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Preface
This thesis research is a result of my interest to understand how natural and altered
ecosystems interact with human well-being. As a resident of the Galapagos Islands, I
desire to develop studies for the correct valuation of the many ecosystems that are part of
this complex archipelago. Because there is a worldwide recognition of the ecological
importance of the Galapagos, I desire to complement this knowledge with the inclusion
of the socio-cultural domain. This domain includes not only the animal and plant species
that inhabit the archipelago but a complex group of people with different cultural
identities and a growing number of tourists who periodically visit the islands.
Several public institutions of the Republic of Ecuador have begun to focus their interest
on the integrated management of ecosystems. Nonetheless, without common basis, this
work has been limited. The development of the concept of ecosystem services for the
Galapagos archipelago would allow working under a standardized language which could
guarantee the sustainable use of several ecosystems. Local settlers, like myself, could be
included in decision-making processes for a sustainable environmental future.
I chose the Miconia zone of Santa Cruz Island to develop my research since it’s a
significant ecosystem for human survival within the island, but it has been poorly
considered for conservation efforts. For three months I had the opportunity to encounter
with several actors, that directly and indirectly benefit from the ecosystem, and I learn
about the importance of the zone from a socio-cultural perspective. Additionally, I was
able to visit the region to confirm the tremendous ecological value of the area and
appreciate the beautiful aspects of its natural characteristics.
The outcomes of the study are a result of a collaborative work with several public
institutions, from which I would like to highlight the Galapagos National Park Service
and the Municipal Government of Santa Cruz. Also, the Charles Darwin Foundation as a
private actor highly collaborated with the process. Moreover, I believe local farmers
helped me the most to understand the importance of the region. They recognize a great
ecological and socio-cultural value attached to the ecosystem.
I would like to acknowledge the valuable support given by my thesis supervisor, Dr.
Rudolf de Groot, whose wide knowledge about the interaction of natural processes and
human well-being helped me to identify and recognize the importance of the study area.
I hope that concept of ecosystem services promoted within many of his publications will
now support the Galapagos community to value more the Miconia zone of Santa Cruz
Island. Also, I need to recognize the financial assistance provided by the Friends of the
Galapagos Foundation in the Netherlands, who believed in me and whose support helped
me to conquer my goal. My most sincere thanks to this amazing group of people.
Finally, I would like to recognize the support that was given to me by my friends from all
over the world whom I met at Wageningen University and Research. Also, acknowledge
the support given by my family and primarily by my wife, who has been by my side all
the time during this process. To everybody, I would like to give thanks, and I hope that
the work put on this document would be able to show how much I appreciate everyone.
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Summary
The Galapagos archipelago, most of which has been declared a National Park, is
commonly known for its unique ecology. The terrestrial environment of the archipelago
has several zones: dry, transition, aquifer and humid ecosystems. The Miconia zone in
the humid zone is a vegetation community between 400m and 600m above sea level. It
only occurs on the islands of Santa Cruz and San Cristobal and mostly consists of shrubs
and small trees. The Miconia zone is important for the island`s hydrology and provides
habitat for several endemic species. Nonetheless, since this importance is not highly
recognized by locals and foreign visitors, this vegetation is poorly conserved.
My study focuses on the Miconia zone of the Santa Cruz Island, which is the second
biggest and most populated in the Galapagos archipelago. Within Santa Cruz, the Miconia
zone forms a vegetation strip on the windward slope of the island. The zone covers part
of the National Park and the authorized agriculture area. The island`s growing population
stresses both regions. For example, various local authorities are poorly organized, and
this limits the integrated management of this zone. Farmers also degrade natural
resources, and this threatens to destroy the Miconia zone within the agriculture area.
Another important problem is that the interactions between the environment and human
well-being are poorly understood. This limit recognizing the importance of the Miconia
zone and likely lead to its irreversible loss. To reverse this effect, ecosystem services and
benefits should be introduced to promote sustainable use of this important ecosystem.
Therefore, my study investigates possible incentives to sustainably manage the Miconia
Zone by assessing the benefits and services provided by the ecosystem. Throughout the
study, the baseline conditions of the Miconia zone, its main threats, its ecosystem services
and benefits are determined, and possible conservation incentives are identified. Finally,
the results are communicated.
Data collection techniques included a bibliographic review, twenty questionnaires, and
several face-to-face meetings with local farmers and interviews with local experts on the
management of the Miconia zone. The basic statistics were analysed in a comparative
way.
The bibliographic information showed that this Miconia zone supports a diverse
community of endemic and native species of the Galapagos islands. It also maintains
essential natural processes that contribute to human survival (e.g. underground water
recharge). The area has also been affected by several human activities such as
deforestation and land-use change. The questionnaire to local farmers showed how the
zone is affected by human intervention and concluded that the introduction of invasive
species is responsible for the highest damage to its biodiversity. Finally, the main threats
to the ecosystem are listed. These are: introduced invasive species, changes in land use,
inadequate agricultural practices, and the effects of extreme climate events, which are
amplified by human activities.
The ecosystem services analysis identified fifteen ecosystem services, categorized with
the TEEB-typology from the perspective of local farmers and experts. These perspectives
were combined into a single prioritization. The main services provided by the Miconia
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zone are: water regulation, biodiversity conservation, recreation and tourism, cultural
heritage and identity, local climate regulation, and erosion regulation.
The benefit analysis used four human well-being indicators: livelihood, mental health,
good social relations, and new ventures. Its results showed that most of the services
contributed to the mental health of people that visit the area. This was identified by most
surveyed farmers. The contribution to livelihood from cultural and regulating services
(e.g. local climate regulation and recreation) was also perceived important. Cultural
services contributed to good social relations (e.g. school field trips) while some cultural
and provisioning services provided opportunities for new ventures (e.g. tourism and
livestock breeding).
All this obtained information helped to develop incentives to manage the area sustainably.
The interviews with local experts identified five possible mechanisms that can motivate
people to maintain and restore the degraded areas of the Miconia zone. First, adjusting
the rural property taxation is proposed as a financial mechanism run by the government.
Second, regulatory mechanisms and technical and educational support are recommended
as governmental support measures. Finally, payments through ecotourism and the
protection of watersheds stimulate self-organized private market arrangements.
Two communication tools to disseminate the results are tested. First, data visualization
tools are recommended to be used considering the multi-cultural target audience. Second,
communal activities are suggested to reinforce the recognition of the importance of the
zone.
My main conclusion is that my ecosystem services assessment represents an important
step towards increasing awareness on the importance of the Miconia zone for the
communities of Santa Cruz and the Galapagos. It also concretely shows that the Miconia
zone can be sustainable managed.
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1. Introduction
1.1. Background
The Galapagos archipelago, located 1.000 km west of the coast of Ecuador, is known for
its unique biodiversity, endemism, and concentration of species (Silva et al., 2016). The
archipelago has a total land area of 7.985 km2, constituted by 234 terrestrial units,
including islands, islets, and rocky outcrops (GNPS, 2014). Its climate is influenced by
ocean currents and trade winds and is periodically affected by the El Niño Southern
Oscillation (ENSO) (M Trueman & d’Ozouville, 2010). Two seasons are exposed
throughout the year, a hot invierno season (January to May) and a cool garúa season (June
to December) (Pryet et al., 2012).
Late colonization of the archipelago and a strong effort to keep 97% of the land as a
protected National Park, has helped the Galapagos to preserve 95% of its original species
(GNPS, 2014; González et al., 2008). Human settlements occupy only 3% of the total
land surface of the archipelago. However, the anthropogenic pressure over the Galapagos
ecosystems and its biodiversity are continuously growing, primarily driven by population
growth and land use change (González et al., 2008).
Based on the climate conditions, the altitude levels, and the remoteness from the coastline,
the Galapagos National Park Service (GNPS) has defined eight major ecosystem clusters
for the archipelago. Thus, the terrestrial environment comprehends the humid zone
ecosystems (includes the Scalesia and Miconia zone), transition ecosystems, dry zone
ecosystems, and aquifers. The marine environment, on the other hand, is classified into
coastal marine ecosystems (shore and dunes), wetlands (mangroves and lagoons), subtidal
ecosystems, and open water ecosystems (GNPS, 2014).

Figure 1. Galapagos archipelago ecosystem clusters defined by the GNPS.
Aquifers are not visible for they are underground water reservoirs. (GNPS, 2014).
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The humid zone ecosystems of the Galapagos archipelago constitute a resource of great
ecological, socio-cultural, and economic value. The benefits obtained from these
ecosystems are hardly taken into account in the environmental planning, management,
and decision making of the archipelago. Ecosystem services of the humid zones providing
important benefits (e.g. freshwater) are misused due to poor recognition of their
importance. The degradation of the humid zone ecosystems of the Galapagos may lead to
an irreparable loss of ecosystem services.
To ensure balanced decision-making between economic growth and the conservation of
the humid zone ecosystems of the Galapagos, the recognition of the full importance (or
‘value’) of the ecosystem services that they provide is vital. Expressing this value in
monetary terms is difficult, since most of the perceived benefits from ecosystem services
can’t be analysed on market-based measures. Thus, complementary measures from other
disciplines (e.g. sociology and ecology) are also needed to ensure a correct valuation of
ecosystem services (de Groot, 2006).
Ecosystem services valuation can help decision-makers to include the importance of
humid zone ecosystems in development planning within the archipelago and promote
sustainable use of their ecosystem services. It can also help to identify the main users and
beneficiaries of the ecosystem services, to attract investment and create incentives for the
maintenance, or restoration, of the ecosystems providing these services. Moreover,
valuation studies also increase awareness of local communities about the benefits to
human well-being received from ecosystems (de Groot et al., 2006).
1.2. Study Area
Santa Cruz is the second largest (986 km2) and the most populated island of the Galapagos
archipelago. It has a maximum altitude of 855m asl, corresponding to Cerro Crocker
(Figure 2). The climate of the island varies from dry and warm in the lower area to mild
and wet in the upper zone (Palacios, 1993). Approximately 86% of the total area of the
island is part of the Galapagos National Park (GNP), and 14% is destined for urban area
and agricultural zone (Ramos et al., 2014).
As Pryet et al. (2012) describes, climatic and physical conditions have produced a
vegetation zonation that can be traced along the windward side of the island (rain shadow
effect1). From the coastline up to 50m asl the dry area extends, characterized by spiny
shrubs and cactus. The transition zone occupies the land between 50m and 200m asl. The
humid zone is located between 200m and 450m asl and was originally covered by the
endemic Scalesia tree, nowadays replaced mostly by agricultural land (crops and
grassland). A very humid zone stands between 450m and 600m asl, dominated by the
endemic Miconia robinsoniana shrub, along with many fern species. And finally, the
fern-sedge zone extends above 600m asl, dominated by Pteridium arachnoideum.
The very humid zone of Santa Cruz, also known as the Miconia zone, occupies
approximately an area of 8.4 km2 (Betancourt, 1992). It forms a dense tangle from the
intergrowth of ferns, lycopodium, herbaceous flowering plants, and Miconia
robinsoniana shrubs (Wiggins, Porter, & Anderson, 1971). It is a zone of great
importance since it has a major influence on the hydrological regime of the island and it’s
a breeding place for several endemic species of the Galapagos (e.g., the Galapagos Petrel).
1

Santa Cruz Island has a humid windward slope and an arid leeward slope. This effect happens because
trade winds coming from the southeast, carrying humidity, condensate water in the south flank of the higher
elevations of the island (SENAGUA, 2015).
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Figure 2. The Miconia and Fern-sedge zones of Santa Cruz Island.
The agricultural zone is represented by a pale orange colour. Two sets of aerial photography from
the 1960`s and 1980’s have helped to define the extents of the Miconia and the Fern-sedge zones,
represented in a green colour. (Trueman et al. 2013)

Approximately 70% of the Miconia zone remains within the protected area of the GNP,
and 30% of it is occupied by the agricultural zone of Santa Cruz. Within the agricultural
area, the original vegetation of the Miconia zone has been replaced primarily by grassland
for cattle and perennial invasive crops (Ramos et al., 2014). The protected area of the
Miconia zone is managed under conservation policies and actions executed by the GNPS
(GNPS, 2014). Inside this area, surroundings of the Media Luna hill are considered a
touristic destination for its uniqueness vegetation and landscaping.
1.3. Problem Statement
The increase of threats to the protected area of Santa Cruz, and to the Galapagos in
general, is notorious. Anthropogenic pressures resulting from a growing population,
related to the tourism industry, have evidenced that the actual development model of the
Galapagos promotes an unsustainable use of ecosystem services. The lack of organization
among local authorities and their competences, regarding the protected areas, has
produced difficulties on integrated management of the Galapagos ecosystems.
Furthermore, the management of authorized and non-authorized activities within the GNP
is deficient, and the scarce knowledge of the limits of the GNP, by land users and rangers,
difficult the control of the area (GNPS, 2014).
In addition to the protected area, the degradation of natural resources (water, soil,
vegetation), the lack of organization and discoordination among farmers, and the absence
of credit and technical assistance from the local government, are stressors that difficult
the conservation of the native ecosystems within the agriculture zone of Santa Cruz
(GADMSC, 2012).
3

The interactions between the environment and human well-being are certainly not fully
understood and the importance of the ecosystem services is not recognized by users and
beneficiaries. As explained by de Groot (1992) the interactions between the natural
environment (natural processes and functions2) and human society (human wellbeing)
have both positive and negative aspects (Figure 3). To reduce the environmental impacts
(1) produced by human activities and enhance ecosystem management (2), it’s necessary
to recognize the full importance of the ecosystem services (3) provided by nature.
Additionally, full recognition of all ecosystem services and the proper environmental
management will help to mitigate the negative effects of natural hazards (4).

Figure 3. Elements to evaluate the interaction between the environment and human well-being.
Adapted from de Groot (1992).

The importance (or ‘value’) of the Miconia zone can be divided into three domains:
ecological, socio-cultural and economic (de Groot, 2006; de Groot et al., 2010a). Its
ecological value has been analysed in terms of ecological integrity by several researchers,
like Betancourt (1992), and has helped to increase awareness about the importance of
maintaining the ecosystem services. However, economic growth of Santa Cruz has
proved to overcome this value when it is analysed alone. The zone´s socio-cultural value
must complement the ecological value, by including the non-monetary benefits perceived
by local communities that interact with the ecosystem, but this has been poorly studied
by local authorities. Finally, its economic value has been primarily analysed in terms of
tourism (the main economic activity performed by the settlers of Santa Cruz), but a
complete economic value of the zone needs to comprehend more of the ecosystem
services spectrum.
Lack of knowledge about the full importance of the Miconia zone and insufficient
incentives (financial or otherwise) for the conservation and management of these native
ecosystems degrade natural processes and creates a loss of ecosystem services and
biodiversity.
1.4. Relevance of the study
Most of the research efforts performed in the Galapagos archipelago are focused on the
emblematic species of the islands (GNPS, 2014), like the Galapagos giant tortoise
complex (Chelonoidis nigra), and less attention is given to certain endemic ecosystems
like the Miconia zone. To channel more efforts on the study of different ecosystems of
the archipelago, the GNPS has defined eight major ecosystem clusters based, among
several physical characteristics, on the ecosystem services that they provide (GNPS,
2014). Whereby ecosystem services are defined as the direct or indirect contributions of
ecosystems to human well-being (de Groot et al., 2010a). This classification has opened
the possibility to explore, with more detail, the full importance of different zones of the
archipelago.

“Ecosystem functions are defined as the capacity of natural processes and components to provide goods
and services that satisfy human needs (directly and/or indirectly)” (de Groot, 1992)
2
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The Millennium Ecosystem Assessment (2003) defines valuation as ‟The process of
expressing a value for a particular good or service in a certain context (e.g., of decisionmaking) usually in terms of something that can be counted, often money, but also through
methods and measures from other disciplines (sociology, ecology, and so on)”. The
valuation of ecosystem services provided by the Miconia zone can help to focus efforts,
on a decision-making context, and promote sustainable management of the area.
1.5. Research objective and questions
The lack of awareness about the importance of the Miconia Zone in the highlands of Santa
Cruz Island and a disassociated management of the area has led to a degradation of the
ecosystem services that it provides. The main objective is:
to investigate incentives for the sustainable management of the Miconia Zone in the
highland of Santa Cruz Island by assessing the benefits and services provided by the
ecosystem.
Therefore, the research questions (RQs) are:
RQ1.
RQ2.
RQ3.
RQ4.

What are the main threats to the Miconia Zone?
What are the main ecosystem services provided by the Miconia Zone?
What are the benefits of the Miconia Zone?
Which incentives can encourage the conservation/restoration of the Miconia
Zone?
RQ5. How the services and benefits of the Miconia Zone best be communicated to the
inhabitants?
1.6. Outline of the thesis
This document is structured in a series of sequential chapters that individually answer one
research question at a time and provide information for the attainment of the subsequent
question. The first chapters (3 and 4) built a baseline situation for the Miconia zone.
Stakeholders, relevant management policies and biophysical characteristics are identified.
Also, the negative environmental changes of the zone are deeply studied. Following
chapters (5 and 6) examine the relation between the zone and human well-being. The
perspective from local farmers and experts is used to understand this complex relation.
Next, the information obtained previously (also considered as the ecological and sociocultural values of the zone), is used to propose methods to manage the zone sustainably.
Finally, the document highlights the full importance of the Miconia zone for human wellbeing and the positive insights of the developed assessment.

