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ABSTRACT

We are facing a global water crisis exacerbated by hydro-climatic extremes related to climate change.
Water scarcity is expected to increasingly affect indigenous and marginalized populations. Supporting
the sovereignty of indigenous and rural populations to create water secure futures through place-
based knowledge, local management, and Community-based Adaptation (CBA) measures may help
tackle this crisis. Zapotec communities in Oaxaca, Mexico have self-organized for collective action to
use Managed Aquifer Recharge (MAR) to address water scarcity, resulting in a perceived increase of
groundwater availability. Treating groundwater as a common-pool resource (CPR) within a
sociohydrological system, the objectives of this paper are two-fold: (1) to explore how MAR may be
implemented as a CBA measure, and (2) to understand what factors triggered and/or enabled the
widespread implementation of MAR by Zapotec indigenous communities in the Valles Centrales of
Oaxaca, Mexico. In doing so, we aim to get a better understanding of local processes while also
furthering theories that relate to CBA, CPR, and sociohydrology. This paper was born from the desire
of the Zapotec community members to share their experience and lessons learned so other drought-
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vulnerable communities might benefit.

1. Introduction: community-based climate
adaptation in the water sector

“Water is the blood in the veins of our mother earth.” - COPUDA
member

We are facing a global water crisis (Gosling & Arnell, 2013;
Kummu et al,, 2016; Rockstrom et al., 2014; Srinivasan et al,,
2017; UN DESA, 2019). More than half the planet will be
increasingly exposed to water scarcity and shortage (defined
as the impacts of insufficient water availability to meet the
needs of the local population, due to climate impacts, distribu-
tional inequities, and increasing demand) (Jiménez Cisneros
et al., 2014; Kummu et al., 2016). Social, economic, and politi-
cal conditions further exacerbate a population’s vulnerability
to water scarcity (Forsyth, 2017; Kahn et al., 2013). Inequitable
access to resources, including water, can leave local popu-
lations dispossessed of agricultural lands, livelihoods, and cul-
tural identity, while posing a threat to sustainable development
and environmental distributional justice (Dell’Angelo et al,
2018; Mehta et al., 2012; Rodriguez-Labajos & Martinez-
Alier, 2015; Zwarteveen & Boelens, 2014). Top-down solutions
for water provision (i.e. large-scale infrastructural and water-
shed projects) infrequently benefit indigenous populations,
and often leave indigenous populations affected and dispos-
sessed (Finley-Brook & Thomas, 2010; Hidalgo et al., 2017;
Hoogesteger & Verzijl, 2015).

Amidst this context, indigenous populations often have
place-based knowledge and generational experience in mana-
ging local resources and adapting to climatic variability
(Basel et al., 2020; Berkes & Armitage, 2010; Boillat & Berkes,
2013; Reid, 2016). Local resource users may have the most
knowledge of and incentive for effectively managing local
resources, questioning notions that state management is the
only or most effective strategy (Boelens & Hoogesteger,
2017; Hoogesteger et al., 2016; 2017; Meinzen-Dick et al,,
2002). Addressing the water crisis may therefore be aided by
supporting the sovereignty and agency of indigenous and
rural populations to create water secure futures through
place-based knowledge, local management, and community-
based adaptation (CBA) measures (Falkenmark et al., 2007;
Zeitoun et al.,, 2016). Adaptation, as defined by Few et al.
(2007, cited in Dodman & Mitlan, 2011, p. 2.), is “controlling
the particular problem (decreasing its probability of occur-
rence); coping with the problem (reducing sensitivity to the
problem); or avoiding the problem (limiting its potential
effects).” CBA is then “based on the premise that local commu-
nities have the skills, experience, local knowledge and net-
works to undertake locally appropriate activities that
increase resilience and reduce vulnerability to a range of fac-
tors including climate change” (Dodman & Mitlin, 2011,
p- 1), and is, “a community-led process, based on
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communities’ priorities, needs, knowledge and capacities,
which should empower people to plan for and cope with the
impacts of climate change” (Reid et al., 2009, p. 13 cited in
Reid, 2016, p. 4). Often framed as a development intervention
(in which an external actor facilitates a population toward
increasing resilience through initiatives) (Forsyth, 2017), this
paper treats CBA as including bottom-up, community-driven
actions. Community-driven actions are defined as actions
taken through and by the initiative of local actors for the pur-
pose of achieving adaptation outcomes (see Basel et al., 2020).
Adaptation outcomes are achieved when measures successfully
avoid, cope with, or control a problem; for example, success-
fully addressing resource challenges, such as water scarcity.

The current context of the water and climate crisis, social
inequities, and the premise that local resource users are
capable of adapting, suggest the utility of identifying CBA
measures for the water sector. When identifying CBA
measures, it is important to remember that “CBA is, by
definition, contextual and place specific” (Forsyth, 2017,
p- 12) and that communities are not homogenous units, but
made up of individuals with varying needs and priorities
(Rodima-Taylor, 2012). Additionally, all human use of and
interaction with natural resources happens within a complex
social-ecological system (Ostrom, 2009a): “there are no simple,
definitive, or universal rules that govern these systems, because
we will always have incomplete knowledge of them and their
relations with larger systems” (Ostrom, 2009b, cited in Morg¢dl,
2014, p.14). Since CBA measures cannot be a “one-size-fits-all”
approach, this paper aims to contribute to the literature by
identifying factors that enable or inhibit CBA measures and
result in successful adaptation outcomes in specific place-
based and cultural contexts.

Exemplifying the social-ecological interplay explained by
Savenije et al. (2014) in which ecological limits incite people
to take action, twenty-two Zapotec indigenous municipalities
(also referred to as communities) of the Valles Centrales of
Oaxaca, Mexico self-organized into two separate and originally
unarticulated associations to address water scarcity and its
impact on local livelihoods. Municipalities in the mid Rio
Verde, Atoyac, and San Antonio-Rio Tehuantepec watersheds
organized to become the Unién de Comunidades y Ejidos Buin
Dannis de la Cordillera Central Ocotldn Tlacolula A.C. (Buin
Dannis), while municipalities in the lower Rio Verde and
Atoyac watersheds joined together to create the Coordinadora
de Pueblos Unidos por el Cuidado y la Defensa del Agua A.C.
(COPUDA), which receives pro-bono legal representation
and support from the civil association El Centro de Derechos
Indigenas Flor y Canto A.C. Independently, both associations
have addressed water scarcity using low-cost and low-tech
interventions for Managed Aquifer Recharge (MAR). Inter-
ventions consist of simple constructions designed to capture
rainwater runoff, allowing water to infiltrate the soil and
recharge groundwater that, in turn fills community wells
with water for household and agricultural use.

