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From trade-offs to synergies in food
security and biodiversity conservation

Jan Hanspach*, David ] Abson, Neil French Collier, Ine Dorresteijn, