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Executive Summary

Purpose of the Report

The purpose of this report is to analyze the actions necessary in Mexico to achieve
conservation and sustainable management of tropical forests and the conservation of
biodiversity, and the extent to which the actions proposed by the Agency meet the needs thus
identified. The recommendations of the report will contribute to the formulation of the
USAID/Mexico Country Development Strategy of 2013-2018.

Sections of the Report

The report has six sections: introduction; geography of Mexico; status of tropical forests and
biodiversity; threats to tropical forests and biodiversity; necessary actions to conserve tropical
forests and biodiversity; and conclusions and recommendations.

Methodology

The threats to Mexico’s biodiversity and tropical forests were investigated upon based on the
following five categories of threats: (l) habitat loss and degradation; (2) over-exploitation; (3)
spread of invasive species; (4) pollution of habitats; and (5) climate change.

The actions necessary to achieve conservation and sustainable management of tropical forests
and biodiversity were investigated based on the following 12 categories of conservation actions:
() conservation within protected areas; (2) conservation outside protected areas; (3) policies,
laws and regulations; (4) governance; (5) education; (6) science and technology; (7) financial
incentives and markets; (8) support of citizenry; (9) land use planning and regulation; (10)
security of rights; (1 1) management of conflicts; and (12) environmental impact assessment.

Based on field observations in Pueblo, Oaxaca, Chiapas, Veracruz, Yucatan, and Michoacan as
well as a review of relevant reports and literature, and interviews with knowledgeable
informants, 24 priority necessary conservation actions were identified.

These 24 priority conservation actions were ranked according to the criteria established by
USAID/Mexico. These criteria concern the action’s: consistency with the USAID/Mexico
program’s goals and objectives; probability of producing impacts; correlation with USAID’s
comparative advantages; urgency for achieving conservation in Mexico; and linkages with other
activities of the USAID/Mexico country strategy.

Based on these criteria and on the content of USAID/Mexico’s draft country strategy,
recommendations were formulated for implementing the highest ranked priority conservation
actions in the Yucatan Peninsula.

Status of Mexico’s Biodiversity and Tropical Forests

This report uses a broad classification of Mexico’s vegetation with nine terrestrial categories:
(1) Mangroves; (2) Mediterranean Forests Woodlands and Scrub; (3) Temperate Coniferous
Forest; (4) Tropical and Subtropical Coniferous Forests; (5) Tropical and Subtropical Moist
Broadleaf Forest; (6) Tropical and Subtropical Dry Broadleaf Forest; (7) Tropical and
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Subtropical Grasslands; (8) Savannas and Shrublands; (9) Deserts and Xeric Shrublands. The
report uses a classification of Mexico’s marine ecosystems with three categories: (1) Coral
Reefs; (2) Coastal Waters; and (3) Open Ocean

Mexico covers only 1.4% of the globe’s terrestrial surface, but has the fourth largest species
diversity in the world, harboring 10% to 12% of all species known to science. It also has high
rates of endemism. The high number of species and especially the high number of endemic
species are largely due to Mexico’s high diversity of ecosystems, the result of its varied
topography and climates that have created many unique microhabitats. Forty-nine of these
species are likely to be extinct, 475 species are known to be in risk of extinction and 896 are
considered threatened with extinction.

The genetic diversity of Mexico’s plants and animals is probably high across taxonomic groups,
although most of this genetic diversity has not been fully studied, with the exception of plants
with economic value such as corn and cotton.

Threats to Mexico’s Biodiversity and Tropical Forests

The loss and degradation of habitats is the most severe threat to Mexico’s forests and to its
biodiversity. The original 193,175,740 ha of natural vegetation in Mexico has been reduced to
140,988,079 ha, a decrease of 27%. The greatest loss in area has been of the temperate forest.
The original area of tropical rainforest has been reduced from 25,480,042 ha to 15,151,162.
Most of the remaining forest is highly fragmented and degraded. Pollution of aquatic and soil
habitats, over-exploitation of plants and animals, the introduction and spread of invasive species,
and rapid climate change are the other threats to Mexico’s biodiversity and tropical forests. A
rise in sea level of one meter due to climate change would affect 7 to 9% of the Mexico’s
current terrestrial area.

Conservation Opportunities for USAID/Mexico

The 24 priority necessary conservation actions that the report identifies are potential
conservation opportunities for USAID/Mexico. The table below lists these actions in three
groups. The actions in Group | mostly closely adhere to the USAID/Mexico criteria, the
actions in Group 3 adhere to them the least, and the actions in Group 2 fall in-between.

|
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Table |

Group |

I5 points
Action 7: Expand biological
corridors

Group 2
10-15 points

Action |: Increase ANPs

Groups of Priority Actions Based on USAID Criteria

Group 3

<10 points

Action 2: Increase ex-situ
conservation;

Action 8: Align public policies with
conservation priorities

Action 3: Prepare ANP management
plans

Action 5: Strengthen UMA’s
regulations:

Action | I: Implement technical
training

Action 4: Reconcile protected and
human needs

Action 6: Strengthen watershed
commissions

Action |5: Expand conservation
communication programs,

Action |3: Make conservation
knowledge accessible to decision-
makers

Action 9: Strengthen inter-
ministerial committees

Action 17: Exchange knowledge of
territorial planning

Action |4: Improve conservation
incentives;

Action 10: Reorganize SEMARNAT

Action 20: Assist gjidos to conserve
biodiversity & forests

Action |6: Complete territorial
planning

Action |12: Increase federal budget
for conservation research

Action 22: Integrate land use
planning and conflict management.

Action 18: Integrate ecological
territorial planning with urban
development

Action 19: Integrate municipal and
marine territorial plans;

Action 21: Regularize ownership
rights in ANPs

Action 23: Revise MIA processes

Action 24: Increase participation in
MIAs

USAID Mexico could finance one or more of these necessary conservation actions at a national
or sub-national level. If USAID/Mexico chooses to finance necessary conservation actions at a
sub-national level, the report recommends that it focus its assistance for conservation on the
Yucatan Peninsula, for the following reasons:

e Extensive areas of contiguous forest remain in the Yucatan Peninsula and harbor species
that cannot survive in the fragments of forests that occur in other parts of Mexico;

e The wood in the remaining forest of the Yucatan contains high volumes of carbon; to
the extent that this forest is eliminated or degraded this sequestered carbon will be
emitted into the atmosphere;

e The Yucatan forest contains high levels of biodiversity; the destruction or degradation of
this forest will severely affect this biodiversity;

e The Yucatan forest is being degraded and eliminated at an accelerating rate, as ejidos are
subdivided and sold to private owners;

e The Yucatan forest contains commercially valuable tree species, including mahogany and
Spanish cedar. Silvicultural practices can increase the proportion and growth rates of
these species of trees, thereby increasing the value of forest land, making it more
competitive with other potential land uses;
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e The application of silvicultural practices would also increase the rate of growth of
commercially valuable trees in the forest, thereby increasing the rate of sequestration of
atmospheric carbon and sequestering atmospheric carbon for a long period of time;

e A commercially more valuable forest can finance costs involved in its protection,
whereas a protected area without commercial products requires constant financial
subsidies, which frequently are not available;

e The Yucatan forest affects water flows from the Yucatan peninsula into the off-shore
marine ecosystems, such as reefs, which also provide habitat for a large variety of living
organisms, many of them threatened by extinction;

e The tourist industry of the Yucatan, which is extremely important to Mexico’s economy
in general and to the economy of the Yucatan in particular, depends on the conservation
of the Yucatan’s natural environment in many ways, from the preservation of an
attractive landscape to the provision of adequate supplies of clean water to urban areas;

e Much valuable conservation experience has already been accumulated in the Yucatan,
upon which to base future conservation activities;

¢ Institutions, public and private, exist in the Yucatan that have the capability to plan,
implement, monitor and evaluate conservation activities to a high standard.

