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INVOLVED INSTITUTIONS
The National Park Service (NPS), created in 1916, is the US federal
agency responsible for national parks and historic sites administration.
Its mission is to preserve intact the natural, cultural and NPS values, for
the enjoyment, education, and inspiration of current and future
generations. The NPS collaborates with partners to extend the benefits
of conservation of natural and cultural resources and outdoor recreation
throughout the country and the world.

The National Commission for Natural Protected Areas
(CONANP), created in 2000, is the Mexican federal
agency responsible for natural protected areas
management. Its mission is to conserve the most
representative ecosystems of Mexico and their
biodiversity, through natural protected areas and other forms of conservation,
promoting a culture of conservation and sustainable development of communities
settled in their environment, with an inclusive and equity criterion.

World Wildlife Fund US (WWF US) is an international conservation
organization created in 1961. Its mission is to cease the
environmental degradation of the planet and to forge a future where
human beings live in harmony with nature:
•
Conserving the world's biological diversity
•
Ensuring a sustainable use of renewable natural resources.
•
Promoting the reduction of pollution and excessive
consumption.

Fuego Verde Civil Society (FVSC), is a Mexican nongovernment organization established in 2015. Its mission is to
be a reliable, transparent, honest, and leading organization in
environmental conservation, educating people under a
management philosophy for conservation of natural
resources, collaborating with authorities at three levels of government, universities,
R&D centers, and different sectors of civil society, sharing experiences worldwide
for biodiversity conservation.

This initiative was developed within the framework of the Memorandum of
Understanding on Cooperation for Protection, Management, Sustainable Use and
Conservation of the Environment and Natural Resources, signed on February 25th
2016, between the Department of the Interior of the United States of America, and
the Mexican Secretariat of Environment and Natural Resources.
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EXECUTIVE SUMMARY
This project is the result of binational cooperation between the National Park Service (NPS),
National Commission of Natural Protected Areas (CONANP), the World Wildlife Fund (WWF),
and Fuego Verde Sociedad Civil NGO, to integrate efforts for monitoring of shared ecosystems
in the Chihuahuan Desert ecoregion, specifically, in the Sister Parks network on both sides of
the border, integrated as follows: Big Bend National Park, Texas, USA-Maderas del Carmen
Flora and Fauna Protected Area, Coahuila, Mexico and Santa Elena Canyon Flora and Fauna
Protected Area, in Chihuahua, Mexico; White Sands National Monument, New Mexico, USACuatro Cienegas Flora and Fauna Protected Area, Coahuila, Mexico; and, Guadalupe Mountains
National Park, Texas-New Mexico, USA, and La Michilia Biosphere Reserve, Durango, Mexico.
Attending an initial workshop held in September of 2017, in Cuatro Cienegas, Coahuila, Mexico,
managers of the involved Mexican natural protected areas designed mechanisms to
understand trends and conditions of five major ecosystems and its contained biodiversity, from
an ecosystem management perspective. In addition, participating park rangers learned the
conceptual framework on which Vital Signs methodology is based on and participated in
designing the models of five ecosystems in their natural protected areas, and for each of these,
determined a preliminary list of vital signs.
Then, participating in a binational workshop, held in March 2018 in Ojinaga, Chihuahua, Mexico,
staff of the Sister Parks network assigned priorities to vital signs for each ecosystem based on
the first workshop results, and defined the top three vital signs priorities on each ecosystem
management dimension, as well as common vital signs to be evaluated on both sides of the
border in the long-term approach. In addition, they analyzed which vital signs have monitoring
protocols and which ones lack a protocol, and in which cases they should develop, use, and/or
adapt the monitoring protocols of other organizations and institutions on both sides of the
border. Similarly, participants designed a strategy to follow up binational evaluation of vital
signs in Sister Parks, defining a goal with a long-term vision, as well as processes and activities
necessary to achieve the stated goal. In addition, they defined names of responsible officials to
coordinate each strategic process.
Vital signs binational evaluation will contribute to understanding the effectiveness of
management policies implementation on both sides of the border, based on solid scientific
information about trends and conditions of shared ecosystems. It will also allow the exchange
and review of learning and successful experiences at binational level, which, in the long run,
will assist to adapt conservation strategies, programs, and actions in a timely manner, based on
a long-term collaborative vision, and will also help them to manage joint funding and to reduce
operation costs. Additionally, is important to mention that this initiative was developed within
the framework of the Memorandum of Understanding on Cooperation for Protection,
Management, Sustainable Use and Conservation of the Environment and Natural Resources,
signed on February 25th 2016, between the Department of the Interior of the United States of
America, and the Mexican Secretariat of Environment and Natural Resources.

Key words: Vital Signs, Sister Parks, Effectiveness assessment.
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INTRODUCTION
An effective organization complies exactly with the mission which defines it core being
(Mokate, 2000:2)

Achieving effective conservation of natural protected areas (NPA) is a challenge that
governments of all nations face. Therefore, it is necessary to design and apply
mechanisms to evaluate the effectiveness of their management, to understand the
impact of the implemented actions, and be able to adapt timely management
strategies to maintain the identity of ecosystems.
NPA’s are a global management strategy to conserve ecosystems and their biodiversity
(Watson et al., 2014), and also seek to improve the quality of life of their residents
(Pomeroy et al., 2004), as well as the population settled in its area of influence
(Mathevet et al., 2016). However, the effectiveness of NPA’s is being questioned
(Eklund and Cabeza, 2016, Brockington and Wilkie, 2015, Toscana and Granados, 2015,
Figueroa et al., 2011, West and Brockington, 2006). Therefore, it is essential to fully
assess the trend and condition of ecosystems to know the impact of the actions
implemented by their managers, and to make necessary strategy adjustments to
ensure conservation of the sites (Coad et al., 2015; NPS, 2010; Hockings et al., 2006).
Normally, management of NPA’s is approached from a purely ecological perspective,
where managers are not part of ecosystem and where the concept of conservation is
misinterpreted, as the action of preserving the ecosystem in its original natural state
(Cumming and Allen, 2017). However, NPA’s are a specific type of socio-ecological
system, whose management and sustainability are strongly influenced by man
(Mathevet et al., 2016). Therefore, management of its natural resources is both the
result and the driving force of social, economic, and ecological dynamics that occur
within the NPA ecosystems (Cumming and Allen, 2017).
In addition, in underdeveloped countries, NPA’s have a social function, since they are
established on lands belonging to local populations who use their natural resources,
increasing the challenge for managers of these sites (Roe et al., 2013; De Oliveira, 2002).
In Mexico, 93 percent of inhabitants of NPA’s face some degree of poverty1 and social
lag2 (CONABIO, 2009). For this reason, participation of local populations in the
management and conservation of ecosystems is seen as a key factor in reducing
poverty (Nunan, 2006).

1

Social marginalization is associated with the lack of social opportunities and the lack of skills to acquire or generate
them, but also to deprivation of and inaccessibility to goods and services that are fundamental for well-being
(CONAPO, 2013).
2

The social lag index incorporates indicators of education, access to health services, basic services,
quality and spaces in housing, and assets in the home (CONEVAL, 2007).
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To achieve the effective conservation of ecosystems, it is necessary to adopt a
comprehensive approach to ecosystem management, considering the socioeconomic
dimension, as well as ecological and institutional perspectives (Glaser, 2006). Failure to
acknowledge NPA plurality (social, economic, and ecological) is an error which creates
various conservation problems and conflicts currently faced by managers of these
spaces (Garcia and Lopez, 2017; Mathevet et al., 2016; Toscana and Granados, 2015).
On the other hand, NPA managers face challenges to align short-term conservation
actions within a long-term perspective (Maffe et al., 2006). This is complicated, since it
entails applying criteria and a long-term vision, and effectively coordinating interinstitutional efforts with other agencies and civil society which, traditionally, does not
occur within bureaucratic public practices due to government agencies operational
rationale and budgets terms (Brenner, 2010, Brenner, 2009). Therefore, it is necessary
to develop mechanisms to evaluate ecosystems’ health and vitality in the future. It is
impractical to evaluate only for a short-term scope (e.g., annual evaluation of
operational programs), when the effects of human activities on ecosystems can last
decades or centuries (Ehrlich and Ehrlich, 2008).
For Mexico, the National Commission of Natural Protected Areas (CONANP, by its
initials in Spanish) is the federal institution in charge of handling and managing NPA
(RISEMARNAT, 2012). Its mission and vision state conservation of the most
representative ecosystems of the country and its biodiversity, in a responsible manner
along all society groups, in coordination with the three levels of government,
promoting the conservation culture and sustainable development for communities
settled within their territories, under the criteria of inclusion and equity (CONANP,
2014a). In order to fulfill its mandate, CONANP must adopt a comprehensive approach,
considering all three dimensions of ecosystem management approach: ecological
(biotic and abiotic factors), socioeconomic (local population, values, key actors), and
institutional (legal aspects, management skills, financing) (Maffe et al., 2006;
Grumbine, 1994).
To evaluate the conservation effectiveness of federal NPA’s, CONANP and its key
partners in universities, civil society organizations, and international government
agencies have applied various evaluation schemes. First, they have used geographic
information systems (GIS) to assess changes in land use or within and outside the
boundaries of the NPA (Figueroa et al., 2011, CONANP-FMCN-2010). In contrast, some
marine and coastal NPA’s from the Gulf of California region have adapted and applied
the methodology developed by Pomeroy et al. (2004), considering socialenvironmental criteria and governance to evaluate the effectiveness of site
management (CONANP, 2016; CONANP, 2015a). However, there is no current
institutional consensus on the most appropriate methodology to be applied at national
level.
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From another perspective, within the framework of binational cooperation between
the US National Park Service (NPS) and CONANP under the Sister Park3 initiative, the
experience of the Vital Signs Monitoring Program developed by the NPS Chihuahuan
Desert Network (NPS, 2010) has been taken into account by selecting environmental
indicators in the biological corridor between the Santa Elena Canyon Flora and Fauna
Protected Area, in Chihuahua, and Maderas del Carmen Flora and Fauna Protected
Area, in Coahuila, Mexico (Carrera, 2011). Vital Signs consists in figuring out a set of key
representative ecosystem’s elements and processes within natural protected areas,
that help evaluate the condition or health of the site's valuable elements, including
water, air and rock-based useful valuable supplies, flora and animal populations, and
some related processes that act upon these ecosystems' pieces (NPS, 2010) applying a
forever vision.
As a result of binational cooperation between the NPS, CONANP, and US World Wildlife
Fund (WWFUS), the present initiative was created to integrate efforts to monitor
shared ecosystems in the Chihuahuan Desert ecoregion, applying the Vital Signs
methodology, specifically in the Sister Parks complex on both sides of the border,
integrated as follows: Big Bend National Park, Texas, USA-Maderas del Carmen Flora
and Fauna Protected Area, Coahuila, Mexico and Santa Elena Canyon Flora and Fauna
Protected Area, in Chihuahua, Mexico; White Sands National Monument, New Mexico,
USA-Cuatro Cienegas Flora and Fauna Protected Area, Coahuila, Mexico; and,
Guadalupe Mountains National Park, Texas-New Mexico, USA-La Michilia Biosphere
Reserve, Durango, Mexico.
Through this project, managers of involved Mexican NPA designed mechanisms to
understand trends and conditions of the major ecosystems and the biodiversity they
host, using the ecosystem management approach (Maffe et al., 2006). In this way,
participating park rangers understood the conceptual model Vital Signs methodology is
based on (Chapin et al., 1996), designed collaboratively models of five ecosystems4 of
their NPA’s to evaluate in the future, and determined a list of vital signs. This exercise
will contribute to understanding how effective the implementation of management
policies is based on sound scientific information about trends and conditions of the
managed ecosystems. Thus, it also will allow sharing and bench-marking of successful
experiences and binational level learning. This, in the long run, will assist to reduce
operating costs, procure funding, timely implement strategies, programs and
conservation actions, based on a long-term collaborative vision.

3

In 2006 the Declaration of Sister Parks was signed between the National Park Service of the
Department of the Interior of the United States, and the National Commission of Natural Protected
Areas of the Secretariat of Environment and Natural Resources of Mexico (CONANP-NPS, 2012; NPS,
2007; CONANP-NPS, 2006).
4
The five major ecosystems shared by the involved natural protected areas are: forest, desert, grassland,
river and wetland.
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GOALS
1.

2.

Work directly with CONANP and NPS staff to compile information related to
the conservation status of shared ecosystems between national parks in the
United States of America and natural protected areas in Mexico.
Develop conceptual models to detect threats and trends of certain key
resources and develop basic communication materials to promote these
findings.

-4-

LEGAL FRAMEWORK
International level
At the international level, Mexico has committed to several agreements to enhance
and assess effectiveness of public policies implementation impact on NPA, their areas
of influence, and other territories managed by the CONANP.
In the case of the Convention on Biological Diversity by United Nations (CBD), Mexico,
as other signatory countries, must develop mechanisms to monitor, evaluate and
report effectiveness of NPA management, national and regional systems, and transborder NPA (CBD, 1992). In this case, this initiative seeks to link the binational efforts
between the United States and Mexico, for the evaluation of the effectiveness of NPA.
On the other hand, in the United Nations Convention on Climate Change (CCC) and the
Paris Agreement, derived from the CCC, Mexico has committed itself to evaluating the
plans, policies, programs and adaptation measures, as well as the use of de acquired
learning, to increase the resilience of their socio-ecological and ecological systems
(CBD, 1992; AP, 2015).
In addition, the Convention on Environment and Development of the United Nations
(CMD), considers evaluating environmental impact and, within the 2030 Sustainable
Development Goals, as a national instrument. The signatory countries must adopt
mechanisms to create responsible, effective and inclusive institutions at every level, as
established by the criteria of Goal 16 that seeks peace, justice and strong institutions
(UNPD, 2000).
The Convention on Combating Desertification (CCD), establishes that Parties should
create institutional and legal frameworks, to strengthen evaluation and observation
capacities to implement the Convention (CCD, 1994).
In the same tune, the Ramsar Convention (CR, 1971), encourages signatory nations to
implement actions for monitoring and evaluation for the Convention goals scope5,
whose 2016-2024 mission is to conserve and make rational use of wetlands through
local actions and international cooperation (CR, 2015).
Based on previous arguments, Vital Signs contributes to achieve these international
goals and commitments, as a mechanism to strengthen and evaluate the effectiveness
of NPA conservation management.

5

The Ramsar Sites in Mexico are managed by the CONANP, which also serves as the designated authority
before the Ramsar Convention (RISEMARNAT, 2012).
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National Level
At a national level, CONANP, is a deconcentrated body6 of the Secretariat of
Environment and Natural Resources (SEMARNAT, by its initials in Spanish) of Mexico’s
federal government, and is the responsible institution for NPA’s management, and
therefore, to evaluate its effectiveness (RISEMARNAT, 2012). To that extent, it
highlights the importance of specifying CONANP's reason to exist, expressed as its
mission and vision, supporting the ecosystem perspective (Maffe et al. , 2006;
Grumbine, 1994), taking into account the ecological, social and institutional
environmental dimensions, as it seeks to conserve the most representative ecosystems
of the country and its biodiversity (ecological dimension), in a co-responsible manner
with all sectors of society, and in coordination with the three levels of government
(institutional dimension), fostering the culture of the conservation and sustainable
development for communities settled within their territories, under inclusion and
equity criteria (social dimension) (CONANP, 2014a). Therefore, its functions include:
Encouraging and developing activities aimed to conserve of NPA’s ecosystems and
their biodiversity, their areas of influence, refuge areas to protect aquatic species and
other priority species for conservation; formulate the execution and evaluation of
subsidy programs aimed at rural and indigenous communities in marginal areas;
promote programs to recover species and populations at risk; raise donations; propose
economic incentives for the conservation of ecosystems; promote training and
technical assistance; promote participation of society in conservation; integrate and
provide information; issue recommendations; develop protection programs and
manage refuge areas to protect aquatic species; and, serve as the designated
representative authority at Ramsar Convention (RISEMARNAT, 2012).
In accordance with the Ministry of Environment and Natural Resources Internal
Regulation (RISEMARNAT, 2012), to evaluate the institution´s effectiveness, CONANP
includes within its organization three administrative units with attributions in this
respect:
1. The General Directorate of Conservation for Development includes within its
functions: formulate, coordinate and integrate CONANP planning, evaluation
and monitoring policies; evaluate objectives achievement for ecosystems and
their biodiversity in the NPA projects, monitoring programs and priority regions;
and, design, coordinate and evaluate, within the framework of the National
Program of Natural Protected Areas, policies, guidelines, programs and

6

The deconcentrated bodies are a form of organization that belongs to the secretariats of the State,
they do not have legal personality or their own patrimony, hierarchically they are subordinated to the
dependencies of the public administration to which they belong, in this case, the CONANP belongs to the
SEMARNAT, and its powers are specific to resolve on the matter and territorial scope determined in each
case by law.
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mechanisms enabling conditions of equality of gender, ethnicity and human
rights.
2. The Executive Directorate for Administration and Effectiveness includes within
its responsibilities, to evaluate the correct execution of budget allocations.
3. Directorate of Evaluation and Follow-up, includes within its functions to
administer, organize, update, disseminate and evaluate information from the
Monitoring and Conservation Evaluation Information System (SIMEC7); plan and
coordinate the incorporation of measures and performance indicators within
the management programs of natural protected areas, protection programs of
refuge areas for aquatic species, in projects for conservation, recovery of
species and populations deemed as priorities; and the subsidy programs under
the Commission's responsibility, including participation of regional and natural
protected areas directors, to evaluate impact on conservation; evaluate and
monitor conservation actions; participate in reviews and issue an opinion on
reports and evaluations of conservation actions by the institution; evaluate, in
coordination with other SEMARNAT units, the effect of general policies, both
environmental and development within sites managed by CONANP.
On the other hand, from a long-term perspective, CONANP developed the Strategy
CONANP 2020-2040, defining a strategic line to strengthen institutional capacities,
aimed at enhancement of indicators and protocols systems that enable an evaluation of
effectiveness of institutional processes and achieve adaptive management based on NPA
results. In addition, to favor conservation and management of biodiversity, CONANP
deploys another strategy to develop a dynamic information system to support real time
decision making, which guarantees the effectiveness of management at local, regional and
national levels (CONANP, 2014b).
Similarly, from a perspective of inter-institutional liaison, and long-term vision, the
National Commission for Awareness and Use of Biodiversity (CONABIO, by its initials in
Spanish), developed the National Strategy on Biodiversity in Mexico 2016-2030, to
improve evaluation of NPA effectiveness. In the second Strategy’s axis, Conservation
and Restoration, specifies the following actions related to NPA effectiveness: 1.
Increase the area under protection decree, considering priority terrestrial, marine and
aquatic continental areas for conservation of biodiversity and seeking connectivity,
characterization and effectiveness of management for ecosystem processes
maintenance and viability of the populations of wild life; 2. Promote the periodic
update of the NPA state and municipal databases, as well as information related to
their ecosystem condition and management effectiveness; 3. Establish monitoring,
follow-up and evaluation programs for fishing refuges to evaluate their effectiveness;
and, 4. Establish development and implementation mechanisms for performance and
7

