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Abstract Detecting ecological change is a critical first step in
the process of local-level adaptation, yet few studies have explored the factors that predict knowledge acquisition following
catastrophic events. This article empirically assesses individual
variation in the ability of Solomon Islanders to detect ecological
change following the alteration of local, shallow-water, marine
environments by a major tsunami. We compare the results of
marine science surveys with local ecological knowledge of the
benthos. We also examine multiple socioeconomic variables,
and employ social network analysis to measure the influence
of social and expert networks. Results show that villagers with
salaried work who are at the intersection of local and global
knowledge were the most adept at detecting tsunami-induced
changes to benthic surfaces. Social networks had no statistically
significant influence on villagers’ abilities to detect change. We
argue that these results counter common conceptualizations of
indigenous knowledge that emphasize its normative, shared,
inter-generationally transmitted characteristics rather than its
heterogeneity, emergence, and practical application. Our findings have implications for theory about the foundations of indigenous knowledge research and the design of disaster mitigation efforts or resource management programs that incorporate
indigenous ecological knowledge.
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Introduction
Over the last several decades, indigenous ecological knowledge (IEK) has become a burgeoning field of study in a wide
range of academic disciplines and applied pursuits. Disaster
experts, for example, have begun to appreciate the importance
of indigenous knowledge for understanding environmental
hazards, reducing disaster risk, and minimizing vulnerability
(Ellen 2007; Mercer et al. 2007). In sustainable development
and natural resource management, it is argued that when local
peoples’ perceptions, judgments, and rationales about ecological processes are integrated into the development of programs, they tend to be more effective ecologically and socially
(Berkes et al. 2000; Brokensha et al. 1980). This is found
particularly to be the case in most regions of the world now
experiencing rapid social and ecological change.
Advocates of IEK emphasize its richness and site specificity as characteristics that enable local resource users to alter
their management strategies as ecological conditions change
(Berkes et al. 2000; Drew 2005). The interplay between local
knowledge, environmental conditions, and management decisions plays a fundamental role in long-standing, traditional
resource management. IEK-informed practices, in some cases,
support the resilience of socio-ecological systems because
they manage for change rather than specific conservation or
societal outcomes by continually adapting management policies (Berkes et al. 2000).
A fundamental capacity that enables indigenous people to
adapt is ecological change detection, a form of IEK that has
been empirically documented in a variety of contexts
(Alexander et al. 2011; Aswani et al. 2014; Lauer and
Aswani 2010). Until the 1990s, IEK studies rarely evaluated
who detects changing ecosystems. Moreover, the variation,
distribution and evolution of knowledge within traditional
communities as well as the pathways by which knowledge
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flows tended to be secondary rather than primary research foci
(for some exceptions see Boster 1986; Hays 1976). Classic
ethnobiological research, for example, was mainly concerned
with identifying cross-cultural regularities of ethnobiological
classification rather than the dynamics of knowledge evolution (e.g., Berlin 1992). This general tendency was mostly due
to the way in which classic IEK research conceptualized
knowledge. Typically, knowledge was understood as a normative, socially transmitted trait shared across particular cultures
or societies, a perspective that has a long intellectual pedigree
in the social sciences (Ellen et al. 2000; Zent 2009).
More recently, epistemological questions have been raised
about approaches to indigenous knowledge that privilege homogeneity over hybridity and cognitive aspects over tacit,
experiential, and other modalities of understanding and knowing (Ellen et al. 2000; Escobar 1999; Gupta 1998; Hobart
1993; Ingold 2000; Zent 2009). Known as practice-based approaches or processural perspectives, these conceptualize
knowledge as dynamic and situated practices with distributed,
emergent, experiential, and heterogeneous characteristics. As
a result, the focus of research shifts from documenting the
shared values, beliefs, patterns, classifications, and rationales
of communities to understanding the individual variation, distribution, change, flow, and emergence of environmental or
other knowledge.
Our previous work in the Solomon Islands suggests that a
practice-based approach to knowledge and knowing provides
a more comprehensive theoretical foundation for understanding IEK of the local marine ecosystem (Lauer and Aswani
2009) as well as disaster response (Lauer 2012). These studies
document how IEK is not only expressed and transmitted
generationally through oral history but also involves improvised, bodily, non-cognitive ways of knowing that in many
cases are overlooked by cognitively-oriented approaches to
knowledge. A situated practice approach not only provides
conceptual space for these more subtle modes of understanding, it also provides a theoretical basis to dissolve the problematic distinction between local knowledge and scientific
knowledge (Agrawal 1995) by conceptualizing them both as
practices (Pickering 1995). Turnbull (2000) argues that the
Bs i t u a t e d m e s s i n e s s ^ o r t h e Bm o t l e y ^ n a t u r e o f
techcnoscientific practice is often overlooked because of a
bias in western thinking towards theory at the expense of the
actual practice of science.
Propelled by this alternative, practice/processural view of
knowledge, a raft of recent research has focused on the quantitative measurement of individual variation in knowledge
(Atran and Medin 2008; Reyes-García et al. 2007). Ethnobiological studies in particular have developed increasingly sophisticated methods and analyses exploring knowledge heterogeneity. Factors such as age, gender, livelihood, residence,
education, household income, and integration into the market
economy have been shown to correlate with variation in
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knowledge (Vandebroek and Balick 2012). Knowledge erosion, in particular, is an important area of research. A significant body of research suggests that as communities are drawn
into market economies, IEK is displaced by new knowledge
associated with livelihood changes (Reyes-García et al. 2005;
Ross 2002; Schultes 1994; Zent 2009). For example, Spoon
(2011) showed how the ecological knowledge of the Khumbu
Sherpa, agro-pastoralists from Nepal, has shifted away from
agro-pastoralism towards information and values associated
with a growing tourism industry. These changes, however,
were highly variable across the Sherpa population and
across domains of knowledge. Knowledge erosion appears
to vary both at the individual level and across biocultural
settings. Zarger and Stepp (2004) documented that even in a
highly acculturated setting Tzeltal Maya children retain a rich
understanding of botanical knowledge, suggesting that IEK
may persist among some individuals or segments of a society
despite significant cultural and economic change. Educational
settings appear to play an important role in knowledge
transformation. Ohmagari and Berkes (1997) research among
Cree women of subarctic Canada revealed how the use of
non-local language in schools heavily impacted knowledge
of the local environment.
Very little research, however, has empirically assessed the
capacity of local or indigenous people to detect changes after
large-scale, ecological disruptions. These events may permanently alter local ecological conditions, yet little is known
about the extent, accuracy, and rapidity of detection by traditional people, and how the related new knowledge propagates.
Clearly, the type and extent of disturbance will influence
knowledge acquisition: slow ecological change, such as
‘shifting baselines,’ will be detected differently than abrupt,
intense ecological disturbances caused by a tsunami.
To explore pathways of knowledge acquisition and its
transmission through communities, researchers in many fields
have employed social network analysis, although to date only
a handful of studies have applied these techniques to IEK
(Bodin and Prell 2011; Reyes-García et al. 2013). This is quite
surprising considering the explosion of interest in network
studies across the social and natural sciences (Borgatti et al.
2009; Wasserman and Faust 1994). One of the most widely
researched concepts in social network studies is centrality,
which refers to the structural prominence or importance of a
node (e.g., individual, household, organization) in a network.
Typically, individuals with many non-negative social ties involving friendship or trust tend to be more effective disseminators of information (Katona et al. 2011), which is important
since studies suggest that occupying central positions within
networks may result in a higher level of ecological knowledge
(Reyes-García et al. 2013). Many questions remain, however,
about the extent to which these principles apply to ecological
knowledge in small-scale, traditional communities facing the
combined forces of globalization and climate change, or
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which have been subjected to large-scale ecological disturbances such as earthquakes, tsunamis, droughts or cyclones.
Here we argue that conceptualizing local knowledge as a
dynamic, active, and heterogeneous assemblage of practices
and processes provides a more inclusive and comprehensive
theoretical foundation from which to explore how Solomon
Islanders perceived the ecological effects of a large tsunami.
We examine the factors that influence individual variation in
knowledge, including the effect of social networks. In April
2007, an 8.1 magnitude earthquake rattled the seafloor just
30 km off the coast of the western Solomon Islands. The
quake generated a large tsunami that decimated seaside villages and changed marine ecological conditions. In 2006, our
research team conducted marine science (MS) surveys
documenting different habitat types and benthic surfaces in
Vonavona Lagoon, a large lagoon on the western coast of
New Georgia Island. After the tsunami we replicated the
2006 survey at two equally spaced time intervals (2008 and
2010) to document any changes to the benthos.
Previous analyses comparing IEK and the marine surveys
indicate that the tsunami changed benthic habitats and that
local Solomon Islanders detected the changes to their seascape. (Aswani and Lauer 2014). This previous research,
however, assessed the abilities of villagers in focus groups.
Below, we explore in more detail the capacity of individual
villagers, rather than focus groups, to detect environmental
changes by considering how specific variables identified in
the IEK literature (e.g., age, gender, occupation, education,
etc.) may influence the ability to monitor local ecologies. In
addition, we employ social network analysis to ascertain
whether the perpetuation and transmission of knowledge is
shaped by positions within social and expert networks.