The following table indicates representative types of actions that USAID/Mexico could usefully
finance to assist Mexico to conserve its biodiversity and tropical forests in the Yucatan
Peninsula.

|
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Table 2

Representative Conservation Actions for USAID/Mexico Financing in

the Yucatan

Priority Conservation
Actions

Group |

Representative Activities for USAID/Mexico Financing in the Yucatan

Action 6: Expand
biological corridors

Conduct studies required to identify the most technically sound location of biological
corridors through the Yucatan Peninsula; Determine the long-term feasibility of
maintaining the biological corridors; Calculate the budget required to establish and
maintain the biological corridors and compare it with the available funds; identify the
priority sections of the corridor which could be established with the available funds;
Identify the institutional responsibilities for establishing and maintaining the biological
corridors; Design and implement a monitoring and evaluation process for the
biological corridor(s).

Action 8: Align public
policies with
conservation priorities

Support the policy studies required to establish clear priorities for policies that
support conservation in the Yucatan Peninsula; Publish policy studies and organize the
meetings/workshops required to make them known as a means to establish a common
understanding of how policies affect conservation in the Yucatan Peninsula among
different levels and units of government, the private sector and NGOs; Establish
monitoring and evaluation systems as the basis for evaluating the effectiveness of policy
alignments for achieving conservation objectives in the Yucatan;

Action 7: Establish
biological corridors

Identify additional biological corridors in the Yucatan Peninsula; Manage existing
biological corridors; Use financial incentives to establish & manage corridors.

Action 8: Align public
policies with
conservation priorities

Support actions with state and municipal officials to improve the alignment of their
policies with conservation priorities in the Yucatan Peninsula; Coordinate between
national, state, municipal level policies to align them with conservation priorities.

Action | I: Implement
technical training
programs

Evaluate current training programs for conservation technicians in Yucatan; Design
training programs for conservation technicians with focus on Yucatan; ldentify
potential institutional arrangements to provide technical training in conservation
applicable to Yucatan.

Action |5: Expand
conservation
communication
programs

Identify segments of the Yucatan public to be addressed by a conservation
communications programs; Design content of communication programs for different
audiences in the Yucatan; Finance the implementation of these communication
programs; Design and implement the monitoring and evaluation of communication
programs.

Action |7: Exchange
knowledge of territorial
planning

Finance meetings between territorial planners in Yucatan; Provide training for
territorial planners in Yucatan; Finance territorial planning in Yucatan in coordination
with the identification of biological corridors.

Action 20: Assist ejidos
to conserve biodiversity
& forests

Identify ejidos with interest in maintaining their forest management units; ldentify ways
to assist ejidos to manage their forests; Link ejidos with incentives and biological
corridors.

Action 20: Exchange of
knowledge of territorial
planning

Evaluate current status of territorial planning in Yucatan; Finance workshops/training/
publications required to transfer knowledge of territorial planning methodologies
between state and local government units in the Yucatan.

Action 22: Integrate land
use planning & conflict
management

Evaluate current status of the integration of land use planning & conflict management in
Yucatan; Formulate recommendations for integrating land use planning & conflict
management; Implement workshops/training/ technical advice required to implement
the integration of land use planning & conflict management.

Group 2

Action |: Increase
protected areas

Identify the need for more protected areas in Yucatan, based on data of species
distribution, biological corridors and threats; ldentify potential boundaries of new
protected areas; ldentify landownership in potential new protected areas; Identify and
implement specific actions required to establish new protected areas.

Action 2: Prepare

Evaluate current status of management plans for protected areas in Yucatan &
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Priority Conservation

Actions

Representative Activities for USAID/Mexico Financing in the Yucatan

management plans for
protected areas

determine needs for new management plans; Establish procedures for preparing new

management plans that incorporate local governments and people; Prepare new
management plans; Disseminate new management plans.

Action 4: Reconcile
protected areas and
human needs

Identify type, scale and source of conflicts between human needs and conservation in
protected areas; Design measures to reconcile protected areas and human needs;
Implement measures.

Action |3: Make
conservation knowledge
accessible to decision-
makers

Organize training/workshops to transfer scientific/technological knowledge to state
and local government officials.

Action [4: Improve
conservation incentives

Evaluate effectiveness of existing conservation incentives in Yucatan; Determine
priority focus in Yucatan for conservation incentives; Work with local and federal
officials, private sector and NGOs to formulate an effective program of incentives for
conservation in Yucatan.

Action 18: Complete
territorial planning.

Evaluate present status of territorial planning in Yucatan; Finance program of
completion of territorial planning; Disseminate results of territorial planning.

Cross-Cutting, Cross-Sectoral Linkages

The proposed activities in the draft Concept Paper for the USAID/Mexico country strategy
2013 to 2018 include: (I) reducing crime and violence; (2) improving criminal justices; and (3)
reducing greenhouse gas emissions.

Technical training could contribute to turning young men who may be headed towards lives of
violence and crime to law-abiding, productive occupations. No links between conservation and
reforms to Mexico’s system of criminal justice could be identified.

Many linkages, by contrast, exist between the actions required to reduce Mexico’s emissions of
greenhouse gases and those required to conserve its tropical forests and biodiversity. Managing
natural forests is the prime example: By applying silvicultural techniques to forests, it is possible
to improve the conditions they provide for a variety of species of plants and animals, increase
their rates of sequestration of atmospheric carbon in commercially high value trees, increase
regeneration of commercially valuable species of trees, reduce the rate of carbon emissions as a
result of the changes in land use, maintain ecosystem functions such as water flows, and
produce income to pay for the costs of protecting biodiversity and sequestering atmospheric
carbon.

Negative Effects of Proposed Actions on Mexico’s Biodiversity and Tropical Forests

No negative effects on Mexico’s biodiversity and tropical forests from the actions proposed in
USAID/Mexico’s draft country development strategy for 2013 to 2018 were identified.

1
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1. INTRODUCTION

1.1 Purpose of the Report

USAID/Mexico is preparing a new country development cooperation strategy for 2013 to 2018.
Sections |18 and |19 of the Foreign Assistance Act (FAA) requires each country development
strategy statement prepared by USAID to include analyses of: (I) the actions necessary in that
country to achieve the conservation and sustainable management of tropical forests and the
conservation of biological diversity; and (2) the extent to which the actions proposed for
support by the Agency meet the needs thus identified. The purpose of this report is to provide
USAID/Mexico with these required analyses and to recommend conservation actions for
USAID/Mexico to include in its country development cooperation strategy for 2013 to 2018.

1.2 Sections of the Report
The report has six sections.
e Section |, Introduction, reviews the purpose and methodology of the report and

summarizes USAID/Mexico’s draft Country Development Cooperation Strategy for the
period from 2013 to 2018.

e Section 2, Geography of Mexico, summarizes the principal physical and social
characteristics of Mexico which influence the character, location and management of its
tropical forests and biological diversity.

e Section 3, Status of Tropical Forests and Biodiversity, summarizes the principal
characteristics of Mexico’s tropical forests and biodiversity at the ecosystem, species
and genetic levels.

e Section 4, Threats to Tropical Forests and Biodiversity, analyzes the five categories of
direct threats to Mexico’s tropical forests and biodiversity, and the indirect sources of
these threats.

e Section 5, Necessary Actions to Conserve Tropical Forests and Biodiversity, analyzes
the actions necessary in Mexico to achieve the conservation and sustainable
management of its tropical forests, and the conservation of its biodiversity.

e Section 6, Conclusions and Recommendations, analyzes the extent to which the actions
proposed in the USAID/Mexico draft country development cooperation strategy for
2013 to 2018 meet Mexico’s conservation needs and makes recommendations for
incorporating the priority conservation actions into the USAID/Mexico Country
Cooperation Development Strategy for 2013 to 2018.
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1.3 Methodology

The team members first jointly reviewed and discussed the Terms of Reference in order to
understand them thoroughly. Then the Team Leader prepared a draft outline of the report,
which was discussed and revised by the team members. Responsibility for preparing drafts of
report sections and chapters was assigned among team members from Sun Mountain and the
Institute of Ecology of the Autonomous University of Mexico (UNAM).

The team members discussed among themselves, and with the relevant staff of USAID/Mexico,
about the advantages of different possibilities for making field observations. Fields sites were
selected in Oaxaca and Quintana Roo, and sites in Chiapas, Veracruz, Puebla, and Michoacan
States were added during fieldwork to provide increased perspective and follow up on leads
identified during the first part of the field work.

