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Science, society, and flagship species: social and political history as keys to
conservation outcomes in the Gulf of California
Andrés M. Cisneros-Montemayor 1 and Amanda CJ Vincent 2
ABSTRACT. Socio-political issues are important in environmental policy outcomes but are often overlooked in conservation planning.
We analyze the effects of historical social, political, and ecological contexts on conservation policy outcomes as applied to the Upper
Gulf of California and Colorado River Delta Biosphere Reserve. A rushed implementation, perhaps necessary for the protection of
endangered totoaba (Totoaba macdonaldi) and vaquita (Phocoena sinus), occurred with little community consultation, resulting in
enduring disgruntlement among stakeholders that undermined its effectiveness. Overfishing and habitat degradation continue both
inside and outside the reserve, and totoaba and vaquita remain Critically Endangered, with the latter’s population estimated at
approximately 90 individuals. Marine reserves can be useful, but when top-down enforcement is unfeasible, effective environmental
policy requires full recognition and integration of political history and social structures and needs, and open discussion on trade-offs
when win-win situations are not possible.
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INTRODUCTION
Stakeholder engagement and comanagement are crucial for
successful environmental policy, often influencing outcomes more
than the management schemes themselves (Gutiérrez et al. 2011).
In the case of nature reserves, strategies for success have emerged
(Lubchenco et al. 2003, Lundquist and Granek 2005, Mawdsley
et al. 2009), but social and political aspects of implementation
are underrepresented in scientific studies, despite these factors
being critical for effectiveness (Alder et al. 1994, Kaiser 2005).
This social context is vital (in democracies) given the arrays of
objectives in mind and the varying time-horizons for assessing
performance (Carr 2000).
Sustainable extraction remains integral to resource management,
but conservation efforts, invoking both practical and moral
arguments, increasingly form part of policy discussion. This has
evolved beyond ecological protection into an awareness of the
needs and benefits of ecologically sustainable industries
(Ishwaran et al. 2008). However, conservation goals can lead to
regulations which, though potentially useful, may alienate
existing stakeholders (Prell et al. 2009). This can be unavoidable
if, for example, fishing is prohibited in a coastal marine area, but
can also stem from poor prior planning when designing and
anticipating effects of environmental policies (Lundquist and
Granek 2005).
The dearth of constructive interaction among parties who
perceive mutually exclusive goals is currently evident in debates
on the use of marine resources that are often overexploited but
continue to sustain significant global industries (FAO 2012).
Human pressures have also affected terrestrial ecosystems, but
can be more difficult to address in marine settings, where
organisms and habitat can be highly mobile and hard to see (Jones
2002). This difficulty may contribute to increasing proposals of
marine protected areas (MPAs) as a catch-all strategy (Locke and
Dearden 2005).
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The upper (i.e., northernmost) Gulf of California (UGC) and
Colorado River Delta (CRD) Biosphere Reserve (henceforth,
“the Reserve”), in northern Mexico, is presented here as a model
of a challenging conservation setting where continued
stakeholder debate on human needs and ecological thresholds
shapes policy. Like many developing countries, a large number of
fishers, versatile boats and gear, and de facto open-access
conditions have resulted in overfishing and ecosystem
degradation (Sala et al. 2004, Cisneros-Montemayor et al. 2013).
Actions are needed to protect wild species and spaces as well as
the fisheries (Bobadilla et al. 2011), but there are key questions
about which strategies to use. The flagship species for marine
conservation in the Reserve are the totoaba (Totoaba macdonaldi),
a critically endangered sciaenid fish, and the vaquita (Phocoena
sinus), the world’s most endangered marine mammal (D’agrosa
et al. 2000, IUCN 2013). The Reserve area includes traditional
fishing grounds, both for Indigenous groups and more recent
commercial fisheries.
We analyze the process that led to the establishment and
boundaries of the Reserve and review its outcomes to gain broadly
applicable insights. Particular emphasis is placed on the
environmental concerns driving action and the socio-political
environment in which these actions took place. An important first
step is to identify the motivation of stakeholders in the debate
and the key players that affect processes and outcomes given the
types of social networks in place (Prell et al. 2009, Reed et al.
2009). Analyzing the history of local resource management and
the context in which policy emerged is crucial for understanding
both positive and negative outcomes and improving future
policies.
STUDY AREA
The UGC and CRD are highly productive, shallow marine and
brackish water environments, with estuaries and mud flats
providing major spawning areas for fishes and invertebrates
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(Galindo-Bect et al. 2000). It is also home to endemic and
Critically Endangered marine species: the totoaba and the vaquita
(IUCN 2013).
Since the early 1900s, the main human settlements are El Golfo
de Santa Clara (popuation 2700) and Puerto Peñasco (population
31,000) on the Sonoran coast, and San Felipe (population 13,000)
in Baja California (DOF 2009; Fig. 1). The Cucapá, Pima, and
O’odham peoples that have historically inhabited the region were
traditionally nomadic tribes, but partially settled along the
northern CRD, notably near El Golfo de Santa Clara. These
groups together total hundreds of people and, as with most
Indigenous people throughout Mexico, are in precarious
socioeconomic and cultural conditions after the degradation of
lands and traditions under colonial and Mexican government
(Navarrete-Linares 2008).
Fig. 1. Upper Gulf of California and Colorado River Delta
Biosphere Reserve, including the core zone (CZ), buffer zone
(BZ), and vaquita refuge area (VRA).

