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ABSTRACT. Understanding how social-ecological systems are and can be resilient to climate change is one of the world's most crucial
problems today. It requires knowledge at local and global scales, the integration of natural and social sciences, and a focus on biocultural
diversity. Small Pacific Islands and the knowledge-practice-belief  systems of their peoples have a long history of resilience to
environmental variability and unpredictability, including in areas with marginal habitats and with periodic, severe disturbance (e.g.,
drought, flood, storms, and tsunami). We review the state of research on these knowledge systems as it pertains to resilience and
adaptation, and we highlight critical research needs to address the interrelated areas of: (1) local-scale expertise and observations of
change with regard to weather, life-history cycles, and ecological processes; (2) customary resource management institutions and
practices (i.e., with agroforests and the nearshore marine environment); and (3) the roles of leaders, social institutions, and social
networks in the context of disturbance and change. We conclude that these knowledge systems can contribute high-resolution
observations, benchmark data, and insights into practices that enhance resilience and adaptive capacity in integrated terrestrial and
marine systems. Community-based and participatory approaches can complement and ground-truth climate models and direct culturally
appropriate resource management, research, and adaptation measures. Although most islands in the Pacific are small, their knowledge
systems include valuable insights on seasonal cycles, ecological processes, and the management of biocultural diversity that are relevant
at a broad scale for understanding resilience and adaptability to the social-ecological effects of climate change.
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INTRODUCTION
Human and natural systems are interlinked in complex ways (Liu
et al. 2007a,b, JSSA 2010). Understanding the characteristics of
social-ecological systems that confer resilience to climate and
environmental change has been identified as one of the world’s
most pressing problems (Gunderson and Holling 2002, Adger et
al. 2005). It requires knowledge from local to global scales
(Chaudhary and Bawa 2011, Lauer et al. 2012), the integration
of natural and social sciences (Liu et al. 2007b, Barnes et al. 2013),
and comprehension of the indigenous and local knowledge (ILK)
systems that underpin resilience across space and time (Thaman
et al. 2013). Here, we suggest that understanding the role of ILK
in the small islands of the Pacific is critical to understanding
resilience and adaptation, not only because the islands are
extremely exposed to the forecasted effects of climate change
(FAO 2010, Keener et al. 2012), but more importantly, because
of their long history of resilience to environmental variability
(Thaman et al. 2002, Campbell 2009, Barnett and Campbell
2010). Building synergies between ILK and the best cutting-edge
science are also seen as a priority under the recently established
Intergovernmental Platform on Biodiversity and Ecosystem
Services, which is tasked with making global, regional, and sub-
regional assessments as a basis for informing policy and building
capacity (Thaman et al. 2013). 

In the Pacific, projected increases in sea level, sea surface and air
temperatures, and ocean acidification; increasing vulnerability to
extreme events (Thaman et al. 2013); and decreases in fresh water
supplies and in precipitation in some regions are predicted to have
major negative effects on food and water security, biodiversity

(Keener et al. 2012), and human health (Patz et al. 2005). Projected
rates of climate change, including for the tropical Pacific, are high
in relation to natural variability, with negative implications for
biodiversity and human welfare, especially for small developing
countries with limited financial resources for large-scale
adaptation (Mora et al. 2013). The exceptionally high endemism
of small islands in the Pacific make the threats to biodiversity
especially severe, not just locally, but from a global perspective
(Kingsford and Jupiter 2014). For example, 90% of the indigenous
Hawaiian (Wagner et al. 1999) and 62% of the Fijian (Smith 1996)
flora are endemic, and both have exceptionally high numbers of
threatened or endangered species, largely due to invasive species
and habitat destruction (IUCN 2013). Climate change is predicted
to threaten the viability of some narrowly distributed endemics
(Price 2009, Krushelnycky et al. 2013) and potentially accelerate
the expansion of invasive species (Vorcino et al. 2014). 

More significant than their exposure is the resilience of Pacific
Islanders. The practices and knowledge associated with their
resilience to environmental variability and unpredictability in the
past suggest an adaptive capacity that is relevant to addressing
the social-ecological effects of climate change now and in the
future. Because of local limitations on resources and tight
feedback loops, small island communities often see the limitations
of their environment more readily, more quickly understand how
anthropogenic and natural influences affect resource availability,
and adapt accordingly (Poepoe et al. 2007, Berkes 2012,
Nakashima et al. 2012). Over several thousand years, Pacific
Islanders developed knowledge systems that enabled extensive
voyaging, the initial settlement, and continuous habitation of

1University of Hawaiʻi at Mānoa, 2National Geographic Society-Pristine Seas Project, 3Wildlife Conservation Society Fiji Country Program,
4University of the South Pacific, 5University of Waikato, 6Nagoya University, 7SPREP, 8IUCN/Locally Managed Marine Network, 9Centre for
Sustainable Technology and Development, Fiji National University

http://dx.doi.org/10.5751/ES-06937-190444
mailto:hmcmille@hawaii.edu
mailto:hmcmille@hawaii.edu
mailto:ticktin@hawaii.edu
mailto:ticktin@hawaii.edu
mailto:alan.Friedlander@hawaii.edu
mailto:alan.Friedlander@hawaii.edu
mailto:sjupiter@wcs.org
mailto:sjupiter@wcs.org
mailto:randolph.thaman@usp.ac.fj
mailto:randolph.thaman@usp.ac.fj
mailto:j.campbell@waikato.ac.nz
mailto:j.campbell@waikato.ac.nz
mailto:joeli.veitayaki@usp.ac.fj
mailto:joeli.veitayaki@usp.ac.fj
mailto:thomas@hawaii.edu
mailto:thomas@hawaii.edu
mailto:salesan@sprep.org
mailto:salesan@sprep.org
mailto:etika.rupeni@iucn.org
mailto:etika.rupeni@iucn.org
mailto:lu.overhoff@gmail.com
mailto:lu.overhoff@gmail.com
mailto:william.aalbersberg@usp.ac.fj
mailto:william.aalbersberg@usp.ac.fj
mailto:dan.orcherton@fnu.ac.fj
mailto:dan.orcherton@fnu.ac.fj


Ecology and Society 19(4): 44
http://www.ecologyandsociety.org/vol19/iss4/art44/

islands across a range of climatic and biogeographic variables.
This included developing adaptive responses to living in marginal
habitats for food production (e.g., polycutural cultivation,
aquaculture, food preservation, consumption of semi-wild
foods), with periodic and severe disturbance from drought,
cyclones, tsunamis, and volcanoes (Thaman et al. 2002, Nunn
2009, Barnett and Campbell 2010). Because of the high degree of
remoteness and the need to be self-sufficient (not necessarily
within each individual island, but among islands), the knowledge
systems of Pacific Islanders are deeply rooted and complex.
Compared to other small islands throughout the world,
knowledge systems in the Pacific Islands are well documented,
remain widely in practice (e.g., traditional calendars that guide
resource use and management), and stand out in their potential
to improve our understanding of resilience to anthropogenic
climate and environmental changes. 

