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We analysed fisheries trends in the northern region of the Gulf of California, within the Biosphere Reserve of the Upper Gulf of
California and Colorado Delta River and the Vaquita Refuge Area, and suggest measures to protect the vaquita, Phocoena
sinus. We compiled and analysed catch reports of artisanal fishermen in the three fishing communities of the Upper Gulf of
California (San Felipe in the State of Baja California, and Golfo de Santa Clara and Puerto Peñasco in the State of Sonora) from
1995 to 2007. This information was categorised with respect to geographic information systems, and all fishing sites within two
marine protected areas in the region were identified. In addition, from a survey based on direct interviews with artisanal
fishermen in each of the three ports, we identified that 23% of fishermen will continue fishing despite on-going fishing buy-out
programmes in the region. We suggest several specific courses of action to decrease the fishing impact on this critically
endangered cetacean. However, given the critical situation of this critically endangered species, it is very uncertain whether
enforcing a no-take zone within the biosphere reserve and the Vaquita Refuge Area, or even a wider fishing moratorium, will be
enough to save this endangered species from extinction.
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Introduction

In the past decade, there has been increasing concern
regarding the rapid anthropogenic degradation of marine
ecosystems, for example, extinction of the baiji (Lipotes
vexillifer) in China (Turvey et al. 2007). In order to effec-
tively preserve marine ecosystems and biodiversity, ecolo-
gists must identify priority areas for conservation efforts
(Tognelli et al. 2005). Preservation of marine environments
and biodiversity has often come into conflict with human
use of natural resources. Loss of biodiversity jeopardizes
the balance between humans and our environment, but
conservation and protection of biodiversity requires
research, planning, considerable territory and financial
resources. Conservation and social development both
require initial inputs of common basic resources. Rather
than viewing biological preservation in a policy vacuum,
conservationists must consider the environmental objec-
tives of each nation looking to protect habitats and ecosys-
tems (Seely et al. 2003). Exploitation by commercial
fisheries has threatened many marine species and recently
the threat of net capture has increased substantially. In
Mexico, many approaches have been used to protect threa-
tened marine species, including protection of marine areas
and seasonal or permanent fishing bans in certain regions.

Mexico has established protected marine areas in differ-
ent ecoregions of the Economic Exclusive Zone. One of
these ecoregions is the Upper Gulf of California, where the
Reserva de la Biosfera (Biosphere Reserve) del Alto Golfo
de California y Delta del Rio Colorado (Figure 1) was

established in 1993 to protect several endemic and threa-
tened species. These species include the desert pupfish
(Cyprinodon macularius macularius), Yuma clapper rail
(Rallus longirostris yumanensis), totoaba (Totoaba macdo-
naldi) and the vaquita (Phocoena sinus). This ecoregion is
unique in terms of complex social and economic character-
istics. The fishery activity is vital to thousands of fishermen
who do all their fishing within the biosphere reserve. These
fishermen live in three coastal communities: San Felipe in
the State of Baja California, and Puerto Peñasco and Golfo
de Santa Clara in the State of Sonora. The number of
fishermen with small boats (artisanal fishermen) continues
to increase, further straining the declining marine popula-
tions in this unique ecosystem.

In the Upper Gulf of California, several commercially
valuable species are captured. Based on catch volume and
price, four species and several species of ray and shark are
the most important to the region. These species include blue
shrimp (Litopenaus stylirostris Stimpson 1874), gulf
corvine (Cynoscion othonopterus Jordan and Gilbert
1882), bigeye croaker (Micropogonias megalops Gilbert
1890), Spanish mackerel (Scomberomorus spp.) and several
species of ray and shark. The gulf corvine and blue shrimp
are sold at high prices to local and international markets
(Cudney and Turk-Boyer 1998, Table 1).

