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On biodiversity conservation and poverty traps
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This paper introduces a special feature on biodiversity conservation and poverty traps. We define and explain the core concepts and then
identify four distinct classes of mechanisms that define important interlinkages between biodiversity and poverty. The multiplicity of
candidate mechanisms underscores a major challenge in designing policy appropriate across settings. This framework is then used to
introduce the ensuing set of papers, which empirically explore these various mechanisms linking poverty traps and biodiversity

conservation.
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temming biodiversity loss and re-

ducing poverty are global chal-

lenges of the first order, enshrined

in both the Convention on Bi-
ological Diversity and the Millennium
Development Goals, agreed by virtually all
countries over the past decade. The world
is nonetheless struggling to meet the
ambitions expressed in those global ac-
cords. The World Wide Fund for Nature
International finds that the earth’s wildlife
populations have declined by a third over
the past 35 y alone but by even more, 60%,
in poorer tropical regions (1). The rate
and magnitude of these losses will define
the earth’s sixth mass extinction period
unless we quickly reverse this decline (2).
Meanwhile, leaving aside the remarkable
case of China, the number of people living
in extreme poverty increased by more than
30% from 1981 to 2004 and now surpasses
1 billion (3).

The persistence of extreme poverty and
continued rapid loss of biodiversity appear
intimately related. Extreme poverty and
biodiversity hot spots are geographically
coincident, concentrated in rural arcas
where livelihoods depend disproportion-
ately on natural capital embodied in for-
ests, rangelands, soils, water, and wildlife.
Colocation naturally gives rise to closely
coupled human-managed ecosystems that
are in a precarious balance at best. Lack of
resources, institutions, and governance
structures often leaves local people ill-
equipped to institute mechanisms to en-
sure long-term resource maintenance.
Compounding this problem, the con-
ditions of the human and nonhuman
species within ecosystems coevolve in
response to subtle shifts in any of
several subsystems.

Despite the importance of this co-
evolutionary relationship, connections be-
tween poverty traps and biodiversity
conservation remain remarkably underex-
plored, not only in formal theorizing* but

*Important exceptions offering integrative modeling ap-
proaches include those described by Dasgupta (4) and
by Carpenter and Brock (5).
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especially empirically. We have surpris-
ingly little observational or experimental
detail describing interactions in closely
coupled human and natural systems in the
rural tropics. In the absence of rigorous
evidence on the synergies or tradeoffs be-
tween biodiversity conservation and es-
cape from poverty traps, opinion and
untested hypotheses predominate and
crucial linkages are too often overlooked.
Conservationists typically ignore the pre-
dictable consequences of human agency;
people adapt behaviors in response to
changes in environmental management,
often generating unintended consequences
that undermine conservation objectives
(6). Similarly, those implementing eco-
nomic development interventions often
cannot foresee environmental sequelae,
whether direct or triggered by changes in
human behavior in response to an in-
tervention. Poverty researchers are only
beginning to grasp the importance of un-
derstanding the dynamics of the ecosys-
tems on which many livelihoods and
technologies depend and the feedback
between human and natural processes,
perhaps especially in smallholder agrarian
systems (7). Few efforts to achieve “win-
win” solutions (e.g., bioprospecting, eco-
tourism, integrated conservation and
development projects, payments for eco-
system services) have fully delivered on
their promises. In addition, few studies
carefully assess both the socioeconomic
and environmental impacts of such efforts.
There is scant empirical evidence that
could support or refute the hypotheses
underlying these approaches, or could
provide a basis for modeling of the in-
terrelationship between biodiversity con-
servation and poverty traps in areas of
endemic poverty.

This special feature explores these con-
nections, particularly marshaling empirical
evidence from a range of poor areas and at
different scales of analysis to begin to as-
semble a solid evidence base that can be
used as a foundation for conservation and
poverty reduction efforts moving forward.
We seek more than mere statistical asso-

ciations; we want to push toward a firmer
grasp of causal mechanisms to guide
interventions aimed at conserving nature,
at helping people escape poverty, or both.
Several serious challenges are broadly
noteworthy for studies associating bio-
physical and social aspects of conservation
and poverty: the absence of landscape-
scale matched controls, the absence of
sufficient baseline or historical data in
both disciplines, and the general absence
of credible counterfactual analysis. The
research papers assembled in this special
feature do not conclusively surmount all
these challenges, but they improve our
empirical understanding of the complex
connections between biodiversity conser-
vation and poverty traps, and describe new
approaches to tackling these interrelated
global problems.

Definitions and Concepts

The underexploration of these con-
nections is somewhat surprising, because
theorists working in both ecology and the
social sciences use similar frameworks that
draw on basic concepts from the mathe-
matics of dynamical systems. Let us begin
with more precise definition of these terms
and concepts and then illustrate them
with examples.”

