Learning and adaptation as conservation practices
in resilient traditional socio-ecological systems:
The Elder Brothers of Sierra Nevada de Santa Marta

Aprendizaje y adaptacién como practicas de conservacion en
socioecosistemas tradicionales resilentes: los hermanos mayores
de la Sierra Nevada de Santa Marta

Francisco Felipe Gelves Gémez.

Abstract

history of interaction between traditional social
communities and the environment forms a
relationship that can be understood by exami-
ning these interactions through the theory of
complex systems. The process of interaction
not only develops knowledge applicable to traditional agriculture
or hunting and gathering but also promotes conservation prac-
tices. This paper examines the socio-ecological system established
between the traditional inhabitants of Sierra Nevada de Santa
Marta, and its ecosystem. It establishes theoretical foundations
through literature review of topics such as learning and knowledge
development, resilience and conservation management of socio-
ecological systems. Traditional indigenous communities of Sierra
Nevada de Santa Marta continually adapt and learn from their
environment reinforcing their conservation customs. Further
analysis of the social-environment relationship elicits a description
of a robust traditional socio-ecological system. A system resilient
to outside pressures and environmental change through active
conservation.

Keywords: Resilience, adaptation, socio-ecological systems,
learning, knowledge development.

Resumen

a historia de la interaccion entre comunidades
tradicionales y el medio ambiente en el que
habitan, describe una relacion que puede ser
entendida mirando a las interacciones formadas
en el sistema y, através de la teoria de sistemas
complejos y la teorfa de resilencia. En el proceso de interaccion,
no solo se desarrolla conocimientos aplicables a practicas tradicio-
nales como la agricultura, la caza y la recoleccion, pero también
se promueve practicas de conservacion. Este articulo examina el
sistema socio-ecoldgico establecido entre los habitantes tradicionales
de la Sierra Nevada de Santa Marta, y su ecosistema. Estableciendo
fundamentos tedricos a través de una revision bibliografica de temas
como, aprendizaje y el desarrollo de conocimientos, la capacidad de
resilencia y practicas de conservacion en sistemas socio-ecolgicos
tradicionales. Las comunidades indigenas tradicionales de la Sierra
Nevada de Santa Marta continuamente adaptan y aprenden de su
entorno, reforzando asi, sus costumbres de conservacion y preserva-
cion del medio ambiente. Un andlisis mds detallado de las relaciones
sociales con el medio ambiente en la Sierra, deriva en una descrip-
cién de un sistema socio-ecoldgico tradicional robusto en el que la
practica de conservacion activa, promueve un sistema resilente a
distintas presiones externas y a cambios en el medio ambiente.
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Introduction

Throughout the world traditional and local knowledge is
being used in practices for community-based conserva-
tion and natural resource management [see, 1-4]. Berkes
and Turner [5] highlight the important role that building
local and customary knowledge has in achieving conser-
vation goals. Likewise, several studies have increasingly
acknowledged and recognised traditional communities
as major contributors in conservation strategies [5-9].

However, as argued by Olsson et al. [10], different types
of knowledge, learning processes and adaptation mecha-
nisms are context specific considering that traditional
knowledge evolves hand in hand between the communi-
ties and their local environment.

This paper constitutes, firstly a literature review of mainly
peer-reviewed papers on the topics of resilience thin-
king, management and conservation. It will be developed
having as a premise that, learning and knowledge deve-
lopment to adapt to changes and deal with uncertainty,
are a key-stone of successful social ecological systems [6,
11-13].

Specifically, it looks at literature that contributes to the
understanding of traditional socio-ecological systems,
adaptive management, resilience and the building of
knowledge from the perspective of traditional communi-
ties. As such, it aims to construct theoretical foundations
for understanding the way in which the traditional
communities in Sierra Nevada de Santa Marta and their
social systems build knowledge and management prac-
tices applicable to conservation, taking into account the
strong interdependence between local livelihoods and
ecosystem functioning.

In light of the above, the socio-ecological system
established between three traditional communities
descendants of the Tayronas and the Sierra Nevada
de Santa Marta will then be analyzed. Their adaptive
responses, their learning process, their self-organization
capacity, all of them from their cultural perspective, and
how they apply this knowledge into conservation prac-
tices, will be used to frame a critical understanding of a
resilient traditional socio-ecological system.
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Learning Processes in Traditional
Socio-Ecological Systems

Review Stage

Socio-ecological systems are defined as a mosaic of
multiple subsystems, consisting of many different varia-
bles interacting within a complex system [14]. To put
it another way, socio-ecological systems are unders-
tood as human groups that make a social fabric, while
embedded in, and are in constant interaction with, the
natural —ecological environment [15] in a “wide range of
spatial and temporal scales” [15: 2]. This is a “human-in-
ecosystem perspective” [16].

Although there is no specific definition of traditional
socio-ecological systems, they seem in general to adhere
to the definition of socio-ecological systems described
above. Specifically though, traditional socio-ecological
systems may denote processes such as the observation
of local ecosystems over long periods of time by local
people, or actions such as customary practices, and an
important set of principles in the way in which people
interact with or relate to their local environment [6].
Hence, traditional socio-ecological systems refer to the
historical and cultural relationship between a specific
community and the ecosystem in which they live [17].

Learning processes play a very important role in socio-
ecological systems. While conservation - as with many
other practices - is not an inherent practice in human
societies [5], conservation knowledge can be generated
as a response from the interaction between social and
ecological systems [Vikers 1994 in 5]

Berkes and Turner [5] describe two models for learning
and developing conservation knowledge that can be
applied to traditional socio-ecological systems. The first
model is the learning process derived from scarcity or
depletion of resources, or what Johannes [18] describes
as a type of awareness related to resource crisis. Other
insights of this learning process can be found in ecological
crises caused by natural disasters where abrupt changes
in the ecosystem lead to problems in accessing resources
[19], or where political tensions lead to an imbalanced
distribution, use and/or access to ecosystem services
by local communities [20]. In both cases, communities
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are somewhat forced to engage with a rapidly changing
resource base, which in turn leads to the production of
adaptive and innovative types of knowledge.

On the other hand, the second model described by
Berkes & Turner [5: 482], or “the ecological understan-
ding model”, emphasizes the development of knowledge
through a “more sophisticated understanding of the
ecosystem”. This model is very relevant to traditional
communities given the historical characteristic of tradi-
tional socio-ecological systems. In other words, it could
be said that this learning process for developing conser-
vation-applicable knowledge occurs by doing [21] in a
practice of constructing and applying social and ecolo-
gical memory [15].

Thus, over time communities produce knowledge, which
evolves over time according to environmental changes
and is therefore adaptive. An example of the production
and constant evolution of environmental knowledge is
in fact seen amongst aboriginal peoples, who have expe-
rienced the appropriation and use of their environment
over long periods of time [22]. Similarly, Gomez et al.
[23] examine the role that historical and traditional
communities play in achieving sustainable practices
within a specific socio-ecological system, which in turn
can result in the preservation/protection of the environ-
ment. These examples highlight how customary societies
interact with and respond to different situations and, as
a result, develop knowledge that provide the means for
subsistence livelihoods while protecting environmental
systems. Clearly, one model could be considered reactive
based on external factors, while the other is proactive
due to the internalization of the environment in liveli-
hoods strategies.

In resilience thinking, the use of the adaptive cycle
concept is used to understand and describe how a social-
ecological system “organizes itself and how it responds
to a changing world” [15: 75]. Understanding knowledge-
building processes as part of the socio-ecological system
is also important and should thus be part of the adaptive
cycle. Indeed, the natural complexity of socio-ecological
systems and, because of the fact that the “manner in
which the system behaves is different from one phase to
the next” [15: 75], highlights the importance of compre-
hending learning as an adaptive process.
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It would thus seem that the ecological understanding
model takes place during the whole cycle. Admittedly,
this particularity is more common in traditional communi-
ties learning. Traditional ecological knowledge describes
an understanding of the means by which uncertainty
or “surprises” are constantly present in the system [24:
359]. At the same time, traditional knowledge denotes an
all-inclusive component and adaptation characteristics in
an arrangement of practices used in conditions of “trial-
and-error” [6: 1252]. This idea implies a passage through
a moment of availability of resources while accumulating
a defined structure, progressing to a phase of stability
and development of tight interconnections within the
system. Then, the presence of surprises might cause a
failure, to later, reorganize the system and start over again
[25]. In other words, learning experiences and construc-
tion of knowledge in traditional socio-ecological systems
pass through the phases of growth, conservation, release
and reorganization [0, 15, 25].

