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ABSTRACT. The Galapagos | slands are among the most renowned natural sitesin theworld. Unlike other
oceanic archipelagos, the ecological and evolutionary processes characteristic of Galapagos have been
minimally affected by human activities, and the archipelago still retains most of its original, unique
biodiversity. However, several recent reports suggest that the development model hasturned unsustainable
and that the unique val ues of the archipelago might be seriously at risk. In responseto international concern,
UNESCO added Galapagos to the list of World Heritage in Danger in 2007. Our goa was to provide new
insights into the origins of the present-day crisis and suggest possible management alternatives. To this
end, we re-examined the Galapagos situation from a broad systems perspective, conceptualizing the
archipelago as acomplex social-ecological system. Past, present, and possible future trends were explored
using the resilience theory as a perspective for understanding the dynamics of the system. Four major
historical periods were characterized and analyzed using Holling' s adaptive cycle metaphor. The current
Galapagos situation was characterized as a prolonged series of crisis eventsfollowed by renewal attempts
that have not yet been completed. Three plausible future scenarios were identified, with tourism acting as
the primary driver of change. The current tourism model reducesthe system’ sresilience through its effects
on the economy, population growth, resource consumption, invasive species arrival, and lifestyle of the
island residents. Opportunities to reorganize and maintain a desirable state do exist. However, strong
political and management decisions are urgently needed to avoid an irreversible shift to a socially and
environmentally undesirableregime. Key measuresto achieve anew sustainability paradigm for Galapagos
includemodifying traditional practicesto produce amoreadaptiveresilience-based co-management model,
adopting a more comprehensive approach to territorial planning, strengthening participative approaches
andinstitutional networks, and promoting transdisciplinary research at thefrontiersof social andbiophysical
sciences.
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INTRODUCTION of aboriginal populations and the late human

colonization of the idands, explains why the

The Galapagos archipelago is globally renowned
foritsuniquebiodiversity and asanatural |aboratory
for the study of evolution. Unlike other oceanic
archipelagos that have been significantly
transformed by human activities, the ecological and
evolutionary processes characteristic of Galapagos
are nearly intact, and the archipelago still retains
95% of its original species (Bensted-Smith 2002).
Thus, it has become an internationally recognized
“flagship” areafor nature conservation.

Thefact that almost 97% of the land is protected as
a National Park, along with the historical absence

archipelago has remained in a nearly pristine
condition until modern times. These circumstances
turn Galapagos into a valuable social-ecological
laboratory for research concerning the devel opment
of early links and interactions between socia and
natural systems, as well as a benchmark for
monitoring the consequences of human activitieson
ecosystems and natural processes in the face of
global change. Nearly undisturbed landscapes like
Galapagosarelikely to beincreasingly important in
the near future as ameans to detect human-induced
alterations and to test hypotheses at the frontiers of
ecology (Thompson et al. 2001).
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However, despitetherigorousconservation policies
and legal protection adopted by Ecuador, ecological
degradation is occurring at an accelerating rate in
Galapagos. Certain development trends and
anthropogenic  pressures, mostly related to
population growth, increasing demand for goods
and services, and thearrival of invasive species, are
in conflict with the conservation goals and threaten
the ecological integrity of the archipelago. These
disruptionsaredriving thetransformation of natural
ecosystems and the depletion of some populations
of native and endemic species, especialy on the
inhabited islands (Bensted-Smith 2002).

A recent joint misson of UNESCO and the
International Union for Conservation of Nature
(Karez et a. unpublished report for UNESCO, 28
March 2006) concluded that Galapagos is shifting
to an economic development model that is
fundamentally at odds with long-term conservation
and sustainability interests. Recognizing this
critical situation and reflecting the international
concern about thefate of thearchipelago, UNESCO
added Galapagos to the List of World Heritage in
Danger in June 2007. Previoudly, in April 2007, the
Ecuadorian government issued an emergency
decree declaring the Galapagos Islands at risk and
anational action priority.

Underlying this situation is the challenge to make
possiblethe coexistence of thearchipelago’ sunique
species and ecosystems with the islands human
population. This is not an easy task because the
natural subsystem requires the maintenance of the
relative isolation that characterized the islands for
all of their pre-human history, whereas the human
subsystem demandsanincreasing flow of goodsand
services from the continent and among the islands.
This controversy between an isolated (claimed by
conservation advocates) vs. an increasingly open
(demanded by residents and local authorities)
archipelago lies at the base of most conflicts in
Galapagos (Ospina 2006).

Degspite the significant efforts in recent years and
the international financial support provided for
Galapagos conservation (Gonzalez 2007), social-
ecological problems persist and seem to resist
resolution, as does the establishment of a firm
sustainability plan for the islands. We propose that
the situation on the archipelago is not being
addressed with afull appreciation of the complexity
of theproblems. In addition, we suggest that theroot
of the crisis lies in the fact that socia and
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environmental problemsare only being approached
from a sectoral point of view. Problemswill persist
until acomprehensive and integrative framework is
developed that is broadly shared by local, national,
and international stakeholders.

Thestudy of complex systemshascreated new tools
for modeling interactions between anthropogenic
and natural systems(Costanzaet a. 1993). Complex
systems thinking is being used extensively in this
context to analyze linked systems of humans and
nature, i.e., social-ecological systems (SESs), at
various scales and as a means to bridge social and
biophysical sciences (Berkes and Folke 1998,
Berkeset al. 2003, Liu et al. 2007). However, there
are few documented studiesin which this approach
has been applied to the context of small islands.

Despite some debate regarding the value of
resilience as a descriptive concept or as aboundary
object with abroad, vague meaning (Brand and Jax
2007), resilience theory (http://www.resalliance.org
) has been successful in anumber of cases asaway
of understanding the dynamics and the complexity
of SESs. This has resulted in positive
communication across disciplines and fostered a
constructive exchange of information between
science and practice, thus promoting theintegration
of isolated policiesand facilitating the devel opment
of innovative methods to achieve sustainable
outcomes in various geographical situations
(Anderies et a. 2006). In Galapagos, apart from
some attemptsto analyze the global problemsof the
archipelago from an integrative perspective
(MacFarland and Cifuentes 1996, Bensted-Smith
2002, Watkins and Cruz 2007), resilience-based
approaches have rarely been used. In the limited
situations in which they have been used, only
specificissueshavebeen examined (e.g., Wilkinson
et a. 2005, Heylings and Bravo 2007).

Our goa was to provide insight into and new
perspectives on the international efforts to
overcome the current crisis and to facilitate a
transition toward a more sustainable archipelago.
We present the concept of the Galapagos Islands as
alinked SES and revisit its current situation from a
systems approach, using resilience theory as a new
perspective (sensu Folke 2006b) from which to
understand the dynamics of the archipelago and to
organize thought about management options. We
approached this process as a series of dependent
steps, the first of which was to anayze how
historical system dynamics have shaped the current
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system. We then examined recent trends in social
and ecological variables that might explain the
present crisis. System dynamic models were
developed to identify plausible future scenariosand
the mgjor driversof change. Finally, we discussthe
particul arities of Galapagosasan SES and compare
current management practices with those that
emerge from aresilience-based approach.