Coupled human and natural systems can
be represented in terms of their time-
specific states in multiple dimensions, in-
cluding human poverty or biodiversity. A
system’s “phase space,” representing all
possible states of the system, can be par-
titioned into regions, such that if the initial
state of the system falls within that region,
the system remains there. The system is
stable, or resilient, within that region,
meaning that perturbations that change
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"These concepts are developed with greater detail and pre-
cision by Dasgupta (8).
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a state within the region merely change the
short-term path to the same long-term
state. However, when there exist multiple
such regions, often termed “basins of at-
traction,” there necessarily exist bound-
aries among them, commonly referred to
as “separatrices,” “thresholds,” or “tipping
points.” If there exist multiple basins of
attraction, multiple stable states (some-
times called “equilibria”) emerge. In such
cases, seemingly small initial differences
between two households or species can
position them very close to each other yet
on opposite sides of a separatrix or
threshold. Thus, seemingly innocuous ini-
tial differences can become magnified over
time as each element follows the path in-
herent to its own basin of attraction.

When an element (e.g., household,
species) of the system is somehow moved
beyond the boundaries of the region in
which it began, whether by a natural or
manmade shock, it settles into a new re-
gion with a different steady state and basin
of attraction, altering its specific path dy-
namics. In this way, the random experi-
ence of exogenous shocks can lead to
markedly different futures.

It is essential to keep in mind, however,
that a system’s dynamics are not defined
merely by its initial distribution across
states. The existence and location of sep-
aratrices shift with the basic parameters of
the system. Thus, when key parameters
change, so can the partitioning of the sys-
tem’s phase space, and thus its underlying
dynamics. In particular, the phase space
diagram can shift discontinuously, for ex-
ample, from one with a unique stable state
to one with multiple basins of attraction.
Such flips, or “bifurcations,” are a differ-
ent sort of mechanism that changes un-
derlying dynamics, distinct from those
that move a system across an un-
changed separatrix.

This brief stylized representation of the
salient concepts and terms from the more
formal literature on dynamical systems
captures key concerns and concepts in
both the biodiversity conservation and
poverty traps literatures. First, both are
fundamentally dynamic concepts. Theo-
rizing about and measurement of these
concepts therefore needs to focus explic-
itly on both the level of appropriate met-
rics of (or proxies for) poverty or bio-
diversity as well as temporal changes in
those metrics.

A poverty trap is about staying poor, not
just being poor at a moment in time. It is
any self-reinforcing mechanism that causes
poverty, however measured, to persist (9).
Research on poverty traps therefore fo-
cuses on understanding why some people,
communities, and even entire nations re-
main mired in grinding poverty, whereas
others have enjoyed rapid improvements
in standards of living. Through such un-

derstanding, it is hoped that interventions
can be designed that move individuals,
households, and nations from low living
standard to high living standard basins of
attraction. Because “poverty” is an elusive
concept, the literature mixes measures of
well-being based on flows of income or
expenditures with measures of assets and/
or human education, health, or nutritional
status (9-11).

Unlike the situation with poverty traps,
in which the goal is to change equilibrium
standards of living away from the un-
desirable stable state, the typical goal of in
situ biodiversity conservation is to main-
tain the current equilibrium if it is indeed
in a stable natural condition or to restore
it if it is not. “Biodiversity” encompasses
the variety that occurs in living things,
ranging from the diversity of genes within
a species, to the various species, to the
complex interrelationships between spe-
cies and their habitats in various ecosys-
tems (12). Complex ecosystems possessing
sufficient scale and original biodiversity
typically exhibit resilience to natural
shocks; they remain within a favorable
basin of attraction. However, when scale
or genetic diversity falls “too far,” ecosys-
tems or constituent species can tip down-
ward into an alternate less desirable state,
including the limiting (and absorbing)
state of extinction. Environmental scien-
tists have worked tirelessly at identifying
and understanding thresholds in ecological
systems in order that they might help re-
source managers avoid catastrophic col-
lapse of biodiversity (13-15).

Second, because multiple basins of at-
traction commonly exist, initial conditions
matter. There can be pronounced long-
term differences that result from seem-
ingly small initial distinctions. A single
change, be it an intentional intervention or
a random event or shock, can therefore
trigger shifts into dramatically different
and sometimes profoundly less desirable
equilibria. Because the critical dis-
tinguishing initial conditions cannot easily
be appreciated, the impacts of specific
interventions or actions on biodiversity
conservation and poverty traps can be
unexpected, unintended, and possibly
quite contentious. The principle of hori-
zontal equity is violated by the divergent
futures of the initially similar.

