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The construction of wildlife passages is a globally growing trend, supported by adequate legal frameworks and practical experiences that
have assessed their effectiveness and efficiency to reduce roadkills; particularly for mammals. In México, however, this field is still incipient,
with a few wildlife passages implemented and a non-existent legal framework, only regulated through authorization resolutions of environ-
mental impact assessments related to road construction projects. Fauna passages play an important role in biodiversity conservation and
recovery of landscape connectivity; however, studies are still required worldwide to assess the relevance of these passages on wildlife popu-
lations and communities conservation through time and space. This paper summarizes current considerations in terms of connectivity and
fragmentation, and their relationship with wildlife passages construction on roads, as a strategy to mitigate wildlife impacts, encouraging the
reader to reflect on the current status of these topics in México and the importance of implementing them through a legal framework as part
of the commitments of México toward the global conservation of biodiversity.
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La construccién de pasos para fauna silvestre es una tendencia creciente en el mundo, fundamentada en marcos juridicos adecuados y
experiencias practicas que han dado como resultado la valoracién de su eficacia y eficiencia en reducir el atropello, particularmente de ma-
miferos. No obstante, en México el tema es alin incipiente, con pocos ejemplos ejecutados y un marco legal especifico inexistente; quedando
su ejecucion obligada a través de los resolutivos de autorizaciéon en impacto ambiental de los proyectos de infraestructura carretera. El papel
que los pasos para fauna tienen en la conservacién de la biodiversidad y recuperaciéon de la conectividad en el paisaje es de gran relevancia;
sin embargo, hacen falta a nivel mundial, planificar estudios que permitan cuantificar su relevancia en la conservacion de comunidades y po-
blaciones de especies en el tiempo y espacio antes y después de su construccidon. Esta nota resume algunas de las consideraciones actuales
en materia de conectividad y fragmentacion, y su relacion con la construccién de pasos para fauna silvestre en la infraestructura vial como una
forma de mitigar el dafo ejercido, invitando a la reflexion sobre el estado que guarda México con respecto a estos temas y la importancia de
retomarlos en la préctica y a través de un marco legal, como parte de los compromisos que México ha adquirido en materia de conservacion
de la biodiversidad a nivel mundial.

Palabras clave: Corredores artificiales; corredores biolégicos; fragmentacién de ecosistemas.
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Conserving ecosystems connectivity to protect the natural
and cultural diversity of México is a commitment to present
and future generations (Sarukhan 2017). Ecosystems have
supported the livelihood of human populations since the
early stages of history, providing goods and services (Bal-
vanera et al. 2009) that are essential for the development
of human societies (MEA 2005). Biodiversity represents a
supporting ecosystem service, as it participates in processes
such as pollination, seed dispersal, climate regulation, car-
bon sequestration, and pest control (Orijel et al. 2008).

In terms of ecosystem connectivity, the transformation
and fragmentation of ecosystems resulting from the con-
struction of road infrastructure represent a stress factor that
splits and alters the ecological functions, leading to biodiver-

sity loss (Mendoza-Sdnchez and Marcos-Palomares 2016).
The conservation and recovery of ecological connectivity
allows to reverse fragmentation effects and, additionally,
fight the threats of climate change through the recovery
of ecosystem functions (Sarukhan 2017). In this context,
it is evident that road projects need to be design under
a comprehensive territorial planning proposal that meets
the communication and mobility requirements of society
without threatening the conservation of biodiversity and
ecosystem services (Tsunokawa and Hoban 1997; Seiler
2001; Daigle 2010).

Nowadays, strategies such as the conservation and
recovery of ecological corridors and the construction of
artificial corridors perpendicular to road works, known as
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Reflections on wildlife passages for México

wildlife passages, are feasible options to preserve ecologi-
cal connectivity and reduce the adverse effects of ecosys-
tem fragmentation; they provide a continuous habitat that
represents a safe passage for animals as they move through
the landscape (Conservation Corridor 2020). This document
reviews the situation in México regarding the implementa-
tion of diverse strategies for the conservation and recovery
of landscape connectivity, as a way to mitigate ecosystem
fragmentation caused by roads, particularly considering
the construction of fauna passages as a measure to recover
connectivity.

Current context on ecosystem fragmentation. Ecosystem
fragmentation is on the rise, mainly the one caused by the
lack of land use control and strategic planning for the use of
natural systems. In México, urban development, livestock
increase and agriculture practices are drivers of this issue.
Additionally, in the early 20th century, the creation of trans-
port infrastructure exacerbated this problem, initially com-
prising railway networks only, and later, with the increase
in highways, roads, and country roads (Lépez-Feldman
2012; INEGI 2017). The construction of roads represents an
economic and anthropic symbol of progress that enables
mobility and the logistical capacity to plan and improve our
life quality. However, life quality also depends on ecosys-
tem services and these, in turn, on the connection and bal-
ance of its components (MIEA 2005).

