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Accumulated knowledge about nature is an important part of
people’s capacity to manage and conserve the environment. But
this ecological knowledge is now being increasingly lost.
There have been few cross-cultural and quantitative studies
to describe the phenomenon of its loss. Here we show a strong
inverse correlation between ecological knowledge and
income levels in and among India, Indonesia, and the UK (n
) 1095 interviews). Knowledge acquisition and subsequent
saturation occurs at an early age in the most resource-dependent
communities, but not in the UK, where knowledge levels are
low and acquisition is slow. Knowledge variance within
communities increases in association with ecological knowledge
decline and a scale of progressive knowledge loss was
revealed with the most rapid rates of loss in industrialized
regions. Various studies have described the mutually exclusive
relationship between economic growth and environmental
conservation; however this is the first to consider the association
between economic growth and social capacity to manage
the environment. Understanding ecological knowledge loss is
important tounderstandingthedecliningcapacitiesofcommunities
undergoing economic development to manage their natural
resources and the future of ecosystem diversity in the light of
current patterns of economic growth.

Introduction
Accumulated knowledge about nature, termed traditional
ecological knowledge (TEK), local ecological knowledge (LEK),
indigenous knowledge (IK), ecoliteracy, or more generally
ecological knowledge, is an important part of people’s
capacity to manage and conserve both wild and agricultural
systems over extended periods. It is acquired through
frequent interaction with the local environment driven by a
need to pursue daily subsistence strategies for food and
economic provision. This knowledge is transferred between
generations through observations and narratives as a key
survival tool. It tends to be socially embedded, often
contributing to cultural traditions, identities, beliefs, and
worldviews. It differs from modern knowledge by being
dynamic, adaptive, and locally derived, thus coevolving with
the ecosystem upon which it is based (2–7).

Ecological knowledge has substantial environmental,
human, and economic value, as it codes for and contributes

to a wide range of ecosystem goods and services, including
current and future pharmaceutical uses, agricultural diversity
in terms of both crops and livestock, and wild harvest
opportunities for food, medicine, and fuel. Crucial to all of
these is the conservation of the ecosystems upon which local
knowledge systems, and the management practices derived
from them, are based. Though these may not necessarily be
conscious conservation efforts, nor is it true that a traditional
community will always be successful, it is clear that many
societies have evolved social norms and traditional practices
that have ensured the continuity of resource stocks over
sustained periods (8–11).

However, as traditional communities become less reliant
on local resources and begin to adopt modern lifestyles, so
ecological knowledge is being lost, either as it is supplanted
by modern knowledge or is no longer transmitted (2, 3, 12, 13).
A number of processes have been identified as causes of this
decline, and include urbanization, modernization of public
services including education systems, and globalization of
trade and belief systems (3, 5, 6, 14–22). Therefore with a
departure from cultural traditions and movement toward
market-based lifestyles, combined with a growing discon-
nection from the land, local intrinsic concern and knowledge
of resources is becoming diluted and devoid of purpose,
causing local management systems to come under threat.
This may in turn lead to overexploitation and ecosystem
collapse as financial incentives prevail (12, 23, 24).

Therefore the lack of ecological knowledge today can be
considered a constraint on the conservation of biodiversity,
particularly where state management approaches are distinct
from the concerns and capacities of local people (12, 25, 26).
All of these changes are synonymous with the growth of the
formal economy within today’s developing countries. Eco-
nomic growth can be defined as “an increase in the production
and consumption of goods and services. It occurs when the
product of population times per capita is increasing. It is
generally gauged by measures of national income such as gross
domestic product (GDP) and gross national product (GNP)”
(27). For the purposes of this research, income has been
used as a proxy for wealth (or economic status).

There are a growing number of studies into ecological
knowledge within countries. As a result, there are known to
be localized differences in the knowledge levels of men and
women, of old and young, of groups engaged in ecosystem
management and those not, and of those with different
amounts of time resident at one place (14, 28–32). Very few,
however, have been cross-cultural, large-scale, and over a
wide geographic spread (10). In addition, most have lacked
the necessary quantitative data across whole communities
to describe the widespread phenomenon of knowledge loss.
Here, we question the extent to which economic growth is
a key driver of knowledge loss, whether small-scale economic
development within a community can be just as detrimental
to ecological knowledge as large-scale regional development,
whether the age at which knowledge is acquired differs with
level of resource dependence, and how wealth corresponds
with knowledge distribution within a community (e.g., the
difference between the most and least wealthy residents).

