the temporary 
reserves implemented in 2002–2003 (Cudney-Bueno and 
Basurto 2009; Cudney-Bueno et al. 2009). In that case, the 
socio-ecological feedback that resulted from fishers involve-
ment in monitoring helped fishers maintain interest in the 
reserves until outsiders began to benefit from their manage-
ment actions (Cudney-Bueno et al. 2009). Multiple process-
es are currently underway with local fishers to engage them 
to understand and make decisions about the management of 
different habitats and species of the Corridor.

Understanding of trophic interactions in the Corridor has 
advanced significantly. The abundance and importance of 
small pelagics for sustenance of the Gulf croaker, gold-spot-
ted sand bass, fish and shrimp, all commercially important 
species, is rivaled only by the importance of bivalves, some 
of commercial value, which support crabs, snails and shark 
fisheries species. Several commercial species are a key part 
of the diet of others: shrimp is an important prey for flounder 
for example and crabs sustain Gulf coney, sharks, and gold-
spotted sand bass. Care must be taken when managing these 
species for maximum sustainable yield that there is biomass 
available to support the diet of other targeted species. As yet 
there is no fishery for the small pelagic species in this region, 
but diving fisheries for bivalves have increased, with a po-
tential impact on targeted populations that depend on these 
as prey. Whatever management scenarios and targets are 
proposed, they must recognize these important interactions. 
Controlling access to small pelagics, or mussels (which are 
not yet actively fished), through the permitting process for 
new fisheries, might help limit new pressures on these im-
portant prey resources. Especially for benthic resources, 
management of key habitat or areas through fisheries refug-
es or marine protected areas with spatial or season closures 
might offer some protection if clearly identified.

Though no formal integrated management initiative is yet 
underway in the Peñasco Corridor, many of the steps out-
lined by the U.S. National Marine Fisheries Service (1999) 
for implementing EBFM have advanced significantly. By 
leveraging fisher participation, government and foundation 
funding, collaboration with two consortiums of researchers 
and NGOs, and over 30 years of community experience and 
trust, progress has been made in collecting baseline data for 
forwarding EBFM in the Peñasco Corridor as discussed in 
this Chapter. Much of the data was collected through col-
laborative processes with fishers, and so the resulting co-
produced data sets the stage for dialogue about potential 
management scenarios.

To promote an ecosystem approach to management in 
the Corridor will require consolidation of a management 
group that shares an ecosystem vision. An analysis of catch 
data (Downton-Hoffmann et  al. 2013c) suggests that it 
would be appropriate to start with the communities of Puer-
to Peñasco and Puerto Lobos based on their similarity of 

catch and shared habitats. Connectivity studies also suggest 
the logic in promoting shared processes in resource man-
agement of these two communities as well as other group-
ings to initiate the collaborative integrated process. The 
next step for moving forward will be to survey the local 
communities about their objectives with fisheries manage-
ment, collaborative processes and socio-economic goals. 
This will be followed with the generation of a specific set 
of management scenarios that address community interests, 
ecosystem processes and fisheries management needs and 
presenting these to the management group. The tremendous 
amount of data generated in this project will be overwhelm-
ing to most of the stakeholders that are involved. We will 
need to develop some alternative scenarios that illustrate 
clear tradeoffs to allow communities and other stakehold-
ers to collectively evaluate the direction for management 
of the Corridor. Atlantis is a spatially explicit ecosystem 
model built for the Northern Gulf ecosystem that might be 
used to evaluate tradeoffs and operationalize decision-mak-
ing, although it is unclear whether it can manage data at the 
scale of the Corridor.

Most of the management scenarios that emerged through 
analysis of this ecosystem suggest the use of spatial plan-
ning instruments. Spatial planning might incorporate fisher-
ies refuges, clear definition of boundaries and access rights 
through permits or concessions, while at the same time ad-
dress fisheries and ecosystem goals. Definition of access 
rights through the use of areas and/or quotas can be an im-
portant incentive for fishers in this region, where such basic 
rights as permits are lacking. In return for legal access to 
resources, fishers might be open to restrictions in spatial or 
temporal use that would otherwise be unacceptable. It will 
be important to evaluate stakeholders’ interest before struc-
turing a set of viable management scenarios.

It will be necessary to assess where uncertainty lies in 
this system and incorporate buffers in management and con-
servation actions. Changes in the dynamics of the oceano-
graphic system due to climate change are one such uncer-
tainty that impacts larval recruitment, trophic linkages and 
fisheries dynamics. Connectivity studies illustrate the impor-
tance of considering both distant and local source popula-
tions to manage species in both ecological and evolutionary 
time frames. Though we propose the Peñasco Corridor as 
an ecosystem-level management unit, we also recognize the 
need to relate it to Northern Gulf ecosystem dynamics and 
the opportunity to create a network of managed areas that 
offer insurance against such uncertainties.