Methods
Study Site
The Solomon Islands make up the third largest archipelago in
the Pacific, with six main islands and nearly 1000 smaller
islets. Vonavona Lagoon lies off the western coast of New
Georgia, and is bounded by two smaller islands, Parara to
the west and Kohinggo to the east (Fig. 1). The 30 km-long
lagoon contains numerous protected bays, barrier islands,
pools, coral reefs, intertidal flats, and passages, and is world
renowned for its marine biodiversity and striking natural beauty (Green et al. 2006). Large portions of the lagoon are shallow, (<20 m) and contain a multitude of marine habitats, including seagrass meadows, mangroves, freshwater swamps,
river estuaries, sand channels, shallow coral reefs, silt-laden
embayments, and reef drops.
Vonavona Lagoon is home to approximately 5,500 people
who reside in several main villages and a half-dozen smaller
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hamlets (Solomon Islands Government 2011). Its inhabitants
are culturally indistinguishable from, and genealogically
enmeshed with, people who reside in adjacent Roviana Lagoon. In both lagoons, Roviana, an Austronesian language
unique to the region, is the local vernacular. Solomon Islands
Pijin, the lingua franca of the Solomon Islands, is also widely
spoken. As in most of the Solomon Islands, Vonavona communities rely on subsistence fishing and horticulture for their
main livelihoods even though extensive social and cultural
change has occurred over the past several centuries. Subsistence fishing continues to dominate village life, and marine
resources provide most of the protein in the local diet. Many
households also engage intermittently with the cash economy,
undertaking small-scale commercial activities such as
shell-diving, copra-production or the marketing of fish, shellfish, fruits or root crops. Logging operations have also proliferated, and provide employment for many islanders.
For this research, social science fieldwork was conducted
in 2010 among villagers in three communities located in
southern Vonavona: Kinda, Saika, and Kinamara. The three
villages have approximately 110 households with a total population of 500 individuals. Several decades ago these communities lived together on a small island in the center of the
Lagoon called Repi. In the mid-1990s, however, the site was
abandoned because it lacked a reliable source of fresh water,
and the population was growing rapidly, causing overcrowding and other issues.
Prior to the 2007 tsunami, our study team conducted MS
surveys of an inner lagoon reef system that extends off the
southeastern edge of Repi Island. We were studying the region
as part of a marine resource management initiative that began
in 2000 (Aswani et al. 2004). The 10-year initiative culminated in the creation of a network of marine protected areas
(MPAs), including eight MPAs in Vonavona Lagoon. To
achieve this we (and others from the research team including
local counterparts) conducted numerous participatory workshops in Vonavona Lagoon to assist local communities in the
establishment and maintenance of their management program.
The process also involved: a) the development of a local
non-governmental organization called Tiola Conservation
Foundation, b) the integration of the management initiatives
into the regional and national governments’ costal management plans, c) legally codifying the management initiatives in
government statutes and legislation, and d) training local
counterparts in marine science, anthropology, and the use of
Geographic Information Systems (GIS). This long-term collaboration with local villagers, governmental officials, and
Solomon Islander counterparts helped ensure that Vonavona
villagers involved in our study were confident that it would
benefit their community and region.
The Repi reefs were initially selected for the benthic surveys because of the diversity of its inner lagoon habitats including seagrass, coral reefs, sand flats, pools, and silt.
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Fig. 1 Solomons Islands with inset of Vonavona Lagoon study area