The definition of ecological knowledge has been widely
contested in the literature. In 1999, Berkes described four
levels of ecological knowledge (33): (1) the names of living
(e.g., plants, animals) and physical (e.g., soils, water, weather)
components of ecosystems; (2) the functions and uses of
each component; (3) the land and resource management
systems and the social institutions that govern them; and (4)
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the worldviews and cosmologies that guide the ethics of
people in the system. To enable cross-cultural comparisons
to be made, in this study we analyze the first two levels of
ecological knowledge (the names of living components of
ecosystems and the functions and uses of each component)
within communities from India, Indonesia, and the UK
(similar to the concept of Functional Environmental Literacy
defined by Stables (34) and Stables and Bishop (35)). This
study does not look at respondents’ knowledge of large-scale
dynamic processes, such as climate change or habitat
degradation, since worldviews and environmental under-
standings often differ between regions and cultures (similar
to the concept of Cultural Environmental Literacy defined
by Stables (34) and Stables and Bishop (35)). Therefore it has
been necessary to adopt a definition that only looks at part
of the ecological knowledge issue for the purposes of this
research, but that examines it in detail. Thus these results
do not necessarily reflect the situation for other aspects of
ecological knowledge; they do however reflect people’s ability
to play a part in the management of their own local
ecosystems.

Experimental Section
Study Site Selection. Study sites were chosen for having
cultural-segregation, for having differing levels of economic
development and resource dependence, and for having
different socio-political frameworks and resource manage-
ment institutions. In the UK, the study sites included four
villages in rural Lincolnshire, four urban wards in outer south
London, and three coastal towns of north Essex. These were
chosen to represent rural, urban, and coastal regions of the
UK with differing levels of economic development and
divided into smaller areas for subsampling. In India, five
villages in Virudhunagar district, Tamil Nadu, were selected
for their range of dryland resource-management institutions
and capacities (in collaboration with the local nongovern-
mental organization SPEECH, the Society for People’s
Education and Economic Change). Here, local market
pressures have reduced land dependence, but natural
resources are still relied upon particularly when severe
environmental conditions prevail. In Indonesia, six villages
were selected in Wakatobi Marine National Park, southeast
Sulawesi, to include cultural diversity and a range of local
resource dependence levels reflecting variation in household
income (Lahoa, Sampela, and Mantigola are Bajo reef
communities previously sea nomads; Kasuwari, Ollo, and
Buranga are Orang Pulo coastal communities previously agri-
dependents). This region of Indonesia was selected as a site
where economic growth is in its early stages and the pressures
of marketization and modernization have only recently
emerged. By making intra- as well as intersite comparisons,
we examine the impact that economic growth has had on
ecological knowledge at all these sites.

Ethnobotanical Interviews. We used ethnobotanical
surveys with photographic flashcards (30, 36, 37), combined
with semistructured interviews, for gathering social and
economic data. In other work (6, 38), we have found a strong
positive correlation between knowledge of plants with that
of animals and birds, so here we only focus on identification
of plants (level 1) and their functions and uses (level 2), based
on the assumption that these are indicators of overall
ecological knowledge.

Up to 50 species were chosen for inclusion at each site
based on abundance at the study site, having an affinity for
a variety of local habitats, and having ecological requirements
that fit the environmental conditions of the region (for
instance, drought and high temperature tolerance in India).
Between 2 and 4 local experts (known locally for their in-
depth botanical knowledge) were consulted per site. Each
was asked if the species shown to them could be found locally,

and if they knew of any local names and uses. Plant species
that were identified as being absent from study sites were
eliminated.

During interviews, respondents were asked whether they
recognized the species shown to them, to name the species,
and to list any uses for it. Names matching those given by
local experts were taken to be correct and alternative names
were recorded on site. Local experts were later consulted to
assess if alternative names given were incorrect or simply
less common vernacular names. In addition, demographic
data were collected for each respondent including age,
gender, village of residence, and livelihood. An economic
survey was carried out at the Indonesia study site to measure
primary household income, which comprised a household
survey for which semiquantitative interviews were used.
During this survey, 10% of all households from the 6
Indonesian villages were sampled at random.

