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Abstract: Analysis of social-ecological systems is becoming increasingly used
since the framework provides a valuable set of variables for understanding rela-
tionships between people and ecosystems. This interaction focuses on the use
and management of natural resources that, in many cases, are common-pool
resources. In Mexico, common-pool resources have long been explored since at
least 60% of the forested lands in the country are held under the legal figure of
‘ejidos’ and indigenous communities, which aimed at driving the collective use
of lands and resources. However, few studies incorporate ecological processes for
an integrated understanding of social-ecological systems. In this study, we seek to
understand how ecological variability influences the creation and functioning of
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different rules and, consequently, institutions for forests management. Our case
study was conducted in an ejido with high ecological variability located in Jalisco
on the Pacific coast of Mexico. The research approach was interdisciplinary and
combined qualitative and quantitative methods. We conducted participant obser-
vation and 23 semi-structured interviews; botanical collections were also car-
ried out. We found that there is strong influence between ecological variables
and the emergence of rules and collective action. The most important variables
influencing these processes were the economic value of resource units, ecosystem
services perceived by local people and location and size of the resource system
(including area and number of species). Historical processes also play a part that
generates knowledge of resource systems and the current social, economic and
political settings at a larger scale. The establishment of relationships with vari-
ables that produce certain outcomes for the framework of the social-ecological
system is an important challenge to be met in order to move forward in both
theory and practice.

Keywords: Ecological variability, ejido, forest management, Jalisco coast,
Social-ecological systems
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|. Introduction

Ecosystems are essential for humans since their subsistence depends upon the
existence and maintenance of natural ecosystems and the goods and services they
provide. Nevertheless, it is recognized that every landscape and natural habitat has
been highly influenced by human actions (Chapin et al. 2009). The consensus view
for understanding the environment is through the concept of the social-ecological
system (SES) (Berkes and Folke 1998; Liu et al. 2007; Ostrom 2009; Collins
et al. 2011) and there is therefore a requirement for integrated views that allow
us to interpret how social and ecological systems link together. Some frameworks
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have been constructed in order to understand these interactions, however, not all
of these treat the social and ecological dimensions with equal importance (Binder
et al. 2013). The SES framework with a nested composition is considered to be
an important interdisciplinary tool for understanding social and ecological inter-
actions (Ostrom 2009; McGinnis and Ostrom 2014). Many studies with the SES
framework have shown the importance of institutional infrastructure in contend-
ing sustainable resource management (Janssen and Ostrom 2006; Janssen et al.
2007), but few have incorporated ecological information in order to explain both
social and ecological outcomes (Epstein et al. 2013).

The ecological conditions of a given territory generate different values and
perceptions (Gerritsen 2010; Flores-Diaz et al. 2014) and become important com-
ponents in decision-making processes and consequently in the emergence of rules
and institutions for ecosystem management (Dustin Becker 1999). Ecosystem
variability in the rule-making process can be especially important in megadiverse
countries such as Mexico (Sarukhan et al. 2014) and where great ecosystem het-
erogeneity can be found in small areas. Likewise, local institutions and manage-
ment strategies use the landscape mosaic in a dynamic way by adapting their
management practices to this diversity in order to obtain benefits (Garcia-Frapolli
et al. 2008). The aim of this paper was to incorporate and analyse ecological char-
acteristics to explain a case study in the Mexican agrarian context of an ejido. Our
case study is located in the Pacific coast of Mexico where many resource systems
converge, producing very heterogeneous ecological conditions that allow us to
observe the response to this heterogeneity in social processes. Our main ques-
tions were how ecological variability can influence the creation and functioning
of differential rules and, consequently, the emergence of forest management insti-
tutions, and how the SES framework reveals interconnections when incorporat-
ing ecological information. The following lines address the important conceptual
grounding for this paper: First, the SES framework with the latest changes and
their challenges; second, what does variability makes on SESs and its relevance;
and third, the Mexican ejido as an institutional platform for the governance of
common-pool resources (CPR). We then present our case study according to the
SES framework.

2. Background
2.1. The social-ecological system framework and its challenges

One of the main features of SESs is the complexity of the interaction between
the many variables that produce outcomes. Here is when a framework is “useful
providing a common set of potentially relevant variables to use in data collection
instruments, the conduct of fieldwork and the analysis of findings, thus helping
to provide information for policies” (Ostrom 2009, 420) or indeed for further
investigation. The SES framework proposed by Ostrom (2009) in collaboration
with other researchers was designed with this aim and it has proved over many
studies to be a useful tool for interdisciplinary research. One important challenge
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is to understand how combinations of social and ecological variables jointly affect
outcomes and how different components are related to each other (Agrawal 2001;
Epstein et al. 2013; McGinnis and Ostrom 2014). Fortunately, this framework
is still under construction, mainly because it constantly receives feedback from
many disciplines.

A recently recognized issue of significance has been the poor level of inclu-
sion of ecological information when examining SESs, which is also found in the
CPR literature (Agrawal 2001; Epstein et al. 2013). Studies in these topics have
been paying more attention to the institutional aspect, partly because of the origin
of the framework in the Institutional Analysis and Development (IAD) frame-
work (Ostrom 2005; Clement 2010; Ostrom 2011a; Epstein et al. 2013; McGinnis
and Ostrom 2014). Although the SES framework did consider the subsystems of
resource units (RU) and resource systems (RS) (Ostrom 2009), there are few stud-
ies that incorporate their variables or they are considered of secondary importance
in the understanding of SESs (Janssen et al. 2007; Blanco 2010; Fleischman et al.
2010; Cinner et al. 2012; Duer-Balkind et al. 2013).