The SIMEC information subsystem is an organized set of data generated from the NPA and other units
of the CONANP, systematized for use and consultation by different actors and decision makers. For more
information check: https://simec.conanp.gob.mx/
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impact indicators (environmental, social, gender and institutional) to assess
conservation instruments and programs, within or outside the implementing
institutions (CONABIO, 2016).
From the six years term vision, within the National Development Plan (PND, by its
initials in Spanish) 2013-2018, in its Objective 4.4., promoting and guiding a empowering
and inclusive green growth that preserves our natural heritage while generating wealth,
competitiveness and jobs , and to achieve this objective, it lays Strategy 4.4.1, which
seeks to implement a comprehensive development policy that links environmental
sustainability with costs and benefits for society, as a consequence, one of its action
lines focuses on guidance and strengthening of information systems to monitor and
evaluate performance of environmental policies , covering territories administered by
CONANP (PND, 2014).
In the same way, the National Program of Natural Protected Areas (PNANP, by its
initials in Spanish) 2014-2018, aligned with the NDP (National Development Plan),
includes the following objectives aimed to enhance and assess effectiveness: 1.
Strengthen the institution's capabilities to have agile and efficient protocols for
decision-making; 2. Train personnel with technical capacities, equipment and
infrastructure, to ensure the integrated management and conservation of biodiversity
and ecosystem services in NPA and; 3. Be inclusive and equitable. Besides, as an metric
to achieve this objectives, the PNANP takes into consideration the number of federallycontrolled NPA’s incorporated into a process to evaluate effectiveness of
management, whose line of action includes design and implement a process to
evaluate effectiveness of management of federal NPA’s, as a success indicator
(CONANP, 2014).
Additionally, the Climate Change Strategy for Protected Areas (ECCAP, by its initials in
Spanish), designed by CONANP, within the Adaptation8 Component, includes within its
strategies, to increase effectiveness for NPA management to reduce the combined
impacts of climate change and existing pressures of environmental degradation
(CONANP, 2010a).
Therefore, at international, national and institutional arenas, there are regulatory
frameworks and medium and long-term planning schemes, that favor the design and
implementation of mechanisms to evaluate the effectiveness of NPA, from an
ecosystem perspective. As a consequence, the adoption of Vital Signs is ideal as a
scheme for evaluating the effectiveness of CONANP in the managed spaces.
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The Climate Change Strategy for Protected Areas contains two substantial components, adaptation and
mitigation (CONANP, 2010a).
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BINATIONAL COOPERATION EXPERIENCES
Binational cooperation between the United States and Mexico is established through
programs derived from agreements, conventions, treaties or letters of intent, to
promote collaboration for biodiversity conservation, based on mutual interest to
preserve ecosystems in natural protected areas.
The first binational cooperation agreement between the United States and Mexico,
that specifically focused on natural protected areas, was signed on November 24, 1935,
in El Paso, Texas, United States. Officials from both governments formed a joint
commission and discussed the project to establish an international park on both sides
of the border, in the region known as Big Bend and Rio Grande / Rio Bravo (GBBC,
2016).
Since then, various agreements, conventions, letters of intent and memorandums of
understanding have been signed to cooperate in conservation of wildlife, and
specifically, to strengthen the conservation of natural protected areas on both sides of
the border. The following is a list of the most relevant binational cooperation
agreements influencing natural protected areas (Table 1).

Table 1. Timeline of agreements, letters of intent, declarations, and memorandums of
understanding, for binational cooperation signed by the United States and Mexico,
with impact on conservation of natural resources and natural protected areas
Year
1935
1936
1942
1983
1983
1984

1988
1988

Instrument
First Agreement between the United States and Mexico to establish an
International Park in the region of Big Bend and Rio Grande-Río Bravo.
United States-Mexico Convention for the Protection of Migratory Birds and
Hunting Mammals.
Convention for Protection of Nature and Preservation of Wildlife in the
Western Hemisphere.
Program of Cooperative Fisheries between United States and Mexico.
Cooperation agreement between United States and Mexico, for Protection
and Environmental Improvement of the Border Region (La Paz Agreement).
Agreement between Secretary of Agriculture and Hydrologic Resources
(SARH, by its initials in Spanish) and United States Department of Agriculture
(USDA) to Facilitate Sustainable Forest Management.
Memorandum of understanding between the NPS and the Ministry of Social
Development (SEDESOL) for Cooperation in Management and Protection of
Parks and Other Natural Areas and Cultural Sites.
Agreement between USDA and SARH for Collaborative Prevention and
-9-

1992
1992
1993
1993
1994
1994
1995

1996

1997

1999

2000
2000
2000
2006
2009

2009

Fighting of Forest Fires in the States of Arizona, United States, and Sonora,
Mexico.
Letter of Intent for Scientific Research signed between USDA Forest Service
and SARH.
Memorandum of Understanding between United States Geological Survey
(USGS) and National Institute of Statistics, Geography and Information
(INEGI) for border area digital spatial mapping.
Joint Agreement on Technical and Scientific Cooperation on Forest Issues
between USDA and SARH.
Agreement for establishment of the Border Environment Cooperation
Commission and North America Development Bank.
Memorandum of Understanding between USGS and National Autonomous
University of Mexico (UNAM) on Collaborative Research on Hydrology and
Geology.
Memorandum of Understanding between United States NPS and Mexico
National Institute of Ecology.
Memorandum of Understanding to Perform Scientific and Technical
Cooperation Actions between National Commission for Awareness and Use
of Biodiversity (CONABIO) and USGS.
Memorandum of Understanding to Establish the Canada-United StatesMexico Trilateral Committee for Management and Conservation of Wildlife,
Plants and Ecosystems.
Letter of Intent signed between United States DOI (department of Interior)
and the Secretary of Environment, Natural Resources and Fisheries
(SEMARNAP), for joint activities on protected areas of the United States and
Mexico border.
Agreement for protection against forest fires signed between SEMARNAP
and United States DOI to promote Jjint efforts in forest fire fighting along
the border.
Memorandum of understanding between United States DOI and
SEMARNAP, to jointly work on issues related to environment protection and
conservation.
Joint Declaration between SEMARNAP and United States DOI to Strengthen
Cooperation to Protect Ecological Integrity of Rio Bravo / Rio Grande.
Joint declaration between SEMARNAP and the United States DOI, to
strengthen cooperation in the Colorado River Delta.
Declaration of Sister Parks signed between the NPS and the CONANP.
Joint declaration between United States Presidents Barack Obama, and
Mexico’s President Felipe Calderon, signed in Guadalajara, Jalisco, Mexico,
for bilateral cooperation to conserve biodiversity in the Big Bend-Rio Grande
north region.
Memorandum of Understanding for Cooperation in Wildlife Conservation,
signed at the 9th World Wilderness Congress, signed by Parks Canada, NPS,
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2010
2012

2012

2016

United States Wildlife Service (USFWS), Department for Land Management
(BLM), Forest Service (USFS), Office of Environmental Markets, SEMARNAT
and CONANP.
Declaration between the United States and Mexico, for The Century 21
Border Administration.
Creation of the Big Bend-Rio Grande Binational Priority Interest Area
between the governments of the United States and Mexico, within the
Declaration for Century 21 Border Administration Framework.
Agreement between Mexico Secretariat of Environment and Natural
Resources and the United States National Parks Service of the Interior
Department for Cooperation in Management and Conservation of National
Parks and Natural Protected Areas, signed in San Francisco, California, USA
on February 14.
Memorandum of Understanding on Cooperation for Protection,
Management, Sustainable Use and Conservation of the Environment and
Natural Resources, signed on February 25th, 2016, between the Department
of the Interior of the United States of America, and the Mexican Secretariat
of Environment and Natural Resources.

Source: Internal compilation based on: GBBC, 2016; MOU, 2016; CCA, 2014; Cortí, 2014; CONANP, 2013a;
CONANP, 2013b; CONANP, 2013c; SER, 2012; CONANP-NPS, 2012; NPS, 2007; CONANP-NPS, 2006; CESOP,
2006; Sánchez, 2003; and http://www.desertgo.info/static/note_pdf/WWFBinaryitem2776.pdf

The signing of different binational cooperation agreements has created a series of
collaboration plans and projects for environmental concerns, especially in the area of
natural protected areas. In addition, binational institutions have been created for joint
action (Sánchez, 2003; 2014).
A successful example of binational cooperation between the United States and Mexico,
in the area of natural protected areas, is the Sister Parks Program. This program seeks
to improve international cooperation and intercultural understanding through the
exchange of experiences, techniques and practices, information and ideas between
Sister Parks managers. The first establishment of Sister Parks between United States
and Mexico, arose in 1997, between Organ Pipe National Monument, Arizona, United
States and El Pinacate and Great Desert of Altar Biosphere Reserve, Sonora, Mexico;
and the Big Bend National Park, Texas, United States, and the Maderas del Carmen
Flora and Fauna Protected Area, in Coahuila, Mexico, and the Santa Elena Canyon Flora
and Fauna Protected Area in Chihuahua, Mexico. Significant collaboration among these
Sister Parks has led to binational research and monitoring of natural resources, forest
fires fighting, training of park rangers, depletion of invasive and exotic species, among
the most important (NPS, 2008, NPS, 2007).
Later, in 2008, a Sister Parks meeting was held in the Grand Canyon National Park,
Arizona, United States, where NPS and CONANP personnel participated, to formalize
- 11 -

new partnerships between natural protected areas on both sides of the border (NPS,
2008). At that time other Sister Parks in the Chihuahuan Desert were established
between Guadalupe Mountain National Park, Texas, United States, and the La Michilia
Biosphere Reserve, Durango, Mexico; as well as the White Sands National Monument,
New Mexico, United States and, Cuatro Cienegas Flora and Fauna Protected Area,
Coahuila, Mexico, producing significant results in the field of fire management, park
ranger training and comparative environmental studies (NPS, 2007).
This initiative capitalizes on NPS experience for monitoring of Vital Signs within the
framework of Sister Parks Declaration and following the frame of the Memorandum of
Understanding on Cooperation for Protection, Management, Sustainable Use and
Conservation of the Environment and Natural Resources, signed on February 25th,
2016, between the Department of the Interior of the United States of America, and the
Mexican Secretariat of Environment and Natural Resources. This will allow extending
this Vital Signs valuation scheme to the Mexican Sister Parks as a model for the
evaluation of the effectiveness in the management of the natural protected areas.
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GENERAL DESCRIPTION OF THE NATURAL PROTECTED AREAS INVOLVED
Maderas del Carmen Flora and Fauna Protected Area
Maderas del Carmen Flora and Fauna Protected Area (APFFMC, by its initials in Spanish)
was decreed as a federal natural protected area on November 7, 1994, with a surface
area of 208,381 hectares. It is located within the ecoregion of the Chihuahua Desert, in
the northwest border portion of the state of Coahuila, bordering the north with the Big
Bend National Park, Texas, United States. This natural protected area comprises a
portion of the municipalities of Ocampo, Múzquiz and Acuña, in the state of Coahuila
(CONANP, 2013d) (Figure 1).
Figure 1. Location of Maderas del Carmen Flora and Fauna Protected Area

Source: Prepared by Jacqueline Yared Cortina Aguilera, 2017.

This natural protected area includes two mountain ranges, part of the Sierra Madre
Oriental: Sierra El Jardin, of sedimentary origin, with altitudes of up to 2,240 meters
above sea level, and Sierra de Maderas del Carmen, of igneous origin, with elevations
of up to 2,720 meters above sea level. However, in the portions near the Rio Grande,
the reach an altitude of less than 500 meters ASL (INE, 1997 a) (Figure 2).
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Figure 2. Overview of Sierra del Jardín, Maderas del Carmen Flora and Fauna
Protected Area, Coahuila, Mexico

Source: Ivo García Gutiérrez, 2017.

This site offers three types of climate depending on altitude level. In the low lands, with
elevations lower than 1,400 meters above sea level, a very dry climate with low levels
of precipitation, from 100 to 400 millimeters per year, mainly in summer, and an
average annual temperature of 18°C to 22˚C. On the other hand, on the slopes, with
altitudes higher than 1,400 meters above sea level, climate is dry; in the high parts of
the sierra, climate is semi-dry, with rainfall of between 350 and 400 millimeters per year
(CONANP, 2013d).
The vegetation in the natural protected area exhibits populations of: Rosethophyll
shrub (Euphorbia antisiphylitica, Jatropha dioica, Agave lechuguilla, Hechtia spp., Opuntia
spp., Echinocactus spp.), Microphyllous (Flourensia cernua, Acacia greggii , Fouquieria
splendens, Prosopis velutina ), pine-oak forest, pine forest (Pinus cembroides, Arbutus
xalapensis, Quercus gravesii ), oak forest (Quercus intricata, Q. pringlei, Q. laceyi, Q.
hypoxanta), Douglas Fir forest (Pseudotsuga menziesii, Pinus arizonica, Cupressus
arizonica, Quercus gravesii, Populus tremuloides) and grassland (Bouteloua gracilis, B.
curtipendula, Lycurus phleoides, Buchloe dactyloides, Muhlenbergia tenuiflora) and
riparian vegetation ( Populis spp., Salix spp.) (Brondi et al. ., 2016; CONANP, 2013d).
According to Official Mexican Norm 059 (SEMARNAT, 2010), plants species that are
under a risk category include: Echinocereus longisetus (protected and endemic to
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Mexico); Ariocarpus fissuratus (endangered and endemic); Epithelantha micromeris
(protected) and Ferocactus hamatacanthus (protected and endemic to Mexico).
Because the regional altitude ranges from 450 to 2,700 meters above sea level, in
addition to a great variety of vegetation types and climate, it is possible to find a large
diversity of wildlife (CONANP, 2013d). According to McKinney and Delgadillo (2014), 79
species of reptiles and amphibians, 74 species of mammals and 259 species of birds
have been documented in the region.
The most representative wildlife species with protective status include the East
Mexican Black bear (Ursus americanus eremicus), wich is in danger of extinction; the
Golden Eagle (Aquila chrysaetos), which is threatened species; the Peregrine Falcon
(Falco peregrinus) which is a species under special protection; the Carmen Mountain
Shrew (Sorec milleri) which is an endemic species for Maderas del Carmen and under
special protection; the Rio Grande Beaver (Castor canadensis mexicanus) wich is
endangered species; the Porcupine (Erithizon dorsatum couesi) which is in danger of
extinction; the Jaguarundi (Herpailurus yagouarondi) which is threatened; and the
recently introduced Big Horn Sheep (Ovis canadensis) which is under special protection;
the Pronghorn (Antilocapra americana) which is in danger of extinction (McKinney and
Delgadillo, 2014, CONANP, 2013d, SEMARNAT, 2010). It is worth mentioning that in
2003, Elk (Cervus elaphus) were introduced into the natural protected area, within the
El Carmen Project led by CEMEX (McKinney and Delgadillo, 2014), although, according
to Carrera and Ballard (2003), Elk were never a naturally occurring species in Mexico.
Within the limits of the natural protected area there are 32 rural communities with
around 115 inhabitants with some degree of marginalization9 and social lag10. In the
area of influence there are about 394 inhabitants. These inhabitants also have some
degree of social lag. They are mainly engaged in extensive cattlebreeding, tourism,
non-timber forest exploitation, mining, and very recently practice rain fed agriculture
for self-consumption (CONANP, 2013d, SEDESOL, 2014a). In contrast, about 60% of the
land is collective property (ejido), and 40% is privately owned (CONANP, 2013d).
For CONANP, the main threats for the site conservation in this protected area, in order
of importance, and including its risk level, are: Extensive cattlebreeding without
conservation management practices (high), illegal extraction of flora and fauna (high),
introduction of invasive and exotic species (high), forest fires outside of their natural
regimes (high), pests and diseases that affect flora and fauna (high); extraction of
stone and illegal mining (medium), inadequate management of solid and liquid waste
(medium), inadequate use of water (low), urban growth (low), poorly planned tourism
9

Social marginalization is associated with the lack of social opportunities and the lack of skills to acquire
or generate them, but also to deprivation and inaccessibility of goods and services that are fundamental
for well-being (CONAPO, 2013).
10
The social lag index incorporates indicators of education, access to health services, basic services,
quality and spaces in housing, and assets in the home (CONEVAL, 2007).
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and recreational activities (low), and expansion of the agricultural frontier, and the use
of genetically modified organisms in agriculture (low) (CONANP, 2015b).
Santa Elena Canyon Flora and Fauna Protected Area
The Santa Elena Canyon Wildlife Flora and Fauna Protected Area (APFFCSE, by its
initials in Spanish) was decreed as a federal natural protected area on November 7,
1994, with an area of 277,209 hectares. It is located in the Chihuahuan Desert Ecoregion
in the northeastern part of the State of Chihuahua bordering Big Bend National Park,
and the Big Bend Ranch, Texas, United States to the north. Locally, this natural
protected area comprises a portion of municipalities of Manuel Benavides (33%) and
Ojinaga (67%), in the state of Chihuahua (CONANP, 2013e) (Figure 3).

Figure 3. Location of Santa Elena Canyon Flora and Fauna Protected Area

Source: Prepared by Jacqueline Yared Cortina Aguilera, 2017.

Physiographically, the region has volcanic origin mountain ranges and hills, whose
runoffs converge between the inter mountain valleys to the Rio Grande. At the
northwestern portion of the natural protected area, three mountain systems are
identified: Sierra Rica, El Mulato and Ranchito, with maximum elevations of 2.401, 1.840
and 1.819 meters above sea level, respectively. In the northeast, there are three low
hills: Manuel Benavides, Paso Lajitas and San Antonio, with elevations between 1,000
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to 1,500 meters above sea level. To the southeast, Sierra de Ponce with an elevation of
less than 1,000 meters above sea level. In the lower parts near the Rio Grande,
elevations vary around 600 meters above sea level (CONANP, 2013e, INE, 1997b)
(Figure 4).
Figure 4. Landscape of Santa Elena Canyon Flora and Fauna Protected Area,
Chihuahua, Mexico

Source: Sandra Pompa Mansilla, 2018.