Moreover, Vonavona villagers rely on the marine environment
for the bulk of their protein, and frequently fish the Repi reefs
(Aswani 1998). The reefs are about 3 km from the villages and
are easily reached by paddling through the lagoon. The most
common fishing methods currently practiced in Vonavona lagoon include angling with hook and line (vekovekoe), netting
(vaqara), diving (suvu), spearing (hopehopere) and collecting
shells (hata). On average most adults harvest some kind of
marine resource and consume fresh fin fish or shellfish two to
three times per week.
Our long-term ethnographic research (now almost
15 years) describes how Vonavona’s inhabitants conceptualize their environment through the concept of pepeso
(Fig. 2). Pepeso translates literally as Bsoil^ or Bground,^
but is typically employed as a broader land-sea concept
that demarcates land-sea territorial areas spanning from
interior mountain-ridge-tops out to fringe or barrier reefs.
As is commonly found elsewhere in the Pacific, Vonavona
land and sea ecological zones and processes are not conceptualized as ontologically distinct categories, but rather
as aspects of an integrated whole. Pepeso signifies not

only a biophysical area, but also local history, habitation,
and people’s identities. Traditionally, each pepeso consists
of a named land and sea ‘district’ owned by a particular
butubutu (kin-based group) and delineated by voloso
(boundaries).
Most Vonavona fishers recognize four socio-ecological domains within the pepeso: poana or koqu (inner lagoon),
lamana (open sea), vuragare or toba (barrier islands and
open-sea-facing inter-tidal zones and reef drops), and tutupeka
(mainland). Within the poana, a number of major marine ecological categories are identified: bolebole (tidal sand bank),
holapana or sangava (lagoon passage), kulikuliana (sea
grass), kopi (lagoon pools), nunusa (lagoon island), sada
ovuku (river mouth), sagauru (generic for reef), and teqoteqo
(reef drop). These habitat classes are defined in terms of geomorphology, abiotic substrates, and assemblages of marine
plant and animal species. In addition, local people identify
different substrate surfaces and micro-habitats, which include
ime (algae species), kuli gele (Enhalus acoroides), kuli
ngongoto (primarily Thalassia hemprichii and Halophila
ovalis), nelaka (silt), omomo (algae species), onone (sand),

Hum Ecol (2016) 44:33–46

37

Fig. 2 Cross-section schematic of a generalized pepeso in Vonavona, showing local environmental classifications and their approximate English
equivalents

patu pede (generic term for Turbinaria, Pavona, and
Acropora corals), patu vinu (Acropora corals), patu voa
(Porites coral formations), tatalo (algae) and zalekoro (gravel). Usually the dominant benthic types identified by local
people include onone, nelaka, kulikuliana, and patu. Importantly, these dominant benthic types correspond very closely
to common marine science benthic categories of sand (onone),
silt (nelaka), coral (patu), and seagrass (kulikuliana).
The impact of the earthquake and tsunami on Vonavona
Lagoon was significant. Although no villagers died in
Vonavona (nearly 60 lives were taken in other regions) it
was a life-changing event that has had lasting impact including extensive coastal flooding, changes to the local ecology,
and major property damage, not to mention much human suffering and psychological distress. Luckily, the villagers’ first
reaction to the earthquake was to flee the coast and seek high
ground, a response that was common across the Western Province and saved many lives (Lauer 2012). Fearing another tsunami, Vonavona villagers spent 2 to 3 months living in temporary shelters on high ground near the center of Parara Island
and very few people ventured into the lagoon to fish or collect
marine resources.
Lagoon and coastal areas were heavily impacted. Because of its position relative to the fault, the lagoon sank
0.51 m (Taylor et al. 2008). This left many low-lying
areas permanently flooded. The coastal areas of Parara
Island suffered much saltwater intrusion killing large
swaths of mangrove. Of the three study villages,
Kinamara was the most severally impacted with about
30 % of the village area permanently flooded, forcing
the community to rebuild its dock and relocate a number
of public buildings such as the community hall and a
clinic. Fortunately, no houses were destroyed because
they were all located on higher ground. Local descriptions

of the tsunami described how the lagoon water first receded from the shoreline then returned as several one-meter
high pulses or waves. The waves swept into the lagoon,
flooding many areas and causing violent currents and major movements of rubbish- and silt-laden water. A long,
narrow island called Rokama, near the entrance of the
lagoon, was permanently cut in half by the tsunami.
Data Collection
In 2010 we conducted 58 surveys in Kinamara (n = 28),
Kinda (n = 6), and Saika (n = 24) where information was
elicited to show the extent of villagers’ IEK and nine
socioeconomic variables that, according to previous research, may influence levels of knowledge: age, gender,
number of years of local residence, level of education,
type of occupation, days per week marine food is consumed, days per week spent fishing, monthly income,
and average weekly expenditure on processed food
(Table 1) (Zent 2013). The number of surveys conducted
in each community was based on population size and the
total sample size represents approximately 50 % of households in the three villages. A relatively even number of
men and women from different age groups was chosen to
represent all ages over 18 years of age.
A subsample of these individuals was asked additional
questions about their social and expert networks. To generate
our subsample for the social network study, we employed a
snowball sampling method where we initially asked 17 respondents about their social and expert networks. This involved asking informants to name the seven most important
persons in their lives, starting with the most important, outside
of their household (for more details about this sampling
strategy see Atran et al. 2002). We determined this to be their
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Descriptive statistics of all variables investigated
N = 58

Variables
Dependent
Agreement
Explanatory
Age
Years in village

Description

Min Max

Mean

Std.
Min Max
Dev.