ILK, also known as traditional ecological knowledge (Berkes
2012), comprises customary knowledge-practice-belief  systems
about the relationships of living beings (including humans) with
one another and their environment, emerging through adaptive
processes and culturally transmitted over generations. These
systems can be conceptualized as four nested levels of analysis:
(1) local knowledge of the environment (at the core), (2) associated
customary resource management systems, (3) social institutions
that guide management practices, and (4) worldviews (which
encompass all other levels; Berkes 1999, Fig. 1). Because ILK is
dynamic, it often integrates cosmopolitan and scientific
information with place-based, experiential knowledge.

Fig. 1. Potential contributions of indigenous and local
knowledge systems to social-ecological resilience to climate
change. The concentric circle represents indigenous and local
knowledge systems from knowledge to worldviews (adapted
from Berkes 1999). The external circles identify ways local
ecological knowledge systems can contribute to resilience in the
context of climate change.

Because of the inherent links within social-ecological systems and
among biological and cultural diversity, large-scale biodiversity
conservation must also incorporate the cultural-linguistic
diversity (Gorenflo et al. 2012) and associated knowledge-

practice-belief  systems in those areas (e.g., Orcherton 2011,
Barthel et al. 2013). A key component of biocultural diversity is
the ILK. The localized and temporal depth of understanding in
ILK systems is the basis for abundant and growing literature that
clearly demonstrates the links between ILK and sustainable
resource use (e.g., Bird et al. 2012, Cinner et al. 2012, Schmidt
and Ticktin 2012), including in Pacific Islands (e.g., Johannes
2002, Thaman 2008, Friedlander et al. 2013). In the Pacific
Islands, ILK systems have also been shown to build adaptive
capacity to social and environmental change (Campbell 2006,
Barnett and Campbell 2010, Lauer et al. 2012) and to improve
understanding of the social-ecological effects of climate change
(e.g., Berkes 2009, Lauer et al. 2012, Rudiak-Gould 2014).
Scholarship on disaster risk management (e.g., Thaman 2002,
McAdoo et al. 2009, Mercer 2010) has led the way for research
on the role of ILK in strengthening resilience to climate change,
and this research continues to develop in the Pacific (Green et al.
2010, Lefale 2010, Alexander et al. 2011). 

Here, our interest in Pacific Islands spans from Papua New
Guinea in the West to Easter Island in the East (including
Australia and New Zealand, but with a focus on small islands).
This vast expanse has been conceived of in a number of ways,
including: regionally, as Polynesia, Micronesia, and Melanesia;
geographically, as high and low islands; and linguistically, with
an astounding diversity represented by approximately 20% of the
world’s 7106 living languages (Lewis et al. 2014). Although the
variation across the region is well-established, there are also
commonalities that enable and are cause for the circulation and
movement of people, ideas, and material and nonmaterial goods
within the region. The eminent scholar, the late Epeli Hau‘ofa,
emphasized how the “universe” of people in the Pacific Ocean
has not been confined to land surfaces but is based on the
expansive sea that surrounds and connects them (Hau‘ofa
1994:152). He characterized the region as a “sea of islands”, rather
than existing as individual “islands in a far sea” (Hau‘ofa
1994:153). This important distinction explains how we can
consider the customary knowledge-practice-belief  systems of
such an expansive area in our discussion here, and how it is distinct
from ILK in other regions of the world. 

While ILK is place based and noted for its fine spatial scale, the
connections among Pacific Islands and the movement of people
(in terms of ancient migrations, interactions through trading and
cultural exchange systems, and in modern contexts with Pacific
Islanders living in diaspora) mean that some aspects of ILK are
regional (though not uniform). For example, Pacific Islander ILK
systems typically feature knowledge and practices related to
cultivation of a range of species (e.g., taro, swamp taro, bananas,
breadfruit, yam, sweet potato, coconut, pandanus, and more
recently, cassava). The consumption of kava unites many parts of
the region, both in ritual as well as in mundane settings. In the
marine context, detailed knowledge and management of
fishponds (Costa-Pierce 2002), fish weirs and traps (Dieudonne
et al. 2002), gleaning (Chapman 1987), and nearshore and open
ocean fishing (Johannes 1981, 2002, Hviding 1996, Ruddle 1998)
are also characteristic. Important features of these systems
include traditionally placed restrictions on specific species,
lifeforms, people, places, or times, with “the tabu areas of Fiji,
Vanuatu and Kiribati, the ra’ui in the Cook Islands, the kapu in
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Hawaiʻi, the tambu in PNG [Papua New Guinea], the bul in Palau,
the mo in the Marshall Islands, the tapu in Tonga and the rahui
in New Zealand (Māori)” (Vierros et al. 2010:7). Also central, if
not paramount, among Pacific Islander ILK systems and
identities are the traditions of seafaring and voyaging. The
practices of open ocean wayfinding co-evolved with knowledge
systems that include a profound understanding of ocean swells,
wind, and meteorological, celestial, and biological cycles, upon
which safe travel and accurate landings are determined (Lewis
1994). Another distinguishing feature of ILK systems in the
region, especially on small islands, is the recognition of the
interconnections across systems (e.g., terrestrial-riparian-marine,
social-ecological). These “ridge to reef” concepts are reflected in
land tenure and management practices that demonstrate an
understanding of connections between upstream and
downstream activities. This concept has been fundamental to ILK
in Hawaiʻi (Blaisdell et al. 2005), Palau (Golbuu et al. 2011), Fiji
and the Solomon Islands (Ruddle and Akimichi 1984, Baines
1989), and elsewhere. 

Lessons from Pacific Islands might teach us about future
adaptation and resilience on small islands, with broader
implications globally (Fig. 1). There is a great need for better
understanding of Pacific Island climate change adaptation and
resilience, which has been emphasized by those in research
(Mercer et al. 2007, Thaman 2008, 2009, Duffy 2011) and in policy
(UNFCCC 2007, FAO 2010, Keener et al. 2012). Our objective
is to present a review of and research vision for investigating the
role of ILK in enhancing resilience to the effects of climate and
environmental change in Pacific Islands, a vision that brings to
the foreground the importance of place-based approaches and
the need to support and empower local knowledge systems for
climate change adaptation planning. To do this, we apply a social-
ecological resilience framework (Gunderson and Holling 2002),
which acknowledges that coupled human-natural systems are
intrinsically dynamic (Nelson et al. 2007). Resilience is “the
capacity to absorb shocks and maintain function, self-organize
and learn and adapt” (Carpenter and Brock 2008), and resilience
to disturbance requires institutional capacity to respond to
environmental feedback, to learn and store information, and to
be prepared to adapt to change (Holling 2001). Adaptability is a
social component that refers to “the capacity of actors in the
system to influence resilience” (Walker et al. 2004), and it is shaped
by the resilience of both its social institutions and the natural
ecosystems on which they rely (Folke et al. 2003). 