The team members agreed to organize the discussion in the report of the threats to Mexico’s
biodiversity and tropical forests based on the following five categories of threats: (l) loss and
degradation of habitat; (2) over-exploitation of biodiversity and forests; (3) pollution of habitats;
(4) spread of aggressive introduced species; and (5) climate change.

The team members also agreed to organize the discussion of the actions necessary to conserve
and manage Mexico’s biodiversity and tropical forests based on the |2 categories of
conservation actions indicated in Figure |.

Figure | Categories of Necessary Actions to Conserve Biodiversity and
Tropical Forests

(1) Conservation in Protected Areas (2) Conservation outside Protected
Areas
A N
(3) Policies, laws & regulations (4) Governance
(5) Education (6) Science/ & Technology
(7) Financial Incentives (8) Support of Citizenry
(9) Land Use Planning & Regulation (10) Security of Rights
(1'1) Management of Conflicts (12) Environmental Assessment
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Figure | indicates that categories three to twelve contribute to achieving categories one and
two.  Although separated for analysis, the categories are in fact interrelated: the
implementation of conservation actions in one the categories generally cannot be fully effective
without the implementation of conservation actions in all the other categories.

For each of the categories of necessary conservation actions, the justification for the action was
stated, and its current situation in Mexico of the action was described. The priority issues and
actions related to that category were then identified based on the description of the situation.

The methodology provided for the preparation of two draft reports before the presentation of
the final report to USAID/Mexico, thereby permitting the Mexican and international members
of the team the opportunity to thoroughly review the report’s findings, conclusions and
recommendations. The first draft of the report was assembled from the contributions of the
different members of the team. Once comments on that draft were received from
USAID/Mexico, the members of the team revised the sections they had written and sections
written by others, and sent their revisions to the team leader to prepare the second draft
report and final report. A total of twenty-four priority necessary actions to conserve Mexico’s
biodiversity and tropical forests were identified through this process.

These priority conservation actions were then rated against USAID/Mexico’s criteria, as stated
in the Terms of Reference (TOR), for its selection of necessary conservation action using the
following criteria: consistency, impact, comparative advantage, urgency and linkages. It was not
possible to make a rating based on quantitative data, and so a qualitative scoring system was
used. Zero indicated no adherence to the criteria; 3 indicated complete adherence; and | and
2 indicated intermediate adherence to the criteria. Based on these ratings, the priority
necessary conservation actions were separated into three groups: those actions with a rating of
I5; those actions with a rating from 10 to 14; and those actions with a rating of less than 10.
This study also identified and recommended a geographic focus for potential USAID/Mexico
efforts to implement the priority necessary conservation actions that were identified.

-
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2 GEOGRAPHY OF MEXICO

2.1 Physical Geography

2.1.1 Location, Size and Topography

Mexico is the fourteenth largest country in the world, with a terrestrial area of 1,964,375 km?,
territorial waters of 231,813 km? and a maritime exclusive economic zone of 3,149,920 km®.
(Lara-Lara, J.R, et al., 2008; CIA, 2012). Map | indicates Mexico’s location and topography.

Map | Location and Topography of Mexico

Source: Kemper, 2012

Mexico lies to the south of the United States and to the north and northwest of Belize and
Guatemala. It is bordered by three water bodies: the Gulf of Mexico off its eastern coast, the
Caribbean Sea off its southeast coast, and the Pacific Ocean off its western and southern coasts.

The Sierra Madre Occidental and Sierra Madre Oriental mountain ranges, both of which have an
average elevation of about 2,250 meters, extend for 1,250 km and 1,350 km down western and
eastern Mexico respectively. A high plateau lies between the two ranges. South of Mexico
City, from the Pacific Coast to Toluca and ending in the State of Veracruz, numerous active and
inactive volcanoes form the Eje Neovolcdnico. The Sierra Madre del Sur is a shorter and lower
coastal mountain range that joins with the Eje Neovolcdnico and runs along the Pacific coast from
Michoacan State in the west, to Guerrero State in the east. Further south is the mountainous
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Isthmus of Tehuantepec, which separates the Pacific Ocean from the Gulf of Mexico. The flat,
low-lying Yucatan Peninsula lies to its northeast (Deman, 1978).

Baja California, a long, narrow peninsula in northwest Mexico, has two mountain ranges — the
Juarez and the San Pedro Martir ranges — which both run its length and which reach 1,800 and
3,100 meters above sea level, respectively. The Gulf of California, also called the Sea of Cortez,
is located between Baja California and the Mexican mainland. There are 244 islands in Mexico,
most of them in the Pacific Ocean and the Gulf of California. Tiburon Island, in the Gulf of
California, and Maria Madre and Guadalupe Islands, in the Pacific Ocean, are the largest of these
islands.

2.1.2 Hydrographic Basins and Water Bodies
Map 2 indicates the location of Mexico’s 37 hydrological regions (shown with red boundary

lines) in relation to its states (shown in different colors).

Map 2 Hydrological Regions of Mexico

Source: CONAGUA, 2012

Mexico has 50 large rivers. The two largest rivers are the Usumacinta and Grijalva Rivers in
southern Mexico. The two most important are the Lerma and Santiago Rivers, because they
supply much of the water used in Mexico City. Other principal rivers are the Papaloapan,
Coatzacoalcos, Balsas, Panuco, Santiago and Tonald. Mexico’s three largest lakes are the
Chapala, Cuitzeo, and Patzcuaro (CONAGUA, 201 I).
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2.1.3 Climate

Map 3 shows the locations of Mexico’s six main types of climate.

Map 3 Location of Climatic Types of Mexico

Source: INEGI, n.d.; in: Amendola, Castillo, Martinez, 2006.

Mexico’s Hot and Humid and Hot and Sub-Humid climates have an average rainfall between
2,000 to 4,000 mm per year and average temperatures between 22°and 26°C. These climates
occur on the Yucatan Peninsula, along the southern Pacific and Atlantic coasts, and to a small
extent along the western foothills of the Sierra Madre Occidental. Dry and Very Dry climates
have an average rainfall from less than 400 mm per year to 700 mm per year, and an average
temperature ranging from 18° to 26°C.  They occur over most of northern and central
Mexico, except at higher elevations in the mountains. Temperate Sub-Humid and Temperate
climates have an average rainfall of between 600 and 4,000 mm annually, and average annual
temperatures ranging from 18° to 22°C; they occur at higher elevations of the mountains
(SEMARNAT, 2012a). In most of Mexico, except in those areas where it rarely rains at all, the
dry season occurs from December to June and the wet season between from July to
November.

2.1.4 Soils

Map 4 shows the location of Mexico’s six main soil types.
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Map 4 Principal Soil Groups in Mexico

Source: INEGI 2007; in SEMARNAT 2009

The Leptosols (red) cover about 54.3 million ha; the Regosols (dark green) about 26.3 million
ha.; and the Calcisols (brown) about 20 million ha. These soil types occur mostly in northern
Mexico and are mostly shallow, and infertile. The Phaeozems (yellow) cover about 22.5 million
ha; the Luvisols (dark blue) 7.3 million ha; and the Vertisols (purple) 16.5 million ha. They
tend to be fertile and deep. A diversity of other soil types occurs on smaller areas throughout
the country. About 45% of Mexico’s soils are physically or chemically degraded (SEMARNAT,
2008).

2.2 Social Geography

2.2.1 Population

In December 2012, Mexico’s population was approximately |17 million, and its rate of annual
population growth was about 1.086% (CIA, 2013). In 2010, 78% of the population lived in
cities, and 35% lived in cities of more than | million inhabitants. About 21 million people, a
sixth of Mexico’s population, lived in the Federal District of Mexico (Mexico D.F.) (INEGI,
2010). In 2011, Mexico’s annual urban population growth rate was 1.56%, while the rural
population was shrinking at an annual rate of -0.07% (World Bank, 2013). About half of
Mexico’s population is less than 24 years old (CIA, 2013). Although fewer Mexicans are
migrating to other countries now than in 1999, when the number of migrants reached an all-
time high of nearly 750,000, almost 500,000 Mexicans are likely to migrate in 2013, most of
them to the United States (CONANPO, 2012).
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About 14% of Mexicans, or approximately 16 million people, are indigenous (OECD, 2013).
Nearly half of Mexico’s indigenous peoples live in southern Mexico, in the states of Oaxaca,
Chiapas, Veracruz, Puebla, Yucatan, Guerrero, and Hidalgo, and speak one of Mexico’s 62
indigenous languages (Minority Rights Group International, 2008).