Recognizing that CBA in the water sector occurs within a
sociohydrological system, the goals of this paper are to: (1)
explore how MAR may be implemented as a CBA measure,
and (2) understand what factors triggered and/or enabled
the widespread implementation of MAR by Zapotec

indigenous communities in the Valles Centrales of Oaxaca,
Mexico. Our analysis highlights multiple variables that have
facilitated the self-organization of Zapotec communities.
This paper is structured as follows: Section 2 describes the
methods used; Section 3 briefly reviews and explores linkages
between sociohydrology, community-based adaptation, com-
mon-pool resources, and managed aquifer recharge literature;
Section 4 overviews the local context; Section 5 describes the
Zapotec experience using MAR to address water scarcity; Sec-
tion 6 identifies variables enabling self-organization; and Sec-
tion 7 concludes the paper and identifies future research
directions.

2. Methodology

Drawing on the methodology pioneered by Wester et al.
(2011), this paper results from a critical dialogue among
three local practitioners (the second, third, and fourth authors
of this paper) and two external researchers (the first and fifth
authors) about the direct experiences of these three prac-
titioners as participants with leadership roles in the Zapotec
experience with community-based Managed Aquifer
Recharge. This methodology was chosen for allowing an
approach (Forsyth, 2001) that emphasizes and honors the per-
sonal voices, cultural perspectives, and field observations of
these three authors as local experts and practitioners.

The first author conducted two week-long field visits, over
two sequential years, to orient research efforts within the cul-
tural and social landscape of the communities in question.
During these visits, starting with an established relationship
with a Zapotec mezcal producer in Santa Catarina Minas,
informal interviews (n=22) were conducted using a snowball
approach with civil associations working with water in the
region and with urban and rural Oaxacans in the Valles Cen-
trales. Drawing on these data and a review of publications
relating to Managed Aquifer Recharge in newspapers and
social media networks, key stakeholders (including the organ-
izations Buin Dannis and COPUDA) were identified and
mapped. The three local practitioners (collaborating as authors
on this paper) were chosen because 1) they are recognized
within Buin Dannis and COPUDA as legitimate and respected
representatives of each association (respectively), 2) the leader-
ship roles these individuals have had in community organiz-
ation, design/construction of MAR infrastructure, and
communications (scientific, legal, and media) about the Zapo-
tec experience, and 3) the multi-faceted and direct engagement
these practitioners have had with the communities in ques-
tion." The topics discussed in the following sections draw
heavily on their direct involvement in and focus on water-
related themes, spanning from 1999 to the time of publication,
in the Zapotec communities discussed in this paper.

Based on the data gathered from interviews, stakeholder
mapping, field observations, and a review of existing docu-
mentation, the first and fifth authors drafted a semi-structured
interview template aimed at corroborating initial findings and
elucidating the cultural, social, legal, environmental, liveli-
hood, historical, and ideological context of the communities
in question. The practitioners (authors 2, 3, and 4) submitted
written responses to interview questions which were then



cross-analyzed in the context of available data/literature on the
region. Over a period of five months, the first author then
facilitated an iterative consultation with and between these
local practitioners through recorded and written communi-
cations. Through this process, the five authors collectively
and critically analyzed the studied experiences in light of the
theoretical framework outlined in this paper. The process led
to the joint understanding and analysis of the MAR experience
- from both the Buin Dannis and COPUDA perspectives - that
is presented in this paper.

3. Sociohydrology, community-based adaptation
and managed aquifer recharge

CBA (centered around problems that affect human popu-
lations and the responses of these populations) in the water
sector occurs within a social-ecological system, and is further
nested within a sociohydrological system: humans influence
water resources through behavior and infrastructural interven-
tions. In turn, the availability of hydrological resources and
hydro-climatic events influence human behavior and interven-
tions, creating interplay and feedbacks between the two sys-
tems (Rusca & Baldassarre, 2019). Di Baldassarre et al.
(2019) propose that understanding the relationships between
“natural, technical, and social processes” and resulting
phenomena can improve water management and contribute
to solving the global water crisis. Applying the sociohydrologi-
cal lens to CBA in the water sector enables the design of gov-
ernance structures (i.e. collaboration among stakeholders or
management interventions) that are well-matched to the bio-
physical environment which, according to Bodin (2017),
increases the likelihood of addressing resource challenges.
The socio-technical CBA intervention in hydrological pro-
cesses analyzed in this article is Managed Aquifer Recharge
(MAR). MAR refers to “a suite of methods that is increasingly
used to maintain, enhance and secure groundwater systems
under stress” (Dillon et al., 2019, p. 1), often through the injec-
tion or facilitated infiltration of water into an aquifer. The
effectiveness of MAR for increasing groundwater availability
is widely recognized (Malik et al.,, 2014; Patel & Prabhakar,
2012; Renganayaki & Elango, 2013; Rockstrom et al., 2014;
Sadoff et al., 2015). The archeological record further demon-
strates the use of MAR to increase long-term resilience to
drought in Pre-Incan Peru, India, and Jordan (Kennedy,
1995; Malik et al., 2014; Ochoa-Tocachi et al.,, 2019; Pandey
et al., 2003). Dillon et al. (2019, p. 3) explain “watershed man-
agement interventions such as contour bunds and check dams
have been used for millennia in the Middle East, Asia and
South America to detain monsoon runoff, to defend against
soil erosion and conserve water, and as a by-product, ground-
water recharge [is] increased.” The International Groundwater
Assessment Centre (n.d.), and recent studies (i.e. Guyennon
et al,, 2017; Shah, 2009) recognize that MAR can be used as
an adaptation strategy to decrease vulnerability to climate
change. However, there has been little study of MAR as a
CBA measure for the water sector. Additionally, with few
exceptions (i.e. Kennedy, 1995; Lasage et al., 2015; Lasage &
Verburg, 2015; Ochoa-Tocachi et al., 2019; and Pandey et al.,
2003) the discussion of MAR for CBA has often been confined
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to journals on hydrology, and is seldom addressed within the
field of CBA.

As a discipline, sociohydrology is still developing knowl-
edge of the variables that drive system dynamics. While the lit-
erature on sociohydrology has called for hydrology to
endogenize human agency (Di Baldassarre et al., 2019; Pande
& Sivapalan, 2017), defined as the capacity for humans to
influence hydrological flows, either on purpose or uninten-
tionally (Pande & Sivapalan, 2017; Rusca & Baldassarre,
2019), Troy et al. (2015) and Loucks (2015) discuss the need
to further incorporate human behavior into sociohydrological
models: the literature on common-pool resources (CPR) may
help fill this gap.

Water is a CPR, defined as “resources for which exclusion of
users is difficult to achieve and for which joint use reduces the
availability of benefits derived from the resource for others”
(Steins & Edwards, 1999, p. 539). Hardin (1968) proposed
that individuals have incentive to overexploit commonly-
shared natural resources, undermining the possibility for sus-
tainable resource management, and therefore justifying the
top-down governmental or privatized control of CPR. Gardner
et al. (1990) and others have since refuted this argument by
empirically demonstrating sustainable management of social-
ecological systems and CPR through collective action: colla-
borative management of a shared resource by resource users.
A significant body of literature on collective action has since
been developed” including examples of self-organization for
collective action for management of groundwater resources
(i.e. Bardhan, 2000; Hicks & Pefa, 2003; Ostrom, 2000; Van
Steenbergen, 2006). The capacity for collective action is a
determining factor in community adaptation to climate-
related challenges (Adger, 2003; Karim & Thiel, 2017;
Rodima-Taylor 2012).

Ostrom’s research shows that specific characteristics of a
resource and resource users increase the probability of self-
organization for collective action for sustainable resource
management (Ostrom, 2000; Ostrom, 2009a): (1) Size of the
resource system (supplying a sufficient quantity of the resource;
being of a realistic size to manage), (2) Productivity of the
resource system (benefits justify management cost), (3) Predict-
ability of system dynamics (effort invested will likely yield
results), (4) Resource unit mobility (continued location in an
area that can be managed), (5) Collective-choice rules (partici-
pative governance; autonomy to govern and defend the
resource against others), (6) Number of users (suitable to
group organization and resource management requirements),
(7) Leadership/entrepreneurship (respected local leaders; inno-
vation), (8) Norms/social capital (including shared values,
trust, and reciprocity), (9) Knowledge of SES/mental models
(shared knowledge of resource function), and (10) Importance
of resource (highly valued resource). Underlying the character-
istics presented by Ostrom, water resources are affected by
both local and basin level management. The success of local
level management is then dependent on the higher-level pol-
icies that determine hydrological flows and availability of
water resources in the larger basin, as well as the level of sover-
eignty local resource users have to manage water. Bridging col-
lective action and climate adaptation literature, Adger (2003)
further affirms the importance of social capital, specifically



4 (&) B.BASELETAL.

d‘"‘-‘

s
G
5
-
3
H
H
H
h
H
H
H
s
]
(]
]
-
s
Y
)
'.
)
4

Hydrology

N

Hydrological
Variables

Intervention
Variables

i <\environmen1al de{_:]ra'idatior;l’_,‘,.f=

ﬁ

Intervention
(i.e. MAR)

t“
.
.
.
.
.
.
[}
.
"
.
.
=
=
=
=
-
.
=
.
»
3
.
-
3
-
»
»
.

y

Social
Variables

Figure 1. Authors’ conceptualization of the sociohydrological process of community-based adaptation, based on Di Baldassarre et al. (2013), Di Baldassarre et al.
(2019), and Rusca and Baldassarre (2019). Adaptation outcomes result when variables trigger a positive instead of a negative spiral.

reciprocity and shared values, in addition to benefit distri-
bution, and climate-related risks (see also Hoogesteger, 2013;
2015). Upon this basis, we propose that CBA within a sociohy-
drological system requires accounting for the social (people
and social structure influencing hydrology), technical (tech-
nologies used by society to influence hydrology), and hydrolo-
gical (including geomorphology, ecology, and climate)
variables (Figure 1).

In our analysis of CBA through MAR, we use these notions
and focus especially on understanding what factors triggered
and facilitated the widespread implementation of MAR by
indigenous communities in the Valles Centrales of Oaxaca.
In doing so, we aim to get a better understanding of local pro-
cesses while also furthering theories that relate to CBA, CPR,
and sociohydology.

4. The social and environmental context: the Valles
Centrales of Oaxaca

4.1. Geography and history

The Valles Centrales of Oaxaca, in the southern Mexican high-
lands, are connected semi-arid valleys and foothills within the
Sierra Madre mountains with a starting elevation of 4,790 feet.
Higher elevations of the microregion can receive up to
4000 mm of annual rainfall, while the valley floor is in the
rain shadow of the mountains, reducing annual rainfall to
400-800 mm (CONAGUA, n.d.; Flannery et al., 1967; GEAS
A.C, 2011; Servicio Meteoroldgico Nacional de México, n.d.).

The area was originally populated around 8000 B.C.E, with
1500 B.C.E. seeing a shift from hunter-gatherer societies to
early farming by peoples. Pre-Hispanic towns and ceremonial
centers, including Monte Alban, primarily rose between 600-
200 B.C.E. (Flannery et al., 1967). Currently, the region is pre-
dominately populated with indigenous Zapotec, Mixtec, Mixe,
and mestiza (of mixed indigenous and Spanish heritage) com-
munities spread between growing urban centers.

Evidence suggests that pre-Hispanic populations of the
region used MAR techniques. Flannery et al. (1967) discusses
that while archeologists once believed the Valles Centrales had
contained a large lake, as of 1967 this belief had been proven
wrong. However, according to the experiences of the third
author, indigenous legend tells of ancient bodies of water in
the Valles Centrales. While legends do not specify whether
bodies of water were natural or constructed, the third author
shared that local people acknowledge that pre-Hispanic Mix-
teca created terraced structures within streams to increase
soil moisture for crops and Zapotec ancestors captured rain-
water; in the valley of Tlacolula, there is evidence of a check
dam (a MAR technique which serves to create a reservoir)
that was built approximately 430 years ago.

4.2. Beliefs and cosmovision

The interviews illustrate that the current Valles Centrales popu-
lation is largely united through indigenous language and cos-
movision. For the Zapotec people, language, cosmovision,
and territory are pillars that orient cultural identity, expressing



themselves across political and economic spheres and in daily
life: working the land, artistic expression, culinary tradition,
the use of flora and fauna, and religious festivals. Through
shared identity, the Zapotec people maintain and defend
their cultural and territorial rights. Because water is central to
agriculture, territory, and therefore identity, and due to
increasing concerns about drought and water scarcity, water
has increasingly become a local concern that has triggered
collective action.