Mean Std.
Dev.

Agreement between indigenous knowledge
of abiotic and biotic substrates and a 2010
marine science survey.

0

2.5

1.3

2.4

Education

0

5

1.5

24

75

44.7

12.6

31

75

49.7

11.4

Years the participant has lived in the village

1

75

19.3

18.4

4

75

22.0

20.0

0
1

6
7

2.4
2.7

1.9
1.9

0
1

6
7

2.5
2.8

2.0
2.1

0
15

13000 1106.7 1854.3 0
800
128.8 116.1 20

–

–

–

–

1

11

4.9

2.4

–

–

–

–

0

111.7

27.4

32.7

–

–

–

–

0

10

1.7

3.0

–

–

–

–

0

45.7

4.8

11.7

Average number of fishing trips per week
Average number days a week a participant
eats fresh fish
Monthly Income (adjusted)
Average monthly cash income
Money Spent on Processed Food Average amount of money spent on processed
food per week
Degree_SN
A participant’s degree measurement
for the social network
Betweenness_SN
A participant’s betweenness measurement
for their social network
Indegree_EN
A participant’s degree measurement
for the expert network
Betweenness_EN
A participant’s betweenness measurement
for the expert network

Gender

5

Age of participant in years

Times per week Fishing
Days per Week Fish Consumed

Occupation

N = 32

13000 1275 2375
800
139.0 140.4

1 = Farmer

N
28

% of total
48 %

N
14

% of total
44 %

2 = Fisher
3 = Pastor
4 = Housewife
5 = Salaried work
6 = Other

6
6
7
6
5

10 %
10 %
12 %
10 %
9%

3
4
2
6
3

9%
13 %
6%
19 %
9%

1 = Male
2 = Female
1 = None
2 = Up to 6th grade
3 = 6th-9th grade
4 = 9th-11th grade

32
26
0
44
7
1

55 %
45 %
0%
76 %
12 %
2%

21
11
0
23
5
0

66 %
34 %
0%
72 %
16 %
0%

5 = High school graduate
6 = Trade school
7 = University

0
4
2

0%
7%
3%

0
2
2

0%
6%
6%

social network. We also asked people to indicate whom they
would turn to find out something they did not understand
about the marine environment. We determined this to be their
expert network. Due to time constraints, we were able to find
and interview only 15 of these individuals to represent the
total social network sample of 32 individuals. Since half of
the population in a typical Solomon Islands village is under
the age of 18 (Solomon Islands Government 2011), our social
network sample of 32 individuals was approximately 13 %
(32 out of 250) of villagers 18 years or older and one-third
(29 %) of village households (assuming each interviewee represents one household).

To evaluate local knowledge about ecological change associated with the 2007 tsunami, the survey included an elicitation technique where a poster-sized color air photograph of
the Repi study area was used as a visual tool to assist all 58
villagers in identifying benthic substrates. A 61 × 122 cm
hard-copy map was created by digitally scanning and rectifying a color aerial photograph (1:25,000) of the southern
Vonavona lagoon on September 2, 1991. Five polygons were
drawn on the image to demarcate different sites within the
larger study area (Fig 3). Using the poster-sized map, we
helped the informants orient themselves to the aerial perspective by encouraging them to recognize, identify and name
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Fig. 3 Air photograph of r epi reef study site. Shaded areas are the five study sites used to elicit information from local informants about the bethos.
Points are the site locations for marine surveys replicated three different times: once before the tsunami in 2006, and after in 2008 and 2010

villages, islands and other physical or cultural features on the
map. The informants were then asked to examine the photo
and name the dominant benthic substrate type in the local
language based on their recollection of the current status of
the benthos. Ideally we would have used a current image of
the lagoon, but because high-resolution imagery was unavailable we used the 1991 air photograph. While conducting these
interviews it became apparent that the image was used as a
mnemonic device or visual aid that enabled the informant to
orient themselves in the seascape rather than something that
was read or interpreted. In other words, informants did not
simply interpret the various shades of color on the image,
but instead the image served to jog the informants’ memory
about the study reef, an area that they cross frequently (on
average once or twice a week) during their fishing trips.
Through this elicitation technique ten dominant substrate
types were identified: ime (algae species), kuli gele (Enhalus
acoroides), kuli ngongoto (primarily Thalassia hemprichii
and Halophila ovalis), nelaka (silt), omomo (algae species),
onone (sand), patu mateana (dead coral) patu vinu (Acropora
corals), patu voa (Porites coral formations) and tatalo (algae).
For statistical analysis, we reduced these ten categories to four
useful categories by combining the seagrass and algae species
into one category and the coral species into one category,
leaving us with the categories: coral, sand, seagrasses and
algae, and silt.
The three underwater MS surveys conducted by the same
research team in January 2006, July 2008 and May 2010