In recent years Epstein and colleagues (2013) remark that there are some
physical, chemical and biological conditions that are set in ecosystems as ‘rules’
and cannot be overlooked when trying to explain interactions and outcomes in
SESs, leading to the inclusion of a new core subsystem in the SES framework,
the “ecological rules” (ER; see Figure 1). Their decision to name biophysical
conditions as ‘rules’ is based on their idea that “human beings and non-human
resources can both be understood in a general sense as agents whose actions (or
properties) are governed by rules” (Epstein et al. 2013, 441). One may differ with
the use of the term ‘rule’ as used by these authors since rulemaking by humans is
a conscious and intentional process (Renfrew 2009), part of the origin and evolu-
tion of culture (Boyd and Richerson 2005). Ecological phenomena, on the other
hand, occur since the origin of life on Earth mainly through evolutionary bio-
logical processes (Holling 1973). Nevertheless, we agree with the need to include
more deeply ecosystems components and functioning in SESs analysis because
ecosystems impose ‘limits and accesses’ to what humans can do. Thus the use of
ecological rules may facilitate more deductive ecological reasoning that can illu-
minate important features of the resources and resource systems for case-based
studies (Epstein et al. 2013).

One way in which to analyze human interactions with their natural world
is through the Action Situation concept from the IAD and the SES framework.
This concept is the deductive core in the SES framework (Ostrom 2011a; Epstein
et al. 2013), which includes the Interaction (I) and Outcomes (O). According to
Ostrom (2011a, 11), “action situations are the social spaces where individuals
interact, exchange goods and services, solve problems, dominate one another, or
fight...” Any action situation is partially dependent on rules, and these rules can
be changed by the interacting participants (McGinnis 2011). Multiple rules and
norms define what actions are permitted, prohibited or required (Ostrom 2011a);
these rules can also be found at different levels: operational rules (day-to-day),
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Figure 1: The social-ecological system (SES) framework with the first-tier components:
Resource Systems (RS), Resource Units (RU), Governance Systems (GS) and Actors (A), add-
ing the Ecological Rules (ER) from Epstein et al. (2013), determining conditions for RS and
RU and connected to the social world influencing Action Situations (adapted from McGinnis
and Ostrom 2014).

collective-choice rules, and constitutional rules (Ostrom 2011b). Operational
rules include management of the resources and their systems that are in many
cases CPR, crafted at the collective-choice level. Adding ecological variables
to the understanding of action situations can make more predictable outcomes
and their networked structure (McGinnis 2011), as well as the interconnections
between the social and natural subsystems.

2.2. Variability in social-ecological systems

Environmental variability can be expressed in terms of time, space or stochasticity
and this variability can play a critical role in SES dynamics (Ludwig et al. 1993;
Duer-Balkind et al. 2013). These systems face predictable and well-understood
variation as well as unpredictable temporal and spatial variation in social and
natural components. Seemingly similar ecosystems can respond differently to
identical changes in a system, depending on the history and spatial location within
the landscape (Kratz et al. 2003). This can also be applied to SESs where the
environmental history, culture and other social processes can help people to adapt
to different changes. Robust SESs can maintain flows of desired ecosystem goods
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and services within some tolerable bounds (Janssen et al. 2007); to sustain these
flows, there is a requirement for institutional flexibility and adaptability to change.

Many case-studies have shown that local and regional SESs, with particular
groups of people, resources and sets of institutions that operate together, have
existed for more than centuries by adapting their institutions to local natural vari-
ability (Berkes and Folke 1998; Janssen et al. 2007). This variability can also
increase the resilience of the system (Duer-Balkind et al. 2013). It has been found
that heterogeneity in vegetation and landscapes are both related to complex inter-
actions of geophysical templates and anthropogenic effects (Kratz et al. 2003)
and the evidence shows that biogeophysical context strongly conditions human
decisions (Redman et al. 2004).

In the SES framework, resource systems are ‘exogenous forces” or ‘drivers
of changing circumstances’ for the actors (McGinnis and Ostrom 2014), and how
these forces affect the actors is a main question. It is known that characteristics
of resource systems and units affect interests in collective action for their man-
agement (Poteete et al. 2012). It is difficult to know when and what ecological
conditions affect actors and governance processes because all the variables are
entangled. However, it is possible to obtain an approximation with different eco-
logical conditions or ecosystem heterogeneity within the same SES and observing
the response in the social phenomena. In order to identify the specific rules or
agreements for a particular resource system, it is important to observe the net-
worked and dynamic structure of action situations (McGinnis 2011; Epstein et al.
2013).