According to the interviews, the abuelos (the grandparents)
say Zapotec social organization constitutes the horcones de la
sociedad, the supporting structure that shapes society: asam-
bleas (community assemblies), tequio (cooperative, voluntary,
and mandatory work), la gozona and la mano vuelta (volun-
tary work based on collaboration, reciprocity, and future
exchange, either on the familial or community level), la
gueza (community collaboration to supply for celebrations,
i.e. corn, turkeys, or mezcal, with the understanding that by
offering support now, individuals and families will later
receive similar support), community celebrations, barter, and
sharing. Given these cultural foundations, the protection of
the environment, and especially the protection of water, is
not an individualistic but collective process based on
reciprocity.

In the Zapotec world view, reciprocity is further seen in
how all aspects of nature serve to support the greater whole.
Just as bees pollinate, benefiting flowers and humans, all
beings, including humans, have an important role in a vast
divine collaboration. There are also protectors known as the
nahuales of the madre tierra (mother earth)—of the water, of
the wind, of the light—with which humans constantly interact.
To better understand this, the fourth author, as a Zapotec
elder, suggests sitting close to a stream. Instead of looking at
the stream as a resource, listen to the song of the water and
form a relationship with the water. Then ask yourself about
this being: “How was it that this water, born from a spring,
has the strength to walk through creeks and find the rivers
and meld with them to become one?”

From this perspective, humans have the responsibility
to protect and care for these beings, just as these beings pro-
vide and care for humans and other creatures: environmental
management is not a one-way relationship benefiting
humans, but rather a reciprocal relationship that benefits all
beings. The interviewees highlighted the Zapotec belief that
individuals who understand reciprocity are responsible for
transmitting this value to others, so they may also take care
of each other and the madre tierra. Within such a cultural
context of collective action and reciprocity, community
members are naturally obliged to work together to protect
and defend water.

4.3. Agriculture and livelihoods

Indigenous livelihoods in the region are focused on the pro-
duction of milpa (a traditional agricultural system centered
on intercropping maize, beans, and squash), agave production
(for the production of mezcal, a distilled alcohol important for
both cultural activities and export), vegetable production (both
in open-air fields and in greenhouses), free-range cattle
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production, and flower production (for domestic and inter-
national markets). Agricultural and animal products are used
for household subsistence and for commercial sale at markets
in nearby municipalities.

For early and modern agriculturalists, livelihoods have been
made possible by an unconfined aquifer and shallow water
table, averaging 3-6 feet below the surface (Flannery et al,
1967). As far back as 700 B.C.E., families dug shallow wells
at intervals among their fields and used riego a brazo, (pot-
irrigation) where a 3-gallon jug is used to water each plant
with water from the shallow wells (ibid). This technique
was used until recently by Zapotec peoples and has tradition-
ally allowed for three annual corn (maize) harvests on the val-
ley floor and two corn harvests on the slopes of the valley.
Modern irrigation features riego rodado where water is grav-
ity fed from small reservoirs or drawn from wells to shallowly
flood the agricultural plot. Starting in the 1990s, producers
have increasingly used pumps to draw water from wells for
this purpose.

4.4. National groundwater governance context

In Mexico, the Civil Code of 1884 recognized the right of land
owners to prospect for and use groundwater, legally opening
the doors for individuals to invest in groundwater develop-
ment. In 1945, paragraph 5 of Article 27 of the Mexican Con-
stitution was amended to give the federal government the right
to intervene in groundwater management:

... when it is in the public interest or if it affects the supply of other
users, the country’s President [through the Federal Government]
may regulate its [groundwater] extraction and utilization, and
even establish prohibited areas [veda], in accordance with that
which applies for other waters of national property (Delgado
Moya, 1999, p. 49).

According to the Water Law of 1972, in areas under veda it is
only allowed to sink new (tube) wells with the prior consent of
the national water authority, but the implementation of these
regulations is weak (Hoogesteger & Wester, 2017). This has
led to a situation in which the National Water Commission
(CONAGUA) can legally intervene in groundwater regulation,
but due to a lack of administrative capacity, aquifer overdraft is
widespread, especially in the center and north of the country
(Hoogesteger, 2018).

Since 2004, the figure of Technical Groundwater Commit-
tees (Comités Técnicos de Aguas Subterraneas (COTAS)) is
recognized in the National Water Law (LAN, 1992). They
are defined as civil society organizations whose membership
is made up of groundwater users from all water use sectors
of one aquifer (Wester et al., 2009; 2011). Legally COTAS
are recognized as auxiliary civil society organizations that sup-
port and participate in the river basin councils (presided by
CONAGUA). Their role is as advisors, supporting the design
and implementation of programs and plans for sustainable
aquifer management (LAN, 1992 article 14 BIS). However, in
most aquifers, especially in the south of the country, no
COTAS have been created. Therefore, in these areas, including
the Valles Centrales, there are no formal organizations that
function as interlocutors between organized groundwater
users, the respective river basin councils, and CONAGUA.
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4.5. Federal government interventions in the Valles
Centrales

In 1967, Mexican President Gustavo Diaz Ordaz imposed a
“veda” or ban on groundwater use for the Valles Centrales
(DOF, 1967). The act was justified as a measure to conserve
water for future generations. COPUDA members that remem-
ber 1967 recall that there was abundant water at the time and
do not see any justification for the ban. They also point out that
in 1985, the state and federal government started to drain the
wetlands of the Valles Centrales to build roads. COPUDA
members relate these infrastructural changes to the beginning
of the drought and to the expansion of area used for agricul-
tural production which results in greater water use (Centro
de Derechos Indigenas Flor y Canto, n.d).

4.6. Collective versus privatized resource governance

Indigenous communities in Mexico are given special legal sta-
tus permitting autonomy and self-governance according to
Usos y Costumbres (Uses and Customs) provided no conflict
with the Mexican Constitution (Gamboa Montejano & Valdés
Robledo, 2018). While indigenous populations may be granted
communal lands, the state retains rights to natural resources.
Groundwater is the property of the Mexican government
which cedes the private right (titulo de concesion) to use
water through water concessions. The concession title allows
the owner/user to extract a certain volume of water per year
for a period between five and fifty years with an average of
ten, after which the concession title expires and needs to be
renewed. Private concession titles are granted and adminis-
tered through CONAGUA and registered in the Public Regis-
try of Water Rights (REPDA). The procedures, rights, and
obligations attached to water concessions are established in
Articles 20-29 of the National Water Law and its amendments
(LAN, 1992).