documented the entire study site’s abiotic and biotic substrates
before and after the 2007 tsunami. For each survey, we selected underwater sample site locations by creating a grid using
GIS software that generated points every 60 m, for a total of
982 sampling points across the 253 ha study area. The geographic coordinates of each sample point location were loaded
into a Trimble Geoexplorer XT GPS receiver. Using the GPS
receiver, a team consisting of a researcher and two trained,
local research divers from nearby Roviana lagoon navigated
by boat to each predetermined field point location and documented the underwater habitats. At each site a 1-m x 1-m PVC
frame was lowered onto the seabed and the indigenously defined substrate and dominant benthic habitat categories (the
same categories used in the household survey mapping exercise) were recorded in the local language. If the sampled area
had a mix of different habitats, the primary (dominant), secondary, and/or tertiary habitats were recorded.
To compare the MS surveys with the responses provided
by local informants on the household survey, we used Arc/
GIS 10 to run spatial queries that selected just those points
inside the five study site areas assessed by the informants
during the household survey. The five study sites contained
between three and 26 MS survey sample sites for a total of 59
samples (N = 59) each year. Using these data sets we measured
the correspondence between local assessments of benthic
types elicited through the image interpretation techniques
and our 2010 MS survey results. We analyzed only the 2010
MS data set because that was the year in which individual
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villagers were surveyed. Although multiple responses were
sometimes given in both the household survey and the MS
survey indicating a mixture of benthic surfaces, we analyzed
only the first response, representing the dominant substrate
type. Selecting only the dominant substrate type for analysis
is a common strategy in habitat mapping (Goodman et al.
2013) because it provides the best possible assessment of
any changes that occurred to the benthos without dramatically
increasing the complexity of the statistical analysis. We then
compared these two data sets across the five demarcated sites;
if there was agreement between the responses of an informant
and the MS survey, then it was coded as 1; if there was disagreement it was coded as 0. This score was summed for the
five sites producing our dependent variable ‘agreement,’
which ranged from 0 to 5, with 5 indicating perfect agreement
between indigenous knowledge and MS survey data.

Data Analysis
Three separate analyses were conducted using the information
collected from household surveys and MS surveys. The first
was performed with the survey data from all participants
(N = 58) to determine the variables that best describe the
agreement between IEK and MS surveys. We treated the six
point agreement score as an ordered categorical dependent
variable and nine socioeconomic variables were selected as
independent variables.1 An ordinal logistic regression model
was chosen to analyze the effects of the independent variables
on a respondent’s agreement score as this models the probability that agreement is less than or equal to a given score, and
hence can be manipulated to provide the odds of a higher
score. The equation for such a model is of the form
!
"
Pðagree ≤ jÞ
logit ½Pðagree≤ jÞ$ ¼ log
1−Pðagree ≤ jÞ
¼ β 0 þ β 1 x1 þ … þ β i xi
where j = 0, 1, 2, 3, 4 (the probability that agreement is ≤ 5 is
equal to one), and x represents an independent variable.
For the first step of the analysis, we conducted bivariate
screenings to consider each potential variable as the sole variable in the model and a likelihood ratio test was run comparing each model to a null (intercept only) model. All independent variables found to be significant at the p ≤ 0.1 level were
then placed in a multi-variable model to examine their significance when controlling for the other variables. These models
were optimized so that in order for a variable to remain in the
final model it had to be significant at α ≤ 0.05. As a final step,
a one-way analysis of variance test was run for which the
independent variable occupation was the only significant variable emerging from the screening analyses. This allowed for
group-wise comparison of mean agreement scores using a

Table 2 Dominant abiotic and biotic benthic substrates recorded
during marine science visual surveys (N = 59 for each survey year)
Survey Year
Study site

2006

2008

1

sand

sand

2010
silt

2
3

sand
silt

seagrass/algae
silt

sand
silt

4
5

seagrass/algae
sand

seagrass/algae
sand

seagrass/algae
sand

Tukey post-hoc test. All statistical analyses were run in R
version 3.1.1 (2014).
The subsample (N = 32) of interview respondents who were
asked to provide information on social and expert networks
allowed us to calculate two degree and two betweenness centrality measures using the social network analysis software
package UCINet 6 (Borgatti et al. 2002). Degree centrality
identifies the direct connection between two individuals and
betweenness centrality offers a measure of the importance of
individuals that lie in the shortest path between two individuals. Social and expert network information was used to construct two binary adjacency matrices (32 × 32) containing only
the names of those who were both interviewed and named as
contacts. Those individuals who were named but not
interviewed were not included in this analysis. Data from the
social network were treated symmetrically while the expert
network data were treated asymmetrically. The resulting measures served as four additional independent variables and were
added to the variables used in the analysis of the larger subsample and evaluated employing a method similar to that noted above.

Results
The MS surveys showed that benthic substrates in two of the
five surveys sites changed after the tsunami (Table 2). Site one
remained unchanged between years 2006 and 2008, but then
shifted from sand to silt in 2010. Site two changed from sand
in 2006 to seagrass in 2008 and back to sand in 2010. Sites 3–
5 showed no change over the study period. The agreement
between IEK assessments of substrate surfaces and the MS
surveys ranged between 0 (no agreement) to 5 (complete
agreement) with a mean agreement of 2.5.
Using a predetermined cutoff point of 90 % confidence
level, α ≤ 0.1, for inclusion in a multi-variable analysis, the
bivariate screening for the full sample (N = 58) revealed that
1

We considered using data transformation techniques on several variables to provide more normal distributions, but the transformed data did
not affect the outcome of our statistical analysis.
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Table 3 Results of Bivariate
Screening of Independent
Variables tested for significance
in an ordinal logistic regression
model
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2010 (N = 58)

2010 (N = 32)

Variable Name

LR chi-square

p-value

LR chi-square

p-value

Age
Gender
Years in Village

2.052
0.189
1.829

0.152
0.664
0.176

1.031
0.83
2.36

0.310
0.362
0.124

Education

2.223

0.695

7.213

0.065**

Occupation
Times per week Fishing
Days per Week Fish Consumed

19.495
0.588
0.039

0.002*
0.443
0.843

20.593
0.573
0.059

0.001**
0.449
0.808

Monthly Income

0.015

0.902

0.052

0.819

Money Spent on Processed Food
Degree (Social Network)