Road infrastructure represents significant movement
barriers for mammals, resulting in increasingly smaller, iso-
lated populations with greater difficulty for obtaining food,
water, or mating sites to conserve genetic diversity, species
continuity, and ecosystem integrity (Arroyave et al. 2006).
Additionally, the construction of road infrastructure has
increased the risk of wildlife roadkills and is currently con-
sidered one of the leading causes of mammals mortality, as
well as other fauna inhabiting the road neighboring area.
This issue has been of great concern since the 1970s in vari-
ous parts of the world, and efforts have been focused on
developing solutions for safe wildlife crossing (Mendoza-
Sénchez and Marcos-Palomares 2016).

There are few studies in México investigating alter-
natives to prevent the impacts to fauna caused by road
infrastructure construction, and those that have been con-
ducted resulted from environmental impact assessments of
road projects. Also, there is no clear quantification of road-
kills on various roads in the country, nor records of acci-
dents resulting from collisions or drivers wildlife dodges.
There are initiatives such as the Observatory of Mobility
and Fauna Mortality on Roads of México (Observatorio de
Movilidad y Mortalidad de Fauna en Carreteras de México),
supported by the Mexican Institute of Transport (Instituto
Mexicano del Transporte; IMT, in Spanish) with the collabo-
ration of citizens and centers of the Secretariat of Commu-
nications and Transport (SCT, in Spanish). The objective of
the observatory is to build a database through WATCH MX,
a platform created for the monitoring of fauna that crosses
roads in México to develop mitigation strategies and pre-
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vent accidents or collisions between vehicles and wildlife;
the earliest results of this initiative were published by Men-
doza-Sanchez and Palomares (2016). The project is prom-
ising and can support research studies to help mitigate,
compensate, or avoid damage to wildlife, but it requires
further support to remain functional and promote the use
of the WATCH MX platform by different sectors and users
who contribute by reporting wildlife-vehicle incidents on
roads in the country.

Connectivity and wildlife passages on roads. The con-
cept of biological or ecological connectivity is complex but
in general terms include the way in which organisms can
move among particular natural landscape elements or the
number of connections between habitat fragments rela-
tive to the maximum number of potential connections or
interrelations of key processes within and between eco-
systems in multiple scales (Fisher and Lindenmayer 2007).
The maintenance and construction of ecological corridors
represent an effective strategy worldwide to increase such
connectivity in landscapes or ecosystems.

The International Union for Conservation of Nature
(IUCN) defines a biological or ecological corridor as“A clearly
defined geographical space that is governed and managed
over the long term to maintain or restore effective ecologi-
cal connectivity” (Hilty 2020). According to their functional-
ity, there are different types of ecological corridors. In the
case of roads, wildlife passages are currently considered
artificial corridors that enhance connectivity and are highly
important to reduce the damage caused by road infrastruc-
ture (Panthera 2020).

Although wildlife passages were initially built in the
1970s in other countries (Clevenger 2007), they are a rela-
tively new subject in México and still lack a specific legal
framework. Although there are studies supporting that
these structures can increase ecosystem connectivity (Bis-
sonette and Adair 2008), the connectivity mentioned within
the Mexican legal framework mainly refers to natural or
large corridors whose objective is conservation, particularly
of protected natural areas (SEMARNAT et al. 2017). How-
ever, no reference is made to wildlife crossings as related
to the connectivity of ecosystems and the conservation
of mammals and other species, hence the importance of
including it within the legal framework. As human capacity
to create technology generally involves ecological impacts,
it can also represent the key to face environmental chal-
lenges, including the fragmentation of landscapes and eco-
systems through knowledge and technology development
(Maass and Equihua 2015). The incorporation of wildlife
passages to the legislation may foster sustainable practices
in México, as long as they are built at strategic sites and
under an integrated management approach of landscapes
and ecosystems, besides being preventive rather than cor-
rective (luell 2003; Bissonette and Adair 2008; Correa et al.
2016; SCT 2021).

The selection of the best route among several alterna-
tives should prevent affecting ecologically relevant areas.




For instance, in conserved areas, a single type of wildlife
passage out of the eight described as a mitigation mea-
sure in the Manual for the Design of Road Wildlife Passages
(Manual de Diseno de Pasos para Fauna Silvestre en Carret-
eras; SCT 2021) may be insufficient to provide the perme-
ability required by different species in a given habitat (Ryt-
winski et al. 2016) since these structures should be built
according to their biological and ecological needs. Thus,
it is worth to emphasize that the best wildlife crossing is
the one that does not need to be built, i.e., when the road
or railway has been designed in order to avoid ecosystem
fragmentation.