5

2. Methodology
2.1. Conceptual Framework
2.1.1. Ecosystem Services Assessment
Healthy ecosystems provide services, directly and indirectly, to human well-being (de
Groot et al., 2010b). Benefited people of ecosystem services (ESs) can help to maintain
an ecosystem for a sustained provision of services. Therefore, it is important for people
to recognize the value of these services. Often this value can be expressed in monetary
terms since most of the development decisions are based on economic considerations(de
Groot, 2006b), but ecological and socio-cultural values are also approached and included
in a decision-making process (de Groot et al., 2010b). Development plans that consider
the importance of ES can create incentives for the conservation, or restoration, of a
particular ecosystem.
A framework for analysing and capturing the benefits of ESs restoration has been
proposed by de Groot et al. (2017). The cascade diagram (Figure 4) illustrates eight steps
framed in the four returns of ecosystem restoration. To meet the objective of this thesis
report, five of the eight steps of the proposed framework are followed. Referring to de
Groot et al., (2017): (1) Impact Assessment: determines a baseline situation of the
ecosystem and assess the direct and indirect impacts over it, (2) Ecosystem Service
Analysis: evaluates the availability of ES based on actual and potential sustainable use
levels, (3) Benefit Analysis: studies the socio-cultural values on non-monetary terms, (6)
Capturing the value: develops incentives for a sustainable management of the ecosystem,
and (7) Communicating: creates awareness and helps to include measures in development
decisions. Steps 4, 5, and 8 of the framework are address in this report for further studies.

Figure 4. Framework for analysing and capturing the benefits of the four returns of ecosystem
restoration. Adapted from de Groot et al. (2017).
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2.1.2. DPSIR Framework
To analyse the cause-and-effect chain of the environmental problem, a DPSIR framework
has been built from a bibliographic analysis (Figure 5). DPSIR distinguishes driving
forces, pressures, states, impacts and responses (Carr et al., 2007). The degradation of
ecosystem services provided by the Miconia Zone in the highlands of Santa Cruz Island
is based on social grounds and therefore needs from a social response that enhances the
well-being of Santa Cruz settlers and the conservation of the environment.

Figure 5. DPSIR diagram proposing a cause-and-effect chain for the degradation of ecosystem
services provided by the Miconia zone of Santa Cruz Island.

For a comprehensive analysis of the framework, the description of the different elements
is explained below:
Drivers: According to projections made by INEC (2010), by the year 2015 Santa Cruz
Island should have had a population rounding the 18.000 inhabitants, considering a
growth rate of 3,4%. This value has evidenced Santa Cruz as the most populated island
of the archipelago. Several needs attached to population growth, including food security
and water supply, have led to environmental pressures over the native ecosystems of the
island. Additionally, the main economic activities performed by local communities of
Santa Cruz, including tourism and agriculture, put more pressure on the ecosystems while
aiming to provide a profitable life.
Pressures: The conceptual framework for this research has worked on two main
pressures: (i) use of natural resources, and (ii) changes in land use. This selection was
made based on the main environmental problems considered by the GNPS (2014).
Pryet et al. (2012) describe the Miconia zone of Santa Cruz as a low-elevation elfin cloud
forest, as it is covered by fog most of the time during the cool season. This forest fulfils
the function of cloud water interception and contributes to groundwater recharge, for the
soils of the zone have a limited retention capacity, and there is a low atmospheric
transpiration demand. Few water flows that don’t run off into open fractures reach the
7

agricultural zone and are used by farmers mainly as drinking troughs for livestock before
they infiltrate the soil. The inadequate use of these water flows (risk of direct
contamination), the incorrect exploitation of the soil, and the fragmentation of the native
vegetation community can compromise the integrity of the ecosystem and the provision
of fresh water downstream.
Additionally, land use changes that occurred within the agricultural zone threaten the
native species of the Miconia zone, principally by the introduction of invasive species of
flora and fauna. Complementary, inadequate management of the protected area has
resulted in the proliferation of non-authorized activities that put native species in danger.
States: The effects to the environment by the mentioned pressures can principally be
evidenced in three state conditions: (i) fresh water supply, (ii) soil erosion, and (iii) habitat
loss. Freshwater that enters the hydrological cycle in the Galapagos varies in quantity
every year (GADMSC, 2012), and depends on the “wet El Niño years and their dry La
Niña counterpart”(M Trueman & d’Ozouville, 2010). The deterioration of freshwater
interception zones has compromised groundwater recharge and the supply of fresh water
to the terrestrial and aquatic ecosystems of Santa Cruz Island (Ramos et al., 2014).
Thin soil that characterizes the Miconia zone is protected against strong weather events
by the dense vegetation of the forest. Once the vegetation is replaced, erosion processes
take place (de Groot et al., 2010b), especially during strong precipitation events, and most
of the soils are washed downstream. Rocky outcrops are starting to be seen in farms where
the vegetation has been replaced, mainly by grasslands.
Invasive species, introduced by inadequate agricultural practices, compete with native
species of the Miconia zone and produce severe damage to the ecological integrity of the
ecosystem. Trophic levels and symbiotic relationships are the main effects that reduce the
ability of local species to persist for longer periods of time.
Impacts: Three impacts that affect the quality of the ecosystem and the wellbeing of the
local communities are: (i) Biodiversity loss, (ii) Freshwater shortages, and (iii) Cultural
values loss. The impact on the ecological integrity of the Miconia zone produced by land
use changes, and its consequences, have reduced the population of endemic species of the
island. For example, the Galapagos Petrel (Pterodroma phaeopygi), is an endemic marine
bird that nests in the Miconia zone of Santa Cruz Island. Their population has been
endangered by the appearance of invasive species, like the black rat (Rattus rattus), and
the destruction of the habitat conditions (SENAGUA, 2015).
The Municipal Water Supply System is the main supplier of potable water for the local
communities of Santa Cruz, and it’s supplied at the same time by three natural sources:
Camiseta crevice, Ingala crevice, and Bellavista deep well. These underground
freshwater sources provided up to 1.821.312 m3 during the year 2012. With a growing
population of over 15.000 inhabitants and an entrance of tourists that overpassed 210.000
incomes on 2016 (Galapagos Tourism Observatory, 2018), these water sources depend
on the seasonal rainy periods, and the good state of the Miconia forest regarding recharge
through cloud water interception.
Finally, an important social impact is related to the loss of socio-cultural benefits provided
from the Miconia zone, which most of the time are ignored or underestimated by local
communities. The scarce knowledge combined with the desire for a more profitable life
has produced a loss of cultural values among the settlers of Santa Cruz Island.
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Responses: Social responses are needed to reduce the underside environmental impacts.
Education is an ally in work for conservation and sustainable development of the
Galapagos (GNPS, 2014). The growing population of Santa Cruz, considered as one of
the main drivers of the environmental problem, can be educated to recognize the
importance of the Miconia zone and reduce the pressure over the ecosystem.
The actual environmental pressures can also be reduced by the reinforcement of
management policies and practices, which seek for sustainable development. Sustainable
management practices applied in the use of natural resources, the perform of agriculture,
and the development of eco-tourism by local communities can be the key to reduce the
degradation of the Miconia zone of Santa Cruz Island.
Finally, incentives destined to promote sustainable production and environmental
responsibility can be applied to motivate local communities to preserve the ecosystem
and/or restore the affected areas. Regarding agriculture for example, the Strategic
Agriculture Plan (2011) and the Law of Special Regime of Galapagos (2015) state
principles and regulations for: a sustainable development of the agriculture activities with
emphasis on the conservation of ecosystems, the encouragement for organic practices,
and the promotion of the organization of farmers about production, processing and
commercializing activities. Correctly addressed incentives can help to fulfil these
mentioned principles and regulations.
2.1.3. Answering the research questions (RQ)
To answer each research question, the selected five steps from the framework for
analysing and capturing the benefits of the four returns of ecosystem restoration are
implemented and analysed in function of the elements of the DPSIR framework. The
questions are approach as follows:
RQ1: An Impact Assessment is performed to analyse the baseline situation of the Miconia
zone of Santa Cruz Island. Drivers and Pressures of the environmental problem are
examined to understand the changes suffered by the ecosystem over the years.
RQ2: An ES Analysis is carried out to screen the full spectrum of ES and prioritize the
most relevant services provided by the Miconia zone of Santa Cruz Island. This analysis
includes the study of the affected State of the ecosystem.
RQ3: A Benefit Analysis is executed among the users and beneficiaries of the ES to
evaluate the socio-cultural value of the zone. Impacts to human well-being are analysed
to understand the relevance of this analysis.
RQ4: The Capturing the Value step analyses incentives as one of the social Responses
that will help to reduce the Impacts on the environment and human well-being. The
correct application of incentives will also improve the State of the ecosystem.
RQ5: A Communicating tool is developed as a social Response for the environmental
problem, and aims to have a positive educational influence in the growing population of
Santa Cruz Island, as one of the main Drivers of the environmental problem.
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2.2. Research Methods
In the following section, methods and data needs are described for each of the five steps
of the methodology. Different techniques have been combined to create a standardized
process that allows data to be appropriately analysed.
2.2.1. Impact Assessment
To measure the negative environmental impacts on the Miconia zone, the impact
assessment evaluates the existing biophysical conditions and analyses the environmental
changes that had occurred over the past years related to human activities on the
environment (de Groot, 1992; de Groot et al., 2017). The assessment benefits from
ecosystem-based indicators (water availability and biodiversity indicators), to monitor the
studied changes. This approach provides a first screening of the environmental
sustainability of the ecosystem in tangible units that facilitates further analysis
(Schaubroeck et al., 2016).
Bibliographic resources and spatial data are used to identify the actual biophysical
conditions and the background environmental changes that have affected the ecosystem
over the past years. Data from questionnaires (closed question) help to understand how
affected is the ecosystem after human actions. Finally, interviews with local stakeholders
allow complementing a baseline situation of the area, that will express the ecological
importance of the zone and list the main threats to the ecosystem.
2.2.2. ESs’ Analysis
Ecosystems are composed of several physical, chemical, environmental and biological
components, whose interaction perform specific ecosystem functions (de Groot et al.,
2006). These functions provide services that satisfy human needs, directly or indirectly
(de Groot, 1992). This step aims to translate the ecological characteristics of the Miconia
zone into a complete list of ESs. This can be used to determine the importance of the
region (de Groot et al., 2006). The first phase of the step will consider the objective of the
research, the biophysical conditions of the area, and the information from existing
databases, to develop a complete list of the services that are provided by the Miconia
zone. ES will be classified into the categories: provisioning (e.g., freshwater, food),
regulating (e.g., water regulation, local climate regulation), cultural (e.g., recreation and
tourism), and habitat services, according to the TEEB-typology (de Groot et al., 2010b).
Secondly, a social approach is performed with local farmers to prioritize the main ES.
This technique is based on the rapid assessment of wetland ecosystem services (RAWES)
methodology proposed by McInnes and Everard (2017). It uses standardized field sheets
that aim to help to recognize ES and understand the social and natural environment of the
zone from the local perspective.
Third, to complement the prioritization of ES, several local experts are asked to rank the
services according to their importance, based on their knowledge and their institutional
objectives. The results will provide information of a general socio-cultural context from
the perspective of different institutions (Schreckenberg et al., 2016).
Finally, the results from the prioritization of ES, from the local and institutional
perspective, are analysed to determine which services are most recognized by the
community of Santa Cruz Island. The objective of the comparative analysis is to highlight
the importance of the ES from several beneficiaries and discard minority interests that
may generate biased results (Glicken, 2000).
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2.2.3. Benefit Analysis
This step analyses the socio-cultural values attached to the ESs listed previously (step 2).
Well-being indicators are to be examined in non-monetary terms (de Groot et al., 2010b).
Four aspects of human-wellbeing are studied: health, livelihood, good social relations and
job opportunities. (i) Human health is determined by the interaction of several biological,
physiological and social factors (Tzoulas et al., 2007). Considering the complex
characteristics of the Miconia zone’s ecosystem, health will be analysed regarding mainly
the social aspects (ii) Livelihood is analysed regarding basic materials for good life, or
what in local terms for Ecuadorian communities is known as Sumak Kawsay (Good
Living) (PNBV, 2013). (iii) Good social relations refers to the capacity of an ecosystem
to provide, among its services, a propitious environment to build social capital and
cultural/spiritual values (de Groot et al., 2017). (iv) Finally, the capacity to provide new
ventures (access to job opportunities) is also analysed. This last indicator is not directly
focusing on the main economic activities of Santa Cruz, which are tourism, trade,
agriculture, and transportation (GADMSC, 2012), but seeks for sustainable ways to take
advantage of the different ES provided by the study area.
The RAWES methodology applied to local farmers helps to assess the benefits provided
by the zone. Individuals are asked to link the described social benefits to the ES identified
in the previous step (step 2). Visual aid is used to assist people to identify the benefits.
2.2.4. Capturing the value
In this step, information gathered previously (steps 1, 2 and 3) is used to develop and
propose incentives (monetary or non-monetary) that will motivate the conservation and/or
restoration of the ecosystem from the main users and beneficiaries of the ESs (de Groot
et al., 2017). The lack of information is the main reason why degradation of ESs occurs
in the Miconia zone; like stated by de Groot et al. (2007), “people neither understand how
they benefit from natural capital nor what is needed to maintain access to them”. Thus,
this step will pay especial attention to efforts that can reduce this knowledge gap.
Interviews with experts will help to analyse the socio-political and cultural context of the
communities benefited by the ESs of the Miconia zone (Schreckenberg et al., 2016). The
results from these interviews will collaborate on the construction of incentives.
2.2.5. Communicating the value
The ‘Galapagos identity’ is defined in the Management Plan for the GNP (2014) as the
connection of the economic sustenance of its inhabitants with the responsibility to ensure
the conservation of the fragile ecosystems. The appropriate communication of the results
of this study (synthesis of data from previous steps ) seeks to empower the concept of the
‘Galapagos identity’ by instructing inhabitants of Santa Cruz and local authorities about
the multiple services and benefits that the Miconia Zone can provide.
2.3. Data Collection Methods
Three data collection methods were used to assess the research questions with the
proposed methodology: (i) Literature review, (ii) Questionnaires & social approach, and
(ii) Experts consultation.

11

(i) The literature review is an essential part of the research process; it helps to acquire
knowledge based on a specific area and allows to examine the findings in the context of
an existing body of knowledge (Kumar, 2014). Local institution’s reports, scientific
articles, and databases (spatial and non-spatial) were consulted and used.
(ii a) A questionnaire (Appendix A) with a list of 12 closed questions was constructed
and distributed to 20 farmers, that represents 67% of the population of landowners whose
properties contain a fragment of the Miconia zone. The questionnaire is divided into five
sections: (i) Water availability, (ii) Land use, (iii) Extreme events, (iv) Foreign species,
and (v) Recreation and tourism. Out of 12 questions, four (questions coded I2, II2, IV1,
and IV2) are associated with ecosystem-based indicators and aim to quantify the negative
impacts of human activities on the ecosystem. The remaining eight questions helped to
acquire knowledge about the relationship between the natural and social environment.
(ii b) Complementarily, a social approach with locals, was held to identify and prioritize
ES and the benefits provided by the zone. The first part of the social approach used a
guide table, provided to the participants, that helped to recognize services from the main
description and a range of questions (Appendix C). A standardized recording sheet, based
on the rapid assessment of wetland ecosystem services (RAWES) methodology, was used
to annotate the results (Appendix D).
The second part of the social approach used flashcards with an illustrated representation
of the analysed ESs on both sides of the card, just differentiated by the presence of a
happy or sad face logo (Appendix E). The participants received one flashcard per each
ES identified to be provided by the study zone. Subsequently, they were asked to place
their flashcards facing up a happy face logo, when they perceived that the ESs provides a
specific social benefit: health, livelihood, good social relations or job opportunities.
(iii) Finally, an unstructured interview was constructed and applied to a list of local
stakeholders involved with the environmental problem (Appendix B). It consisted of four
open questions and lasted approximately one hour. The interviews were face-to-face
encounters where the researcher aimed to understand the perspective of the stakeholder
concerning the state of the ecosystem (and threats to it), the ESs perceived from the zone
and the possible incentives for conservation and restoration of the affected areas.
Annotations and audio recording, when allowed, helped to collect the results.

Figure 6. Data collection process carried out among local organizations and local farmers.
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2.4. Data Analysis
Data collected from questionnaires, standardized recording sheets, and unstructured
interviews were coded and typed into an Excel sheet of Microsoft Excel (Appendixes F,
G, H, I , and J).
Results from questionnaires were analysed in two separate ways. First, questions
regarding the relationship between the social and natural environment, within the
agriculture production units, (questions coded I1, I3, II1, II3, II4, III1, III2, and V1) were
analysed independently. A statistical examination was carried out on the results of these
questions to highlight aspects of water availability, land uses, the presence of extreme
climate events, and the potential of the area for recreational activities. These aspects were
key to understand the difference between ES perception and the proposal of incentives.
Secondly, responses from questions associated with ecosystem-based indicators
(questions coded I2, II2, IV1, and IV2) were scored on a Likert scale 1-4. The higher
score was assigned to the maximum degree of alteration on the ecosystem expressed in
the categorical responses. Thus, all coded answers obtained were translated in the
following order: a=4, b=3, c=2, and d=1. An overall preference score for each question
was compared with an interpretation chart to determine how human activities have
affected the ecosystem of the Miconia zone (See results in chapter 4).
Results obtained from the standardized recording sheets were statistically analysed to
prioritize ESs and benefits. Each value written in the sheets was translated as follows:
✔=1, ✖=0, and ?=no data. The scored values for all the results on each ES prioritization
were summed and compared between each other to determine the most recognized ES
(See results in chapter 5). The results were analysed the same for benefits, considering
that benefits could only be identified for an ES when this one was recognized to be
provided by the ecosystem in the first place (See results in chapter 6).
Finally, results from the unstructured interviews were analysed through a content analysis
process by a count of words to identify similar themes within the multiple answers given.
The frequency in which one theme was repeated by different stakeholders per question
determined the priority given to that answer. The most repeated themes by stakeholders
during the interviews helped to identify key concepts to define the state of the Miconia
zone, created a list of main threats to the ecosystem, prioritize ecosystem services
provided by the area, and proposed mechanisms to motivate the conservation of the zone.