Uncertainty, Adaptive Management
and Self-Organization: The Application
of Knowledge in Conservation

Methods for natural resource management are usually
constructed under the premise that it is possible to gene-
rate responses to predictable events [25]. This approach
is also used in the management of conservation projects
such as protected areas [26]. However, this type of
approach does not consider some important elements
within the system. Communities living within protected
areas are often considered as an independent system to
the ecological organization system, which is by and large
characterized by physical and biological values within a
particular area [25].

In socio-ecological systems - including traditional ones
- this ‘managerial’ approach is largely inadequate. The
establishment of the “human-in-ecosystem” shows that
social-ecological systems are understood as complex
systems which are neither deterministic nor predictable,
but systems that depend on feedback processes at diffe-
rent levels giving place to self-organization [27, 28].

Consequently, considering and integrating those aspects
of unpredictability and uncertainty, socio-ecological
systems learn to adapt and to self-organize [10]. This is
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the principle of adaptive management, which refers to
the capacity of people and ecosystems to build resilience
[13] through interaction with different variables within
the system. In other words, adaptive management consi-
ders learning, knowledge and adaptation as the basis
to deal with issues in an uncertain, erratic and dynamic
world [29]. Instead of denying the complex nature
of socio-ecological systems, adaptive management
embraces it. This approach understands that knowledge
about ecosystems is largely derived from local stewards
[13, 30, 31], and through the use of collective actions.

Examples of this statement can be found throughout the
world. A concrete example is discussed by Turner et al.
[32] who studied how traditional ecological knowledge
was used in times of change and uncertainty by Cana-
dian indigenous communities. The results of knowledge
development, learning processes and adaptive manage-
ment were translated into positive outcomes reflected
in “greater diversity of cultural capital maintaining their
flexibility and resilience” [32: 439].

In relation to the learning process, Armitage et al. [33: 93]
describes this approach as the clear bond between the
“experiential and experimental” learning with different
practices of governance to “resolve societal challenges”.
In view of the above, traditional socio-ecological systems
for conservation management practices are not only a set
of customary arrangements and actions that deal with the
environment. Their management practices are indeed
derived from an accumulated experience and history, but
are also “adaptive responses” that result from learning
and knowledge development processes [5: 487]. There-
fore, learning processes in conservation practices in the
context of traditional socio-ecological systems can be
understood as, and homologous to, adaptive management
[6]. This is when it is accepted that adaptive management
is the scientific understanding of the arrangement of
knowledge in traditional social-ecological systems [6].
The reason behind this and as previously mentioned, is
that traditional ecological knowledge integrates factors
of uncertainty and surprise in management practices to
improve resilience within a system. It manages adaptive
cycles and uses feedbacks from the ecosystem itself to
promote self-organization [6, 15] or, for the case of this
review, to promote conservation practices.
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The Ecological System: The Sierra
Nevada de Santa Marta, the Hearth of
the World

The Sierra Nevada de Santa Marta is a mountain located at
the North of Colombia on the Caribbean coast [8]. The Sierra
rises until it reaches a high of 5864 m.a.s.l, for this reason,
Sierra Nevada de Santa Marta is the highest mountain in the
world located next to the ocean [34, 8, 35]. In its extension
of almost 21.158 km2, this landscape has a broad variety of
ecosystems. Among the most representative are, xerophytic
formations, tropical deserts, cloud forests, Andean forests,
snow covered systems and paramos [35, 36].

The Sierra Nevada is very important in hydrological
terms. It is the source of about 30 rivers that contributes
with almost 10.000.000.000m3 of water and feeds many
communities until they reach the Caribbean plains [37].

As a consequence of its biotic and abiotic characteris-
tics, Sierra Nevada de Santa Marta has a high biodiversity
and several cases of endemism [34, 35]. In the words of
Rodriguez [8: 455] “there are at least 600 genera and over
3000 species of higher plants. It is known that 14 of the
635 species of birds registered for the Sierra are unique.
Among the 142 species of amphibians and reptiles, there
are 29 which are endemic, and all those inhabiting the
unique “pdramo” ecosystems above the tree line are
found no- where else.”