2.3. The Mexican ejido as a social-ecological system

Mexico represents a unique case of common property within Latin America.
From the early 20th century, large areas of forest were assigned to local commu-
nities under different levels of control (Bray and Merino 2004). Although a pre-
cise percentage is still unknown, 60% of the country’s forested area is the lowest
figure recognized of lands belonging to indigenous or ejido communities (Skutsch
et al. 2013, 2015). These both types of agrarian organizations emerged from the
Mexican Revolution (1910-1917) and they perform a key role in the condition of
Mexican forest ecosystems. At present, the ejidos and indigenous communities
combine communal and private property rights (Schroeder and Castillo 2012).
The subdivided plots of land (in many cases, the most productive lands for cattle
or crops) are under a private property regime and the common lands (where most
of the forests are located) are under a legal common property regime. In ejidos
(the focus of this study), decision and rule-making processes related to the use and
management of common lands are performed by the Assembly (the main author-
ity formed by all members of an ejido) and the Ejido Board, which is a committee
formed by a president, a secretary and a treasurer. There is also the Supervisory
Board, responsible for ensuring compliance with agreements by the Assembly.
All of these posts are elected by the Assembly.
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This situation makes the ejido an excellent institution in which to explore the
management of CPR and to examine the effects of the common property regime.
Ejidos are also recognized as “shells” that protect social-ecological systems
(Alcorn and Toledo 1998; Schroeder and Castillo 2012), facilitating institutional
mechanisms for controlling user access and exclusion as well as rights over the
resources (McKean 2000). The study of CPR and forest management in Mexico
has long focused on cases of forestry use and mainly in temperate forests (Merino
2004). This has created a gap in the understanding of other ecosystems and uses.
Exploring what do other ecological conditions trigger in social processes is
important to feed the theory of CPR. Many successful (and unsuccessful) cases in
Mexico, with a diverse assembly of ecological conditions, actors and institutions,
offer a starting point from which to observe and analyse these interactions.

3. Case study: the ejido Pabelo

The ejido Pabelo is located in the upper part of the basins of the Cuitzmala and
San Nicolds rivers, in the municipality of Villa Purificacién, Jalisco (Figure 2).
Its main town is named after the ejido and has 476 inhabitants; there are also 16
smaller villages adding 597 inhabitants. The area of the ejido is 14,347 ha; of
which 6300 ha constitute the common lands forming the largest continuum of
forests. There are 164 ejidatarios with holding rights over these forests. The rest
are the individual plots of the ejidatarios and posesionarios and a few urban areas.
The altitude ranges from 600 to 2400 m, allowing the existence of a highly diverse
environment. Main vegetation types include tropical sub-deciduous forest, cloud
forest, oak forest, pine-oak forest and riparian forest. There are induced grasslands
in nearly 90% of the plotted area, while around 10% is cultivated with avocado,
maize, sugar cane, banana or lemon, among other crops. The main activity in the
ejido is cattle production, although forestry has been also practiced. Since 2012,
the ejido has incorporated around 1500 ha into the Mexican government Payment
for Environmental Services (PES) program.

3.1. Methods

The nature of our research problem is clearly interdisciplinary and therefore had
to be resolved using more than one single method (Newing 2011). Access to the
community was obtained through a formal written petition and by explaining our
objectives to the local authorities. The main research methods employed included
participant observation, semi-structured interviews and collection of botanical
specimens for identifying the vegetation units and useful species. The approach
for acquiring and analysis of the social data was based on grounded theory, in
which the research is guided by broad questions or topics so that results are not
influence by the researcher’s own perceptions (Strauss 1995). The main topics
included in the interviews were: history of land distribution (property-rights sys-
tems) and forest use; identification of stakeholders and other actors, decision-
making processes and collective action, the rules constructed for the use and
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Figure 2: Location of the ejido Pabelo and the San Nicolds and Cuitzmala rivers and basins in
Jalisco state, Mexico.

management of different forest types, the local knowledge regarding these forests
types and their dynamics and resource units.

A total of 23 semi-structured interviews were conducted. The informants
were divided into 2 groups: direct users (10 members or ex-members of the Ejido
Board and 9 ejidatarios - the people who legally own plots and have rights on the
common lands) and indirect actors, who could influence the decisions of direct
users (2 foresters, 1 municipal council and 1 regional historian). All interviews
were recorded and then transcribed literally for the analysis. We used the soft-
ware Atlas.ti, which allows analysis of qualitative data in a more systematic and
structured way. This was achieved by creating codes for ideas or quotations and
assigning frequencies and constructing relationships among them. This is the base
(the grounding) for building an explanation (Strauss 1995).

To characterize the vegetation units where forest management is conducted, we
documented field observations describing the vegetation community and collected
representative plant species. We also identified management actions (i.e. logging,
firebreaks and reforestation). From interviews and observations, we created a list of
useful plants in the ejido that, along with the botanical specimens, were then con-
firmed by the interviewees. Information regarding the type of use (medicinal, edi-
ble, wood, forage, fencing and others) of these plants was recorded. For plants that
could not be collected, we used other ethnobotanical and botanical studies of the
region (Vazquez et al. 1995; Sanchez-Matias 2004; Morales and Rodriguez 2012).
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3.2. Results

The next section presents the results as follows: first, a brief history of the ejido
and its lands; second, a description of the relationships within the social system,
including those of the actors and their governance system; third, we establish
some relationships in the natural system, including resource systems presented as
vegetation units of forest types and resource units recognized as the useful plant
species. Finally, the conjugation of both systems is presented in the section of
action situations on Table 1.