13

3. Policy context and stakeholder analysis
Before starting with the assessment, it’s important to analyse the policy context and
identify the actors involved with the management of the area. The following section gives
an insight of the actual policy context regarding the management of ecosystems in the
Galapagos archipelago and it presents an analysis of the main stakeholders.
3.1. Policy context
The policy context helps to identify opportunities and constraints given by the interaction
of different policies (de Groot et al., 2006). The legal instruments regarding the
sustainable management of ecosystems in the Galapagos Islands are described as follows:
The Ecuadorian Constitution (2008). The Ecuadorian constitution is the supreme law of
Ecuador. Since 2008 the constitution has granted nature the rank of subject with rights.
The constitution also points out that environmental management policies must be applied
in a cross-cutting manner and are mandatory for all parts of the state. Regarding the
Galapagos Islands, the constitution grants the archipelago the category of Special
Regime, with the objective of making effective the observance of environmental
principles.
The Organic Law of the Special Regime for the Conservation and Sustainable
Development of the Province of Galapagos (2015). Regarding ecosystem management,
this law establishes two important legal principles: (i) the maintenance of the ecological
and biodiversity systems of the archipelago, especially the native and endemic ones, and
(ii) sustainable and controlled development within the framework of ecosystem support
capacity. This law also positions the GNPS as the main authority with jurisdiction and
competence over the management of natural resources and the inter-institutional
coordination for control of the protected areas.
Tourism Law (2014). It establishes the legal framework that governs the promotion,
development, and regulation of the tourism sector, the powers of the State and the
obligations and rights of tourism service providers and users.
Law of Forestry and Conservation of Natural Areas and Wildlife (2004). It establishes
norms related to the conservation and administration of natural resources that come from
forests and natural areas. It determines obligations, possibilities, and prohibitions within
protected areas.
Law of Water Resources and Use of Water (2014). This law guarantees the right of all
people to have clean, sufficient, safe, acceptable, accessible and affordable water for
personal and domestic use. It also prohibits all kinds of water privatization, due to its
importance for life, economy, and environment. Therefore, it cannot be the object of any
commercial agreement, with the government, multilateral entity, or private national or
foreign company. The management will be exclusively public or community-based.
National Plan for Good Living 2013-2017 (2013). This national development plan has
some objectives regarding the environmental management of conservation interest areas,
like: (i) implement policies that incentive the conservation, restoration and maintenance
of the natural patrimony, (ii) impulse research for the restoration, reparation,
rehabilitation, and improvement of natural ecosystems and watersheds, and (iii) promote
integrated management actions of land and watersheds with appropriate and ancestral
techniques that are viable for local communities.
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Management Plan for the Protected Areas of Galapagos for Good Living (2014).
Regarding ecosystem services, this plan states among its objectives: (i) manage the
conservation of ecosystems and biodiversity of Galapagos, to maintain their capacity to
generate services, and (ii) incorporate and articulate the conservation policies of the
protected areas to the territorial model…of Galapagos, to achieve the sustainable use of
ecosystem services and their marine and terrestrial biodiversity.
3.2. Stakeholder Analysis
A stakeholder analysis is described by Van Koppen and Spaargaren (2015), as a
systematic inventory of groups or individuals who are affected by a policy, project or
environmental problem, and the assessment of their interests and involvement. The
Management Plan for the Protected Areas of Galapagos for Good Living (2014) includes
a list of the government institutions that deal with the management of the protected areas
of the archipelago, including the Miconia zone. These institutions are considered as
stakeholders for this case study, such as the Charles Darwin Foundation, representing the
researcher's sector, and groups of farmers living close to the ecosystem, as civil society.
Table 1. Identification of stakeholders regarding the management of the Miconia zone.
Stakeholder
Government
Council of the
Galápagos Special
Regime (CGREG)

Relation to Miconia zone management
Administer the Special Regime of the province of Galápagos
through the articulation of the Territorial Planning, the
management of the resources and the organization of the
activities, in a way that guarantees the conservation of the
natural patrimony of the State and the Good Living

Sector

Government

Municipal
Decentralized
Autonomous
Government of
Santa Cruz
(GADMSC)

It’s the local government in charge of promoting sustainable
development of the island. It supplies the local communities
with the basic services for a good living. It also creates and
regulates policies for land use and tourism activities within its
jurisdiction.

Government

Ministry of
Agriculture and
Livestock (MAG)

It’s the ministry in charge of planning and regulating policies
regarding agriculture and livestock. It aims to develops
production mechanisms that guarantee good human and natural
conditions.

Government

National Water
Secretariat
(SENAGUA)

This national secretariat is in charge of increasing the recovery,
conservation, and protection of watersheds that generate water,
through integrated and sustainable management.

Government

Galapagos National
Park Service
(GNPS)

Is responsible for the administration and management of the
protected areas of the Galapagos archipelago. It promotes
integrated management of the ecosystems.

Government

The Charles Darwin Foundation is an international not-forprofit scientific organization. It has been working to provide
scientific knowledge and assistance to ensure the conservation
of the Galapagos ecosystems.

Researcher

It finances the activities of prevention, control and eradication
of invasive species in the Galapagos archipelago. The funds
come from public and / or private donations.

Mixed
(Government
and Private)

This group is identified by farmers, responsible for the
agriculture and livestock activities performed in the
agricultural production units (APU), whose properties limit
with the GNP to the north and that contain part of the Miconia
vegetation community within their land.

Civil Society

Charles Darwin
Foundation (CDF)

Fund for the control
of Galapagos
invasive species
(FEIG)

Local farmers
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To prioritize stakeholders, an ‘importance-influence’ matrix was used (Figure 7).
Understanding importance as “the degree to which the stakeholder is considered to be
affected by a decision to be made” and influence “the level of power of a stakeholder has
to control the outcome decision” (de Groot et al., 2006).

Figure 7. “Importance-influence” matrix to prioritize stakeholders. Adapted from de Groot et al.
(2006).

On Cell A, we locate stakeholders who are very affected by any decision regarding the
management of the Miconia zone (protected and agriculture area) and whose actions can
affect the ability of any project developed within the area to meet its objectives.
Therefore, all the stakeholders from the government sector were allocated within this cell,
because they have the authority to control different management actions in the area,
depending on their competences, and are legally responsible for its correct functioning.
On cell B, we locate stakeholders who are very affected by any decision regarding the
management of the Miconia zone (protected or agriculture area) but whose actions cannot
significantly affect any project or activity performed within the region. Thus, the CDF is
located here because it has a significant interest in the conservation of all the ecosystems
of Galapagos, but has no political authority to start or hold up any action within these
ecosystems. Also, the FEIG stays here for it depends on the funds given by public or
private organizations to start activities on the zone. Additionally, local farmers who
produce the land within the Miconia zone are allocated in this cell, since they have a great
interest in the management of their property, but depend on the local authorities to control
the authorized and unauthorized activities.
No stakeholders have been considered in this analysis to occupy cells C or D, for the
specific characteristics of the ecosystem under study. Nonetheless, Non-Government
organizations could occupy cell C, if their actions can affect the activities performed
within the area, but for their nature wouldn’t be as legally responsible as the government
sector. Also, other members of the civil society could be considered to occupy cell D,
since some could show low interest or influence over a decision made regarding the zone.
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4. Baseline situation of the Miconia zone
This chapter provides information of the actual biophysical conditions of the Miconia
zone and assess the primary impacts to the ecosystem. Collected data in questionnaires
and interviews are used. The original set of data is found in Appendixes F, G, and J.
4.1. Actual Biophysical conditions
4.1.1. Biodiversity
The Miconia zone, named after the endemic Miconia robinsoniana shrub (locally known
as Cacaotillo), is one of the six vegetation zones that characterize the Galapagos islands.
It’s located only on the islands of Santa Cruz and San Cristobal. On San Cristobal, it
forms small “patches” around the ravines of the main watersheds (Betancourt, 1992). In
contrast, on Santa Cruz Island is found more extensively forming a vegetation strip
between 450 and 600 m.a.s.l, although, in disturbed environments, it can live without
problems on a broader elevation range between 350 to 650 m asl (Estupiñan, 1989).
A low elevation and dense vegetation cover characterize the zone, with the predominance
of the Miconia robinsoniana shrub, which can grow between 2 and 5 meters height
(Betancourt, 1992). Other representative plants of the zone include many ferns (e.g.,
Cyathea weatherbyana and Pteridium aquilinum ver. arachnoideum) and lycopodium
species (e.g., Lycopodium cernuum) (Wiggins, Porter, & Anderson, 1971). Also
necessary to mention, several species of non-vascular epiphytes are found on the branches
of the Miconia shrubs (e.g., Frullania sp) (Palacios, 1993).
Plant species dominating the community are controllers of essential system functions (de
Groot et al., 2010b) like soil formation provided by the Miconia shrub, but less distinct
species, like lichens and mosses, play a significant role in the functioning of the
ecosystem regarding cloud water interception. The biophysical characteristics of this
particular forest have made it be considered as a low-elevation elfin cloud forest (Pryet et
al., 2012)
The zone is a site for breeding and nesting of endemic bird species of the Galapagos like
Darwin’s Finches (e.g., Geospiza fuliginosa), the Galapagos Petrel (Pterodroma
phaeopygi), and the Galapagos Rail (Laterallus spilonotus). Likewise, the zone is home
to arthropod like ants, dragonflies, spiders, and beetles, which are very important for the
trophic levels and symbiotic relationships of the ecosystem (de Groot et al., 2010b).

Figure 8. Native and endemic species of the Galapagos archipelago found within the Miconia zone.

Betancourt (1992) defined that on Santa Cruz Island the site with most abundance
(number of individuals per species) of Miconia robinsoniana is located on Media Luna
hill. Monitoring visits to the Miconia zone of the island helped to corroborate this data.
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4.1.2. Freshwater and the Miconia zone
4.1.2.1.

Local Hydrological Conditions

Oceanic and atmospheric conditions result in two distinct annual seasons in the
Galapagos, a hot season from January to May and a cold season from June to December
(GNPS, 2014). Rainfall is higher in the humid highlands all over the year, but is more
pronounced during the cold season, due to cooler temperatures and persisting cloud
stratus (locally known as garúa) (M Trueman & d’Ozouville, 2010). According to Pryet
et al. (2012), the garúa that condensates over 400 m asl on the highlands of Santa Cruz
(the Miconia zone), contributes to an additional 20% of water inputs.
Water exits the hydrological cycle through: (i) evaporation, which is higher during the
hot season, (ii) infiltration, that occurs through highly permeable soils and lava fractures,
and finally, (iii) perennial and non-perennial water springs, dependant on rainfall and
underground water sources (D’Ozouville, 2007).
The amount of fresh water entering and exiting the hydrological cycle is variable annually
due to the El Niño Southern Oscillation (ENSO) events that can alter the length and
intensity of the seasons (D’Ozouville, 2007; M Trueman & d’Ozouville, 2010).
4.1.2.2.

Water sources for human consumption

Freshwater availability is limited in Santa Cruz Island (Ramos et al., 2014). Water it’s
an essential resource in the island, for the agricultural sector (D’Ozouville, 2007), and the
urban and rural communities (Puerto Ayora, Bellavista, and Santa Rosa). Brackish water
(desalinated) for human consumption is mainly dragged from an underground base
aquifer, where fresh water is in equilibrium above sea water (D’Ozouville, 2007). The
recharge of underground water deposits comes principally from atmospheric
precipitations and the condensation of mist in the very humid zone (SENAGUA, 2015),
a zone that is covered mostly by the Miconia vegetation community.

Figure 9. The underground water system of Santa Cruz Island.
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According to the Census of Agricultural Production Units of Galapagos (2014), water for
irrigation needs in the agricultural zone of Santa Cruz is supplied by four sources: (i)
rainfall, (ii) fresh water tank trucks, (iii) brackish water tank trucks, and (iv) water springs.
Most of these sources depend on the healthy state of the very humid zone ecosystems.
The main method used to distribute water among the crops is drip irrigation, aiming to
save water by minimizing evaporation. Storage systems are built to retain water during
extended drought periods, triggered by ENSO events.
The INCE (2010), on the other hand, indicates that 79% of the population of Santa Cruz
access to potable water for domestic uses through the Municipal Water Supply System
(MWSS). Although, when analysed independently, rural communities turn to fulfil their
water needs through other supply sources to the same extent, like rainfall and tank trucks.
Santa Rosa community, for example, also uses the Santa Rosa water spring to fulfil
domestic water uses (SENAGUA, 2015).
Table 2. Potable water supply for Santa Crus Island communities in 2010. (Ramos et al., 2014).

Source
Municipal System
Deep well
Spring or Stream
Tank truck
Rainfall
No Data

Potable water supply for Santa Cruz
Puerto Ayora
Bellavista
Santa Rosa
(urban)
(rural)
(rural)
90%
45%
0%
3%
9%
0%
0%
0%
1%
5%
25%
12%
1%
21%
67%
1%
0%
20%

Total
79%
4%
0%
8%
6%
2%

The MWSS obtains water from three underground aquifers: Camiseta crevice, Ingala
crevice, and Bellavista deep well, which depend on the good state of the recharge areas
located mostly in the Miconia zone. During the year 2012, the MWSS extracted 1.8
million m3 of potable water (Ramos et al., 2014).
Table 3. Municipal System potable water catchment on 2012. (Ramos et al., 2014).
Water source
Camiseta Crevice
Ingala Crevice
Bellavista Deep Well
Total

Municipal System potable water catchment
m3 per day (2012)
m3 per year (2012)
3.000
1.080.000
1.800
648.000
259
93.000
5.059
1.821.000

SENAGUA (2015) states that water quality is the main problem that settlers of Santa
Cruz have to deal with. On the one hand, the high concentration of chlorides in the
underground base aquifer makes water undrinkable, and desalinization is needed. On the
other hand, the contamination by organic and inorganic waste affects surface waters that
run in the subsoil, and untreated sewage water pollutes underground reservoirs. The
absence of a continuous monitoring system of water quality and the lack of environmental
awareness creates a situation of high insalubrity for the population.
Seasonal changes, rainfall, cloud water, recharge zones, brackish water, and urban/rural
pollution are all part of the same cycle (D’Ozouville, 2007). A lack of social responsibility
for the conservation of the very humid zone is commonly pointed out as a problem to be
solved.
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4.1.3. Land Use
Approximately 30% of the Miconia zone of Santa Cruz Island it is s been occupied by the
agriculture zone, where agricultural activities, livestock, urban expansion, and
infrastructure constructions are allowed. The remaining 70% of the region is a protected
area, where the GNPS is monitoring authorized and non-authorized operations.

Figure 10. Map representing the Miconia zone. In light green the protected area of the zone. In
dark green the agriculture area of the zone.

4.1.3.1.

Agriculture Zone

The agriculture sector of the Galapagos has a historical responsibility to guarantee not
only essential goods but also life conditions (Chiriboga et al., 2006). Therefore, on Santa
Cruz Island, the agriculture land it's been used primarily for grassland (50%) and crops
(28%) (Ramos et al., 2014), destined to food production and sources of employment.
Table 4. Land use of the intervened area of Santa Crus Island. (Ramos et al., 2014).
Item
1
2
3
4
5
6
7
8
9
10
11
Total

Actual Land Use
Forest (intervened and natural)
Conservationist use
Short-cycle crops
Perennial crops
Perennial crops of invasive species
Grassland
Habitable area (only with basic services)
Urban area
Wasteland
Erosion
Industry

Area (Ha)
1.425
1.364
153
882
3.005
7.121
278
64
8
8
2
14.309

Percentage
10%
10%
1%
6%
21%
50%
2%
0%
0%
0%
0%
100%
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Considering the study area, a crossover of spatial data from the actual land uses of the
agriculture zone of Santa Cruz, developed by the national project SIGTIERRAS (2011),
and the area delimiting the Miconia and Fern/Herb land, produced by Trueman et al.
(2013) was executed. The results show that within the agriculture region land uses on the
Miconia zone are dived in: Perennial crops of invasive species (54%), Grassland (28%),
Conservationist use (15%), and Intervened forest (3%).