In stark contrast to the highly centralized and bureaucratic
national water governance institutions and regulations, Zapo-
tec governance structure is based on elected local leaders who
hold positions for three-year terms and community consensus
achieved through asemblea (mandatory community meetings
in which representatives from each household are consulted
about all major decisions, including land management,
municipal plans, and legal statues).

The third and fourth authors assert that government has
attempted to divide the collective spirit of indigenous people
by privatizing previously communal lands and water. Their
experience, corroborated by others including Hoogesteger
and Rivara (2020), Martinez Coria and Haro Encinas (2015),
Hall (2015) and Trawick (2003) indicates that privatization
facilitates the fragmentation and sale of communal and indi-
genous territory, the disintegration of community structure,
and commercial exploitation of natural resources. Conversely,
communal land tenure signifies a collective of owners, lending
to a larger group able to defend local interests against govern-
ment, transnational corporations, and others through collec-
tive action.

Indigenous movements to defend resource rights have
figured prominently in Mexico’s history (Carruthers, 1996;

Martin et al., 2011). COPUDA communities, in addition to
implementing MAR, have united in legal action against the
government for a collective right to water. Their collective
action was in response to CONAGUA sanctioning COPUDA
communities for water use (justified by the 1967 Federal
water ban which had been unknown to communities). As a
leader of the initiative, the fourth author asserts that social
organization within and among communities has been a pre-
requisite for confronting the Mexican government and addres-
sing the complexity of water scarcity, creating a feedback loop
that further fortifies unity and the capacity for self-organiz-
ation among COPUDA communities.

4.7. Natural resources and observed climate impacts

Due to the Zapotec cosmological relationship with natural
resources and the importance of groundwater to local liveli-
hoods, local concerns about water scarcity have increased as
communities have experienced changing rains, drought, and
dropping groundwater levels. The interviews indicate an
observed increase in average temperatures and consensus
that rainfall has decreased since 1970-1980. The rainy season
no longer aligns with the traditional agricultural calendar,
with rains beginning one to two months later than expected
and falling sporadically rather than predictably. These obser-
vations are supported by a calculated average of meteorological
data showing a decrease in precipitation for 1981-2010 as
compared to 1971-2000 of 9.7% for COPUDA communities
and 6.7% for Buin Dannis communities (CONAGUA, n.d.;
Servicio Meteoroldgico Nacional de México, n.d.).

The interviews further elucidate that the Zapotec commu-
nities began to experience water scarcity in the mid-1980s.
On the valley floor, farmers observed agricultural soils had
gone dry. In the foothills, farmers could no longer produce
two annual harvests, impacting livelihoods. There was insuffi-
cient water to meet the needs of people and livestock. In 2005,
the people faced the height of the drought with continually
dropping water levels in wells. With unpredictable rains, drop-
ping groundwater levels, and the high financial investment
required for planting, numerous Zapotec producers aban-
doned agriculture. Many people migrated to urban centers
and to the U.S. in search of work, with drought-related
migration reaching a peak in 2006 (Centro de Derechos Indi-
genas Flor y Canto, n.d; Grupo Meséfilo A.C., 2012; Grupo
Sturnira Oaxaca S.C., 2011a; Grupo Sturnira Oaxaca S.C,
2011b; Grupo Sturnira Oaxaca S.C., 2011c; Grupo Sturnira
Oaxaca S.C., 2011d; Unién Buin Dannis, 2011). One commu-
nity member shared, “There are communities without men or
youth, because they all migrate, because they have had to aban-
don planting due to the lack of water” (Santiago Alonso et al.,
2011).

Natural resources in the Valles Centrales have also been
heavily exploited. Changing land use, mining activities, unre-
gulated timber harvest, overgrazing, and habitation fragmenta-
tion have resulted in high biodiversity loss and compromised
ecosystem services (Primack et al., 2001). Interviewees high-
light that mining activities, which draw on the same aquifer
as Buin Dannis and COPUDA communities, further increase
the demand on water resources, while contaminating



groundwater and dividing communities with unreliable prom-
ises of financial gain at the cost of environmental degradation.
Interviewees observed that rivers, and the water quality of
groundwater in the region, are further compromised by
untreated sewage, indiscriminate use of agrochemicals, and
trash; high microbial levels impact public health (Rowles
et al., 2018).

Deteriorated ecosystems have reduced resilience to natural
disasters, including floods and droughts (GEAS A.C, 2011).
The political and social marginalization of Zapotec commu-
nities limit development opportunities, resulting in increased
pressure on natural resources and a vicious cycle in which
the future of present and future generations is at risk (ibid).
As stated by a community member of COPUDA, “If we are
left without water, the people will disappear and only a desert
will remain.”

5. Managed aquifer recharge as a community-
based adaptation measure: changing the
sociohydrology of the Valles Centrales

5.1. Unién de Comunidades y Ejidos Buin Dannis de la
Cordillera Central Ocotldn Tlacolula A.C. (Buin Dannis)

According to the personal experiences of the third author,
community leaders began to coordinate local actions to
address water scarcity in 2005. In 2010, the consortium was
formalized as Buin Dannis A.C. (meaning “people of the
hills and water”) to organize interventions to address water
scarcity in each participating community. As networked com-
munities (Figure 2) with a shared watershed management
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strategy, Buin Dannis receives prioritized access to govern-
ment funding for water initiatives. Representatives of the
association are integrated into existing governance structures
of participating communities. Community asembleas also
supply the forum for proposing interventions and providing
work updates. Once approved by the asemblea, tequio is
required of community members. Individuals who do not par-
ticipate in fequio may not receive approvals or support when
they make future requests of local leaders. Communities
with a culture of government handouts have joined Buin Dan-
nis, and later left the association upon understanding that par-
ticipation requires shared work to address water challenges..
As the original Technical Director of Buin Dannis, the third
author explains that MAR initiatives draw on traditional
knowledge, paired with scientific and technical data to inter-
pret the geomorphology and hydrogeology of the microwater-
sheds. MAR techniques have included: barreras de piedra
acomodada and barreras vivas (on-contour low walls of
stacked stone or planted vegetation); zanja bordo (continuous
on-contour swales or ditches); zanja trinchera (short trough
ditches dug on-contour at regular intervals); and retenes
(small dams built from compacted earth or cement). These
watershed management techniques reduce erosion caused by
runoff, catch sediment, intercept rain runoff, increase the
infiltration of rainwater, and facilitate reforestation by increas-
ing soil humidity (Herencia de Restauracion Forestal, 2006).
Check dams (small dams built across runoff channels to slow
water) have strategically been built across ravines for similar
purposes. These small dams create micro-reservoirs which
fulfill the double purpose of aquifer recharge and increasing
surface water availability. More information on these

LOCATION OF
THE COPUDA AND
BUIN DANNIS
COMMUNITIES
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Figure 2. Location of the 22 COPUDA and Buin Dannis communities implementing Managed Aquifer Recharge. Santa Ana Zegache participates in both associations.
The yellow and green zones indicate the territory under Buin Dannis and COPUDA management.
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techniques can be found in FAO (2000) and Herencia de Res-
tauracion Forestal (2006).