Between 1995 and 2007, these fisheries were profitable
for all three fishing communities (Table 1). The capture in
the region was over ,5500 t, translating to an income of
,US$8.6 million. The operating costs of artisanal fisheries
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are relatively high, but their efforts within the marine pro-
tected areas generate an average annual gross profit of about
US$5900 million, with a return rate of 68% over the last
11 years. Even as fishing increases in terms of number of
vessels, the gross profits remain high for these communities
(data from Federal fishing agencies in the communities).
The high profit secured by gulf corvine and shrimp has led
to increased fishing efforts, which are jeopardizing totoaba
(T. macdonaldi Gilbert 1890) and the rare vaquita (P. sinus
Norris 1958). These species are not intentionally captured
but accidentally caught in all types of gillnets used in the
Upper Gulf of California (Cisneros-Mata et al. 1995;
D’Agrosa et al. 2000). These species are at risk of extinction
due to their small population sizes (Morris and Doak 2003;
Rojas-Bracho et al. 2006).

The vaquita population is estimated at 150 individuals,
and has the smallest range of all marine mammals world-
wide. Its population appears to be declining by about 10%

each year as a result of the number of artisanal boats in the
region (Jaramillo-Legorreta et al. 2007). The primary rea-
son for these declines is accidental fishing since no other
factors have been identified that may contribute to the
drastic reduction of this population. A depressive effect of
inbreeding may further contribute to the risk of vaquita
population still declining, as Jaramillo-Legorreta et al.
(2007) predict, although there is little evidence that this
factor has substantially reduced the population growth rate
(Munguia-Vega et al. 2007) because vaquita is adapted to a
high level of inbreeding and low genetic variation (Rojas-
Bracho and Taylor 1999). The reduced flow from the
Colorado River does not appear to have affected the pro-
ductivity or risk level of this particular community
(Alvarez-Borrego 2003).

The vaquita population declined after the modernisation
and popularisation of commercial fishing in the 1940s (Villa
1976). The population has since been threatened by

Figure 1. Location of the Biosphere Reserve of the Upper Gulf of California and Colorado Delta River and the Vaquita Refuge Area.
(a) Code zone, (b) buffer zone, (c) Vaquita Refuge Area.

Table 1. Catch and value of the fishery within the biosphere reserve from 1995 to 2007.

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 Average

Catch (metric tonsa) 2510 2354 5466 6450 7536 6786 6050 7492 5029 5407 5888 4525 6087 5500
Value of catchb 3444 2323 4327 9451 9625 9907 9181 12,882 8755 8082 12,660 10,356 10,319 8600
Cost of catchb 569 1185 1640 1945 2390 2726 2994 3131 3321 3493 3609 3755 3897 2700
Gross profitb 2874 1138 2688 7505 7234 7181 6186 9750 5435 4589 9051 6601 6423 5900
Rate of return (%) 83 49 62 79 75 72 67 76 62 57 71 64 62 68

Notes: aCapture reported to the federal fishery offices in the communities. bIn thousands of US dollars.
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incidental trapping and drowning in gill and trawl nets. In
order to protect this species, nongovernmental organisations
(NGOs) and researchers propose to eliminate all fishing
activities to reduce by-catch to zero (Reeves et al. 2003).
Although there are no historical data from more than a few
decades ago, it is clear that vaquita populations have
declined from 1986 to 1997, with more than 300 vaquitas
killed by entanglement with fishing gear (Barlow et al. 1997;
Jaramillo-Legorreta et al. 1999). The low population growth
rate is largely a result of accidental catches, rather than
reproductive decline or emigration. This critically endan-
gered species is listed under the Endangered Species Act of
the USA, the IUCNRed List and the NOM-059-ECOL-2001
in Mexico. By understanding the complexity of fishery
activity in the Upper Gulf of California, we suggest some
additional and new criteria for the management program of
the vaquita area that may sustain economic development of
communities in the area and enhance the survival of this
endangered species threatened by fishing activity.