This natural protected area has an average annual temperature between 18 and 22
degrees Celsius. The months with highest precipitation events are June, August and
September, with average annual rainfall of approximately 300 millimeters in most of
the territory, with the exception of Sierra Rica, where rainfall levels of up to 570.71 mm
have been recorded (CONANP, 2013e; Laundré et al., 2009).
There are five plant communities in the natural protected area: 1. Ripiarian vegetation,
where species such as Seepwillow (Bacharis salicifolia), Common Reed (Phragmites
australis), and exotic invasive species, Saltcedar (Tamarix ramosissima), Giant Cane
(Arundo donax), Bermuda Grass (Cynodon dactylon), and Johnson Grass stand out
(Sorghum halepense). In addition, it is possible to find, forming galleries, Cottonwood
(Populus sp.) in isolated groups at Rio Grande and its tributary streams, as well as
Willow (Salix sp.), Ash (Fraxinus sp.), Wingleaf Soapberry (Sapindus sp.), and Mesquite
(Prosopis sp.). 2 Microphile desert scrub, with presence of species such as creosote
- 17 -

bush (Larrea tridentata), American Tarwort (Florensia cernua), Rubber Plant
(Parthenium incanum), Mesquite (Prosopis glandulosa), Whitethorn (Acacia constricta),
Catclaw Mimosa (Mimosa biuncifera), and greater size trees including Black walnut
(Juglans major), Netleaf Hackberry (Celtis reticulata), Needle Bush (Acacia farnesiana),
Mezquite (Prosopis glandulosa and P. pubescens), Desert Willow (Chilopsis linearis) and
Wingleaf Soapberry (Sapindus saponaria var. drummondii). 3. Desert scrub
rosetophilous, including species such as Yucca (Yucca rostrata, Y. thomsoniana., Y.
torrey, and Y. Y carnerosana), Green Sotol (Dasylirion leiophyllum), Lecheguilla Agave
(Agave lechuguilla), Candelilla (Euphorbia antisiphyllitica), Ocotillo (Fouqueria
splendens), and cacti of Opuntia genus spp., Cylindropuntia spp., Coryphanta spp.,
Mammillaria spp., Echinocereus spp. and Echinocactus spp. 4 Open Mid-Grass with
species such as Six Weeks Grama (Bouteluoa barbata), Sideoats Grama (Bouteluoa
curtipendula), Sandy Muhly (Muhlenbergia arenícola), Sixweeks Threeawn (Aristida
adscencionis), Alkali Sacaton (Sporobolus airoides) and Tobosa (Hilaria mutica), among
others. 5 Oak and pine forest, distributed only at Sierra Rica, where species such as
Pinyon pines (Pinus remoto and P. cembroides), Oaks (Quercus grisea and Q. arizonica),
Strawberry Tree (Arbutus jalapensis), and Smooth Arizona Cypress (Cupressus arizonica)
stand out (CONANP, 2013e).
The most representative wildlife species with protective status in the site include
Nightblooming Cereus (Cereus greggii) which is in danger of extinction; Bunched Cory
Cactus (Coryphantha ramillosa) which is threatened; Lace Hedgehog Cactus
(Echinocereus reichenbachii) which is threatened; Silver Column Cactus (Echinomastus
mariposensis) which is threatened; Warnock biznagita (Echinomastus warnockii) which
is under special protection; Button-cactus (Epithelantha bokei) which is threatened;
Living Rocks (Epithelantha micromeris) which is subject to special protection; Candy
Barrel Cactus (Ferocactus hamatacanthus) which is subject to special protection; Peyote
(Lophophora williamsii) which is under special protection; Straw Thelocactus
(Thelocactus bicolor) which is threatened; and the Arizona walnut (Juglans major) which
is threatened species (SEMARNAT, 2010).
In terms of fauna, 69 species of mammals have been recorded in APFFCSE, among
which the Mule deer (Odocoileus hemionus), White-tailed deer (Odocoileus virginianus),
East Mexican Black Bear ( Ursus americanus ), Swift Fox (Vulpex velox), and Mountain
Lion (Puma concolor), among the most important to mention; 209 species of birds,
including Golden Eagle (Aquila chrysaetos ), Barn owl (Athene cunicularia), Wild Turkey
(Meleagris gallopavo ) and Montezuma Quail (Cyrtonyx montezumae); and 53 species of
reptiles and amphibians, including the Ornate Box Turtle (Terrapene ornata), Texas
Horned Lizard (Phrynosoma cornutum), and Rattlesnake (Crotalus atrox) (CONANP,
2013e). In addition, it is important to mention the presence of 58 wildlife species with
protective status, including 4 amphibians, 14 reptiles, 29 birds and 11 mammals
(SEMARNAT, 2010).
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Within the APFFCSE, 1,431 people live in rural communities, 1,279 of them are located in
towns within the municipality of Manuel Benavides, and 152 inhabitants in the
municipality of Ojinaga, with a population density of 0.51 inhabitants per square
kilometer, which contrasts with 14 people per square kilometer as the state average. In
the case of Manuel Benavides , the municipal capital, with the same name, constitutes
the largest concentration of human population within the NPA (916 inhabitants),
followed by Alamos de San Antonio (131 inhabitants), Paso de San Antonio (81
inhabitants), Nuevo Lajitas (65 inhabitants), Santa Elena (27 inhabitants), Lajitas (20
inhabitants), La Boquilla de San Isidro (15 inhabitants), San Antonio (11 inhabitants), La
Tinaja de Sorceiros (8 inhabitants), and Providencia (5 inhabitants). On the other hand,
in the portion of the municipality of Ojinaga, population center with the highest density
is Barrio de los Montoya (59 inhabitants), followed by Loma de Juárez (49 inhabitants),
Palomas Número Uno (22 inhabitants), Mulato (16) inhabitants), and Barranco Azul (6
inhabitants) (SEDESOL, 2014b).
It should be noted that human population within the natural protected area faces some
degree of marginalization and social lag (high, medium and low). For example, localities
highlighting locations such as Palomas Número Uno, Ojinaga, and Alamos de San
Antonio, in the municipality of Manuel Benavides, have high levels of marginalization
and social lag (SEDESOL, 2014b). Population’s main activities in the NPA are extensive
cattlebreeding, agriculture, non-timber forest exploitation, use and marketing of river
river stones (facade stone venners), and tourism. In addition, 50.37 percent of the
natural protected area is collective property (ejido), 49.53 percent of private property,
and 0.1 percent of federal property (CONANP, 2013e).
For CONANP, the main threats to the conservation of the NPA in order of importance,
including risk level, are: Poorly planned extensive cattlebreeding (high) , introduction
of invasive and exotic species (high), forest fires outside of its natural regimes
(medium), badly planned tourist and recreational activities (medium), extraction of
stone materials and irregular mining (medium), inadequate management of solid and
liquid waste (medium), improper use of water (medium), urban growth (low), pests
and diseases affecting wildlife (low), illegal extraction of wild flora and fauna (low), and
expansion of agricultural boundaries and use of genetically modified seeds (low)
(CONANP, 2015b).
Cuatro Cienegas Flora and Fauna Protected Area
Cuatro Cienegas Flora and Fauna Protected Area (APFFCC, by its initials in Spanish), was
established by decree as a federal natural protected area, on November 7, 1994, with
an area of 84,347 hectares, located in the municipality of Cuatro cienegas, in the central
portion of Coahuila, and within the Chihuahua Desert Ecoregion (INE, 1999, DOF, 1994)
(Figure 5).
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Cuatro Cienegas Valley is part of an endorheic basin, with an average elevation of 700
meters in the lower areas, limited by mountains of limestone and sedimentary rocks,
with elevation ranging between 1,400 and 3,020 meters above sea level. The mountains
surrounding Cuatro Cienegas Valley are distributed as follows: To the northwest, Sierra
la Madera, to the northeast Sierra la Menchaca, to the east Sierra de San Vicente, to the
west Sierra de la Fragua, to the south the Sierra de San Marcos and Pinos, and to the
southeast the Sierra La Purísima (García, 2017; INE, 1999) (Figure 6).
Figure 5. Location of the Wildlife Protection Area at Cuatro Cienegas

Source: Prepared by Jacqueline Yared Cortina Aguilera, 2017.

The Cuatro Cienegas Valley climate is very dry, semi-warm (García, 1987), with rain in
summer, cool winters, and very low winter precipitation. Average annual temperature
is 21.2 degrees Celsius, with variations between zero degrees centigrade in winter up to
40 degrees centigrade in summer. In the months of June, July and August, average
temperature can exceed 30 degrees Celsius. Average annual rainfall is 221 millimeters in
the valley, and a potential evaporation of more than 2,000 millimeters. It has been
estimated that Cuatro Cienegas Valley has experienced this weather for more than 30
thousand years (García, 2017; Meyer, 1973).
The NPA has seven types of vegetation : 1.Crasicaule bush, with the following
representative species: Opuntia rastrera (Prickly pear), O. engelmanii, O. violacea, and
Cylindropuntia imbricata (Cholla cane), and Cylindropuntia leptocaulis (Desert Christmas
cactus) ; 2. Microphile scrub, with representative species such as Larrea tridentata
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(Creosote bush), Flourensia cernua (American tarwort), Ambrosia dumosa (Burro bush),
Prosopis spp. (Mesquite), Acacia vernicosa (Viscid Acacia), Mimosa spp (Cat's Claw), and
Yucca filifera (St. Peters Palm); 3. Rosseta philio scrub, with representative species such
as Agave lechuguilla (lechuguilla), Euphorbia antisyphilitica (Wax Plant), Parthenium
argentatum (Rubber plant), Yucca rostrata (Beaked Yucca); 4. Submontane scrub, with
species such as Helietta parvifolia (Baretta), Neopringlea integrifolia (Jungle Cork Tree),
Cordia boissieri (Wild Olive), Pithecellobium pallens (Tenaza), Acacia rigidula (Blackbrush
acacia), Gochnatia hypoleuca (shrubby bullseye), Karwinskia spp. (coyotillo, tullidora),
Fraxinus greggi (Gregg's ash), Acacia berlandieri (Guajillo), Amyris spp. (Torchwood),
Capparis incana (Hoary Caper), Rhus virens (Evergreen sumac), Flourensia laurifolia,
Zanthoxylum fagara, Mimosa leucaneoides, and Mortonia greggi (Gregg's saddlebush); 5.
Mezquital xerophilic, with representative species such as Prosopis spp. (Mesquite),
Acacia farnesiana (Sweet Acacia), Olneya tesota (Desert Ironwood), and Cercidium spp
(Paloverde); 6. Halophyte vegetation, with the following representative species,
Frankenia, Fouquieria splendens (Candlewood), Dicranocarpus, Sartwellia, Petalonyx,
Selinocarpus, Flaveria, Haploesthes., etc. Associations of Atriplex spp, (Saltbush), Suaeda
spp. (Annual Seepweed), Batis maritima (Annual seablite), Abronia maritima (Red Sand
Verbena), Frankenia spp. (Tea Plant), and Limonium californicum (Marsh Rosemary);
and 7. Grassland halophilia, with the following representative species, Distichlis spicata
(Salt Grass), Eragrostis obtusiflora (Lovegrass), Spartina spartinae (Gulf Cordgrass),
Hilaria mutica (Tobosa Grass) (CONANP, 2007).
Figure 6. Overview of the Cuatro Cienegas valley and Sierra La Madera in the
background

Source: CONANP files.
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In the lower parts of the valley there is an +700 hectares dunes area, and around 251
hectares of wetland with approximately 500 bodies of surface water known locally as
pools or cienegas, flowing from springs with diameters ranging from less than one
meter to more than a hundred, and depths between 50 centimeters and 18 meters.
Some of the pools are naturally or artificially communicated with each other through a
complicated drainage system (INE, 1999, CONANP, 2010b).
The APFFCC is a high biodiversity area. There are more than 70 endemic wetland
species, including fish, snails, arthropods, and bacteria. The area has 1,247 fauna
species, 16 of which are endangered, 39 threatened and 34 under special protection
(Bizuet-Flores et al., 2015; Pajares et al., 2013; Lobo 2009; Escalante, et al., 2008; Souza,
et al., 2006).
There is a human population of 13,013 in the municipality of Cuatro Cienegas with a
density of 1.22 inhabitants per square kilometer. In contrast, there are 18.24 inhabitants
per square kilometer for the whole state of Coahuila, one of the lowest density
demographics in Mexico. The male population represents 50.44 percent, which results
in a fairly balanced gender ratio. The municipality has 96 locations with two or more
houses, and 95% of the population is concentrated in the municipal capital of Cuatro
Cienegas (INEGI, 2011).
Within the natural protected area there are 10 communities with betwen 1-100
inhabitants. Antiguos Mineros del Norte is the largest, with 96. The population density
of APFFCC is just 0.11 inhabitants per square kilometer. In contrast, the municipal
population density is 1.2 inhabitants per square kilometer. However, the most
populated centers are outside the CONANP managed area. Cuatro Cienegas has more
than 10 thousand inhabitants. It is the most important community from an historical,
economic, social and political stand point and it has the great dependence on natural
resources. Other localities of regional importance are La Vega and El Venado (adjacent
to the natural protected area) and, at greater distance, Santa Teresa de Sofia and
Tanque Nuevo (INEGI, 2011). The main productive activities are irrigation agriculture,
extensive cattlebreeding, timber and non-timber forest exploitation, tourism and trade
(García, 2017).
Among the most pressing Cuatro Cienegas’ municipal problems are: a) 5,090 people
living in poverty (43.7 % of the total population); b) 6,993 inhabitants with an income
under the welfare line (60.1 % of the total population); c) 2,761 people in the line of
minimum well-being (23.7 % of the total population); and d) more than half of the
population (7,438 people, 63.9 % of the total) has at least one social deprivation (INEGI,
2011; INAPAC, 2014).
On the other hand, 41 % of the area is collective property (ejido), and the remaing 59 %
is privately owned (INE, 1999).
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For CONANP, the most significant threats to the NPA in order of importance, including
associated risk level (high, medium, low, and very low) are: inadequate water use
(high), introduction of invasive species (high), poorly planned extensive cattlebreeding
(high), inadequate management of solid and liquid waste (high), illegal extraction of
wild flora and fauna (medium), forest fires outside their natural regimes (medium),
illegal tourist and recreational activities (medium), expansion of the agricultural
frontier and the use of genetically modified organisms (medium), extraction of stone
materials and non-regulated mining (low), urban growth without territorial planning
(low) and, pests and diseases affecting wildlife (very low) (CONANP, 2015b).

La Michilia Biosphere Reserve
La Michilia was decreed as a federal protected area under the category of forest
protection zone, on July 18, 1979, and reclassified as La Michilia Biosphere Reserve
(RBM) in 2000. This NPA has an area of 35,000 hectares, within a portion of the
municipalities of Súchil and Mezquital. It is located in the extreme southeastern part of
the state of Durango, and on the eastern slope of the Sierra Madre Occidental (DOF,
1979, DOF, 2000) (Figure 7).

Figure 7. Location of La Michilia Biosphere Reserve

Source: Prepared by Jacqueline Yared Cortina Aguilera, 2017.
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It is important to mention that in the year 1976, the La Michilia Biosphere Reserve
(RBM, by its initials in Spanish) along with the Mapimí Biosphere Reserve, where the
first Mexican NPA incorporated into the Network of Biosphere Reserves of the Man
and Biosphere Program, of the United Nations Organization for Education, Science and
Culture (CONANP, 2006). Currently, RBM faces the bureaucratic process to modify its
declaration, due to inaccuracies in the polygon outlining the Reserve, and to expand
the Reserve to 120,427.41 hectares. However, for the purposes of this study, the
Reserve will be described according to the size included in its current declaration
(CONANP, 2015c, DOF, 1979, DOF, 2000).
Cerro Blanco is located in the northeast corner of the natural protected area, a dome
shaped hill part of the Sierra de Michis, with the highest elevations in the area, an
average altitude of 2,900 meters, with radial convergence runoffs, dendritic and
semicircular, towards the lower parts of the site, with average altitudes of 1,734 meters
(INECC, 2007, González and González, 1993) (Figure 8).
Figure 8. Landscape of La Michilia Biosphere Reserve, Durango, Mexico

Source: Archive of the Michilia Biosphere Reserve.

The climate is temperate semi-dry and temperate sub-humid, with annual precipitation
of between 600 and 800 millimeters; main rainfall comes between May and
September, with occasional rains between October and January, and a dry season from
February to May. The average annual temperature is 11.6 degrees Celsius, with a
maximum of 23.8 degrees Celsius in June, and a minimum of -2.7 degrees Celsius in
January (Fierro, 2016; Fulé and Convington, 1999).
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According to González and González (1993), five types of vegetation inhabit the RBM:
coniferous forest, with species such as Pseudotsuga menziesii, Pinus lumholtzi, P.
cembroides, P. duranguensis, P. cooperi, P. leiophylla, P. teocote, Arctostaphyluos
pungens , and grasses with species of Muhlenbergia, Aristida, Piptochaetium,
Blepharoneuron, Lycurus and Sporobolus ; oak forest, with species such as Quercus
eduardii, Q. chihuahuensis, Q. grisea, Q. arizónica and Q. sideroxyla, in different
associations with conifers and other species; grassland, mainly Bouteloua species , with
presence of Juniperus deppeana, Acacia schaffneri, Arctostaphylos pungens, Baccharis
pteronioides, Mimosa spp., Buddleja scordioides (Butterflybush), Loeselia mexicana
(Mexican False Calico), Salvia microphylla (Hot Lips), Calliandra spp., Pithecellobium
leptophyllum , Fallugia paradoxa, Baccharis salicifolia (Mule Fat), Montanoa sp. and
Opuntia sp.; xerophilous scrub, with the presence of species such as Acacia schaffneri,
Chenopodium graveolens (Fetid Goosefoot), Aristida species , Opuntia, Stevia, Dalea,
Aristida and Bouteloua , as well as Mimosa biuncifera, Prosopis laevigata, Bursera
fagaroides , among the most relevant; and aquatic and underwater vegetation, with
submerged and floating species such as Nymphoides fallax, Potamogeton nodosus,
Marsilea sp., Ranunculus trichophyllus, Ludwigia peploides , hydrophytes with Allium and
Erygium species, and riparian such as Alnus jorullensis, Alnus acuminata, Cornus
disciflora, Fraxinus spp., Salix jaliscana and S. lasiolepsis, Populus tremuloides, and Prunus
serotina (Black Cherry), among the most important.
Representative fauna includes white-tailed deer (Odocoileus virginianus), puma (Felis
concolor), coyote (Canis latrans ), wild turkey (Meleagris gallopavo ), mountain parrot
(Rhynchopsitta pachyrhyncha), green macaw (Ara militaris), golden eagle (Aquila
chrysaetos), spotted owl (Strix occidentalis), Margay (Leopardus wiedii), various bat
species (Corynorhinus mexicanus, C. townsendii and Euderma maculatum) , Neotropical
otter (Lontra longicaudis), and white sided jackrabbit (Lepus callotis). An outstanding
population is the reintroduction of Mexican wolves (Canis lupus baileyi) in the Reserve,
in the year of 1981 (CONANP, 2015c, INECC, 2007, Servin, 2000, Gallina, 1993).
Current human population within the RBM is nonexistent. However, in its immediate
influence area, there are four communities within the limits of Suchil county, with
direct relationship with the site natural resources in the Reserve: San Juan de Michis,
with 331 inhabitants (169 women and 162 men) with an average level of social
marginalization; El Aleman, with 142 inhabitants (72 women and 70 men), with a high
degree of social marginalization and a low social lag index; Rancho Las Margaritas, with
38 inhabitants (20 men and 18 women), with a high degree of social marginalization
and a medium level of social lag index (SEDESOL, 2014c), and the Paraiso de los Santos,
a Tepehuan ethnical community with 48 inhabitants, with challenges in poverty and
social development (Delfín-Alonso and Hernandez, 2007). The main activities in the
RBM are extensive cattlebreeding, rain fed agriculture and tourism (INECC, 2007,
CONANP, 2015c).
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Moroever, on the ownership of the land within the natural protected area, the entire
RBM is owned by the State of Durango (INECC, 2007).
The main threats to the site are the change in land use, poaching, unnatural forest fires,
and scarce environmental culture of residents (INECC, 2007). From the administrative
and management perspective, inaccuracies in the RBM declaration prevent the
effective application of the law and policies for conservation of this reserve (CONANP,
2015c).
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METHODS
In order to develop this project, several quantitative and qualitative methodologies
were combined, integrating participations from CONANP and NPS’s staff of the
involved Sister Parks. Also, personnel from non-governmental organizations like WWF
and Fuego Verde Civil Society participated.
As a general framework, the conceptual and methodological basis for the vital signs
selection process used by the NPS was applied to evaluate effectiveness of National
Parks. Vital Signs consists in figuring out a set of key representative ecosystem’s
elements and processes within natural protected areas, that help evaluate the
condition or health of the site's valuable elements, including water, air and rock-based
useful valuable supplies, flora and animal populations, and some related processes that
act upon these ecosystems' pieces (NPS, 2010). For this project, the selection process
of vital signs was modified to fit the context and Mexican reality, integrating the social
and institutional dimensions, from an ecosystem approach (Maffee, 2006; Glaser,
2006), for compatibility with the CONANP’s mission and vision.
First phase
In order to select vital signs for the five major ecosystems selected by CONANP’s staff,
a 30-hour participatory workshop was held September 11 to 15, 2017, in Cuatro
Cienegas, Coahuila. 11 people participated in this workshop; they collaborate in the
crews that manage the following natural protected areas: 1. La Michilia Biosphere
Reserve, in the state of Durango; 2. Maderas del Carmen Flora and Fauna Protected
Area, and Ocampo Flora and Fauna Protected Area in the state of Coahuila; 3. Santa
Elena Canyon Flora and Fauna Protected Area in the state of Chihuahua; and 4. Cuatro
Cienegas Flora and Fauna Protected Area in the state of Coahuila, all within the
Chihuahuan Desert ecoregion.
As a means of facilitating the participative workshop, methos such as a metaplan were
adapted and used (Habershon, 1993). In order to give all participants the possibility to
participate, this process uses cards where all the attendees write their ideas in them
and visualize all participants’ opinions. Besides, to position key ecological concepts
within the audience (e.g., biodiversity, ecosystem, interrelations, trophic chains, etc.),
we applied constructivist-based environmental education dynamics (PW, 1983; Pompa
and García, 2015). In addition, to create a collaborative and cooperative dialogue
among the participants to determine vital signs, the methodology called World Cafe
was adapted and applied (Fouché and Light, 2011).
Since participants were unaware of the vital signs methodology, we conducted a
participatory worshop with CONANP’s personnel. Additionally, we encouraged them to
include the vital signs evaluation criteria and conservation actions in the projects they
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manage, and also to integrate them into the annual operational programs, site
management programs, and subsidiary programs developed by CONANP.
The following describes the general process that were used to determine the vital
signs, including the description of the variants mentioned above (Figures 9 and 10):
1. This monitoring scheme begins with identification of a problem, in this case, the
ecosystem conservation.
2. Generate the conceptual model for each ecosystem at a regional level, according to
the five major ecosystems shared by the NPA involved: forest, desert, grassland,
river and wetland. For this, we adapted the "Jenny-Chapin" (Chapin et al., 1996)
conceptual model of ecosystems, with the inclusion of social and institutional
dimensions as determining factors for effective ecosystems management (Glaser,
2006; Maffe, 2006).
3. For each model, the interactive controls and their shaping forces were determined,
as well as the interactive controls that work as the system’s components, indicating
the contribution of each one for the ecosystem’s structure and function. After that,
ecosystems sources of stressors and their effects were defined. A stressor was
considered all factors able to modify each ecosystem, both natural and man caused,
indicating their relationship with interactive controls. Finally, degradation processes
related to each stress source indicating changes in ecosystems were determined
(Figure 9).
4. After that, a list of vital sign candidates was sketched to indicate change trend at the
ecosystem level, and a list of possible methods was defined to measure them.
5. At the end, the group created a preliminary description of developed ecosystems’
models.
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Figure 9. Summary for ecosystems conceptual model’s elaboration
Source: Internal based on NPS (2010) and Chapin et al, (1996).

Figure 10. Instructor explaining to the participants the steps needed to construct the
ecosystem models

Source: Archive, Fuego Verde Civil Society, 2017.
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Second stage
In the second phase, a binational workshop was held to determine the vital signs. The
two-day workshop (8 hours per day approx.) was held on March 13th and 14th, 2018, in
Ojinaga, Chihuahua, Mexico. Throughout the workshop, the participants had
simultaneous English-Spanish translation services by Manuel Castillo Llanas.
The National Park Service (NPS) staff, the National Commission of Natural Protected
Areas (CONANP), the World Wildlife Fund (WWF), and the Fuego Verde Sociedad Civil
(Figure 11) participated in the binational workshop, to integrate the efforts in the
monitoring of shared ecosystems in the Chihuahuan Desert ecoregion, specifically, in
the Parques Hermanos complex on both sides of the border that is integrated as
follows: Big Bend National Park, Texas, USA-Maderas del Carmen Flora and Fauna
Protected Area, Coahuila , and Santa Elena Canyon Flora and Fauna Protected Area, in
Chihuahua; White Sands National Monument, New Mexico, USA-Cuatro Cienegas Flora
and Fauna Protected Area, Coahuila; and, Guadalupe Mountains National Park, TexasNew Mexico, USA-La Michilia Biosphere Reserve, Durango.
Figure 11. Participants at the binational workshop were from the US National Park
Service, the Mexican National Comission on Natural Protected Areas, the World
Wildlife Fund, and Fuego Verde Sociedad Civil

Source: Archive, Fuego Verde Civil Society, 2017.

On the first day of the workshop, CONANP staff gave a presentation on the results of
the Cuatro Cienegas, Coahuila, Mexico workshop for the determination of vital signs. In
addition, the staff of the National Park Service (NPS) gave three presentations on the
following topics: National Inventory and Monitoring Program, Chihuahuan Desert
Inventory and Monitoring Network vital signs and vital signs in the Sister Parks.
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Likewise, CONANP’s staff gave a presentation on the efforts they are making to
evaluate the effectiveness of Mexico's federal natural protected areas.
In addition, the participants were divided into five teams, one for each ecosystem.
Then, using methods such as Metaplan (Habershon, 1993), and World Cafe (Fouché and
Light, 2011) as a means of facilitating the workshop, the Sister Parks’ staff prioritized
the vital signs for each ecosystem, and defined the three priority vital signs for each
dimension of ecosystem management, as well as the common vital signs to be
evaluated on both sides of the border (Figures 12-16).
Figure 12. Participants of the working group for the desert ecosystem

Source: Archive, Fuego Verde Civil Society, 2017.

Figure 13 Participants of the working group for the wetland ecosystem

Source: Archive, Fuego Verde Civil Society, 2017.
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Figure 14. Participants of the working group for the river ecosystem

Source: Archive, Fuego Verde Civil Society, 2017.

Figure 15. Participants of the working group for the grassland ecosystem

Source: Archive, Fuego Verde Civil Society, 2017.
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Figure 16. Participants of the working group for the forest ecosystem

Source: Archive, Fuego Verde Civil Society, 2017.

On the second day, staff from the Sister Parks analyzed which vital signs already have
monitoring protocols and which ones lack protocols, and in which cases they should be
developed or there is the opportunity to use and adapt monitoring protocols from
other organizations and institutions on both sides of the border. Likewise, to design a
binational strategy to follow up the binational evaluation of vital signs in Sister Parks,
Constraints Theory methodology was implemented (Rhaman, 1998). As a result,
participants designed a strategy, first defining the goal with a long-term vision, and the
processes and activities necessary to achieve the stated goal (Figures 17-19).
Additionally, teams designated those responsible for each strategy process. Likewise,
they defined agreements and commitments to monitor this process within the
strategy.

- 33 -

Figure 17. Participants during a brainstorming session to, in a participaroty manner,
define their strategic plan goal

Source: Archive, Fuego Verde Civil Society, 2017.

Figure 18. Participants defining the processes needed to achieve the goal

Source: Archive, Fuego Verde Civil Society, 2017.
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Figure 19. Team work to define the process needed to achieve the goal

Source: Archive, Fuego Verde Civil Society, 2017.
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MODELS FOR THE FIVE LARGEST ECOSYSTEMS SHARED BY NATURAL
PROTECTED AREAS
In this section, the elements of the conceptual models designed by the CONANP staff
for five ecosystems will be described, explaining interactive controls and their drivers
(shaping forces), as well as interactive controls which are ecosystem components. In
both cases, they show the contributing structure and function to the ecosystem. Then,
the ecosystem stressors and their effects will be listed, as well as degradation
processes related to each stressor.
The five major ecosystems selected by the CONANP staff for this project are: forest,
desert, grassland, river and wetland. The following table shows the natural protected
areas where these ecosystems occur (Table 2).
Table 2. Ecosystems by natural protected area
Ecosystem
Forest
River
Grassland
Wetland
Desert

Natural Protected Area
APFFMC
APFFCSE
RBM
APFFCC
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
No
Yes

Source: Internal elaboration.

The desert ecosystem occupies the largest area in the natural protected areas involved
with a total of 3080.71 km2, followed by forest ecosystems with 924 km2, pasturelands
with 794.24 km2, wetlands 517.02 km2, and river with a length of 2,019 km (Table 3).
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Table 3. Area per major ecosystem selected for each natural protected area

SITE
APFFMC
APFFCSE
RBM
APFFCC

Forest
(km2)
768.58
52.35
93.27
10.08

Wetland
(km2)
0.19
2.51

Grassland
(km2)
470.39
108.48
215.37

Desert
(km2)
835.69
2315.07
329.95

River
length
(km)
774.43
975.91
29.75
239.2

Total
NPA
Area
(km2)
2075.65
2774.57
94.22
843.45

Source: Surfaces for forest, grassland and desert ecosystems correspond to vegetation types per INEGI. For the river
ecosystem, length per site was obtained based on INEGI hydrologic network geospatial information. Scale 1:50,000,
with collaboration of Jaqueline Yared Cortina Aguilera.

1. Desert
The desert ecosystem is present in three of the four natural protected areas involved
(Table 2). Next, the desert ecosystem model is presented (Figure 20).
Interactive controls
For the desert ecosystem (Figures 20 and 21), three interactive controls were defined,
which are described below.
1. The first interactive control is regional climate and atmospheric conditions that
provide the following conditions in the ecosystem structure: low rainfall with
summer rains, high level of solar radiation, extreme temperatures, prevailing winds,
nitrogen, oxygen and carbon. On the other hand, these conditions promote the
functions of nutrient movement, biogeochemical cycles, regulation of ecosystem
processes, water balance and aquifer recharge. The driver (shaping force) of this
interactive control is alteration of weather and atmospheric conditions.
2. Geology and parental material are the next interactive control providing surface
profile and soil type (xerosol, regosol, lithosol) as ecosystem structure, and these
promote the following functions: movement of nutrients, water flow and balance,
water quality and infiltration. The driver of this interactive control is the alteration of
soil conditions.
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Figure 20. Conceptual model for the desert ecosystem
Source: Internal elaboration based on Chapin, et al. (1996); NPS (2010), edited by Jorge Tirado.
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Figure 21. Landscape of the desert ecosystem in the Maderas del Carmen Flora and
Fauna Protected Area, Coahuila

Source: Julio Alberto Carrera Treviño, 2017.

3. The third interactive control of the desert ecosystem is affected by the natural
disturbances, which contribute to the following structural conditions of the
ecosystem: prolonged droughts, torrential rains, frosts, forest fires and dust devils,
which, in turn, contribute the functions to ecosystem level such as promoting
physical and chemical changes in the soil, movement of nutrients, control of harmful
species, as well as favoring the diversity of species and shoots. The driver of this
interactive control is the alteration of natural regimes.
Interactive controls that are system components
Four interactive controls which are system components were identified: flora, fauna,
soil and human activities.
1. As for ecosystem structure, the flora provides the desert characteristic vegetation
(xerophilous, rosetophilous, and microphile scrub), cacti and grasses. Vegetation
provides the following ecosystem functions: source of primary production,
vegetation cover (infiltration, erosion), wildlife habitat, moisture retention,
temperature regulation, photosynthesis, and producers.
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2. Fauna contributes the following elements in ecosystem structure: wild ungulates,
lagomorphs, resident and migratory birds, predators, reptiles, amphibians and
rodents. These, in turn, favor the following ecosystem functions: nutrient supply,
secondary production, food for other species, carbon and nitrogen cycles, as well as
the dispersion of germplasm.
3. Soil contributes the following elements in the conformation of the ecosystem
structure: microorganisms, nutrients, organic matter and minerals. Soil promotes
the following ecosystem functions: nutrient cycles, habitat of flora and wild fauna,
cycle of the water and carbon fixation.
4. Human activities include in the ecosystem structure to farmers, recreationists,
farmers, inhabitants of rural communities, CONANP, Federal Attorney for
Environmental Protection (PROFEPA, by its initials in Spanish) and the National
Water Commission (CONAGUA, by its initials in Spanish) personnel, who contribute
the following functions to the ecosystem: cultural practices of management and use
of natural resources, environmental education and culture, sustainable development
of rural communities, and application of public policies.
Description of stress factors and their effects on ecosystem
For the desert ecosystem, 11 stressors were found to be capable of overcoming natural
variability and altering the ecosystem integrity with different levels of intensity per
natural protected area (Table 4).
1. Inadequate public policies have a direct relationship with all interactive controls,
including those being system components. Its impact on ecosystems is reflected as
the lack of environmental culture, corruption, impunity, loss of species and
introduction of exotic species.
2. Agriculture without conservation management practices has an impact on all
interactive controls, including those that are system components. Its effects are the
overexploitation of ecosystem aquifers, decrease in water tables, concentration of
soil minerals, loss of biodiversity, habitat fragmentation, deforestation, drying and
pollution of bodies of water, alteration in the nutrients cycle, modification of water
cycle, low productivity, disordered human settlements, air pollution by garbage
burning, reduction of inhabitants quality of life, social disorganization, poor
environmental culture, negative attitudes of farmers towards conservation, conflicts
between farmers and crops affecting wildlife (e.g. peccary, jackrabbit, raven), and
greater vulnerability to extreme weather events.
3. Deficiencies in natural protected area management (low capacity of NPA park
rangers). This stressor is directly related to interactive controls such as regional
climate and atmospheric conditions, as well as natural disturbances. In addition, it´s
related to the four interactive controls system components. The effects of this
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stressor are evident as loss of species, social conflicts and lack of cross functional
coordination.
4. Extraction of wild species has a direct relationship with the three interactive controls
and with three of the four interactive controls that are system components: flora,
fauna and human activities. Its impacts on the desert ecosystem are the loss of
biodiversity, alteration in trophic chains, loss of soil, lack of environmental culture,
and lack of coordination between institutions.
5. Introduction of exotic species is a stressor with direct relationship with all ecosystem
interactive controls, including those which are system components. Its effects are
displacement of native species, loss of biodiversity, spread of diseases, water and
soil physical and chemical changes, greater ecosystem vulnerability to natural
weather phenomena, and modification of the natural drainage flow.
6. Livestock management lacking practices for conservation is a stressor directly
related to all ecosystem interactive controls, including those that are system
components. The effects of this stressor are loss of vegetation cover, loss of soil by
erosion, disease transmission to wildlife, soil compaction, and loss of soil infiltration
capacity.
7. Mining is a stressor directly related to all ecosystem interactive controls, including
those that are system components. The effects of this stressor are change in water
flows, soil contamination, and changes in surface profile, loss of wild flora and
fauna, water pollution, and social disarray.
8. Poorly planned tourism is a stressor related to all ecosystem interactive controls,
including all those that are system components. The effects of this stressor are
evident in soil contamination, alteration of flora and fauna, displacement of species,
extraction of flora and fauna, unsatisfied tourists, poor environmental culture,
negative attitudes of tourists and residents towards site conservation, social
disorganization, as well as conflict between local inhabitants and tour operators.
9. Extended drought is a stressor directly related to all ecosystem interactive controls,
including all those that are system components. Its effects are loss of biodiversity, as
well as degradation and loss of soil (erosion).
10. Wildfires outside of their natural patterns, are a stressor directly related to all
ecosystem interactive controls, including those that are system components. Its
effects are as follows: loss of biodiversity loss, erosion, changes in soil composition,
soil loss, and proliferation of invasive species.
11. Construction of highways and roads is a stressor related to all ecosystem interactive
controls. Its effects are the loss of fauna due to road kills, habitat fragmentation and
change in water flow.
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Table 4. Intensity of stressors by natural protected area in the desert ecosystem
STRESSOR
Inadequate public
policies
Agriculture without
management practices
Low management
capacity of the natural
protected area
Extraction of species
Introduction of exotic
species
Extensive
cattlebreeding without
management practices
Mining
Poorly planned tourism
Extended drought
Forest fires outside of
natural patterns
Construction of
highways and roads

INTENSITY OF STRESSOR BY NATURAL
PROTECTED AREA
APFFMC APFFCSE
RBM
APFFCC
N/A (Not
Medium Medium
High
Applicable)

REGIONAL
INTENSITY
Medium

Low

Medium

N/A

High

Medium

Low

Medium

N/A

Medium

Medium

High

Medium

N/A

High

High

High

Medium

N/A

Low

Medium

High

High

N/A

Medium

High

Medium
Low
Medium

Medium
Medium
Low

N/A
N/A
N/A

Medium
Medium
Low

Medium
Medium
Low

Medium

Low

N/A

Low

Low

Medium

Medium

N/A

High

Medium

Source: Own elaboration based on the results of the workshop.