THE GALAPAGOSISLANDS

Comprising seven major islands (> 100 km?), 11
smaller islands (1-100 km?), and > 120 islets and
rocks, Galapagos straddles the equator approximately
960 km west of mainland Ecuador and 1100 km
south of Costa Rica. The total land area of the
archipelago is approximately 7995 kn?, 97% of
which is protected by the Ecuadorian government
as a National Park. Additionaly, the Galapagos
Marine Reserve, which is the third largest in the
world (~133,000 km?), protects the waters within
40 nautical milesof theisland group, measured from
the base line connecting the outermost points of the
isands (Fig. 1). Only five islands are currently
inhabited: Santa Cruz, San Cristébal, Isabela,
Floreana, and Baltra. According to the latest
population census conducted in 2006, the number
of residents in the archipelago approaches 20,000
(Instituto Naciona de Estadistica y Censos and
Instituto Nacional Galdpagos unpublished report:
http://www.inec.gov.ec). Approximately 85% of
the people live in the coastal villages of Puerto
Ayora (9208 people), Puerto Baguerizo Moreno
(5539 people), Puerto Villamil (1570 people), and
Puerto Velasco Ibarra (109 people). For a more
thorough description of Galapagos and its main
biophysical characteristics, refer to the publications
of Perry (1984), Bensted-Smith (2002), and Danul at
and Edgar (2002). Sociological, institutional, and
political aspects of the archipelago are thoroughly
treated in the publications of Grenier (2000) and
Ospina (2001, 2006).

WHERE DO WE COME FROM?
GALAPAGOSHISTORY REVISITED

Historical profile
Resilience theory highlights the importance of

investigating the historical relationships between
societies and their environments. This information
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Isan essential part of understanding the complexity
of social-ecological systems(SESs) and identifying
the root causes of environmental problems. A
careful analysisof historical profilesusually reveals
agreat deal about current system dynamicsand how
the system might respond to future change (Walker
et al. 2002, Berkes et al. 2003). The history of
human—nature relationships in Galapagos is
relatively short compared to that of other oceanic
archipel agos and spans no more than five centuries.
We summarized the historical profile of the
archipelago into four major periods. “extractive
exploitation,” “colonization,” “wilderness conservation,”
and“ conservation-development balance” (Tablel).

The first historical period, extractive exploitation,
spanned nearly three centuries, from 1535 to 1832,
beginning with the discovery of the islands. This
period was marked by the presence of pirates and
whalers who found safe anchorage, firewood, and
food reserves on theislands. The first alien species
wereintroduced, including goats, rats, and probably
some insects and plants (Tye et a. 2002), and the
exploitation of giant tortoises began. However,
continuous human settlement was delayed,
probably because of the isolation, harsh
environment, and scarcity of fresh water (Latorre
1999).

The second historical period, colonization, began
when the Ecuadorian government took possession
of the islands. This period spanned from 1832 to
1959 and was characterized by the establishment of
the first permanent human settlements (Latorre
1999). Patterns of extractivism continued during
this period, but colonists established closer links
with the natural system. The unique native
ecosystems began to undergo transformation,
especialy in the humid highlands of the inhabited
islands, where colonists reared livestock and grew
cropsontherichvolcanicsoil. Thenumber of exotic
plants and animals increased dramatically, which
accelerated the rates of change. It was near the
beginning of thisperiod that CharlesDarwin visited
the archipelago, establishing Galapagos as a
premier location for the study of ecology and
evolutionary principles.

Thethird historical period, wildernessconservation,
occurred from 1959 to 1998, mainly as a response
to increasing pressure from international organizations
to adopt measuresthat would protect the Galapagos
Islands from threats to its biodiversity. The
Galapagos National Park (GNP) was established by
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Fig. 1. Map of the location of the Galapagos Islands, showing protected areas and areas used by humans
(mostly agricultural zones).
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Table 1. Summary of the maor historical periods and events that have influenced the self-organization
capacity of the Galapagos social-ecological system.

Mgajor period Major events Social-ecological effects
(time span)
Extractive ex-
ploitation *  Tomés de Berlanga discovered theislandsin Exploitation of giant tortoise for fresh meat
(1535-1832) 1535
Several populations of giant tortoise
*  Piratesand buccaneers used theislands as a depleted (> 200,000 hunted)
refuge and a source of water and food (1684—
1790) First alien mammals introduced
*  Whalersand fur seal hunters exploited the
archipelago (1800s)
Colonization

(1832-1959)

Wilderness
conservation
(1959-1998)

Ecuador took possession of the archipelago in
1832

First serious colonization attempt on Floreana
Island (1832-1841)

Charles Darwin visited Galapagos in 1835

International conflicts for possession of the
archipelago

A specia law promoted colonization of the
archipelago (1885): several colonization
attempts followed

Exploitation of tuna fishery (1900s)
International scientific expeditions explored
the islands and strongly supported protection
of the archipelago (1905-1939)

U.S. military base established on Baltra
Island in 1943

Galapagos National Park established in 1959

Charles Darwin Foundation for the
Galapagos Islands created in 1959

Organized cruise-boat tourism began in 1969

Permanent human settlements established on
four of theisdlands

Native ecosystems of the highlands
(Scalesia, Miconia) of San Cristébal and
Floreanaislands cleared and transformed by
agricultural activities

Cattle released on the major islands

Increasing demand for perishable food drove
the first wave of new seeds and exotic plants
arriving from the mainland

Alien invasive plants and animals
proliferated on the inhabited islands, altering
ecological processes and eroding native
biodiversity

After Darwin’swork, Galapagos became
well known among scientists as a“ paradise”
for research regarding conservation and
evolution

Increasing international concern about the
need to preserve the uniqueness of
Galapagos

Almost 97% of theislands' territory became
protected (the areas that were not yet
colonized)

Coordinated efforts to preserve biodiversity
began

(con'd)
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Conservation-
development .
balance
(1998—present)

Galapagos Specia Law passed in 1998

Galapagos inspection and quarantine system
(SESA-SICGAL) established

Galapagos Marine Reserve established in
1998; management plan approved in 1999

Galapagos Regional Plan approved in 2003
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The archipelago attained special status:
protection, migratory restrictions, quarantine
system, and participatory management of the
Galapagos Marine Reserve

Fisheries management improved, but
political decisions and social considerations
still hindered technical management

*  Fourth management plan of the Galapagos

National Park approved in 2005

*  Galapagos added to UNESCO list of
endangered heritage sites in 2007

e Socid conflicts proliferated around the
prohibition of long-line fishing and the sea
cucumber closed season

. Social discontent with the unfair distribution
of benefits derived from tourism

*  Locally based tourism began to be promoted

the Ecuadorian government to protect all areas that
had not yet been colonized. The Charles Darwin
Foundation (CDF), an international scientific
organization, was also created to conduct research
and to advise nationa authorities regarding the
conservation and management of theislands. There
were successful efforts to preserve native
biodiversity, especially through captive breeding of
endangered species and active control of invasive
organisms. During this period, conservation policy
was guided primarily by international scientistsand
influenced by foreign institutions.

The declaration of Galapagos as a new province of
Ecuador in 1973 opened the door to a wider array
of socia conflicts characterized by the diaectic
between conservation and devel opment objectives.
Organized cruise-boat tourism, which began in
1969 and was initially promoted by conservation
ingtitutions, and increasing public investment inthe
islandstriggered aphase of economic devel opment.
Economic growth stimulated immigration from
mainland Ecuador, a progressive abandonment of
agricultural lands as the rural population moved to
new coastal villages, and a second wave of aien
speciesarrival. These patternsexpandedintheearly
1980sand 1990swith thedevel opment of thelobster
and sea cucumber fisheries, which generated a
“gold-rush” scenario in the islands (Bremner and
Perez 2002).