2.2.2 Economy

In 2012, Mexico’s GDP was US$1.2 trillion, and its rate of economic growth was 4.2% (INEGI,
2012). Agriculture, livestock, forestry, fishing and hunting, in which about half of Mexico’s
indigenous peoples work, contributed 3.5% of GDP in 201 I, while growing at an annual rate of
6.6% in 2012 (INEGI, 2012; CONABIO 2010). Renewable and non-renewable natural resources
contributed US$76 billion to Mexico’s GDP in 2012, approximately 7% of the total (World
Bank, 2013). The World Bank classifies Mexico as an upper middle-income country, although in
2010 more than half of the population lived below the poverty line. Poverty was higher in rural
areas (61%) than in cities (45%) (World Bank, 2013). In 201 I, remittances from emigrants were
US$22.8 billion- about double the income from agricultural exports ($10.3 billion) or tourism
($10.0 billion) (CONANPO, 2012).

2.3 Government

Map 5 shows the location and names of Mexico’s states and the Mexico D.F.

Map 5 Location of the States of Mexico

Source: Whereig.com, 201 |

Mexico has 31 states, a Federal District (D.F.) and 2.546 municipalities (CIA, 2013). Each state
has its own constitution, as well as executive, legislative and judicial branches, and the right to
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legislate and levy taxes. Despite its federal structure, the Mexico’s government is highly
centralized, and most state governments depend on the federal government for much of their
revenue (Photius.com, 2013).

Mexico's federal government has executive, legislative and judicial branches. The president is
elected for a six year term and was last elected on July I, 2012. The National Congress has a
Senate, with 128 seats and a Chamber of Deputies with 500 seats. The last elections for the
legislature were held on July I, 2012. The president appoints the members of the Supreme
Court of Justice, with the consent of the Senate.

-
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3 STATUS OF BIODIVERSITY AND TROPICAL FORESTS

3.1 Ecosystem Diversity

Terrestrial Ecosystems

The term terrestrial ecosystem, for the purposes of this report, is considered to be equivalent
to vegetation types. Map 6 shows the location according to one classification of the major
vegetation types of Mexico.

Map 6 Major Vegetation Types of Mexico

Source: Olson, D. et al, 2001

Map 6 shows that mangroves (red) occur in patches along Mexico’s Pacific, Caribbean and Gulf
of Mexico coasts. Mediterranean Forests, VWoodlands and Scrub (brown) and Temperate
Coniferous Forest (moderate-green) occur in only in a small area of northern Baja California.
Tropical and Subtropical Coniferous Forests (dark-green) cover large areas of the Sierra Madre
Occidental, down to the border with Guatemala, and smaller areas in the Sierra Madre Oriental
and Eje Neovolcanico mountain ranges. Tropical and Subtropical Moist Broadleaf Forest (blue-
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green) is located on the coast of the Gulf of Mexico, across most of the central part of the
Isthmus of Tehuantepec, south to the border with the Petén of Guatemala, and east across the
southern Yucatan Peninsula. Tropical and Subtropical Dry Broadleaf Forest (light green) occurs
at lower elevations and valleys of the Sierra Madre Occidental along the Pacific Coast south to
the border with Guatemala; north almost to the border with the United States; and in a small
patch on the southern coast of the Gulf of Mexico and in the northern Yucatan Peninsula.
Tropical and Subtropical Grasslands, Savannas and Shrublands (tan) occur only in a small area
on Mexico’s northeastern border with the United States. Deserts and Xeric Shrublands (pink)
occur in a large area of northern Mexico, including Baja California and extend south to a small
area in central Mexico.

Marine Ecosystems

As mentioned before, Mexico has three types of marine ecosystems: Coral Reefs, Coastal
Waters and Open Ocean.

Map 7 shows the geographic distribution of Mexico’s Coral Reef Ecosystem.

Map 7 Location of Mexico’s Coral Reef Ecosystems

Source: Reefbase 2008

Map 7 indicates that Mexico’s coral reefs occur in six locations: (1) a small area in the northern
west coast and a larger area on the southern east coast of Baja California; (2) the Revillagigedo
Archipelago between 500 and 1000 km off the mid-western coast; (3) the Marias Islands closer
to the Pacific coast off of central Mexico; (4) off the Southern Pacific Coast; (5) off the Gulf
Coast and Bank of Campeche State; and (6) off the eastern coast of the Yucatan Peninsula in
the Caribbean Sea.

Map 8 indicates the location of Mexico’s coastal ecosystems.
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Map 8 Location of Mexico’s coastal ecosystems

Source: Lara-Lara, J.R, et al,, 2008

Map 8 indicates that Mexico has 24 sub-categories of coastal ecosystems, a variety that results

from the exposure of Mexico’s extensive and varied coastline to a number of ocean currents
(Lara-Lara, J.R, et al., 2008).

Map 9 indicates the distribution of Mexico’s Open Ocean Ecosystems.

USAID MEXICO TROPICAL FOREST AND BIODIVERSITY ASSESSMENT — APRIL 2013
SUN MOUNTAIN INTERNATIONAL PAGE 12



Map 9 Location of Mexico’s Open Ocean Ecosystems

Source: Lara-Lara, J.R, et al,, 2008

Map 9 indicates the Mexico has 28 categories of Open Ocean Ecosystems. The variety of
categories results from the diversity of the topography under Mexico’s territorial waters, which
includes continental slopes, trenches, ridges and subduction zones, hydrothermal vents,
methane seepage areas and submarine canyons (Lara-Lara, J.R, et al., 2008).

3.2 Species Diversity

Terrestrial Species Diversity

Mexico covers only 1.4% of the globe’s terrestrial surface but has the fourth largest species
diversity in the world, harboring 10% to 12% of all the species known to science (CONABIO,
2010). In addition to its great species diversity, it also has high rates of endemism, due to its
varied topography that creates the conditions for many microhabitats and its location where
species from further north and further south mingle. Table 3 indicates by taxonomic group
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Mexico’s total number of known species, estimated total number of species, number of
endemic species, and percentage of endemic species.

Table 3 Species Described and Estimated in Mexico
q Total number of Estimated Total Number of Endemic Species as
Taxonomic . . .. . o 5 o
G species kpown in | number of speciesin  species enflemlc % of !(nown.speues
Mexico Mexico to Mexico in Mexico
Fish 2,692 2,729 271 10
Amphibians 361 371 174 48
Reptiles 804 812 368 46
Birds 1,096 [,167 125 I
Mammals 535 600 161 30
Insects 47,835 100,000 No Data No Data
Vascular Plants 25,000 27,000 - 30,000 12,500 — 15,000 50-60

Source: Sarukhan, J. et al, 2009; compilation Sun Mountain International, 2013

Table 3 indicates that Mexico has 2,692 species of fish, of which 545 are freshwater species
(Contreras, in press), 361 species of amphibians, 804 species of reptiles, 1,096 species of birds,
535 species of mammals, 47,835 species of insets and 25,000 species of vascular plants. About
100 species of fish, 10 species of amphibians, eight species of reptiles, 7| species of birds, 65
species of mammals and 52,165 species of insects remain to be described. There are
approximately 271 species of endemic fish in Mexico, 174 species of endemic amphibians, 368
species of endemic reptiles, 125 species of endemic birds, 161 species of endemic mammals,
and 12,500 to 15,000 species of endemic vascular plants. Ten percent of Mexico’s fish, 48% of
its amphibians, 46% of its reptiles, | 1% of its birds, and 30% of its mammals are endemic. There
are no data on how many of Mexican insects are endemic. About 50 to 60% of Mexican
vascular plants are estimated to be endemic.