Degradation processes
Degradation processes reduce the desert ecosystem capacity to carry out its natural
functions and are closely related to stressors and their ecosystem effects. The
following table shows the desert ecosystem stressors, as well as their related
degradation processes (Table 5).
Table 5. Degradation processes related to desert ecosystem stressors
STRESSOR
Inadequate public policies
Agriculture without management
practices

DEGRADATION PROCESSES
Social marginalization, loss of biodiversity,
introduction of exotic species
Erosion, deforestation, pollution, social
marginalization, fragmentation.
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STRESSOR

DEGRADATION PROCESSES

Low capability of management in
natural protected areas

Loss of biodiversity, social marginalization.

Species extraction

Loss of biodiversity, soil erosion.

Introduction of exotic species

Loss of biodiversity, introduction of exotic
species, alteration of habitat.

Extensive cattlebreeding without
management practices
Mining
Poorly planned tourism
Extended drought
Forest fires outside of natural patterns
Construction of highways and roads

Loss of biodiversity, erosion, deforestation,
fragmentation, reduction or population
quality of life.
Water and soil pollution, loss of
biodiversity, erosion, social conflicts,
fragmentation.
Pollution, loss of biodiversity, social
conflicts, erosion.
Loss of biodiversity, deforestation, erosion.
Erosion, loss of biodiversity, introduction of
invasive species, loss of habitat for wildlife.
Erosion, loss of biodiversity, social conflicts,
fragmentation.

Source: Internal elaboration based on workshop results.

2. Forest
The forest ecosystem is present in three of the four involved natural protected areas
(Table 2). The forest ecosystem model (Figure 22) is presented below.
Interactive controls
For the forest ecosystem, three interactive controls were defined, which are presented
below (Figures 22 and 23).
1. Regional weather is the first interactive control acting as an ecosystem driver,
contributing the following conditions to its structure: precipitation with maritime
influence due to altitude of mountain massifs where forest develops, temperature,
solar radiation, carbon, oxygen, nitrogen and relative humidity. These conditions, in
turn, stabilize the following functions: promote biogeochemical cycles, favor
ecosystem processes, and determine distribution density and diversity of species
(plants and animals). The driver (shaping force) of this interactive control is
alteration of weather and atmospheric conditions.
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2. Natural disturbances are another forest interactive control whose driving force is
the alteration in natural regimes. This interactive control affects the ecosystem
structure with phenomena such as forest fires, droughts, pests and diseases, and
extreme frosts, which favor regeneration of species, regulate forest density, favor
nutrient flow, and maintain continuity of evolutionary processes
3. Geomorphology is another forest ecosystem interactive control. Its shaping force or
driver lies in geomorphological alterations. It combines altitudinal gradients,
exposure, parent material and connectivity in forest structure. Besides,
geomorphology determines hydrological flows and species distribution, refuge
availability for wildlife, and influences the direction of the winds.
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Figure 22. Forest ecosystem conceptual model
Source: Internal elaboration based on Chapin, et al. (1996); NPS (2010), and edited by Jorge Tirado.
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Figure 23. Landscape of forest ecosystem in Maderas del Carmen Flora and Fauna
Protection Area

Source: Marco Antonio Granillo Chapa (2017).

Interactive controls that are system components
The six interactive controls that are system components in forest ecosystem are: fungi,
flora, water flow, fauna, soils and human activities.
1. Fungi contribute to ecosystem structure with a great diversity of fungi, which
function as decomposers of organic matter, contribute to nutrients flow, and
participate in symbiotic relationships with other species.
2. Flora provide structure to the forest with coniferous trees, broadleaved trees, grass,
lichen and moss species. These provide vegetation cover, carbon capture, participating
in temperature regulation, habitat for fauna, contribute to primary production,
participate in nutrients cycles, as well as water capture and filtration.
3. Water flow provides nutrients, organic matter and water chemical conditions in the
structure of the ecosystem and contributes to functions such as nutrients supplies to
flora and fauna, it is an interconnected path and communicates, transports sediments
downstream, and contributes to temperature regulation.
4. Fauna, as a system interactive control and component contributes to the forest
structure with a great diversity of species, which includes raptors (e.g., golden eagle,
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peregrine falcon), larger mammals (e.g., puma, black bear), rodents, and decomposers.
They help to maintain ecological processes, break down available organic matter, and
promote balance in the food chain.
5. Soils provide minerals, organic matter, microorganisms and nutrients to the
ecosystem structure. They favor settlement of flora, provide nutrients and minerals,
and are fundamental in water infiltration.
6. Human activities within the forest structure include farmers, ranchers, miners,
government organizations (e.g. CONANP, PROFEPA) and civil society. Among its
functions is to take advantage of ecosystem services, apply public policies for
conservation, generate income, and promote social welfare.
Description of stressors and their effects on the ecosystem
For the forest ecosystem ten stressors were detected as capable of exceeding the
natural variability and altering the ecosystem integrity with different levels of intensity
on each natural protected area (Table 6).
1. Water pollution is directly related to all interactive controls, including those defined
as system components. The most relevant effects on ecosystem functions are: loss
and/or distribution of fauna and flora, low water quality (pH, nutrients), effects on
the quality of human life.
2. Use of wildlife disregarding forest conservation. This stressor is related to
interactive controls such as regional climate and alterations in natural regimes, it is
also related to interactive controls which are components of the flora, fauna, soil
and human activities system. Its effects in the ecosystem are decrease of wildlife
populations, alteration of trophic chains, and deterioration of the quality of life for
local inhabitants.
3. The invasive species stressor is related to interactive controls such as regional
climate and alterations in natural regimes, and with the following interactive
controls that are local ecosystem components: fungi, water flow, fauna, soils and
human activities. Its main effects in the forest ecosystem are displacement of native
species, loss of biodiversity, alteration and loss of soil, transmission of diseases to
native fauna, and decrease in the quality of life for inhabitants.
4. The use of timber and non-timber forest disregarding forest conservation is a stress
factor related to all interactive controls, including those that are system
components. Among its effects on the ecosystem include loss of plant coverage,
generation of combustible waste increasing risk of fire, low carbon capture capacity,
affecting water flow, habitat fragmentation, alteration in biogeochemical cycles,
and resulting in the degradation of the quality of life for the local people.
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5. Extensive cattlebreeding without forest conservation management practices is a
stressor related to all ecosystem interactive controls, including all those that are
system components. Among its effects on the ecosystem are the following: soil
pollution (chemistry modification), modification in water chemistry, modification
forest grass structure, soil compaction, loss of vegetation coverage, low infiltration
capacity affecting regeneration of other species, and decreased quality of life for
inhabitants.
6. Agriculture without management practices for forest conservation is another of the
ecosystem’s stressors. It is related to all interactive forest controls, including those
that are components of the system. Its effects on the ecosystem are related to the
contamination of water and soil, it reduces the area and forest cover, loss of
biodiversity and environmental services, in addition, the quality of life of local people
decreases.
7. Inconsistency in legal instruments. This stressor relates to all forest interactive
controls, including those that are system components. Its most significant effect on
the ecosystem is damage to forest structure.
8. Poor coordination among institutions for forest conservation. This stressor relates
to all forest interactive controls, including those that are system components. Its
effects on this ecosystem are the poorly organizational culture within institutions,
unpunished environmental law breaching, and decrease in wildlife populations due
to habitat loss.
9. Fires outside of their natural regimes. This stressor relates to interactive controls
such as regional climate and natural disturbances, and to all interactive controls that
are system components. Its effect on ecosystem is the modification of forest
structure, loss of diversity and soil alteration.
10.Lack of environmental culture. This stressor relates to all forest interactive controls,
including those that are system components. Its effect on the ecosystem is the
modification of forest structure and composition as well as loss of biodiversity.
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Table 6. Intensity of stressors by natural protected area in the forest ecosystem
INTENSITY OF STRESSOR FACTOR BY
NATURAL PROTECTED AREA
APFFMC APFFCSE
RBM
APFFCC

STRESSOR

REGIONAL
INTENSITY

Water contamination

Low

Low

Low

N/A

Low

Utilization of wildlife
disregarding forest
conservation

High

Medium

High

N/A

High

Invasive and exotic
species

Low

Medium

High

N/A

Medium

Forestry exploitation

high

Low

Medium

N/A

Medium

High

High

N/A

High

Low

Medium

N/A

Low

Medium

High

N/A

Medium

Medium

High

N/A

Medium

Medium

Medium

N/A

Medium

Medium

High

N/A

Medium

Extensive
cattlebreeding without
Low
management practices
Agriculture without
Low
management practices
Inconsistencies in legal
Medium
instruments
Poor institutions
coordination for
Low
conservation
Fires outside of natural
High
regimes
Lack of environmental
Medium
culture

Source: Internal elaboration based on results from first workshop.

Degradation processes
Degradation processes are derived from stressors and reduce the forest ecosystem’s
capacity to carry out its natural functions. The following table shows the forest
ecosystem stressors, as well as related degradation processes (Table 7).
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Table 7. Degradation processes related to the forest ecosystem stressors
STRESSOR

DEGRADATION PROCESSES

Water contamination

Changes in water chemistry, pollution, loss of
biodiversity.

Taking advantage of wildlife
without attachment to forest
conservation

Pollution, loss of wildlife, social marginalization,
loss of biodiversity.

Invasive and exotic species

Invasion of species, loss of native species.

Forestry exploitation

Deforestation, social marginalization, habitat loss

Extensive cattlebreeding without
management practices

Loss of biodiversity, pollution, deforestation,
social marginalization, erosion.

Agriculture without management
practices

Pollution, loss of biodiversity, social
marginalization, deforestation.

Inconsistencies in legal
instruments
Poor coordination of institutions
for conservation

Deforestation, fragmentation, pollution, loss of
species, social underdevelopment.
Deforestation, poverty (marginalization), loss of
biodiversity.
Loss of biodiversity, soil erosion, habitat
fragmentation.
Deforestation, loss of wildlife species, pollution,
social underdevelopment, erosion.

Fires outside of natural regimes
Lack of environmental culture

Source: internal elaboration based on the results of the first workshop.

3. Wetland
The wetland ecosystem is present in all four natural protected areas (Table 2) (Figures
24 and 25). The wetland ecosystem conceptual model is presented below.
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Figure 24. The wetland ecosystem conceptual model
Fuente: Elaboración propia con base en Chapin, et al. (1996); NPS (2010), y editado por Jorge Tirado.
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Figure 25. Landscape of the wetland ecosystem at La Michilia Biosphere Reserve,
Durango, Mexico

Source. Archive of La Michilia Biosphere Reserve

Interactive controls
For the wetland ecosystem, three interactive controls were defined and presented
below (Figure 24).
1. Regional weather is the first interactive control that acts as an ecosystem driver
(shaping force). The following conditions contribute to its structure: precipitation,
solar radiation, and winds. These conditions, in turn, stabilize the following
functions: infiltration, determines surface drainage dynamics, contributes to
evaporation process, determines relative humidity, promotes water, nitrogen,
phosphorus and sulfur cycles, influences water quality and in mineral salts
movement and dissolution. The driver of this interactive control is weather
alteration.
2. Natural disturbance regimes are another wetland interactive control who’s driver is
alteration in natural disturbance regimes. This interactive control develops
phenomena in ecosystem structure such as droughts, hurricanes and torrential rain,
fires, recharge of aquifers, movement of nutrients (carbon and nitrogen), favors the
regulation of hydroperiods (temporary floods), movement of nutrients, improved
water quality and serves as a natural action to silting control.
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3. The geomorphological and hydrological characteristics are another interactive
control of the wetland ecosystem, its drivers lie in alterations to geomorphological
and hydrological characteristics. It combines topography, exposure, slope, channels,
parent material, soil types, and groundwater in the wetland structure. The following
functions promoting these factors are: determination of the direction and speed of
water, infiltration, and the physical and chemical conditions of hydrology, and the
determination of the degree of soil erosion and formation.
Interactive controls that are system components
The five interactive controls that are system components in the wetland ecosystem
are: flora, soil, fauna, water dynamics and human activities.
1. Flora provides the wetland ecosystem’s structure with a great diversity of aquatic,
underwater vegetation, and vegetation associated with the wetland, serving as the
basis of photosynthesis. This promotes primary production and oxygenation, and is
an essential habitat feature, refuge, and food source for species. The wetland
ecosystem’s flora also protects the river area by providing nutrients (nitrogen,
phosphorus, and carbon). It also functions as a resting and feeding site for migratory
fauna, promoting water cycle and infiltration, contributing to vegetative coverage
and the associated microclimate (temperature regulation).
2. Soil provides structure to wetlands with mineral salts, organic matter,
microorganisms and nutrients, fulfilling functions such as promoting biogeochemical
cycles (nitrogen, sulfur and phosphorus), water cycle, provides habitat for fauna,
support for flora, supporting processes of decomposition of organic matter and
methane production.
3. Fauna contributes to the structure of the wetland hosting fish, bacteria, mammals,
birds, reptiles, amphibians, fauna and insects, performing functions of secondary
production, providing food for other animals, providing nutrients, oxygenation and
regulation of pollutants.
4. Water dynamics provide elements such as streams, ponds, springs, groundwater,
channels and intermittent flooding areas to wetland structure. These elements, in
turn, work as habitat for flora and fauna, control flooding, oxygenate, intervene in
water and nutrient cycle, influence the microclimate and recharge of aquifers.
5. Human activities within the wetland structure include farmers, ranchers, foresters,
tourists and tourism services providers, tour operators, neighboring inhabitants, site
managers, property owners, government institutions, nonprofit organizations and
researchers. All of them fulfill functions in the wetland, such as obtaining economic
benefits from extraction or non-extraction of natural resources, generating scientific
- 53 -

information, promoting personal
environmental conservation.

and

social

well-being,

and

promoting

Description of stressors and their effects on the wetland ecosystem
For the wetland ecosystem, seven stressors were identified as capable of exceeding
the natural variability and altering ecosystem integrity with different levels of intensity
on each natural protected area (Table 8).
1.

2.

3.

4.

5.

Ill managed agriculture is directly related to all interactive controls, including those
components of the system. The most relevant effects in the ecosystem functions
are: desiccation of water bodies, modification of nutrient cycles, loss of soil
structure, contamination of soil and water, reduction in infiltration, increase in
erosion, ecosystem fragmentation, deforestation and increase of agricultural
frontier, loss of biodiversity, modification of channels, resistance by farmers to crop
change, lack of environmental culture, and decrease of local population living
standards.
Illegal tourism is related to interactive control of regional weather and also to all five
interactive components that are system elements. Its effects on the wetland
ecosystem include soil compaction, loss of vegetative cover and erosion, soil and
water contamination, noise pollution, habitat fragmentation due to road opening,
lack of environmental culture, uncommitted tourism service providers, decrease in
visitor satisfaction and dissatisfaction of local residents.
Extensive cattlebreeding without conservation management practices is directly
related to all interactive controls, including those which are system components.
The most relevant effects on ecosystem functions are: loss and/or changes in
vegetative coverage, soil compaction, water and wind erosion, reduction of
infiltration, greater sedimentation in water bodies, alteration of the nutrient cycle,
and transmission of diseases to wildlife.
Unregulated and poorly managed forestry is directly related to all interactive
controls, including those that are system components. The most relevant effects on
ecosystem functions are: fragmentation of habitat, loss of vegetative cover, erosion,
silting of water bodies, reduction of infiltration, modification of biogeochemical
cycles, social conflicts, loss of habitat for resident and migratory fauna, and greater
vulnerability to climate change.
Invasive species are a wetland stressor that is directly related to all interactive
controls, including those that are system components. The most relevant effects on
ecosystem functions are: displacement of native fauna, channel modification,
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6.

7.

desiccation of water bodies, loss of habitat, salinization of soils, alteration of
biogeochemical cycles, modification of landscape, and greater vulnerability to
climate change effects.
Channel openning and drainage modification is directly related to all interactive
controls, including those that are system components. The most relevant effects on
the wetland functions are: fragmentation of habitat, reduction of wetland levels and
surface, drying of water bodies, interruption of processes, alteration of dissolved
mineral concentrations in water, decrease in aquifer recharge, modification of the
hydrological cycle, and increase in vulnerability to climatic phenomena.
Lack of planning and lack of coordination when executing policies at all three levels
of government is a wetland stressor directly related to all the interactive controls,
including those that are system components. The most relevant effects on
ecosystem functions are: high water demand, soil and water pollution, loss of
biodiversity, low water levels, reduction in wetland surface, confusion among users
due to the existence of programs with incompatible goals, lack of planning for use
of resource (water and flora), and requirement of technical and financial capabilities.
Table 8. Intensity of stressors by natural protected area in wetland ecosystem
STRESSOR

INTENSITY OF STRESSORS BY NATURAL
PROTECTED AREA
APFFMC
APFFCSE
RBM
APFFCC

REGIONAL
INTENSITY

Ill managed agriculture

Low

Low

Low

High

Low

Disordered tourism

Low

Medium

Low

Medium

Medium

Low

Medium

Medium

Medium

Medium

Low

Low

Low

Low

Low

Low

Low

Low

High

Low

Low

Low

Low

High

Low

Low

Low

High

High

High

Extensive
cattlebreeding
Unregulated and poorly
managed forestry
Invasive species
Opening of channels
and modification of
drainage
Lack of planning and
lack of coordination in
policies execution at
three government
levels

Source: Internal elaboration based on the results of the first workshop.
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Degradation processes
The processes of degradation reduce wetland ecosystem carrying capacity of its
natural functions and are closely related to stressors and their effects on the
ecosystem. The following table shows stressors for the wetland ecosystem, as well as
the related degradation processes (Table 9).
Table 9. Degradation processes related to stressors of wetland ecosystem
STRESSOR

DEGRADATION PROCESSES

Ill managed agriculture

Water and soil pollution, deforestation,
erosion, marginalization, habitat
fragmentation and loss of biodiversity,
desiccation.

Disorderly tourism

Pollution, erosion, social nonconformity

Loss of vegetation cover, compaction,
Poorly planned extensive cattlebreeding erosion, silting of bodies of water, water
pollution.
Unregulated and poorly managed
Fragmentation, erosion, silting of bodies of
forestry
water, loss of habitat.
Invasive species

Desiccation, displacement of native fauna,
salinization.