Increasing social conflicts and ecological
degradation led to a fourth historical period,

conservation-devel opment balance, that began with
the participative elaboration and passing of the
Galapagos Special Law (GSL) in 1998. The GSL
became a key legal instrument that granted the
province special status, including severe migratory
restrictions, a new inspection and quarantine
system, and a new ingtitutional framework that
enhanced ecosystem protection. It was probably the
first attempt to tackle the complexity of the
problems of Galapagos in their entirety. The GSL
created the Galapagos Marine Reserve (GMR),
which is provided with an innovative participatory
management regime (Heylings and Bravo 2007).
The GSL aso included several other advanced
measures intended to bridge the existing gap
between conservation and development interests.
The first management plan of the GMR was
approved in 1999. A Galapagos Regiona Plan was
alsoendorsedin2003, establishing major guidelines
to achieve abal ance between economic growth and
biodiversity conservation.

Adaptive cycles

To better understand the sequence of events that
helped to shape the present situation, we reviewed
the above historical profile using Holling’s (2001)
adaptive cycle theory. Linked systems of humans
and nature are intrinsically dynamic, so cyclic
change is an essential characteristic of all SESs
(Berkeset al. 2003). This change has been modeled
in a classic heuristic model consisting of four
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sequential stagesthat reflect the cyclic processes of
growth, consolidation, release, and reorganization
that most systems experience (Holling 2001). The
adaptive cycle metaphor has been widely used to
recognize changesin system behavior and examine
the dynamics and resilience of SESs (Carpenter et
al. 2001, Berkes et a. 2003).

Using the accumulation and release of natural,
human, or social capital to describe the dynamics
of the system and identify different phases of the
cycle (Gunderson and Holling 2002, Abel et a.
2006), the history of Galapagos as an SES fit into
three complete adaptive cycles and one incomplete
one, corresponding to the four maor historical
periods (Fig. 2). Although this approach has certain
limitations and may seem fraught with subjectivity,
we think that the result is valuable and helps to
identify major periods of collapse and reorganization
that led to the present conditions.

The first cycle encompasses most of the first three
centuries of human history in the archipelago, with
the forward loop characterized by a period of pure
extractive exploitation of natural resources and the
introduction of the first alien mammal species. The
back-loop began when exploited resources became
scarce and increasing international interests forced
the Ecuadorian government to take possession of
the islands and initiate a colonization process. This
led tothesecond adaptivecycleinwhichtheforward
loop is characterized by the first successful
colonization attempts, with agricultural expansion
taking place in the humid highlands of four of the
largest islands. The back-loop of collapse and
reorgani zation began inthe mid-20th century, when
the international scientific community became
increasingly aware of the threat to native
ecosystems posed by alien invasive species and the
effects of overexploitation on some emblematic
species, mainly whales, fur seals, and giant
tortoi ses, that wereforced to the brink of extinction.
Subsequent political decisions adopted by the
Ecuadorian government allowed the system to
renew and reorganize around the creation of the
GNP and the CDF.

This reorganization led to a third adaptive cycle,
characterized by anincreasing number of organized
efforts to preserve native biodiversity. In the
forward loop, naturetourism was promoted because
it was expected to be closely allied with and
contribute to conservation policy, and new public
administrative institutions were created and local
infrastructure grew. Public and private institutions

Ecology and Society 13(2): 13
http://www.ecol ogyandsociety.org/vol 13/iss2/art13/

and networks devoted to conservation gradualy
expanded and gained more influence during this
phase. Itisduring thisforward |oop of thecyclethat
most of the current problems probably originated.
Most conservation efforts were conducted without
the consideration of local concerns. Some actions
were even counter to the wishes or best interests of
thelocal communities, which were often viewed by
conservation organizations as a wholly negative
influence; for example, several initiatives were
proposed to limit public services and promote
abandonment of the islands. Not surprisingly,
antagonism between conservationists and devel opment
advocatesgrew, asituationthat remainsat the center
of present-day conflictsin the archipelago (Grenier
2000). The back-loop of the cycle began during the
1990s, when the exploitation of coastal fisheriesand
the expansion of tourism quickly increased the
number of immigrantsfrom mainland Ecuador. The
overexploitation of fisheries, arrival of new exotic
species, and socia conflicts among conservation
ingtitutions, user groups, and elected local
authoritiesincreased during this cycle' s back-loop.

A new renewal phase began with the enactment of
the GSL and the establishment of the GMR in 1998.
The endorsement of a Regional Plan aong with
Cantonal Strategic Development Plans and the
approval of a new Management Plan for the GNP
arealso part of thisreorganization phase, which has
not yet been compl eted.

WHERE ARE WE NOW?THE CRISISIN
FIGURES

The present Galapagos situation reflects one of the
recognized variationsin the adaptive cyclewhereby
reorganization begins, but no structure emerges
(Walker et al. 2006). Cross-scale interactions, the
loss of natural capital, and continuous external
disturbances in the form of political instability
hinder innovation. Thus, the system again becomes
disordered.

Some of the negative trends, which we describe in
the following sections, have not changed despite
prominent legal, political, institutional, and
management decisions. The data that we present
here support the idea that the current situation in
Galapagos is the result of a prolonged and
unresolved social-ecological crisisthat preventsthe
reorgani zation of the system and might driveit into
apath toward aless desirable state (Fig. 2).
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Fig. 2. Mgor historical periods and adaptive cycles of renewal in the Galapagos social-ecol ogical
system that have led to the present situation in which no structure emerges despite several renewal
attempts and there is a clear risk that the system may shift to a qualitatively different state.
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Historical periods and events

Thetotal human popul ation of Gal apagosincreased
from 1346 in 1950 to 18,640 in 2001 (Instituto
Nacional de Estadistica y Censos 2002). A 2006
census recorded 19,184 permanent residents
(Instituto Naciona de Estadistica y Censos and
Instituto Nacional Galdpagos unpublished report),
but the total population of the islands probably
exceeds 25,000 if temporary and illegal residents
are included in the tally. Five islands are now host
to permanent human settlements that range in size
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from ~60 inhabitants (Baltra) to > 9000 inhabitants
(Santa Cruz). Despite the wide range of restrictive
measures provided by the Galapagos Special Law
and recent efforts guided by loca authorities,
immigration from mainland Ecuador is still the
major factor behind the high annual rates of
popul ation growth (~5.9% between 1990 and 2001;
Instituto Nacional de Estadistica y Censos 2002).
Using the maximum and minimum average growth
rates recorded since 1950, it is estimated that the
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local population will double sometime between
2017 and 2024. Population growth is mostly
concentrated in coastal urban areas. The proportion
of rura population in Galapagos decreased from
42%in 1974 tojust 15% in 2001 (Instituto Nacional
de Estadisticay Censos 2002).

The growing human presence in the archipelago is
coupled with the introduction of new alien species,
either intentionally or accidentally (Fig. 3). The
increasing array of invasive alien species has been
recognized asthe largest single threat to Galapagos
biodiversity in the short term (Snell et al. 2002).
Degspite the significant efforts and resources that
have been invested to improve the inspection and
guarantine systems, a recent inventory of aien
insects introduced to Galapagos recorded 463
species, 186 more than in the previous inventory in
1998 (Causton et a . 2006). | ntroduced plant species
have a so increased and now clearly outnumber the
native flora (Magee et al. 2001, Tye et al. 2002).
Snell et a. (2002) estimated that since 1535, the
introduction rate of new species has been
approximately 10,000 timesthe natural rate and has
probably increased significantly in modern times.