Here, we review the state of knowledge of ILK as it pertains to
resilience and adaptation. This is based on searches of the peer-
reviewed literature across the natural and social sciences (e.g.,
primarily through Google Scholar, Biological Abstracts, and
Social Sciences Citation Index), ethnographic literature, gray
literature, and project websites (including government,
nongovernment, and nonprofit). The primary literature review
was conducted from December 2012 through April 2013 (with
subsequent reviews to update findings). Focal areas of the
research emerged from a 2012 workshop on ILK and climate
change (held in Suva, Fiji), with regional experts participating.
Search keywords included: islands, climate change, disaster
management, indigenous knowledge, indigenous ecological
knowledge, traditional knowledge, traditional ecological
knowledge, resilience, adaptive capacity, adaptation, nutrition,

local knowledge, indigenous knowledge, traditional knowledge,
local ecological knowledge, agroforesty, marine, community-
based resource management, and resource management. Here, we
focus on Pacific Islands and highlight critical research needs to
address the interrelated areas of: (1) local-scale expertise and
observations of change with regard to weather, life history cycles,
and ecological processes; (2) customary resource management
institutions and practices; and (3) the roles of local leaders, social
institutions, and social networks in the context of disturbance
(Box 1).

RESULTS AND DISCUSSION

Observations of weather, life history cycles, and ecological
processes
In the Pacific Islands, global climate model projections are
challenged by the islands’ small-scale topographic features, the
strong influences of El Niño/Southern Oscillation and the Pacific
Decadal Oscillation (Timm and Diaz 2009), and the dearth of
“long-term, high-quality data on rainfall, stream flows, waves, and
[the functioning of] ecosystems” (Keener et al. 2012:120). ILK that
distinguishes and communicates past patterns in atmospheric
phenomena, weather, phenology, and ecological processes enables
people to anticipate and prepare for future conditions (Orlove
2003, Acharya 2011). Understanding and adapting to
environmental change has been the basis for the evolution of
human subsistence and for directing communal activities across
time and space, such as where and when to fish, plant, harvest,
conserve, feast, voyage, relocate, migrate, etc. (e.g., Green et al.
2010, Lefale 2010, Leonard et al. 2013). The ILK of Pacific
Islanders includes a rich understanding of atmospheric, weather,
and seasonal cycles based on long-term observations, which they
draw upon to identify and evaluate the effects of a changing
climate (Green et al. 2010, Leonard et al. 2013). We propose three
research priorities for learning from Pacific Islander ILK to
deepen our understanding of climate change.

Box 1. Recommended priorities for research on ILK and resilience
to climate change in Pacific Islands. 

. Conduct site-specific seasonal calendar studies across and
within islands to set reference points for identifying current
and future change and for communicating between local and
scientific observers; 

. Coordinate with and integrate climate change monitoring
into successful community-based natural resource
monitoring programs; 

. Use ILK-informed observations as the basis for formulating
research questions and hypotheses to guide research on
environmental and climate change; 

. Record, monitor, and share local observations and
experimentation (i.e., which crops respond or endure best
under climatic stress, how migrations and phenology are
changing) so they can be compared across locations and
inform an understanding at a regional level; 

. Work with traditionally trained navigators and document
their knowledge of typical conditions and patterns as well
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as observations of change with regard to ocean conditions,
weather, and migrations of birds and marine mammals; 

. Explore and identify how customary resource management
practices (e.g., agroforestry and nearshore fishing) are
adapting to changing conditions (climatic, socioeconomic,
and ecological) and assess impacts on indicators of
resilience; 

. Explore the ability of agroforests to moderate extremes in
water flow, their ecological benefits to adjacent forest areas,
and how this affects resilience; 

. Explore the effects of drought, storms/floods, saltwater
incursion, and inundation on different crop varieties and
species in agroforestry systems; 

. Assess how customary fisheries management practices
might affect ecological resilience under various climate
change scenarios; 

. Identify if/how customary agroforestry and other
agricultural practices might be expanded and adapted to
help address the effects of the predicted decline in coastal
fisheries; 

. Explore the dynamics among leadership roles (i.e.,
customary, church, government, and nonprofit leaders),
institutional diversity, local communities, and resilience to
climate change; 

. Explore how integrated, culturally appropriate adaptation
strategies that include ILK and build upon customary
governance structures can best be implemented and
disseminated; 

. Explore how adaptation measures can foster effective
resource management and social resilience by incorporating
ILK and involving women, youth, and nonindigenous
community members; 

. Explore and document current practices of reciprocity and
social network exchanges in different economic and market
contexts; 

. Explore how to integrate cultural values and practices that
promote resilience into adaptation communication and
planning. 

Seasonal calendars
People define time based on astronomical (movement of stars,
sun, moon), meteorological (wind, weather), and cultural (human
activities) elements (Malinowski 1927). Segments of time are
often structured around the concept of seasons, which are
recognized and named by people around the world (Orlove 2003).
In Melanesia, Mondragón (2004:289) explains, “local groups
often create associations between the patterns and perturbations
of the environment and cycles of human production which
constitute organizing frameworks evocative of what Western
observers label ‘calendars’.” Here, we use the term “calendar” to
refer to such a spatio-temporal concept, whether it is intangible
and has been passed down through oral tradition, a tangible

calendric representation in the Western sense, or something
between the two. 

Over millennia, indigenous people in the Pacific Islands and
Australia have developed customary calendars that include
expectations of weather (e.g., wet and dry seasons), phenological
characteristics (e.g., the fruiting of Pandanus spp. and breadfruit
[Artocarpus altilis], or the rising and spawning of the palolo sea
worm [Eunice viridis]), as well as the astronomical cycles that
characterize the seasons or correlate with weather conditions and
establish the timing of resource management, horticultural, and
ritual events (e.g., final feast, first digging of yams; Mondragón
2004, Green et al. 2010, Lefale 2010, Leonard et al. 2013). 

Building on the foundation of early anthropologists in the Pacific
Islands who described indigenous concepts of time (e.g.,
Malinowski 1922, Leach 1950), noteworthy research describing
the characterizations of seasons has followed from ancient (e.g.,
Kirch and Green 2001) to contemporary populations (e.g., Sillitoe
1994, Mondragón 2004). These concepts are generally structured
as lunar calendars that direct fishing and horticultural activities
based on expectations of precipitation. Despite the foundation of
scholarship in this area and the rich systems of ILK in the Pacific,
the significance of customary seasonal calendars to understanding
social-ecological effects of climate change has only been described
in a handful of cases, with a large representation from Aboriginal
Australians, including the Miriwoong people from East Kimberly
(Leonard et al. 2013), Walpiri from central Australia, Martu from
northwestern Australia, and others (Prober et al. 2011), and Torres
Strait Islanders (Green et al. 2010). We are aware of only two
published studies with Pacific Islanders: Te Whānau-ā-Apanui, a
Māori tribal group in Aotearoa (King et al. 2008) and Samoans
(Lefale 2010), and an in-progress project in Kaʻūpūlehu, Hawaiʻi.
Although research on the topic is still emergent, the value of
seasonal calendars is realized in the applied world. For example,
the Micronesia Conservation Trust (a nongovernmental
organization) engages a community-based process in Micronesia
to document seasonal calendars and observations of change as a
strategy for understanding and facilitating adaptation to the social
and biological effects of climate change (Gombos et al. 2013).
UNESCO supports efforts to inform climate change policies
through promoting the indigenous voices behind seasonal
calendars and the local environmental knowledge, values, and
practices they embody (e.g., http://www.unesco.org/new/en/apia/
natural-sciences/local-indigenous-knowledge/traditional-knowledge-
calendars/). Because seasonal calendars focus on past patterns in
annual variability, they represent an opportunity to identify
current and future changes by serving as reference points,
especially in cases where information is not well documented in
the scientific literature (e.g., Thornton and Scheer 2012). In
addition to being valuable tools for communicating nuanced,
place-based information to scientists, calendars are also valuable
for supporting the transmission of ILK from elders to the next
generation, thereby providing a resource for adapting to changing
conditions (Leonard et al. 2013) and strengthening resilience (van
Oudenhoven et al. 2011; Box 1). 