The highest levels of mammalian endemism are in the Eje Neovolcanico and the watershed of the
Balsas River, a major river of south-central Mexico that flows through the states of Puebla,
Morelos, Guerrero and Mexico, and empties itself into the Pacific Ocean at Mangrove Point,
adjacent to the city of Lazaro Cardenas in Michoacan State.  Endemic bird species are
concentrated at elevations of 2,000 meters in the Sierra Madre Occidental, Eje Neovolcanico, and
Sierra Madre del Sur in pine, oak and mesophile mountain forests and in the Revillagigedo and
Three Marias Islands. The highest concentration of reptile and amphibian endemism occurs in
the Eje Neovolcdnico, the Sierra Madre del Sur, and along the Pacific Coast (Koleff and Soberén, et
al., 2008). The greatest mammalian diversity occurs in the states of Oaxaca, Veracruz, Chiapas
and Tabasco, while the greatest bird diversity is found on the coastal plains of the Gulf of
Mexico, the Yucatan Peninsula, the Tehuantepec Isthmus and the coast of Oaxaca. The greatest
amphibian diversity is in the states of Oaxaca, Veracruz and Chiapas (Koleff and Soberon, et al.,
2008). The highest diversity of angiosperm species is located in the states of Chiapas and the
Neovolcanic Axis and in the Sierra Madre Occidental Sierra and Sierra Madre Oriental (Koleff and
Soberén, et al, 2008). Overall, the mountains in the north of Chiapas and Oaxaca are the
regions of Mexico with the greatest species diversity in the smallest area (Koleff and Soberon,
et al., 2008).
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Forty-nine species of Mexico’s terrestrial flora and fauna are probably extinct, and another 475
species are at risk of extinction. There are 896 threatened animal species and 1,185 species
that require special protection in order to survive. About 415 locations in Mexico have been
identified as the last remaining sites where high concentrations of terrestrial threatened or
endangered species of mammals, birds, reptiles, amphibians and freshwater fish remain. For
mammals these sites are in the states of Chiapas, Oaxaca, Baja California and Baja California
Sur. For birds, they are in the states of Chiapas, Oaxaca and Quintana Roo. For reptiles, they
are in the states of Chiapas, Oaxaca, Baja California, Baja California Sur, Guerrero and
Veracruz. For amphibians, they are in the states of Oaxaca, Guerrero and Veracruz, and for
freshwater fish, they are in the states of Oaxaca, Chihuahua, Michoacan, Veracruz and Jalisco
(Ceballos et al., 2009).

The biodiversity of the soils of Mexico has not been studied thoroughly, but Mexican soils are
known to have a wide variety of microorganisms, invertebrates, vertebrates and fungi (Negrete
Yankelevich and Barois Boullard, 2012).

Marine Species Diversity

Relatively little is known about Mexico’s marine species diversity. There are at least [,782
species of marine fish (Contreras, in press, in: Koleff and Soberén, et al.,, 2008). Coral reefs are
the most biologically diverse marine ecosystems in Mexico and also provide important habitat
for the reproduction and protection of fish and other aquatic fauna (Sarukhan, J., et al., 2009).
There are between 63 and 81 species of coral in Mexican reefs, representing between 8 and 10
percent of all known coral species worldwide (Carricart-Ganivet and Horta-Puga, 1993;
Spalding et al,, 2001). The extensive fringing reef along the Yucatan Peninsula is connected to
the barrier reef off Belize.

Many islands are important habitat for bird, seal, and sea turtle reproduction, particularly near
Baja California and in the Gulf of California. Over 218 endemic plant and animal species and
subspecies, including 81 reptiles, 45 birds and 92 mammals live on or around the islands, keys,
banks and reeds in this region (Sarukhan, J., et al., 2009). Many of these species, especially
those of birds, reptiles and cacti are endemic, although some of them are extinct due to
competition from invasive species.

At least 349 species of echinoderms live in Mexico’s deep waters (Francisco Solis Marin, n.d.).
In the Gulf of Mexico, 227 species of animals have been identified (Briones, 2000). The vaquita
porpoise (Phocoena sinus), for instance, lives only in the Gulf of California (Ceballos and Garcia,
in press). Hydrothermal vents create a particularly biodiverse habitat, where life forms occur
that are unknown elsewhere on earth (Challenger, A. and . Soberén, 2008)

3.3 Genetic Diversity

Terrestrial Genetic Diversity

Most of the genetic diversity that occurs in Mexico's wild and domesticated species has not
been studied. Only 97 plant species, for example, have been studied at the genetic level, and
they are mostly plants with economic value. Thirty-six of Mexico’s mammal species, five of its
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bird species, 27 of its reptile species, 16 of its fish species, and 27 of its insect species have been
studied to some extent at their genetic level (CONABIO, 2010).

Genetic variation is known to be typically highest in the centers of origin of a species, and
Mexico is a center of origin of about 10% of the 128 most economically valuable species of
plants in the world, including corn, cotton and some of the micro-organisms that fix
atmospheric nitrogen. Its reserves of genetic variation in both domestic and wild relatives of
these species, therefore, are of global importance (CONABIO, 2010).

Marine Genetic Diversity

No data were available about Mexico’s marine genetic diversity. Speculation suggests, however,
that the high diversity level of its marine species may be matched by a high genetic diversity in
some of those species.

|
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4 THREATS
FORESTS

TO BIODIVERSITY AND TROPICAL

4.1 Loss and Degradation of Habitats

Loss of habitat refers to the complete elimination of natural vegetation on an area, while
degradation of habitat means a change in species composition and structure of vegetation and
fragmentation of contiguous vegetation into smaller, more isolated patches of vegetation.

No data were available for loss of habitat based on the vegetation types of Mexico shown on
Map 6. Table 4, however, compares the area of Mexico’s original vegetation, according to
another similar classification, to the remaining area of these vegetation types.

Table 4 Original and Current Area of Vegetation Types in Mexico

Change in

Vegetation Type

Original Area

of Natural
Habitat (ha)

Remaining Area of
Natural Habitat

(ha)

Change in Area of
Natural Habitat

(ha)

Percentage of
Natural Habitat

Tropical rainforest 25,480,042 15,151,162 10,328,880

Tropical dry forest 25,857,995 16,435,731 9,422,264 36
Temperate forests 47,043,879 34,155,715 12,888,164 27
Total forest habitat 98,381,916 65,742,608 32,639,308 33
Scrublands 60,009,502 50,895,897 9,113,605 I5
Grassland 16,279,081 10,315,933 5,963,148 37
Aquatic vegetation 3,380,776 2,436,607 944,169 28
Halophytic 4,947,186 4,638,338 308,848 6
vegetation

Other vegetation 9,987,814 6,794,238 3,193,576 32
Riparian vegetation 189,465 164,458 25,007 13
Total 193,175,740 140,988,079 52,187,661 27

Source: Sanchez Colén et al. 2009.

Table 4 indicates that the original extension of Mexico’s natural vegetation was 193,175,740 ha,
and that this area has been reduced to 140,988,079 ha at present, a decrease of 27%.
Temperate forests have decreased the most in total area, from an original area of 47,043,879 ha
to a current area of 34,155,715 ha, a decrease of 27%.

Temperate forests, however, have decreased less in percentage than several other types of
Mexico’s natural vegetation. Tropical rain forest has decreased the most in percentage; 41%
has been eliminated, a decrease of 10,328,880 ha from its original area of 25,480,042 ha.
Grasslands have decreased from 16,279,081 ha to 10,315,933 ha, a decrease of 37%. The
tropical dry forest habitat has decreased by only a slightly smaller percentage; its original area
was 25,857,995 ha and only 16,435,731ha are left, a decrease of 36%. Other vegetation types
have decreased by the fourth largest percentage; their original area was 9,987,814 ha and
6,794,238 ha remain - a decrease of 32%. Scrublands had the largest original area of natural
habitat in Mexico with 60,009,502 ha. It remains the largest area of natural habitat with
50,895,897 ha, but has decreased in area by 9,113,605 ha, or 15%. Halophytic and riparian
vegetation have decreased by 6% and |3% respectively.
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Table 4 indicates that the original combined area of tropical rainforest, tropical dry forest and
temperate forest in Mexico was 98,381,916 ha. Of these hectares, 32,639,308 ha have been
eliminated and 65,742,608 ha remain, so forest has been eliminated from 33% of its original area
and remains, in some form at least, on 77% of its original area.