Fragmentation, desiccation, dissemination
Opening of channels and modification of
of invasive species, movement of
drainage
populations.
Lack of planning and lack of
Increase in agricultural frontier, pollution,
coordination in the execution of policies
loss of biodiversity, desiccation.
in the three levels of government
Source: Internal elaboration based on the results of the first workshop.

4. River
The river ecosystem is present in all four natural protected areas involved (Table 2)
(Figures 26 and 27). Below is the conceptual model for the river ecosystem.

- 56 -

Figure 26. The river ecosystem conceptual model
Source: Internal elaboration based on Chapin, et al. (1996); NPS (2010), and edited by Jorge Tirado.
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Interactive controls
For the river ecosystem, three interactive controls were defined, which are presented
below (Figure 27).
1. Conditions in the upper part of the basin and hydrological system are the first
interactive controls that acts as an ecosystem driver (shaping agent), and the
following conditions contribute to its structure: relief, parent material (bed), stream
systems (drainage), vegetative coverage, slopes, basin type, and groundwater.
These conditions, in turn, have the following functions: they define the shape of the
river, soil composition, water velocity, water quality, formation of slopes and banks;
and maintain energy flow and sediment movement. The driver (shaping force) of
this interactive control is the basin hydrological alteration.
2. Natural disturbances are another interactive control of the river ecosystem whose
driver is the alteration in natural regimes. This interactive control contributes to the
ecosystem’s structure with phenomena such as floods, flash floods, droughts,
alluviation, hurricanes, and torrential rains that define: the flora and fauna species
flux, the river flow, periods of recurrence (flood-dry), eutrophication processes,
habitat structure, distribution of aquatic plants and animals (including terrestrial),
flow of nutrients and the dynamics of the tributaries.
3. Regional climate is another river ecosystem interactive control. Its drivers are the
alterations of regional climate and atmospheric conditions. This interactive control
provides the following conditions to its structure: temperature, precipitation,
relative humidity, winds (cold fronts), and solar radiation. These conditions, in turn,
stabilize the following functions: hydrological cycle, biogeochemical cycles,
ecosystem processes, water volume, and flora and fauna species.
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Figure 27. River ecosystem landscape in the Maderas del Carmen wildlife Protection
Area

Source: File of the Maderas del Carmen Flora and Fauna Protected Area.

Interactive controls that are components of the system
The seven interactive controls that are system components in the river ecosystem are:
human activities, riparian flora, aquatic flora, aquatic fauna, riparian fauna, water and
soil.
1. Human activities are part of the of the river ecosystem structrure with the
participation of farmers, ranchers, fishermen, recreationists, inhabitants of local
communities, whose function in the river is to take advantage of natural resources.
In addition, government agencies as CONAGUA, SAGARPA, SEMARNAT, PROFEPA,
Municipal Water Board, Irrigation Disctricts, CILA, CONANP, NPS, Big Bend Ranch,
TPWD, who supervise, authorize, promote, fund the uses of water and resources
(stones, vegetables, animals, recreational, landscaping) associated with the river
ecosystem.
2. Riparian flora provides structure to the river with native species that perform
functions such as bank stabilization, habitat for other species, contribution to
biodiversity, carbon fixers, participation in biogeochemical cycles and energy flow.
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3. Aquatic flora provide structure to the river with species of algae and other species
within the water. The aquatic flora fulfills functions such as contributing to nutrients
flow, production of oxygen, food, and energy flow.
4. Aquatic fauna provides structure to the river with species of fish, mollusks,
crustaceans, macro-invertebrates, insects, reptiles and amphibians. This fauna fulfill
functions such as contributing to nutrient and energy flow, biodiversity, food for
people and recreation.
5. Riverine fauna provides structure to the river with species such as beaver (Castor
canadensis) and other associated species and aquatic birds, which perform
maintenance of habitat structure and provede food, energy flow, biodiversity and
recreation.
6. Water is the means that sustains the ecosystem functions: flora and fauna habitat,
sediment transport, temperature regulation, water cycle maintenance, and
provision of water to human communities (irrigation, livestock, and recreation,
among others).
7. Soil provides structure to the river with elements such as minerals, organic matter,
salts and pH. These elements allow functions in the river to determine the type of
sediment, substrate and support of living organisms.
Description of stressors and their effects on the ecosystem
For the river ecosystem, fifteen stressors where identified that were capable of
overcoming natural variability and altering the ecosystem integrity, with different
intensity levels per natural protected area were detected (Table 10).
1. Illegal recreational activities are directly related to interactive control of conditions
in the upper part of the basin and the hydrological system, including all interactive
controls that are system components, except the soil. The most relevant effect on
ecosystem functions is pollution due to poor waste disposal.
2. Illegal extraction of flora and fauna is directly related to interactive control of
conditions in the upper portion of the basin and the hydrological system, including
the interactive controls that are system components, human activities, aquatic
flora, aquatic and riparian fauna and water. The most relevant effect on ecosystem
functions is the loss of biodiversity.
3. Extensive cattlebreeding without management practices for the river conservation
is related to interactive controls of conditions in the upper part of the basin and
the hydrological system and the regional climate, as well as interaction to all the
interactive controls which are system components of the ecosystem, except the
riparian fauna. The most relevant effects of this stressor in the river ecosystem are
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4.

5.

6.

7.

8.

9.

10.

the trampling of vegetation shoots and modification of the structure of tributary
banks.
Residues from mining activities are related to interactive controls of conditions in
the basin upper part and hydrological system and natural disturbances, as well as
being linked to all interactive controls that are ecosystem components, except
riparian flora and fauna. The most relevant effects of this stress factor in the river
are water pollution, increased turbidity, change in water quality, ecosystem
deterioration, loss of biodiversity and impact on human health.
Poorly planned urban development is related to interactive controls of conditions
in the basin upper part and hydrological system and natural disturbances, as well
as being linked to all interactive controls that are ecosystem components. The
most relevant effects of this stress factor in the river are contamination of water
by solid and liquid waste and overexploitation of water.
Poorly planned agriculture is related to all interactive controls, as well as being
linked to all the interactive controls that are ecosystem components. The most
relevant effects of this stress factor in the river are overexploitation of water,
depletion of water tables, pollution, and loss of biodiversity, social conflicts and
ecosystem deterioration.
The exotic and invasive plants species of riverside environments are related to all
interactive controls, in addition to being linked also with all the interactive controls
that are ecosystem components, with the exception of aquatic flora and fauna.
The most relevant effects of this stress factor in the river are loss of biodiversity,
soil salinization, loss of habitat and desiccation.
The exotic and invasive fauna is directly related to interactive control of the
conditions in the basin upper part and hydrological system, including all the
interactive controls that are system components, with the exception of soil. The
most relevant effects of this stress factor in the river are transmission of diseases
and water pollution.
Extraction of materials from the river bed is directly related to interactive control
of conditions in the basin upper part and hydrological system, including all
interactive controls that are system components, with the exception of riparian
flora and fauna. The most relevant effects of this stress factor in river are
modification of flow and channel, loss of habitat and biodiversity.
Poor coordination at all three government levels is directly related to interactive
components of the conditions in the basin upper part and hydrological system and
natural disturbances, as well as being linked to all interactive controls that are
system components, except for riparian fauna and soil. The most relevant effects
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11.

12.

13.

14.

15.

of this stress factor in the river are illegal use of water, lack of surveillance, and
water pollution.
Inadequate instruments and/or legal mechanisms for conservation of river are
directly related to interactive control of conditions in the basin upper part and the
hydrological system, in addition to being linked to all interactive controls that are
system components, with the exception of soil. The most relevant effect of this
stress factor in the river is the absence of rule of law.
Poor coordination with the United States of America agencies is not directly
related to interactive controls but is closely linked to all interactive controls that
are ecosystem components, with the exception of soil. The most relevant effect of
this stress factor in the river is proliferation of invasive alien species.
Inconsistencies in public policies are directly related to interactive control of
conditions in basin upper part and hydrological system, as well as being linked to
all interactive controls that are system components, with the exception of riparian
fauna. The most relevant effects of this stress factor in the river are limitations in
operational capacities of NPA personnel and CONANP work continuity is put at
risk.
Poor organizational culture in natural protected areas personnel is directly related
to interactive control of conditions in the basin upper part and hydrological
system, as well as being linked to all interactive controls that are system
components of the system, with the exception of riparian fauna and soil. The most
relevant effect of this stress factor in the river is non-fulfillment of objectives and
lack of commitment.
Modification of avenues of natural cycles is directly related to all interactive
controls, as well as being linked to all interactive controls that are system
components, with the exception of riparian fauna. The most relevant effects of this
stress factor in the river are loss of biodiversity, degradation of riparian and aquatic
habitats, channel flow shrinkage, and decrease in water quality
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Table 10. Intensity of stress factors by natural protected area in river ecosystem
STRESS FACTOR
Disordered
Recreational activities
Illegal extraction of
flora and fauna
Poorly planned
extensive
cattlebreeding
Wastes from mining
activities
Poorly planned urban
development
Poorly planned
agriculture
Exotic and invasive
plants
Exotic and invasive
fauna
Poor coordination
between three
government levels

INTENSITY OF STRESS FACTOR BY NATURAL
PROTECTED AREA
APFFMC
APFFCSE
RBM
APFFCC

REGIONAL
INTENSITY

Low

Medium

Low

Medium

Medium

Medium

Low

Low

Low

Low

Low

High

Medium

Low

Medium

Low

Low

Low

N/A

Low

Low

Medium

Low

N/A

Low

Low

Medium

Low

Medium

Medium

High

High

Low

Low

Medium

Medium

Medium

Medium

Medium

Medium

Low

Low

High

Medium

Medium

Medium

Low

High

Medium

Medium

High

Low

Low

Low

Low

Low

Medium

Low

N/A

Low

Low

Medium

High

High

High

Poor organizational
culture of natural
protected area team

Low

Low

High

Medium

Medium

Extraction of materials
from river bed

Low

Low

Low

N/A

Low

Inadequate legal
instruments
Modification in flood
cycles
Poor coordination with
United States agencies
Inconsistencies in
public policies

Source: Internal elaboration based on the results of the first workshop.
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Degradation processes
The processes of degradation reduce the capacity of river ecosystem to carry out its
natural functions and are closely related to stress factors and their effects on
ecosystem. The following table shows the stress factors of the river ecosystem, as well
as the related degradation processes (Table 11).
Table 11. Degradation processes related to stress factors of the river ecosystem
STRESS FACTOR

DEGRADATION PROCESSES

Pollution and decrease in water quality, loss
of biodiversity.
Loss of biodiversity, pollution and decrease
Illegal extraction of flora and fauna
in water quality, social marginalization.
Deforestation, damage to the soil, pollution
Poorly planned extensive cattlebreeding
and decrease in water quality.
Public health, social conflicts, pollution and
Wastes products from mining activities
decrease in water quality.
Unregulated recreational activities

Poorly planned urban development

Pollution and decrease in water quality.

Poorly planned agriculture

Pollution and decrease in water quality.

Poor coordination with United States
agencies

Affects to the soil negatively, loss of
biodiversity, deforestation, decrease in the
quantity and flow of water.
Biodiversity loss.
Social conflicts, inter-institutional conflicts,
decrease in the amount of water flow.
Decrease in the amount of water flow,
pollution and decrease in water quality.
Decrease in water quantity and flow, loss of
biodiversity, pollution and decrease in
water quality.
Social and inter-institutional conflict and
loss of biodiversity.

Inconsistencies in public policies

Decrease in amount and flow of water.

Poor organizational culture of natural
protected area team

Inefficient coordination

Extraction of materials from river bed

Affects the soil, decrease in water amount
and flow, loss of biodiversity.

Exotic and invasive plants
Exotic and invasive fauna
Poor coordination between all three
levels of government
Inadequate legal instruments
Modification in flood cycles

Source: Internal elaboration based on the results of the first workshop.
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5. Grassland
The grassland ecosystem is present in all four natural protected areas involved (Table
2) Grassland ecosystem model was developed (Figures 28 and 29) and presented.
Figure 28. Grasslands of Maderas del Carmen Flora and Fauna Protected Area

Source. Archive of the Maderas del Carmen Flora and Fauna Protected Area.

Interactive controls
For grassland ecosystem, three interactive controls were defined, and described below
(Figure 29).
1. Regional climate and atmospheric condition is the first interactive control that
works as an ecosystem shaping agent, providing the following conditions to its
structure: precipitation, temperature, winds, nitrogen, oxygen and carbon. These
conditions, in turn, stabilize the following ecosystem functions: biomass production,
maintenance of relative humidity, promotion of biogeochemical cycles and
generation of microclimate. The shaping force (driver) of this interactive control is
weather alteration and atmospheric conditions.

- 65 -

Figure 29. Model for Grassland ecosystem
Source: internal elaboration based on Chapin, et al. (1996); NPS (2010), edited by Jorge Tirado.
.
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2. Geomorphology is another interactive control of the pastureland; its shaping force
or driver lies in soil condition alterations. It combines its structure elements such as
soil profile and origin, texture and structure. Among the functions performed by
these elements in the ecosystem are support and stability of vegetation, infiltration,
nutrient flow, energy exchange, substrate supply and also determines soil type.
3. Natural disturbance regime is the third interactive component, composed of severe
droughts, torrential rains, frosts and forest fires. The driver or shaping force of this
component are alterations to natural disturbance regimes. The elements providing
structure to component perform functions such as sediment accumulation, water
supply, biodiversity maintenance and regeneration.
Interactive controls that are components of the system
The four interactive controls that are system components in the pasture ecosystem
are: flora, fauna, soil and human activities.
1. Flora. It contributes to the ecosystem structure with a great diversity of grasses and
herbaceous serving as a source of biomass production, nitrogen fixation, carbon
capture, groundwater recharge, habitat to other species and temperature
regulation.
2. Fauna. It contributes to the ecosystem structure with a great diversity of birds,
mammals, with special emphasis on rodents, and microorganisms. This faunal
diversity has functions within trophic chains, secondary production, seeds dispersion
and as soil aerators.
3. Soil contributes to grassland structure with microorganisms, nutrients, bacteria,
chemical composition, sediments, performing functions as supply of nutrients for
plants, cycles of carbon, oxygen and nitrogen, habitat, means of development for
flora, and water infiltration.
4. Human activities. Within the grassland structure we find actors such as farmers,
ranchers, tourists, recreationists, managers of natural protected area, tour
operators, owners and users of the land. They carry out a series of activities that
influence the grassland, such as use of natural resources, management practices,
environmental education and culture, personal and social well-being, use of
grassland ecosystem services, and public policy implementation for site
conservation.
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Description of stress factors and their effects on the ecosystem
For grassland ecosystem, seven stress factors were detected as capable of exceeding
the natural variability and altering the ecosystem integrity with different levels of
intensity per natural protected area (Table 12).
1. Poorly planned ranching for pasture management is directly related to interactive
controls of regional climate and atmospheric conditions, as well as to
geomorphology. In addition, it has a close relationship with the four interactive
controls that are system components. The most relevant effects on grassland
functions are: loss of vegetation coverage, loss of biodiversity, loss of soil/
compaction, competition with wildlife for habitat, elimination of predators by
farmers, little or no environmental culture, and change in vegetation structure,
modification of water flows, and deterioration of population living standards.
2. Invasive species have a direct relationship with geomorphology components and the
natural disturbance regime, and also linked to flora, fauna and soil. The most
relevant effects of invasive species on grassland functions are displacement of
native flora, loss of biodiversity, alteration in vegetation structure, displacement of
fauna, transmission of diseases, alteration of drainage flow, and erosion.
3. The limited capacity of natural protected area managers has a direct relationship
with all interactive controls. Moreover, it is closely linked to flora, fauna, soil and
human activities of grasslands. The most relevant effects of this stress factor on
grassland functions are insufficient personnel for area management, legal and
technical deficiencies in management practices for conservation, little participation
of inhabitants in conservation, ineffective inter and intra-agency coordination, and
little coverage of conservation programs.
4. Mismanaged agriculture for grasslands conservation has a direct relationship with all
interactive controls. In addition, it is closely linked to flora, fauna, soil and human
activities in grassland. The most relevant effects of this stress factor on grassland
functions are changes in land use, pollution by chemical products, loss of
biodiversity, incidental forest fires, impoverishment of soil, low living standards in
producers, decrease in groundwater recharge.
5. Poaching or illegal hunting is directly related to the interactive component of natural
disturbance regimes and to wildlife and human activities as interactive components
of ecosystem. The most relevant effects of this stress factor on grassland functions
are decrease of fauna species populations, alteration of trophic chains, and social
disorganization.
6. Recreation and disorganized tourism without management practices for
conservation is directly related to geomorphology and natural disturbance regimes
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as interactive controls. Moreover, it is closely linked to the flora, fauna, soil and
human activities of grassland. The most relevant effects of this stress factor on the
functions of the grassland are soil, water and air contamination, reduction of
vegetation cover caused by forest fires, fragmentation of habitat, economic benefit
of third parties outside of the premises, looting of flora and fauna, disturbance of
fauna, soil compaction, and deterioration of population living standards.
7. Interruption of natural drainage by human activities is directly related to
geomorphology and natural disturbance regimes as interactive controls. In addition,
it is closely linked to the flora, fauna, soil and human activities of the grasslands. The
most relevant effects of this stress factor on grassland functions are drying of
pastures, low biomass production, low carbon capture, loss of biodiversity, and the
decrease of nutrients in soil.
Table 12. Intensity of stress factors by natural protected area in grassland ecosystem

STRESS FACTOR
Extensive
cattlebreeding poorly
planned for pasture
management
Invasive species
Limited capacity of
NPA administrators
Ill managed agriculture
for pasture
conservation
Poaching or illegal
hunting
Unregulated
recreation and
disorderly tourism
without management
considerations for
conservation
Interruption of natural
drainage due to human
activities

INTENSITY OF STRESS FACTOR BY NATURAL
REGIONAL
PROTECTED AREA
INTENSITY
APFFMC APFFCSE
RBM
APFFCC
High

High

High

Medium

High

Medium

Medium

High

High

High

Medium

Medium

High

Medium

Medium

Low

Low

High

Medium

Low

High

Medium

Medium

Low

Medium

Low

Low

Low

Low

Low

Low

Low

Medium

Medium

Medium

Source: Internal elaboration based on the results of the first workshop.
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Degradation Processes
Degradation processes reduce the capacity of the grassland ecosystem to carry out its
natural functions and are intimately related to stress factors and their effects on the
ecosystem. The following table shows the stress factors of the pasture ecosystem, as
well as the degradation processes with which they are related (Table 13).
Table 13. Degradation processes related to the stress factors of the pasture ecosystem
STRESS FACTOR
Extensive cattlebreeding poorly
planned for pasture management
Invasive species
Limited capacity of NPA
administrators
Agriculture poorly managed for
pasture conservation

DEGRADATION PROCESSES
Deforestation, erosion and social
underdevelopment.
Invasion of exotic species, alteration of
secondary consumers health, loss and
displacement of species
Deforestation, fragmentation, degradation, loss
of habitat, invasion of exotic species, social
underdevelopment, failure to meet objectives.
Deforestation, erosion, social marginalization,
loss of habitat, enhancement of exotic species,
pollution, soil impoverishment

Poaching or illegal hunting

Social conflicts, loss of biodiversity.

