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260,000 hectares (ha) per year. The main conserva-
tion challenge is to reduce environmental degradation 
to maintain biodiversity, ecosystem services, and human 
well-being. In this context, Mexico has made a heroic 
effort in the last two decades to preserve its biodiversity 
despite its economic, social, and political problems. 
Conservation policies have been focused at both species 
and ecosystems, and much progress has been achieved 
in the form of  suitable conservation policies, the devel-
opment of  a protected area network, and the identifica-
tion of  endangered and priority species.

BIODIVERSITY IN MEXICO

Mexico covers 2 million square kilometers, ranking it 
the thirteenth largest country in the world. It is consid-
ered a megadiverse country because it maintains up 
to10% of  all extant species in the world in less than 1% 
of  the global land mass (Ceballos and Brown, 1995; 
Mittermeier et al., 1999). It ranks first in species rich-
ness of  reptiles and amphibians combined, third for 
mammals, fourth for vascular plants, and eighth for 
birds (Ceballos and Oliva, 2005; Flores-Villela and 

SUMMARY

The world is clearly at a major turning point. Now, for 
the first time in human history, scientists are concerned 
about the possible collapse of  global civilization. That 
is because the local components of  the global ecosys-
tem that support our lives and economy are tightly 
interconnected. In this context, the future of  biodiver-
sity largely depends on the future of  human population 
growth, levels of  individual consumption, the choice of  
particular technologies, and the conservation actions 
we take at national and regional scales. Mexico is one 
of  the top five most biodiverse countries in the world, 
hosting up to 10% of  all living species, many of  them 
endemic to the country. However, the country faces 
severe environmental problems derived from its rapid 
human population growth, high poverty levels, and 
the war on drugs, among other factors. Climate change, 
habitat fragmentation, illegal hunting, overexploita-
tion of  wild populations, pollution, and invasive species 
are some of  the major drivers of  biodiversity loss in 
Mexico. For example, at least 70 vertebrate species in 
the country have become extinct or extirpated in the 
last 100 years and deforestation rates remain at about 
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severe erosion problems (Challenger, 1998). Grass-
lands and scrublands in central and northern Mexico 
are becoming desertified because of  overgrazing and 
cropland expansion (Ceballos et al., 2010). Practically 
all major aquifers in the central and northern regions 
are unsustainably used, pumping more water than the 
amount that naturally enters them. Not surprisingly, a 
large percentage of  the human population lives in 
those regions; southern Mexico has more available 
water, but is less densely populated. Most hydrological 
basins and rivers are polluted (Challenger, 1998). 
Illegal hunting and trade of  species, invasive species, 
and emerging and remerging diseases are also major 
environmental problems, for both natural populations 
and people. Climate disruption will soon become even 
more evident as a major force negatively affecting the 
fate of  biodiversity (e.g., Sarukhán, 2006).

Biodiversity loss is severe in tropical and developing 
countries. Mexico is not an exception, and environ-
mental problems have caused the known extirpation or 
extinction of  more than 70 vertebrate species (Ceballos 
and Navarro, 1991; Ceballos and Oliva, 2005). Fresh-
water fishes have suffered the greatest species losses, 
followed by birds and mammals, with no recorded 
extinctions of  reptiles and amphibians. There is no 
solid information on extinctions in plants, but hun-
dreds of  species have not been collected for decades. 
More than 2600 species of  plants and animals are offi-
cially considered at risk of  extinction (SEMARNAT, 
2010), but there is no doubt that many more, espe-
cially plants and invertebrates, are also threatened. 
Some groups such as freshwater fishes (200 species) 
and cacti (255 species), many endemic to Mexico, are 
among the most threatened because of  pollution of  
lakes and rivers, and illegal trade, respectively. There 
are no estimates of  population extinctions, but very 
likely thousands of  vertebrate species populations, 
such as those of  black bears (Ursus americanus) and 
scarlet macaws (Ara macao) have already become 
extinct (see Ceballos and Ehrlich, 2006).

Recent studies have evaluated the loss or degrada-
tion of  environmental services and the economic 
impacts associated with the loss of  ecosystems and 
species. For example, a single hectare of  deforested 
tropical dry forest in western Mexico loses 800 kilo-
grams of  soil annually (Maass et al., 2005); similarly, 
the extirpation of  prairie dogs leads to desertification, 
loss of  soil fertility, water infiltration, and other services 
in northwestern Mexico (L. Martinez, personal com-
munication). Losing most natural vegetation such as 

Canseco-Márquez 2004; Navarro-Sigüenza and Gor-
dillo 2006; Villaseñor, 2004). Mexican biodiversity is 
unique in that about 20% of  its vertebrate species are 
endemic to the country. Endemism is higher than 40% 
for amphibians, reptiles and vascular plants, and also 
remarkable in particular groups such as cacti (84%), 
orchids (48%) and pines (43%; Sarukhán et al., 2009). 
Its biodiversity is composed of  both tropical and tem-
perate species, being the only country on Earth in 
which two major biogeographic realms (i.e., the Neartic 
and the Neotropical) completely intergrade. There is a 
gradient of  humidity from north to south, with arid 
lands and deserts dominating the northern landscapes, 
temperate forests covering the mountains, and tropical 
forests dominating the south and coastal regions. 
There are 50 vegetation types representing four main 
biomes: arid shrubland, temperate forests, tropical 
forests, and grasslands (Sarukhán et al., 2009). Mexico 
is an important center of  origin and domestication for 
crop plants; about 10% of  the 128 most important 
plants for human use worldwide were domesticated in 
Mexico including corn (Zea mays), beans (Phaseolus vul-
garis), squashes (e.g., Cuburbita pepo), chillis (e.g., Cap-
sicum annum), cotton (Gossypium hirsutum), and cacao 
(Theobroma cacao), among others (Perales and Aguirre, 
2008).

CONSERVATION PROBLEMS

Mexico has a very large human population of  112 
million people, ranking it eleventh in the world. Its 
economy is also large, ranked fourteenth in the world, 
with a gross domestic product of  US$1.2 trillion. But 
roughly 50% of  its people live in poverty and there are 
huge inequities in income distribution (INEGI, 2010; 
Hanson, 2007). The national population is projected to 
increase to about 144 million people by 2050. Mexico 
faces profound environmental problems leading to the 
loss of  biological diversity. Deforestation rates have 
been decreasing but still approximately 400,000 ha of  
natural vegetation are lost annually. Tropical ecosys-
tems have been greatly damaged; for example, rain 
forests have been devastated, with only 1 million hec-
tares surviving, covering just 5% of  the area they 
covered in 1940. Tropical dry forests are now suffering 
even greater annual losses (Ceballos and Garcia, 1995; 
Challenger, 1998; Maass et al., 2005).

Erosion is severe throughout the country, with an 
estimated 54 million ha (25% of  the country) having 
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point in history of  conservation in Mexico. It was estab-
lished with the aims of  generating and compiling infor-
mation on biodiversity and developing the capacity  
of  biodiversity informatics to make this knowledge 
available to the general public and decision makers 
(Sarukhán and Dirzo, 1992). Among the many notable 
achievements of  CONABIO, the most remarkable have 
been the creation of  a National Information Network 
on Biodiversity and the development of  a National Bio-
diversity Strategy. These activities are complementary 
to those of  other federal government agencies such as 
the Ministry of  Environment and Natural Resources 
(SEMARNAT, www.semarnat.gob.mx) and the National 
Institute of  Ecology (INE, www.ine.gob.mx), which 
share the goal of  gaining information about Mexico’s 
ecosystems and biodiversity in order to conserve them 
effectively.

Legislation and conservation policies

Mexico’s environmental legislation includes the consti-
tution, laws, and other legislation such as executive 
orders and official Mexican standards related to the 
environment enacted by the Mexican government. The 
General Law of  Ecological Equilibrium and Environ-
mental Protection (LGEEPA) was Mexico’s first compre-
hensive environmental law made in 1988. It provides 
a legal framework to try to ensure the preservation and 
restoration of  ecological balance, sustainable develop-
ment, and preservation of  biodiversity (SEMARNAT, 
2007). The LGEEPA contains provisions for land-use 
regulations such as environmental impact assessments 
(EIAs), risk determination, and ecological zoning to 
encourage sustainable development of  certain regions. 
By 2012, about 23 million ha (12% of  Mexico terri-
tory) had already been classified in an ecological zoning 
program. About 126 environmental official Mexican 
standards have been issued since 1992, and 30 are 
exclusively related to the protection of  Mexican flora 
and fauna in general and for endangered species, forest 
exploitation, and control of  invasive species in particu-
lar (SEMARNAT, 2003).

Endangered and priority species for 
conservation

Conservation strategies to minimize the loss of  species 
in Mexico are based on the National Endangered 
Species Act and on protected areas (SEMARNAT, 

tropical rain forests, on one hand, and species such as 
the bighorn sheep (Ovis canadensis), on the other, can 
cause negative impacts at local, regional, and national 
scales, such as flooding and loss of  environmental serv-
ices and income, and thus pose severe economic, social, 
and political problems.

OVERVIEW OF CONSERVATION LINES

Even though the history of  conservation in Mexico 
goes back more than one hundred years with the estab-
lishment of  a national park system and the creation of  
environment-related governmental institutions, the 
pace of  such activities has increased over the past two 
decades. Although much remains to be done, Mexico 
has developed a number of  strong and far-reaching 
conservation programs that are based on solid scien-
tific knowledge (e.g., Sarukhán, 2006). Scientists and 
conservationists do understand that a major challenge 
is to couple biological conservation and human devel-
opment. Our study group has been greatly involved in 
shaping a comprehensive conservation strategy that 
incorporates mechanisms to protect both priority areas 
and species for conservation, and to enhance the value 
of  human-dominated landscapes for the maintenance 
of  biodiversity (Daily et al., 2003; García 2006; Cebal-
los, 2007; Ceballos et al., 2009; Ceballos et al., 2010). 
Major conservation strategic axes are focused to evalu-
ate the state of  biodiversity, develop legislation and conser-
vation policies (e.g., impact assessments and ecological 
zoning laws), protect endemic and endangered species 
through the Mexican Norm on Endangered Species, 
create the National Protected Areas System (NAPAS), 
and incentivize a better use of  human-dominated land-
scapes through a variety of  schemes, such as the crea-
tion of  a system of  wildlife use in conservation units 
(UMAs) and the establishment of  a national environ-
mental services payment program.

Evaluating the state of biodiversity

A first step to developing a national conservation strat-
egy is to have a solid understanding of  the state of  
nature and biodiversity. Mexico is one of  a handful  
of  countries that has made a major effort to achieve 
that goal. The formation of  the National Commission 
for the Knowledge and Use of  Biodiversity (CONABIO, 
www.conabio.gob.mx), created in 1992, was a turning 
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Nature protected areas