target species (López-Martínez and Álvarez-Tello 2013, CisnerosMata et al. 2014, Girón-Nava et al. 2015).
More than 20,000 registered (and many unregistered) artisanal
fishing boats (~7 m length open-deck fiberglass) and ~1500 larger
industrial trawl and seine vessels operate along the Gulf
(CONAPESCA 2007). Most fishers are organized into
cooperatives of various sizes or work for larger industrial fishing
firms (OECD 2006). Aquaculture, particularly for shrimp, has
grown steadily and currently contributes approximately 60% of
national shrimp production (CONAPESCA 2013), though it
provides less employment compared to capture fisheries. There
are concerns about environmental and social effects of
aquaculture operations, specifically regarding pollution, habitat
transformation, and a lack of integration of local communities
in large-scale enterprises (Avilés-Quevedo and Vázquez-Hurtado
2006). Tourism is a very significant industry in the Gulf of
California, though not yet well-established in the upper Gulf.
The Biosphere Reserve
The Reserve spans the Colorado River Delta and Estuary, and
the northern (upper) Gulf of California, including the coastline,
and is the largest aquatic reserve in Mexico (9347 km²). The
Reserve is divided into core, buffer, and Vaquita Refuge areas
(Fig. 1), and 22 subareas with their own restrictions (Table 1). It
is shared by two states (Baja California and Sonora) and three
municipalities; water use along the Colorado River involves seven
U.S. states (notably, California, Colorado, and Arizona). Multiple
Mexican agencies have some jurisdiction over the Reserve,
including the National Protected Natural Areas Commission
(CONANP), National Ecology Institute (INE), National
Fisheries Institute (INP), National Aquaculture and Fisheries
Commission (CONAPESCA), Ministry of the Environment and
Natural Resources (SEMARNAT), Federal Environment
Protection Office (PROFEPA), National Commission for Use
and Knowledge of Biodiversity (CONABIO), and the Mexican
Navy (SEMAR).
HISTORY OF THE BIOSPHERE RESERVE
Following from Rojas-Bracho et al. (2006), we divide our analysis
into four periods defined by significant events related to science,
society, and flagship species linked to the Reserve (Table 2).
Transitions between these periods are marked by: (1) the end of
freshwater flow from the Colorado River and the first description
of the vaquita, (2) the first formal assessment of the vaquita, and
(3) the decree of the Reserve.

Fishing and some aquaculture drive the regional economy. The
Mexican National Fisheries Chart (the official registry of
Mexican fisheries) includes ~25 target species groups (> 300
species), with shrimps (Penaeidae) and sardines (Clupeidae)
comprising approximately 50% of total landings and landed value
(DOF 2010, CONAPESCA 2013). In the upper Gulf, key target
species are shrimp (e.g., Litopenaeus stylirostris) and curvina
(Cynoscion spp.); other bony fishes, sharks, and rays (e.g.,
Scomberomorus spp., Micropogonias spp., Mustelus spp., Squatina
spp.) are seasonally important (Turk-Boyer and Cudney-Bueno
1998, Espinosa-Romero et al. 2014). Recently, jellyfish
(Stomolophus meleagris) have become a highly valuable seasonal

Preindustrial fisheries and first scientific studies (1900–1960)
The UGC was an isolated region well into the 20th century, but
nonetheless has a rich history of resource use. During the late
1800s and early 1900s, it was a corridor for supply ships headed
up the Colorado River, facilitating development of the
southwestern United States (Mueller and Marsh 2002) until
sequential damming of the river beginning in the early 1900s. This
virtually eliminated water flow to Mexico by the mid-1960s and
was disastrous for riparian and marine habitats; the Colorado
River estuary underwent major changes, including increased
sedimentation and a switch from hypo- to hypersaline conditions
(Álvarez-Borrego 2003, Flessa 2004).
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Table 1. Restricted or prohibited activities in the Upper Gulf of
California and Colorado River Delta Biosphere Reserve and
pertinent laws in the Gulf of California. Summarized from the
biosphere reserve management program (CONANP 2007).
Region

Restricted or prohibited activity

Gulf of California

Harm to marine mammals
Sea turtle extraction
Totoaba extraction
> 25.4-cm mesh gillnets
Low-selectivity fishing†
Habitat modification
Trawling
Gillnetting (restricted)
> 15-cm mesh gill or set nets
Changes in ground use
Construction
Camping (restricted)
Mining
Resource extraction
Habitat modification
Fishing of any kind
Changes in ground use
Agriculture
Aquaculture
Tourism (restricted)
Camping
Diving
Outboard engine boats
Cattle grazing

Buffer zone

Core zone

†

Various subareas (> 600,000 ha) allow different types of fishing
subject to specific guidelines.

Marine resources were already exploited to some degree, mostly
for trade and subsistence by Indigenous groups and Mexican
settlers. The first intensive fishery was based in Guaymas, Sonora,
in the early 1900s and targeted totoaba for their swim bladders,
although this species was historically caught for consumption by
Indigenous fishers. Totoaba fishing using harpoons and oar or
sail-powered canoes (Bahre et al. 2000) expanded, and the dried
swim bladders (buches) were sold for use in soups in China and
by the Asian community in California. The lack of roadways or
freezing capacity meant that most remaining totoaba meat was
discarded. In 1924, however, two Americans drove the first truck
of iced fish through then-uncharted desert from San Felipe to the
U.S. border. This established a new trade route into southern
California and Arizona and prompted the expansion of totoaba
and other fisheries (Bureau of Marine Fisheries 1949, Bahre et
al. 2000).
Evolving fishery practices and environmental changes beginning
in the late 1920s led to the threat of extinction for totoaba. Like
many sciaenid fish, totoaba form large spawning aggregations at
the water surface (Erisman et al. 2010). Despite limited fishing
capacity at that time, focused effort on spawning grounds
increased catches from 296 tonnes in 1932 to 2286 tonnes in 1942
(Cisneros-Mata et al. 1995a). New cotton and nylon nets and
motorized boats in the 1940s and 1950s allowed fishers to haul
entire spawning aggregations of totoaba (Bahre et al. 2000),
followed by the start of industrialized shrimp trawl operations

which caught juvenile totoaba (machorros) incidentally. Coupled
with the (then-unrecognized) effect of diminishing freshwater
flow on recruitment, this led to rapid declines in totoaba
populations and catch (Cisneros-Mata et al. 1995a, Lercari and
Chávez 2007; Fig. 2).
Fig. 2. Index of historical landings of totoaba and shrimp
(metric tonnes), Colorado River outflow into Mexico (hm³),
and vaquita abundance (individuals). Adapted from data in
Cisneros-Mata et al. (1995a), and updated with data from
CIRVA (2014), CONAGUA (2015), and FAO (2015). Indices
are relative to the highest value for each time series.

Despite continued industrialization, prevailing cooperative
management kept fisheries rooted in local communities.
Implemented in the 1930s, cooperative rights-based systems
paralleled agricultural policy, granting resident communities
exclusive and nontransferable rights over land use (or in this case,
marine resources; OECD 2006). These policies emerged following
the Mexican Revolution (1910–1920s) to address the inequalities
of privatized and concentrated resource ownership that often
involved virtual (or literal) slave labor.
In the 1950s, biologists from the United States and Mexico began
studying totoaba fisheries amid plummeting catches (Berdegué
1955). Their research quickly identified the estuaries as crucial
spawning and rearing areas for totoaba, and the first fisheries
conservation policies were declared, including banning gillnets in
the estuary area (DOF 1949). Enforcement was nonexistent, but
a conceptual and legislative seed had been planted in recognizing
the area’s need for protection.
In 1958, the skull of an undescribed marine mammal was found
by American biologists, who described it as Phocoena sinus and
gave it the common name “cochito”, attributed by local fishers
(Norris and McFarland 1958). This unassuming new species, later
renamed “vaquita”, would eventually become the primary focus
of debate, conflict, and an international conservation movement
in the UGC.
Industrial fisheries, science, and conservation advocacy (1960–
1990)
As part of the modern environmental movement beginning in the
1960s, a number of scientists began work in the Gulf of California.
Most research focused on fisheries and biology and ecology of
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Table 2. Timeline of social, political, economic, and ecological events before and after creation of the Upper Gulf of California and
Colorado River Delta Biosphere Reserve.
Historical context

Year

Event

Preindustrial fisheries and first
scientific studies (1900–1960)

1909

Shipping through Colorado River ends with completion of Laguna Diversion Dam,
California/Arizona
Commercial fishery for totoaba swim bladders begins
First truck of totoaba meat driven to United States
Completion of Hoover Dam
Highest recorded totoaba catch
First record of commercial shrimp catch in upper Gulf of California
Mexico bans gillnets in Colorado River estuary
First scientific publication on totoaba overfishing
Description of Phocoena sinus (“cochito”)
End of Colorado River flow into Mexico
Mexican government accelerates fisheries development
First marine Biosphere Reserve in Mexico, Laguna Ojo de Liebre
Lowest recorded totoaba catch; permanent fishery closure
Totoaba listed as threatened by International Union for the Conservation of Nature
(IUCN)
First publication on conservation status of vaquita
First complete specimens of P. sinus reported
El Niño and economic reforms affect fishing industry
United States embargoes imports of Mexican tuna
Vaquita listed as threatened by IUCN
National Fisheries Bank declares bankruptcy
Mexico hosts United Nations Conference on Responsible Fishing
Mexico creates national agencies for biodiversity (CONABIO), ecology (INE), and
environmental protection (PROFEPA)
First systematic vaquita survey undertaken
Proposal for the Reserve presented to government (March)
The Reserve is adopted by presidential decree (June)
North American Free Trade Agreement signed by Canada, United States, and Mexico
(January)
Surveys confirm vaquita range extends outside Reserve
Vaquita Refuge Area enacted to extend protection area
Cucapá people officially allowed to fish in core area
Vaquita survey suggests 57% decline since 1997
Shrimp trawling allowed in buffer zone
Bilateral agreement to restore Colorado River Delta
Vaquita population estimated at 97 individuals

Industrial fisheries, conservation
science, and advocacy (1960–1990)

Pre-enactment and decree of the
Reserve (1990–1993)

Evolution and current status (1994–
present)

1910
1924
1936
1942
1945
1949
1955
1958
1961
1970
1972
1975
1976
1982
1985
1989–1990
1990
1990
1990
1992
1992
1993
1993
1993
1994
1998
2005
2007
2008
2011
2012
2014

local species and was undertaken by the then-Ministry of
Fisheries (SEPESCA) and academic institutions, including
universities in Baja California, Sonora, California, and Arizona.
This period saw a rapid expansion in the fishing industry, built
on subsidies and parastatal organizations as part of a national
plan to shift labor away from agriculture and stimulate fish
production (Hernandez and Kempton 2003, Valdéz-Gardea
2010). From 1970–1980, the national fleet doubled, and landings
increased from ~200 thousand to > 1 million tons (CONAPESCA
2007). Investments included industrial (particularly small pelagic)
fisheries and processing capacity and thousands of new artisanal
vessels along the coasts.
The totoaba population remained severely depleted through
targeted fisheries, bycatch, and impaired recruitment because of
lack of freshwater flow (Lercari and Chávez 2007). These
combined factors resulted in a historically low catch in 1975 and
a subsequent ban on all totoaba fishing (DOF 1975). Protests
against this ban were subdued, likely because of waning catches
during the previous decade and the concurrent growth of other

fisheries. In 1976, totoaba became the first marine fish to be
designated as Endangered by CITES.
Little attention had been paid to vaquita since its description in
1958, though it was thought to inhabit the uppermost portion of
the Gulf and was recognized as a small population. In 1986,
however, the first recorded specimens were caught in a gillnet set
for totoaba research. This was also the first time that fishers’
common name for the porpoise, vaquita (a rare sight even to
them), was properly adopted (Brownell et al. 1987). Renewed
interest in vaquita was followed by bycatch monitoring programs
to estimate its population size, with a first estimate of ~600
individuals. Vaquita was designated as Critically Endangered in
1990, but little else was known about it (Rojas-Bracho et al. 2006).
Research on vaquita biology, ecology, and distribution was led by
an emerging conservation movement in Mexico, including
scientists in various academic, nongovernmental, and
governmental institutions.
In 1990, a U.S. embargo on Mexican tuna imports, imposed
because of dolphin bycatch, significantly affected binational
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relations and future conservation actions. It dealt a severe blow
to communities in northwest Mexico (mainly on the western coast
of Baja California) and showed the potential repercussions of
environmental guidelines (McDorman 1992). Originally
suspended because of approved Mexican compliance with the
Marine Mammal Protection Act, the embargo proceeded after the
Earth Island Institute, a U.S.-based conservation nongovernmental
organization (NGO), successfully sued the U.S. government. The
decision stated that the time given to foreign fleets to prove
compliance and the measure of bycatch employed were
incompatible with statutes to ensure swift enforcement. The ruling
acknowledged that these statutes were partly designed to protect
U.S. tuna fisheries from competition with less-regulated fleets (U.
S. District Court, Earth Island v Mosbacher, 1990). Resentment
toward foreign conservation interests and their perceived link to
foreign industry permeated Mexican society, including scientists,
and is still palpable.
Adding to turmoil in the fishing sector, a strong El Niño in the
late 1980s and early 1990s severely affected sardine and shrimp
stocks, the backbone of fisheries along the entire Gulf (CisnerosMata et al. 1995b, Hernandez and Kempton 2003). This ecological
blow would be followed by economic and political ones.
Pre-enactment events and the decree of the Reserve (1990–1993)
A series of rapid events culminated with the establishment of the
Reserve in 1993 (DOF 1993). In 1988, the incoming
administration was negotiating the North American Free Trade
Agreement (NAFTA) with the United States and Canada, and a
key issue was Mexico’s perceived competitive industrial advantage
due to weaker environmental policies (McDorman 1992,
McGuire and Valdez-Gardea 1997), including bycatch of marine
mammals. Mexico became proactive on environmental themes,
including a strong showing at the Rio Earth Summit and the
hosting of the Cancún Conference on Responsible Fishing in 1992
(Caddy and Griffiths 1995).
As the tuna embargo and NAFTA discussions fostered political
will for visible conservation actions, the regional fishing industry
was in crisis. The new federal government had been reshaping
primary industries through privatization and withdrawal of
below-market rate loans to cooperatives (Greenberg 2006).
Furthermore, the federal bank funding fisheries initiatives,
BANPESCA, was mired in mismanagement and corruption, and
declared bankruptcy in 1990 (Hernandez and Kempton 2003).
Amid continuing El Niño conditions, landings in the Gulf of
California decreased by > 50% between 1989 and 1993, and the
size of the fishing fleet showed the first and only (slight) decrease
on record (CONAPESCA 2007). As cooperatives disbanded,
many fishers were incorporated into new, more streamlined and
profit-driven fishing firms or found other employment. In the
upper Gulf, fishing income decreased by 80%, and 50% of fishers
in Puerto Peñasco became unemployed (Valdéz-Gardea 2010).
As the fishing sector struggled, fisheries scientists remained
concerned about the totoaba population (Cisneros-Mata et al.
1995a) while conservation groups (mostly U.S.-based) dedicated
efforts to vaquita protection (McGuire and Valdez-Gardea 1997).
Despite high uncertainty regarding population status or bycatch
rates, vaquita was perceived by conservation advocates and
scientists as a victim of lax environmental policy in Mexican
fisheries and management (Fleischer and Pérez-Cortés 1996), a