Figure 11. Examples of land use on the Miconia zone within the agriculture area

SIGTIERRAS (2011), defines the resulting land uses as follows. Perennial crops of
invasive species include guava tree (Psidium guajava), quinine tree (Cinchona
pubescens), cedrus (Cedrela odorata), pomarrosa (Syzygium jambos), and blackberry
(Rubus niveus); due to their high dispersion potential, they are considered a danger to
native vegetation. Grasslands are regions occupied by introduced herbaceous species used
for livestock purposes. Spaces destined for conservationist uses don’t have an
intervention for productive purposes. Finally, intervened forests are areas of primary or
secondary natural arboreal ecosystems that are currently initiating colonization, but that
still does not significantly influence the plant environment.

Figure 12. Map representing the Miconia zone boundary (red colour) and the land uses in the
agriculture area of Santa Cruz Island.
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The agriculture sector has usually been seen as an environmental problem for the
conservation of native ecosystems. Nevertheless, Chiriboga et al. (2006) analyse that the
agriculture sector of the island provides an essential social development, so it needs to be
repositioned. Nature conservation, food security, and technological development are
some of the axes mentioned to guarantee integrated management of the agriculture sector.
4.1.3.2.

Protected Zone

The GNPS (2014) has defined 4 zones for the management of the ecosystems according
to the degree of conservation applied. These zones are: (i) Absolute protection of
ecosystems and biodiversity zone, (ii) Conservation and restoration of ecosystems and
biodiversity zone, (iii) Impact reduction zone, and (iv) Transition zone.

Figure 13. Map representing the Miconia zone boundary (red colour) and the GNPS Zonation for
the management of ecosystems.

The protected area of the Miconia zone of Santa Cruz Island falls into two management
zones. First, it’s considered to be part of the Impact reduction zone, since it limits with
the agricultural zone of Santa Cruz and it works as a protective belt for the Conservation
and restoration of ecosystems and biodiversity zone. Here invasive species have altered
the ecological integrity of the ecosystem, and the major efforts of the GNPS are focused
on maintaining the levels of ecological integrity and restoration of the ecosystem
functions that have been degraded. Special public uses are allowed in this zone. Thus
surroundings of Media Luna, Cerro Crocker, and Puntudo hills, are used for intensive
public ecotourism, with educational and landscaping purposes. Finally, the part of the
Miconia zone that falls within the agricultural zone is considered to be a Transition zone,
where the GNPS provides support to private initiatives from farmers or local
organizations to promote sustainable use of the native ecosystem.
The Impact reduction zone of the Miconia zone is visited by locals and foreign for its
natural environment with outstanding biological and landscape features. Since the visits
to the area can be performed without the need of a naturalist guide approved by the GNPS,
several visitors execute unauthorized activities that are not controlled by the authorities.
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4.2. Environmental impacts to the Miconia zone
4.2.1. Background environmental impacts
Betancourt (1992) states that the Miconia Zone of Santa Cruz Island has been degraded
over the past decades as a result of human colonization, the introduction of invasive
species, and the effects of extreme climate events (e.g., ENSO). In this sense, De Vries
and Calapucha (1979), described fires on the highlands of Santa Cruz in 1967 that
destroyed hundreds of hectares of vegetation, including the Miconia forest, and human
invasions in 1973 that resulted in the deforestation of a wide area of the Miconia zone.
Regarding the effects of invasive species, studies developed by Jäger et al. (2007), for
example, indicate the high threat that the quinine tree, one of the most invasive tree
species in the Galapagos, represent for the dominant endemic plant species of the zone.
Moreover, years of severe drought, triggered by ENSO events (La Niña), negatively
affects the survival of the Miconia robinsoniana (Kastdalen, 1982). This effect is
accentuated by the alteration produced by human activities over the natural resources.
4.2.2. Quantification of environmental impacts
To understand how ecological sustainability has been affected, two ecosystem-based
indicators were analysed: (i) water, and (ii) biodiversity. Water, as one of the used natural
resources from the zone, is analysed in terms of availability. Biodiversity, on the other
hand, is analysed in terms of land use change and the introduction of invasive species.
Both indicators were selected based on the pressures over the environment (Figure 5).
Table 5. Ecosystem-based indicators
Criteria
Water availability
Biodiversity
(measure
of
pressures)

Indicators
Degree of alteration of freshwater sources
Degree of alteration by land use change
Threat by the presence of invasive plant species
Threat by the presence of invasive animal species

Questionnaires performed on farmers of the highland of Santa Cruz Island helped to
measure these negative impacts. Four questions were related to the proposed ecosystembased indicators. Categorical responses on an ordinal scale were analysed to interpret the
results of these questions. Each response has a linked code according to the degree of
alteration or threat (See Section 2.4) To quantify the level of impact, the total results for
each question were summed, divided by the optimal value (value obtained if all answers
were selected with the highest alternative) and multiplied by 100, to represent the final
result as a percentage.
An interpretation chart was used to assign the resulting percentage to an impact class.
Table 6. Regular ranking for ecosystem’s impact
Rank
83-100%
51-82%
34-50%
0-33%

Class
Very High
High
Low
Very Low

Situation
Very affected
Affected
Little affected
Not affected
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The results of the case study are analysed as follows:
Table 7. Results for ecosystem-based indicators
Criteria
Water
availability
Biodiversity
(pressures)

Overall Rank
39%
57%

Indicators
Degree of alteration of freshwater sources

Rank
39%

Degree of alteration by land use change
Threat by the presence of invasive plant
species
Threat by the presence of invasive animal
species

56%
59%

Situation
Little
affected
Affected
Affected

56%

Affected

Regarding water availability, the results showed that the degree of alteration of fresh
water sources is low or the situation is little affected (39%). Considering that few water
streams cross over to the agricultural land and that most of them are seasonal dependant,
it was pointed out that a considerable quantity of these is not aggressively exploited. The
majority of the farmers also indicated that since the higher lands of the Miconia zone are
a protected area, water availability has been little affected by human activities. However,
few farmers whose properties extend to lower regions of the agriculture zone have
evidenced a change in water availability, which they related more to land use changes;
associated to the reduction in cloud water interception performed by the original
vegetation of the zone.
Biodiversity results indicate that the situation in overall terms is affected (57%).
Individually, the degree of alteration by land use change is high (56%), mainly because a
significant part of the original vegetation has been converted into grasslands for cattle
breeding. The threat by the presence of invasive plant species is the most notorious and
is also classified as high (59%). Agriculture was the first economic activity of the island,
but nowadays inhabitants have opted for tourism as a more profitable activity. With this
change, an abandonment of the agricultural area occurred resulting in an aggressive
expansion of invasive plants (GNPS, 2014). Finally, the threat by the presence of invasive
animal species is also classified as high (56%), even when is not as notorious as the
presence of invasive plants. Farmers ensure that a permanent work over the affected areas
can reduce the threat of invasive species, but they claim for assistance from local
authorities.
4.2.3. Consultation with experts
As part of the unstructured interviews held with representatives of the main local
stakeholders, two questions were made concerning the state of the ecosystem. This
process will helped to obtain a more broad opinion on a community scale.
IQ1: Based on your own experience, how can you define the ecological state of the
Miconia zone, both in and out of the Galapagos National Park boundaries?
Results from this question showed that out of seven interviewed stakeholders six assured
that there exists an alteration of the Miconia zone within the agriculture zone, mainly
provoked by the intensive use of soils for cattle breeding, and a lower alteration within
the protected area, mostly related to invasive species. Also, four referred to the effective
recovery of the zone from past negative events due to conservation activities carried out
by the competent authorities, and two pointed out that the ecosystem shows a high natural
resilience that helped this recovery. Moreover, four stakeholders referred to the zone as
highly important for groundwater recharge and the importance of its conservation.
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IQ2: What are the main threats to the Miconia zone?
Regarding the second question, out of seven interviewed stakeholders, six identified the
introduction of invasive species as the main threat to the Miconia zone. Moreover, four
pointed out to the consequences of land use change as the second most important threat.
Three expressed more specifically the externalities derived from inadequate agricultural
techniques (like biochemical control of pests, intensive use of soil, waste disposal, and
the introduction of agricultural machinery). One mentioned the effects of severe droughts,
which affect especially the Miconia robinsoniana shrub and can also enhance the survival
of invasive species, and finally, one stakeholder mentioned the lack of incentives for
conservation as a possible threat to the Miconia zone.
4.3. Synthesis of the baseline situation of the Miconia zone
The ecological importance of the Miconia zone of Santa Cruz Island can be analysed
through ecological integrity. The zone supports a diverse community of endemic and
native species of the Galapagos islands. It also maintains essential natural processes that
contribute to human survival (e.g. underground water recharge) and is attached to intrinsic
values (e.g. education and landscaping). The ecological importance can also be examined
through resilience. The community has suffered from several perturbations during the
past decades, but it has been able to recover in areas where conservation efforts (e.g.
ecosystem restoration and ecotourism) were performed. The zone’s biodiversity was
affected the most, specially by the introduction of plant and animal invasive species.
The main threats identified for the zone are first, the introduction of invasive species of
plants and animals. Its impact is higher in the agriculture zone, where in addition to the
degradation of native vegetation, plagues have also become a problem. This reduces the
useful area for agricultural activities (FEIG, 2007). Invasive species have expanded
throughout the protected areas, where they represent a big problem for the ecological
sustainability of the Miconia zone’s ecosystem. Second, land-use change, especially the
substitution of the original vegetative cover for grasslands, have affected the capacity of
the zone to support several processes, like cloud water interception. Third, the use of
inadequate agricultural practices, like biochemical pest control, represent a direct threat
to the native biodiversity and a water contamination source. Finally, extreme climate
events pose a large threat to the zone, particularly when the ecological functions have
been degraded simultaneously.

Figure 14. The Miconia zone of Santa Cruz Island seen from the windward slope of the island. The
vegetation shows an intense red colour strip over 400 m asl.
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5. Ecosystem Services Analysis
This chapter provides an inventory and prioritization of the ESs provided by the Miconia
zone. Data from recording sheets and expert’s interviews are used for this purpose. Coded
results are found in Appendix H.
5.1. Ecosystem Services selection
The biophysical conditions (see Chapter 4) helped to understand how the zone becomes
part of the hydrological cycle of the island. The thick mist that dominates the zone during
the cool season is trapped by the native vegetation community, which shares
characteristics with montane cloud forests (Pryet et al., 2012), and transforms the area in
temporary wetlands. Few zones with a very dense vegetation cover have also shown to
form perennial ponds throughout the entire year. Regarding these characteristics, an
inventory of ESs provided by inland wetlands was developed. The TEEB- typology was
used to classify the ESs, and they are studied according to the area of the zone where they
are perceived (Table 8).
5.1. Prioritization of ESs by local farmers
The social approach held with twenty farmers, described previously (see Chapter 2),
helped to prioritize the fifteen ESs identified to be provided by the zone (Table 9).
Considering the TEEB-typology, Habitat services were the most selected by the surveyed
farmers (90%), followed by cultural services (85%), regulating services (81%), and
finally provisioning services (35%). A detailed description for each of the recognized
services is presented below.
Provisioning Services are less perceive by locals, where only ten farmers manifested to
use the zone for food production (mainly cattle breeding). Nine stated to use superficial
water sources directly (mainly as drinking troughs for livestock). Eight have exploited
the zone in the past for timber. Five believe that the zone has the potential for genetic
resources, and only three believe that renewable energy infrastructures can be built in the
zone. According to the surveyed farmers, this last service is less perceived because many
locals believe that big infrastructures (e.g. windmills) would likely harm native and
endemic birds.
Regulating Services followed in importance. From twenty farmers, nineteen indicated
that the zone provides water and erosion regulation services, since unaffected areas are
very humid most of the year, and the thin layer of soil beneath is well protected by the
vegetation. Also, eighteen farmers stated that the ecosystem of the zone provides local
climate regulation (especially by reducing air temperature in the hot season). Fourteen
farmers believe (but have not enough evidence) that the zone helps to purify the air and
produces soil. Finally, only thirteen farmers have evidenced the mitigation effects that the
vegetation of the zone offers during floods produced by the El Niño extreme weather
events. To complement the analysis of this last service, the questionnaire included two
(yes or no) questions. These questions were: (i) during the rainy season do you notice
mudslides? and (ii) during the rainy season do you suffer from floods? Both questions
were mostly answered with No. These results likely indicate that farmers that did not
select the natural hazard regulation service are benefited from it but may not notice its
importance.
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Table 8. Description of ESs provided by the Miconia zone and the identification of the areas where
they are perceived. A check mark symbol (✔) indicates that the area provides the ES. An x symbol
(✖) indicates that the area does not provides the ES.
TEEBTypology

Ecosystem
Service

Provisioning Services

Freshwater

Food
Fibber &
fuel & other
raw materials
Energy
harvesting
from natural
air and water
flows
Genetic
resources

Habitat
Services

Cultural Services

Regulating Services

Water
regulation
Local
climate
regulation

Agriculture
Area

Protected
Area

The zone retains and stores freshwater
during the cool season. This water can be
extracted for irrigation and drinking.

✔

✖

The soil can be used to cultivate plants and
raise animals for human consumption.

✔

✖

Foreign tree species can be planted and used
for timber or charcoal production.

✔

✖

The biophysical conditions of the complete
area grant the possibility to build
infrastructures to capture natural flows of
energy.

✔

✖

✔

✖

✔

✔

✔

✔

Description

The wide number of plant species found
within the zone grant the possibility of
encountering native plants which can
contribute genetic diversity for human uses.
Captured freshwater contributes to
groundwater recharge of the island, due to
the high infiltration capacity and limited
transpiration on the zone.
The dense vegetation of the zone provides
shade. Also, areas with standing water
generate evapotranspiration that can reduce
air temperature.

Air quality
regulation

The vegetation of the zone contributes to
capturing floating particles in the air.

✔

✔

Erosion
regulation

The dense vegetation of the zone also helps
to protect the soil from erosion processes.

✔

✔

Soil
formation

The accumulation of organic matter within
the zone contributes to the formation of a
thin layer of soil.

✔

✔

Natural
hazard
regulation

The zone can provide the regulation and
storage of floodwater.

✔

✔

Cultural
heritage and
identity

Inhabitants of the island feel identified with
traditional uses and natural characteristics of
the zone.

✔

✔

Recreation
and tourism

Recreational activities performed within the
zone include hiking, bird watching, and
landscape view.

✔

✔

Educational
& research

The complete area provides a place for
educational practices. Also, research can be
performed within it.

✔

✔

Biodiversity
& nursery

The zone provides habitat conditions to
resident and migratory species of the island.

✔

✔
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Cultural Services are very well perceived. Nineteen farmers stated that the zone is
auspicious for educational purposes, regarding the natural environment and the protection
of water sources. Moreover, seventeen farmers detailed that the zone has a historical value
for the first settlers of the island. Historically the zone was one of the few places with
abundant fresh water that served for domestic uses in the past. Inhabitants of the island
also feel identified with the natural characteristics and landscaping of the zone. The
Miconia robinsoniana shrub, for example, was pointed out several times as a natural
indicator of extended drought periods, since its leaves turn to an intense red colour during
the hot season (Hamann, 1981) and this is seen throughout all the vegetation strip (Figure
14). Also, fifteen farmers stated that the zone is propitious for ecotourism activities.
Farmers indicated that since the protected area of the zone already atracts tourists, a wellorganized corridor (which includes organization among farmers and assistance by the
local government) can also generates tourism in the agricultural area of the zone.
Finally, eighteen farmers view the zone as an important place for breeding, feeding, and
nesting of several endemic animal species of the Galapagos. Locals recognized the
importance of the zone for the survival of target plant species3, like the Miconia
robinsoniana and the Galapagos tree fern (Cyathea weatherbyana).
Table 9. Results from social approach of ESs provided by the Miconia zone. (n=20)
TEEBTypology

Service

Habitat
Services

Cultural
Services

Regulating
Services

Provisioning
Services

Freshwater

Total service
perception

Average

9

45%

10

50%

Fibber & fuel & other raw materials
Energy harvesting from natural air
and water flows

8

40%

3

15%

Genetic resources

5

25%

Water regulation

19

95%

Local climate regulation

18

90%

Air quality regulation

14

70%

Erosion regulation

19

95%

Soil formation

14

70%

Natural hazard regulation

13

65%

Cultural heritage and identity

17

85%

Recreation and tourism

15

75%

Educational & research

19

95%

Biodiversity & nursery

18

90%

Food

Overall
Average

35%

81%

85%

90%

5.2. Prioritization of ESs by experts
To complement the ES prioritazation, one question was made during the unstructured
interviews held with representatives of the main local stakeholders. The question was:

3

According to the GNPS (2014), the target species are those for whom conservation actions are based on
their economic value, endemism, or a threatened population.
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IQ3: What services do you consider are provided by the Miconia zone to the community
of Santa Cruz?
All seven interviewed stakeholders agreed that water regulation is the most important ES
provided by the Miconia zone. From different perspectives, the ability of the ecosystem
to capture, store freshwater and recharge underground reservoirs is essential for human
survival in the island. Correspondingly, five stakeholders also pointed out the provision
of freshwater as an important ES. Although, this last service was mostly related to
underground water reservoirs and not superficial water bodies. Also, five stakeholders
pointed out the existence of a habitat service for many emblematic species of the island.
Four indicated the importance of the area for recreation and tourism and cultural heritage
and identity; as well as the importance of the area for food products derived from
agricultural activities. Local climate regulation was highlighted by three stakeholders,
and less than two agreed on the provision of other services like timber (raw materials),
genetic resources, soil formation, erosion regulation, and educational services.
5.3. Combined results of ESs prioritization
Two approaches are given by the data analysis procedures. Farmers, on the one hand, aim
to maximize their agricultural production, but also recognize the benefits provided by the
ecosystem from a local perspective. Experts, on the other hand, seek sustainable
management of the area, prioritizing the goals (conservation, research, urban/rural
development) of the institution that they represent. The difference in perception from both
approaches is analysed from the general results (Figure 15). A detailed description for
each ES framed in the TEEB-typology is presented below.
Provisioning services. The provision of freshwater is low perceived by locals (45%)
since most of the springs and water streams are non-perennial and just few are exploited.
Experts perceive differently this service (57%) since they focus not only on superficial
water sources but also in underground exploitable freshwater reservoirs. Food provision
from the local perspective is also low (50%) since most of the production is focused on
livestock and the thin layer of soil is not optimal for crops. Rural development goals from
certain experts generates a higher potential service perception (71%). The provision of
raw materials, especially wood from certain foreign species is poorly perceived by locals
(40%) and less mentioned by experts (29%). Experts mostly recognize the threat that
invasive plant species represent for the conservation of the ecosystem. The harvest of
energy through natural air or water flows was just recognized by few locals (15%), but is
completely discarded by all experts, mainly regarding the threat that it represents to native
biodiversity. Finally, the potential for the provision of genetic resources is still unknown
and shares a low perception among locals (25%) and experts (14%).
Regulating services. Water regulation is the most selected service from locals (95%) and
experts (100%), and it is due to the natural characteristics of the zone and the importance
for human survival within the island. Local climate regulation is highly perceived by
locals (90%), who are directly benefited from it, in contrast with experts (43%), who see
the importance in a more regional level. Air quality regulation is a complex service that
is not well understood. Thus experts don’t mention it, but many locals (70%) believe they
are benefited from it. Erosion regulation and soil formation are two services highly
perceived by locals (95% and 70% respectively) since they can evidence the natural
processes directly within their land. But few experts referred to these last services (29%
on both cases) since there are few studies that monitor the natural processes on the zone.
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Finally, natural hazard regulation is a service only perceived by some locals (65%), whom
possibly were affected by the extreme El Niño events in the past.
Cultural services. Cultural heritage and identity is a service mostly recognized by locals
(85%), since some of the landowners are elders that have used the zone for traditional
domestic activities (e.g. laundry), and most of these farmers have intrinsically values
attached to the natural characteristics of the ecosystem. Experts, on the other hand, value
a little less this service (57%), because they are not linked to the zone, but also recognize
its importance. Recreation and tourism are a service well perceived by locals (75%) and
a bit less perceived by experts (57%) but has a major importance for the potential
sustainable activities of the area. Finally, the educational and research service is very
important for locals (95%), since they believe that getting to know the zone will help to
understand the provision of ES but is countered by the low recognition that experts give
to this service (14%). Only one consulted expert referred to the zone as an important place
for educational purposes, regarding water conservation.
Habitat services. Biodiversity and nursery is the second most recognized service by
locals (90%) and experts (71%), and it corresponds to the importance of the zone for the
proliferation of several emblematic plant and animal species of the Galapagos.
In summary I conclude that the main ESs perceived by both approaches are: (i) Water
regulation, (ii) Biodiversity and nursery, (iii) Recreation and tourism, (iv) Cultural
heritage and identity, and (v) Local climate regulation. Additionally, and considering the
close relationship with water regulation, (vi) Erosion regulation is also recognized as one
of the primary ESs. These six services represent the highest recognition for the zone and
the mainstay from where an economic valuation process should be performed.
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Expert

Local

Mean - Expert

Mean - Local

Figure 15. General results of the analysis of ecosystem services provided by the Miconia zone.
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6. Benefit Analysis
This chapter provides an analysis of the effects that the provided ESs of the Miconia zone
have on the human well-being of the local communities. Four human well-being
indicators are studied: (i) livelihood (basic materials for a good life), (ii) mental health,
(iii) good social relations, and (iv) new ventures (access to job opportunities). A social
approach described in Chapter 2 was used to collect data from local farmers. Coded
results can be found in Appendix I.
6.1. Livelihood
Livelihood is analysed regarding basic materials for a good life. The good living or Sumak
Kawsay, as explained in Ecuadorians National Plan for Good Living (2013), is a social
development paradigm, which proposes other priorities for social organization besides
economic growth. Thus, this indicator relates to the ability of people to fulfil basic needs
like food, shelter, knowledge, equity, and a healthy environment. The complete
importance perception of the benefit (Table 10) is analysed as follows.
Among provisioning services, out of nine farmers that perceived the provision of
freshwater, seven stated that it gives a basic material for a good life, principally relating
it to the drinkable water for their livestock. Likewise, seven out of ten farmers stated that
food provision from the zone gives them the sustenance for a good living. Only two out
of eight farmers related the provision of wood to good living. In contrast, all three farmers
that perceived a potential energy harvesting service stated that it could give materials for
a good life. Finally, only two out of five farmers that believed in a genetic resources
service felt that this would give them materials for a good life. Possibly, the scarce
knowledge about this last service didn’t allow locals to related it more to livelihood.
Table 10. Livelihood benefit perception of importance. Red colour indicates low perception. Yellow
colour indicates medium perception. Green colour indicates high perception. (n=20).
TEEBTypology

9

7

Average
(Livelihood)
80%

10

7

70%

8

2

3

3

Genetic resources

5

2

40%

Water regulation

19

11

60%

Local climate regulation

18

12

70%

Air quality regulation

14

9

60%

Erosion regulation

19

9

50%

Soil formation

14

8

60%

Natural hazard regulation

13

5

40%

Cultural heritage and identity

17

9

50%

Recreation and tourism

15

11

70%

Educational & research

19

13

70%

Biodiversity & nursery

18

9

50%

Service

Habitat Cultural
Services Services

Regulating Services

Provisioning
Services

Freshwater
Food
Fibber & fuel & other raw
materials
Energy harvesting from natural
air and water flows

Total service
perception

Livelihood
perception

30%
100%
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Within regulating services, local climate regulation was highly pointed out by twelve out
of eighteen farmers to provide the good living. Water and air quality regulation were less
evident but also signed as providers of the good living. The complex relationship between
this human well-being indicator and the mentioned ESs is better understood regarding the
right that people have for living in a healthy environment. Erosion regulation and soil
formation were pointed out to provide the good living to the same extent as water and air
quality regulation. Both erosion and soil formation, are linked to long-term natural
processes that provide materials for a good living for extended periods of time. Finally,
only five out of thirteen farmers that perceived a natural hazard regulation service felt that
they received materials for a good life. This last service is more likely related to another
human well-being indicator known as security.
Regarding cultural services, the cultural heritage and identity service is appreciated by
only nine out of seventeen farmers as a provider of materials for the good living. This
recognition mainly relates to the cultural knowledge and social equity, since any settler
of Santa Cruz can feel identified with the Miconia zone. Recreation and tourism services
were more recognized to provide materials for the good living, by eleven out of fifteen
farmers that perceived the services. Once again, the right of people to live and enjoy a
healthy environment is highlighted here. Finally, the education and research service
perceived by nineteen farmers is highly believed to provide the good living by thirteen of
farmers. The zone is an ideal place for outdoor teaching and the development of research.
The habitat service is believed to provide materials for a good living form half of the
farmers that perceive the ES. As described in the PNBV (2013) “from the good living
perspective the vision of nature changes, from a merely a provider of resources to a place
where life happens.”
6.1. Mental health
For the case study, a performed ESs analysis (Chapter 5) showed that most ESs selected
by locals are classified within regulating, cultural, and habitat services and only few
provisioning services were prioritized. This selection helped to focus the health aspect on
mentally terms (happiness/tranquillity), due to the complexity of the relationship that
exists between the ecosystem and human health (de Groot et al., 2010b). The complete
importance perception of the benefit is analysed as follows (Table 11).
In overall terms, 35% of the surveyed farmers perceived provisioning services from the
Miconia zone. Within this group, from nine farmers that selected freshwater as a
provisioning service, eight believe that it gives them a state of mental health. They linked
flowing water to aspects of well-being like serenity and happiness. From ten farmers that
perceived the provision of food, seven stated that counting on a plate of food every day
gives them happiness. From the provision of wood, only one out of eight farmers linked
it to mental health. From only three farmers that selected energy harvesting as a service,
two believe that this service provides a state of mental health. These farmers have
manifested the opportunity of building wind pumps, which could help them to obtain
freshwater. The provision of the water resource is what gives them happiness. Finally,
out of five farmers that believe the potential of the zone to provide genetic resources, four
thinks that the existence of these resources could give happiness to local communities.
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Table 11. Mental health benefit perception of importance. Red colour indicates low perception.
Yellow colour indicates medium perception. Green colour indicates high perception. (n=20).
TEEBTypology

Total service
perception
9

Mental health
perception
8

Average
(Mental health)

Food
Fibber & fuel & other raw
materials
Energy harvesting from natural
air and water flows
Genetic resources

10

7

70%

8

1

3

2

5

4

80%

Water regulation

19

16

80%

Local climate regulation

18

15

80%

Air quality regulation
Erosion regulation

14
19

10
11

70%
60%

Soil formation

14

11

80%

Natural hazard regulation

13

10

80%

Cultural heritage and identity

17

12

70%

Recreation and tourism

15

13

90%

Educational & research

19

13

70%

Biodiversity & nursery

18

15

80%

Service

Habitat Cultural
Services Services

Regulating Services

Provisioning
Services

Freshwater

90%

10%
70%

Regulating services were perceived by 81% of the surveyed farmers. Within this set of
locals, nineteen farmers perceived a water regulation service, from whom sixteen agreed
in the perception of mental health attached to it. This relationship goes beyond the
existence of freshwater bodies and includes the happiness that a complete humid zone
can give to settlers of a mostly dry island. Local climate regulation is deeply interrelated
with this last service, and from eighteen farmers fifteen believe that a cooler climate
associated with a humid zone gives them happiness. Air quality regulation service is
perceived by fourteen farmers, from whom ten expressed to have a better state of mental
health in this zone away from urban air pollutants. Erosion regulation was more complex
to relate to mental health, but from out nineteen farmers, eleven believe that the retention
of soil provides them tranquillity. Soil formation was analysed complementary to this last
service, and from fourteen farmers that perceived the service, elven believe to know that
soil is being formed makes them happy. Few farmers selected the natural hazard
regulation service, but from thirteen farmers twelve believe that the existence of this
service gives them protection and tranquillity.
Cultural services were perceived by 85% of the surveyed farmers. Out of seventeen
farmers that perceived cultural heritage and identity service, twelve stated that this service
is attached to a mental health aspect. Recreation and tourism is a service that relates the
landscape and the beauty of the vegetation to a good mental state, and from fifteen farmers
that perceived this service thirteen appreciate the mental health benefit. Education and
research service is related to happiness over generations and thirteen out of nineteen
farmers selected this service as important for the happiness of new generations.
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Habitat services were perceived by 90% of the surveyed farmers. Biodiversity and nursery
are very related to mental health among farmers. This relation occurs mainly because
several native and endemic bird species of the Galapagos live in the zone. The beauty of
these species is highly appreciated, as well as the birdsongs and migratory movements,
and was stated by fifteen out of eighteen farmers to give happiness and tranquillity.
6.2. Good social relations
The biophysical characteristics of the zone, both within the agricultural area and the
protected zone, provided places for groups to gather and practice communal activities.
These activities help to create “cohesion, identity, and collective well-being of a
community” (Infield et al., 2015). The importance perception of the good social relations
benefit is analysed next.
Table 12. Good social relations benefit perception of importance. Red colour indicates low
perception. Yellow colour indicates medium perception. Green colour indicates high perception.
(n=20).
TEEBTypology

Service

Habitat
Services

Cultural
Services

Regulating Services

Provisioning
Services

Freshwater

Good social
relations
perception

Total service
perception

Average
(Good social
relations)

9

4

40%

10

5

50%

8

0

0%

3

2

70%

Genetic resources

5

1

20%

Water regulation

19

8

40%

Local climate regulation

18

6

30%

Air quality regulation

14

7

50%

Erosion regulation

19

6

30%

Soil formation

14

3

20%

Natural hazard regulation

13

7

50%

Cultural heritage and identity

17

8

50%

Recreation and tourism

15

13

90%

Educational & research

19

15

80%

Biodiversity & nursery

18

13

Food
Fibber & fuel & other raw
materials
Energy harvesting from natural
air and water flows

70%

Within provisioning services, out of nine farmers that perceived freshwater as a provided
service, four believe that drinking troughs for livestock represent a place to gather with
other farmers. Half of the locals that perceived a food service believe that harvesting of
food is an activity that gathers people around. None of the farmers believed that wood
extraction could be a good social relation prospect. Furthermore, two out of three farmers
that perceived an energy harvesting service believed that this service could bring more
people together, likely regarding the freshwater extraction from wind pumps. Finally,
only one out of five farmers that believe in a genetic resource service see it as a good
social relation opportunity. Again, this last perception is a consequence of the poor
knowledge about the service.
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Regulating services relationship with good social relations is very complex. Less than
half of the farmers perceived from each of these services an opportunity for cohesion.
Seven out of thirteen farmers mentioned natural hazard regulation service as propitious
for communal activities, likely relating it to security measures. The remaining services
were perceived to bring favourable conditions for a group gathering, like cool climate or
fresh air.
Cultural services were the most related to good social relations. Eight out of seventeen
farmers picked cultural heritage and identity service to contribute to good social relations,
regarding traditional uses and natural characteristics of the zone. Moreover, thirteen out
of fifteen farmers selected recreation and tourism as the most linked service with good
social relations. The capacity of the ecosystem to provide a space for recreational
activities and landscape ensures this possibility. Educational and research service is also
very related to good social relations, by fifteen out of nineteen farmers, where is believed
that schools should visit the zone and relate more to the environment.
Finally, the biodiversity and nursery service is well linked with good social relations,
were thirteen out of eighteen farmers perceived it, since the presence and abundance of
native and endemic plant and animal species gather locals and foreign within the zone.
6.3. New ventures
Regarding the zonation provided by the GNPS, the Miconia zone lies within spaces were
controlled public uses allowed, and it falls within the agricultural area were agriculture
and livestock activities are performed. Therefore, some of the ESs provided by the zone
are well linked to job opportunities. The complete perception of the benefit is analysed as
follows (Table 13).
Table 13. New ventures benefit perception of importance. Red colour indicates low perception.
Yellow colour indicates medium perception. Green colour indicates high perception. (n=20).
TEEBTypology

Service

Habitat Cultural
Services Services

Regulating Services

Provisioning
Services

Freshwater

Total service
perception

New ventures
perception

Average
(New ventures)

9

6

70%

10

8

80%

8

4

50%

3

1

30%

Genetic resources

5

2

40%

Water regulation

19

3

20%

Local climate regulation

18

3

20%

Air quality regulation

14

2

10%

Erosion regulation

19

7

40%

Soil formation

14

6

40%

Natural hazard regulation

13

2

20%

Cultural heritage and identity

17

9

50%

Recreation and tourism

15

15

100%

Educational & research

19

13

70%

Biodiversity & nursery

18

10

Food
Fibber & fuel & other raw
materials
Energy harvesting from natural
air and water flows