All interview protocols were piloted locally prior to formal
interviewing. A total of 1095 people were interviewed using
the ethnobotanical surveys across the three sites (India n )
192; Indonesia n ) 192; UK n ) 711). In addition, another
144 respondents were randomly chosen for inclusion in the
economic survey carried out at the Indonesia study site.
Interviews were conducted during July-August 2003 (India),
April 2004-December 2005 (UK) and July-September 2005
(Indonesia).

Sampling Strategy. Stratified cluster sampling was used
at each site for the ethnobotanical surveys. Initially, cluster
sampling was used to select the villages or wards within each
locality, and then stratified sampling was used within villages/
wards to ensure that all subpopulations were fairly repre-
sented (men, women; age groups 15–19, 20–29, 30–49, and
50+years). Where possible, 10% of each village subpopulation
was sampled. However where this was not viable due to large
actual population sizes or actual population sizes being
unknown, the minimum number of respondents required
for statistical testing were interviewed according to Roscoe
(39) (30 per subpopulation).

Quotas were met through purposive sampling techniques
including door-knocking, visiting local groups, public librar-
ies, and high streets, and chain referrals commonly used in
this field of research (whereby respondents were asked to
give the names of several other local people who may be
willing to participate, names from this list were then chosen
at random) (4, 40, 41). No two respondents interviewed were
from the same household. Economic surveys carried out at
the Indonesia study site targeted the heads of households or
their spouses and were fully randomized. Local translators
were used at both the India and Indonesia study sites.

Three quantifiable measures of ecological knowledge were
generated from this methodology: (i) mean % identification
of local plant species, (ii) mean number of uses known for
local plant species, and (iii) knowledge variance (the dif-
ference in knowledge between the most and least knowl-
edgeable members of a community, measured by coefficient
of variance of % identification). SPSS 12.0 was used for
database construction, data handling, and statistical analysis.
As a result of the data being non-normally distributed,
nonparametric statistical tests were used. All associations
were tested for using Spearman’s rank and age differences
in knowledge were tested for using Kruskall Wallis (comparing
country differences) and Mann–Whitney-U (comparing dif-
ferences in knowledge between adults (over 20 years) and
young people (under 20 years)).

Results
Intracountry Differences in Wealth (Indonesia). Although
no difference in % identification was detected among the
Indonesian villages, there was a strong inverse correlation
between income and number of uses known for local plants
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(wealthy villages knowing on average 18 fewer species uses)
(Rs )-0.211, p< 0.01, n) 192) (Figure 1). This indicates that
as household income and external purchasing power in-
creases, so there is an associated loss in resource dependence
and its supporting knowledge of local uses. Residents of the
outlier village, Sampela, had higher knowledge levels than
expected for its level of income. This may be a consequence
of the conservation organization, Operation Wallacea, having
a social science field base within the village which employs
some local villagers, thus altering their economic status
seasonally.

Intercountry Differences in Wealth (UK, India, and
Indonesia). In comparing communities from the UK, India,
and Indonesia, levels of ecological knowledge (in terms of
% identification) were found to be inversely correlated to
Gross Domestic Product (GDP) and Human Development
Index (HDI) (Rs ) -0.471, p < 0.001, n ) 1095) (Figure 2).
Residents in the UK, with an HDI score of 0.94 and a mean
per capita GDP of U.S. $26,150, had the lowest levels of plant
identification (on average 24%), whereas those living in
marginal areas of Indonesia, with an HDI of 0.55 and GDP
of U.S. $2143, had the highest identification (71%). The Indian
communities were intermediate with an HDI of 0.65 and a
plant identification score of 46%.

Due to high variation in human development levels across
India and Indonesia, the regional score for Tamil Nadu was
used and the Indonesia HDI score was adjusted to com-
pensate for the high proportion of indigenous groups resident
at the study site. Marginal tribes are rarely included in
population demographics in Indonesia despite suffering
below average life expectancies, literacy levels, and economic
status (Majors, personal communication, August 14, 2005).
Therefore southeast Sulawesi HDI was recalculated com-
pensating for reduced Bajo life expectancy, literacy, and GDP
(HDI was reduced from a regional value of 0.64 to 0.57)
(42–44).

Knowledge Variance within Communities. The knowl-
edge variance within a community (measured by coefficient
of variance) between the most and least knowledgeable
individuals was lower in the less wealthy communities with
sustained resource dependence, such as Indonesia (20%
variance, 71% identification), and higher in the UK (58%
variance, 24% identification) (Figure 3). India, again, had an
intermediate level of knowledge variance coinciding with its
intermediate knowledge levels (27% variance, 46% identi-

fication). Therefore a negative association exists between
knowledge variance and knowledge level (Rs ) -0.471, p <
0.001, n ) 1095).