Materials and methods

Catch reports by artisanal fishermen residing in the three
fishing communities of the Upper Gulf of California were
compiled and analysed. The dataset included all official port
records for San Felipe in the State of Baja California and El
Golfo de Santa Clara and Puerto Peñasco in the State of
Sonora between 1995 and 2007. Using artisanal fishing
records of fishermen reported to the federal government
fishery offices in the communities, we obtained capture
site, weight and price of the catch on the beach.

Artisanal catch sites were translated to GIS format and,
using 2002 Conica Lambert projection maps and ArcView
3.2 software, we identified fishing sites within the two
marine protected areas (Figure 1). We calculated the per-
centage of each of the protected areas (the Biosphere
Reserve of the Upper Gulf of California and the Vaquita
Refuge Area) that were actively fished. In addition, we
gathered information from a closed survey of direct inter-
views with ,146 randomly selected artisanal fishermen of
each three ports following the Cochran (1989) method, who
represented 18% of the fisher population. The number of
fishermen to interview was obtained as follows:

n ¼
Z2q
�
E2p

1þ 1=N Z2q� 1=E2pð Þ ; (1)

where n ¼ sample size; Z ¼ CI ¼ 95%; p and q ¼ equation
distribution; E ¼ 6% precision level; N ¼ fishermen com-
munity size. Based on the Greenberg method (1993), local
fishermen of each port were randomly selected.
Questionnaires were designed to compute direct costs of
fishing operations, as well as the impact on fishing sites.
Also, we identify environmental and conservation knowl-
edge and concerns about marine protected areas. Such a
survey was only applied to fishermen over 17 years old at

the end of every fishing day from November to March
during the three years of the research.

Results

Analysis of the fishery

Shrimp, gulf corvine and bigeye croaker are the most impor-
tant commercial marine species in the Upper Gulf of
California. All of these species fetch high market prices
for artisanal fishermen, and shrimp provide the largest por-
tion of their gross income. The gulf corvine and bigeye
croaker are the most commercially important fish species
in the area because they are harvested in large volumes and
provide a large portion of local income. Spanish mackerel
and several species of ray and shark are also harvested but
are less commercially dominant.

Although the harvesting pressures of local fishing have
grown considerably, the yearly shrimp catch is increasing
(Figure 2(a)). In the early years of the biosphere reserve,
catch efficiency was high because there were few artisanal
fishing boats. Over the next two years, catch efficiency
dropped as the number of artisanal fishing boats increased.
Since then, shrimp populations have fluctuated. Other fisheries
such as gulf corvine and bigeye croaker experienced rapid
growth before 2000, and reached an annual production of
,3000 t (Figure 2(b) and (c)). Following the period of growth,
production declined substantially, especially for the bigeye
croaker, which declined to ,500 t in 2003. Since then, this
fishery has largely recovered. The gulf corvine fishery
declined a few years after opening, but this declinewas gradual
and the fishery has since shown signs of recovery.

Fishing pressure in the Upper Gulf of California is
related to the increase in number of artisanal fishing boats
over the last 12 years. As the value of shrimp production
increased, fishermen from other regions of Mexico settled
in this region. Table 2 shows the number of artisanal fishing
boats officially registered in each community. Two major
categories dominate the authorised fishing effort: shrimp
catchers, with 41% of artisanal fishing boats, and fish catch-
ers, with the 59% of boats. The largest number of authorised
artisanal fishing boats for both shrimp and fish fishing are
registered in San Felipe and Puerto Peñasco.

Since the biosphere reserve was established, the number
of cooperatives and artisanal fishing boats has increased.
Many fishermen who retired from the industrial vessels
joined a cooperative or established their own social organi-
sation. Puerto Peñasco and San Felipe, which have few
cooperatives, received most of the influx of fishermen,
increasing the fleet of artisanal fishing boats in a short
period of time (Table 2). El Golfo de Santa Clara has the
highest number of cooperatives, but the lowest number of
artisanal fishing boats. The artisanal fleet grew from 635 to
2070 boats from 1995 to 2003; since then, the artisanal fleet
has not increased. Fishing permits for cooperatives are now
given to their members as individual permits.