Because seasonal phenomena can vary within islands (e.g.,
windward and leeward sides) and because pressure on resources
varies across islands, conducting site-specific seasonal calendar
studies is a research priority (Box 1). Different levels of human
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population growth and pressure on resources is reflected in
variation in existing customary calendars. Some calendars focus
on conservation and management (e.g., marine resource
management in Hawaiʻi). Others have more emphasis on optimal
harvest and yield, such as those in Fiji, where large-scale resource
pressure is relatively new, and therefore, is not represented strongly
in customary seasonal or moon calendars that guide the use and
management of marine resources. This range of conditions and
responses suggests the need for research to investigate how
variation in calendars relates to managing for resilience today. In
cases when representations of calendars are not widely known,
or conditions have changed, collaborative and community-based
approaches should be used to research and represent ILK about
annual cycles appropriately across time and space. For example,
in recent years, by observing spawning behavior and fish gonad
development, communities in Hawaiʻi have developed calendars
identifying the spawning periods for the major resource species
(e.g., moi or Pacific threadfin [Polydactylus sexfilis]), which
support the establishment of customary seasonal kapu (closures)
to protect spawners (Poepoe et al. 2007, Friedlander et al. 2013).
In Fiji, Tuvalu, Tokelau, and other areas of the Pacific, the
seasonality and large aggregations of post-larval rabbitfishes
(Siganus spp.) are featured in legends and linked closely to the
names of the months in traditional calendars (R. Thaman,
unpublished data). It will be important to conduct this research
with attention to intra-cultural variation, as recent research in the
Marshall Islands shows that elders (who have had more time to
observe environmental change) were significantly “more likely to
report a changed climate, sea level rise, and altered seasons,”
compared to younger adults (Rudiak-Gould 2014:83). 

The ethnoclimatology database (Orlove 2003) includes locations,
indicators, and timing of seasons. This offers a template for the
collection of essential data that could be compared over time and
across space. Examples of the co-creation (i.e., through a
participatory process) of tabular (Leonard et al. 2013) and
circular (Prober et al. 2011) format calendars that represent social-
ecological indicators of seasons and include weather, phenology,
and cultural activities provide further guidance for the process. A
notable example from the Miriwoong in Kununurra, Western
Australia, is available at: http://www.mirima.org.au/calendar/ 
(Mirima Council 2011).

Tracking indigenous and local knowledge-informed observations
of changes
Although many indigenous information systems (oral traditions)
in the Pacific Islands have eroded, Bridges and McClatchey
(2009:143) note: “traditional and modern record keeping
practices are reviving. Having thousands of trained eyes watching
and documenting what they see happening, because they are using
the land rather than removed from it, should be taken by scientists
as an opportunity for environmental monitoring and analysis.”
Other researchers have recommended integrating ILK-informed
observations of change into the development of climate change
response strategies (e.g., Berkes and Jolly 2001, Salick and Ross
2009), and using long-term community-based monitoring
(Cruikshank 2001, Prober et al. 2011, Berkes 2012) to document
unusual changes in seasons. Such community-based monitoring
can identify population shifts in plant and animals (i.e., new
species appearing or others disappearing), changes in species
abundance, and changes in the timing of migrations and

phenology (Turner and Clifton 2009, Green et al. 2010, Jacob et
al. 2010). It can help ground-truth and refine regional climate
models, and it can improve the utility of climate change
predictions and the confidence in climate change analyses (Marin
2010), which can inform the management of culturally relevant
resources, specific species, and social-ecological processes (Fig.
1). 

Monitoring informed by ILK (i.e., through participatory
research) can be more efficient in management and policy
responses than scientific research alone (Danielsen et al. 2010).
This has been demonstrated in the Pacific, for example, by the
Fiji Locally Managed Marine Area Network, which builds on
customary marine tenure and taboo (restrictions) for fishing
(FLMMA 2011, Jupiter et al. 2014), and in Moʻomomi Bay
(Molokaʻi, Hawaiʻi), where community-based monitoring
informed by ILK supports a sustainable fishery (Poepoe et al.
2007). The knowledge, awareness, and motivation needed to make
programs like these successful also apply to monitoring climate
change. Research on climate change could be more efficient and
meaningful if  it is coordinated with and integrated into successful
community-based monitoring programs that empower local
communities by listening to and promoting their ILK (Fig. 1).
For instance, a fisheries monitoring program could supplement
ILK with additional fields to note shifts in the timing of spawning
or migrations, changes in weather patterns, and/or other locally
relevant variables. Deciding which variables are most appropriate
to monitor needs to be part of a participatory process to ensure
they are tailored to place, important to the local community, and
make sense in the local language. Concepts such as “resilience”
and “climate” do not necessarily have equivalent or direct
expressions in local languages (see Grantham et al. 2011 for an
example from Fiji). We strongly advocate a commitment to
participatory approaches and rigorous ethnographic research to
yield accurate and precise data on local observations of change,
and to join communities in addressing questions that are
significant, e.g., to local food security, water security, health, and
cultural identity. In addition, we encourage scientists to look to
ILK-informed observations as the basis for formulating research
questions and hypotheses to guide research on environmental and
climate change (e.g., Bart 2006; Box 1). 

Although multiple community-based observation networks that
rely on ILK to identify the social-ecological effects of
environmental change have been established in the Arctic (e.g.,
Mahoney et al. 2009, Huntington et al. 2011, Eisner et al. 2012),
there is still a need for coordination of observations in the Pacific
Islands. There are opportunities to learn from and expand existing
programs such as the Vanuatu National Climate Change
Adaptation Strategy, which includes a catalog of almost 500
strategies based on customary and local knowledge for dealing
with extreme events (e.g., knowledge related to forestry,
agriculture, water use, etc., for dealing with cyclone, drought, fire,
flooding, and sea level rise; Republic of Vanuatu 2011). By
involving farmers, fishers, hunters, gatherers of nontimber forest
products and, in the case of Hawaiʻi, ranchers, in research, we can
expand the understanding of environmental changes (e.g., species
distributions, phenology, landscape, and ecological processes)
and how to deal with them, thus providing critical information
for making more suitable and timely decisions about resource
management (Fig. 1). 
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Research on seasonal calendars and ILK-informed observations
of change are complementary. Together, they have great potential
for better understanding and tracking change and for shaping
research that is meaningful to and resonates with local people’s
on-the-ground experiences, values, and needs. It is critical to frame
and scale research with ILK perspectives; otherwise, scientific
research risks being “too narrow, shallow, or broad to be
meaningful in the context of community adaptation at the
landscape scale” (Thornton and Scheer 2012). This kind of
monitoring is critical beyond the local scale. Across the Pacific
Islands, there is a need for a systematic way of recording,
monitoring, and sharing local observations so they can be
compared across locations (e.g., which crops respond or endure
best in climatic stress, how migrations and phenology are
changing; see Box 1). This can inform adaptive management more
broadly.