In combination with MAR, communities have reforested
and established agroforestry systems using native species on
approximately 1500 acres. Reforestation and the establishment
of agroforestry systems has been on-contour with the intention
of reducing erosion, protecting soil nutrients from runoff, and
increasing soil humidity (Velasco Herrera, 2014).

The third author partially attributes Buin Dannis’ success to
planning activities sequentially. For example, before initiating
a reforestation effort, community members might construct a
check dam which would then supply water for irrigating the
saplings.

5.2. Coordinadora de Pueblos Unidos por el Cuidado y
la Defensa del Agua (COPUDA)

According to the second and fourth authors, communities of
the Valle de Ocotldn (within the Valles Centrales) (Figure 2)
joined in resistance and organized as COPUDA (Coordinator
of United Communities that Stand for the Protection and
Defense of Water) as a response to two simultaneously occur-
ring circumstances in 2005: (1) a continually intensifying
experience of drought which negatively impacted agricultural
livelihoods, and (2) fees and fines levied by CONAGUA for
water use, paired with institutional barriers to receiving gov-
ernment financial aid (Santiago Alonso et al., 2011). As one
member shared, “May it be very clear that water is not mer-
chandise. Water is a natural good and the government has
not spent one cent to be able to say, ‘Look, I'm making water,
and that’s why I'm going to sell it to you™ (CDI Flor y Canto
A.C,, 2018). While conflict over water rights was an important
factor in the unification of COPUDA communities, interviews
indicate that MAR activities are not a result of the conflict with
COPUDA, rather MAR is parallel to this conflict and driven by
a shared need to address water scarcity.

COPUDA is a network of community-level committees,
represented by a Board of Directors that, like Buin Dannis,
engages communities through participation in asembleas and
in coordination with local government leaders. COPUDA
attributes the association’s success to the strategy of commu-
nity-level committees which permits COPUDA to be rooted
in each community, and from these roots, extend to incorpor-
ate additional communities (Santiago Alonso et al., 2011).

According to the interviews, COPUDA efforts have concen-
trated on (1) protecting and recharging the aquifers in the
region through MAR techniques, (2) rainwater capture from
roofs, (3) the separation of trash into organics, recyclables,
and waste, (4) local awareness and capacity building about
the defense of water, and (5) working with authorities and gov-
ernment to address community challenges while also demand-
ing respect of indigenous lands and access to resources,
including an exemption from the 1967 water ban.

The fourth author explains that MAR techniques used by
COPUDA are inspired by, and derived from, techniques
COPUDA representatives observed while visiting the Museo
del Agua (Water Museum) in Puebla, which showcases pre-
Hispanic techniques for water management. Representatives
visited the museum looking for techniques to mitigate the

effects of the mid-2000s drought. Based on the techniques
observed, COPUDA communities have constructed an esti-
mated 350 check dams, infiltration wells, and ollas (unlined
excavated “pools” built in areas with high runoff and low
soil permeability) to capture surface runoff and allow water
to slowly percolate into the soil, recharging groundwater and
directly benefiting approximately 10,000 individuals across
16 communities.

5.3. Tequio and collective action

In the experience of both organizations, work done by individ-
uals (versus shared work) increases the costs, increases social
isolation, and can be demoralizing. As a result, water has
been addressed collectively through tequio (shared voluntary
labor). According to the interviews, fequio has involved the
greater community with water management, generating
increased awareness and personal investment in protecting
water resources. Tequio also reduces costs, making MAR
financially accessible. Funding for MAR activities has come
from community-generated funds, agricultural authorities,
municipalities, state and federal agencies, non-governmental
organizations, and foundations. Interviews indicate that
when community funds are combined with external support,
the organizations have been able to benefit a larger population.

5.4. Ceremony

According to the personal experiences of the second, third, and
fourth authors, both organizations have revitalized and
emphasized performing pre-Hispanic ceremonies to ask per-
mission of the deities of the earth and water before building
each MAR structure. Offerings of foods, drinks, and wild
plants are made to the nahual (guardian) that protects the
site. Ceremonies symbolize reciprocity between human and
nature, recognizing the integral role humans play in contribut-
ing to the functioning of nature: akin to bees pollinating, the
people are “seeding water.”

The fourth author believes ceremonies have fortified Zapo-
tec identity and connection to territory within participating
communities. She has observed that many community mem-
bers have “re-found” Zapotec spiritual values, and believes
this has given the defense of water a deeper spiritual signifi-
cance, while reigniting trust in traditional practices. The inter-
views additionally show that ceremonies create an opportunity
for elders to share their cosmovision with new generations; the
same generations that have been increasingly distancing them-
selves from their Zapotec cultural roots.

5.5. Youth involvement

Interviews indicate that youth are gradually abandoning their
communities and work in agriculture to pursue other aspira-
tions. In the case of COPUDA, youth have only minimally par-
ticipated in MAR activities. The weight of, and responsibility
for, the defense of water has fallen primarily on adults, and lar-
gely on the elderly. Given the generational divide, the second
and fourth authors question whether future generations will
continue to work with MAR and to defend water.



In Buin Dannis communities, youth have participated in
MAR activities. The third author has observed that in asem-
blea, youth tend to argue in favor of projects that benefit bio-
diversity and water while proposing that MAR benefits both
future generations and generations that are currently living
the problem.

5.6. Observed impacts of MAR

To date, neither organization has quantitatively measured the
hydrological impact of MAR activities. The third author has
observed that rivers that had been dry since the 1990s have
begun to seasonally flow again. The interviews elucidate that
all communities have observed an increase in groundwater
availability, attributed to MAR, resulting in perceived
sufficient water for farming, household use, and livestock,
even during the dry season. Agriculture and livelihoods have
recovered, “...at least since we started this movement in
which we started to build water harvesting structures, we have
had water, until now we have not suffered from scarcity”
(CDI Flor y Canto A.C,, 2018).