Until the mid-20" century, deforestation had affected mostly the temperate forests of the
Central and Northern Plateau. In the decades of the 1950’s, 60’s and 70’s, rapid deforestation
nearly eliminated the tropical rainforests of the coastal plain of the Gulf of Mexico, the
northern Yucatan Peninsula, and the tropical Pacific Coast from Jalisco south to Chiapas. Since
the early 1980’s, by contrast, deforestation has been occurring most rapidly in Mexico’s tropical
dry forests (Sarukhan, J., et al., 2009). The rate of deforestation, however, has slowed during
recent years. Thus from 1973 to 1992 the rate of deforestation wlas about 406,000 hal/year
(SEMARNAT, 2005), while between 1990 and 2000 the rate of deforestation decreased to
348,000 ha/year and between 2000 and 2010 it decreased further to 260,000 hal/year
(SEMARNAT, 2010).

Although Table 4 indicates that 140,988,079 ha of natural habitat do remain in Mexico, most of
it has been degraded. Degradation has occurred in part as a result of over-exploitation of the
habitat. The dry tropical forests of Quintana Roo, for example, have been severely degraded
through the extraction of their most commercially valuable trees without adequate
regeneration of these trees (Kernan, pers. obs.; Merendez, pers. com). Pollution has degraded
much of Mexico’s wetland habitat, and much of its marine environment has been severely
degraded by constant trawling for fish and shrimp; for example, each single square meter in the
Gulf of California, is typically trawled 20 to 30 times every year, causing drastic changes in the
ecosystem and to the absolute and relative numbers of species (Interviewee 1, 2013).

The statistics on loss of habitat given in Table 4 also fail to capture the extent to which
fragmentation has degraded Mexico’s natural habitats. Of Mexico’s 15,151,162 ha of tropical
rainforests, only 15% occur in an area of more than 20 contiguous hectares (CONABIO, 2010).
Large contiguous areas of natural forest habitat remain only in the more remote regions of
Mexico, including Chimalapas in Oaxaca, Lacandon in Chiapas, Calakmul in Campeche and the
Sierra Madre Occidental in Durango and Chihuahua (Sanchez Colon et al., 2009). Likewise,
only a fragment marshes in Central Mexico — 3,000 ha of the original 30,000 ha — now remain
(Ceballos, pers. obs. 2013), The pine and oak forests of the states of Michoacan and Puebla
occur in relatively small patches, generally adjacent to or interspersed with agricultural and
pasture land (Kernan, pers. obs. 2013).

Wildfires, which burn thousands and sometimes hundreds of thousands of hectares of land in
Mexico every year during the dry season, are a principal factor in the loss and degradation of its
natural habitats and, therefore, of its biodiversity and forests. = The temporal and spatial
occurrence of such events varies, depending on the local and regional physical, demographic
pressures, land use and the extent of management. Human-induced fires result mostly from
traditional agricultural practices. Farmers use fire to burn crop residues, prepare fields for
cultivation and renovate pastures, but they generally take no precautions to prevent the fires
from spreading into neighboring areas of natural vegetation (G. Jimenez, pers. comm., 2013;
Kernan, pers. obs. 2013). Fire is also used as a means to illegally expand the agricultural and
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livestock frontier. Between 1991 and 1998, there was an average of 8,862 fires per year that
affected an average of about 275,000 hectares per year (SEMARNAT, 1999). Some years,
however, are particularly prone to large fires such as occurred in 1988 and 1989, when
wildfires burned more than half a million hectares. About 90% of these wildfires, however,
affect scrubland and grasslands rather than forests. As of April 2013, there had been more than
12,000 recorded wildfires in Mexico and they had affected more than 200,000 ha, with two
month remaining in the dry season (CONABIO, 201 3).

Social, political, and economic factors have driven habitat loss and degradation in Mexico.
Economic and population growth have stimulated demand for infrastructure, such as dams,
irrigation systems and buildings, whose construction indirectly and directly tend to cause
irreversible loss and degradation of natural habitats. Over the last few decades, Mexico’s
primary, secondary and tertiary road system has been greatly expanded and improved, so that
land uses in formerly relatively remote areas of the country are now being affected by national
and even international markets for goods and services (Kernan, pers. obs., 2013). Poverty also
remains a driver of habitat loss and degradation in Mexico. In spite of Mexico’s recent rapid
economic growth, 50 million Mexicans still live in poverty, and some of them survive by
extracting products from natural habitats, such as timber, plants, and animals, using exploitation
methods that cause the irreversible loss or degradation of these environmental products
(Campos, Hernandez, Velazquez, Perez, Carrillo, pers. comm., 201 3).

4.2 Pollution of Habitats

The accumulation of contaminating substances, such as metals, agrochemicals, or organisms
such as bacteria, parasites, and viruses, causes pollution when it affects the relative abundance
of different species or ecosystem functions in aquatic and terrestrial ecosystems.

Pollution of Aquatic Habitats

In Mexico, water quality is monitored at the 1,627 sampling sites that are part of the National
Monitoring Network (SEMARNAT-CONAGUA, 2012). Monitoring stations are mostly located
close to population centers and industrial areas, and some parts of Mexico have fewer sampling
sites than others. Few data are available, for example, on the water quality in the states of Baja
California, Yucatan, Guerrero, Oaxaca and Chiapas. Table 5 indicates the results of an analysis
of water quality data from 725 sampling sites in Mexico in 2012.

Table 5 Pollution data of water in Mexico at 725 sampling sites.
q Woater Quality Indicator

Quality BOD cob TSS
Heavily polluted (%) 3.8 5.6 0.6
Polluted (%) 7.5 20.4 25
Acceptable quality (%) 18.9 21.2 1.4
Good quality (%) 275 236 30.2
Excellent quality (%) 423 29.2 553

Source: SEMARNAT-CONAGUA, 2012.
Key: BOD = biochemical oxygen demand, COD = chemical oxygen demand and TSS = total amount of suspended solids
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Table 5 indicates that, depending on which parameter is used, the water at 3.1% - 26.0% of the
sampled sites was polluted, while the remaining sites had acceptable to excellent water quality
(SEMARNAT-CONAGUA, 2012). The highest COD and BOD values occurred in the densely
populated areas of central Mexico (SEMARNAT-CONAGUA, 2012). However, Mexican water
bodies may actually be more polluted than is indicated by these monitoring data, as the data do
not measure all physical, chemical and biological contaminants (Mazari-Hiriart, et al., 2010).
Furthermore, the level of pollution is likely to rise in the future, together with increasing
demand from water from industrial, agricultural and urban areas (Torregosa, et al., 2012).

Most water pollution in Mexico is caused by the discharge of untreated wastes into water
bodies from industrial, household, agricultural and ranching operations, and the excessive
sedimentation from agricultural practices. Less than 40% of Mexico’s wastewater is treated,
and many Mexican industries continue to discharge untreated waste directly into bodies of
water. Fertilizer and pesticide runoff from agricultural fields contaminates water bodies to
varying degrees, depending on the volume of water and the abundance of riparian vegetation
(Jimenez, et al., 2010; Santo Domingo and Ashbolt 2008). Sometimes water contaminants are
transported downstream and accumulate in water bodies, such as lakes, marshes, mangroves,
and other freshwater and marine ecosystems (Cotler & Gonzalez, 2010; Ruelas, et al., 2010).

Discharge of urban sewage and runoff from livestock production frequently introduces feces
into aquatic environments, causing eutrophication. This reduces the availability of oxygen and
thereby degrades aquatic habitats, killing or stunting aquatic species, increasing the persistence
and survival of human and marine animal pathogens and exposing marine mammals to terrestrial
pathogens such as toxoplasmosis (Santo Domingo and Ashbolt, 2008).