Differences in Age of Acquisition. The difference between
old and young people’s knowledge of local species names
significantly differed among sites (H ) 14.478, df ) 2, p <
0.01, n ) 1095). In the UK, older people were able to identify
many more local species than younger people (U)16920.500,
p < 0.001, n ) 711) (Figure 4). In India and Indonesia,
however, there were no significant differences observed
between age groups, and knowledge saturation (whereby
young people hold the same level of knowledge as their elders)
occurs earlier. The age of knowledge saturation increased
from the ages of 30 (Indonesia) and 50 (India) to the age of
70 in the UK. Thus a scale of progressive knowledge loss with
age was detected (31); from rapid loss of both primary (names)

FIGURE 1. Mean ecological knowledge (plant use identi-
fication) related to mean income for six resource-dependent
villages, Indonesia ((2 SE, n ) 192).

FIGURE 2. Mean ecological knowledge (plant name identi-
fication) in three countries and relationship with Human
Development Index and per capita GDP ((2 SE, n ) 1095) (GDP
U.S. dollar estimates derived from purchasing power parity
(PPP)).

FIGURE 3. Mean ecological knowledge (plant name identi-
fication) in relation to variance in community knowledge across
three countries (mean ( 2 SE, n ) 1095) (GDP U.S. dollar
estimates derived from purchasing power parity (PPP)).
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and secondary (uses) knowledge in the UK (names, U )
16920.500, p< 0.001, n) 711; uses, U) 26748.500, p< 0.001,
n ) 711), to a gradual loss of secondary (uses) knowledge in
India (U ) 36.000, p < 0.05, n ) 192), to no significant
knowledge loss with age at the Indonesia study site. Table
1 shows the four most identified plant species at each site
and their uses.

Discussion
We found that level of resource dependence and frequency
of environmental interaction dictated by community wealth
are key to ecological knowledge gain in low income com-
munities. Where a community has become industrialized
and largely independent of local environmental goods and
services, knowledge of species names and functions on the
whole is low, difference in knowledge level between old and
young are large, and variance between experts and nonexperts
is great. In resource-dependent low-income communities,
ecological knowledge was found to be higher, with lower
variance between experts and nonexperts and rate of
knowledge acquisition rapid from a young age. This suggests
that as communities become wealthier, knowledge becomes
concentrated in fewer people with a sustained personal
interest (e.g., those who study the environment). However,
where communities are resource-dependent, their knowledge
of species names and uses is likely to be shared among all
community members engaged in daily tasks to meet family
needs.

Unlike in the UK, ecological knowledge accumulation (of
the names and functions of ecosystem components) appears
to be rapid at a young age in India and Indonesia, probably
resulting from high dependence on local marine and ter-
restrial resources. However, some of this knowledge is most
likely forgotten with age. As communities become wealthier
and increasingly engage with external economies by trading
goods and services, so knowledge saturation appears to be
delayed, due to decreased interaction with natural resources.
This is combined with the declining value given to the
intergenerational transfer of experiential knowledge in
modern societies. Mean community knowledge levels and
variance are likely to provide a better indicator of community
management capacity since they are more likely to be
indicative of the ability of a community to act collectively,

rather than the expert knowledge of healers and shamans
focused on in many previous studies (4, 45–47). Thus
ecological knowledge decline (in terms of species names and
uses) is associated with increasing disconnection and liveli-
hood independence from agricultural and wild systems as
a consequence of modern economic growth.

This data cannot on its own confirm Pyle’s (19) hypoth-
esized “Extinction of Experience”, as we do not know prior
levels of ecological knowledge at earlier times. It is, however,
suggestive that as people become wealthier and more
dependent on purchasing imported market provisions, so
this particular level of ecological knowledge is no longer
required on a daily basis to survive. At the same time, there
may be less knowledge transmission between generations,
or simply substitution for other forms of knowledge, par-
ticularly among younger generations as a result of the
introduction of formal schooling, in which ecology as a
science has been downgraded, and urban jobs. Local
ecological knowledge is likely to be substituted by modern
environmental knowledge about global warming, energy
saving techniques, and organic foods for example. This global
knowledge is, of course, essential but should not replace
that of our local ecosystems (6, 36, 37, 48).