Navigators’ knowledge
In the Pacific Islands, the ancient and ingenious system of
noninstrument wayfinding is based on “observations of stars and
other heavenly bodies as well as of the changing wind and sea
states, the patterning of the clouds, the flight of land-nesting
seabirds and other facets of the marine environment” (Finney and
Low 2006:156). In the region, traditional navigators recognized
the correlation between the rising of specific stars and the timing
of storms, using these for reckoning time and planning voyages
(e.g., Erdland 1914). Because knowledge of weather is essential
for navigators, they are well positioned to make unique and
complementary contributions to the understanding of changes
in weather patterns, especially conditions in the deep sea, open
ocean environment. Although there is a solid foundation of
scholarship on traditional navigation (e.g., Lewis 1994, Finney
1998), especially as it concerns the migration routes and
settlement of the Pacific Islands (e.g., Finney 1977, Howe 2006),
navigators’ knowledge and observations of climate change remain
largely unexplored. Although such knowledge declined in the first
half  of the twentieth century, there has been a resurgence of
traditional voyaging and the use of traditional navigation systems
in the Pacific Islands (Finney 2003, Genz 2011), and much
collaboration with and integration of global scientific research
and educational programs, especially related to environmental
stewardship. (Exemplary is the Hōkūleʻa, a double-hulled
voyaging canoe which was first launched in 1975 and fueled the
Hawaiian Renaissance. Its worldwide voyage from 2012–2017 is
focused on promoting sustainability, as summarized by the slogan
“Island Wisdom, Ocean Connections, Global Lessons”. See:
http://hokulea.org/). Given the high uncertainty in future
projections of changes in Pacific Ocean currents (Vecchi et al.
2006) and trade wind patterns (Garza et al. 2012), research with
navigators may also offer an opportunity to learn how knowledge
systems are adapting to changes in weather and marine organisms.
A high priority should be given to working with navigators to
document their knowledge of typical conditions and patterns as
well as any observations of change with regard to ocean
conditions, weather, and migrations of birds and marine
mammals (Box 1). An equally high priority should be given to
learning from successful education and knowledge transmission
efforts around the topics of sustainability and resilience, as they
are crucial for climate change adaptation.

Customary resource management systems
Customary resource management systems are based on ILK and
developed through adaptive processes. They rely on the ability of
resource users or managers to understand environmental
feedbacks and modify practices accordingly (Berkes 2012).
Customary resource management systems exist across the globe,
usually alongside other kinds of land and sea management. In
some places, they are the dominant system, in others, they have
become marginal. However, they remain important for
subsistence and well-being in many of the regions that are
expected to be most affected by climate change such as the arctic
(Berkes 2012), mountaintop communities (Salick and Ross 2009),
and small island nations. 

Customary resource management systems often center on the
manipulation of regeneration cycles and ecological processes
(Alcorn 1989, Altieri et al. 1989). For example, in shifting
agriculture systems, the process of succession is manipulated as
ecological communities and landscapes are managed through
temporary small-scale clearings and, in many cases, controlled
fires. There is growing evidence that some customary resource
management systems in the Pacific can play a key role in
maintaining ecological integrity in the context of disturbance
(Ticktin et al. 2006, Bird et al. 2012, Trauernicht et al. 2013).
Customary resource management systems have also been
recognized as key to building adaptive capacity in small Pacific
Islands (Campbell 2006, Barnett and Campbell 2010, Vaughan
and Vitousek 2013), but they continue to be modified under
rapidly changing social, economic, and ecological contexts
(Cinner and Aswani 2007, Brewer et al. 2012, Lauer et al. 2012). 

Many customary resource management systems are based on
understanding the interconnectedness of different habitats and
members of the ecosystems, including humans. They often involve
the combined production of both plants and animals, including
fish, and the integrated management of a diversity of vegetational
zones that overlap in space and time such as home gardens,
agricultural areas or agroforests and fallows of differing ages, and
interspersed wild areas, including forests, lakes, grasslands, and
swamps (Tuxill and Nabhan 2001). While scientific research has
traditionally conceptualized separate terrestrial and marine
systems (and to some extent still does, although ecological
research is more integrative), customary resource management
systems, including those on small Pacific Islands, recognize their
interconnectedness. Examples of these ridge-to-reef concepts are
the ahupuaʻa system in Hawaiʻi (Blaisdell et al. 2005) and the vanua
 system in Fiji (Baines 1989), where land and sea space exist as a
continuum, and people are an integral part of the ecosystem. The
Japan Satoyama-Satoumi Assessment is one of the most
comprehensive attempts to show how traditional agricultural,
village, rural, and human-managed seascapes constitute critical
social-ecological production landscapes, something that has also
been shown to be true in the Pacific (Thaman, unpublished
manuscript). These conceptual models are valuable for framing
research on resilience to climate change because of the social and
ecological interconnections they recognize.

Agroforestry and social-ecological resilience
Little research has directly linked the customary resource
management practices associated with ILK such as agroforests
(traditional polycultural systems) to resilience and adaptation to
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climate change (Tscharntke et al. 2011, Mijatović et al. 2013);
however, agroforests in Pacific Islands have been documented as
model systems for sustainable food production (Thaman 1976,
Vergara and Nair 1985, Raynor and Fownes 1991a,b, Thaman
and Clarke 1993, Thaman 2008), and food security is an
important indicator of resilience. Most Pacific Island agroforests
are variations on shifting agriculture and are typified by the
integrated use of a diversity of native and introduced fruit and
nut trees and understory agricultural crops (predominantly
roots), extended fallow periods, and rainfed irrigation (FAO
2010). They range from extensive to intensive, depending on the
local population density (Clarke and Thaman 1993), and are often
interspersed with other vegetation zones, including fallows of
different stages of regrowth and old-growth forests (Thaman
2008). 

Pacific Island agroforestry systems may foster resilience though
their contributions to biocultural diversity and food security by
producing nutritious foods (e.g., Englberger et al. 2003), including
noncultivated plants and nondomesticated animals, that add
nutrition and diversity to local diets and decrease dependence on
imports (Thaman et al. 2002; Thaman, unpublished manuscript).
In addition, they have historically included many aspects thought
to increase resilience to climate change (Mijatović et al. 2013),
including high species diversity and landscape heterogeneity
(Raynor and Fownes 1991a, Clarke and Thaman 1993), integrated
forest reserves, and the cultivation of crops with life-forms less
susceptible to high winds (i.e., taro and yams compared to cassava,
a new-world crop). These agroforestry systems have also been
responsible for the provision of many of the ecological services
afforded by native forests such as: nutrient and water cycling; soil
retention and control of coastal erosion; protection from sea spray
and salt water incursion; protection from strong winds, storms,
and droughts; facilitation of pollination, dispersal, and
propagation; and biological pest control (e.g., Tapia-Coral et al.
2005, Thaman 2008, Quintero et al. 2009, Pfund et al. 2011; Fig.
1). 