As a result of its biological values, in 1979 the strategic
ecosystem of Sierra Nevada was declared by UNESCO
as a biosphere reserve, in an attempt to conserve and
protect the landscape and the indigenous communities
depending on it [34]. However, during more than 50
years the Sierra Nevada has been the object of unsustai-
nable agricultural practices by immigrants and, several
interventions to set illegal crops have resulted in defo-
restation and degradation of the Sierra Nevada [38].

Sierra Nevada de Santa Marta From the Eyes
of the Indigenous Communities: The Socio-
Ecological Territory

Territory from the perspective of the indigenous tradi-
tional communities is a symbolic construction that bears
cultural, religious and social definitions [39]. As a conse-
quence, the concept of territory is endogenous and starts
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from its cosmology. The territory is an ancestral place
and, therefore, the representation of its boundaries and
organization is given by consensus, through the constant
interaction between the individuals and their environment
and, recognizing themselves as part of nature [39, 40].

For the elder brothers inhabiting the Sierra Nevada de
Santa Marta, their territory is defined by the cultural
concept of Senunulang, niwi ka “sumu [35]. Their terri-
tory is the space that contains the normativity/laws and
the resources to allow the individuals to exist while ensu-
ring the existence of life [35, 41]. Moreover, the territory
is then also limited by the line that connects the sacred
sites that were given to them since the origin [35], deno-
ting the inherited characteristic of the landscape in which
their traditional practices of life occurs. This boundary is
called ‘the black line’ [38, 40; see Figure 1.], and is the
line that organizes their territory and, as a consequence
of the spiritual connotation of the line, it also organizes
the laws that people have to follow [35].

This arrangement of beliefs and practices to define their
territory, in accordance with their traditional cultural
philosophy and their traditional law, is the backbone of
the territorial management [40], and, at the same time
highlights the understanding of the communities about
their role in conserving the environment, which in
essence, denotes a human-in-ecosystem [16] perspective
to define their cultural and ecological space.

Figure 1: Map of the Sierra Nevada de Santa Marta and
the ‘Black line’” defining the ancestral indigenous com-
munities’ territory [38]

Caribbean Sea
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The Social System: The Elder Brothers

The territory of Sierra Nevada de Santa Marta is mainly
inhabited by three indigenous communities descendants
of one of the most important groups that were present
since times before the Spanish colony; the Tayronas [8,
42]. Despite the presence of other social groups, this
case study will be focused on these communities as they
are firstly, the most representative [35] and, secondly
because they have traditional occurrence in the area [34,
38, 42]. Through this last affirmation, the Kogi, Arhuaco
and Assario communities, constitute a traditional social
system.

Kogi (also called Kaggana or Gaggaba which means ‘The
People”), Arhuaco (also called Ika) and Assario (also called
Saha, Sanha or Malayo), are the survivors of the Tayronas
[34, 8] and, until today, they still preserve their historic
traditions [38]. While each of these groups has its own
language and several different characteristics, all of them
share a similar philosophy, have the same worldview,
possess similar social organization and common prac-
tices to manage and conserve what they call the ‘heart
of the world’ [Reichel-Dolmatoff in 38], thus, because of
this divine duty they call themselves the Elder Brothers.
As a consequence of these similarities, “the Sierra Nevada
thus represents a single cultural area” [43: 290]

Their inherited ancestral knowledge plays a very impor-
tant role among these communities as it defines their
cultural and social characteristics [34]. Similarly, their
cosmology and religious beliefs establish a strict code
of moral practices while, at the same time, defines the
social relations, not only between the three communities
and its individuals, but also between people and nature
[44]. The indigenous communities call this code ‘the
Law of the Mother’ [8]. This customary set of rules is
based upon the premises of reciprocity, collaboration,
a non materialistic approach regarding life and collabo-
ration [44]. Thus, the Law of Mother sets the behaviors
and practices as a harmonic approach with living things,
climatic conditions and other abiotic elements of “the
sacred geography” [45: XVI| of Sierra Nevada. To do so,
the traditional communities aim to maintain a balance
between their practices and demands, and nature’s
resources offer [46].
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External Social Actors Influencing the System
and the Responses of the Elder Brothers

“Through the time, we Mamos of the Sierra Nevada,
have been talking, saying and operating what corres-
pond to us, always in accordance to the mandate
given by our Mother since the beginning; then, we
think that from now on, it is your duty and labor. It
is a function that belongs to you, in the condition of
being our legitimate spokespersons and represen-
tative institutions with the little brothers.”