Tourism s, by far, the most important driver of the
Galapagos economy, employing almost 40% of
local residents and contributing 65.4% of the
archipelago’ s gross domestic product (Taylor et a.
2003). As the major economic activity, the current
model of tourism is also the maor driver of
immigration and is therefore expected to play a
determinant role in the future sustainability of the
archipelago. Visitor numbers have grown steadily
from < 12,000 in 1979 to > 130,000 in 2006 (Fig.
3). Thecombined capacity of vessel berthsand hotel
beds has also increased from 811 in 1982 to 3473
in 2006. The hotel lodging capacity rose by afactor
of eight during the same period (Epler and Proafio
2007). This rapid increase is currently the main
driver of change in the archipelago, as has been
suggested previously (de Groot 1983, Grenier 2000,
Taylor et a. 2003).

A corresponding growth of infrastructure and
consumption has accompanied the population and
tourist boom. Fuel consumption in the islands has
increased at an average annua rate of 8.2% since
1997 and 9.5% between 2003 and 2006
(Petrocomercial unpublished data). Also affecting
growth is the subsidization of the Galapagos
economy, which indirectly promotes excessive
consumption of resources and services. State
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subsidiesto the archipelago, including subsidies to
energy, education, transport, water, and fuel, are
estimated to total approximately US$15 million
annualy (Kerr et al. 2004). Subsidies introduce
important economic distortions that have indirect
effects on migration patterns and create numerous
environmental externalities. Excessive subsidization,
by providing misleading and improperly directed
incentives, can reduce the capacity of a system to
self-organize (Anderies et a. 2006).

Agriculture and cattle ranching are also critical for
conservation and sustainability because these
activitiesoccupy the most vul nerabl e ecosystems of
the humid highlands. These areas are essential for
alien species control and the maintenance of the
natural hydrological regime. At present, a
substantial portion of these lands is idle and no
longer farmed (up to 43% on San Cristébal 1sland).
Because they are no longer actively managed for
agricultural purposes, they have become centers of
establishment and propagation of introduced
species that easily invade neighboring properties,
including the National Park. Moreover, reduced
local agricultural production increases the bulk of
fresh, perishablefoodsimported from themainland,
which are the main vector of new invasive species
arrival (Cremers 2002). Finally, of special concern
Is the fact that many of the rural lands that were
formerly used for agricultural purposes are now
being developed for residential housing (Kerr et .
2004).

The exploitation of natural resources in Galapagos
has been, to a large degree, unplanned. As such,
some of these resources have been degraded to a
point wheretheir futureviability isin question. The
overexploitation of coastal fisheries is the most
apparent example, but the uncontrolled removal of
building materials such as sand, rock, and timber
for use in housing, road construction, and other
activities can also cause adverse environmental
impacts. Illegal fishing (mostly for shark fins), the
illegal extraction of native and endemic species, the
lack of wastewater treatment, groundwater
pollution, and improper waste management
practices are other issues that must be addressed in
the near future.

Correlated withtheseenvironmental problemsisthe
current social and institutional instability. Social
conflicts associated with resource use and
management decisions increased during the last
decade. Fishermen riots, often with episodes of
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Fig. 3. Recent evolution of several direct and indirect drivers of change in the Galapagos social-
ecological system. GNP, Galapagos National Park; INGALA, Instituto Nacional Galdpagos or

Galapagos National Institute.
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violence, increased from 6 daysin 2000 to 11 days
in 2002 and 14 days in 2004 (Ospina and Barber
unpublished report). A March 2007 struggle
between park rangers and army officers, resulting
inthe hospitalization of four rangers, clearly reflects
the high degree of tension among institutions.
Another indicator of institutional weakness is that
the overall public image of the four major
institutions governing the islands, inferred from
socia opinion enquiries, has declined sharply since
1999 (Barber and Ospina 2007).

Fundingisfrequently mentioned asalimiting factor
for sustainability in Galapagos. However, the
numberssuggest that fundsinvested in conservation
and sustainable development initiatives have

Fishermen (x10)

increased notably during the last decade (Gonzélez
2007). The budget of Galapagos National Park rose
from US$4.5 million in 1999 to US$9.2 million in
2006. External funding provided by bilateral and
multilateral international agencies increased from
approximately US$2.5 millionin 1999 to > US$11
million in 2005. A recent United Nations
Development Program inventory recorded at least
69 projects financed by international donors that
were implemented in Galapagos between 1998 and
2005, with an overall investment of US$64 million
(Oleas unpublished report). These datasuggest that
the allocation of additional money, athough
probably necessary considering the magnitude of
the problems, is not by itself asolution to the crisis
faced by the archipelago.
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Underlying al of this is a weak and unstable
governance system at many levels, associated with
instability in the leadership of major public
ingtitutions. For example the Galapagos National
Park Service has had 11 different directors since
2002. Progress is hampered by frequent political
interference in technical decisions, lack of trust
among stakeholders, incipient and nonintegrative
regional planning processes, and the absence of a
broad vision for the future.

WHERE ARE WE GOING? PLAUSIBLE
FUTURE SCENARIOS

Based on the integrative analysis of Galapagos
social-ecological problems, we modeled three
different plausible scenarios (Fig. 4) that were
discussed in participatory workshops with local
stakeholders. The endogenous model (safe-keeping
of natural capital; Fig. 4A) revolvesaround anatural
capital that is composed of healthy insular and
marine ecosystems and generates arich and varied
flow of ecosystem services. The most important of
these services is the provisioning of high-value
pristine spaces and unique biodiversity that
encourages high-quality, low-impact nature
tourism. In this model, the money generated by
tourism is then invested to improve the well-being
of local residents and to restore and maintain the
natural capital on which societal welfare depends.
There was agreement among stakeholders that this
endogenous model, if achieved, would be self-
sustaining and is the most desirable state for the
archipelago. The model was adopted in the recent
GalapagosNational Park Management Plan (Parque
Nacional Galépagos 2006) as the future target on
which management actions should be focused.

However, the current situation of the archipelago
can be better described as a continentalized or
exogenous model (consumption and stocking; Fig.
4B), which is poorly adjusted to the fragility,
uniqueness, and particularities of the archipelago.
In this scenario, human links to mainland Ecuador
are strong and increase with time. Galapagos
imports labor and supplies from the continent and
exports conservation and weal th to Ecuador and the
rest of the world through tourism and science. In
this sense, the archipelago isfunctioning asan open
system that is highly dependent upon the continent
andinfluenced by external political and commercial
interests.
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Some major social effects of this model are high
immigration rates, dependence on extra-insular
goods and services, the need for subsidies and
external financial support, and the predominance of
curative (reactive) policies rather than preventive
(proactive) ones. Ecological effects can be
summarized asarapidlossof natural capital through
an increased number of invasive species,
overexploitation of fisheries, misuse of scarce
resources, groundwater pollution, and overall
degradation of native ecosystems.

The current dominance of the exogenous model is
determined, to alargedegree, by the choicesof local
residents who select a short-term economic growth
pattern in which there are few limits to the use of
ecosystem services and most of the subsequent
benefits are invested in obtaining consumer and
material goods. As a result, the local overheated
economy continuesto attract people from mainland
Ecuador in search of employment opportunitiesand
economic advantages. The growing population
increases the demand for continental resources and
more consumer goods, which reinforces external
dependence in a positive feedback loop. Natural
capital degrades with each new loop, losing its
capacity to self-organize and generate ecosystem
servicesfor human welfare. Thismodel can only be
sustained through significant and continuous
external input of human, financial, and material
resources.