Interviewees agree that MAR initiatives have become a
unifying and orienting force for some communities. MAR
projects have also resulted in additional benefits including
aquaculture systems and recreational spaces. Interviews
highlight that neighboring communities have replicated
MAR after witnessing MAR impact on groundwater levels
in wells.

The process has not been without challenges. The continu-
ity of local MAR projects can be threatened by three-year
terms for community authorities because new leaders may
not understand the benefit of MAR or seek to financially
benefit from construction. Projects must be well-designed
and accurately account for the costs from the beginning.
Increased water availability has permitted increased agricul-
tural production, posing a new challenge of increased water
and agrochemical use, which in turn pollutes water resources.
While water usage has been occasionally regulated by commit-
tees or families, resulting in internal governance, regulation of
water use is not yet a common practice among communities.

6. Discussion

A qualitative analysis of the Zapotec experience elucidates sev-
eral social variables and sub-variables (Figure 3) that have trig-
gered and/or enabled self-organization to use MAR as a CBA
measure, and facilitated the perceived adaptation outcome of
reduced water scarcity.

6.1. Social variables

6.1.1. Collective-choice rules

Given the nested nature of institutions and the fluid bound-
aries of water resources, many factors are beyond community
control. Collective-choice rules, in which natural resource man-
agement is governed by group consensus, is inhibited by lar-
ger-scale institutions allowing urban populations, private
interests, and mining operations to use and contaminate
shared water resources. Federal ownership of water resources
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impinges local water access rights and resource governance.
In contrast, usos y costumbres supports autonomy and, despite
threats of privatization, communal land rights also support
self-organization for collective action. Additionally, the organ-
ization of communities into a larger network has increased
institutional representation and successfully mitigated inhibit-
ing policies (i.e. the water ban) while facilitating access to
multi-lateral support, including scientific data, legal counsel,
financial resources, and tools/machinery for MAR construc-
tion. Local governance through asemblea epitomizes collec-
tive-choice rules providing direct participation in resource
management decisions.

6.1.2. Number of users

Ostrom (2009c¢) illustrates the number of users must be small
enough for groups to reach consensus and individuals to feel
that their contribution makes a difference. Meanwhile, groups
must be sufficiently large to accomplish necessary tasks while
fitting within the carrying capacity of water resources. Hydro-
logical data pending, qualitative data suggests the number of
users is appropriate for local water resource availability,
accounting for current population, extractions, MAR, and live-
lihood activities. Additionally, the organizational structures
emphasize community-level sovereignty within the greater
management network, adjusting the number of users to tar-
geted locations. These factors are further facilitated by: (1)
an adequate number of networked communities to access gov-
ernment support, (2) sufficient population in each community
to contribute to tequio, and (3) small enough populations for
direct dialogue in asemblea.

6.1.3. Leadership/entrepreneurship

MAR for CBA has been rooted in established and respected
governance systems. Echoing Levin (1992), leadership in
COPUDA and Buin Dannis has involved both influential indi-
viduals from the local area and college graduates. The use of
MAR additionally signals the presence of entrepreneurship
and openness to new ideas. Lack of continuity in leadership
(3-year terms) however, threatens uninterrupted participation
of communities.

6.1.4. Norms/social capital

Initiatives benefit from strong and pre-existing social organiz-
ation, rooted in shared cultural identity, in communities.
Social structure, cosmology, and revitalized ceremonies now
performed with MAR highlight and socialize reciprocity
(both between people and with nature). Stemming from
these shared cultural underpinnings, shared voluntary labor,
further reflecting a culture of reciprocity, has reduced con-
struction costs, while educating and engaging community
members (supporting knowledge of the SES and collective-
choice rules). Norms and social capital facilitate cultural conti-
nuity when connecting present and future generations: youth
emigration has threatened a shift in cultural identity and the
agricultural character of the region, threatening decreased
social capital (through shared identity) and compromised
food sovereignty (also important to Zapotec cultural identity),
and, as a consequence, menaces indigenous autonomy. Given
how MAR has been linked to cultural identity, the involvement
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Social Variables for Enabling Self-Organization

Variables (Ostrom, 2009a) | Sub-Variables

Collective-choice rules

Political autonomy

Political representation

Communal land and resource rights

Direct participation in resource governance
Access to information for resource governance
e Tools for resource governance

e Funding for resource governance

Number of users °

network

Small enough population for individuals to feel that their

contribution makes a difference

e Small enough populations for direct dialogue in
decision-making

e Matched to specific context and water balance

e Local sovereignty within organized management

e Adequate number of networked communities to access
government support
o Sufficient population to contribute to voluntary labor

Leadership/ .
entrepreneurship

Rooted in established/respected governance systems
Openness to new ideas
Continuity in leadership

Norms/social capital

Shared values

Culture of reciprocity between people

Culture of reciprocity between people and nature
Shared voluntary labor

Youth involvement

Knowledge of SES/mental
models

Generational/place-based experience with groundwater
Access to information

Varied sources of information

Space for dialogue

Participation in MAR construction

Importance of resource °

Economic importance
e Social /cultural importance

Additional social variables °

Population unified by a shared challenge

Shared belief in the viability of rescuing the resource
Small and short-term wins in an iterative process
Access to financial resources necessary

Access to physical resources necessary

Equitable distribution of benefits

Inhibiting social variables

Markets mechanisms dividing communities
o “Fixes that backfire”

Figure 3. Social Variables for Enabling Self-Organization for the use of Managed Aquifer Recharge as a Community-based Adaptation measure by COPUDA and Buin

Dannis communities in the Valles Centrales of Oaxaca, Mexico.

of youth in MAR and agriculture (made possible by MAR)
may support maintenance of Zapotec identity and sovereignty
in the region, in addition to the continued use of MAR to man-
age water security.

6.1.5. Knowledge of SES/mental models

Generational experience irrigating with groundwater implies
local familiarity with basic groundwater dynamics. Access to
information on MAR, drawn from the Museo del Agua, tech-
nical support, and observed pre-Hispanic structures, has
allowed an understanding of how MAR could shape hydrolo-
gical flows to address local water scarcity. Community

knowledge of MAR and the sociohydrological system has
further been supported by asemblea creating a space to dialo-
gue about issues. Increased knowledge through participation
in MAR construction has created a positive feedback loop,
increasing community capacity to further implement MAR
and address water scarcity.