3.2.1. Ejido history and land distribution and use

The ejido was founded in 1938 with 164 ejidatarios. Land distribution was not
equal because, at the beginning, “one received what one could manage to work”
and also the ‘quality’ of land differed. From 1940 over the following decades, the
south coast of Jalisco underwent an economic boost promoted by the regional
government (Regalado 2009). At that time, large areas of mainly tropical forest
were drastically transformed into agricultural land (Castillo et al. 2005). With
the 1992 changes to the Mexican Constitution and the execution of the program
PROCEDE (Program for Certification of Ejido Rights and Titling of Urban Plots),
ejidatarios realized that the common lands of the ejido could not be divided into
plots (contrary to past internal arrangements). At present, the status of property
rights is ambiguous in the common lands of the ejido and conflicts have arisen
among members as a result, even though the monetary profits from forestry and
benefits from PES are equally distributed among all ejidatarios.

Cattle production is the most important economic activity; plots are covered
with forage grasses and also this activity is carried out in almost all forests in the
ejido feeding on the natural vegetation, except the most inaccessible and steep
zones.

3.2.2. Links between actors and governmental systems: the network of
actors

The network of actors in Pabelo is shown in Figure 3. On the one hand, there are
direct users; these are the ejidatarios and posesionarios. This last actor differs
from the ejidatario because they only own plots but do not have any rights on
the common lands or participate in the Assembly. As a result of the high levels
of migration in the area, the ejidatarios were divided between those who live in
Pabelo and manage their plots (70%) and those who live abroad (30%), mainly in
the United States of America, and who rent their lands and delegate their vote at
the Assembly to someone else.

On the other hand, there are federal governmental institutions that use public
policies to influence the direct users regarding natural resource management deci-
sions. These institutions include the National Forestry Commission (CONAFOR),
which is in charge of promoting and approving programs such as PES; the
Secretary of the Environment and Natural Resources (SEMARNAT), which



1153

Ecological variability and rule-making processes for forest management

“UOUIwIod “UOUILIOd UOUIWOD | s Kptodoag
pue sjeaud ypog Riiiiiive) “UOWIUIOD) pue jeaud yog pue sjeard ypog
“UsppIqIo] '$99I) JNO 0) USPPIqIO]
“USppIqIO] ST Ioquim) ‘USppIqIo] ST 351} st seoq Sumgn) ST 1 ‘SBoIR UOUIIOD
Sunmsa1 ay) ut spen ‘SuonoR JUsIISFeURII Sumn) ‘suonoe “IOATI 31} JO 9PIS o s uy sjoid umo 1Y) | s9na euonerddQ
nq asn euosiad 103 sojerndys  uerd juswaSeurUI | UO 3$9I10J JO WI G- doSY | UT )T SAISSUOD 0) ISIoyM
$3eO JNO UBD SOLIRIRPIy jusursgeurul, Sy, sejemndns ySd 0} POPUSUILIONST ST SP103p Ueo sotre)epily
$32IN0SAI
++ + + R R uo dwpuadaq
‘Te1ope]
‘Te1opay pue reuordal ‘Te1pay u.“.ﬂwﬁwﬂ_“«wnw_wm:«
‘[e00] pUe [2U0152I ‘200 | (sOLrejepIfo) 200 PUE [EUOI50I ‘[200°] ‘[e00]
"sx[eO JO "$)JaUSq OTIOU00d "SI0TAISS PUB SPOOS
Suryay pue spuefamised MOT "UOT)RIO)SST “me[ 3y} 0} SurpIodsoe 1181} 10§ panpea A[ysg
Jo uotsuedxs [eIMeN ‘UOTSOIS | "sasn [enuajod Iolo |  OS[ ‘sa0lAles Iayjo pue | sayojed Sururewrs ay [, sowoo3ng
a3y 0} anp uonepeIep [10S pUB UOTR)S3I0Jal | AUBUIJOU ST 315U ], | S0UBUSIUTRWI MOT) Isjea | “satorjod Teuoneu opun
Ppue UOP)SII0JP JO JuUsuIysTqe)ss 'SAd 210J2q USAS ut soueyoduIt 1Y) 10§ SOL6T 01 S096T )
JO 583001 MOT “SaITg ‘poATesaId-TlopAy | SOSBO JSOUI UT PIAISSAI] UT paIeso seare AUejy
“(eBeryy) Suguny “sjonpoxd
*(Te3a[yr) uonoRIXS ‘a1 UONRINSL “(Te3arqr) Sununy ‘oMo 15910] IaqUIR-UOU suopdeIU]
Iaquum) ‘aned ‘uonoenXs IaquIr], ‘opIBo M3 VSd ‘uonyesIoal ‘Jumsty JO uomoenXs ‘ee)D
“(13ppoy pue S[qIps) $92IM0SI
“(t2qurm) (1equin pue 2[qIps) | *(o[q1Pe) wjoreus (1appoy | [momtfen( pue ereurend «_.awsnsﬁ
afengade; ‘(zoquin (2191p3) uesm (sed ‘[eumIpOUI B[qIPo) “(15ppoy “TeutoTpaur sueproduy
pue poosary) e | urmdeo ‘(1oquin) seurf | S UT Isquim) I | 3J0fOIN “(S[qIPe) SumEI] 2[qIpa) ooy
“(oous)sisqns) “(3oxIewn) anyeA FEETEENTIN
. . an[eA d{Iouod
anyeA asn) Amjsuowr pue osn) | Arejouour pue as() | ‘(sous)sisqns) snfea asn) | (9ous)sisqns) anfea s
sapads
(poom 6) 11 (poom 11) 91 (poom g) L1 (e1qmpe T1) T (e1qmpa 6 1) T€ suepd myssn)
JUIWIA))9S e
TeaN ®q IR IeoN IeaN WioJy HopE0T
‘so100ds ‘sadots Ayoor1 ‘sadors “AYTmeg [10S pue ‘uordaI oy
B0 JUSISJJIP 6 PUNOIe | JO STIOS mofreys ayj uo | dee)s pue ssutariul | Ayenb 10jem ‘suonouny | pue 9)Is Sy UT 2mjonys
‘(3yeo) snosong snuad | sdofeasp ‘snurg snusS | punoj Aureur sting w12)s£5099 JO SULI) pue uonisoduiod | - saPsEIdPLIRYD
3} Aq pajeuTmio(q a1} £q pajeuro(] | 3se10 yeo-surd ym | urjuepsodur] ‘uonelagaa Jo sura) ut odK) Js010] | [€9130[003 UTRy
wr 00¥72-00€ ‘W 00rZ-008 aGuer feurpmye Surpunorms ) Xa[dwoo jsour sy [, ‘ur
woxy o5ue [EUPMY[Y | oLy a5uel [eUpmLTY SUIES 3y} sareys UJIA SOXTN ‘UI 00FZ-0 | 00T 1-0 8Uel [eupmny
15310] SNONPLAP
Jsar0yyeQ Jsado} qeo-oulg Jsadoj pnop) 15940 LmpieD -qns peardoa ]