Pollution from pesticides and other chemical contaminants, can severely affect biodiversity.
Pesticides, for example, can cause cancer, tumors and lesions, reproductive failure, suppression
of immune systems, disruption of the hormonal system, cellular and DNA damage, terathogenic
effects (physical deformities), and thinning of egg shells on aquatic and terrestrial organisms
(Ongley, 1996). Naranjo and Dirzo (2009) found high concentrations of heavy metals in
Mexican oysters, shrimp, shark, clams and fish.

In recent years, Mexican industry has increased the percentage of industrial waste that which is
treated. Between 1999 and 2007, only 7% of total treated industrial water met government
standards for water quality, while by 2008, 31% of industrial treatment plants treated water to
Level I, 55% to level I, and 3% to Level lll, the highest federal water quality standards in Mexico
(Torregosa, et al.,, 2010; Lopez Zavala & Flores Arriaga, 2010).

Pollution of Soil Habitats

Soil in many areas of Mexico is being polluted. Spills or discharges of hydrocarbons and
derivatives, metalloids from mining, halogenated hydrocarbons from industrial processes and
halogenated products such as trichloroethane and pesticides cause most contamination of soils
(SEMARNAT, 2010).

Solid waste also contaminates soils, when it is thrown to the roadside or into ravines and
rivers. In 2007, only 67% of Mexico’s solid waste was disposed of in landfills (SEMARNAT,
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2008). The cities of Aguascalientes, Nuevo Leon and Mexico D.F. were the only ones to
disposed most of their solid waste in landfills in this year. When improperly disposed, solid
waste can contaminate water which can the leach into and contaminate soil or, if discarded into
a water body, can be carried downstream, polluting riparian and aquatic habitats.

Between 2004 and 2008, Mexico produced more than one million tons of hazardous waste.
Around 31% of this hazardous waste is generated in the metropolitan area of Mexico City, and
about 17% in the State of Chihuahua. Hazardous waste is mostly used oil, solids such as
asbestos, heavy metals and derivatives from industrial management, and biological and infectious
materials (SEMARNAT, 2008). Mexico is producing more solid waste every year, so the
problem of it polluting natural habitats is increasing constantly and rapidly.

Salinization could be considered a type of soil pollution. It occurs principally in arid, closed
basins and coastal areas as a result of poor irrigation practices. Salinization is occurring in the
mostly in the states of Tamaulpas, San Luis Potosi, Chiapas, Nuevo Leén, Oaxaca, Veracruz and
Zacatecas.

Soil pollution threatens biodiversity and forests when it damages or inhibits the growth of
plants, animals and microorganisms, reduces soil fertility and modifies biological processes
(Fernandez Linares, et al.,, 2006). Although some plants are able to survive soil pollution, they
may take up contaminants through their roots that then stunt or alter the plant’s growth and
life cycle. If animals then eat the contaminated plants, their health and reproduction may be
affected (EPA, No Date).

4.3 Over-exploitation of Plants and Animals

The exploitation of wild plants and animals in Mexico provides many products of economic
value, such as pets, pelts, ornamental plants, drugs for medicine, food, honey, fruits, oils, wood,
forage for domestic animals, and game. The sustainable use of wildlife can thus provide a
financial incentive for the conservation of biological diversity and forests.

Over-exploitation, however, has severely affected the populations of some of Mexico’s plant
and animal species. Over-exploitation of a species can affect not only the species itself but also
other species. When ecosystems lose most of their wildlife, for example, their structure and
function are severely affected, which leads to a cascade of negative environmental impacts.
(Wilkie et al., 2011). If a species plays an important role as a food source or in the
regeneration of a species, a decline in its population may affect other species. A reduction in
the population of a prey species, for example, generally causes a reduction in the population of
its predators (Chavez et al., 2007). Reduced populations of organisms may also change the
structure and functions within an ecosystem, causing it, for example, to exert less control over
hydrological and nutrient cycles (Ceballos and Ehrlich, 2002). Over-exploitation of Mexican
wildlife has been driven by three main factors: commercial trade, subsistence hunting and
extermination campaigns against organisms considered to be pests.

Over-exploitation for Commerce

Commercial trade has caused the decline in population or extinction of a number of species of
Mexican animals and plants. During the 1800’s, for example, American, Russian and Japanese
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companies hunted Mexico’s populations of sea otters (Ehydra lutris) to extinction. Between
1969 and 1971 about 1,500 jaguar skins were legally exported from Mexico to the United
States. A national census of jaguar populations indicated that there were then only about 4,000
jaguars left in Mexico in 2007 (Chavez, et al., 2007). Until 1994, thousands of nesting sea
turtles could still be legally killed each year on Mexico’s beaches. Banning commercial hunting
of marine turtles has permitted the populations of five species of marine turtle that nest on the
Caribbean, Pacific, and Gulf of Mexico coasts of Mexico to recover (IUCN, 2010).

Some commercially valuable marine species, including sharks, sea cucumbers, and tuna currently
are being overexploited in Mexico’s territorial waters (Sarukhan, et al., 2009). There has been
a steep decline in the populations of tuna and sharks over the past few decades (Casey, et al.,
1998), probably because foreign fishing ships regularly exceed their quotas for fishing within
Mexican territorial water with impunity. This is in part because the Mexican Ministry of
Agriculture and Fisheries lacks sufficient funds to take the measures that are required to
enforce the quotas. The illegal trade of wild plants and animals such as orchids, cacti,
bromeliads, reptiles, amphibians, fur animals, macaws, and song birds persists as these plants
and animals continue to be collected or captured, mostly for export to markets in the United
States and Europe.

Subsistence hunting

Subsistence hunting has caused a severe decline or extinction of some Mexican species. In the
1960’s, for example, the imperial woodpecker (Campephilus imperialis) was hunted to extinction
for food (Ceballos and Navarro, 1991). Subsistence hunting continues to occur throughout
Mexico in most places where wild animals still occur in sufficient numbers to make hunting
them worth the effort. It is most common in the tropical rainforests of the Yucatan Peninsula
and Chiapas. Peasants probably kill thousands of deer, peccary, coati, spider monkey, white-
lipped peccary, agouti, armadillo, wild turkeys, quails, doves, iguanas, and turtles there every
year (Escamilla, et al., 2000). Some species of wildlife are more affected by subsistence hunting
than others, because of their intrinsic vulnerability (Ceballos and Navarro, 1991). For example,
subsistence hunting has endangered spider monkeys and white-lipped peccaries, while white tail
deer, although hunted, still occur in many areas, and overall are not endangered (Escamilla, et
al., 2000). In Mexico, as in other countries, subsistence hunting has created “empty forests”,
where although the forest remains, it has few or no animals left.

Extermination of species as pests

During the twentieth century, some Mexican animal species were considered pests and
campaigns were undertaken to exterminate them. In the 1960’s and 70’s, for example, the
United States financed a campaign to poison Mexican wolves (Canis lupus baileyi) and grizzly
bears (Ursus artos) along the Mexico-United States border, considering them as predators of
cattle. Currently, Mexico has no programs to eliminate animals. Many Mexican ranchers,
however, continue to kill pumas (Puma concolor) and jaguars (Panthere onca) because they
consider them a threat to livestock.

4.4 Introduction & Spread of Invasive Species
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Exotic species that have been introduced, accidently or intentionally, into Mexico include at
least 60 species of mammals, 30 species of birds, seven species of reptiles, and six species of
amphibians. An unknown number of fishes and 220 species of plants also have become
established in Mexico (Alvarez Icaza & Munoz, 2008). Many of these species spread aggressively
and affect the survival of native Mexican organisms.

Devilfish or plecostomus (Hypostomus plecostomus) and tilapia (Oreochromis spp), for example,
are exotic species that cause a decline in the populations of native freshwater aquatic species.
The introduced lionfish (Pterois volitans) in Mexico’s Caribbean waters eats 34 species of native
fish and 45 species of crustaceans (Valdez Moreno, et al. 2012).