In addition to ecological value, agroforests also have significant
socio-cultural value. Pacific Islanders use nuts, fruits, leaves, roots,
bark, and wood from agroforests in the creation of culturally
important items (e.g., foods, medicines, fuel wood, dyes, carvings,
and construction materials). Many are shared (e.g., tapa or
barkcloth, woven mats) through ceremonial exchange. The well-
known Kula Ring, documented by Malinowski (1922) in the
Milne Bay Province of Papua New Guinea, is an example with
ritual exchange of gifts made from shells. These exchanges
strengthen social networks and help maintain alliances and
relationships of reciprocity, which can be called upon in times of
need, and thus promote resilience against local challenges to
resource access (Thaman 2008). 

Pacific Islanders are adapting their agroforestry systems to
address changes to the socioeconomic landscape, including
intensive population growth, urbanization, tourism, new crop
technologies, and growing markets for commercial crops.
However, little information is available on how farmers are
adapting their ILK and associated management practices, or on
the implications of these changes for sustainability and social-
ecological resilience. We believe this should be a major research
priority. Similarly, agroforestry systems are responding to

changing climatic patterns, which affect ecological processes such
as pollination and water cycling, as well as other changes such as
the introduction of invasive species. Understanding if  and how
customary agroforests can provide some of the most important
ecosystem services needed for resilience to climate change is also
crucial, and this question has not been assessed (FAO 2010). The
ability of agroforests to moderate extremes in water flow and their
ecological benefits to adjacent forest areas (e.g., regeneration,
prevention of invasive species) are two areas that have not been
well studied but may play critical roles in building resilience
(Thaman, unpublished manuscript). Research should also explore
the effects of drought, storms/floods, saltwater incursion, and
inundation on different crop varieties and species in agroforestry
systems. We believe it is critically important to explore how people
are experimenting or incorporating new varieties and species (Box
1).

Nearshore marine fisheries and social-ecological resilience
Historically, Pacific Islanders relied heavily on marine resources
for nourishment. In some places, the need to avoid food depletion
motivated them to develop a sophisticated understanding of the
limitations to and fluctuations in marine resources. Through
observations, learning, and adaptation over time, certain Pacific
Island communities developed ingenious social and cultural
controls on fishing that fostered sustainable use of marine
resources (Titcomb 1972, Johannes 1978). Some of these fishery
management systems were not based on overall catch, but instead
focused on identifying specific times and places that fishing could
occur so as not to disrupt basic ecological processes that
supported important food resources (Poepoe et al. 2007,
Friedlander et al. 2013). For example, the traditional system in
Hawaiʻi (pre-1800) emphasized social and cultural controls on
fishing with a code of conduct and prohibitions (kapu) that were
strictly enforced (Titcomb 1972). By allowing fish populations to
replenish themselves, and by not interfering with important
activities such as spawning, Hawaiian communities were able to
maintain productivity and fisheries yield at local scales
(Friedlander et al. 2013). 

In other areas of the Pacific such as Melanesia, customary marine
tenure and fishing taboos may have evolved to manage social
relationships, rather than a need to conserve fisheries (Foale et al.
2011). Prior to European colonial intrusions, human population
densities were low, and the pressure on coastal and marine
resources was also likely low. Most Melanesian taboos followed
social cycles such as the custom to close an area to fishing for 100
days following the death of a chief  to harvest for funeral rites.
This period is insufficient to allow for recovery of fish stocks, but
potentially sufficient to increase the catchability of fish for social
events to generate prestige or mana (power) for the hosts (Jupiter
et al. 2014). Tenure boundaries would have been the logical
extension of this practice to safeguard the mechanism for
generating this prestige. 

There has been a renaissance of customary community-based
marine management throughout the Pacific (Veitayaki 1998,
Johannes 2002, Lutchman et al. 2005, Govan 2009, Friedlander
et al. 2013), and the continued use and rediscovery of these
techniques could play an important role in improving the
management of marine fisheries in the face of changing climate.
For example, under certain circumstances, locally managed
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marine areas that incorporate concepts of customary marine
tenure can maintain ecosystem integrity while also providing for
sustainable use of marine resources (Johannes 1997, Veitayaki
1997, Jupiter et al. 2014); however, there is variation. In Melanesia
and elsewhere, persistent customs of periodic harvesting and
temporal impermanence of no-take closures may need to be
monitored carefully to achieve sustainability (Jupiter et al. 2012b,
 Cohen and Foale 2013). Because most locally managed marine
areas are not legally registered, community managers often have
the flexibility to adapt rules and regulations to resource
fluctuations (Jupiter et al. 2014). Thus, they may be more capable
than centralized governance systems in responding to the local-
scale effects of climate change. In addition, because reliance on
marine resources often increases after hurricanes and drought,
knowledge of how to manage the entire ecosystem effectively
(from nearshore to pelagic and freshwater) can strengthen
resilience (Thaman et al. 2002, Rasumssen et al. 2009; Fig. 1).
Studies in Fiji show that holistic local marine areas management
may be by far the best means of building resilience and helping
seriously overfished areas and areas affected by extreme weather
events (tsunamis, etc.) recover lost biodiversity and resilience
(Thaman et al. 2014). 

Recent research has focused on identifying the key ecological
attributes of nearshore marine ecosystems that support ecological
resilience (McClanahan et al. 2012). Reef fish biomass,
particularly that of certain trophic groups such as apex predators
and herbivores, is an important indicator of the health and
resilience of coral reef ecosystems (Friedlander and DeMartini
2002, Mumby et al. 2007, 2013), but as exploitation of these
assemblage components reaches critical thresholds, the overall
health of reefs and the services they provide for human
communities can decline dramatically (Bellwood et al. 2004,
Sandin et al. 2008). Reefs under stress can shift rapidly into
alternate, algae-dominated states that consequently reduce
benefits to human communities (Hughes et al. 2007, Mumby
2009). Other key ecological factors such as reef fish trophic
structure, ecological functional redundancy, and life history
characters have also been proposed as key metrics that influence
ecosystem service flows (Nyström et al. 2008). 

Pacific Island fisheries are threatened by multiple anthropogenic
factors, including overexploitation (which is expected to increase
with rapidly rising human population growth in Pacific Islands),
pollution, and erosion from upland habitat destruction, among
others. The effects of climate change are expected to amplify these
stresses. Specifically, rising sea surface temperatures are predicted
to lead to increased coral bleaching and eventual coral death
(Maina et al. 2011). Ocean acidification is predicted to inhibit
coral reef growth, which will result in habitat loss (Keener et al.
2012) and up to 20% decline in coastal fisheries by 2050 (Bell et
al. 2013). 