As almost half of the world’s population is now urbanized
(49), and almost all future population growth is set to occur
in urban regions rather than rural, there are concerns about
the future of ecological knowledge. This is particularly
important in the light of progressive loss associated with
modern patterns of economic growth and the departure from
traditional lifestyles shown here. These changes and differ-
ences in ecological knowledge have important implications
if the world’s many valuable ecosystem goods and services
are to be retained (12, 50), and if the terrestrial and marine
habitats from which they derive are to receive public support
for their protection and long-term sustainable management
(12, 47, 51). After all, the levels of ecological knowledge studied
here (names of living components of ecosystems and the
functions and uses of each component) provide an indication
of a community’s connectivity and willingness to care for
the local environment, since naming things with which we
are familiar is human instinct and we are unlikely to care
about that which we do not know (52).

Many marginal communities have managed their systems
and resources effectively throughout history. As a result, they
hold knowledge of how wildlife behave, reproduce, aggregate,
and migrate. Where wildlife reproduction is predictable in
time and space, users and managers can assess the levels of
resource removal or harvest that can be permitted while
sustaining population viability (53). Thus local management
techniques based on this information can be sustainable
and locally self-enforcing if everyone is under pressure to
conform to customary norms and behavior thought to be in
the best interests of the community (54).

As knowledge of local ecosystems decreases and uncer-
tainty increases, management centers more on externally
derived insurance functions, as comanagement shifts more
toward the realms of the state. Future management prospects
without local ecological knowledge would therefore rely on
external theory and state institutions alone which have, so
far, been inadequate and often unsuccessful (1, 55). Despite
this, as shown here, certain levels of ecological knowledge,
and management techniques derived from them, are being
rapidly discarded or made redundant as people adopt
contemporary exploitative methods and management tech-
niques. Thus in resource-dependent communities, where
ecological knowledge is high and variance between the most
and least knowledgeable is low, a high capacity for self-
management still exists. Our findings, however, suggest this
may now be under threat.

FIGURE 4. Relationship between age and mean ecological
knowledge (plant name identification) including the age of
knowledge saturation in three countries (mean ( 2 SE, n )
1095).
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Conservation of the world’s ecosystem goods and services
is vital to human and economic health, but ecological
knowledge decline at the rates detected in this study threaten
to constrain future conservation efforts globally. The recent
Millennium Ecosystem Assessment highlighted the consid-
erable value of the world’s marine and terrestrial ecosystem
services (12). Conserving biodiversity worldwide has been
estimated to cost U.S. $300 billion (56). However virtually all
large-scale damage to the global environment is caused by
economic activities (57). Yet despite widespread belief that
economic growth is unlimited, the loss of environmental
goods and services will almost certainly act to limit economic
growth in the future (58). The consumption of environmental
goods and services by the economy is inevitable as is the
production of wastes and pollutants. This acts to limit species
diversity, ecosystem health, and goods and services, in turn
limiting capacity for future development and economic
growth. The mutually exclusive relationship between eco-
nomic growth and future conservation has been well-
described in recent years (27, 58–60).

But the prevailing view as exemplified by Kuznet’s curve
indicates that environmental threats posed by society are
low before economic growth, high during early growth, and
then decrease again once the economy is wealthy enough to
invest in conservation programs (58). However, this is
contradicted by the widespread failure of many state
management efforts to sustain local resources. Although
wealthy nations may have the financial resources to invest
in conservation efforts, their failures are most likely a
consequence of paucity in ecological understanding com-
bined with low local support (25, 51, 53, 61). The direct
environmental consequences of further economic growth
upon biodiversity conservation have been well described,
however the social repercussions of future growth on the
capacity of communities to manage their local environments
have not yet been considered.

Our study reveals that ecological knowledge, a primary
factor responsible for successful resource management
(25, 62, 63), declines in association with economic growth
(through hybridization and lack of transfer). Although the
connection between ecological knowledge and management
capacity has previously been made, as has the connection
between knowledge decline and economic growth of a region,
the link between loss of management capacity and economic
growth has not previously been discussed. Therefore, in
addition to the depletion of goods and services, the capacity
of local communities to manage what environmental assets
remain will decline in the future in association with economic
growth. Hence time and money could be spared if the

knowledge, experiences, and capacities of local peoples were
protected and used in resource management efforts today
(64).
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