Joint statement of the indigenous organizations
of the Sierra Nevada de Santa Marta

Even though the social system for this study is the one
comprehended by the traditional communities, several
external social actors have contributed to the develop-
ment of knowledge and to generate adaptive responses
among the indigenous communities.

The landscape of the Sierra Nevada de Santa Marta has
been the object of different interventions in the hands
of several social participants that are interacting with the
system [47]. Ulloa [48] listed them as: Political leaders,
indigenous researchers, researchers, local and interna-
tional non-governmental organizations, governmental
institutions, multilateral organizations, economic sectors
and armed actors. However, not all of these institutions
have affected the communities in the same way. Adapta-
tions and cultural changes in their traditional practices
have been more encouraged by the involvement of the
economic sectors and armed groups, in the form of
waves of migration and land grabbing [49, 34] and, by the
influence of evangelization in the area [34]. All of these
changes are manifested through modifications in their
systems of production and land tenure [34]. Basically,
these changes constitute adaptive reactions to external
pressures over the system.

In addition to changes in their traditional practices, as a
consequence of the diverse pressures, the social fabric
of indigenous communities have encountered various
challenges that propose responses in order to keep on
with the pace of their changing environment, i.e. these
responses constitute opportunities of “social self-organi-
zation for resilience” [50: 455]. In Sierra Nevada, building
social capacity to address social issues has been a very
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important feature to overcome difficulties. In these
terms, social memory and the organization of social
capital have resulted in novel forms of governance that
have the capacity to cope with the pressures set over the
system [48, 50].

In the Sierra Nevada de Santa Marta, these new social
movements are represented by the figures of orga-
nizations established by the same communities in
collaborations with governmental and private organiza-
tions (35, 48]. Each of the indigenous communities that
compound the social system, have organized their own
organization with the objective of creating a channel of
dialogue with other organisms, publics and private, to
work for the reestablishment of their identity and to
preserve the ecosystems present in their cultural terri-
tories [41]. This development of social movements can
be understood as the “building of social capacity for resi-
lience in social-ecological systems” [50: 455].

With reference to the learning processes, this social self-
organization seems to adhere to the first model described
above. As mentioned, the organization of the indige-
nous communities is a consequence of the interaction
with different processes and social actors that produced
experiences such as land grabbing and migration. These
events made access to resources by the communities
difficult [34, 49], therefore, these processes changed the
resource base for Kogui, Arhuaco and Assario people.
These experiences pushed them to learn and adapt. One
of these adaptations was through the organization of
their social capital and the creation of indigenous organi-
zations. Consequently, these new social structures reflect
complementary forms of governance, which in turn,
became the enrichment of co-management practices
[50] aiming to preserve, not only the cultural fabric, but
also the ecosystems of the Sierra Nevada de Santa Marta.

The Socio-Ecological System: The
Elder Brothers as the Guardians of the
Hearth of the World

As the older brothers they are, and because they are
living in the heart of the world, their relation and strate-
gies involving nature are characterized by the promotion
of cultural participation [35, 40, 42, 44], the application
of traditional knowledge and customary laws [42].
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The interactions at the level of the traditional socio-
ecological system in Sierra Nevada de Santa Marta have
also customary and religious roots. These interactions
emphasize the tight relations between the social system
and the ecological system. It is in these terms that commu-
nities introduce the concept of Ezwama as the practice of
the relations between men and, between men and nature
[40]. This implies the social relations among the three
indigenous communities and, intercultural relations with
local and national agents [40] in an exercise to promote
a dynamic interaction with different stakeholders, resul-
ting in a broad range of responses to solve problems.
Consequently, as Walker and Salt [15] state, this ability
to create solutions derived from the interaction between
different actors, enhance the development of knowledge
and thus, the resilience in the system.