We developed a proposed set of indicators to measure 
ecosystem health and fisheries equilibrium, based on the 
data from studies on biodiversity and fisheries within the 
Corridor (Table  9.6). These indicators cover measures of 
ecosystem structure, biodiversity conservation and equilibri-
um of the potential resources. These indicators, if developed, 
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monitored and evaluated through collaborative processes, 
can serve as a key communication tool for implementing 
EBFM and adapting management for the benefit of society, 
fishers and the ecosystem.

An important next step is to determine socio-economic 
management objectives and simple indicators that track eco-
nomic health and well-being with input and for the use of 
local communities. The final set of indicators will be realized 
through a participatory process with the appropriate stake-
holder groupings. We propose establishing a set of manage-
ment scenarios, using the information generated about the 
ecosystem and the preliminary lists of both ecological, fish-
eries and socio-economic indicators as a guide.

We have described various monitoring processes that 
have been implemented for monitoring targeted catch, by-
catch, size structure and trophic level of catch, biomass, and 
in situ density of various species. Through both the PAN-
GAS initiative and the Environmental Impact Study process, 
procedural manuals have been developed that present stan-
dardized monitoring methods that can be used over time and 
throughout the ecosystem (Downton-Hoffmann et al. 2013a, 
b, c; Pérez-Valencia et al. 2013a, b). The ecosystem initiative 
supported by the David and Lucile Packard Foundation pro-
vided the funding to initiate this monitoring process. Today 
fishers and government agencies are sharing in this responsi-
bility as well. To access a new species fishers must work with 
a research organization to conduct the needed monitoring. 
Fishermen also are financially responsible for implement-
ing the programs associated with the Environmental Impact 
Study in the Upper Gulf Reserve, and have contracted third 
parties to develop the programs and conduct the needed 
monitoring. Within the Reserve CONANP has offered finan-
cial support to fishers through their PROCODES (Programa 
de Conservación para el Desarrollo Sostenible) Program and 
state fisheries agencies in both Baja California and Sonora 
have contributed together with NGOs to support fishers’ fi-
nancial obligations for this process. State and national fish-
eries authorities are giving priority to ordering fisheries in 
the Upper Gulf. To insure success a clear and transparent 
plan of co-responsibility for financing and implementing 

monitoring will be needed. Involvement of fishers in moni-
toring has the advantage of reducing costs, but also is an im-
portant mechanism of socio-ecological feedback on the state 
of the resources. Precedents are already established with 
fishers in the region to participate in monitoring and financ-
ing such processes. In general there is a forward momentum 
for implementing many components of Ecosystem-based 
fisheries management in the Peñasco Corridor.

9.13 � Conclusions

While there are many ways to approach managing fisheries, 
marine systems and, most importantly, their users are space-
based. Many authors contend that place-based management 
and marine spatial planning can provide the most promising 
approach to implementing ecosystem-based fisheries man-
agement (Crowder et. al 2008; McLeod et al. 2005). Some 
consider this should be the second tier in implementation 
of EBFM, simply because of the amount of data required. 
Place-based management will require a hierarchy of man-
agement practices, beginning with a collective vision for 
ecosystem-based management and moving toward an in-
tegrated approach that contemplates multiple spatial and 
temporal scales. The key will lie in developing governance 
systems that align stakeholder incentives with management 
objectives.

Meaningful involvement of government agencies is also 
crucial. The Peñasco Corridor is not a region of high priority: 
the populations it serves are small communities, marginal-
ized in many ways. Until recently the region was isolated by 
poor quality roads and other basic services are minimal. It is 
just such communities, however, that need help in sustaining 
their livelihoods that depend almost exclusively on resource 
extraction. Our experience has shown that such communities 
are open to dialogue, interested in connection and willing to 
participate in such processes, setting the stage for success.
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Foundation’s ecosystem-based management initiative. Too many 

Table 9.6   Proposed indicators for use in the Peñasco Corridor, Northern Gulf of California, Mexico to measure ecosystem and fisheries health. 
Baseline information is available for most of these parameters
Indicators Measure State/Tendency Management objective
Average size Size of fish S, T ESa

Trophic level of catch TL S, T ESa

Proportion of predatory species % Predators S, T BCb

Total sampled biomass Biomass T PRc

Species richness Number of species S BCb

Shannon’s biodiversity index H’ S BCb

a Ecosystem structure (ES)
b Biodiversity Conservation (BC)
c Equilibrium of Potential Resource (PR) (Pauly et al. 2000)
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