negative for NAFTA discussions. In 1992, the Ministry of Urban
Development and Ecology (its name reflecting an odd mandate)
asked the Sonora government to develop a proposal to support
the creation of a natural reserve, and the President created the
International Committee for the Recovery of the Vaquita
(CIRVA). In the following months, the North American Wetland
Conservation Council, The Nature Conservancy, Conservation
International, and the World Wildlife Fund funded workshops
among scientists and conservation advocates to discuss the issue
(SEMARNAP 1995).
A significant source of environmental degradation was the
damming of the Colorado River by the United States that
virtually stopped freshwater flow to the estuary since the early
1960s (Fig. 2). This resulted in declines of now-threatened native
river fish populations, loss of important bird habitats, and
fundamental shifts in oceanographic conditions (Mueller and
Marsh 2002, Álvarez-Borrego 2003). Totoaba and shrimp
reproduction appear to have suffered from reductions in
freshwater flow, independent of fishing activity, that contributed
to their decline and have hindered recovery (Galindo-Bect et al.
2000, Lercari and Chávez 2007; Fig. 2). Studies have shown that
hypersaline conditions do allow totoaba survival, yet even point
increases in freshwater flow result in increased productivity
(Valdez-Muñoz et al. 2010). There is currently no evidence of
habitat degradation effects on vaquita, though this has not been
studied explicitly because of a focus on bycatch prevention (RojasBracho and Taylor 1999, Rojas-Bracho et al. 2006).
Early in 1993, one year before the NAFTA signing, the Presidency
informed government agencies and NGOs of the intention to
create a reserve, and an interagency proposal led by CIRVA was
drafted (McGuire and Valdez-Gardea 1997). Although the
vaquita distribution was unclear, unconfirmed reports and an
ongoing survey suggested that it extended beyond the
northernmost UGC (Fleischer and Pérez-Cortés 1996). The
proposed lower bounds of the reserve were thus placed just north
of the two largest towns in the region in a compromise between
protection and social conflict (Fig. 1). A few months later, the
first comprehensive vaquita survey revealed that these lines lay
roughly along the middle of the population’s likely core range
(Gerrodette et al. 1995).
Public consultation, specifically including Indigenous groups, is
highlighted in recent management plans (CDI 2009, DOF 2009),
yet we could not find any information regarding such consultation
processes during the planning stages of the reserve. The official
account of the Reserve’s history highlights a successful bid to
“combine conservation efforts by government institutions,
research and higher education centers, and non-government
organizations ... to form the proposal that served as a basis for
the establishment of the Biosphere Reserve” (CONANP 2007).
There is no mention of public consultation, including with fishers,
Indigenous communities, or other resource users, prior to the
Reserve’s establishment.
Despite a weakened fishing sector, there was strong resistance to
the Reserve, particularly from the industrial shrimp fleet based in
Guaymas, Sonora. To offset economic losses and quell dissent,
new funding programs began within the National Solidarity
Program to subsidize local fisheries and aquaculture and to
promote tourism (OECD 2006).
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The first formal proposal for a biosphere reserve was presented
to the government in March of 1993 (Brusca et al. 2001). Three
months later, on June 10, the Reserve was decreed by thenPresident Salinas and passed into law. A Presidential decree is
produced unilaterally by the executive on behalf of the nation
and is technically irrevocable. In practice, it can be challenged by
Congress or state governments with evidence that industry is
significantly affected. Among those present at the enactment
ceremony were President Salinas; his top aides; the Governors of
Sonora, Baja California, and Arizona; and the U.S. Secretary of
the Interior (McGuire and Valdez-Gardea 1997). The lofty stated
goals of the Reserve are to:
[P]reserve the natural environments of the region and
the more fragile ecosystems; ensure the balance and
continuity of their ecological evolutionary processes;
rationally benefit from its natural resources; to preserve
the genetic diversity of wild and aquatic species of
peninsular, insular and marine flora and fauna,
particularly those that are endemic, threatened and in
danger of extinction; enable regional socioeconomic
development; promote applied research and technology,
environmental and historical-cultural education and
recreational and tourism activities; as well as maintain
an adequate field for scientific research (DOF 1993).
Evolution, current status, and future (1994–present)
During the second half of the 1990s, a conservation lobby led by
foreign-based NGOs with offices in Mexico pushed for wider
marine conservation measures, including expanded Reserve
boundaries. However, regional fisheries had recovered after
economic restructuring and the return of key fish stocks following
the 1989–1990 El Niño. Concurrently, fishers’ real income within
the Reserve decreased from 1994–2002 (Vázquez León et al. 2010).
Conservation proposals were met with sometimes violent
demonstrations, shaping a period of socio-political backlash
(mainly from the fisheries and coastal development sector) against
conservation groups perceived to have helped impose a reserve
with few benefits for, and no consultation with, local communities
(McGuire and Valdez-Gardea 1997).
By the late 1990s, arguments for vaquita conservation efforts were
restrengthened as acoustic surveys confirmed that a significant
part of its distribution lay outside the Reserve (Rojas-Bracho et
al. 2006). A lengthy research and discussion process was
characterized by strong emphasis on identifying and mitigating
potential community economic losses (WWF et al. 2005, RojasBracho et al. 2006). A Reserve extension in which gillnetting is
banned, the Vaquita Refuge Area (VRA) emerged in 2005, though
still without full acceptance from local fishers. An indication of
persistent disagreement is that the VRA was again enacted by
presidential decree, by then-President Fox (DOF 2005), rather
than as a product of broad consensus. Vaquita remains Critically
Endangered (IUCN 2013), with an estimated population size of
245 individuals in 2008 (Gerrodette et al. 2011); in 2014, this was
revised to 97 individuals (CIRVA 2014).
In the case of totoaba, recent studies and anecdotes suggest its
population may be increasing, yet its life history and ongoing
illegal catch probably preclude recovery to previous known
abundances (Márquez-Farías and Rosales-Juárez 2013), and it
remains Critically Endangered (IUCN 2013). Many fishing