1.531
–

0.216
–

3.547
0.624

0.060**
0.430

Betweenness (Social Network)
Indegree (Expert Network)

–
–

–
–

0.634
0.056

0.426
0.813

Betweenness (Expert Network)

–

–

0.037

0.847

* For the 58 sample screening runs only Occupation proved to be significant
**For the 32 sample screening runs, education, occupation, and money spent on processed food were all found to
be significant at 90 % significance and so were included in a multi-variable model

only the variable occupation had a statistically significant relationship to the dependent variable IEK-MS agreement score.
This relationship was found to be a strong one, χ2 (5) = 19.49,
p = 0.002. Because only that independent variable showed a
significant relationship to the dependent variable, no multivariable work was done with the larger sample.
The bivariate screening for the reduced sample (N = 32)
found that three socioeconomic variables, ‘education,’
‘occupation,’ and ‘money spent on processed food’ show
a significant relationship to IEK-MS agreement at the
90 % confidence level (Table 3). These variables were
placed in a multi-variable model for which a backward
step-wise reduction was performed. As with the larger
sample, a final model showed ‘occupation’ to be highly
significantly related to IEK-MS agreement, χ2
(5) = 20.593, p = 0.001 (Table 4).
Further examination of the occupation variable indicated that of the six different self-reported occupations undertaken by informants (fisher, farmer, pastor, housewife,
salaried worker, and/or other), in individual comparisons,
only villagers with salaried employment had significantly
higher odds of selecting benthic habitats that agreed with
the MS survey than the reference group of fisherman. We
Table 4 Reduction of multivariable model with three
variables (N = 32)

used the occupational group ‘fisher’ as the reference
group to test if fishers had the highest IEK-MS agreement
score due to the large amount of time they spend
interacting with the marine environment. Our results,
however, indicated that the odds of salaried workers having a higher IEK-MS score were more than 28 times those
of individuals who fish for a living (Table 5). Importantly,
salaried workers also fished quite regularly even though
they had salaried employment. On average they fished of
2.5 times per week (N = 58), which was just below the
mean (2.6 times per week) of all respondents (Table 6).
We further analyzed the differences in mean scores for
the occupation groups in the larger sample (N = 58) using
a one-way ANOVA test (Table 5). Mean agreement scores
were found to be significantly related to occupation, F (5,
52) = 3.95, p = 0.004. A post-hoc Tukey examination of
pair-wise differences found that the groups for which the
mean differed significantly at p ≤ 0.5 were Salaried/Other,
Salaried/Farmer, and Salaried/Pastor, and Salaried/
Housewife at p ≤ 0.1. There was no statistically significant
difference in means between salaried workers and fishermen, which was likely due to an outlier (see Fig. 4 and
the Discussion section). Moreover, the higher p-value may

Run 1:

Run 2:

Run 3:

Variable
Education
Occupation

Chi-Square
5.44
16.05

Pr > ChiSq
0.1421
0.0067

Chi-Square
5.61
18.99

Pr > ChiSq
0.132
0.0019

Chi-Square
20.59
–

Pr > ChiSq
0.001
–

Spend_Processed_
Food

0.28

0.5946

–

–

–

–

42

Hum Ecol (2016) 44:33–46

Table 5 Odds ratios of obtaining
a higher agreement score when
compared to the reference group,
fishermen, and mean agreement
scores for each occupation group
(N = 58)

Occupation

Odds ratio

p-val

Adj. p-val

Mean Agreement

Std Dev

Farmer (n = 28)

0.786

0.77

0.98

2.36

1.19

Fisherman (n = 6)
Pastor (n = 6)

reference
0.318

–
0.29

–
0.98

2.67
1.83

1.37
1.47

Housewife (n = 5)

1.023

0.98

0.98

2.57

0.98

Salaried worker (n = 6)

28.526

0.01

0.05

4.33

0.82

Other (n = 5)

0.258

0.21

0.98

1.60

1.14

* Hochberg adjustment is made to the p-values to account for multiple comparisons

be a function of the small sample size and in such cases it
is often better to look at the various means and standard
deviations (Table 7).
It is important to note that the bivariate screening for
the reduced sample (N = 32) found that none of the social
network variables had a statistically significant relationship with the dependent variable. We acknowledge, however, that time constraints prevented the collection of social network data from every individual and, therefore, a
more thorough analysis of the global pattern of connections between nodes. Of the two measures of centrality
that were calculated, we have much more confidence in
the degree measurement than the betweenness measurement because degree is not affected by an incomplete
network sample as it measures direct interaction between
two individuals. Our betweeness measurement, on the
other hand, has limited explanatory power when calculated for an incomplete network and should be viewed as
only a rough guideline.

(Bicker et al. 2004; Reyes-García et al. 2005). Factors associated with modernity such as years of school, academic skills,
fluency in a non-local language, household income, and distance to markets or towns, have all been shown to be negatively associated with local ecological knowledge (ReyesGarcía et al. 2005). The erosion of knowledge has been explained based on the idea that acculturation and modernization
displace ecological knowledge as people acquire the skills
needed to live in a more market-centered economy.
However, recent analyses suggest that the relationship is
more complex, and that IEK responds in different ways to
the forces of globalization (Gòmez-Baggethun and ReyesGarcía 2013). In some contexts, wage labor may not displace
local ecological knowledge. Such a finding was reported in a
study among the Tsimane’ of the Bolivian Amazon who were
employed in wage labor involving the harvest and sale of
forest products but retained their ethnobotanical knowledge
(Reyes-García et al. 2007). Likewise, in Roviana Lagoon,
modern knowledge about non-subsistence cash crops was integrated into communities without eroding traditional