Our survey data and GIS analysis showed that fishing
activity of the six fisheries is conducted within the
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biosphere reserve and all of the Vaquita Refuge Area
(Figure 3), of which 77% of the marine surface is exploited.
Fishing efforts in the Vaquita Refuge Area vary depending
on species. Shrimp are caught in 98% of the refuge area,
bigeye croaker in 94%, Spanish mackerel in 85%, gulf
corvine in 78% and sharks and rays in 69%. Shrimp are
captured in 84% of the marine protected area (Figure 3(a)),
closely followed by bigeye croaker at ,83% (Figure 3(b))
and gulf corvine at ,80% (Figure 3(c)). Spanish mackerel,
rays and sharks are less frequently captured in the marine
protected areas. El Golfo de Santa Clara and San Felipe
fishermen intensely exploit the core of the biosphere reserve

during the gulf corvine season, which lasts for two months
after the shrimp harvesting season is over.

Fishermen opinions

Based on the survey, fishermen have little knowledge about
the purpose of the biosphere reserve, particularly fishermen
from Puerto Peñasco and San Felipe. More than 65% of the
fishermen from Golfo de Santa Clara consider the objec-
tives of the reserve to be fulfilled. They believe that, since
they are able to catch a diversity of species in the reserve, the
reserve is fully successful. However, 63% of the fishermen
believe that more enforcement is necessary to prevent ille-
gal fishing and the use of banned gillnets (Table 3). Our
survey indicated that the majority of fishermen would like to
see even greater efforts to prevent overfishing and ecologi-
cal collapse.

Discussion

This study was motivated by issues of biodiversity conser-
vation, in which there was an opportunity to specify basic
aspects of the UGC fishery and its impact to the vaquita
refuge. Since UGC generates important grounds for artisa-
nal fishermen, there are important challenges to fulfilling
the goals of the biosphere reserve and Vaquita Refuge Area,
moreover, the number of registered small boats is greater
than that recommended when the refuge was declared (DOF
2005).

Operating costs determine to a great extent where fish-
ing is conducted in the UGC, in particular the distance to
fishing sites from the ports and seasonal distribution of
resources. San Felipe is the closest fishing port nearest to
the Vaquita Refuge Area; fishermen of this port work in that
vicinity throughout the year. Although El Golfo de Santa
Clara holds the greatest number of registered permits and
small boats, fishermen fish on the northern side of the
Vaquita Refuge Area because of high operating costs related
to travel distance. Fishermen from Puerto Peñasco fish near
the Sonoran coast to reduce operation expense by saving
gasoline and oil.

The capture in the biosphere reserve and Vaquita Refuge
Area continues and the level of production is maintained
with important economic incentives, making it attractive to
the fishermen despite recently restrictions to their activity.
But the persistent recruitment of new fishermen to the area
will not enhance fishermenwelfare, and there is no warranty
that the fishery will be sustained over the next few years
(Ponce et al. 2006).

Fishing remains the main economic activity within the
Biosphere Reserve of the Upper Gulf of California (PACE
2008). Reconciling this industry with sustainable environ-
mental goals will be a long-term challenge. Artisanal fishing
was the first option of fishermen who became unemployed as
a result of the implemented buy-out programme of shrimp
trawling vessels by Mexican authorities to reduce fishing
effort and to protect soft bottom biological communities in
the late 1980s (Garcı́a-Caudillo and Gómez-Palafox 2005).
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Figure 2. Catch records of the three most important species in the
Upper Gulf of California. (a) Shrimp, (b) Gulf corvine, (c) Bigeye
croaker.
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Recently, tourism has become the chosen option for these
fishermen in cities like San Felipe, Baja California and
Puerto Peñasco, Sonora (Bracamonte 2002; Acosta 2008).