restrictions (Table 1) were never fully enforced or respected by
fishers, but because totoaba fisheries are banned, current catch
(which can be substantial; Cisneros-Montemayor et al. 2013) is
illegal and therefore largely unknown. Unsustainable fishing
continues both inside and outside the Reserve, resulting in
declining overall catches of and profits from almost all species
(Rojas-Bracho et al. 2006, Vázquez León et al. 2010), and
combines with continued government aid to fishing fleets in a
cycle of overexploitation and subsidization (OECD 2006,
Espinoza-Tenorio et al. 2011).
Analyses of the Reserve reveal much more about costs than
corresponding benefits. Aside from appeals for the vaquita’s
existence, local benefits from the Reserve have been limited to
buy-back programs for gillnets or financial support for state
governments to aid in enforcement (Rojas-Bracho et al. 2006,
WWF and INE 2006). Fishers have increasingly questioned
conservation measures and pressured government officials to ease
restrictions (Méndez-Fierros 2005, Notimex 2008), even as all
parties acknowledge the need for effective measures to ensure
sustainability (Aragón-Noriega et al. 2010). For example, shrimp
trawlers in Puerto Peñasco reached an agreement in 2011,
brokered by the state government, to allow trawling within the
buffer zone of the reserve (Ramírez 2011).
The importance of fishing for the Cucapá people was recognized
in 2004 by the National Human Rights Commission, allowing
them to fish in the core area of the Reserve under guidelines to
protect endangered species (CNDH 2004, Luque Agraz and
Gómez 2007). The issue of recognition of Indigenous peoples’
rights is important to highlight in the context of the Reserve.
These communities are undoubtedly the most marginalized (both
currently and historically) at both local and national levels, yet
their challenges go beyond access to resources and include both
endogenous and exogenous pressures that threaten their
continued existence as peoples. This requires discussion and
solutions that include but go far beyond ecology and fisheries.
In addition to fishing, tourism is a growing source of
environmental and social pressures, primarily because of largescale development along the coast (Bryant 2007), including
construction of hotels and marinas and appropriation of beaches
and fresh water. This has catalyzed conflict between primarily
local fishers and incoming workers and developers (ValdézGardea 2010). There have also been proposals to develop a
recreational fishery for totoaba under the assumption that a catchand-release policy will mitigate potential negative effects. This
must be assessed skeptically given that sciaenid fish have shown
post-release mortality rates of up to 70%, although mortality can
be lower if the fish are handled properly (Lewin et al. 2006).
Tourism may benefit parts of the region, provided that future
development is subject to stringent ecological and social
guidelines and regulations, but has been hindered by safety
concerns and downturns in the global economy (Bryant 2007).
The sharpened conflict with fisheries interests during the early
part of this period led to an evolution in conservation strategies,
stressing stakeholder consultation and cooperation. After a
period of trust building, more tempered dialogue resulted in
positive advances. These include comanagement plans and selfimposed fishing restrictions to protect spawning aggregations for
key species (Turk-Boyer and Cudney-Bueno 1998). These policies
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are localized within specific communities and fisher groups, but
are becoming more important for regional management (Brusca
et al. 2001). For example, fishers have requested spatial regulations
to limit entry to larger industrial vessels, offered to participate in
enforcement programs, and called for increased Colorado River
flow that is linked to local productivity and species’ distributions
(Turk-Boyer and Cudney-Bueno 1998). In 2012, a bilateral
agreement between the United States and Mexico backed a fiveyear pilot project to increase flow to the CRD to restore riparian
habitat (Sonoran Institute 2013). It remains to be seen whether
this will be fully executed, though increased recognition of the
river’s importance for this habitat is a positive development.
The capacity to implement management policies, however, does
not necessarily mean these policies will be beneficial. Buy-back
schemes (both permanent and temporary) were implemented in
2008 in the Reserve to reduce vessel numbers and use of gillnets
for curvina. The outcomes were consistent with both theory and
prior case studies: benefits accrued to limited groups within the
fishing sector, with effective fishing effort likely unchanged or
higher than before (Avila-Forcada et al. 2012). Such predictable
outcomes of subsidies for the fishing sector help to explain why
the long-term effects of bycatch reduction efforts are negligible
(CIRVA 2014, Senko et al. 2014).
DISCUSSION
Impending loss of iconic species like the vaquita and totoaba can
impel rapid action regardless of social support. Nevertheless, the
social and political history and context of a place and people must
be recognized and understood before enacting regulations.
Foregoing a careful, yet not necessarily slow, process of
collaborative policy design can result in legal designations that
cannot be truly implemented and are unlikely to succeed (Reed
et al. 2009). In the case of the Gulf of California, a determined
conservation lobby and political opportunity led to the swift
establishment of a large marine reserve; yet, it is currently a case
where local people were alienated and the species’ futures are not
any more secure. Unsustainable practices continue because of
tradition, culture, and economic needs of coastal (including
Indigenous) communities, leading to the failure of the Reserve to
meet its stated goals. Marine reserves can be useful, but
recognizing an area’s historical context is key for achieving social
and ecological success (Espinoza-Tenorio et al. 2011).
As in most of the world, the ultimate cause of marine
overexploitation is a combination of mostly open-access fisheries
(Pauly et al. 2002) and a lack of investment in alternative
livelihood opportunities (aside from marine tourism; Young
1999). The conservation objectives of large protected areas can
benefit from parallel longer term plans for local social and
economic improvements in education, gender equality,
Indigenous rights, food security and sovereignty, and employment
(Wilshusen et al. 2002). Ecological conservation contributes to
achieving these goals, yet cannot be the sole mandate. An
important aspect of such societal capacity building is that it
should not be limited to fisheries, but rather exists within much
broader (likely national level) social and economic policies with
a long time horizon and explicit understanding of ecological
capacity (Béné 2003, Carter 2003, Sumaila 2004). Without
concerted policies that transcend fisheries-specific goals,
sequential depletion of marine populations will continue, as