Unregulated tourism and
recreational activities without
management considerations for
conservation

Pollution, erosion, fragmentation, looting of flora
and fauna, disturbance, social marginalization,
habitation of fauna.

Interruption of natural drainage
due to human activities

Erosion, fragmentation, loss of habitat,
disturbance, change in pasture composition and
structure.

Source: Internal elaboration based on the results of the first workshop.
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CANDIDATE INDICATORS AS VITAL SIGNS
Below is a list of the thirty-seven potential vital signs, proposed by the CONANP staff of
natural protected areas, indicating the ecosystem in which it is proposed to be
evaluated and dimension of ecosystem management that it addresses (Table 14). In
addition, the boxes of vital signs proposed are in green and meet all criteria; yellow,
meets some criteria; and red, does not meet any criteria, the selection criteria are the
following: quantitative, reliable, correlated, responsive, integral, sensitive, warns,
significant, feasible.
Table 14. List of vital signs according to their ecosystem and the dimension of
ecosystem management
Vital Sign
1

Water quality

2

Soil quality

3

Air quality

4

5

6
7
8

9

Physical and
chemical
properties of
surface and
groundwater
Species
diversity
indexes
Local human
population
living standards
Poverty index
Index of social
marginalization
Monitoring of
change in
channels and
drainage

10

Change in plant
cover

11

Area affected
by forest fires
and associated
ecological
successional
processes

Ecosystem
River Wetland

Grassland

Dimension
Forest Desert Social

Institutional

Ecological

X*

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X
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Vital Sign
12

Fuel load

13

Loss of soil

14

15

16

17
18

19

Stability of
aggregates in
soil
Perception and
attitudes of
local population
about natural
resources
Level of
participation of
inhabitants in
conservation
actions
Water flow
Scope of interinstitutional
objectives
Level of
effectiveness of
subsidy
programs and
other sources of
financing

Ecosystem
River Wetland

X
X

X

X

X

X

X

X

X

21

X

22

Level of visitor
satisfaction

X

23

Degree of soil
compaction

26

X

Ecological

X

X
X

X **

X

X

X

X

X

X

X
X

X

Presence of
disturbance
indicator
species

25

Institutional

X

X

Levels of water
bodies

Surface water
dynamics
Presence and
distribution of
non-native
species
Update of the
REPDA (Public
Registry of
Water Rights)

Forest Desert Social
X

20

24

Grassland

Dimension

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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Vital Sign
27

28

29

30

31

32
33

34

35

36

Basic
meteorology
Level of
incidence of
pests and
diseases
Level of the
managerial
organizational
culture
Level of
preventive
measures and
attention to
illegal species
poaching
Level of
incidence of
human-wildlife
conflict
Biotilogical
integrity index
Characteristics
of the river
channel
Incidence of
diseases
associated with
water and
heavy metals
Solid waste
management
Changes in land
use and
vegetative
cover

Ecosystem
River Wetland

Grassland

Dimension
Forest Desert Social

X

X

Institutional

Ecological

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

* Coliforms, heavy metals, electrical conductivity, dissolved oxygen, pH, and turbidity
** With emphasis on poaching

Considering the proposed 37 vital signs candidates defined by CONANP staff in the
Cuatro Cienegas workshop (Table 14), the Sister Parks staff determined, during the
Ojinaga workshop, that vital signs should be weighted by ecosystem in order to define
importance (Table 15). In addition, workshop participants identified the colored boxes
for the ecosystem dimension they apply to. For example, green was used for the
ecological dimension, blue for the socioeconomic dimension and gray for institutional
dimension. The participants ssigned 14 vital signs to the forest ecosystem, 19 for the
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grassland ecosystem, 14 for the river ecosystem, 12 for the desert ecosystem, and 16 for
thewetland ecosystem.
Table 15. List of weighted vital signs classified by Sister Parks personnel.
FOREST
1. Species diversity
index
2. Change in
vegetal cover
(Natural and
caused by humans)

GRASSLAND
1. Change in
vegetative
cover
2. Presence of
invading
species

1. Soil Quality

1. Water body
levels

2.Change in
vegetative
cover

2. Surface
water
dynamics
3. Water
quality

4. Soil
compaction
level

4. Biodiversity
Index

4 Species
diversity index

4. Biodiversity
Index

5. Soil loss

5. Vegetative
cover

4. Soil quality/
erosion

7. Local
population
perception and
attitudes towards
natural resources
conservation

WETLAND

3. Water Quality

3. Soil
quality

6. Basic
meteorology

DESERT

3. Presence
and
distribution of
native species

3. Water quality

5. Fuel loads

RIVER
1 Hydrological
flow, surface
water dynamics
2. Stream
Characteristics,
water level

6. Species
diversity
index

7. Basic
Meteorology

8. Water levels in
water bodies

8.
Participation
level of local
population in
conservation
actions

9. Solid residues
exposure level

9. Water body
levels

6. Level of
organizational
culture in NPA
managing teams
7. Local
population
perception and
attitudes towards
natural resources
conservation/
human-fauna
conflict level
8. Living
standards/ social
marginalization
index/poverty
index
(socioeconomic
D.)
9. Channel bed
layout level (soil
aggregates

5. Population
living
standards
6. Local
population
perception
and attitudes
towards
conservation

5. Changes in
soil usage
6. Local
population
perception
and attitudes
towards
conservation

7. Air quality

7.
Hydrological
flow

8. Water
quality

8. Invading
species

9. Pests and
disease
incidence

9. Physicalchemical
water
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10. Local
population
living standards

10. Local
population
living
standards

11. Local
population
Povetry Index

11. Surface
affected by
wildfires

12. Social
marginalization
index

12. Surface
water
dynamics
13. Pests and
disease
incidence
level

13. Effectiveness in
subsidies and other
funding sources
14. Forestall
pests and
diseases

14. Water
quality

stability,
compaction
grade, soil quality)
10. Water related
disease incidence
level and heavy
metals presence

12. Level of
institutional goals
achievement

level

properties

10. Basic
meteorology

10. Povetry
index

11. Level of
effectiveness
in subsidy
programs
12. Visitors
satisfaction
levels

11. Soil
stability
12. Visitors
satisfaction
levels

13. Visitors’
satisfaction
levels*

13. Soil quality

14. Impact of
visitors*

14. Soil
compaction

15. Humanfauna conflict
level
16.
Organizational
culture level in
NPA managing
team
17. Air quality
18. Prevention
and attention
to crime
19. Local
population
perception and
attitudes
toward natural
resources
conservation

15. Soil loss

16. Basic
meteorology

Note: (*) Vital Signs added by work table coordinator.
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COMMON VITAL SIGNS FOR SISTER PARKS
Based on the lists of weighted vital signs by Sister Park’s personnel (Table 15), park
staff from both sides of the border determined participatively the list of vital signs
selected to be evaluated binationally. Next, vital signs were grouped by ecosystem
inorder to be evaluated by the Sister Parks, Table 16 shows this grouping and adds a
diferent color to indicate the dimension they relate to: green for ecological and blue for
socioeconomic (Table 16). In this case, vital signs related to institutional dimension
were not chosen to be evaluated with a binational approach.
Table 16. List of vital signs selected by Sister Parks for each ecosystem to be evaluated
binationally
FOREST

GRASSLAND

1. Species
diversity Index

1. Change in
vegetative
cover

2. Change in
vegetative
coverage
(natural and
man induced)
3. Water
quality

4. Soil quality
/erosion

RIVER

DESERT

WETLAND

1. Soil quality

1. Water body
levels

2. Change in
vegetative
cover

2. Surface
water
dynamics

3. Soil quality

3. Visitor
satisfaction
level

3. Native
species
presence and
distribution

3. Biodiversity
Index

4. Soil loss

4. Visitors
impact

4. Species
diversity Index

1. Hydraulic
Flow, Surface
wáter dynamic
2. Living
2. Presence of standards/social
invading
marginalization
species
index/povetry
Index

5. Water body
5. Species
levels
diversity Index

5. Water
quality

4. Presence of
invading
species
5. Physicalchemical
properties of
water

6. Basic
Meteorology
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In addition, Sister Parks staff prioritized one vital sign for each ecosystem, in accordance
with ecosystem management dimensions (Table 17).

Table 17. List of priority vital signs for each ecosystem shared in Sister Parks,
according to ecosystem management dimensions
DIMENSION

ECOLOGICAL

FOREST
Species
diversity
index*

Perceptions
and attitudes
of local
population
SOCIOECONOMIC
towards
natural
resource
conservation

INSTITUTIONAL

Effectiveness
in subsidies
and other
funding
sources

GRASSLAND

RIVER

DESERT

WETLAND

Change in
vegetative
cover*

Hydrologic flow,
surface water
Soil Quality*
dynamics *

Water body
levels*

Local
population
living
standards*

Perceptions and
attitudes of local
population
Population
towards natural
living
resources
standards
conservation
/human-fauna
conflict level

Perceptions
and attitudes
of local
population
towards
conservation

Local
population
involvement
level in
conservation

Level of
organizational Effectiveness
culture in the
level in subsidy
team managing
programs
the protected
area

Effectiveness
in subsidies
and other
funding
sources

Note: (*) Binational focus priority Vital Signs.

EVALUATION METHODS
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CONANP and NPS have expertise and extensive documented experience to be shared
for evaluation of management of Sister Parks. In addition, officials from both agencies
acknowledge that, on both sides of the US-Mexico border, other governmental
agencies, universities and non-profit organizations have also designed and
implemented protocols for resource monitoring. These protocols can be used and
adapted for vital signs evaluation. These experiences and binational capacities will be
very useful to make the joint evaluation of vital signs in Sister Parks a reality.
The following is a list of the vital signs weighted by Sister Parks personnel for each
ecosystem, indicating for each vital sign, whether a protocol in Mexico and the United
States related to its evaluation exists, or if there is any another organization that has
developed a protocol that could be used and, where appropriate, adapted to be
applied for vital signs evaluation (Tables 18-20).
Table 18. List of weighted vital signs for forest and grassland ecosystems, indicating if
a protocol in Mexico and U.S is available and related to its assessment
Vital Sign

Forest
Mexico

SARMOD11,
Shannon Index,
1. Species
Simpson Index,
diversity index
INFYS12
(national forestry
Inventory)
2. Change in
vegetation
cover (natural
and man
induced)

INFYS, SARMOD

U.S. A.

Vital Sign

Grassland
Mexico

Exotic plants,
1. Change in
Mexico’s
birds, Uplands
vegetation cover methodologies 13
protocols

Landscape
Dynamics

2. Presence of
invading species

Verify the
protocols
developed at
Cuatro
Cienegas

U.S. A.

Uplands
Protocol14

Invasive plant
species

11

The High Resolution System for the Biodiversity Monitoring (SARMOD, by its initials in Spanish) is a
standardized system implementedin 35 federal natural protected areas in Mexico, where environmental
information is collected in 15-day cycles, incluiding flora and fauna variables.
12
National Forest and Soil Inventory of Mexico (INFYS, by its initials in Spanish) is a national policy
instrument on forest matters, containing geographic and statistical information forcountry's forest
ecosystems. For more information, consult: http://www.cnf.gob.mx:8090/snif/portal/infys
13
CONANP has developed some methodologies to determine the habitat transformation rate by
comparing changes in vegetation cover within federal natural protected areas at different time periods,
and
with
the
use
of
remote
sensors.
For
more
information,
consult:
http://apps3.semarnat.gob.mx/consejos/wp-content/uploads/2015/11/Ponencia-Tasatransformaci%C3%B3n-ANP-20.11.15.pdf
14
In the next link you can download the monitoring protocols and reports developed by the Chihuahuan
Desert Network (CHDN) of National Park Service and shared by its officers during binational workshop:
https://www.sendspace.com/folder/2nxdhi In addition, CHDN information and publications on vital signs
monitoring is available at the NPS portal: https://science.nature.nps.gov/im/units/chdn/publications.cfm
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Vital Sign

3. Water
quality

4. Soil quality
and erosion

5. Fuel loads

6. Basic
meteorology

Forest
Mexico

U.S. A.

NOM-1997-SSA15;
Underground
Water monitor
protocol16
(CONAGUA);
Underground
Mexican
water, springs
standard 001,
002, 000317,
SEMARNAT
SEMARNAT 1996
& 1997
Verify Mapimí
Biosphere
Reserve18
Review
Maderas del
Carmen Fire
Management
Program
EMA19, National
Meteorology
System20

Uplands
Protocol

Uplands, Fire
program plots
National
Meteorology
System

Vital Sign

Grassland
Mexico

3. Soil quality

Data collection

Uplands
Protocol

4. Soil
compaction level

Only data

Uplands
Protocol

5. Soil loss

6. Species
Diversity Index

Verify Mapimí
Biosphere
Reserve

SARMOD

U.S. A.

Uplands
Protocol

Birds Protocol

15

Official Mexican Standard NOM-127-SSA-1994 for nvironmental health, water for human use and
consumption-permissible limits of quality and treatments applicable for water purification. For further
information, consult: http://www.salud.gob.mx/unidades/cdi/nom/127ssa14.html
16 For further reference on water quality assessment methods, consult the Sampling Manual, In Situ
parameter measurement techniques, and monitoring strategies for groundwater monitoring available
at:
http://files.conagua.gob.mx/transparency/INDICADORESAGUASSUBTERR%C3%81NEASMANUALMUESTR
EO.pdf
17
Official Mexican Standards 001, 002 and 003 of SEMARNAT, refers to water quality and permissible
limits of contaminants. For more information, consult:
https://www.gob.mx/cms/uploads/attachment/file/105139/Normas_Oficiales_Mexicanas.pdf
18
Consult Ramírez et al., 2011.
19
Automated Meteorological Stations (EMA) are part of CONANP climate information platform:, a
repository to compile, store and classify meteorological information of 58 federal natural protected
areas in Mexico. For more information consult: https://www.gob.mx/conanp/acciones-yprogramas/plataforma-de-informacion-climatica
20 The National Meteorological Service (SMN) is the agency in charge of providing information on
national weather in Mexico. For more information, consult: http://smn.cna.gob.mx/es/

- 79 -

Forest
Mexico
Residents
7. Local
knowledge level
population
about
perception and
attitudes toward conservation
natural resources topics21 (only
conservation
perception)
Vital Sign

U.S. A.

No

Vital Sign

7. Basic
Meteorology

8. Local
population
Water Springs
participation level
in conservation

8. Water body
levels

Water level
monitoring
protocol22

9. Solid residues
handling level

NOM-161Semarnat-201123

No

9. Water levels in
water bodies

10. Local
population living
standards

INEGI24
SEDESOL25
CONAPO26

No

10. Local
population living
standards

11. Local
population
povetry index27

INEGI, SEDESOL,
CONAPO

No

11 Surface
affected by
wildfires

Grassland
Mexico

U.S. A.

EMA

Other agencies
protocols

No

No

Consult
CONAGUA and
Cuatro Cienegas
protocols

Underground
waterprotocol

Consult INEGI

No

Consult with
Maderas del
Carmen team

Data only

21

Research within federal natural protected areas in Mexico where local inhabitants perception about
conservation objects, their knowledge of ecosystem services and perception of tourism impact have
been evaluated. For further reference, consult: García and López (2017); García (2017); Aragón (2013),
Cantú et al., (2013).
22
CONANP and Mexico National Institute of Ecology and Climate Change, implemented a water level and
temperature variation analysis program for main water bodies in Cuatro Cienegas. For more information
consult: https://www.gob.mx/inecc/acciones-y-programas/sistematizacion-de-datos-de-los-piezometrosde-los-cuerpos-de-agua-de-Cuatro Cienegas-57211
23
Official Mexican Standard 161-SEMARNAT establishes criterion to classify and manage special handling
waste. For more information, consult: http://www.profepa.gob.mx/innovaportal/file/6633/1/nom-161semarnat-2011.pdf
24
The National Institute of Statistics and Geography (INEGI, by its initials in Spanish), implements metrics
for citizens' welfare: http://www.beta.inegi.org.mx/app/bienestar/?ag=05
25 The Ministry for Social Development (SEDESOL, by its initials in Spanish), manages basic indicators for
social development. For more information, consult:
http://sedesol.gob.mx/work/models/SEDESOL/Resource/143/1/images/Cuadernillo_DGAP_11032014.pdf
26
The National Population Council (CONAPO, by its initials in Spanish) is Mexican federal government
agency owner oft information about the degree of social marginalization at local level. For more
information consult: https://datos.gob.mx/busca/dataset/indice-de-marginacion
27
The poverty index is related to nutrition, drinking water, housing, education, health care, social and
mental security, quality and household basic services, income and social cohesion. In Mexico, the
National Council for Evaluation of Social Development Policy (CONEVAL, by its initials in Spanish)
publishes information on the assessment of poverty at municipal level. For more information, consult:
https://www.coneval.org.mx/Medicion/Paginas/PobrezaInicio.aspx
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Vital Sign

Forest
Mexico

U.S. A.

Vital Sign

Grassland
Mexico

U.S. A.

12. Social
margination
index28

INEGI, SEDESOL,
CONAPO

No

12. Surface water
dynamics

Consult
CONAGUA’s
protocols

Water springs
protocol

13. Effectiveness
in application of
subsidies and
other financial
sources

i-Efectividad29

County level
reporting

13. Pests and
diseases
incidence level

No

No

Consult NOM
12730

Water springs
protocol

14. Forest pests
USFS, Forest
INFYS, SARMOD
14. Water quality
and deseases
Health Initiative

15. Human-Fauna Consult German Consult studies
conflict
Guzman
by Silvio
incidence level Quintero’s thesis
Marchini
16.
Organizational
culture level in
the teams tha
manage the
natural
protected areas

No

No

17. Air quality

IMECA31 in cities

Air quality
protocol

18. Prevention
and response
level to illegal
activities

Surveys

Documented
cases

28

Social marginalization is associated with lack of social opportunities and lack of capacities to acquire or
generate them, but also related to deprivation and inaccessibility to basic wellbeing goods and services.
The National Population Council has local level information on social marginalization. For more
information, consult: http://www.microrregiones.gob.mx/catloc/Default.aspx
29 i-Efectivida, stands for "Permanent System of Evaluation of Effectiveness in Management of Federal Natural

Protected Areas", initiated by a visit of Dr. Hockings of Queensland University, international expert in Evaluation of
Effectiveness for the handling of the protected areas, who is working in coordination with personnel from the
CONANP’s Evaluation and Monitoring Direction (Elba Ivonne Bustamante & team). They designed a system using
different methodologies resulting in a multipurpose system, trying to adapt it to Mexico protected areas needs. For
more information consult:

https://www.sendspace.com/pro/dl/aspv7s
Official Mexican Standard NOM-127-SSA-1994, Environmental health, water for human use and
consumption-permissible quality and treatments in water purification. For more information, consult:
http://www.salud.gob.mx/unidades/cdi/nom/127ssa14.html
31
Mexican
Index
for
Air
Quality
(IMECA).
For
more
information,
consult:
http://dgeiawf.semarnat.gob.mx:8080/ibi_apps/WFServlet?IBIF_ex=D3_R_AIRE01_04&IBIC_user=dgeia_
mce&IBIC_pass=dgeia_mce
30
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Vital Sign

Forest
Mexico

U.S. A.