60%
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Regarding provisioning services, freshwater provision is considered by six out of nine
farmers as a job opportunity. Freshwater for irrigation purposes comes from different
sources, from where water springs are one of them. Food provision is very linked to job
opportunities, by eight out of ten farmers that perceived the service. Evidently, livestock,
as the main agricultural activity within the Miconia zone, produces meat and milk for
local markets. Half of the farmers that perceived a wood extraction service linked to a job
opportunity. Only one out of three farmers that believed in energy harvesting from wind
currents related to job opportunities, the rest just believe for personal purposes. Finally,
the possible existence of plants that can contribute to human uses, like drug manufacture,
is seen by two out of five farmers as a job opportunity.
Again, the complexity of the relationship between regulative services and the human wellbeing indicators makes it difficult to compare them. Most of the services are poorly seen
as job opportunities, except for soil formation, which contrary to other well-being
indicators, it’s considered by six out of fourteen farmers as favourable for new ventures.
Cultural services are well linked to job opportunities. Thus, nine out of seventeen farmers
believe that cultural identity can be used for job opportunities. As an example, a water
purification company of Santa Cruz island uses “Miconia” as part of its name to sell
freshwater. All the farmers that perceived recreation and tourism as a service provided by
the zone believe that it brings job opportunities. Finally, thirteen out of nineteen farmers
that perceived an educational and research service, see a potential for job opportunities
within it.
Habitat services were also linked to job opportunities, from were ten out of eighteen
farmers pointed out this possibility. Nevertheless, when consulted, most of the farmers
related this service with the possibility to develop eco-tourism as well.
6.4. Synthesis of benefit analysis
From the analysed human well-being indicators, the socio-cultural value of the Miconia
zone of Santa Cruz island can be principally expressed regarding mental health. The
overall average for the perception of this social benefit from the studied population was
72%, which is the higher average of all indicators. Most of the locals have a deep
connection with the ecosystem that is translated into states of happiness and tranquillity.
The socio-cultural value can also be highly expressed regarding livelihood (good living).
The fulfilling of basic needs coming from the ecosystem, other than monetary, was
indicated by an overall average of 60% of the population. Food, water, knowledge and
the right to live in a healthy environment are some of the basic needs fulfilled by several
ESs.
Finally, the socio-cultural value can be equally expressed regarding good social relations
and access to job opportunities. Both indicators were perceived by an overall average of
47% of the population. Cultural services are mostly appreciated by locals as potential job
opportunities and for the development of communal activities.
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7. Capturing the benefit
The Miconia zone of Santa Cruz island was analysed in the previous chapters in terms of
its ecological, and socio-cultural value, attached to the provision of several ES. This
chapter provides an analysis of financial and nonfinancial instruments that can encourage
the community of Santa Cruz to conserve, and/or restore, the Miconia zone ecosystem,
based on the acquired knowledge about the importance of the ecosystem.
7.1. Interviews with experts to analyse possible incentives
De Groot et al. (2007), destinguishes 4 types of financial or reward mechanism from
where users and beneficiaries of ESs can be compensated/rewarded for maintaining or
enhancing the provision of ESs from an ecosystem: (i) Self-organized private market
arrangements, (ii) Voluntary private, nonmarket funding mechanisms, (iii) Governmentsupported market creation, and (iv) Financial mechanisms run by the government.
Based on this consideration, question 4 of the unstructured interviews held with the
representatives of the main local stakeholders aimed to analyse and classify the possible
incentives for sustainable use of the Miconia zone. The results are presented next:
IQ4: What incentives for sustainable use of the Miconia zone would you propose?
Based on the premise that most stakeholders are government representatives, the most
common response was related to the implementation of stronger regulatory mechanisms.
Secondary, many stakeholders believe that support (technical or economical) provided by
the government would engage more locals to conserve and restore the ecosystem.
Subsidies for the conservation of the ecosystem and lower taxes for landowners were
pointed out. However, it was also mentioned that the incorrect use of these economic
measures could be counterproductive. The contribution of the government on technical
issues, like the control of invasive species, or educational programs was better perceived.
Finally, an important measure mentioned includes the consolidation of farmers
associations to develop protected corridors. Within these corridors, activities like ecotourism can become a financial incentive for conservation. Also, the protection of
freshwater sources, within the corridors, can be supported by communities downstream.
The proposed incentives are classified within the following mechanisms (Table 14):
Table 14. Mechanisms proposed based on interviews
Type
Financial mechanisms run by government

Mechanisms proposed based on interviews
Tax incentives
Regulatory mechanisms

Government supported measurements
Technical and educational support
Payments through ecotourism
Self-organized private market arrangements
Payments for watershed protection
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7.2. Government-supported measurements
As it’s known, the Miconia zone of Santa Cruz Island falls within two conservation
management schemes: (i) Impact reduction zone, and (ii) Transition zone (Chapter 4). To
promote the conservation and/or restoration of the Miconia zone, regulatory mechanisms
and technical and educational support from the government should be reinforced (or
implemented) on both schemes.
7.2.1. Impact reduction zone (Regulatory mechanisms)
The GNPS (2014) established the authorized uses within the Impact reduction zone,
which include: (i) Monitoring of the ecological integrity and biodiversity of the
ecosystem, (ii) Ecosystem restoration, (iii) Scientific research, (iv) Tourism, (v)
Education, (vi) Invasive plant species extraction, and (vii) Invasive animal species
extraction. All authorized uses promote non-extractive activities and obey to use and
control norms, also established by the GNPS. Under very special circumstances, uses that
are incompatible with the GNPS objectives are allowed, like the extraction of stony
material, solid waste disposal, and infrastructure construction. Strict monitoring and
recovery measurements are to be adopted under these last circumstances.
The GNPS (2014) developed the program “Rational use of ecosystem services and their
biodiversity for conservation and development” to support the management of the impact
reduction zone. This program prioritizes the recovery of zones with high ecological value
located in populated areas (e.g., water recharge areas, and native and endemic vegetation
cover), and the rational use of Provisioning services generated by the ecosystems.
Regarding the Miconia zone, the most recognized ESs provided by the area is framed
within Regulating, Cultural and Habitat services (Chapter 5). Therefore, to promote
conservation and/or restoration of the ecosystem, attention should be given to the impact
over these service clusters. Thus, ecosystem restoration performed within this area needs
to be focused on maintaining and recovering the ecosystem functions that guarantee not
only Provisioning services, but a broader ESs spectrum. Additionally, to ensure the
correct accomplishment of the restoration, actions must be developed as an interinstitutional coordinated task based on the ESs provided by the zone. Multi-stakeholder
networks (World Resources Institute, 2004) should be created to better understand the
role of ecosystem functions, the correct application of norms, and the efficient distribution
of resources.
Complementary, the management of the impact reduction zone is also supported by the
program “Public use and ecotourism management”. This program seeks to manage the
Cultural services of an ecosystem through the control over the public visiting sites,
activities practiced within, and the visitors of these areas. It prioritizes the awareness
about the natural and cultural heritage of public areas, the minimal environmental impact,
and the generation of local economic benefits.
Considering the socio-cultural value of the Miconia zone, efforts should also be focused
on guaranteeing the social benefits perceived by locals. Cultural services, especially
recreation and tourism, were noticed to provide important nonmonetary benefits, like
mental health and livestock (good living). New metrics should be developed to monitor
the importance of these socio-cultural benefits, and include them in the decision-making
context, to supports awareness about cultural and natural heritage.
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7.2.2. Transition zone (Technical and educational support)
Within the transition zone, the management activities are oriented to fortify the
agriculture production, control the spread of invasive species, and reduce the impact on
areas of high ecological importance (GNPS, 2014). Several actors are involved with these
activities, including landowners, private organizations (e.g., CFD), and government
institutions (e.g., GNPS, CGREG, MAG).
Regarding the Miconia zone, the introduction of invasive species has been identified as
the main threat to the ecological sustainability of the ecosystem (Chapter 4). Therefore,
efforts for the control and monitoring of invasive species should be reinforced and
supported by private and government organizations. Collaborative programs with
landowners must be executed on the zone, to reduce the expansion of aggressive plants
like the blackberry or guava tree, and the proliferation of invasive animals, like the black
rat, which represents a threat for both the environment and the food production chain.
Monitoring and control actions can’t work as an isolated activity to reduce the impact on
the transition zone. To ensure a positive change in the behaviour of locals towards the
ecosystem, these activities have to work together with educational programs. Several
private and public organization work to ensure an environmental education within the
archipelago. For example, the CDF has worked for many years to develop educational
programs and involve several sectors of the community. Regarding conservation, the
GNPS looks for collaboration agreements with public and private educational
organizations, to optimize resources and be more effective while planning educational
strategies (GNPS, 2014). All these efforts must be reinforced and focused on the full
importance of the Miconia zone.
7.3. Financial mechanisms run by the government (Tax incentives)
The GADMSC charges landowners of the highlands with the rural property taxation. This
tax is calculated considering the land area, a homogenous sector value (which includes
the consideration of agronomic, topographic, and climatic conditions), and an affect
factor. The affect factor is composed of several value factors that can raise or lower the
total value. Among these value factors, there is geometric, topographic, irrigation, access
to communication routes, soil quality, and access to essential services.
Regarding the study area, all the farms that contained part of the Miconia zone had a
similar homogeneous sector value, considering that the agronomic, topographic, and
climatic conditions are identical. When including the land area and other factor values,
the total tax amount to pay for individual farmers can be very high. To reduce this value,
tax breaks can be implemented by the local authorities to reward conservationist
initiatives, given that some farmers have developed actions to protect the Miconia forest
within their land. A possible way to reach this goal will be by adding a new value factor
regarding conservationist uses, that can help to reduce the total cost when conservation
activities are developed.
Such mechanism involves the consideration of the ecological and socio-cultural values
(de Groot et al., 2010a) of the Miconia zone. Additionally, strict monitoring of the
conservation activities must be implemented by the GADMSC in coordination with the
GNPS, as the entity responsible for the correct management of natural resources.
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7.4. Self-organized private market arrangements
From the limits of the GNP with the agriculture area, the Miconia zone can be found up
to approximately 2 kilometres within certain farms. The delimitation of a natural corridor,
within the agriculture zone, is a private communal project that farmers are encouraged,
by private and public sectors, to develop. Within this corridor, the native Miconia forest
can be protected, and the beneficiaries of different ESs could pay to enjoy the benefits
provided by the ecosystem. Based on the main ESs provided by the zone, some selforganized private mechanisms can be proposed (de Groot et al., 2007).
7.4.1. Payments through ecotourism
As stated by the LOREG (2015), tourism activities within the Galapagos archipelago have
the goal to fortify the local value chain, based on principles of environmental
sustainability. The GNPS and the Ministry of Tourism are the government institutions in
charge of developing management policies for sustainable tourism within the archipelago.
Also, the Ministry of Agriculture and Livestock encourages agro-tourism within the
agricultural zone of Santa Cruz Island, as a way to promote agricultural practices and
traditional land uses.
Complementary to the government supported tourism practices, farmers are encouraged
to organize privately and develop ecotourism as a potential economic activity within their
land. Locals perceive a high potential for new ventures coming from the recreation and
tourism service provided by the zone (Chapter 6). Half of the agriculture zone has very
low productivity land that facilitates the implementation of new alternatives (Chiriboga
et al., 2006). Abandoned land, that has been populated by invasive plant species, can be
ecologically restored, and sustainably used to generate higher incomes, than those
perceived by agricultural activities in the past.
According to the Galapagos Tourism Observatory (2018), the Galapagos islands have an
annual arrival of tourist that has grown considerably over the past decade (Figure 16).
Schep et al. (2014), have encountered that the most practiced land-based activity
performed by tourists of the Galapagos is hiking, and within Santa Cruz Island this
activity is greatly practiced in the Miconia zone. Other touristic land-based activities
developed in the zone include birdwatching and biking. In addition, tourists highly enjoy
natural characteristics from land-based activities like landscaping, tranquillity, the
appreciation of land species, and how close you can come to animals (Schep et al., 2014).
These characteristics are also significantly supplied by the Miconia zone and can be
enhanced and maintained by the application of sustainable ecotourism.
Financial arrangements can be established by an organized community of farmers to
exploit this initiative. Considering that more tourists choose a stay-over experience over
a live-aboard activity since higher expenses are involved with the second option (Schep
et al., 2014), ecotourism for the Miconia zone can become a profitable activity for
farmers.
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Figure 16. Tourist arrivals to the Galapagos Islands during the period 2007-2016. Source:
http://www.observatoriogalapagos.gob.ec

7.4.2. Payments for watershed protection
To analyse underground water availability within Santa Cruz Island, SENAGUA (2015)
delimited several watersheds and studied geological characteristics to determine
infiltration coefficients. The results showed that the water recharge areas for the island
are located over certain basin headwaters on the windward slope. Regarding underground
water availability, these areas can be affected by human activities in two ways: (i)
disturbance of water quality and/or circulation resulting from agricultural practices, and
(ii) the destruction of the native forests that fulfil the function of cloud water interception.
Settlers of Santa Cruz Island, especially those living near the shore (Puerto Ayora
community) highly depend on underground reservoirs to satisfy their need for potable
water. As noted previously (Chapter 4) the MWSS of Santa Cruz is the main supplier of
potable water for domestic uses. SENAGUA (2015), has calculated that the demand of
water for domestic uses in 2010 was of 135 m3, and had projected that for the year 2035,
considering an annual growth rate of 158%, the demand will rise to 2,13 hm3. This value
overpasses the actual capacity provided by the MWSS and introduces the need to think
in advance for controlled population growth, additional sources of potable water
(additional desalinization plants), and the maintenance of the water recharge areas of the
island.
To maintain the availability and quality of potable water, downstream users can selforganize and arrange to pay upstream farmers for the conservation of water recharge
areas, and the protection of surface water from contamination. Considering that the
MWSS, the tank trucks and other water desalination plants depend mostly on
underground water sources, like crevices and deep wells, it is consistent to think that
direct users and commercial beneficiaries will be willing to pay for the conservation of
these areas. The environmental implications will help to maintain the ecosystem functions
and reduce water pollution in the agriculture zone.
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8. Communicating the value
The results obtained in previous chapters (Chapter 4, 5 and 6) offered some valuable
information for development planning and decision-making within Santa Cruz Island
regarding the conservation of the Miconia zone as a unique humid ecosystem of the
Galapagos. The following chapter offers some communication alternatives to create
awareness on decision makers and, ultimately, the community of Santa Cruz. These tools
will support long-term conservation activities and enhance the environmental behaviour
of the locals in what it has become to be known as the Galapagos identity.
8.1. Target audience
To select an appropriate tool for the communication process, it is necessary to study the
target audience (de Groot et al., 2017). Within the Galapagos, this audience is constituted
by people of different cultures, ages, educational levels, or stay time.
Objective 4 of the Management Plan for the Protected Areas of Galapagos for Good
Living (2014), promotes the Galapagos identity as a lifestyle that benefits from the
protected areas of the archipelago in a responsible way. It is explained within the
document that the Galapagos identity considers the inclusion of a broad diversity of
individuals from different sectors of Ecuador that have migrated to the archipelago
bringing with them their own culture and identity features (Table 15). Even when the
social, economic and environmental reality of the islands have created a new way of
lifestyle for all these cultures, it is important to consider their ethnic origin.
Table 15. Self-identification according to Culture and Customs of the Population of Santa Cruz.
(INEC, 2015).
Total
Santa
Cruz
Urban
Rural

Indigenous

15.701

1.469

Afrodescendant
498

11.822
3.879

1.233
236

408
90

Montubio4

White

Other

216

Mestizo
(Half-Blood)
13.083

427

8

164
52

9.664
3.419

346
81

7
1

According to the INEC (2015), from out of all the educated population (3 years and older)
of Santa Cruz, 31% have finished high school, and 18% have a superior education degree.
Additionally, over 49% of the population are still completing basic educational levels.
It’s significant to notice that the gender difference regarding the academic ranks is low,
and both genders can be approached similarly for educational purposes.

Total

No
Education

Literacy
Centre

Preschool

School

Highschool

Post
Highschool

Superior
Education

Postgraduate

PhD

Table 16. Population of Santa Cruz (3 years and older) divided into instruction levels. (INEC,
2015).

14.968

341

12

514

6.506

4.613

35

2.717

210

20

- Male

7.652

163

7

246

3.512

2.357

17

1.242

97

11

- Female

7.316

178

5

268

2.994

2.256

18

1.475

113

9

Santa Cruz

4

Montubio are half-blood people of the countryside of coastal Ecuador. They are recognized in the
Ecuadorian Constitution (2008) as an ethnic group with collective rights.
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Tourists are also a significant population that is considered as part of the target audience.
According to the Galapagos Tourism Observatory (2018), the majority of foreign tourists
are made up of people from the United States and the United Kingdom. Ecuadorians
represent the majority regarding Latin American tourists. Also, from out all the
population of tourists, 39% represent people over 50 years old, and 52% is formed by
tourists between the ages of 15 and 49. Children below 15 years old only represent 9% of
the incoming tourists. The gender difference is also very low within this group.
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Figure 17. Tourist arrivals to the Galapagos Islands during the period 2007-2016 classified by
country, age, and gender. Source: http://www.observatoriogalapagos.gob.ec

Finally, private and public institutions are considered as part of the target audience for
their capacity to influence the behaviour of local communities. Environmental
educational programs and participatory processes have been created by these
organizations over the years. All are aiming to enhance the response of locals and tourists
towards the environment within the islands. Regarding the conservation of biodiversity,
unfortunately, most of the efforts have been focused on the protection of emblematic
species, leaving aside some functional groups and ecosystems (GNPS, 2014).
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8.2. Communication tools
The goal of the communication process is to create awareness about the ecological and
socio-cultural value of the Miconia zone on decision makers and locals. Therefore, two
tools are proposed to reach the selected audience.
8.2.1. Data visualization
Considering the multiple characteristics of the audience, visual resources are a powerful
tool that can help to distribute better the message to all groups (Infield et al., 2015).
Essential data correctly displayed in charts, pictures, or maps will have a great influence
on people of different ages, cultures, and countries (considering language barriers).
The ecological importance of the Miconia zone, for example, can be taught with pictures
of the endemic and native species that can be found within the area, some currently
unknown by many locals. Complementary information about the major threats to the
ecosystem can be used to modify the behaviour of tourists when visiting the protected
area, and can also influence in the daily activities of local farmers, who live close to the
ecosystem. Finally, the changes in the ecosystem over the years can be represented with
multi-temporal analysis maps. With these maps, changes in the ecological integrity and
the resilience of the ecosystem can be easily shown and explained to locals and tourists.

Figure 18. Images that can be used to communicate the importance of the zone.
On the left upper side, an endemic Small tree finch (Camarhynchus parvulus). On the right upper
side, a native Blue rabbit’s foot fern (Phlebodium Pseudoaureum). On the bottom, a picture of the
Miconia forest.