6.1.6. Importance of resource

In the Valles Centrales, water is a key economic and social
resource central to cosmology, cultural identity, agricultural
livelihoods, and food sovereignty. As a result, water scarcity
drove emigration, affecting social capital.



6.1.7. Additional social variables

Communities were unified by the shared challenge of water
scarcity that, because of other variables (i.e. strong leadership
and knowledge of the SES), individuals collectively believed
could be viably overcome with collective action. The belief of
community members in the viability of MAR was further for-
tified by small and short-term wins and sequential action
during the implementation of MAR. Self-organization was
supported by having the necessary resources to act: MAR
initiatives have been financially enabled through (1) organiz-
ing to access governmental and non-governmental financial
support and (2) reduced costs through voluntary labor.
While hydrological measurements are necessary to evaluate
the equitable distribution of benefits, continued efforts of com-
munities suggest sufficient benefits received to justify the
energy invested.

Market mechanisms may also undermine collective action:
corporate promises that some community members will finan-
cially benefit from mining operations has divided some com-
munities. Internal community division undermines collective
action, inhibiting adaptation outcomes.

Recognized sociohydrological phenomena may also affect
self-organization and inhibit positive adaptation outcomes.
For example, in the supply-demand cycle (and more specifi-
cally the “fixes that backfire” sub phenomenon) increased
water availability leads to greater water use (Di Baldassarre
et al., 2019; Gohari et al., 2013; Kallis, 2010). In the Valles Cen-
trales, increased water availability has facilitated increased
agricultural production, which may further increase water
use, eventually exceeding sustainable limits and resulting in
water shortage. Increased production has also increased agro-
chemical use, contaminating water resources. This “fix that
backfired” may be addressed through budding family- and
community-level water use regulation. Furthermore, increased
mezcal production (enabled by increased water availability and
driven by rising domestic and international demand) appears
to have resulted in improved livelihoods and decreased emi-
gration. Conversely, production requires water and firewood
for distillation, and harvesting of wild varieties of agave, nega-
tively impacting hydrological resources and biodiversity.
Finally, MAR initiatives hydrologically benefit downstream
users including urban centers. Increased groundwater avail-
ability may result in increased use by downstream populations,
and, cyclically, in compromised water availability for
COPUDA and Buin Dannis communities. This phenomenon
reaffirms the importance of collective-choice rules (including
larger-scale governance institutions supporting local-level
initiatives (Ostrom, 2009a)), knowledge of the SES, and
leadership.

6.2. Intervention variables

Successful self-organization for MAR as a CBA measure
further depends on variables related to the infrastructure
used, including appropriate MAR design for the specific social
and hydrological characteristics of the system and access to
construction materials. Planning activities in succession so
the completion of each activity created the resources necessary
for the subsequent activity has been helpful. Further study of
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characteristics and utility of specific MAR interventions for
CBA is necessary.

6.3. Hydrological variables

Addressing the quantitative analysis called for in sociohydrol-
ogy (Rusca & Baldassarre, 2019), Ostrom (2009a) proposes
that the Size of the resource system, Productivity of the resource
system, Predictability of system dynamics, and Resource unit
mobility further determine the likelihood of self-organization.
Within a sociohydrological system, consideration of geomor-
phology, meteorological data, projected climatic variability,
ecology, water balance, and population growth, among others
factors is also necessary. While quantitative analysis of these
variables is beyond the objectives of this article, MAR has
been made hydrologically possible by an unconfined aquifer
and a shallow water table, while wetland deterioration in the
1980s may have reduced natural aquifer recharge and ground-
water levels.

7. Conclusions

We are facing a global water crisis fueled by hydro-climatic
extremes related to climate change. Water scarcity is expected
to increasingly affect indigenous and marginalized populations.
Systematic environmental distributional injustice is globally
prevalent. There is a paucity of representation of indigenous
knowledge in adapting to climate change and hydro-meteorolo-
gical extremes. Within this complex context, twenty-two Zapo-
tec communities have used MAR to address water scarcity.

The analysis of the Zapotec experience indicates MAR
resulting in a perceived increase of water availability in the
basin, forming an important addition to the discussion and
theorization of sociohydrology and the practical application
of MAR as a CBA measure. Further research is required to
quantitatively assess how collective action for MAR has, and
is, changing hydrological flows in these catchments. Further
study is also necessary of Intervention and Hydrological Vari-
ables that support self-organization for, and the utility of,
MAR as a CBA measure in diverse contexts.

The qualitative application of Ostrom’s variables for self-
organization has brought to light several enabling sub-factors
(Figure 3) for self-organization for MAR as a CBA measure in
the Valles Centrales. Variables that enable self-organization
interact in a non-linear fashion where a small shift in one vari-
able may cause significant shifts in other variables. Furthermore,
while establishing rules is necessary for self-organization, rules
must be adapted over time, accommodating changinglocal con-
ditions (Ostrom, 2009¢). Variables and governance rules must
additionally account for increasing hydro-climatic variability.

There are no blueprints for the sustainable governance of all
social-ecological systems (Ostrom et al., 2007). It would be
erroneous to suggest that any CBA measure for the water sec-
tor could be a panacea. However, these variables have facili-
tated self-organization in diverse geographical and cultural
contexts (Ostrom, 2009a). Understanding the factors that
have enabled Buin Dannis and COPUDA to self-organize
may support other communities in their own processes of
self-organization to respond to our shared water crisis.
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Members of COPUDA and Buin Dannis hope that sharing
their experience will benefit First Nations people and urban
administrators alike, and that others may successfully follow
in their footsteps.

Notes

1. The second author is the Assistant Director of Flor y Canto, A.C.
With COPUDA, he has participated in round-tables, meetings
among community representatives, field visits, interviews, and
has produced communication materials about the COPUDA
experience. The third author has been a Technical Advisor for
Buin Dannis, participating in processes of community organiz-
ation, capacity building, and planning/construction of MAR infra-
structure, since the inception of the association. The fourth author
is a community member of the COPUDA community San Anto-
nino Castillo Velasco. She is a co-founder of COPUDA and the
Director of Flor y Canto, A.C. She has been directly involved in
all legal action on behalf of COPUDA, as well as COPUDA’s for-
mation, development, and actions (including MAR).

2. As of 2020, a literature search for “collective action” and “Ostrom”
yielded 86,800 results.
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