wajsAs
2JuBUI2A0D

siopy

suonenys
uondy

syun
22anosay

wolsAs
22Inosay

xipuaddy ayj 225 SOUDU IY1JUIIIS L0 4 "SA0]OD PUD WAISKS 2oUDU

12408 2Y] YN SUOID SJIUN 2DUNOS2L A19Y] PUD WAISKS 204M0S24 L4242 SUIL[1UIPI SUOIDNILS UONIIS JURLAP Y] INOGD UOUDULIOfUL PIZLIDUNUNG [ 2]GD]



1154 Sofia Monroy-Sais et al.

approves logging management plans. The Secretary of Agriculture, Livestock,
Rural Development, Fisheries and Food (SAGARPA), promotes livestock pro-
duction and agriculture with programs subsiding in cash per cow and per hect-
are with grass planted every year. The ejidatarios recognized that these programs
have significantly affected the forests, especially in the past since, in order to
include more hectares in the program, the people have to cut trees to plant forage
grasses and have more cattle. Regional institutions at the municipality level do
not have many responsibilities or capabilities in issues of forestry; however, they
assist the aforementioned institutions with some activities such as the formation
of fire brigades.

At the regional scale, the role of the forest technicians is crucial. They act as
links between governmental bodies, timber companies, and ejidatarios. The rela-
tionships among these actors are represented in Figure 3.

3.2.3. Links between resource systems and resource units: the management
of forests

Forests represent around 52% of the ejido area. Some of these forests are in the
continuum of the common lands, with over 6300 ha while the rest are in fragments
located in the plots, adding approximately 1206 ha. Figure 4 presents a diagram of
the different vegetation units and transformed areas present in Pabelo.

-
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[ SAGARPA ] [SEMARNAT ](— :
‘ EJIDATARIOS | i
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Figure 3: Map of actors reflecting their power to make decisions and action in terms of ejido
forest issues and proximity to the resource. Direct actors are represented in white boxes, gov-
ernmental institutions in grey and the private sector is represented in black. The link between
actors can be bidirectional or unidirectional.



Ecological variability and rule-making processes for forest management 155

Cloud Forest

Figure 4: Diagram presenting ecological variability in the ejido Pabelo, including the different
vegetation units and transformed areas.

Tropical sub-deciduous forest and cloud forest. Ejidatarios assigned the
same name (‘verdura’) to these two forest types, with reference to their ever-
green foliage. However, local people recognize differences in the species com-
position. Fir trees (Abies guatemalensis var. jaliscana) are found only at high
elevations in the cloud forest. Other tree species, such as ‘mojote’ (Brosimum
alicastrum), are present at low elevations in tropical sub-deciduous forest. It
is important to note that cloud forest is one of the least represented and most
endangered forests in the Mexican territory, yet it contains the highest floristic
richness per unit area, as well as high levels of endemism and many endangered
species (Villasefior and Ortiz 2014). In Pabelo, this forest type covers around
30% of the common lands but can also be found as patches in the plots because,
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according to interviewees, it provides services such as shade, fodder, soil fertil-
ity and wood. In the past decade, there has been logging activity in this forest,
but now some of the species are under protection by Mexican law. These species
include walnut (Juglans major), cedar (Cedrela odorata) and the firs. Cattle also
forage in this forest for the natural vegetation but only in a few areas because
the terrain is very steep. In 2012 the PES program was approved in an area of
1500 ha, chosen by the Ejido Board and forest technicians. This decision was
taken according to the CONAFOR eligible areas of cloud forest distribution.
These areas did not have many other uses and therefore the project had general
acceptance among the ejidatarios. The idea to implement the project came from
the forest technicians that were aware of the PES programs. Some interviewees
did not know about the program and what activities were required to undertake.
Those who did know mentioned that the program serves to preserve plants and
animals. Management actions include firebreaks, monitoring, area delimitation
and installing signposts. Every year, staff from CONAFOR verifies the actions
that are performed. The perception of the people is that these forests possess
exceptional beauty and much diversity of plants and animals and as a place of
recreation and possibly for tourism. A total of 48 useful plant species are known
from these forests, 40 of which are trees.