Grassland
Mexico
Consult Cuatro
Cienegas32, and
19. Resident’s
Giles thesis (2015)
perceptions and
and Parque
attitudes toward
Nacional Cumbres
natural
de Monterrey
resources
Studies Aragon,
conservation
2013; Cantu et al.,
2013
Vital Sign

U.S. A.

Visitors
satisfaction
surveys

Table 19. List of weighted vital signs for river and desert ecosystems, indicating if a
protocol in Mexico and U.S is available and related to its assessment
Vital Sign
1. Living
standards,
poverty index,
margination
index

2.Social
perception and
attitude and
human-fauna
conflict level

3. Level of
incidence of
diseases
associated to
water and
heavy metals

River
Protocol

Non-existent

Comments
CONAPO and
INEGI manage
some indicators
which should be
adapted in ad
hoc protocols

Vital Sign

Desert
Protocol

Comment

1. Soil quality

Level of
There are
awareness of
Vegetation and
surveys such as
For Mexico,
conservation
soil protocol
visitor
2. Changes in
SARMOD
objects at APFF
grouping all
satisfaction and vegetative cover
evaluates some
Cuatro
Vital Signs
visitor’s impact
related aspects
Cienegas
related to soil
at NPS parks
(García, 2017)

Non-existent

Health Ministry
3. Presence and
indicators may
distribution of
be
native species
incorporated

32

Cuatro Cienegas Flora and Fauna Protected Area has applied surveys with locals and visitors to
understand their perceptions and attitudes towards site conservation, and to assess their level of
awareness of protected area conservation objects.
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Vital Sign
4.Organizational
culture level of
the teams that
manage natural
protected areas
5.Institutional
goals
accomplishment
level

6. Hydrological
flow

7. Channel
morphology

8. Water quality

River
Protocol

Non-existent

Comments
Vital Sign
CONANP uses an
organizational
climate and culture
4. Species
survey33, and NPS
diversity index
has an employee
satisfaction
survey

Desert
Protocol

Comment

Non-existent

CONANP has an
i-effectiveness
OECD developed
5. Population Non-existent. To
platform which
a living
living standards
be defined
may serve as
standards index
reference

Available
protocol

There is a
perception
protocol for
6. Local
Cuatro Cienegas
Consult
population
assessing the local Evaluated using
CONAGUA and perception and
population
RARE surveys
USGS
attitude towards
awareness level
conservation
about
conservation
topics

Available
Protocol

However, it is an
external
protocol
(NOAA34, EPA).
In Mexico EMAs
are available,
check EMAs-air
locations.
Review Mexican
standards.

Available
Protocol

NPS, CHDN,
USGS, others

7. Air quality and
10. Basic
Meteorology

Available
Protocol

Possible
candidate:
Texas protocol
Surface water
Several sources 8. Water quality
approved by
quality protocol
EPA. Review
CONAGUA and
IMTA protocols.

33

For further reference, review results for 2015 CONANP 2015 climate and organizational culture survey
at: https://spc.conanp.gob.mx/pams_2015.pdf
34
National Oceanic and Atmospheric Administration (NOOA) of the United States, has protocols to
evaluate air quality, for more reference consult: http://www.noaa.gov/topic-tags/air-quality
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Vital Sign

River
Protocol

Comments

Vital Sign

Desert
Protocol

Comment

Protocol for
This Vital Sign
Nopal moth35
It is necessary to
was changed to
9. Pests and
(Cactoblatis Domestic species
adjust methods
9. Soil Condition
show changes in disease incidence
cactorum).
health surveys
according to
soil bed layer
level
USDA protocol
are available
conditions
changes
for Oak moth36
(gypsy moth)

10. Vegetative
cover

Available
Protocol

CONANP, NPS,
CHDN. Two scales
exist, one for
11. Effectiveness
coverage
level of subsidy
measurement,
programs
and others to map
the quadrant
locations

Existent
(PRODERS37
Case)

However, does
not contain the
Vital Signs
required
indicators, needs
to be update.

It is necessary to
review protocols
to standardize
and obtain more
12. Visitor
Existent, Visitor
objective results.
satisfaction level satisfaction level
A protocol for
visitor impact
measurement
exists (LCA)

35

In Mexico, technical sheet 11 has been developed containing a protocol to assess moth incidence, for
further
reference
see:
https://www.gob.mx/cms/uploads/attachment/file/215897/29_Ficha_T_cnica_Palomilla_del_nopal.pdf
36
USDA has protocols and tools to attend oak moth. For further reference, see:
https://www.aphis.usda.gov/aphis/ourfocus/planthealth/plant-pest-and-disease-programs/pests-anddiseases/gypsy-moth/CT_Toolkit
37
An evaluation by the Conservation Program for Sustainable Development (PROCODES, by its initials in
Spanish),
may
be
consulted
at:
http://www.transparenciapresupuestaria.gob.mx/work/models/PTP/programas/sed/evaluaciones/2008/0
8s195ped08.pdf
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Table 20. List of weighted vital signs for wetland ecosystem, indicating if a protocol in
Mexico and U.S is available and related to its assessment
Wetland
Vital Sign

Protocol

1. Water body levels

Available Protocol

2. Water Dynamics

Non-existent

In USA there is an evaluation protocol (Hydrology
Rating Curve39). Satellite images may be requested
through SEDENA40 or SEMAR41

CONANP has a
methodology

Request CONANP headquarters the methodology
to evaluate effectiveness of investment projects

Available Protocol

APFF Cuatro Cienegas has a protocol to evaluate
the level of awareness about conservation
objects and environmental issues

3. Level of effectiveness in
subsidy programs and other
funds sources
4. Population and user’s
perception and attitudes
towards natural resources

5. Biodiversity index

6. Water physical – chemical
properties

Comment
APFF Cuatro Cienegas uses a protocol using
piezometers38. NPS has an evaluation protocol.
For water springs, hydrology, underground
water. PARKS-USGS use piezometers. Monitor
outgoing water from the water bodies.

Wetlands ecological
integrity protocol (Rocky
No protocols in Mexico. APFF Cuatro Cienegas
Mountain Network42).
has used the Shanon index for burning sites.
Plants protocols including
Refer to SARMOD biodiversity index.
diversity and richness of
species
IMTA43 and NPS have
protocols

Review NPS44 , Texas State45, EPA46, Spring
Stewardship Institute47 and IMTA protocols.

38

CONANP and Mexico National Institute of Ecology and Climate Change have a program for water level
and temperature variation analysis for main bodies of water in Cuatro Cienegas. For more information
consult: https://www.gob.mx/inecc/acciones-y-programas/sistematizacion-de-datos-de-los-piezometrosde-los-cuerpos-de-agua-de-Cuatro Cienegas-57211
39
United States Geological Survey (USGS) has developed methods and technologies to develop
hydrological
range
curves
for
specific
points.
For
more
information
consult:
https://www.usgs.gov/faqs/what-a-rating-curve-why-does-it-change-over-time?qtnews_science_products=0#qt-news_science_products
40
Mexico Ministry of Defense (SEDENA, by its initials in Spanish).
41
Mexico Naval Ministry (SEMAR, by its initials in Spanish), collects satellite images that may be used per
request and even schedule capture of images in specific dates and places, for more information consult:
https://www.gob.mx/semar/acciones-y-programas/estaciones-satelitales
42
In this link you can download Rocky Mountain Network NPS protocols:
https://science.nature.nps.gov/im/units/romn/
43
Mexican Institute of Water Technology (IMTA), owns methods and technologies to assess water
quality. For more information, consult: https://www.imta.gob.mx/calidad-del-agua#CalidadDelAgua
44
NPS has a Water Quality Program with developed protocols to evaluate water quality, for more
information consult: https://www.nature.nps.gov/water/waterquality/index.cfm
45
The Texas Commission on Environment Quality has developed various protocols and standards for
water quality, available at : https://www.tceq.texas.gov/waterquality/standards
46
US Environmental Protection Agency, developed the Manual of Standards for Water Quality available
for reference at: https://www.epa.gov/wqs-tech/water-quality-standards-handbook

- 85 -

Wetland
Vital Sign

7. Nonnative species
presence and distribution

Protocol

Comment
Repetitive satellite Inventory, as in White Sands
National Monument case. Include nonnative
Wetlands and water
wildlife as European pig and donkey. Request to
springs protocols (NPS)
Marcia Wilson nonnative species protocol
(plants). Ask Francisco Torralba from APFF
Maderas del Carmen nonnative species protocol.

BINATIONAL FOLLOW UP STRATEGY
In order to follow up on the effectiveness evaluation process from a binational
perspective, staff from participating Sister Parks designed a Binational Strategy to
Evaluate and Monitor Vital Signs in the Sister Parks, including processes and activities
to develop and achieve their long-term goal associated to the vision (Table 21). In
addition, the goal set for the strategy has seven indicators which determine the
strategy’s implementation success level (Table 22).
Table 21. Binational strategy Goal for assessment of vital signs in Sister Parks
CONANP and NPS monitor and evaluate Vital Signs effectively, using an
ecosystemic approach under standardized protocols, to identify ecosystem trends
and make management decisions ensuring compliance to both organizations’
mission on 2040.

Table 22. Success markers related to the binational strategy goal for assessing vital
signs in Sister Parks
1. 100% of the Sister Parks apply at least 50% of Vital Signs protocols.
2. There is a shared platform containing periodical annual monitoring reports
including results, trends, and data analysis.
3. The Sister Parks include the Vital Signs approach in their management
programs.
4. The Sister Parks allocate at least 50% of their resources for actions under the
Vital Signs framework.
5. We have a strategic plan including an operational framework (living document).
47

Springs Stewardship Institute has developed several protocols to evaluate water in rivers and streams,
for further reference consult: http://springstewardshipinstitute.org/protocols/
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6. We have a monitoring plan describing protocols.
7. 100% of park rangers in Sister Parks know and apply criteria under the Vital
Signs approach.
The Binational Strategy to Evaluate and Monitor Vital Signs in Sister Parks (Figure 30)
consists of ten processes and includes names of officials responsible for its execution
(Table 23), and activities necessary for its development.
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Figure 30. Binational Strategy to evaluate and monitor Vital Signs in Sister Parks
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Table 23. Responsible person for processes related to Strategic Plan implementation
Process
CAPACITY DEVELOPMENT
FUNDS PROCUREMENT
PARTICIPATIVE PLANNING
STANDARIZATION OF PROTOCOLS
IMPLEMENTATION
EVALUATION
PLANS & PROCEDURES UPDATING
ADVERTISING
ELABORATION OF REPORTS
INVOLVE OTHER PARTNERS

Responsible CONANP/NPS
Julio Carrera and David Larson
Marcia Wilson and Carlos Sifuentes
Juan Ibarra and David Larson
Javier Ochoa and Cheryl Mc Intyre
Michael Bozek and Francisco Torralba
Rodolfo Pineda and Mike Medrano
Ma. Elena Rodarte and Jeffery Bennett
María Castillo and David Bustos
Claudia Castillo and Cheryl Mc Intyre
David Bustos and Rodolfo Pineda
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AGREEMENTS, COMMITMENTS, AND RESPONSIBLE PERSONS
In order to provide proper follow up to Binational Strategy to assess and monitor Vital
Signs in Sister Parks, all participants involved agreed to nine commitments described in
Table 24.
Table 24. Agreed commitments for follow up to Binational Strategy to assess and monitor Vital
Signs in Sister Parks
1. Hold a meeting in the next 12 months to standardize protocols and follow up on the
process. Responsible: Javier Ochoa and Cheryl Mc Intyre.
2. Deliver the memories with the results of the Workshop on Friday, March 30.
Responsible parties: Ivo García and Sandra Pompa.
3. On April 13th, 2018, participants provide feedback for Workshop memories.
4. CONANP staff validates the common priority Vital Signs on April 13.
Responsible: CONANP staff.
5. When memories are edited based on feedback, compare with colleagues of NPS and
CONANP.
6. CONANP initiates the process of "participatory planning", Juan Carlos Ibarra sends
all the Critical Path for implementation on March 28.
7. On April 13th, each Mexican natural protected area validates and prioritizes common
Vital Signs according to specific criteria for each ANP and ecosystem. Responsibles:
Rodolfo Pineda, Julio Carrera, Miguel Mendoza, and Juan Carlos Ibarra.
8. Prepare a strategic plan draft in the next six months, considering inputs from this
Workshop. Responsibles: Michael Bozek, Javier Ochoa, David Bustos, David Larson, and
Francisco Torralba.
9. All products are reproduced in both languages (English and Spanish).
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CONCLUSIONS
There are differences between institutional missions and management schemes of
CONANP and the NPS. On the one hand, CONANP’s focus is biodiversity conservation,
and NPS’ focus is preservation and enjoyment of the sites. In addition, in Mexico land
owners and residents live within natural protected areas, whereas national parks of the
United States do not have such residents. However, such differences do not hinder
joint development of a binational strategy to monitor vital signs. On the contrary, its
implementation will help to compare different management plans and policies, and
take advantage of the learning needed to adapt and design effective management
measures for conservation and preservation of ecosystems on both sides of the
border.
On the other hand, Sister Parks personnel participation in all stages of implementation
of vital signs is essential, from design stage to understanding the ecosystem models
and their functioning, the determination and prioritization of vital signs, as well as in
the design and adoption of protocols for evaluation and monitoring. Plus adding in the
design of a joint strategy to achieve support to this initiative by those responsible for
implementation, and for Sister Parks personnel to extent and integrate vital signs
criteria into different projects and management actions in their respective sites.
In addition, it is important to highlight that both sides of the border have documented
experiences in evaluation and monitoring of resources, so sharing them will be
essential to achieve success in the implementation of this binational strategy.
Furthermore, on regards to financing for the evaluation of vital signs of the Sister
Parks, it is very useful to know the binational priorities to prepare and manage joint
financing proposals that benefit all the parties focusing on the most important
concerns.
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RECOMENDATIONS
1.

To achieve the goal set by Sister Parks staff for the Binational Strategy to Evaluate
and Monitor Vital Signs in Sister Parks, it is recommended to periodically evaluate
the scope of indicators of success for the proposed goal (Table 22), as well as
operation of processes and their activities. This will help CONANP and NPS to
modify and adapt strategy activities and processes in a timely manner to achieve
the goal successfully.
2. It is recommended to define a pair of leaders to coordinate and direct the
binational strategy, one from CONANP and a counterpart in NPS. Likewise, it is
recommended to appoint a strategic leader in each Park involved. This will help to
focus communication and integration of efforts, so processes and activities of the
strategy have proper follow-up and, above all, will help achieve the goal set for the
strategy.
3. To obtain a tangible and immediate result for this binational effort, it is highly
recommended to develop and implement, as soon as possible, an electronic
platform of shared information (see indicator of success 2 in table 22, and activity 3
in process "implementation" in Figure 30), which contains periodic monitoring
reports along with results, trends and data analysis, as well as available monitoring
protocols information. This will enable CONANP and NPS staff, as well as the
general public, to verify progress in implementation of binational strategy for
evaluation and monitoring of vital signs in Sister Parks.
4. It is recommended that both CONANP and NPS Staff in Sister Parks review and
include in their planning and management tools (for example, annual operating
programs and management programs) the Vital Signs Methodology and approach,
for the implementation of long-term binational strategy may be integrated with
the short and medium-term management policies on both sides of the border.
5. It is highly recommended that experiences and learned lessons resulting from
implementation of Binational Strategy for Evaluating and Monitoring Vital Signs in
Sister Parks (Figure 30) are shared, both at binational level and with other parks
and natural protected areas. It is even recommended to seek and share other
binational resources international experiences related to evaluation and
monitoring outside Mexico and United States.
6. It is recommended to involve other partners in non-government organizations on
both sides of the border, to prepare and manage joint funding proposals, and for
the evaluation and monitoring of vital signs from a binational approach, taking
advantage of existing funding sources where bi-national efforts are encouraged,
and, taking advantage of already successful experiences involving non-government
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7.

8.

9.

10.

11.

12.

organizations collaborating with the governments of Mexico and United States,
such as collaborative monitoring work in the Bravo-Grande River.
It is recommended to involve residents of Sister Parks and their areas of influence
in the evaluation of vital signs effort. This will help society on both sides of the
border to know, value, and support management actions for conservation and
preservation of sites ecosystems.
Staff training is essential for the success of the strategy, therefore, it is
recommended to continue the personnel training process on both sides of the
border, so they become proficient to execute effective monitoring of vital signs.
Language represents a barrier limiting flow of communication between
participants in the strategy implementation. For this reason, it is recommended
that CONANP and NPS support training schemes where Sister Parks personnel can
learn English and Spanish.
It is important to emphasize that processes and changes in the ecosystems do not
correspond with terms and changes of public administration on both sides of the
border. Therefore, it is necessary that Sister Parks personnel integrate the longterm vision in their planning strategies, to ensure that the vital signs initiative has
continuity despite changes of government administration in both nations.
Managers of natural protected areas were recognized as part of interactive
controls and components of ecosystems. That is, it was acknowledged that their
level of incidence contributes to determine limits, structure, functioning, and
dynamics of the ecosystems they guard. Therefore, it is highly recommended to
evaluate and share experiences on the level of managing team’s organizational
effectiveness at Sister Parks, since this determines the efficiency for each team to
achieve their objectives.
It is fundamental that managers of natural protected areas acknowledge
ecological, social, and economic plurality in Sister Parks ecosystems. Therefore, it is
strongly recommended to evaluate and contrast vital signs for the three
dimensions of ecosystem management, avoiding exclusive focus on ecological
aspects, in order to achieve a comprehensive understanding of trends and
conditions of ecosystems.
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