Third, positive feedback attributable
to complementarities, fixed costs, direct
spillover effects, or other phenomena often
cause subsystem failures to become mutu-
ally reinforcing (16). For example, the loss
of an apex predator species can affect prey
populations and foliage/habitat in a trophic
cascade (17). Likewise, herd loss because
of drought can drive pastoralists to seden-
tarize around towns offering relief services,
leading to localized range degradation at-
tributable to the excessive spatial concen-
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tration of the remaining livestock, which
causes further herd loss (18).

Fourth, transitory shocks, such as
drought, fire, flood, war, or disease, can
have persistent effects. Such shocks can
directly affect the current state of the
system, as when a sudden die-off or
change in sex ratio shifts a species’ pop-
ulation dynamics or the loss of productive
assets drives a household into long-term
destitution. Even a seemingly short-lived
shock that does not change the basic pa-
rameters of the underlying system can
alter outcomes.

Fifth, separatrices can shift and bifur-
cations can result from human agency
(e.g., introduction of a park, permanent
change in legal institutions) or natural
processes (e.g., climate change). For ex-
ample, a change in rainfall regime can in-
duce farmers to change land use patterns
in a manner that shifts the separatrice
between distinct livelihood strategies, with
each having different dynamic properties
and spillover effects on the supporting
agroecology.

Finally, and looking toward the empiri-
cal cases explored in the papers of this
special feature, conservation and de-
velopment interventions involve at least
one of two basic activities meant to change
the long-term state of the system. Some
efforts try to change the initial state (e.g.,
through asset transfers to households or
species reintroduction) to try to move
the system into a more desirable basin of
attraction. Others change the parameters
of the system (e.g., by installing in-
frastructure, gazetting a park, and chang-
ing resource use rules within the newly
protected area; by changing governance or
management rules, such as protecting an
area from specific uses; by introducing
new technologies or markets) in the hope
that this will change the system behavior.
Most interventions that aim to ignite an
escape from poverty traps or to protect
an ecosystem seemingly on a path to col-
lapse fail because they make inadequate or
inappropriate adjustments in one or both
areas. This is not surprising, because the
separatrices that divide basins of attraction
and the parameters that guide their loca-
tion are often not directly observable and
have rarely been the subject of direct sci-
entific study. Inadequate empirical un-
derstanding of coupled systems predictably
is manifested in projects and policies
that have short-lived effects but do not
fundamentally change where the human or
natural subsystems are headed. At this
stage, what is needed first is enhanced
understanding of the deep interlinkages
among ecological and socioeconomic
processes in order that we might better
grasp the key parameters and behaviors of
the closely coupled human-managed
ecosystems that give rise to biodiversity

Barrett et al.
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conservation and poverty concerns of first-
order global importance.

Interlinkages Between Biodiversity
Conservation and Poverty Traps

Multiple stable states emerge naturally
from material and informational feedback
between natural and socioeconomic sys-
tems, feedback that switches between bal-
ancing processes that maintain system
stability and reinforcing processes that
lead to locally exponential growth or de-
cay. Several candidate mechanisms link
the dynamic processes that underpin bio-
diversity conservation and poverty traps,
with their relative prominence varying
across space and time. We identify four
distinct classes of mechanisms that define
distinctive interlinkages between bio-
diversity and poverty.

Dependence on Inherently Limited Natural
Resources. Perhaps the most fundamental
class of mechanisms arises as a result of
poor rural peoples’ heavy dependence on
restricted biophysical assets for their live-
lihoods. When the key state variables of
two systems are shared in common, strong
interdependence follows automatically. As
households choose to clear forests, con-
vert rangelands, drain wetlands, or over-
harvest biota to meet consumption
objectives, reinforcing material feedback
effects naturally emerge because degra-
dation in the natural state leads to de-
terioration in the human condition.
Because the rural poor disproportionately
earn a living by mixing their labor power
with the fruits of nature, the returns to
labor depend on the quantity and quality
of the complementary natural resources
available to them. When the human pop-
ulation grows but the stock of comple-
mentary resources does not grow as
quickly, marginal labor productivity and,
with it, standards of living fall.

This is the well-known “poverty-envi-
ronment trap” asserted by the World
Commission on Environment and De-
velopment. Furthermore, if livelihood
and technology choices vary with control
over natural capital, lock-in effects can
arise from historical accidents that affect
the distribution of assets. That is true at
household scale, where open access land
can often be privately appropriated
through conversion using a household’s
stock of labor and mechanical tools. It is
perhaps most true at the macroscale, as in
the case of vast, mechanized, and chemi-
cally intensive monocultures practiced in
hacienda agriculture that resulted from
vast colonial land grants in Latin America.
The initial natural resource state also
matters to poverty dynamics. If bio-
diversity declines within a particular range
of initial conditions and grows over (an)
other range(s), labor productivity and

Barrett et al.

human welfare dynamics may then vary
predictably based on initial resource
conditions. Because renewable resource
dynamics are indeed typically highly
nonlinear (consider, for example, the
generally logistic-shaped population
dynamics of most fauna and flora), the
possibilities for coupled collapse or
abundance in human well-being and bio-
physical resources become quickly appar-
ent (6, 19). Spatial spillovers also emerge
naturally, because behaviors in one place
affect system performance in adja-

cent areas.