On the other hand, even though other countries have
implemented fauna passages, each case has its own expe-
riences and requires particular alternatives, considering
the needs of the area in terms of its fauna and ecosystems
(Rytwinski et al. 2015) and the political and social contexts.
An example is the wildlife passages built in the temperate
region of the United States and Canada, where the pres-
ence of large mammals and their displacement in herds
requires the construction of large wildlife passages over the
roads and the fencing of the entire right of way. These mea-
sures reduce wildlife-vehicle collisions and the high costs of
driver compensation and insurance payments (the primary
motivation for constructing these crossings). In Sdo Paulo,
Brazil, collisions between vehicles and wildlife have pro-
duced annual costs to society of USD 25,144,794.00 (Abra
et al. 2019). In this sense, the cost-benefit balance justifies
the profitability of the construction (Lee et al. 2013; Ascen-
sao et al. 2021). However, in countries with diverse tropical
fauna, usually small-sized and abundant, as is the case of
México, the construction of large structures as passages,
with long distances between them, would not solve the
fragmentation issues. The ecological characteristics of the
animals living in these regions require a greater density of
passages with shorter distances between them in order to
allow the animals to move across the roads, which differs
from requirements for wildlife in North America. These fea-
tures reduce construction costs, even allowing to include
structures for multiple species (Sijtsma et al. 2020). Addi-
tionally, it is feasible to consider the use of road structures
as passages, like drainage works that can be adapted for a
dual use: water flow and wildlife passage (SCT 2021).

An important aspect in the construction of wildlife pas-
sages is the implementation of actions to protect the habitat
of wildlife species, that is, to connect these structures with
the surrounding ecosystems, thereby maintaining connec-
tivity and ecosystem services at the same time. Some stud-
ies report that purchasing agricultural land for ecological
restoration is more effective and efficient for species conser-
vation and connectivity than constructing large crossings as
the only mitigation measure (Queiroz et al. 2014).

It is important to note that vehicle collisions with
medium-sized or small fauna usually causes no damage to
cars, unless the driver attempts to dodge it, which can result
in a serious car accident; therefore, it is difficult to perform
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collisions cost analyses with small animals to justify for the
construction costs of wildlife passages under these circum-
stances. This makes it necessary to assess the construction
costs of wildlife crossings based on a cascade of issues and
adverse effects that result from the loss of biodiversity;
therefore, construction of such wildlife passes should be
perceived as part of the ecosystem support services that
provide long-term benefits for the quality of human life. To
this date the economic quantification of this type of eco-
system services benefits is a scarcely developed parameter
(Sijtsma et al. 2020), given the complexity and abstraction
involved (Bartkowski et al. 2015).

Importance of the legal framework and its application
through public policies aimed at promoting ecological con-
nectivity and fauna passages. Globally, the implementation
of legislation and public policies at the spatial and temporal
levels is related to the idiosyncrasy, culture, development,
and economy of each region. According to 147 documents
about the regulatory framework of countries in Europe,
North America, and Latin America in terms of connectivity,
fragmentation, and wildlife conservation, there is a marked
difference in the application of environmental policies
between the governments of developed and developing
countries. One of the most advanced regions in environ-
mental regulations and with broad experience in preserv-
ing their ecosystems and fauna is the European Union. The
protection of fauna, flora, landscapes, and ecosystems is a
comprehensive part of its political agenda, and the actions
to support its natural heritage have acquired increasing
importance over the past 30 years.

In North America, each country has its own regulations
and programs to preserve and manage wildlife species and
ecosystems. To protect biodiversity affected by the vigor-
ous development of the region, the Canada/México/United
States Trilateral Committee for Wildlife and Ecosystem Con-
servation and Management was established in 1995. Its
goals focus on promoting a comprehensive approach to the
conservation and sustainable use of biological resources,
contributing to the maintenance of the ecological integrity
of its ecoregions, and the conservation of biodiversity.

Additionally, México has signed a significant number of
international, bilateral, and multilateral environmental trea-
ties and agreements, providing the bases for developing
our environmental legislation. The commitments adopted
by México by joining these treaties have led, at different
times, to the issuance of new laws addressing different
areas of human activities, as well as a series of amendments
to the existing regulations, from the Constitution to the
regulatory provisions of secondary laws.