The socio-cultural value can be disseminated using pictures too, regarding the main ESs
provided by the zone. Most of these ESs are not immediately obvious to locals.
Concerning regulating services, the images can be linked immediately to a mental health
benefit, greatly appreciated by people who live among or often visit the area.
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Complementary, stories from locals who live near the ecosystem, or have found great
cultural value in it, can be included next to the images, to create awareness about the
cultural services provided by the zone.
8.2.2. Communal activities
One of the social benefits provided by the zone regards good social relations among local
communities. Cultural services, like education and research, were pointed out as very
important for the ecosystem to provide the mentioned social benefit. Therefore, well
organized communal activities can be performed to enhance good social relations and to
highlight the importance of the zone.
Planned excursion from schools to the ecosystem can promote active learning, reinforce
classroom material (Kaewkitipong et al., 2016), and increase the awareness of young
students about the zone. Considering the efforts done from public institutions, the GNPS
must work together with the Ministry of Education to design these field trips within the
impact reduction zone, guaranteeing the conservation of the area and the promotion of its
importance. On the other hand, local farmers can also coordinate excursion from schools
to their land, as private initiatives to motivate local awareness.
The eradication of invasive species is a task performed by farmers in coordination with
local authorities and private organizations. Nonetheless, regarding good social relations,
this can be executed by an organized group of farmers in the work party locally known
as Minga (Quichua term used in Ecuador). This action can enhance the creation of a
shared natural corridor among farms that promotes the use of the land for conservationist
activities. Moreover, the collaborative efforts to preserve the zone can become part of the
cultural heritage passed on to the next generations.
8.3. Communication Channels
Considering the characteristics of the population of Santa Cruz Island, especially age
ranges and educational levels, two ways can help to disperse knowledge among the
community: (i) Mass media and (ii) Online media (de Groot et al., 2017).
The mass media for the community of Santa Cruz can be divided into physical press and
transmissions through local media outlets to invite the community to participate in
conservation activities or to report directly on the importance of the ecosystem. The
physical press can be given to locals in the form of books or magazines for educational
purposes and can also be provided to foreigners in an additional form of fact sheets, which
can help temporary visitors understand the importance of the area and how to preserve it
while they are traveling through the area.
Online media is increasing in the field of education globally (Kaewkitipong et al., 2016),
and new generations are more related to these technologies. Local authorities and private
initiatives can perform complementary efforts to develop online networks dedicated to
informing the community about the importance of the Miconia zone.
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9. Discussion
9.1. Uncertainties and Assumptions
Missed spatial scale. The Miconia zone of the Galapagos archipelago is a unique humid
ecosystem that can be found only within two of the major islands, Santa Cruz and San
Cristobal. Therefore, the study considered benefits at only local levels. Nevertheless,
benefits from ESs can be supplied from local to global levels (Hein et al., 2006). Possible
benefits for a global scale were not approached. Although, to address this issue, further
studies must approach stakeholders on higher institutional levels and consult them about
the benefits given by the Miconia zone at national, regional or global scales.
Temporal scale dismissed. Ecological processes operate at specific temporal scales (de
Groot et al., 2010b). Most of ESs provided by the Miconia zone are classified as
regulating services and provide benefits that can be seen in the long-term. This
characteristic was not considered and all ESs were assumed to be perceived under the
same temporal scale. Even though, further studies should solve this problem by
implementing multi-temporal approaches.
The bias selection of experts. The exclusion of key groups from the process is a common
pitfall (Kurtz, 2012). The selection of stakeholders to develop the expert’s consultation
process was limited to selecting individuals directly related to the local management of
the area, excluding potential individuals who indirectly seek the sustainable development
of the highlands of Santa Cruz Island in other institutions (e.g. WWF). This choice
supposes the generation of uncertainty around the results because many of the interested
parties that work directly on the area are public institutions that base their decisions on
political guidelines and not on an individual concern for the conservation of the
ecosystem. Further studies can address this situation by including more private and nongovernmental organizations into the group of experts to be consulted.
The baseline situation considered very old studies. Not much attention has been given
to the Miconia zone of Santa Cruz Island in the past decade, rather than the efforts to
reduce the invasion of the quinine tree (Jäger et al., 2007). The baseline situation was
built up by the analysis of some old ecology research studies. Some uncertainties can
appear regarding the ecological value of the ecosystem obtained from the analysis of old
information. New research regarding the ecological value of the Miconia zone is needed
to reduce this uncertainty.
Limited ecosystem-based indicators. The identified pressures on the ecosystem helped to
prioritize two ecosystem-based indicators (water availability and biodiversity) to measure
the negative impacts in the zone produced by human interactions. Although, considering
more indicators would help to understand the relationship between the ecological process
and the externalities that affect the ecosystem (de Groot et al., 2010b) with more certainty.
Lack of basic ecology knowledge. The social approach developed with local farmers
assumed a basic level of knowledge about ecology from the audience. Visual aid and
general descriptions were used to help local farmers to translate the ecological
characteristics to ESs. Nonetheless, some of the farmers showed difficulties to understand
fundamental environmental concepts and needed instruction to engage the process. This
educational process could have created bias when asking the audience to prioritize ESs.
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Missing human well-being indicators. The benefits analysis assumed that four human
well-being indicators (livelihood, mental health, good social relations, and new ventures)
were enough to understand the interaction between ESs and the socio-cultural domain in
the Miconia zone. Although, another dimension of human well-being was mentioned by
the audience regarding the natural hazard regulation service. As adopted by the
Millennium Ecosystem Assessment (Schreckenberg et al., 2016), this mentioned
dimension is known as security. The inclusion of this dimension of human well-being to
the study can likely help to gain more valuable socio-cultural information.
Poorly understood local communication network. To correctly apply a communication
process, its assumed that the results are going to be disseminated within a local
communication network. A networked society, as explained by Bouteligier (2013), is
good to exchange knowledge and best practices, but is not free from power relations that
create inequalities. A study of power relations within the local communication network
of Santa Cruz Island is needed to reduce the uncertainty about the correct dissemination
of the message.
9.2. Strengths of the approach
Prioritization of negative impacts to the ecosystem. At first, the approach helped to
analyse the main changes on the ecosystem regarding negative environmental impacts.
This process facilitated the identification of the main threats to the environment and
defined what efforts should be strengthen the most to maintain and enhance the natural
ecosystem functions of the affected area. As said by Schaubroeck et al. (Schaubroeck et
al., 2016), “the correct management on ecosystems can aid us to achieve an environmental
sustainable future”.
Knowledge gap reduced regarding the interactions between the natural environment
and human well-being. The introduction of the concept of ESs helped to acknowledge
the positive relationship between nature and human well-being. Based on this concept,
different sectors of the community of Santa Cruz can be equally involved in the
conservation of the Miconia zone, under the premise that they are all beneficiaries of the
same ESs. Additionally, the classification of the exposed ESs within the TEEB-typology
categories helped different stakeholders to acknowledge some benefits that were not as
obvious as others, like natural hazard regulation service, which is mostly unnoticed.
Social benefits included in environmental planning. The approach focused on ESs that
relate to social human well-being and introduced several social benefits to the full
importance of the ecosystem. The inclusion of this socio-cultural value of the Miconia
zone, helps to create new pillars for the sustainable management of the area.
Non-monetary incentives. Some of the proposed incentives for the conservation and
restoration of the degraded ecosystem in the Miconia zone are related to activities that do
not generate a profit, but that can become part of the already mentioned ‘Galapagos
identity.’ Therefore, the respect for the environment and the application of best practices
can emerge from the educational process and the enforcement of regulative mechanisms.
Further studies can generate a monetary valuation of the ESs provided by the zone and
develop an economic analysis that would likely help to embrace the proposed incentives
of the study.
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9.3. Results compared with existing literature
The introduction of invasive species has been recognized as the main threat for the
Galapagos archipelago (FEIG, 2007) and its control is included in the norms and
regulations of the LOREG (2015).The results from this study reaffirm this recognition by
identifying the introduction of invasive plant species as the main responsible for the
disruption of the ecosystem integrity within the Miconia zone. Additionally, the
introduction of invasive animal species is pointed out as the second responsible for the
degradation of the biodiversity within the zone.
According to the results of this study, the main ES provided by the zone is Water
Regulation. From a scientific point of view, Betancourt (1992) already stated that the
Miconia zone is of great importance since is located in areas with high water precipitation.
Correspondingly, Pryet et al. (2012) point out more specifically that the significance of
the zone for the hydrology of Santa Cruz island is related to the role of cloud water
interceptor, and the direct contribution to groundwater recharge. Alternatively, from a
public institution point of view, the Management Plan for the Protected Areas of
Galapagos for Good Living (2014) indicates that the importance of the humid zones
ecosystems of the Galapagos relays in the provision of freshwater for the urban and rural
consumption. Both perspectives embrace water as the primary key concept. The results
of the study refer to the provision of freshwater for human consumption but also on the
complete hydrological process as the essential service.
Social benefits analysed during the assessment have not been approached in previous
documents of the study area. Although, it’s important to mention that the people’s right
to live in a healthy environment, established in the Ecuadorian Constitution (2008), is
supported by the results of this assessment. Furthermore, the PNBV (2013) highlights the
importance of acknowledging the value of the ecosystems for the well-being of future
generations. This socio-cultural value from the Miconia zone will work to achieve this
purpose.
Local authorities of the Galapagos archipelago enhance the conservation of natural
ecosystems by the enforcement of norms and rules that control the authorized and
unauthorized activities within different management zones (GNPS, 2014). From the
analysis of local regulations, is concluded that very little has been done to compensate or
reward conservationist activities that prevent or mitigate adverse environmental impacts
within affected ecosystems. The results from this study support the enforcement of
regulations but also motivates the creation of new alternatives to compensate private
conservationist actions that can recover degraded natural functions of the study area.
The GNPS (2014) has developed the Communication, education and environmental
participation program (CEPA). This public program aims to apply several education
strategies to generate a positive change in the behaviour of the Galapagos residents toward
the environment. Its structure includes two components: (i) environmental education and
(ii) institutional image. The results of the study reinforce the environmental education
component of this public program by presenting the ecological and socio-cultural value
of the Miconia zone, as a very specific ecosystem of the archipelago. Since most efforts
for research and education have been focused on emblematic species (GNPS, 2014), these
results help to acknowledge the importance of a not well-known ecosystem.
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10. Conclusions
This chapter briefly answers each research question formulated from the results obtained.
The different steps of the methodology focused on the solution of one research question
at a time. If more information about the result is needed, each chapter must be consulted
independently.
RQ1. What are the main threats to the Miconia Zone?
To answer this question, a baseline situation was constructed for the selected study area.
Information from other research studies, regarding the biophysical conditions and
environmental impacts over the ecosystem. Next, a qualitative analysis was developed
with resident farmers, to analyse the effects of the impacts, and an unstructured interview
was held with local stakeholders to collaborate the results.
The biophysical conditions studied at first described a delicate ecosystem that supports
unique biodiversity and provides essential natural processes. It also explained some
interactions between the ecosystem and human well-being on the island. The impacts that
the ecosystem had suffered over the years have demonstrated that despite the fragility of
the ecological integrity, the vegetative community shows excellent resilience, and it still
occupies a big part of its original area.
The qualitative analysis showed that the impacts are shown more over the biodiversity of
the zone, rather than the provision of natural resources. The unstructured interviews with
local experts confirmed the obtained results. Therefore, the main threats to the Miconia
zone in descending order are: (i) The introduction of invasive plant species, (ii) the
introduction of invasive animal species, (iii) the land use change to grasslands for cattle
breeding, (iv) the use of inadequate agricultural practices (biochemical control, intensive
use of soil, waste disposal, and introduction of agricultural machinery), and (v) the change
in climate conditions or extreme events possibly altered by human actions.
RQ2. What are the main ecosystem services provided by the Miconia Zone?
An initial checklist of fifteen ESs was constructed considering the similitude of the
ecosystem of the study area to several inland wetlands. To classify this checklist, the
TEEB-typology was used and shared with resident farmers during the social approach to
prioritize the ESs. Complementary, experts were consulted to extend the prioritization of
ESs.
Results showed, from the social approach with resident farmers, that from the ES clusters
habitat services were mostly recognized, followed by cultural services, and regulating
services. Provisioning services were merely identified by resident farmers. On the other
hand, experts claimed more attention to provisioning services but also pointed out the
importance of the other ES clusters. Finally, an individual analysis on the selection of
each ES from both perspectives was performed to determine which are the primary ESs
provided by the Miconia zone. In descending order, the results are: (i) Water regulation,
(ii) Biodiversity and nursery, (iii) Recreation and tourism, (iv) Cultural heritage and
identity, (v) Local climate regulation, and (vi) Erosion regulation. Erosion regulation was
added to the final list for its deep interrelation with the water regulation service.
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RQ3. What are the benefits of the Miconia Zone?
Four human well-being indicators were studied, including mental health, livelihood, good
social relations, and new ventures. The communicative approach to resident farmers
aimed to identify which of these social benefits is given by each ES. ESs were again
classified with the TEEB- typology to be shared with local farmers.
The results showed that mental health is the social benefit mostly perceived by farmers
from most of the ESs. Several services were traduced regarding tranquillity and
happiness. Also, the nature of people from a regularly dry island, appreciate the existence
of a humid zone ecosystem sincerely. The second most perceived social benefit is the
livelihood, regarding good living or sumac kawsay. Other social indicators rather than
economic growth were appreciated by farmers to be given by the ecosystem, like
knowledge and equity. Finally, the social benefits of good social relations and new
ventures were both enjoyed to the same extent. Provisional services, like food and water,
and cultural services, like recreation and tourism, were seen as potential job opportunities,
and education and research were pointed out as good social relations.
RQ4. Which incentives can encourage the conservation/restoration of the Miconia
Zone?
To answer this question, experts were consulted about the possible incentives needed to
develop sustainable use of the Miconia zone from local communities. A detalied study of
the legal body that supports the development and conservational activities within the
Galapagos was performed to allocate these incentives as appropriate mechanisms.
The results gave five incentives grouped in three clusters. First, Government-supported
measurements were proposed as a cluster that includes: regulatory mechanisms and
technical and educational support. The regulatory mechanisms aimed to include the
recognition of ES and social benefits to the actual management plans of the impact
reduction zone (protected area). Also, they proposed the creation of multi-stakeholder
networks, and new metrics to analyse socio-cultural benefits. Technical and educational
support work on the transition zone, where actions are the result of collaborative efforts
between landowners, private organizations, and public institutions. These support actions
include the eradication and control of invasive species and educational programs that
accompany the control actions.
Second, Financial mechanisms run by the government is a cluster that frames a tax break
incentive. New factors are proposed to be introduced in the calculation of the rural
property taxation, to lower the tax when conservation activities are performed within the
agriculture land.
Finally, the third cluster is Self-organized private market arrangements included
payments through ecotourism and watershed protection as two mechanisms to incentive
a sustainable use. Ecotourism is explained as a very profitable activity that can help to
preserve the ecosystem while providing an economic income. Watershed protection is a
proposal for downstream water users to organize and reward farmers for the protection
and conservation of water springs and natural vegetation that contributes to cloud water
interception and groundwater recharge.
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RQ5. How the services and benefits of the Miconia zone best be communicated to
the inhabitants of Santa Cruz Island?
The communication of the importance of the Miconia zone will support long-term
conservation actions and enhance the behaviour of locals and foreign towards the
ecosystem. Therefore, to propose communication alternatives first a study of the target
audience was elaborated. The results of this study showed a multicultural, well educated,
and international audience that will receive the message.
Considering the target audience, two communication tools are proposed to be used for the
dissemination of the knowledge. First, visual resources will help to communicate the
ecological and socio-cultural value through photographic pictures of the zone. The
ecological value can be represented through the combination of pictures, facts, and data
about the main threats to the zone. The socio-cultural value could be characterized by the
combination of pictures and typed tales, told by locals about the benefits obtained from
the zone. Second, communal activities will exploit the good social relations that the zone
can provide. Thus, educational field trips for schools will reach the younger population
and help them to value the zone, and organized mingas (working party) to clear invasive
species will introduce the concept of sustainable management to the older population.
Finally, two communication channels can be used to spread the message. First, mass
media through printed documents and local media outlets broadcasts. Second, online
media by the construction of online networks, like social media or web pages.
Overall conclusion
Several pressures are growing over the Miconia zone of Santa Cruz Island. The main
impact can be appreciated on the effects over the native and endemic biodiversity and the
natural functions. The growing demand for natural resources will eventually lead to the
impacts that the zone has been receiving over the years. Under this context, the ecosystem
services assessment developed and described in this report represents an important step
towards awareness about the importance of the Miconia zone for the community of Santa
Cruz and the Galapagos in general.
The main results have shown that locals are aware of the ES provided by the zone and the
social benefits that are attached to this provision. Nonetheless, the scarce incentives
received from the local authorities are not enough to promote sustainable use of the
ecosystem. Therefore, several mechanisms have been proposed in this report to encourage
sustainable management. The application of these incentives will depend on political will,
founding, but most of all in the willingness of residents to preserve such an important
ecosystem.
To enhance awareness of locals about the importance of the zone and fortify the
willingness needed to preserve the ecosystem, the communication tools are vital. The
communication process is probably the most important step of the process since all the
acquired knowledge will not be used unless it reaches the desired audience.
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12. Appendices
Appendix A. Questionnaire design for the collection of basic information and data
on the status of the Miconia zone’s ecosystem.
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Appendix B. Interview design applied to experts in the management of the Miconia
zone’s ecosystem and list of selected experts.
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Appendix C. Guide table to help surveyed farmers to identify and prioritize ES.
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Appendix D. Standardized recording sheet based on the RAWES methodology.

Appendix E. Flash cards used to help surveyed farmers to identify social benefits.
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Appendix F. Coded results from questionnaires

Questionnaires
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Independent results for question I1

What percentage of water for irrigation comes from
natural sources of fresh water?
a.Less than 25% of the water for
irrigation comes from natural
sources.