Oack forest. This vegetation type is dominated by trees of the genus Quercus
and is well represented in both the common lands and individual plots. Many of
these forests are near population centers where the terrain is suitable for cattle
ranching. Oaks are one of the most commonly used plant species in the ejido.
People recognize over 10 different species of oaks and the most important uses are
for fencing and firewood. These uses are similar to those in many other regions in
Mexico (Challenger 1998). The only rule for extraction is that the use of the tim-
ber has to be personal or domestic. Despite the local importance of these forests,
many have been subjected to severe land use change and present different stages
of degradation. Many ejidatarios plant pasture for their cattle, thus inhibiting the
germination of oaks. These forests are seen as stock for wood, but people do
not seem to perceive any commercial value in them. People described facing the
dilemma of either transforming these forests into more productive land in order
to obtain economic benefits or simply conserving them as they are. A total of 14
useful plant species were recognized in this forest type. Oaks were mentioned in
all interviews.

Pine-oak forest. In the ejido, this forest is found on a mountain located in the
upper part of the Cuitzmala River, on the common lands. This is the only forest
type with a legal program for timber extraction. The logged trees are pines; two
main species are Pinus jaliscana and Pinus oocarpa. The former is endemic
to some Pacific humid sierras of Jalisco (Farjon et al. 1997), and excellent for
timber extraction because it has long shafts. People mentioned the strong impact
of logging roads on these forests in terms of promoting soil erosion. Moreover,
fires are common and difficult to control. In order to promote the conservation of
this forest, fire brigades have been enforced, as well as activities of monitoring
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and prevention. Forest harvesting has been carried out for more than 30 years.
Permits last 10 years and the last one terminated in 2012 and has not yet been
renewed. This activity was firstly promoted by one president of the Ejido Board
who displayed strong leadership in developing this initiative. With this activity,
conflicts over property rights arose between some ejidatarios that claimed more
economic benefits. Their argument is that they have assigned the right to use
these areas for their cattle and forest extraction affects this activity, also they
perceive these areas as theirs. The timber is sold to a company responsible for
all of the activities of extraction, transportation and restoration. This company
hired people from the ejido (sometimes the same people from the Ejido Board
or, at least, chosen by them) to perform these duties and also paid forest tech-
nicians to conduct the technical studies. The ejido Supervisory Board was in
charge of monitoring the marking and cutting of trees. The relationship between
cost and benefit with the timber extraction does not provide many benefits to
the ejidatarios and the environmental costs are high. At the time, the ejido func-
tioned as a forest ‘renter’, despite the fact that some ejidatarios recognized that
forestry and wood processing could be a source of employment and income if
they did not sell round wood. There was an initiative 20 years ago supported
by a trust fund to install a sawmill. Although the machines were bought, local
people never got to start it because they never agreed in the Assembly how to
distribute its possible benefits. There is a perception that pines are fast growing
species and regeneration following timber extraction is easy if the land is well
cared for. A total of 17 useful plant species were recognized in this forest type,
of which 11 are used for timber and wood.

Riparian forest. This is the typical forest on the banks of rivers and streams
and it plays a vital role in the maintenance of multiple ecosystem functions
(Méndez-Toribio et al. 2014). Two important Pacific rivers, the Cuitzmala and
the San Nicolds, have their sources in Pabelo. Riparian forest vegetation is often
mixed with the surrounding forests, but some species are especially adapted to
floods and sediment abrasion (Naiman and Décamps 1997). In the common lands
of Pabelo, this vegetation is excluded from any exploitation; however, there was
some logging activity more than 20 years ago. Today, local institutions promote
the conservation of these forests, which is reinforced by federal laws. In the plots,
the majority of owners reported conserving these forests because of the services
they provide, especially water provision for cattle and the maintenance of water
flows. Recreation and fishing are major activities in these locations. The main
resources are prawns (Macrobranchium spp.), for which there is a close season.
In addition, important plant species such as ‘mojote’ (Brosimum alicastrum),
‘guamara’ (Inga laurina), ‘juaquiniquile’ (Inga eriocarpa) and ‘marota’ (Smilax
domingensis) are very abundant. These species have many uses, and can be edi-
ble, fodder or medicinal. A total of 24 useful plant species were recognized, 12 as
edible plants and the rest mainly for medicinal and fodder purposes (see Table 1
and Appendix).
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3.3. Action situations

Many management actions take place in the forests of the ejido of Pabelo and
the outcomes vary in their sustainability performance. The level of collective
action and rules we observe on different resource systems are the result also of the
interaction of particular variables. Table 1 summarizes the information regarding
relevant variables for the social and ecological subsystems and the interactions
and outcomes for each resource system. This table emphasizes the reach of the
ecological conditions on forest management and rules.