Shared Vulnerabilities. Of course, the dif-
ferent types of pressures faced by poor
households, and their choices of response,
depend fundamentally on many factors
beyond their control. It is therefore an
egregious oversimplification to chalk up
tropical biodiversity loss to the inexorable
consumptive tendencies of poor house-
holds. Larger scale processes heavily in-
fluence the paths that households choose
as well as biodiversity dynamics in-
dependent of coresident household be-
havior. A second class of mechanisms is
based on the interrelated responses to cy-
clically occurring natural conditions, or
to stochastic or induced events. These can
be site-specific natural drivers, such as
hydroclimatic conditions, that give rise to
environmental and reproductive external-
ities that fundamentally shape both human
behavior and local population dynamics
(20). For example, spatiotemporal vari-
ability in water availability in drylands
naturally causes both human and wildlife
migrations, along with resulting competi-
tion for scarce resources and the emer-
gence of both human and nonhuman
predators to prey on migrating pop-
ulations. In settings where nature throws
up formidable challenges and regular
shocks (e.g., regular drought, floods,
earthquakes), poverty, population growth,
and environmental degradation can
quickly become mutually reinforcing re-
sponses to natural perturbations. This
shared vulnerability is a major reason why
climate change so concerns activists and
scholars in both the poverty and bio-
diversity communities. Shared vulnerabil-
ity also raises contested issues about the
“natural insurance” role of natural re-
sources as a buffer to help people respond
to shocks.

Failure of Social Institutions. The third class
of mechanisms describes inadequate hu-
man sociopolitical and economic institu-
tions that shape the human behaviors in
an ecosystem. To economists, missing and
imperfect markets are perhaps the most
pervasive and obvious example of this
mechanism (4, 7). If we resolve financial
market failures, for example, landless and

PNAS | August 23, 2011

near-landless households can often aban-
don low-return livelihoods that depend on
exploiting common pool resources for
more remunerative strategies less taxing
on their host ecology. Political failures, as
reflected in war, corruption, bureaucratic
incompetence, unregulated open access
resources, and inability to enforce policies
formulated to preserve resources, for ex-
ample, can likewise leave both the poor
and nonhuman species vulnerable to
overexploitation. In addition, where the
institutions that govern natural resource
use, through formal property rights or in-
formal social norms and cultural practices,
do not check the excesses of self-in-
terested individual behaviors, both poverty
traps and ecosystem collapse become
more likely (10, 21, 22). Market, political,
and institutional failures commonly go
hand in hand, reflecting coordination
failures that lead to geographic poverty
traps and tropical resource over-
exploitation (23, 24).

Unintended Consequences and Lack of In-
formed Adaptive Management. The fourth
class of mechanisms relies on imperfect
informational feedback rather than mate-
rial flows. In complex environments char-
acterized by highly nonlinear dynamics, it
seems unlikely that decision makers have
an accurate, or even an unbiased, sense of
the likely effects of behavioral changes or
exogenous shocks. People might have

a hard time anticipating changes associ-
ated with decisions with which they are
unfamiliar and/or might have a difficult
time observing changes in the environment
around them. This is especially true con-
cerning changes occurring at some dis-
tance (in space or time) from their current
position, such as with international inter-
ventions. Differences in beliefs can gen-
erate “inertial self-reinforcement” (25).
This can arise when downstream changes
in a system only become apparent after

a delay, by which time response might be
prohibitively costly, although early re-
sponse would have been remunerative.
These effects can be felt at a distance, such
as when development of new agricultural
land or areas for mineral resource extrac-
tion leads to changes in watershed or
maritime ecosystems that have a negative
impact on communities that never derived
benefit from that development. More di-
rect examples would include how forest
clearing can result in increased contact
with wild species, leading to transmission
of zoonotic disease. Conversely, in-
troduction of people and domestic animals
into previously undisturbed areas can in-
troduce diseases into wildlife that can
devastate wild populations and/or create
wild reservoirs for the disease to be
transmitted back to the domestic animals
of rural farmers (12).
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These latter three classes of mecha-
nisms give rise to geographic poverty traps
(26) and to fractal poverty traps (24) in
which microscale mechanisms aggregate
up to generate macroscale patterns,
which, in turn, acquire their own
dynamics that reinforce the meso- and
microscale behaviors. The same logic car-
ries over to ecosystem fragility that is
spatially concentrated and linked across
trophic scales.