occurred with totoaba and vaquita (Fig. 2); even recently emerged
jellyfish fisheries are considered to be at maximum capacity in the
Gulf (Cisneros-Mata et al. 2014).
Emphasis on flagship species as drivers for management action
can undervalue other pressing issues, and research and may prove
problematic for conservation efforts on the whole if these species
indeed become extinct (Simberloff 1998, Agardy 2000, Wilshusen
et al. 2002). Given the ongoing decline of vaquita (Fig. 2; CIRVA
2014), orienting the Reserve primarily around its preservation
may backfire, and research should be broadened to include social
drivers of fishing behavior, ecological dynamics, other natural and
human stressors, and alternative conservation strategies (RojasBracho et al. 2006, Aragón-Noriega et al. 2010, Bobadilla et al.
2011). Captive breeding programs for totoaba, though most likely
not for vaquita (Ames 1991), may contribute to conservation
efforts (True 2012), but protection of wild populations is
obviously key.
MPAs can be vital for conservation, though they have erroneously
come to be expected to be a relatively straightforward solution to
serve multiple objectives simultaneously (Alder et al. 2002, Locke
and Dearden 2005). Based on a global synthesis of MPA
performance (Lundquist and Granek 2005), there are
characteristics of success that should occur throughout the entire
process of problem identification, design, and implementation.
These include stakeholder involvement, well-defined goals and
objectives, a wide and transparent inclusion of scientific
knowledge, comprehensive and ongoing monitoring of outcomes,
and thoughtful design (Lundquist and Granek 2005). Despite the
justified concerns regarding extinction of endemic species that
bolstered its creation, the Reserve establishment process
performed poorly under these criteria. Importantly, MPAs cannot
offset wider management issues or ultimate causes of
overexploitation (Carter 2003, Locke and Dearden 2005).
Extensive consultation can delay actions needed for critical
conservation issues, but a well-designed process balances societal
and scientific input such that they rapidly and continually inform
each other (Ritchie and Ellis 2010). Ecological needs should
emerge from scientific processes (Human and Davies 2010), but
it is crucial to identify stakeholders and anticipate their interests
before presenting policy suggestions (Vierros et al. 2006).
Involving locals in data gathering and recognizing uncertainty in
scientific studies (Slooten et al. 2000) can boost local trust in
results and is invaluable for distinguishing scientific evaluations
from advocacy positions. Outcomes from implemented policies
should be measured systematically and shared openly and widely
to inform adaptive changes (Walters 1986, Pullin and Knight
2003).
Following from these ideas, there are several strategies that could
improve performance in the Reserve. First, creation of alternative
livelihood opportunities and, more importantly, the personal and
institutional capacity for individuals to create their own livelihood
opportunities are crucial for local sustainable development (not
exclusively dependent on marine resources). Second, fishers (both
Indigenous and non-Indigenous) within the Reserve, who are the
most burdened by restrictions, should benefit from resource
access rights (Carter 2003, Grafton et al. 2006). This need not
necessarily imply quota schemes (Costello et al. 2008, EspinosaRomero et al. 2014), which can have their own negative social
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effects (e.g., as has occurred in Canada; Pinkerton 2015), but
certainly a formal recognition of local tenure rights (e.g., South
Pacific Islands; Ruddle et al. 1992) to counteract prevailing
marginalization and the perception that only biology and money
dictate social-ecological dynamics (Béné 2003). Third, discussions
must explicitly include social, economic, and ecological issues
aside from direct effects to fisheries. This may present
opportunities to redirect partial funding and subsidies toward
potentially useful new research and policies, as has been done in
cases throughout the world (see Cisneros-Montemayor et al.
2016). Fourth, the preceding points and other management
discussions should advance collaboratively with local
communities, entailing not only consultation but active
participation (Berkes 2006, Kearney et al. 2007, Human and
Davies 2010). This has led to positive results in similar cases that
sometimes have even more difficult social and economic
conditions (e.g., Europe, Southeast Asia, eastern Africa;
Lundquist and Granek 2005).
Social, political, and economic factors most often underlie
ecosystem degradation, but cannot be credibly addressed through
ecological conservation policies alone. The Upper Gulf of
California and Colorado River Delta Biosphere Reserve did not
emerge solely from conservation interests, but for the interests to
have been met, it needed to be implemented far more thoughtfully;
as it is, its benefits remain unclear when measured against any
intent. Even as we learn from this case to improve future policies,
there may still be time to design and implement parallel shortand long-term strategies for conservation and social development.
Refreshed collaborations between local communities, government,
NGOs, and academic institutions are highly encouraging
(Espinosa-Romero et al. 2014), but much work remains before
the Reserve can be turned into a story of success.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/issues/responses.
php/8255
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