4. Discussion

Users and actors related to CPR in the case of Pabelo present differential responses
to decisions and rule-making processes associated with the ecological variability.
More collective action is shown in some forest types than in others, although they
have the same social capital. Ecological characteristics or ‘rules’ include biologi-
cal, chemical or physical aspects (Epstein et al. 2013). In our case study the bio-
logical conditions are related to which species are naturally found in the forests
and the composition of the forest community. More diverse communities, which
are not dominated by one species (cloud forest and tropical sub-deciduous forest),
are more likely to be used for subsistence and for edible and medicinal purposes.
Where the dominance of some woody species is present (oak and pine-oak for-
ests) forest extraction for personal or commercial purposes are developed. On the
physical conditions the topography (i.e. hilly, slope, flat or flooded) determine
suitable areas for specific human activities and also low or high opportunity costs.
The maintenance of biogeochemical processes such as soil fertility, water flow
and quality are also related to specific ecological conditions of forests, especially
in the case of gallery forests. As a result, conservation and non-extractive uses
of these forests are developed. Some of the primordial variables from resource
systems and units that are affected by these ecological conditions include the eco-
nomic value and ecosystem services associated with non-consumptive values rec-
ognized by users and actors. We also found that the location and size of resource
systems are very important in processes of conservation or degradation. Below,
we emphasize some of these links found in the different forest types present in this
case study (see Table 1).

In the pine-oak forest, the economic value of species of the genus Pinus
moved people in the Assembly to promote performing a technical study and to
look for a company to sell their timber. They also organized a fire brigade and
later tried to install a sawmill and a workshop for woodwork. The economic
value of resource units can exert an effect on decision and rule-making processes;
evaluating the relative costs of the management strategy. As feedbacks, we have
the regulations concerning these resources from the operational to the collective
choice level crafted at the Assembly, which are de facto rules. It should be consid-
ered that some effects may be negative where property rights are not well defined
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(Poteete et al. 2012) as was shown in this case. When communities present con-
flicts, the effects can be observed directly in the condition of forests, e.g. the inci-
dence of wildfires (Merino and Martinez 2013). Another important characteristic
in this forest type that drives decisions is the knowledge of the resource system by
users. For example, it is recognized that regeneration (growth rate) is faster than
in other forests and there is knowledge regarding the conditions under which it
is best carried out (time and space). Similarly, the decision not to renew the log-
ging license in the future is a consequence of the reduced diameters presented
by the pines (expressed by the forest technicians) and acknowledgment of other
conditions of ecosystem degradation, as well as the low economic benefits. This
shared ‘ecological knowledge’ is recognized to be a very important characteristic
in successful resource management by user groups (Alcorn and Toledo 1998).
Furthermore, not every forest type is considered suitable for forest harvesting
and becoming profitable; there is a relationship between economic value and the
dominance of certain species (i.e. of Pinus) in ecosystems. This biological rule
determines that this forest type is suitable for this activity, coinciding thus with
most of the successful cases of forest management that have occurred in the pine
forests of Mexico (Merino and Martinez 2013).

Many local conservation processes are the result of awareness of ecosystem
services; identifying their delivery and benefits for people (Porter-Bolland et al.
2012). In the riparian forest, delivery of the important service of water provision
at a local and regional level is delivered by the integrity of the forest. While the
decision to keep this forest type in the plots is the choice of the ejidatarios or pos-
esionarios, on the whole, this forest is a CPR because is dependent upon the con-
servation practiced by people upstream. Here the local knowledge about how this
process develops is important on many of the operational rules for their manage-
ment. This forest may fail to produce many of the products and benefits obtained
if it is divided, and we can say that together it represents an indivisible resource
(McKean 2000). This biophysical condition promotes rules and arrangements at
local and regional levels, considering the implication for the whole watershed.
Going beyond our study site, the watershed vision has created institutions at the
regional level including actors from ejidos and communities, the local municipali-
ties, government and academia (Schroeder and Castillo 2012; Flores-Diaz et al.
2014). Due to the great importance of water and its scarcity in the lower parts
of the watershed, regulating the impacts of management on riparian forest has
become an extremely relevant issue (Maass et al. 2005; Riensche et al. 2015).
In the watershed, the management of this forest has discrepancies presented in
practice. Despite they are highly value by local people some productive activi-
ties, however, threaten the maintenance of these forests and the quality of water
(Flores-Diaz et al. 2014).

In the oak forest, it is probable that the lack of arrangements for sustain-
able use is a consequence of its abundance, in both species and area (size
of resource system). This forest type is one of the most well-represented in
Mexico and the region (Rzedowski and McVaugh 1966). It also has a contra-
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dictory double function (provides oaks and be pasture lands), which jointly
generates its degradation. Scarcity of this resource may take long periods of
time and may influence people’s ability to perceive degradation until it is too
late. People recognize the absence of sustainable use options for this forest,
as with other cases in Mexico, and this absence has consequences for its con-
servation at the local and the national level (Merino and Martinez 2013). It
is evident that oak forest has higher opportunity costs in the ejido than, for
example, cloud forest. Nevertheless, the operational rule in the ejido to use the
species of this forest for personal use only and not for trade is important for its
long-term maintenance.