The multiplicity of candidate mecha-
nisms underscores a major challenge. Any
or all of these might apply in a given set-
ting, and each carries slightly different
policy implications. Careful site-specific
diagnostics that take into consideration the
multiplicity of potential mechanisms are
therefore essential to tailor interventions
to those factors that seem most salient in
that specific place and time. Caution
must be exercised when interpreting pre-
scriptions made in the absence of detailed
empirical investigation of the etiology of
an apparent poverty trap or threat to bio-
diversity. Further, one should take care to
explore not just the “treatment effects” of
interventions but, as best as can be estab-
lished with the available data, the oppor-
tunity costs of any interventions in terms of
the foregone gains of using the same re-
sources for a different type of intervention.
Conversely, one must also attempt to an-
alyze the counterfactual outcome to an
intervention: Are the impacts of allowing
the status quo to continue either socially or
environmentally acceptable? Lastly, it is
worth repeating that interventions must be
evaluated in terms of both social and bio-
diversity metrics. Even if a change in pro-
gram or policy has a single objective, be it
social or environmental, we must recog-
nize that the impacts may be felt by both
the human population and the ecosystems
in which they live.

In light of site-specific complexities, we
are skeptical about the prospects for single
strategies to reconcile biodiversity conser-
vation and poverty reduction objectives
across the globe. Common interventions,
such as payments for environmental serv-
ices (including those mooted for reducing
carbon emissions from deforestation and
forest degradation), protected areas, and
resource commercialization, for example,
might prove to be valuable components of
holistic approaches to these coupled
problems. However, the practical impacts
of such components might differ markedly
depending on the mechanisms that guide
coupled human and natural system dy-
namics in a locale.

Introduction to the Papers in This
Special Feature

The rapid growth of human populations
living in areas of endemic poverty and the
rapid loss of natural habitats and the spe-

cies within them have drawn international
attention to interventions designed to ef-
fect positive socioeconomic and environ-
mental change. Unfortunately, when data
have been collected for the purposes of
monitoring the impacts of these inter-
ventions, they have often been restricted
to metrics appropriate for individual aca-
demic disciplines. This practice reinforces
the failure to explore connections between
poverty traps and biodiversity conserva-
tion. In part, because of the discrepancy
between the long time frame necessary to
evaluate socioeconomic and ecosystem
impacts and the short time frame of grants
that fund academic research, research
spanning social and biophysical disciplines
has tended to emphasize theoretical out-
comes as opposed to empirical observation
and experimental testing of hypotheses.
This substitution of theory for actual data
has led to claims of predicted win-win
outcomes that are often later found to be
exaggerated and nongeneralizable. To
avoid these pitfalls, each study collected
in this special feature is based on data
from both biophysical and social science
disciplines.

The articles contained within this fea-
ture can be coarsely divided into two
groups. The first empirically examines the
relationships between poverty traps and
biodiversity conservation. Ferraro et al.
(27) address a fundamental controversy:
Do protected areas make or reinforce
poverty traps, or do they instead offer
a mechanism to improve the condition of
rural households? Using geospatial data
and econometric analyses, the authors es-
timate how the impacts of protected areas
on poverty and deforestation vary accord-
ing to biophysical and demographic char-
acteristics across diverse sites in Costa
Rica and Thailand. They find no evidence
that gazetting a protected area traps his-
torically poorer areas in poverty. However,
they find that the spatial characteristics
associated with the most poverty allevia-
tion are not necessarily the characteristics
associated with the most avoided de-
forestation, such that win-win outcomes
are not to be expected either. The authors
illustrate how these findings have readily
identifiable applications to land use plan-
ning, which can help government officials
determine where land protection is most
likely to have social in addition to en-
vironmental benefits.

Naughton-Treves et al. (28) address
a similar set of issues, exploring the impact
of Kibale National Park in Uganda on
both local poverty and biodiversity. They
use satellite imagery in conjunction with
longitudinal primate censuses, forest
transects, household surveys, and econo-
metric analyses to establish that the park
has indeed protected forest and primates.
They then compare the outcomes of

13910 | www.pnas.org/cgi/doi/10.1073/pnas.1011521108

households that live at varying distances
outside the protected Kibale National
Park vs. those that live outside of com-
munal forest patches that were exploited
far more intensively. Through this com-
parison, the authors draw an important
distinction between two mechanisms by
which households can lose access to forest
resources. Biological resources can be
protected from human exploitation, or
those resources can be consumed to the
point where ecosystem services no longer
provide coping mechanisms in the form of
timber and nontimber forest products for
the area poor. The authors found no evi-
dence that the Kibale National Park itself
constituted a poverty trap. Indeed, the
park appears to have provided some pro-
tection against desperation asset sales and
farm loss among the poorest households
living adjacent to the park.