To reduce artisanal fishing activities inside the marine
protected areas, a large number of suitable alternatives
would be necessary to compensate for the current

profitability of fishing activity, which has about a 68%
return each year. In terms of the number of artisanal fishing
boats, fishing effort has grown since 1993, and the number
of vaquita has diminished; in 1993, 500 artisanal fishing
boats were used in the Upper Gulf of California and 767
vaquita were reported. In 1997, nearly 1000 artisanal
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Figure 3. Capture area by species in the Upper Gulf of California. (a) Bigeye croaker, (b) Rays and sharks, (c) Shrimp, (d) Spanish
mackerel, (e) Gulf corvine, (f) Combined.

Table 2. Number of cooperatives and artisanal boats by community in the Upper Gulf of California.

Community 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Puerto Peñasco
Cooperatives – – – – 7 3 11 5 9 9 7 19 19
Artisanal boats 390 390 550 550 550 550 550 670 673 673 673 673 673

Golfo de Santa Clara
Cooperatives 8 9 9 15 14 19 23 23 34 31 21 25 25
Artisanal boats 215 225 425 405 425 550 550 557 557 557 557 557 557

San Felipe
Cooperatives 3 7 12 6 13 13 13 11 18 18 18 18 18
Artisanal boats 30 233 294 205 333 288 366 238 840 840 840 840 840

Total artisanal boats 635 848 1269 1150 1308 1388 1466 1465 2070 2070 2070 2070 2070

Source: Federal fishing offices in the three communities.

Table 3. Activities in which fishermen could work if they were to quit fishing.

Puerto Peñasco Golfo de Santa Clara San Felipe Total

Tourism 28.6 16.7 28.9 24.7
Aquaculture 7.1 3.3 0.0 3.5
Not stop fishing 3.6 16.7 18.1 12.8
Another fishing activity 14.3 1.7 10.8 8.9
Work at enterprises 3.6 8.3 3.6 5.2
Storekeeper 7.1 26.7 21.7 18.5
Other (Trade) 14.3 24.9 12.0 17.1
No answer 21.4 1.7 4.8 9.3

Source: Survey based on direct interviews with artisanal fishermen in San Felipe, B.C., Golfo de Santa Clara and Puerto Peñasco, Sonora.
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fishing boats were operating and 567 vaquita were reported
(Jaramillo-Legorreta et al. 1999). In 2007, ,2000 artisanal
fishing boats were allowed to fish (PACE 2008) and 150
vaquita were caught (Jaramillo-Legorreta et al. 2007).
Removing a number of artisanal fishing boats must go
beyond restricting fishing activity in the short term. The
artisanal fleet must be gradually removed over an extended
period, starting with young fishermen who have spent the
least amount of time in this activity, and helping those
fishermen who have used fishing as a livelihood for a
considerable time. Individual fishing licenses are now dis-
tributed by the government to control fishing activity and to
prevent over fishing and illegal fishing.

Fishermen must be considered in all government deci-
sions when seeking a solution to support the recovery of
endangered species, and while reaching a consensus among
fishing communities (Turk-Boyer and Flores-Skydancer
2001). With integration between different sectors of society
and a government committed to protect the biosphere
reserve ecosystem, a new initiative was established in
December 2005 to protect the Vaquita Refuge Area
(Programa para la Protección de la Vaquita dentro del
Área de Refugio ubicada en la porción occidental del Alto
Golfo de California). This document established new man-
agement and conservation strategies for the protection and
recovery of vaquita. In the process of constructing this
initiative, differences in management alternatives were
minimised by participating individuals and organisations.
In the same year, the Alto Golfo Sustentable group was
established, and since then, it has promoted direct commu-
nication between fishermen and the authorities, including
the promotion and evaluation of new fishing technologies;
a new buy-out measure to reduce fishing effort, a census of
fishing boats and gear and some changes to the biosphere
reserve management programme, enforcing protection of
endangered species. The last effort is still being revised
(Jose Campoy pers comm).