Discussion
Two particular findings from this research prompt discussion.
First, our results suggest that Solomon Islanders who earn
salaries tend to be the most adept at detecting ecological
changes associated with infrequent, large-scale disturbances
like tsunamis. This is contrary to research linking market integration and increased levels of modernity to the loss of IEK
Table 6 Days per week
fishing by occupation
(N = 58)

Occupation

Mean days per
week fishing

Farmer
Fisherman

2.1 (n = 28)
4.2 (n = 6)

Pastor
Housewife
Salaried worker

1.7 (n = 6)
1.9 (n = 7)
2.5 (n = 6)

Other
Average days fishing
for all participants

3.1 (n = 5)
2.6 (N = 58)

Fig. 4 Boxplot showing observed differences in agreement scores of the
different occupation groups (N = 58) 1 – Farmer; 2 – Fisherman; 3 –
Pastor; 4 – Housewife; 5 – Salaried worker; 6 – Other * Note the
outlier in Occupation 2
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Table 7 Tukey post-hoc comparison of mean differences in agreement
scores between Occupation groups
Occupation
Comparison

Difference

lower CL

Upper CL

p adj

6–5
5–1
5–3
5–4
5–2

−2.733
1.976
2.500
1.762
1.667

−4.854
0.401
0.478
−0.186
−0.355

−0.613
3.551
4.522
3.710
3.688

0.005***
0.006***
0.007***
0.098*
0.162

6–2

−1.067

−3.187

1.054

0.673

6–4

−0.971

−3.022

1.079

0.726

6–1
3–2

−0.757
−0.833

−2.457
−2.855

0.943
1.188

0.774
0.825

4–3
3–1

0.738
−0.524

−1.210
−2.099

2.686
1.051

0.870
0.921

1–2
4–1
6–3

−0.310
0.214
−0.233

−1.885
−1.265
−2.354

1.266
1.694
1.887

0.992
0.998
0.999

4–2

−0.095

−2.043

1.853

1.000

1 – Farmer; 2 – Fisherman; 3 – Pastor; 4 – Housewife; 5 – Salaried
worker; 6 – Other
*p < 0.1
** p < 0.05
*** p < 0.01

ethnobotanical knowledge (Furusawa 2009). In these cases,
the introduction of new knowledge did not necessarily displace local ecological knowledge; rather, if people had
sustained contact with the natural environment, they maintained their IEK. Importantly, Vonavona villagers who earn
salaries maintain a regular relationship with the marine environment. On average individuals earning salaries fished
2.5 days per week, which is near the mean for the entire sample (2.6).
Although individuals who earn salaries fish frequently,
this does not explain why they would be more adept at
detecting change than other villagers who also fish regularly. This may be due to the unique position salaried
workers play in Solomon Island communities. Most salaried work requires that people leave their home villages
and live in urban areas like Gizo and Honiara. In our
sample, however, individuals earning salaries lived in
their villages. They included two schoolteachers, two government workers, one mechanic, and one person who
worked at a small, nearby eco-resort. Even though these
people permanently resided in the villages, their jobs required them to take frequent trips to town centers like
Munda or Gizo to collect pay checks. In addition, teachers
and government employees occasionally travel to town to
receive training, and mechanics need access to markets to
buy spare parts. These visits to urban centers expose