Although most countries have decreed protected areas 
for conservation, few continue to do so under financial 
constraints and conflict with development activities. 
Mexico is an exception, conducting a very aggressive 
program to improve and expand its NAPAS (Ceballos 
2007). NAPAS includes 174 areas under different cat-
egories of  protection covering a total area of  25 million 
ha, which accounts for 12% of  the land in Mexico 
(Figure 13.2). NAPAS is increasing the area protected 
under reserves, with the objective of  having 30% of  the 
land and waters of  Mexico officially protected within 
the next 10 years. Until the 1970s, however, most 
nature reserves were selected for reasons not having to 
do with biological diversity, but mostly for preserving 
beautiful, frequently mountainous landscapes, that 
often have relatively limited value for biodiversity con-
servation. Consequently, the protected area system did 
not include all ecoregions and diversity hotspots; it was 
biased towards temperate and high-altitude ecosys-
tems, with tropical dry forests, pine-oak forests, and 
wetlands underrepresented. Those deficiencies are now 
being corrected (CONABIO, 2007a, b). The evaluation 
of  the effectiveness of  NAPAS to protect species rich-
ness, endemism, and endangerment showed that 82% 
of  the mammal species, 96% of  birds, 61% of  reptiles, 
and 38% of  amphibians have been recorded in federal 
protected areas and are effectively protected (Ceballos, 
1999; Ceballos and Ehrlich, 2006; Ceballos et al., 
2009). The effectiveness of  the system in protecting 
reptiles and amphibians is inadequate. Selecting prior-
ity areas for conservation based on the representation 
of  diverse ecosystems and species helps to optimize the 
use of  scarce resources. So, Mexico’s reserve network 
can be improved by designating complementary pro-
tected areas and priority sites (Ceballos and Ehrlich, 
2006). Currently, such optimization schemes are being 
used to select new reserves (Garcia 2006; Ceballos, 
2007).

Conservation in human dominated 
landscapes

The future of  biodiversity largely depends on the future 
of  food production and conservation actions in human-
dominated landscapes (e.g., Daily et al., 2003). In 
Mexico, there are several national programs that have 
been implemented to increase the value of  human-

2010). The Endangered Species Act includes 2606 
species, mostly vertebrates (1524 species or 58%) and 
plants (987 species or >5%). The list is continuously 
being revised to ensure updated information on the 
conservation status of  each species, to include recently 
described species, and to apply the criteria to include or 
exclude species from the list based on a multicriterion 
analysis. Different analyses have been developed to 
identify priority areas for the conservation of  threat-
ened species. Priority species for conservation include 
endemic, threatened, and economically important 
species (Figure 13.1).

Global analyses for entire taxonomic groups have 
recently used new datasets to identify diversity hotspots 
and proposed conservation strategies. Some of  these 
have concentrated on groups of  vertebrates. A recent 
assessment of  the distributional patterns of  non-marine 
mammals of  Mexico found the highest concentration 
of  Mexican endemics in Central Mexico (Ceballos and 
Ehrlich, 2006). The global analysis of  distribution pat-
terns for 129 marine mammals identified 20 key con-
servation sites, nine of  which are located along the 
coast of  Baja California. The marine species with the 
most restricted range globally in the world is the 
vaquita (Phocoena sinus), a porpoise endemic to just 
4000 km2 in the northern Gulf  of  California (Pompa, 
Ehrlich and Ceballos, 2011). This kind of  evaluation is 
extremely important in a megadiverse country such as 
Mexico, which sustains high species richness, ende-
mism and endangerment of  mammals (Ceballos, 
Arroyo-Cabrales and Medellín, 2002), reptiles and 
amphibians (Garcia 2006; Ochoa-Ochoa and Flores-
Villela, 2006), and birds (Navarro-Singüenza and 
Sánchez-González, 2003). There are higher concentra-
tions of  vertebrate species in southern Mexico (in the 
states of  Oaxaca, Veracruz, Chiapas, and Tabasco), 
whereas endemic species are concentrated in Balsas 
Basin, the Trans-Mexican Volcanic Belt, and Western 
Mexico. Recently, the identification of  critical and high-
risk sites associated with endemic species with restricted 
ranges as a comprehensive conservation strategy for 
Mexican vertebrate taxa (i.e., Zero Extinction Sites, 
Figure 13.2) reported 415 sites protecting 485 species 
(18% of  all Mexican vertebrate species); 64 sites 
included 115 mammal species, 43 sites included 80 
bird species, 119 sites included 169 reptile species, and 
92 sites protected 121 amphibian species. This evalu-
ation demonstrates the effectiveness of  NAPAS to rep-
resent a large number of  threatened species (Ceballos 
et al., 2009).
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Figure 13.1  Examples of  different kinds of  priority species for conservation in Mexico. Species on the verge of  extinction 
such as the Black-footed ferret (Mustela nigripes) and bison (Bison bison) are recovering through reintroduction programs. 
There are 400 species of  vertebrates considered to be endangered in Mexico such as the black tailed prairie dog (Cynomys 
ludovicianus), the Scarlet macaw (Ara macao), and the Mexican beaded lizard (Heloderma horridum). Hundreds of  endemic 
species to Mexico include the Toluca silverside (Chirostoma jordani), Tropical anolis (Anolis taylori), and the Black jack rabbit 
(Lepus insularis). Economically important species are the jaguar (Panthera onca) and mule deer (Odocoileus hemionus).
Photos courtesy of  © Gerardo Ceballos