Finally, athird possible scenario was identified in
which, after several loops of degradation, natural
capital reaches a point a which it can no longer
supply the high-quality sites needed for nature
tourism (perversemodel; Fig. 4C). Inthisevent, the
only tourism model will be one of massive
recreation, a situation in which Galapagos could
hardly compete with other global locations. In the
perverse model, the Galapagos landscape would
probably end up looking like other oceanic
archipelagos that were colonized much earlier,
wherenativebiodiversity and ecosystemshavebeen
sharply transformed by human occupation and the
proliferation of alien species, e.g., Hawaii, Canary
Islands. Fortunately, this scenario was perceived as
undesirable by most of the local, national, and
international  stakeholders. Nevertheless, the
possibility of realizing this future situation is quite
real if current development trends continue.

The shift from one regime to another might well be
determined by the system’s resilience, interpreted
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Fig. 4. Simplified modeling of three plausible interconnected scenarios for the Galapagos social-
ecological system, showing the tourism model as the main indirect driver of change.

®

Income
FINANCIAL
CAPITAL

High-value
spaces for
ecotourism

4A

Goods
4C ENDOGENOUS MODEL Tocal popllation and
N PERVERSE “SAFE-KEEPING NATURAL CAPITAL”  “Istefio” services
Loss of MODEL Biodiversity idiosincrasy
life quality “SUN AND Life quality
BEACH” Investment in

Empty spaces
Not for nature |4
tourism

®

species
arrival and
dispersal

el “CONSUMPTION AND
Solid and STOCKING"
liquid waste
Alien A

nature conservation
and restoration

Inclusion of

externalities

Returning path
to sustainability .

Local population

Quantity over quality
Gathering and stocking

material goods

Goods and
services

Public

4B
@ EXOGENOUS MODEL

Increased resident
population
“Insular” idiosincrasy

investment
Subsidization

Recreational o
tourism L7

Interaction

as the capacity of the system to experience shocks
while retaining essentially the same function,
structure, feedbacks, and thereforeidentity (Walker
et al. 2006). Under thisframework, the endogenous
model would represent the most resilient and least
vulnerable state. The current exogenous model can
be characterized as a transitional situation, the
course of which could befavorably altered if proper
decisions are made. In contrast, failure to address
the negative aspects of the current model could lead
to aless desirable state; when the tipping point or
thresholdiscrossed and socia-ecol ogical resilience

is significantly eroded, then damage becomes
irreversible (Fig. 5).

In al three models, tourism acts as the primary
indirect driver of change through its direct effects
on other drivers like population growth (mostly
fromillegal immigration), movement of goods and
services, and resource consumption. Economic
opportunities derived from tourism development
also have the potential to influence other economic
sectors such asfishing, agriculture, and commerce.
The increasing array of exotic species and the
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Fig. 5. Interpretation of the three scenarios in terms of their resilience and vulnerability to unpredictable
disturbances. See Table 2 for a detailed explanation of the differences between insular and islefio

lifestyles.
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islands (Kerr 2005). In Bonaire, in the Netherlands
Antilles, new energy flows associated with
ecotourism development have been identified as a
major driver behind the transformations of the
ecology and sociocultural system, movingtheisland
toward anew state (Abel 2003). Thispatternisquite
smilar to the current Galapagos sSituation.
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Therefore, the widely promoted model of locally
based tourism should be carefully planned with
identifiable limits (Grenier 2000, Kerr et al. 2004).
Althoughit hasthe potential to be highly beneficial,
some controls must be placed to ensure the
conservation of the archipelago’'s natural
ecosystems and to avoid a shift to a socially and
environmentally undesirable state.

A return to the self-sustaining endogenous model
may be difficult given the present situation. It is,
however, not inconceivable that such a shift could
occur, relying largely on a new generation of
galapagueiios (Galapagos people) who have a
different attitude toward the environment. These
individuals must be willing to adopt anew lifestyle
that is adjusted to the carrying capacity of the
islands, only dlightly dependent on continental
resources, and highly conscious of the fragility and
[imitsimposed by living in an oceanic archipelago.
Unfortunately, the curriculum of the Galapagos
educational system lacksthe necessary elementsto
ingtill an understanding of the unique and fragile
nature of the islands and create a sense of living in
aspecial place.

The dialectic between insulares and islefios (Table
2) is consistent with the scenarios described above
and has been the focus of some of the most
influential social and anthropological research
conducted in the archipelago (Rodriguez 1993,
Grenier 2000, Ospina 2001). Insulares are people
from the continent that moveto theisland in search
of socia and economic advantages. Thispatternfits
most of the present Galapagos inhabitants, who
brought from mainland Ecuador their way of life,
cultural traditions, and exogenous productive and
extractive patterns. In contrast, islefios are people
whose idiosyncrasy is deep-rooted in the island
territory, although not necessarily born there, and
who have developed their own cultural practices,
traditions, and productive patterns. The islefio
lifestyle assumes that living on the Galapagos
Islands is notably different from living on the
continent and requiresthe acceptance of limitations
and restrictions associated with the islands’ fragile
natural systems (Rodriguez 1993).

Cultural identity, sense of place, and relationship to
the proximal environment have been identified as
emergent properties of social-ecological systems
(SESs) that are essential for building resilience and
ensuring sustainability (Davidson-Hunt and Berkes
2003). Taking into account the recent colonization
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of the archipelago and the mixed geographical
origin of thecolonists (Kerr et a. 2004), the process
of constructing such identities in Galapagos s still
inavery early stage. Grenier (2000) proposed that
the cultural identity of galapaguefios is mostly
characterized by an absence of identity, asmight be
expected in such a young SES. However, the
appearance of a sense of distinctiveness from
foreignersand continental peopleand anincreasing
consciousness of community may signal the birth
of acultural identity that could be rapidly emerging
in Galapagos (Ospina 2001). If this new identity
could be coupled with the adoption of an islefio
lifestyle (Table 2), it might be the key to building
social-ecological resilience and initiating the
transition toward a more sustainable archipelago.

GALAPAGOSASA SPECIAL SOCIAL-
ECOLOGICAL SYSTEM

A social-ecological system (SES) can be defined as
an ecological system that isintricately linked with
and affected by one or more social systems
(Anderieset a. 2004). Thisconcept emphasizesthe
“humans-in-nature” perspective (Berkes and Folke
1998). Given this description, Galapagos can be
correctly characterized as an SES. The natural and
socioeconomic systems in the archipelago share
many characteristics and are linked by dynamic
processes and reciprocal feedback mechanisms,
with asubstantial exchange of energy and materials
across boundaries. These links have been, and will
continue to be, maor determinants of the
archipelago’s situation. Economic  activities,
includingtourism, artisanal fishing, and agriculture,
completely depend on the integrity of native
ecosystems and the services that they provide.
Conversely, the future conservation of the unique
biodiversity and ecosystems of Galapagos will
largely depend on local residents, who must
ultimately assumetheresponsibility for maintaining
positive economic and social practices.

Galapagos exhibits most of the characteristics of
complex human—nature adaptive systems such as
feedbacks, nonlinear relations and thresholds,
cross-scale interactions, regime shifts, and
uncertainty (Levin 1998, Cundill et al. 2005, Liu et
al. 2007). Reciprocal interactions and feedback
loopsare quite evident. For example, the conditions
of ecosystems affect nature tourism, which is the
major economic activity on the islands, whereas
economic development associated with the tourism
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Table 2. Some differences between the “insular” and “idefio” lifestyles, as determinants of future
sustainability patternsin the archipelago.

Insular lifestyle

Islefio lifestyle

Reject limitations and aspire to have the same level
of services and reproduce the same consumption
patterns in Galapagos as do people on the continent

Live on theisland, but have an ethnic origin from
the continent or other external geographic area

Traditions and cultural expressions deeply rooted to
the place of origin, favoring external cultura
models

Colonist mentality, with strong links to continental
relatives

Maintain the same food preferences as in the place
of origin, importing mainland products that are not
present in the islands

Replicate the same productive and extractive
practices as in the place of origin

Natural resources management disconnected from
the island environment

Create demand for externally derived goods,
increasing dependence on noninsular resources

Low identification with the island territory;
permanent feeling of just being in transit

Accept that Galapagosis a special place where some
limitations are necessary and where living requires a
different consumption pattern from that on the
continent

Have lived on the island for along period of time,
although not necessarily born there, ensuring an
intergenerational connection

Cultural traditions developed locally or brought from
the place of origin but incorporating elements of the
island reality

Resident mentality, with a marked sense of place

Food preferences adapted to the island reality and
resource availability

Adopt new productive patterns consistent with the
biophysical and environmental constraints of the
archipelago

Natural resources management deeply rooted to the
territory

Create supply and mobilize local resources, building
aliances and interdependence

Identity and sense of place highly developed;
intergenerational permanence guaranteed

(con'd)
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*  Preferencefor projects designed outside of the
islands

*  Reproduce the same building patterns asin the
place of origin

*  Promote competition among islands of the
archipelago

*  Low rate of participation in the monitoring,
planning, and decision-making processes
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Create the capacity to locally design and implement
projects

Develop a construction style based on the use of local
materials

Promote collaboration and solidarity among the
islands of the archipelago, avoiding excessive
competition

Highly participative and concerned about the planning
and decision-making processes

industry often degrades the quality of some of the
islands features that attract tourists. Nonlinearity
and thresholds are also characteristic of many
processes in Galapagos. The uncontrolled
extraction of fresh groundwater, for example, may
lead to the infiltration of seawater, eventually
making the aquifer unusable. Urban development
and buildup on former agricultural land is likely to
result in the loss of native humid forests, which
could have seriousecol ogical consequences. Inboth
of these cases the natural buffers are only effective
up to a certain transition point or threshold.
Exceedance of the threshold will push the process
or system into a new, alternate state. Cross-scale
interactions also occur in Galapagos, taking into
account the total dependence of the islands on
external marketsthat areinfluenced by larger-scale
processes. Finadly, Galapagos is particularly
susceptible to sudden and potentially catastrophic
impactssuch asthearrival of aninvasive speciesor
exotic disease, an El Nifio event, or dramatic
political or legal changes. Such vulnerability
contributes to the uncertainty that overshadowsthe
archipelago, making predictions of future
conditions even harder.

The impacts of prior human—nature couplings
(legacy effects) are also present everywhere in the
Galapagos SES. For example, the forest conditions
on the highlands of the inhabited islands have been
shaped by the col onization processesthat took place
amost two centuries ago. The historical
introduction of goats on several islands is till

limiting effortsto preserve emblematic speciessuch
as the giant tortoise. Moreover, the ecological and
socioeconomic impacts of human—nature couplings
may not be apparent immediately because of time
lags (Liu et al. 2007).

However, despite the current and historical
examples of human—nature interactions, it appears
that Gal apagoscannot be conceptualized asatypical
example of the humans-in-nature paradigm that
characterizes most SESs (Davidson-Hunt and
Berkes2003, Carpenter and Folke2006). I n contrast
to continental areas and other oceanic archipelagos,
which are mostly human-dominated, the vast
majority of the land in Galapagos is strictly
preserved asaNational Park, which excludesdirect
human use. The historical isolation of the
archipelago, the absence of an aborigina
population, and the relatively recent human
colonization precluded the coevolution of cultural
and natural forces. In Galapagos, unlike in other
SESs, ecological and evolutionary processes are
still minimally affected by human activities, a
situation that should be maintained. In view of the
unigueness of the Galapagos case, we think that the
SES might be better described and analyzed under
a“humans-with-nature”’ paradigm (Fig. 6) inwhich
theislandresidentsact astheguardiansof thenatural
capital on which their present and future welfare
relies. This is the innovative approach that was
adopted in the recent Galapagos National Park
Management Plan (Parque Nacional Galapagos
2006).
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NEW APPROACHESTO OLD PROBLEMS

Rethinking the Galapagos situation under the
resilience perspective provides insights for
improving current management practices and
conservation policies. Although some of the ideas
that we next detail and discuss can be considered as
improved reformulations of proposals included in
regional planning instruments such as the
Galapagos Special Law (GSL), wethink that others
represent very innovativeapproachesto tackling the
archipelago’s current situation.

Moving toward a * conservation for
development” approach

Thefundamental division between conservationists
and development advocates has traditionally been
a matter of serious conflict in Galapagos (Grenier
2000). Breaking this nature vs. society dichotomy
and building bridges between these two artificially
separated worlds is essential if a broadly shared
vision for the future of the archipelago is to be
reached. The Millennium Ecosystem Assessment
framework conceptualizes ecosystems as natural
capital that, if properly managed throught
restoration and conservation, will generate a rich
flow of ecosystem services for socioeconomic
development (e.g., pristine areas and unique
biodiversity for nature tourism; Millennium
Ecosystem Assessment 2005). The adoption of this
framework would be highly appropriate in
Galapagos asameansof reconciling theinterests of
various user groups and stakeholders at the local,
national, and international levels.

As we have discussed, there is a clear need in
Galapagos to abandon the historical perspective of
the separation of humans from nature, which only
exacerbates conflicts between conservation and
development. In a place where people are highly
dependent on theintegrity of the natural system and
where the economic development model shapes
ecosystem dynamics, sustainability will only be
reached through an integrative and inclusive
process. In this sense, the old paradigm of
equilibrium between conservation and devel opment,
which is used extensively by maor public
institutions, should probably be abandoned in favor
of a “conservation for development” paradigm
(sensu Folke 2006a) in which the conservation of
natural capital is not an option, but a requirement,
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if ahigh quality of lifefor Galapagosresidentsisto
be attained and sustained.

Adopting a moreintegr ative approach to
territorial planning

The GSL made it clear that the archipelago should
be managed as a whole and unique geographic
space, encompassing both the inhabited areas and
the protected areas. Thisfundamental idea has been
adopted in the Galapagos National Park (GNP)
Management Plan, but has not yet been truly
implemented.

Because the existing protected areas are unlikely to
incorporate the long-term and large-scale dynamics
of ecosystems, conservation strategiesmust include
those areas that are managed primarily for human
use. The ecological memory of Galapagos, for
example, which is composed of the species,
interactions, and structures that make ecosystem
reorganization possible, is highly dependent on the
occupied highlands, many of which show
substantial perturbations. The native ecosystems of
the humid highlands are spatially restricted, highly
diverse, and particularly rich in endemic species.
They are also essential for maintaining the
hydrological regime and other key ecosystem
processes. Historicaly, these areas have been the
most attractive to human settlement because they
have fresh water and rich volcanic soils for
cultivation. On Santa Cruz and San Cristobal, the
islands with the largest rural populations, as much
as74% and 93%, respectively, of thehighlandshave
been transformed and occupied for agriculture
(Snell et a. 2002).

There are also substantial and inseparable
ecological links between terrestrial and marine
ecosystemsin Galapagos, intermsof both chemical
cycles(e.g., nutrients) and energy fluxes. Oneof the
downfalls of some land-based or sea-based
conservation units is that they fail to consider the
linkage between terrestrial and aquatic environments.
Management plans for the GNP and the Galapagos
Marine Reserve (GMR), as well as territoria
planning for occupied areas, should be restructured
toward a more comprehensive and holistic scheme.
To accomplish this, ecoregion-based planning
models or the Biosphere Reserves framework may
be good approaches for developing a more
Integrative management strategy for the archipelago.
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Fig. 6. The “humans-with-nature” perspective, which is suggested as away to bridge the conservation—
development divide in Galapagos, as compared to the typical “humans-in-nature”’ paradigm that

characterizes most social-ecological systems.
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Some other elementsthat should be consideredin a
new, comprehensive territorial plan for Galapagos
are: (1) the promotion of a “real archipelago”
approach, with effective cooperation among the
islands, including the sharing of public servicesand
costs to increase efficiency; (2) the reorganization
of the existing web of transportation between
mainland Ecuador and the islands and among the
islands, with the goal of reestablishing (as much as
possible) the historical ecological barrier that has
insulated the fragile isand environment; (3) the
avoidance of significant land-use modifications in
the agricultural areas, including restrictions on
residential development, because these areas are
essential for maintaining ecological integrity; (4)
the promotion of cooperation between the
Galapagos National Park Service (GNPS) and
landowners in the GNP buffer zones, e.g., through
conservation easements or other similar agreements,
and (5) the promotion of economic diversification
to reduce dependence on tourism as an insurance
policy against unexpected changes in the tourist
market.

Promoting a resilience-based management
approach with emphasis on slowly changing
variables and functional diversity

The active management of resilienceis required to
sustain desired system states in the face of
increasing environmental change and growing
human pressure (Folke et a. 2004). In this sense,
perturbations and crises should be perceived as
opportunitiesto modify old management paradigms
that diminish the system’ s adaptive capacity and its
ability to cope with change and uncertainty. Efforts
to reducetherisk of unwanted shifts should address
thegradual changesthat affect resilience, rather than
merely controlling disturbance, which has been the
traditional focus of management in Galapagos.

Resilienceis highly dependent on slowly changing
variables such as land use, nutrient stocks,
hydrological regime, soil properties, and the
abundance of long-lived organisms (Scheffer et al.
2001, Abel et al. 2006). However, the study and
management of these types of variables have been
nearly absent from Galapagos conservation
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policies, which have been narrowly directed toward
the conservation of emblematic or threatened biota
and the control of invasive organisms. An
understanding of the slowly changing variablesis
critical to develop sound policies that manage for
resilience (Carpenter and Turner 2000, Holling
2001). However, it is human nature to react to and
focus on variables that change rapidly, represent a
clearly visible alteration to the norm, or garner
attention from the public, government, or other
influential groups. In Galapagos, these quickly
changing variables might include, for example, the
arrival of new exotic species, the recognition of an
endangered species, or a fishermen riot. However,
issueswith quickly changing variables may be only
symptoms of a problem with longer-term dynamics
that could have been prevented by managing for
slowly changing variables. The failure to manage
these slowly changing variables can lead to
irreversible changes in the system (Chapin et al.
2004). Thus, promoting a resilience-based
conservation approachin Galapagoswill requirethe
implementation of an active agenda to determine,
investigate, and manage the key slowly changing
variablesin which the system’ s resilience resides.

The conservation of biodiversity isalso essential as
insurance to maintain resilient ecosystems and
ensure a sustainable flow of ecosystem services
(Bengtsson et a. 2003). In this sense, the
preservation of native biota should remain a top
priority inthearchipelago, asit hasbeenintherecent
past. However, the current focus of research and
management on the conservation of individual
species and populations should be expanded to
include other biodiversity components, particularly
functiona diversity, i.e, the type, range, and
relative abundance of functional traits, because
there is increasing evidence that it strongly
determines ecosystem function (Diaz and Cabido
2001).

Strengthening participative approaches and
developing a shared vision

Historical conservation policies that consider the
human population as antagonistic to the
environment should be abandoned. Taking into
account the complexity of the environmental
problems that Galapagos faces, working partnerships
should be built between management agencies and
resource users. Rather than supporting ahostile and
counterproductive relationship, these partnerships
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would promote the participation and responsible
sharing of multiple stakeholders from the initial
stages of the planning process to the final decision
making.

The participatory management system implemented
in the GMR is a good example of a successful
conservation practice that has been widely
recognized (Baine et al. 2007, Heylings and Bravo
2007). Despite recurrent conflicts, great institutional
progress has been achieved in fisheries and tourism
management since the initial development of the
multistakeholder process in 1998. The experience
of the Participatory Management Board in moving
from a top-down to a bottom-up management
approach for the GMR clearly shows that social
resilience can be successfully built through
participation and cooperation among various
stakeholders. Enhanced social and institutional
resilience has allowed the system to remain
functional despite several recent political and
institutional crises (Heylings and Bravo 2007).
Innovative ways of promoting resilience through
participative management should aso be explored
for the whole archipelago by adapting the GMR
framework to the specific peculiarities and goal s of
each area; for example, extractive uses are allowed
in the GMR, but not in the GNP.

Establishing strong institutional networks and
promoting collabor ation among stakeholders

Although the existing number of interinstitutional
committeesin Galapagosisenormous, therearefew
examples of effective collaboration (Parque
Nacional Galapagos 2006). Distrust among
stakeholders and institutions has been identified as
one of the most serious problems inhibiting
effective governance in the archipelago (Ospina
2006). Breaking down and transforming entrenched
philosophies and inherent suspicions can be one of
the most challenging aspects of improving
management strategies in Galapagos. However,
such a transformation is urgently needed. The
development of solid institutional networks and the
promotion of joint activitieswill contributeto build
trust among stakehol ders and significantly improve
the decision-making process.

This new management approach does not
necessarily involve the creation of new institutions,
but rather a reorganization within existing
institutional frameworks, guided by a broadly
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shared vision and including the close coordination
of activities. However, in establishing institutional
networks, thecreation of anew flexibleorganization
might be necessary to initiate trust-building
dialogue and mobilize actors across scales (Olsson
et al. 2004).

I mplementing adaptive co-management models

The conventional top-down *“command-and-
control” management practices that have prevailed
for most of Galapagos' recent history should be set
aside in favor of more adaptive co-management
approaches. Adaptive co-management refersto the
sharing of management power and responsibility
through multiple institutional linkages involving
both horizontal and vertical cross-scaleinteractions
(e.g., government agencies, nongovernmental
organizations, local communities, user groups) and
to the building of mutual trust among the partners
through feedback learning (Berkes 2004).
Traditional command-and-control management
practices are expected to reduce natural levels of
variation and to solve a problem either through the
control of the processesthat |ead toit or through the
amelioration of the problem after it occurs. These
practices are based on an inherent assumption that
natural systems have an equilibrium state that has
to be maintained or restored, seeking situations of
minimum complexity and uncertainty. Under this
approach, it is also assumed that the problems can
be clearly defined and show linear cause—effect
responses (Holling and Meffe 1996, Berkes 2004).
Such command-and-control practiceshave beenthe
usual approach to management in Gal apagos, using
the pre-1535 status of the archipelago as the
benchmark and long-term goal for biodiversity
conservation (Bensted-Smith 2002).