salaried workers, much more than most villagers, to global knowledge about current affairs and government policies and initiatives.
Interestingly, results of the statistical analysis revealed an
outlier with a considerably higher IEK-MS agreement score
than others in her occupation group. While it is not unusual to
remove or manipulate outliers for statistical analysis, one of
the main points of this study was to understand variability in
knowledge, thus we believe that removal of data points simply
because they are extreme in comparison to others does not
necessarily mean that the value is invalid or erroneous. While
outliers may change the nature of the statistical relationship
between two variables, particularly in a small sample size or if
they are illegitimate (i.e., due to sampling error), we decided to
retain it to demonstrate the importance of understanding the
social context of each of these data points. In this particular
case, the outlier is a middle-aged woman who self-reported
that fishing is her primary occupation. Importantly, she was
the only respondent in this occupational category born in
Munda, one of the largest towns in the region, and, as
discussed above, a source of other Btypes^ of knowledge.
Her link to a more urbanized center may have exposed her
to global knowledge about the effects of the tsunami, suggesting that she may not be a statistical anomaly, but rather an
important case for understanding IEK in the region.
One kind of global knowledge that salaried workers (and
possibly the woman mentioned above who was born in Munda) would have been exposed to after the 2007 tsunami was
the national news media. Numerous radio and newspaper reports emphasized that the tsunami had a significant impact on
the reefs and marine habitats of the western Solomon Islands.
These reports generally did not give details about changes in
specific areas, but they could have made salaried individuals,
who would more frequently be exposed to these news reports,
more aware that tsunamis cause ecological change. We should
point out that, in the western Solomons, IEK about tsunamis is
minimal. Tsunami-related knowledge is not encoded in the
language (i.e., the Roviana language does not have a word
for ‘tsunami’) and there is no known oral history or myths
recounting large destructive waves occurring after earthquakes (Lauer 2012). The lack of local knowledge is attributable to the rarity of tsunamis in this region. Although earthquakes are frequent in the western Pacific, there has not been a
large (7.0 or greater magnitude) earthquake, capable of generating a tsunami, in over 100 years (Taylor et al. 2008). It
stands to reason, then, that exposure to global knowledge
about the tsunami (especially through print and television
news) and its effects could have sensitized salaried workers
to ecological changes associated with the tsunami more than
other villagers who rely solely on IEK.
The second important finding is that measures of network centrality were not positively associated with ecological change detection abilities. This result contrasts
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with a large body of social network research showing that
structural position influences pathways by which knowledge disperses through a community (Borgatti et al. 2009;
Reyes-García et al. 2013). Importantly, social network
studies conceive of knowledge as transmitted packets of
information that flow through ties in a network (Borgatti
et al. 2009), a conceptualization that starts from the premise that knowledge is a corpus of transmissible rules or
instructions that are distinct and separate from the
day-to-day activities. This conceptual predisposition is
expressed quite clearly in a widely cited definition of
indigenous knowledge, which states that IEK is a
Bcumulative body of knowledge and beliefs, handed down
through generations by cultural transmission, about the
relationship of living beings (including humans) with
one another and with their environment^ (Berkes
1993:3). A growing body of literature, however, questions
this conceptualization of knowledge. Scholars from a
number of disciplines disagree with the assumption that
knowledge is Bin the head,^ separated from the lived-in
world (Ellen et al. 2000; Ingold 2000; Kightley et al.
2013; Lave 1988; Richards 1993; Scott 1998; Stone
2007; Zarger 2011). In fact, Solomon Islanders’ own conceptions of knowledge parallel this view in that they privilege the perceived outcomes of practical activities rather
than the metaphysical or abstract (Hviding 1996; Lauer
and Aswani 2009). A variety of labels such as tacit
knowledge, metis, situated practices, or skill have
emerged that stress how knowledge and knowing is intrinsically dynamic, performed, and improvised, and cannot
be separated from the context in which they are applied.
From this processural or practice perspective, knowledge
is never fully stable and durable. It is continually regenerated, a process that entails what has been described as
Bsituated messiness^ (Turnbull 2000:39), where new information about the environment or improvements in
technique intermingle with more established modalities
of knowing.
This alternative conception of knowledge encourages us to
approach the ecological change detection we assessed in
Vonavona Lagoon not as bits of information about the environment, but rather a situated practice. Therefore, villagers
who earn salaries and, as a result, were exposed to media
reports about ecological change associated with the tsunami
were not receivers of specific information about the effects of
the tsunami on the local marine ecology, rather their repertoires of understanding were expanded, altering their perception of the environment in a way that sensitized them to the
possibility of tsunami-induced ecological changes. Our results
suggest that this process of sensitization was driven by salaried workers’ exposure to print, TV, and online news media
rather than through their social networks. It is quite possible
that salaried workers’ social networks might extend outside
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the village to contacts in town. But salaried workers did not
mention anyone outside of the three villages during the network survey interviews.
If we conceptualize habitat change detection as a situated
practice, it is reasonable to suggest that a person’s aptitude
might not be influenced by their position in a social or expert
network (see Boster 1986:434). Changes in benthic habitats
would unlikely be a broad topic of conversation because the
way in which Vonavona villagers generate knowledge about
their marine environment is grounded in the actual activity of
fishing. To be a successful fisher in the Solomon Islands,
habitat identification and monitoring is crucial. Each habitat
has different species associated with it that follow certain environmental parameters such as changes in tide and moon
phases, and each requires different baits and gear types (see
Lauer and Aswani 2009 for a detailed description). Habitat
change is common in these dynamic environments, and fishers must develop the ability to perceive habitat changes and
adapt their practices accordingly (Lauer and Aswani 2010).
Even though fishers most certainly memorize certain aspects
of the local environment like the name and location of fishing
grounds, and other nomenclature (e.g., fish names and behaviors, gear types), this information is continually regenerated
within the context of frequent fishing forays and inseparable
from the process of perceiving subtle variations in environmental conditions as they unfold while out on the lagoon
fishing. Fishing is almost never taught formally or transmitted
through oral instruction; rather it is acquired by youngsters
through watching and fishing with others who are more adept.
By the time a fisher is in his mid- to late-teens, he or she has
developed the sensibilities and dispositions necessary to detect
currents, wind conditions, bait fish movements, or habitat
change, but this knowledge is not a topic of conversation
and is not necessarily orally transmitted. Moreover, as stated
above, tsunami-induced changes are typically not within the
horizon of a Solomon Island fisher’s environmental sensibility. It was the exposure of salaried workers to the global discourse about the effects of tsunamis that tuned them into the
possibility that environments might change after tsunamis. A
situated-practice approach to knowledge provides a theoretical basis to understand not only why a fisher’s social network
(in this article defined as important social acquaintances) has
little influence on his or her skills, but also how IEK and
global knowledge can intermingle.
When we consider the results of our social network analysis from a practice-based approach to IEK, it suggests that a
different kind of social network may be more important, such
as a fisher’s fishing partners. It is within what Lave and
Wenger (1991) call ‘communities of practice’ that skills and
expertise are maintained and regenerated. For fishers, their
primary community of practice would be the group of fishers
with whom they fish on a regular basis. An important avenue
of future research would be to explore the effect these various

Hum Ecol (2016) 44:33–46

kinds of social networks have on different kinds of knowledge
and modalities of knowing.
To conclude, we highlight an important policy implication.
Our results suggest that some local people are highly capable
at detecting change and therefore their knowledge could be
useful in the design of resource management programs or
disaster risk-reduction mitigation. However, we caution
against importing assumptions about the nature of indigenous
knowledge and about who are the most knowledgeable local
experts. The fact that salaried workers rather than those who
are exclusively fishers were the most capable at detecting
ecological change after the tsunami runs contrary to widespread assumptions that local experts are those who have the
most experience engaging with the local environment (Davis
and Wagner 2003). Even local community members did not
consider salaried workers as fishing experts, otherwise these
individuals would have been mentioned with more frequency
on our ‘expert network’ social network survey. Outsiders involved in resource management or disaster mitigation must be
cognizant of the these kinds of underlying dynamics of knowledge generation in indigenous communities and how knowledge may put be put into practice by individuals who are at the
intersection of local and global knowledge. Conceptualizing
IEK as a complex, multifaceted process can help encourage
more inclusive, sensitive, and, ultimately, more effective management policies that contribute to the resilience of indigenous
communities over the long-term.
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