There is a great need, therefore, to understand how customary
fisheries management practices might affect ecological resilience
under various climate change scenarios (Box 1). Identifying and
supporting local practices that promote resilience and are within
local control might have potential for addressing new problems
operating across larger scales, such as declines in coral health due
to ocean acidification and ocean warming. Some evidence
suggests that locally managed marine areas can improve resilience

potential by increasing herbivory and therefore reducing harmful
coral-algal interactions (Rasher et al. 2012). Yet, this is complex
because local factors can affect nearshore marine ecosystems (e.g.,
overfishing, pollution, sedimentation, and habitat destruction)
while various socioeconomic changes can greatly affect
management practices. For example, recent research has shown
that increases in population growth and market opportunities can
have profound effects on customary fisheries practices, leading to
increased overexploitation (Cinner and Aswani 2007, Brewer et al.
2012). In addition, because the productivity of nearshore fisheries
is expected to decline as human populations increase, communities
(on high islands) who once relied heavily on fishing to meet
subsistence needs may need to rely more on farming. There is a
need to assess the capacity of agricultural systems to make up for
the food lost due to reduced fishing productivity (Box 1). This
underscores the importance of assessing resilience to climate
change in Pacific Islands using a perspective that bridges land and
ocean resources. The ahupuaʻa and vanua concepts and the
associated customary resource management practices that span
from ridge to reef embody ecosystem-based management and
provide an appropriate research framework.

Local leaders, social institutions, and social networks

Customary and other leadership
The success of resource management, especially under disaster
recovery, depends on strong local leadership, social institutions,
and social networks. Similarly, local leaders and institutions are
critical for implementing adaptation to the effects of climate
change (Agrawal 2010). In many Pacific Island nations, customary
leaders continue to play important roles in daily governance and
responses to disturbance; however, as political, economic, and
environmental circumstances have changed, so have customary
leaders’ roles. Although chiefs in Fiji continue to have strong social
standing and influence responses to activities that threaten the
marine environment (i.e., destructive fishing, coral harvesting, and
development), some chiefs are seen as uninformed when it comes
to the state of fisheries (Veitayaki 1998). Their decreased authority,
together with a weakened traditional system of control and more
productive modern fishing techniques, challenges marine resource
management (Veitayaki 1998). 

Traditionally, chiefs throughout Polynesia were responsible for
organizing community responses to disasters (Mercer et al. 2007,
Colding et al. 2008). Today, other community leaders respond in
times of crisis and need as well. For example, both customary
leaders and church leaders in the Solomon Islands organize the
distribution of food and other assistance following disasters
(Rasmussen et al. 2009, Lauer et al. 2012; Fig. 1). The influence of
the church in directing resource use and harvest can go beyond
disaster response. Some authors observed how some churches in
Fiji motivate intensive collective work (e.g., new taro cultivation
and the temporary opening of marine protected areas for intensive
fishing) to raise funds for church activities or expansion. Some
authors also observed some church members in Pacific Islands
intensifying their harvesting of marine resources so they can make
larger financial contributions to the church. 

In the Federated States of Micronesia (FSM), the Republic of
Palau, and the Republic of the Marshall Islands, leaders use an
integrative approach that combines ILK, other scientific
knowledge systems, and planning. In Pohnpei (FSM), the concept
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is called engine kehlap (collective effort), and it has been revived
to guide collaboration among government (customary and
elected leaders), nongovernment, and other groups with regard
to resource management under accelerating environmental
change (Apis-Overhoff, unpublished data). The traditional
concept has retained its power from the past and offers a
framework for promoting the integration of all available
systems to address local issues using culturally appropriate
means. ILK should be applied thoughtfully and carefully
because local leaders with expertise in ILK can lose esteem and
power, for example, when their ILK becomes less reliable under
increasingly unpredictable weather (Kronik and Verner 2010),
and government leaders with top-down approaches to
adaptation can be unrealistic and inefficient. However,
collaboration among leaders can strengthen governance and
adaptation approaches.

Social institutions, social networks, and resilience
Indicators of resilience in social-ecological systems include
respected leaders (whether they are influential elders or college
graduates) that encourage self-organization (Ostrom 2009),
social networks and governance based in ILK (Adger 2003,
Ford et al. 2008, Prno et al. 2011), and institutional diversity
(Adger 2003, Dietz et al. 2003, Ostrom 2009; Fig. 1). Institutions
that present a range of ways to structure rules for resource use,
monitoring, and enforcement, with institutions that are
“complex, redundant, and nested in many layers” (Dietz et al.
2003:1912) from the local to the international (Folke et al. 2002),
are most effective. Leaders with ILK are an important part of
this diversity (Fig. 1). We recommend research to explore the
dynamics among leadership roles (i.e., customary, church,
government, and nonprofit), institutional diversity, and
resilience to climate change. We also recommend research to
explore how integrated, culturally appropriate adaptation
strategies that include ILK and build on customary governance
structures can best be implemented and disseminated. There is
a need to explore how adaptation measures can foster effective
management and social resilience by incorporating ILK, while
also involving women, youth, and nearby nonindigenous
communities (Box 1). For example, in Fiji, nongovernmental
organizations are training local resource committee members
to “draw upon both traditional ecological knowledge as well as
scientific information to communicate [local management
rules] effectively in the village setting, particularly to target
groups such as women and youth who have been previously
underrepresented in past management planning workshops.”
(Jupiter et al. 2012a:159). 

As important elements of social-ecological systems, social
networks and institutions can promote the three defining
characteristics of resilience (Resilience Alliance, http://www.
resalliance.org/index.php/resilience). They can buffer disturbance
(e.g., through reciprocal exchange), promote self-organization
(e.g., through local leadership), and facilitate social learning
(for example, by serving as cumulative memory of a
community’s experience over an extended time period; Fig. 1).
Social institutions and networks create, enforce, and foster the
continuation of rules and the associated values and knowledge
(Turner and Berkes 2006), as well as resource management,
access, and use. Institutions that are able to adapt and respond
to changing circumstances (e.g., allowing the relaxing of tenure

in times of crisis) are more resilient than rigid ones (e.g., Forbes
et al. 2009, Lauer et al. 2012). 

Supported by navigational knowledge and seafaring abilities,
Pacific Islanders have developed social institutions and networks
that promote the inter-island distribution of resources and
connect people across land and vast expanses of water, and
between nations (Alkire 1978, Thaman 2002, D’Arcy 2006). They
have also developed intra-island networks, which have been vital
for resource redistribution and cooperation (Mills 2005,
Campbell 2009). Over many centuries, these exchange networks
have facilitated the adaptation to local resource deficiencies under
everyday circumstances and during crises by buffering the effects
of disruption in resource availability due to storms, volcanic
eruption, and sea-level rise (Ellen 2007, Thaman 2008). 

In addition to managing resource distribution, social institutions
and social networks also facilitate information exchange and
knowledge transmission, specifically as it concerns ecosystem
management (Olsson et al. 2004), the establishment and
maintenance of customary resource management (Adger 2003),
mobilizing collective responses to disturbance (Turner and
Clifton 2009, Gómez-Baggethun et al. 2012), and thus, promoting
adaptability to climate change (Adger 2003, Ford et al. 2008, Prno
et al. 2011; Fig. 1). An important aspect of resilience to climate
change is food security (Colding et al. 2008), which is supported
by practices of reciprocity (e.g., with affines and/or
consanguines), economic exchanges, and through barter and
markets. 