In addition to the relationship between
protected areas and poverty, this section of
the special feature also explores the fac-
tors that influence how people use un-
protected forest and wildlife resources.
Coomes et al. (29) study how forest and
riverine lands have been used in an Ama-
zonian village in Peru over a period of
30 y. Using detailed plot-level and house-
hold longitudinal data, they find strong
evidence for path dependence. The initial
holdings and assets of a family have lasting
impacts on their patterns of land holding
and land use, such as the time period that
land is allowed to lie fallow and become
secondary growth forest, leading some
households to be caught in what the au-
thors refer to as “land use poverty traps.”
Path-dependent land use patterns not only
have obvious impacts for poverty, forest
cover, and biodiversity conservation, but
they have a strong impact on how house-
holds rely on other natural resources. For
example, these authors found that the
poor rely more heavily on income gained
from fishing, day labor, small livestock,
and unsustainable harvesting of nontimber
forest products. They also find evidence
for demographic change in terms of out-
migration as one way in which land pres-
sures have lessened in this village and
enabled households to avoid being trap-
ped in poverty.

Brashares et al. (30) tackle a question
that plagues many interventions that
seek to achieve wildlife conservation out-
comes by improving rural livelihoods:
Will improved household incomes in-
crease or decrease bushmeat consump-
tion? Using multiple reinforcing survey
approaches across four African nations,
the authors find compelling evidence that
in addition to household wealth, geo-
graphic distance to urban areas (and
markets), relative pricing vs. meat from
domestic animals, and the opportunity
cost of time spent hunting vs. other

Barrett et al.
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activities all have important effects on
patterns of bushmeat consumption and
sale. These findings have clear application
to the design of interventions that seek to
achieve wildlife conservation by amelio-
rating human poverty and hunger. Just as
other papers in this special feature find
that protection of ecologically valuable
forests does not automatically lead to im-
proved living conditions for the rural poor,
so do Brashares et al. (30) reciprocally find
that economic growth does not automati-
cally translate into reduced hunting pres-
sure on wildlife.

The second group of papers in this spe-
cial feature describes and analyzes new
economic, social, and political approaches
to achieve biodiversity conservation and
social improvement. Dickman et al. (31)
review various strategies that have been
used across diverse settings to conserve
large carnivores. Highly valued for both
cultural and ecosystem benefits, these
species are also among the most difficult to
conserve because of the real costs they can
inflict on the people who share their local
environment. The authors reframe the
now-familiar “payment for ecosystem
services” approach to one of “payments to
encourage coexistence” (PEC) to reflect
more accurately the objectives of these
interventions. They review the literature
documenting the strengths and weaknesses
of a variety of financial mechanisms that
have been used to promote carnivore
conservation, concluding with a framework
for an idealized PEC system that combines
key attributes of existing approaches.

McNally et al. (32) describe the eco-
nomic impacts of mangrove forest pro-
tection in coastal Tanzania. Saadani
National Park restricts households from
harvesting mangrove wood. The authors
use remotely sensed imagery analysis to
examine the effects of this protection on
mangrove cover and use econometric
analyses of household survey data to in-
vestigate the impacts on household be-
havior and well-being. They document
increases in fishing and shrimping income
for households across all wealth classes.
Their data suggest that enhanced ecosys-
tem services provided by the mangroves
generate significant indirect benefits for
rural livelihoods. This study demonstrates
the need for broad investigation of impacts
when performing monitoring and evalua-
tion of a landscape-scale intervention. By
comparing the data in their study area vs.
country-wide trends, the authors also
demonstrate the need to ensure that in-
direct benefits are themselves sustainable
and do not merely reflect displacement
in the identification of alternative re-
sources that will be harvested in an unsus
tainable fashion.

In an area in which both people and
threatened hornbill populations share

Barrett et al.

a vulnerability to severe weather events,
Chantarat et al. (33) describe a unique
index insurance mechanism they designed
to provide both socioeconomic and wild-
life conservation benefits. One problem
that has historically plagued both conser-
vation and international aid agencies is
that they must often behave reactively to
stochastic shocks. In the event of a hu-
manitarian or conservation crisis induced
by a severe weather event, there is un-
necessary delay as donors and operational
agencies mobilize financial and other re-
sources. In too many cases, this lag in re-
sponse is long enough for systems to
descend into new and less favorable equi-
libria. Chantarat et al. (33) draw on years
of meteorological, social, and hornbill life
history data to design an index insurance
mechanism that should provide a quick
and reliable response in the event of cy-
clones. Should routine meteorological
data reach a key trigger point (in this case,
high wind speeds that cause loss of older
trees with appropriate nesting cavities as
well as loss of local farm income), the in-
surance will disburse payments to conser-
vation managers who use these funds to
employ villagers to construct, install, and
monitor artificial nest boxes that replace
storm-damaged nesting trees, a limiting
ecosystem feature that might tip the en-
dangered hornbill populations below

a threshold of sustainability. The oppor-
tunity for employment at a time when
crops and jobs are lost should also help
smooth household consumption, prevent-
ing families living on the margin from
tipping into poverty traps.