The vaquita was declared a precious part of the global
heritage, and Mexico has the responsibility to protect it for
future generations (ProGolfo 2007). Solutions must strive to
account for both the interests of biodiversity conservation
and local socioeconomic development. It is important to
find viable alternatives in this area with regard to ecotour-
ism, sport fishing, regulated hunting and environmental
education. Linking biodiversity to economic development
must be mutually synergistic, and conservation policy must
integrate both interests (Seely et al. 2003). In many loca-
tions, population sizes of marine mammal endangered spe-
cies are still not improving, and it is not possible to predict
whether a threatened species will ever fully recover. In the
case of the vaquita, historic population levels are unknown,
and we cannot determinate the lower limits of a sustainable
population (Rojas-Bracho et al. 2006). Some new proposals
to complement the Vaquita Refuge Area guidance are sug-
gested below for successful recovery of the vaquita:

� Adult totoaba could be available for sport fishing
after a serious evaluation for the safe management

of this species (INAPESCA pers comm) and the
implementation of UMA’s (Environmental
Management Units), as implemented for some other
endangered terrestrial species (e.g. Ovis canadiencis
mexicana) in Mexico.

� Switching currently used fishing gear to environmen-
tally friendly nets, such as suriperas, which must be
subsidized in conjunction with a high product value
(an ecological overprice) for using such nets in order
to persuade fishermen to change.

� The Vaquita Refuge Area must be declared a no-take
zone, and commercial fishing must be strictly prohib-
ited in this area, because currently fishing is still
allowed with vessels and all kind of gillnet (DOF
2005).

� Regional and federal authorities and NGOs must
ensure that transformed fishing products are commer-
cialized by establishing long-term contracts with
regional and international markets. Such action
would reduce fishing effort and ensure continuous
fishing activity, in particular for the community of the
El Golfo de Santa Clara.

� Job alternatives must be supported by financial fish-
ing insurance to prevent a massive return of fisher-
men to the activity in cases where the buy-out
programme fails in the short term. These jobs must
be accompanied by education and long-term provi-
sion for new qualifications, because many of the
fishermen do not have technical business skills or
experience in tourism administration.

� Annual evaluation of criteria set out in all implemented
actions to reduce jeopardizing the vaquita recovery.

Job alternatives must consider fishermen’s culture and
knowledge of other potential activities (PACE 2008).
A number of fishermen in the Upper Gulf of California
were interviewed to ascertain their points of view on alter-
native jobs. Only 23% of these fishermen would not stop
fishing because it is the only activity they feel comfortable
with and they have fished for many years (Table 3). It is
impossible to close the fishery in the Upper Gulf of
California as this measure, instead of promoting vaquita
recovery, would encourage illegal fishing, thus jeopardising
all vulnerable species in the area. A shrimp embargo in the
Upper Gulf of California as an environmental measure to
protect the vaquita would not be an intelligent solution.
Since 1997, Mexico has been importing ,9000 t of shrimp
per year from the United States and Asia, with a value of
,US$44 million, and these imports are increasing by 13%
every year. Fishermen from the Upper Gulf of California
could supply this amount of shrimp, providing a better
product and lower prices, and be part of the shrimp market
of US$500 millions per year in Mexico (Análisis 2003).

Many studies have focused on the charismatic vaquita in
order to protect it. Unfortunately, the Upper Gulf of California
has a well-established fishing tradition. Enforcing a perma-
nently closed season could produce severe social disturbance.
Our study supports a compensation scheme to discourage
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artisanal fishing in the marine protected areas through com-
prehensive analysis of alternative measures. However, given
the critical situation of this species, more fishing and economic
alternatives have to been assessed to persuade fishermen to
save this species from extinction.
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Natl Auton Méx. 47(Series Zoology 2):203–208.

416 E.A. Aragón-Noriega et al.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
Q
u
i
r
o
z
,
 
G
e
r
a
r
d
o
 
R
o
d
r
i
g
u
e
z
]
 
A
t
:
 
1
4
:
5
5
 
1
4
 
O
c
t
o
b
e
r
 
2
0
1
0

http://www.panoramaacuicola.net/noticia.php?art_clave�28
http://www.panoramaacuicola.net/noticia.php?art_clave�28