Ezwama is also the principle of the practices for the
collective use, management and ownership over the terri-
tory [35]. These practices are the result of the evolution
and adaptation of the communities, which internalize
knowledge about the natural environment applicable to
their daily practices as a consequence of their constant
interaction with the biotic and abiotic factors surroun-
ding them [6].

In Sierra Nevada de Santa Marta, the traditional commu-
nities in observance of their traditional ecological
knowledge as the “knowledge-practice-belief complex”
[6: 1256], have developed several management and liveli-
hood practices in accordance with their duty to preserve
the heart of the world. Their knowledge has evolved to
a point in which it forms a comprehensible set of tech-
niques and anticipations, derived from their ecological
awareness and the understanding of soil characteristics,
slope exposure, rainfall, plant coverage, drainage, winds
and temperature [42].

For the application of those different techniques and
knowledge, the cultural institutions play a very impor-
tant role. Hence, the management of proper resource
use practices, in traditional societies, is delegated to
leaders [6]. For the case of the Sierra Nevada de Santa
Marta, the arrangement of knowledge is passed through
one generation to another, especially on the social struc-
tures in head of the Mamas (38, 40] who are the figures
of civil and religious authority among the individuals of
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the ethnic groups [44]. They bear a very deep knowledge
about the environment in terms of meteorology, ecology
and astronomy; ideas that are used in their productive
systems and in the use of the natural resources [38].

The productive practices of Kogui, Arhuaco and Assario
indigenous communities, are based on traditional ecolo-
gical knowledge and some modern practices adopted
from their intercultural interactions [35, 51]. In general
terms, their productive systems are well adapted to the
environments framed in the Sierra Nevada de Santa
Marta [42, 51]. Several examples of these traditional
practices are found along the Sierra Nevada. In the
inclined productive fields, the indigenous communities
have developed a practice in which they cultivate diffe-
rent species but not many individuals have the objective
of creating “generalized ecosystem” [42: 293]. On the
other hand, on flat ground near their settlements, they
minimize the number of species to achieve a “specialized
ecosystem” [42: 293]. Besides these practices, the tradi-
tional social and the ecological system in Sierra Nevada
de Santa Marta, interact with each other through prac-
tices of natural resources monitoring [40], protection
of specific places and habitats [44], the integration of
knowledge into new practices of governance [48] and,
by responding to feedbacks in reaction to surprises [34,
35, 42].

Figure 2: Kogi settlement and crops of subtropical and
highland products [Cervantes in 38]

The examples mentioned above indicate a clear compo-
nent of social and cultural adaptation to the environment
as they evolve in a historical way through the incorpo-
ration of learning and knowledge in different scenarios
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while they are in constant interaction with uncertainty.
Through the maintenance of diversity at the levels of
institutions, knowledge and practices among others,
these adaptations have achieved the sustainable use of
natural resources and the conservation of the landscapes
that support the life of the communities [38] and at the
same time, have managed to keep and, to increase the
resilience [6, 24, 50] in the traditional socio-ecological
system established between the elder brothers and the
heart of the world.

Conclusion

This paper addresses the topics of adaptive learning and
knowledge construction as one of the most important
measures to understand successful and resilient tradi-
tional socio-ecological systems. It could be seen that the
influence of learning processes derived from adaptation
to changes, affect the ability of systems to self-organize.

In addition, it discusses management practices applicable
to conservation of ecosystems from the understanding of
nature and in the perspective of traditional social groups,
with some examples. It is in this way that adaptive mana-
gement, self-organization and the historical development
of knowledge in traditional communities, are introduced
as pillars for dealing with uncertainty and surprise and as
a good way to enhance the resilience of socio-ecological
systems.

Then, the explanation of the particular case of the
traditional socio-ecological system established between
Kogui, Arhuaco and Assario communities and the Sierra
Nevada de Santa Marta, evidenced how the adaptive
management that occurs in this particular landscape,
is contributing to conserve and restore the ecosystems
while enhancing the cultural identity in the communities
(38, 42]. This is achieved by the use of management that
is adapted to the environment and conditions present
in Sierra Nevada; by the application of different tradi-
tional practices; by the use of accumulated traditional
cultural, social and ecological knowledge that helps to
deal with surprises and uncertainty; by the diversity of
institutions, knowledge and resources; and by processes
of internalization and feedbacks that contributes to the
development of new knowledge [6, 38, 50].
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