Lewis et al. (34) describe a unique
market-based approach that seeks to ach-
ieve biodiversity conservation goals by fo-
cusing on human livelihoods and food
security. Historically, integrated conserva-
tion and development projects have often
tried to base social development on utili-
zation of wildlife resources, with typically
poor results. Instead, a different model is
being implemented in rural Zambia that
functions as a cooperative agribusiness
that operates across the value chain
from the farm through national and in-
ternational markets. Participation in the
organization, known as Community Mar-
kets for Conservation (COMACO), is
dependent on adoption of conservation
farming methods and cessation of un-
sustainable activities, such as poaching. By
providing infrastructure for farm product
transportation, generation of value-added
products, bulking, and packing, along with
critical access to high-value markets, this
intervention seeks to incentivize sustain-
able natural resource management. Wild-
life, business economic, and social science
data are presented to explore COMACO’s
impacts. Their results suggest that mar-
kets can be structured to enable economic
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and social development that is dissociated
from reliance on forest and wildlife re-
sources yet still achieves environmental
objectives.

The special feature closes with a “cau-
tionary tale” by Lybbert et al. (35) that
social/economic development based on
a natural resource does not guarantee
conservation of that resource. In part to
promote, and in part to take advantage of
an international boom in demand for
argan oil, there are many claims for a win-
win scenario in which rural women’s co-
operatives improve livelihoods through
the sale of argan oil, incentivizing the
preservation of the wild argan trees that
produce the fruit seed from which the oil
is extracted. By analyzing remote images
of vegetation cover, longitudinal house-
hold survey data, and commune-level
data on school enrollment, the authors
find that although the argan oil price
boom has improved educational out-
comes, especially for girls, and predictably
made households more vigilant guard-
ians of the soon-to-be-harvested fruit on
the tree, it has not induced investments
in longer term forest health. This “killing
of the golden goose” scenario under-
scores the complex relationships between
human economic and social develo-
pment and the conservation of valuable
natural resources. We must guard against
the naive belief that just because a re-
source is economically valuable, it will be
conserved.

The papers collected in this special
feature empirically explore the causal
relationships between poverty traps and
biodiversity conservation as well as novel
attempts to effect change. Each article
highlights one or more aspects of the
theoretical connections linking poverty
and the need for sustainable management
of natural resources described above. De-
pendence on limited resources underlies
almost every situation described in these
papers but is especially prominent in the
works of Coomes et al. (29), Ferraro et al.
(27), and McNally et al. (32). Shared vul-
nerability to shocks is clearly demon-
strated by the works of Naughton-Treves
et al. (28) and Chantarat et al. (33). Fail-
ure of social institutions is highlighted
by the articles of Brashares et al. (30),
Dickman et al. (31), and Lewis et al. (34),
whereas unintended consequences and the
lack of informed adaptive management
are perhaps most clearly shown in the
analyses by Lybbert et al. (35).

Throughout the February 2010 work-
shop on biodiversity conservation and
poverty traps that led to this special fea-
ture, participants repeatedly remarked
how much of the existing literature
revolves around synergies or tradeoffs
between poverty and environmental
objectives and the quest to identify win-
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win options. Our sense of these papers
(and of the broader literature) is that, in
reality, most options are at best “win-set-
tle,” in the sense that they advance one or
the other objective, although merely set-
tling for a do-no-harm result with respect
to the other objective(s). Economists
think of this as progress, an efficiency gain
known as “Pareto improvement” (making
at least one person better off without
making any worse off). Projects should not
necessarily try to do it all. Achieving de-
monstrable success in biodiversity con-
servation without imposing suffering on
the poor or sustainable improvement in
living standards without compromising
ecosystem function is a laudable achieve-
ment. We must take care not to set the bar
too high and thereby undermine our

. World Wide Fund for Nature International (2010) Liv-
ing Planet Report 2010: Biodiversity, Biocapacity and
Development (WWF International Gland, Switzerland).
Available at http:/Awwf.panda.org/about_our_earth/
all_publications/living_planet_report/2010_lpr.

2. Barnosky AD, et al. (2011) Has the Earth’s sixth mass

extinction already arrived? Nature 471:51-57.

3. Chen S, Ravallion M (2010) The developing world is
poorer than we thought, but no less successful in the
fight against poverty. Q J Econ 125:1577-1625.