However, when these methods of strict control are
applied to complex, nonlinear, and poorly
understood social-ecological systems, as we have
shown is the case in Galapagos, they usually result
in unforeseen consequences for both natural
ecosystems and human welfare. Unfortunate and
undesirable results include collapsing resources,
socia and economic strife, and thelossof biological
diversity, in what Holling and Meffe (1996) clearly
described as the “pathology of natural resource
management.”

In the face of the growing human pressure that
threatens the native biodiversity and ecological
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integrity of Galapagos, an adaptive co-management
model is, undoubtedly, a better choice for the
archipelago than conventional conservation
frameworks based on increasing controls and
regulations. In this sense, perturbation and change
should be considered as an integral part of the
functioning of the system because they allow for
learning and renewa. The social-ecological
monitoring schemes that are under implementation
by the GNPS, the Charles Darwin Foundation
(CDF), and other institutions offer a good baseline
and would greatly facilitate such an adaptive (i.e.,
learning by doing) co-management approach.

Favoring a new model of “ science for
Galapagos’

The close link between science and management
has aways been one of the most positive aspectsin
Galapagos, as reflected in the long-term
collaborative effort of the CDF, which conducts
research and provides advice, and the GNPS, which
develops management actions and performs
monitoring. However, a recent survey of 4884
published references indicated that research in
Galapagos has been highly skewed toward basic
biophysical sciences. Moreover, < 10% of the
studies could be considered multidisciplinary,
encompassing links among the natural, social, and
economic systems (Santander et al. 2008). This
highly biocentric focus has dominated research in
Galapagos for decades, producing a thorough and
valuable knowledge of some aspects of endangered
and emblematic species. What remains, however, is
a paucity of information on some socia and
ecological processes that are key components of
sustainability: e.g., water and nutrient cycles,
functional biodiversity, land-use changes, and
environmental valuation.

Scientists, particularly those in the traditional
biological and evolutionary fields, have aways
been attracted to Galapagos both for its unique
ecosystems and, quite simply, its fame. In the
absence of a long-term scientific plan, scientists
preferences for research topics have usually
prevailed over morecritical informational needs. To
iImplement the adaptive resilience-based co-
management approach that we have outlined, a
different model of sound integrative science for
sustainability is necessary. A new agenda of
research priorities should be established that iswell
beyond the personal interests of researchers or
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ingtitutions (i.e., the present model of “science in
Galapagos’), favoring investment in investigations
that are directed toward solving the most urgent
management and conservation problems(i.e., anew
model of “science for Galapagos’).

Solutions to the present crisis will also require a
fusion of biological and social considerations. Itis
essential to increase the volume of research
conducted at the frontiers of social and biophysical
sciences(Scoones1999, Berkes2004). Such studies
are critical because it isin the interactions between
the cultural and natural worlds where most of the
present and future problems of the archipelago
reside. Complex problems like those outlined here,
whose causes are multiple, diverse, and dispersed,
cannot be understood through scientific activity
organized aong traditional disciplinary lines
(Jasanoff et al. 1997). Much more emphasis should
be placed on transdisciplinary research and
integrative approaches framed in sustainability
science (Kates et a. 2001), with emergent
disciplines like political ecology, ecological
economics, ecological anthropology, environmental
ethics, and education for sustainability being
promoted to provide the data needed to confront the
present criss and develop a more resilient
archipelago that can endure the challenges of the
future.

CONCLUSIONS: CRISISASA RENEWAL
OPPORTUNITY

Despite limitations, the view of Galapagos as a
socia-ecological system (SES) from the resilience
perspective has proven to be auseful tool to gain an
understanding of the dynamics and overall
functioning of thearchipelago, aswell asto identify
the primary historical and current driversof change.
Wethink that this new perspective might also serve
as aframework to bridge the human—nature divide
whereby the more development-oriented positions
can find common ground with the more
conservation-based approaches and the social and
biophysical sciences can identify mutualy
beneficial study subjects and methodol ogies.

Galapagos is at a critical period in its history.
Reconciling the economic aspirations of agrowing
population with the conservation of the ecological
integrity of the archipelago will not be easy.
However, we think that the opportunity exists to
develop Galapagosin asustainableway. Achieving
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this goal will require the rapid adoption of strong
political and management decisions to address the
current risksto the system and forestall an eventual
shift to a socialy and environmentally undesirable
regime.

Our resilience-based approach to the Galapagos
Situation reveals that tourism is, and will probably
continue to be, the most important driver of change
through its direct effects on the archipelago's
ecology, economy, and socio-cultural system.
Energy flows, growing economic opportunities, and
positive economic feedback associated with the
current model of tourism have the potentia to
accelerate magjor changes and threaten the
sustainability of the archipelago in the near future.
In itsfirst stages, the model of cruise-boat tourism
appeared to be a good choice for Galapagos, but
after the rapid generalization of locally based
tourism and the increasing presence of
infrastructure and land-based services such as
hotels, restaurants, and transportation, theeconomic
growth driven by tourism became somewhat of a
double-edged sword. Ontheonehand, it contributes
to environmental conservation and improvements
inthestandard of living through taxesand admission
fees; on the other hand, it overhesats the islands
economy, creating new economic niches and
opportunities that drive immigration and unsustainable
growth. If the present crisis is to be solved, the
identification of themost appropriatetourismmodel
for Galapagos should be a top priority of research
and planning for the next few years.

The current crisis can be perceived as awindow of
opportunity for the Galapagos SES to reorganize
into a self-sustaining development model, but
strong political and management decisions are
urgently needed. Some of the key measures that
should be adopted to position the system on acourse
of sustainable development are: modifying some of
thetraditional practicesto embrace amore adaptive
resilience-based co-management scheme, adopting
a more comprehensive approach to territorial
planning, strengthening participative approaches
and institutional networks, and promoting
transdisciplinary research. However, regardless of
the approaches proposed here or the policies and
management practicesthat are actually adopted, we
think that it is the idiosyncrasy and way of life
selected by the Galapagos residents that will
determinethefutureof thearchipelago (Fig. 7). The
adoption of exogenous mainland-influenced


http://www.ecologyandsociety.org/vol13/iss2/art13/

Ecology and Society 13(2): 13

http://www.ecol ogyandsociety.org/vol 13/iss2/art13/

Fig. 7. Idealized representations of two possible futures for Galapagos, which rely heavily on the
lifestyle of the island residents: endogenous (left) vs. exogenous (right) development models.
Reproduced with permission from Parque Nacional Galapagos (2007).

lifestyles will certainly continue to erode the
system’ sresilience and hinder future sustainability.
In contrast, more endogenous development models
based on a particular lifestyle that assumes that
living in Galapagos is fundamentally different and
accepts the limitations associated with the
archipelago’ sfragilenatural system arethe best and
only way to facilitate the transition toward a more
sustainable future.

Responsesto this article can be read online at:
http: //www.ecol ogyandsoci ety.org/vol 13/iss2/art13/responses/
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