dominated landscapes for conservation and to provide 
incentives to maintain natural vegetation in areas not 
officially protected. The system of  wildlife use and con-
servation units (UMAs) is a strategy to protect both 
species and their habitats as a part of  the National 

Program for Wildlife Conservation and Productive 
Diversification of  the Rural Sector (SEMARNAT, 1997). 
UMAs are the legal mechanism for the use, capture, 
and trade of  wildlife species. Hunting, legal wildlife 
trade, and large-scale commercial use of  species are 
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Figure 13.2  Priority areas for conservation of  Mexico’s biological diversity. NAPAS has more than 170 federal protected 
areas (gray boundaries) covering almost 12% of  the Mexican territory. There are 415 Zero Extinction Sites (black dots) that 
represent areas where 485 micro-endemic species (i.e., known from one to three localities) are found.

possible only in UMAs, which require a management 
program. At the end of  the year 2011, there were 
about 10,607 UMAs containing 1130 vertebrate 
species and subspecies under intensive (605 species 
and subspecies) or extensive (697) management. Land 
surface within UMAs is around 35.7 million ha  
that account for 18% of  the Mexican territory 
(www.semarnat.gob.mx). Together, NAPAS and UMAs 
cover more than a third (31%) of  the Mexican 
territory.

Another successful program to incentivize the con-
servation of  habitats and species in human-dominated 
landscapes has been the environmental services ease-
ment program. The federal government has a budget 
of  more than 600 million dollars to pay landowners to 
maintain natural ecosystems on their lands. The 
program is still in an experimental phase, but it prom-
ises to become one of  the most important conservation 
mechanisms in the next decade.

CONCLUDING REMARKS

Mexico is facing extremely difficult social times that put 
a severe burden on the environment, economics, and 
political stability of  the country. A misguided effort to 
reduce the influence of  drug cartels has resulted in 
increasing insecurity, corruption, impunity, and lack of  
law enforcement. Despite these problems, some sectors 
of  civil society, private initiative, and government have 
made heroic efforts to halt and restore environmental 
degradation in general and the loss of  biodiversity in 
particular. Although much remains to be done, there 
has been great progress in protecting biodiversity in 
Mexico over the last two decades. Major challenges lie 
ahead such as climate disruption, habitat fragmenta-
tion, pollution, emerging and re-emerging diseases, 
and invasive species – all of  them root causes of  biodi-
versity loss. But the Mexican people and government 
have shown that they possess the will, the science, the 
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technology, and that they recognize the need to protect 
their ecosystems and species in order to maintain eco-
nomic growth, ecosystem services, and human well-
being. Successful programs such as the establishment 
of  protected areas, the designation of  priority species 
for conservation, the setting up of  functional wildlife 
management units, and the provision of  economic 
incentives for conservation should be carried out to 
form the backbone for guiding conservation action. 
Coupled with strategic efforts to halt some of  the root 
causes of  biodiversity loss, they may offer hope to Mex-
ico’s people and for the survival of  its outstanding bio-
logical diversity. The next decade will probably define 
the future of  the incredible plants, animals, and eco-
systems that occur within the boundaries of  Mexico. 
As it does so, it will also likely define the economic, 
social, and political viability of  the country.
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