The conservation status of cloud forest in the ejido is closely related to loca-
tion; many of these forests are located far from population centers and have a hilly
topography in common with other conserved forests in the region (Castillo et al.
2005). Some management actions such as the PES, created with a top-down logic,
do not consider the local mechanisms that are already acting to preserve these
forests. The PES program was created with opportunity cost; in Pabelo, and in
many other cases, this opportunity cost is not really present and some areas have
de facto protection because of the lack of other options of use. This additional
principle has been pointed out in other cases related to PES (Skutsch et al. 2015).
However, the program seems to improve collective action and reinforce social
capital by allocating some of the money to fund activities of prevention and main-
tenance carried out by the ejidatarios. Tropical sub-deciduous forest as being one
of the most diverse and complex forests on the region (Rzedowski and McVaugh
1966), are now highly valued for many of their resources and uses. Also they are
scarce in Pabelo and the region because national policies during the second half
of the 20th century promoted the expansion of agriculture through transformation
of these forests (Merino 1997).

Despite the importance we are trying to demonstrate of certain aspects of
ecosystems in the decision and rule-making processes, we cannot disregard the
fact that other economic, political and cultural phenomena at a larger scale also
influence forest management and conservation (Gerritsen 2010). This situation
can be clearly observed when local institutions are of insufficient strength to deal
with external pressures. Demographic factors, such as migration as a result of lack
of local opportunities, break the ties between migrants and their communities and
reduce collective action (Meyerson et al. 2007; Schroeder and Castillo 2012).
This degradation of the social capital has consequences for every forest type.
These consequences in our case study are mostly negative because the holding
rights owners are not present to make the most adequate decisions over the for-
ests. Moreover, markets and cash-income activities can change SESs and disrupt
the balance of a system that combines the management of several land-use units to
produce both subsistence and market commodities (Garcia-Frapolli et al. 2008).
If cash-income activities are promoted and incentivized by governments, these
activities can produce critical changes in the SESs. In this case, cattle production
puts the maintenance of some forests at risk.
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When considering ecosystem services as a part of the resource system, we find
that this characteristic has either been overlooked in the SES framework or has
been difficult to incorporate because often an ecosystem service is not a discrete
unit or product (McGinnis and Ostrom 2014). The most closely related attribute
can be ‘productivity of system’ but it does not really fit with the ecosystem service
concept. The focus on physical resources and extraction activities from the CPR
theory has left strict conservation activities less understood in SES framework
(Bray et al. 2012). One important step to understanding the management of CPR
and their institutions is to identify which ecosystem services are perceived and
used by local people (Castillo et al. 2005). Recognition of these ecosystems ser-
vices at different scales also enhance multi-level governance of resources (Bray
et al. 2012) and the explicit inclusion of these services in the SES framework as a
category of the resource system is important.

The management strategy performed in Pabelo combines different land uses
and activities adapted to the ecological variability of the location. This multiple-
use strategy reduces risks associated to external socio-economic and ecologi-
cal disturbances and also gives the community partial control over its own food
security (Barrera-Bassols and Toledo 2005; Garcia-Frapolli et al. 2008). While
livestock production is the main activity; others such as agriculture, forestry, fish-
eries, hunting and PES are incorporated into the economy and livelihoods of the
ejido inhabitants. It should be acknowledged, however, that livestock production
is practiced by keeping different types of forests, generating a diversity of agro-
forestry systems. This type of diversified strategy promotes SES resilience as well
as the biodiversity associated with it (Garcia-Frapolli et al. 2008).

5. Conclusions

Rule-based reasoning as the basis of social institutions, in the form of regula-
tions, norms and shared strategies (Ostrom 2011b), can be strongly influenced
by the characteristics of the resource system, as shown in this case study. This
paper highlights the key role of ecological variability in rule-making processes
and consequently in the design of institutions for ecosystem management in
SESs. A future challenge would be to identify more precisely which ecological
variables (e.g. ecosystems, ecological communities, species abundance, species
dominance, diversity, domestication, etc.) influence social processes and change
and how these are maintained and adapted over the years. This can be the match-
ing point of two important features of the SES: the resilience and the Institutional
Analysis. The ‘bounty’ of ecosystems and their biodiversity is in many cases the
product of long periods of coexistence that generates knowledge in an empirical
form. These long periods of time can produce adaptation to ecological variability
and lead to the development of specialized institutions (Janssen et al. 2007).

The SES framework points out that governance systems influence resource
users and these in turn affect resource systems (McGinnis and Ostrom 2014).
We consider that influence and change can also emerge from resource systems.
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Preserving well-functioning small-scale SESs in order to manage ecological
resources may be as important for the future as preserving biodiversity. Preserving
institutional diversity maintains a set of solutions for social systems that are
adapted to a range of ecological contexts (Janssen et al. 2007). The legal recogni-
tion of ejidos in Mexico has encouraged institutions and agroecosystems to adapt
to natural and social changes (Alcorn and Toledo 1998). It is not easy to elucidate
the intricate relationship between users, actors and their resource systems; how-
ever, beginning with representations of dynamic linkages in complex contexts, it
is important to further our understanding of SESs (McGinnis and Ostrom 2014).
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