4. Dasgupta P (1993) An Inquiry into Well-Being and

Destitution (Clarendon, Oxford).

. Carpenter SR, Brock WA (2008) Adaptive capacity and
traps. Ecology and Society, 13:40. Available at http://
www.ecologyandsociety.org/vol13/iss2/art40/.

6. Barrett CB, Arcese P (1998) Wildlife harvest in
integrated conservation and development projects:
Linking harvest to household demand, agricultural
production and environmental shocks in the Serengeti.
Land Econ 74:449-465.

7. Barrett CB (2008) Poverty traps and resource dynamics
in smallholder agrarian systems. Economics of Poverty,
the Environment and Natural Resource Use, eds Ruis A,
Dellink R (Springer, Dordrecht, The Netherlands).

8. Dasgupta P (2004) Human Well-Being and the Natural
Environment (Oxford Univ Press, Oxford).

9. Azariadis C, Stachurski J (2005) Poverty traps. Handbook
of Economic Growth, eds Aghion P, Durlauf S (Elsevier,
Amsterdam).

10. Bowles S, Durlauf SN, Hoff K, eds (2006) Poverty Traps
(Princeton Univ Press, Princeton).

11. Carter MR, Barrett CB (2006) The economics of poverty
traps and persistent poverty: An asset-based approach.
J Dev Stud 42:178-199.

12. Chivian E (2002) Biodliversity: Its Importance to Human
Health (Harvard Medical School Center for Health and
the Global Environment, Cambridge, MA).

13. Holling CS (1973) Resilience and stability of ecological

systems. Annu Rev Ecol Syst 4:1-23.

[

ability to accomplish either conservation
or development goals. Conversely, we
must not shy away from recognizing that it
will be impossible to attain biodiversity
objectives without attending to the legiti-
mate aspirations of coresident human
populations for reasonable standards of
living for their families, just as it will be
impossible to achieve lasting socioeco-
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impacts on the local ecosystem do not
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ecosystem services.

Biodiversity loss and persistent poverty
are not inevitable. However, closely cou-
pled ecological and socioeconomic chal-
lenges will not be resolved of their own
accord over time. We need models
underpinned by rigorous empirical evi-

14. May RM (1977) Thresholds and breakpoints in eco-
systems with a multiplicity of stable states. Nature 269:
471-477.

15. Hanski I, Poyry J, Pakkala T, Kuussaari M (1995) Multiple
equilibria in metapopulation dynamics. Nature 377:
618-621.

16. Dasgupta P, Maler K-G, eds (2004) The Economics
of Non-Convex Ecosystems (Kluwer, Dordrecht, The
Netherlands).

17. Terborgh J, et al. (2001) Ecological meltdown in
predator-free forest fragments. Science 294:1923-1926.

18. Lybbert TJ, Barrett CB, Desta S, Coppock DL (2004)
Stochastic wealth dynamics and risk management
among a poor population. Econ J 114:750-777.

19. Perrings C (1989) An optimal path to extinction?
Poverty and resource degradation in the open agrarian
economy. J Dev Econ 30:1-24.

20. Dasgupta P (2009) Poverty traps: Exploring the
complexity of causation. The Poorest and Hungry:
Assessments, Analyses, and Actions, eds von Braun J,
Hill RV, Pandya-Lorch R (International Food Policy
Research Institute, Washington, DC).

21. North DC (1990) Institutions, Institutional Change and
Economic Performance (Cambridge Univ Press, Cam-
bridge, UK).

22. Ostrom E (1990) Governing the Commons (Cambridge
Univ Press, Cambridge, UK).

23. Barrett CB, Brandon K, Gibson C, Gjertsen H (2001)
Conserving tropical biodiversity amid weak institutions.
Bioscience 51:497-502.

24. Barrett CB, Swallow BM (2006) Fractal poverty traps.
World Dev 34:1-15.

25. Mookherjee D, Ray D (2000) Readings in the Theory of
Economic Development (Blackwell, New York).

26. Jalan J, Ravallion M (2002) Geographic poverty traps?
A micro model of consumption growth in rural China.
J Appl Econ 17:329-346.

27. Ferraro P, Hanauer MM, Sims K (2011) Conditions
associated with protected area success in conservation

13912 | www.pnas.org/cgi/doi/10.1073/pnas.1011521108

dence of the interlinked dynamics of hu-
man well-being and biodiversity to help
analysts and policy makers think through
the relative merits and risks of alter-
native courses of action. We hope that
the papers of this special feature will
help shape how we think about this com-
plex relationship, how we devise inter-
ventions to improve human and natural
conditions, and how we evaluate the so-
cioeconomic and biophysical results of
these interventions.
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