10%

60%

15%

b.Between 25% and 50% of the
water for irrigation comes from
natural sources.

15%

d.More than 75% of the water for
irrigation comes from natural
sources.
e.Does not apply

Independent results for question I2

How do you rate the state of fresh water sources in recent
years?

b.Altered by changes in land use
(pastures and / or crops).

20%

15%
65%

c. Slightly disturbed by water
collection processes.
d.There is no alteration to fresh
water sources.
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Independent results for question I3

Do you have fresh water storage structures?

35%
a. Yes
b. No
65%

Independent results for question II1

What percentage of the water catchment area is occupied
by native forest of Cacaotillo (Miconia robinsoniana)?
a.Less than 25% of the total area of
the farm.

15%

b.Between 25% and 50% of the
total area of the farm.

40%
20%

c.Between 50% and 75% of the
total area of the farm.
d.More than 75% of the total area
of the farm.

25%

Independent results for question II2

How do you rate the state of the Cacaotillo native forest in
recent years?
a.Strongly altered and converted into
dominant pasture.
25%
45%

20%
10%

b.Altered and converted into mixed
agricultural crops.
c.Slightly altered and used for the
development of recreation activities, water
collection and opening trails.
d. The natural conditions of the native
forest of Cacaotillo predominate.
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Independent results for question II3

Do you carry out silvopastoral practices on the farm?

a. Yes
50%

50%

b. No

Independent results for question II4

Do you receive any subsidy from the state for the
management of the farm?
0%

a. Yes
b. No

100%

Independent results for question III1

During the rainy season, do you notice mud slides?
10%

a. Yes
b. No

90%
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Independent results for question III2

During the rainy season do you suffer from floods?

25%
a. Yes
b. No
75%

Independent results for question IV1

How do you rate the threat of introduced plant species
(flora) in the native forest of Cacaotillo?
5%
20%

a.Very serious threat for the future
permanence of the forest.
c.Threat that can be eliminated
with permanent work.
d. It is not a threat to the
ecosystem of the Cacaotillo forest.

75%

Independent results for question IV2

How do you rate the threat of introduced wildlife species
(fauna) in the native forest of Cacaotillo?

15%

20%

a.Very serious threat for the future
permanence of the forest.
c.Threat that can be eliminated
with permanent work.
d. It is not a threat to the
ecosystem of the Cacaotillo forest.

65%
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Independent results for question V1

How do you rate the Cacaotillo forest for the development
of recreational activities?
(eg. adventure tourism, bird watching, landscaping)
a.Highly propitious for accessibility,
landscape and biodiversity.

5%
20%

b. It is propitious for landscape and
biodiversity, but difficult to access.
50%

c. Little favorable for difficult access
and little biodiversity, but with good
scenery.

25%

d. It is not conducive to recreational
activities.

Appendix G. Coded results for questions with ecosystem-based indicators

Questionnaires

I1
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
Q11
Q12
Q13
Q14
Q15
Q16
Q17
Q18
Q19
Q20
Total
Rank of
impact

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

I2

I3
1 n/a
3 n/a
1 n/a
3 n/a
2 n/a
1 n/a
2 n/a
1 n/a
1 n/a
1 n/a
1 n/a
1 n/a
1 n/a
1 n/a
1 n/a
1 n/a
3 n/a
3 n/a
1 n/a
2 n/a
31

39%

II1
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

II2

Questions
II3
II4
4 n/a
n/a
3 n/a
n/a
1 n/a
n/a
4 n/a
n/a
2 n/a
n/a
1 n/a
n/a
4 n/a
n/a
1 n/a
n/a
3 n/a
n/a
3 n/a
n/a
1 n/a
n/a
2 n/a
n/a
1 n/a
n/a
1 n/a
n/a
4 n/a
n/a
1 n/a
n/a
1 n/a
n/a
3 n/a
n/a
1 n/a
n/a
4 n/a
n/a
45

56%

III1
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

III2
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

IV1

IV2
2
2
2
2
2
2
4
2
2
2
2
2
2
1
4
2
2
4
2
4
47

59%

V1
2 n/a
4 n/a
2 n/a
2 n/a
2 n/a
2 n/a
2 n/a
2 n/a
1 n/a
2 n/a
4 n/a
2 n/a
2 n/a
1 n/a
2 n/a
4 n/a
2 n/a
1 n/a
2 n/a
4 n/a
45

56%
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Appendix H. Coded results for Ecosystem Services Prioritization from local farmers

Habitat Cultural
Services Services

Regulating
Services

Provisioning
Services

TEEBTypology Service
Fresh water
Food
Fibber & fuel & other raw materials
Energy harvesting from natural air and water flows
Genetic resources
Water regulation
Local climate regulation
Air quality regulation
Erosion regulation
Soil formation
Natural hazard regulation
Cultural heritage and identity
Recreation and tourism
Educational & research

Biodiversity & nursery

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Total
0 1 1 1 1 0 1 0 0
1
1
0
0
0
1
0
0
0
0
1
1 0 0 1 0 0 1 0 1
1
1
1
1
0
0
0
1
1
0
0
0 0 0 0 0 0 1 0 1
1
1
1
1
1
0
0
0
0
0
1
0 0 0 0 1 0 0 0 0
0
0
0
1
0
0
0
0
1
0 ?
0 1 0 0 ?
0 ?
0 0
0
0
1
1
0 ?
0 ?
1
0
1
1 1 1 1 1 1 1 0 1
1
1
1
1
1
1
1
1
1
1
1
1 1 1 1 1 1 1 1 1
1
0
1
1
1
1 ?
1
1
1
1
?
1 1 0 1 1 1 ?
1
1
0
1
1
0
1 ?
1
1
1
1
0 1 1 1 1 1 1 1 1
1
1
1
1
1
1
1
1
1
1
1
0 1 ?
1 0 1 1 1 ?
1
1
1
1
1
0
1
1
1
0
1
0 1 1 0 1 1 1 0 0
1
1 ?
1
0
1
0
1
1
1
1
0 1 1 1 1 1 1 1 1
1
1
1
1
0
1
0
1
1
1
1
1 1 0 1 0 1 1 1 1
1
0
1
1
1
0
1
1
1
0
1
1 1 1 1 1 1 1 1 1
1
1
1
1
1
0
1
1
1
1
1

0

1

1

1

0

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Averague
9
45%
10
50%
8
40%
3
15%
5
25%
19
95%
18
90%
14
70%
19
95%
14
70%
13
65%
17
85%
15
75%
19
95%

18

90%
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Appendix I. Coded results for benefit analysis with local farmers
Human well-being indicator: Livelihood

Habitat Services

Cultural
Services

Regulating
Services

Provisioning
Services

TEEBTypology Service
Fresh water
Food
Fibber & fuel & other raw materials
Energy harvesting from natural air and water flows
Genetic resources
Water regulation
Local climate regulation
Air quality regulation
Erosion regulation
Soil formation
Natural hazard regulation
Cultural heritage and identity
Recreation and tourism
Educational & research

Biodiversity & nursery

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 TotalOver Average
― 1 1 1 1 ― 1 ― ― 0
1 ― ― ― 0 ― ― ― ― 1
7
9
80%
1― ― 1― ― 0― 1
0
1
0
1― ― ―
1
1― ―
7 10
70%
― ― ― ― ― ― 0 ― 0 0
0
0
1
0 ― ― ― ― ― 1
2
8
30%
― ― ― ― 1 ― ― ― ― ― ― ― 1 ― ― ― ― 1 ― ―
3
3
100%
― 1 ― ― ― ― ― ― ― ― ― 0
0 ― ― ― ― 0 ― 1
2
5
40%
1 1 1 1?
1 0― 1
0
1
0
0
0
1
1
1
0
0
1 11 19
60%
0 1 0 1 1 1 0 0 1
1―
0
1
1
1―
1
0
1
1 12 18
70%
― 1 1 ― 1 1 1 ― 1 0 ― 0
1 ― 1 ― 0
0
0
1
9 14
60%
― 1 1 1 1 1 0 0 0 1
1
0
1
0
0
1
0
0
0
0
9 19
50%
― 1 ― 1 ― 1 0 0 ― 0
1
0
0
1 ― 1
0
1 ― 1
8 14
60%
― 1 1 ― ? 1 0 ― ― 0
1 ― 1 ― 0 ― 0
0
0
0
5 13
40%
― 1 1 1 1 1 1 0 0 1
1
0
0 ― 0 ― 1
0
0
0
9 17
50%
1 1― 1― 1 0 1 0
1―
1
1
0―
1
1
0―
1 11 15
70%
1 1 1 1 1 1 1 0 0
0
1
1
1
0―
0
1
1
0
1 13 19
70%

― 1

1

1 ― 1

1

0

0

0

1

0

0

0

0

1

1

0

0

1

9

18

50%
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Human well-being indicator: Mental health

Habitat Services

Cultural
Services

Regulating
Services

Provisioning
Services

TEEBTypology Service
Fresh water
Food
Fibber & fuel & other raw materials
Energy harvesting from natural air and water flows
Genetic resources
Water regulation
Local climate regulation
Air quality regulation
Erosion regulation
Soil formation
Natural hazard regulation
Cultural heritage and identity
Recreation and tourism
Educational & research

Biodiversity & nursery

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Total Over Average
― 1 1 1 1 ― 1 ― ―
1
1 ― ― ―
0 ― ― ― ―
1
8
9
90%
1 ― ― 1 ― ― 1 ― 1
0
0
1
1 ― ― ―
1
0 ― ―
7 10
70%
― ― ― ― ― ― 0 ― 0
0
0
0
1
0 ― ― ― ― ― ―
1
8
10%
― ― ― ― ? ― ― ― ― ― ― ―
1 ― ― ― ―
0 ―
1
2
3
70%
― 1 ― ― ― ― ― ― ― ― ―
0
1 ― ― ― ―
1 ―
1
4
5
80%
1 1 1 1 1 1 1 ― 1
1
1
0
1
0
0
1
1
1
1
1
16 19
80%
0 1 1 1 1 1 1 0 1
1 ―
1
1
0
1 ―
1
1
1
1
15 18
80%
― 1 1 ― 1 1 0 ― 0
1 ―
1
1 ―
0 ―
1
1
0
1
10 14
70%
― 1 1 1 1 1 0 0 0
1
1
0
1
0
0
1
1
0
0
1
11 19
60%
― 1 ― 1 ― 1 1 0 ―
1
1
0
1
1 ―
1
1
0 ―
1
11 14
80%
― 1 1 ― 1 1 1 ― ―
1
1 ―
1 ―
0 ―
1
0
0
1
10 13
80%
― 1 1 1 1 1 0 1 0
1
1
0
1 ―
1 ―
1
0
0
1
12 17
70%
1 1 ― 1 ― 1 1 0 0
1 ―
1
1
1 ―
1
1
1 ―
1
13 15
90%
1 1 1 1 ?
1 1 1 0
1
1
0
1
0 ―
1
1
0
0
1
13 19
70%

―

1

1

1 ―

1

1

1

0

1

1

0

1

0

1

1

1

1

1

1

15

18

80%
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Human well-being indicator: Good Social Relations

Habitat Services

Cultural
Services

Regulating
Services

Provisioning
Services

TEEBTypology Service
Fresh water
Food
Fibber & fuel & other raw materials
Energy harvesting from natural air and water flows
Genetic resources
Water regulation
Local climate regulation
Air quality regulation
Erosion regulation
Soil formation
Natural hazard regulation
Cultural heritage and identity
Recreation and tourism
Educational & research

Biodiversity & nursery

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Total Over Average
― 0 1 1 1 ― 1 ― ―
0
0― ― ―
0― ― ― ―
0
4
9
40%
1― ― 1― ― 0― 0
0
1
0
1― ― ―
1
0― ―
5 10
50%
― ― ― ― ― ― 0 ― 0
0
0
0
0
0― ― ― ― ―
0
0
8
0%
― ― ― ― 1 ― ― ― ― ― ― ― 1 ― ― ― ― 0 ― ―
2
3
70%
― 1 ― ― ― ― ― ― ― ― ― 0
0 ― ― ― ― 0 ― 0
1
5
20%
0 0 1 1 1 1 1― 1
0
0
0
1
0
1
0
0
0
0
0
8 19
40%
0 1 0 1 1 1 0 0 0
0―
0
0
0
1―
0
0
0
1
6 18
30%
― 1 1 ― 1 1 0 ― 0
0―
0
1―
0―
1
0
0
1
7 14
50%
― 1 1 1 1 1 1 0 0
0
0
0
0
0
0
0
0
0
0
0
6 19
30%
― 1 ― 1 ― 1 0 0 ―
0
0
0
0
0―
0
0
0―
0
3 14
20%
― 1 1 ― ? 1 1 ― ―
0
0―
0―
0―
1
0
1
1
7 13
50%
― 1 1 1 1 1 0 0 0
1
0
0
0―
0―
1
0
0
1
8 17
50%
1 1― 1― 1 1 0 1
1―
1
1
0―
1
1
1―
1
13 15
90%
1 1 1 1 1 1 1 0 0
1
0
1
1
0―
1
1
1
1
1
15 19
80%

― 1

1

1 ― 1

0

1

1

0

1

0

0

1

0

1

1

1

1

1

13

18

70%
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Human well-being indicator: New ventures

Habitat Services

Cultural
Services

Regulating
Services

Provisioning
Services

TEEBTypology Service
Fresh water
Food
Fibber & fuel & other raw materials
Energy harvesting from natural air and water flows
Genetic resources
Water regulation
Local climate regulation
Air quality regulation
Erosion regulation
Soil formation
Natural hazard regulation
Cultural heritage and identity
Recreation and tourism
Educational & research

Biodiversity & nursery

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Total Over Average
― 0 1 1 1 ― 1 ― ―
0
1― ― ―
0― ― ― ―
1
6
9
70%
1― ― 1― ― 1― 1
0
1
1
1― ― ―
1
0― ―
8 10
80%
― ― ― ― ― ― 0 ― 0
0
1
0
1
1― ― ― ― ―
1
4
8
50%
― ― ― ― 0 ― ― ― ― ― ― ― 1 ― ― ― ― 0 ― ―
1
3
30%
― 1 ― ― ― ― ― ― ― ― ― 0
0 ― ― ― ― 0 ― 1
2
5
40%
1 0 0 1 1 0 0― 0
0
0
0
0
0
0
0
0
0
0
0
3 19
20%
0 0 1 1 1 0 0 0 0
0―
0
0
0
0―
0
0
0
0
3 18
20%
― 0 1 ― 1 0 0 ― 0
0―
0
0―
0―
0
0
0
0
2 14
10%
― 0 1 1 1 0 1 0 0
0
1
0
1
0
0
0
0
1
0
0
7 19
40%
― 0 ― 1 ― 0 0 0 ―
0
1
1
1
0―
1
1
0―
0
6 14
40%
― 0 1 ― ? 0 0 ― ―
0
1―
0―
0―
0
0
0
0
2 13
20%
― 0 1 1 1 0 0 1 1
1
1
0
0―
1―
0
0
0
1
9 17
50%
1 1― 1― 1 1 1 1
1―
1
1
1―
1
1
1―
1
15 15
100%
0 1 1 1 1 0 1 1 0
1
1
0
1
0―
1
1
1
0
1
13 19
70%

― 1

1

1 ― 0

0

0

0

0

1

1

0

0

1

1

0

1

1

1

10

18

60%
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Appendix J. Frequency analysis of themes extracted from the interviews with local
experts
IQ1. Based on your own experience, how can you define the ecological state of the
Miconia zone, both in and out of the Galapagos National Park boundaries?

Theme

E1

Theme

IQ2.

Low alteration
High alteration
High resilience
Intensive use
Natural recovery
Man helped recovery
Water recharge zone
Conservation

E2
1

Experts
E4
E5
1

E3
1

E6

E7
1

1
1

1
1
1
1

1

1

1

1

1
1

1
1

1

1
1

1

1
1

1

1
1

Total
4
2
2
5
2
4
4
4

What are the main threats to the Miconia zone?

Invasive species
Land use change
Droughts
Low incentives
Inadequate agricultural practices
(Biochemical/waste/machinery/soil)

Experts
E1 E2 E3 E4 E5 E6 E7 Total
1
1
1
1
1
1
6
1
1
1
1
4
1
1
1
1
1

1

1

3

Theme

IQ3. What services do you consider are provided by the Miconia zone to Santa
Cruz community?

Food
Water
Wood
Genetic
Water Regulation
Climate Regulation
Erosion Regulation
Soil formation
Cultural
Tourism
Education
Biodiversity

Experts
E4
E5
E6
1
1
1
1

E1 E2
E3
1
1
1
1
1
1
1

1
1

1

1

1
1
1

E7
1

1

1
1
1
1
1

1

1

1
1
1
1

1
1

1

1
1
1

1
1
1

Total
4
5
2
1
7
3
2
2
4
4
1
5
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IQ4. Based on the growing population of Santa Cruz, what incentives for a
sustainable use of the Miconia zone would you propose?

Theme

E1
Create corridors
Payment for ES
Eco-tourism
Control and
regulation
Technical
assistance
Education
Lower taxes

E2

Experts
E4
E5

E3

1
1
1
1
1

1

1

E6

E7

1
1
1

1

1

1

1

1
1

1

Total
2
1
1
3

1

6

1
1

4
4
1
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