One of the most harmful introduced exotic plants is buffelgrass (Pennisetum ciliare), which
reduces the diversity and productivity of native plants. Even so, the Mexican government
continues to promote it for pasture in dry areas (Franklin and Molina-Freaner, 2010; Morales-
Romero and Molina-Freaner, 2008). Other examples of such harmful exotic plants include the
Salt cedar, (Tamarix ramossisima), which spreads aggressively in dry areas of northern Mexico,
suppressing the growth native vegetation; the Hydrila (Hydrilla verticillata), which has invaded
bodies of fresh water bodies; and the Melaleuca (Melaleuca quinquenervia), which has spread
across many terrestrial ecosystems (CONABIO, 2012).

House cats have also caused the local extinction of native animals, including endemic, small
vertebrates (Vazquez-Dominiquez, et al. 2004). Other especially aggressive exotic invasive
species in Mexico are cactus moths (Cactoblastis cactorum) and Barbary sheep (Ammotragus
lervia).

4.5 Climate Change

Mexico’s Fourth Report to the Convention on Biological Diversity predicts that climate change
will become one of the main threats to Mexico’s biodiversity.

Climate change could threaten Mexico’s biodiversity and forests by causing shifts in the
geographic distribution and/or the area of some ecosystems. Such shifts could change the total
area and the location of the habitats available for some species of organisms. Research
commissioned by the National Institute of Ecology in 2008, for example, found that “based on
considerations of temperatures, humidity, altitude, type of vegetation and plagues ... forests
could be affected in up to 7% and | 1% of their total surface area by temperature increases of
[°C and 2°C, respectively” (CIFOR, 2010).

The same study

“...selected 12 forest species distributed in three climate zones and assessed the
potential distribution of each species under the baseline and climate change scenarios”
and “ showed that “...the most severe impacts in temperate zones could be felt by Pinus
cembroides and Pinus pseudostrobus as a consequence of an increase in the area with
conditions not suitable for its growth. The north of the central part of the country
would see an increase in the extension of the surface not suitable for temperate species;
however, due to the particular conditions found in the center of the State of Chihuahua
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some non-suitable areas for such species would become moderately and marginally
suitable.”

If climate change so affects the distribution of Pinus cembroides and Pinus pseudostrobus, it could
similarly affect other organisms. If an organism is unable to adapt to the new habitat or shift its
range to correspond to the new locations of the habitat it requires for successful reproduction,
then its reproductive success may decline, perhaps to a level that is so low that it eventually
becomes extinct in parts or all of Mexico. Species in isolated ecosystems with low species
diversity, such as islands, are particularly vulnerable to climate change. Likewise, climate change
threatens plants in mountain ecosystems because they cannot migrate upwards to cooler
climates as the areas which they now inhabit become warmer. Endemic species, for example,
are especially at risk of extinction in Mexico’s high-elevation cloud and oak-pine forests
(Carabias, et al. 2010).

Climate change may also affect Mexico’s biodiversity more directly and quickly by changing the
length, number and geographic extent of droughts. Fire already greatly influences the
distribution and composition of vegetation in upland and lowland Mexico (Kernan, pers. obs.,
2013). Longer and more severe droughts would be likely to increase the frequency, extent and
severity of such fires and make them an even greater factor in the location and species
composition of the vegetation and the animals which depend on the habitat that is burned.
On the other hand, if climate change causes longer rainy seasons and more total precipitation in
some parts of Mexico, then it would affect the distribution and composition of vegetation types
and their associated organisms differently.

Climate change in Mexico could affect its biodiversity by raising the seal level. If the sea level
were to rise by a meter, up to 9% of the states of Campeche, Nayarit, Quintana Roo, Sinaloa,
Tabasco, Tamaulipas, Veracruz and Yucatan would be inundated, thereby changing the location,
extent and structure of terrestrial and estuarine habitats, such as mangroves, and their
associated organisms, as well as the marine species that spend part of their life cycle in such
habitats (Gilman, 2008; NOAA, 2012).

A fourth effect of climate change in Mexico could be the result of increased number and
intensity of hurricanes. Hurricanes greatly affect the species composition of the forests of the
Yucatan Peninsula. Mahogany, for example, is a species that regenerates after hurricanes and
fire, so its abundance could increase as a result of an increase in the number and severity of
hurricanes.

Finally, climate change could magnify the effects of interactions between human activities and
ecosystems on the abundance and variety of organism. For example, higher human populations
will produce more contaminants that will be carried through ecosystems more rapidly and in
greater volumes if climate change causes more frequent and more severe climate events such as
hurricanes.
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5 ACTIONS NEEDED TO CONSERVE MEXICO’S
BIODIVERSITY AND TROPICAL FORESTS

5.1 Conservation within Protected Areas

5.1.1 Justification

Protected areas, including botanical gardens, seed banks and zoos, provide areas whose main
purpose is the permanent conservation of biodiversity and tropical forests.

5.1.2 Current Situation

Natural Protected Areas

Map 10 indicates the location of Mexico’s legally declared Natural Protected Areas (ANPs). The
map’s legend indicates that Mexico’s ANPs have been established by six types of entities: the
federal government (dark green); state governments (light green) (referred to in the map’s
legend as “federated entities”); municipal governments (red); areas voluntarily dedicated to
conservation (blue); and private and social entities (brown).

Map 10 Natural Protected Areas of Mexico

Source: Bezaury-Creel, J., D. Gutiérrez Carbonell et al. 2009

The federal has established the greatest number and largest of Mexico’s APNs. Particularly
large federal APNs are in Baja California, northern Mexico and on the Yucatan Peninsula, while
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smaller federal APNs are in central Mexico. States have established the next largest number
and area of APNs. Municipal ANPs, areas dedicated voluntarily to conservation, and private
and social ANPs are fewer in number and have smaller total areas. Of the marine ANPs, 37
were created by the federal government, and 27 were created by state governments
(CONABIO, CONANP, TNC, Pronatura & FCF-UANL, 2007b).

Mexican ANPs occur in six categories: biosphere reserves; national parks; natural monuments;
protected areas for natural resources; protected areas for flora and fauna; and sanctuaries.
Table 6 indicates the number and total area for each of these categories.

Table 6 Management Categories, Numbers and Areas of Mexico’s National
Protected Areas in Mexico

Category of Protected Area No Area (Ha)
Biosphere Reserves 41 12,652,787
National Parks 67 1,445,301
Natural Monuments 5 16,268
Protected Areas for Natural Resources 8 4,440,078
Protected Areas for Flora and Fauna 37 6,687,284
Sanctuaries 18 146,254
Total 176 25,387,972

Source: CONANP, 2012

Table 6 indicates that the total area within Mexico’s ANPs is 25,387,972 ha, about 1.3% of
Mexico’s total area. About half of this area, 12,652,787 ha, is within 4| biosphere reserves,
where, except for their nuclear zones, rural communities are permitted to use natural
resources, if they do so sustainably (CONANP, 2012). The next largest total area of ANPs,
6,687,284 ha, is within 37 protected areas for flora and fauna. There are eight protected areas
for natural resources with a total area of 4,440,078 ha. Although there are 67 national parks,
their combined area is only 1,445,301 ha. Five natural monuments and |8 sanctuaries have
16,268 ha and 146,254 ha respectively.

Map 10 indicates the location of the biosphere reserves (dark green), national parks (light blue),
areas for the protection of flora and fauna (red), natural monuments (red), and protected areas
for natural resources (yellow). It does not show the location of the sanctuaries or the
protected areas for natural resources, but they may be included in other categories (light
green) or decreed areas (gray).
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Map 11 Categories of Natural Protected Areas in Mexico

Source: SEMARNAT, n.d.; in Verdebandera, 2013

Map || indicates that Mexico’s biosphere reserves are located mostly in the northwest, the
central highlands, Chiapas, the Yucatan Peninsula and in marine areas. In Baja California,
northern Mexico and the coast of the Gulf of Mexico, there are large areas for the protection
of flora and fauna. The larger national parks are located around Mexico City. .

Of Mexico’s total of 176 ANPs, 58 are entirely or partially marine areas and they include over
I2 million ha. Map || indicates that there are many marine protected areas with the Gulf of
California and in the Pacific Ocean and fewer in the Gulf of Mexico and the Caribbean Sea.
Thirteen of the marine ANPs occur in areas of coral reefs, nine in the Gulf of Mexico and 