Finally, it is important to note that, although the Mexi-
can environmental legal system addresses the proper pro-
tection of flora and fauna, it is not necessarily managed
holistically. This is the consequence of the lack of linkage
between the different planning and management instru-
ments, and ineffective implementation in terms of gover-
nance and conservation economics.
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Today, there are few environmental regulations and
enforcement instruments in matters of ecological con-
nectivity and fauna passages in the Mexican environmen-
tal legislation. Although México has worked in subjects
related to connectivity and biological corridors for over two
decades, integrating the definitions and associated regu-
lations in the General Law of Ecological Balance and Envi-
ronmental Protection (LGEEPA, in Spanish) is still pending.
The LGEEPA does mention the “landscape” concept from an
aesthetic standpoint as part of the establishment of Natural
Protected Areas (article 47 bis, Fracc. Il, section e); however,
it includes neither a comprehensive vision of landscape as
an environmental entity, nor the relationship with connec-
tivity, biological corridors, ecosystems, and conservation of
flora and fauna. The only federal law that defines biological
corridors and refers to ecological connectivity is the Gen-
eral Law on Climate Change, issued on 6 June 2012. The
General Wildlife Law (LGVS, in Spanish), issued in 2000 and
with its latest amendment published in 2020 (SEMARNAT
2021), was the first of its kind to address the establishment
of biological corridors within the framework of Manage-
ment Units for Wildlife Conservation (UMAs, in Spanish);
however, no legal policies were developed for the protec-
tion and conservation of biological corridors addressing
the displacement of mammals or other wildlife species.

México is committed to preserving ecosystems and
their connectivity by 2030 in response to the interna-
tional agreements signed regarding a Sustainable Devel-
opment, particularly in relation to biodiversity conserva-
tion, as part of the Aichi targets on the Strategic Plan for
Biodiversity 2011-2020, through the document “National
Vision for Integrated Landscape Management and Con-
nectivity’, intended to build a national policy of integrated
landscape management and connectivity under a coordi-
nated approach (SEMARNAT 2017). However, no regulatory
framework in the legal system is still available that man-
dates the construction of artificial corridors (herein referred
to as wildlife passages on roads and railways) as a measure
to foster connectivity and reduce fragmentation caused by
such infrastructure.

Location, design, construction, and monitoring ini-
tiatives such as those presented in the Manual for the
Design of Road Wildlife Passages (SCT 2021) are essential
to standardize monitoring activities and eventually define
the efficiency and effectiveness of the different types and
sizes of passages, as well as the economic profitability of
the construction in terms of conservation and recovery of
ecological connectivity. There have been some legislative
initiatives promoting the regulation of these topics in road
construction. An example is the one addressed by Deputy
G. E. Ralis Cumplido in 2018: “That amends article 2 and
adds article 25 Bis to the Law of Roads, Bridges, and Federal
Motor Transportation in 2018” and “With an agreement, by
which the SCT is encouraged to issue, with the support of
SEMARNAT, the Mexican Official Standard (NOM, in Span-
ish) that sets forth the technical specifications to build wild-

90 THERYANOTES Vol.3:87-91

life passages on federal roads and highways”. Another is the
initiative of 25 March 2021, where the Chamber of Deputies
unanimously approved the “Addition of article 22 Bis to the
Law of Roads, Bridges, and Federal Motor Transportation,
which establishes that for the construction of new roads
and highways, as well as in the modernization of the exist-
ing ones, the Secretariat of Communications and Transport,
seeking the protection and conservation of ecosystems,
shall include the implementation of fauna crossings in its
design and conservation plan”. The latter was forwarded
to the United Commissions on Communications and Trans-
port and Legislative Studies of the Senate on 6 April 2021
and is currently pending approval in the Senate. In both
instances, the agreements that establish mandatory techni-
cal guidelines for implementing the construction of fauna
passages from the planning stage of roads, as a necessary
measure to reduce fragmentation and foster connectivity
in landscape and ecosystems, have not yet permeated the
Mexican legislation.

Although the implementation of wildlife passages in
road infrastructure is a growing trend worldwide, México
currently lacks regulations and public policies in this regard.
Therefore, initiatives should be put forward to develop the
corresponding legal framework aimed at building increas-
ingly sustainable road projects in the country. A first step
taken in this direction is the development of the first Man-
ual for the Design of Road Wildlife Passages (SCT 2021); this
document is expected to serve as a guide from the project
planning and decision-making stages regarding the design,
types, and number of wildlife passages, to the evaluation
and monitoring of their effectiveness and efficiency.

Also, additional studies should be conducted on the
efficiency, effectiveness, and role of wildlife passages in the
conservation and recovery of connectivity, biodiversity, and
associated environmental services on which we all depend.
The “wildlife passage” figure should be institutionalized in
the respective regulatory bodies in a coordinated and inte-
gral manner, aiming to promote the creation of sustainable
projects in México.
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