In Pacific Islands, reciprocity and social alliances have been
established and maintained through ritualized exchanges of
culturally salient items such as food (e.g., yams) and textiles (e.g.,
tapa or barkcloth and woven mats). Although ritual exchange
networks are no longer practiced as they once were (Thaman et
al. 2002), remittances can be seen as a modern practice of resource
redistribution that maintain social connections (Rasmussen et al.
2009, Barnett and Campbell 2010), both under normal
circumstances as well as in times of crisis. In 2011, an estimated
$137 million (USD) in remittances were sent to Samoa, $65
million of which were from New Zealand, the country with the
largest share of Samoans living abroad (World Bank 2012).
Notable amounts of remittances from New Zealand to Samoa
also followed Samoa’s 1990 cyclone (Barnett and Campbell 2010)
and 2009 tsunami (Gibson 2010). It is important to point out that
this flow of resources is not unidirectional. While money is sent
home, culturally significant goods (e.g., traditional foods) are sent
abroad, keeping the diasporic community rooted in the home
culture and maintaining the network. There is a need to explore
current practices of reciprocity and social network exchanges
because many are informal and undocumented. There is also a
need to examine the relationship between practices of reciprocity
and engagement in a cash or market economy. It is hypothesized
that deeper engagement in a cash economy weakens practices of
reciprocity (e.g., Lauer et al. 2012) and the links in social networks
because it negates the need to share and encourages more resource
extraction for the purposes of selling, but to our knowledge this
has not been tested (Box 1). 

Cooperative behavior and interdependence are reinforced
through cultural values. A culture’s worldview mediates its
interconnected set of ILK, resource management practices, social
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networks, and social institutions (Berkes and Turner 2006; Fig. 1).
In Pacific Islands, the act of giving has been a sign of prestige (for
example, Malinowski 1922). Rather than being an accumulation of
property, wealth can be a reflection of creating obligations that can
be called upon at times of need. On Simbo (Solomon Islands),
reciprocal obligations are maintained through varivagana, a
concept that “connotes love, a feeling of concern for other people,
and maintaining community relationships” (Lauer et al. 2012:44).
Following the 2007 tsunami, this ethos supported Simbo Islanders’
recovery by promoting the redistribution and sharing of resources
such as planting space, building materials, and foods, including
those that otherwise would have been restricted under customary
tenure (Lauer et al. 2012). Similar exchanges have taken place
elsewhere in the Pacific Islands after extreme events (Thaman et al.
2002, Campbell 2009). As noted by Kronik and Verner (2010:162),
“Cultural values that deal with uncertainty and variability,
developed within indigenous peoples’ institutions over time, may
be the main contribution in developing adaptation and mitigation
strategies” (Fig. 1). These aspects of ILK systems are not
peripheral. They are integrated and all-encompassing. 

In addition to providing data to inform the understanding of
change, ILK’s associated worldviews, perspectives of the
environment, and value systems are instructive for guiding how
humans interact with and adapt to our natural environment (e.g.,
Turner and Berkes 2006, Burkett 2013, Leonard et al. 2013; Fig.
1). We strongly discourage selecting aspects of ILK (i.e., empirical
observations) to include in scientific research and disassociating
them from the worldviews and cultural values that undergird them.
To do so misrepresents the knowledge systems and imposes a
framework that may not be consistent with the local paradigm.
Therefore, we recommend research to prioritize the identification
of cultural values and associated practices that promote resilience
as well as how to integrate them into adaptation communication
and planning (Box 1).

Limitations
While there exists great potential in learning from ILK to promote
resilience to the effects of climate change, there are limitations.
These include:  

. A lack of prior experience of change at this pace and
magnitude. Although ILK systems are recognized for their
adaptive capacity under past conditions, the rapid pace at
which social, economic, and ecological changes are occurring
might mean that ILK systems are unable to adapt quickly
enough to prevent significant impacts (e.g., Nunn 2009). 

. A loss of ILK over time. Colonial and religious institutions
displaced, devalued, and in some cases, outlawed indigenous
languages and practices (e.g., Wilson 1998). ILK was lost as
a result. The effects of epidemics from the West to
immunologically naive indigenous populations also displaced
and decreased ILK at the community and island levels
(Bushnell 1993). 

. Many elements of ILK are strongly embedded in everyday
social processes that have been modified through contact,
colonialism, and now, globalization (e.g., Barnett and
Campbell 2010). Elements of ILK may no longer be relevant
in contemporary social contexts and might have fallen into
disuse as a result. While this might be part of a normal process
in dynamic knowledge systems, it means that ILK should not

always be assumed to be relevant to resilience and
adaptation. 

. Shifting baselines. Local understandings of change, even
those based in ILK with a long history, can be strongly
influenced by a reference point of only a few generations
previously. Although local fluctuations might be observed,
they can be interpreted as within the range of normal
variation, when longitudinal regional and global
perspectives show otherwise (e.g., Albert et al 2013). 

. Not all ILK is necessarily aimed at sustainability (e.g., Foale
et al. 2011, Berkes 2012). In some cases, ILK is oriented
toward maximizing resource extraction. It cannot be
assumed that it is always sustainable. 

. A loss of respect. Local leaders with expertise in ILK can
lose esteem and power when their ILK becomes less reliable
(e.g., Kronik and Verner 2010). In these cases, ILK might
undermine authority or be an obstacle to effective
governance.

CONCLUSIONS
Although Pacific Islands are small, their ILK systems include
valuable insights that are relevant at broad scales for
understanding resilience and adaptability to the social-ecological
effects of climate change. ILK systems can contribute local-scale
and high-resolution observations, benchmark data, and insights
into practices that enhance biocultural diversity, social-ecological
resilience, and adaptive capacity in integrated terrestrial and
marine systems. Through community-based and participatory
approaches, ILK can complement and ground-truth climate
models and direct culturally appropriate resource management,
research, and adaptation measures. There is a great opportunity
to learn from these systems and to understand their limitations.
We emphasize the need for a social-ecological systems approach,
attention to biocultural diversity, and collaborations among and
within government agencies (e.g., weather service, agriculture,
forestry and fisheries departments, climate change offices, and
disaster management offices), academic, nongovernment, and
policy organizations, and local communities. We believe that such
collaborations can enrich knowledge at local and global scales
and inform adaptation strategies in meaningful ways. A cohesive
regional approach is needed, not just among U.S.-affiliated
islands, the French territories, or the member countries of the
Pacific Climate Forum. We strongly reiterate the point that Liu
et al. (2007a:1516) make: “It is critical to move beyond the existing
approaches for studying coupled systems, to develop more
comprehensive portfolios, and to build an international network
for interdisciplinary research spanning local, regional, national,
and global levels.” There is also a need for increased sharing of
findings in diverse ways. This can be facilitated by open-access
data sharing policies as well as through enhanced communication
in which findings are translated into community-appropriate
materials and messages using local languages, concepts, and
locally accessible technologies.

Responses to this article can be read online at: 
http://www.ecologyandsociety.org/issues/responses.
php/6937
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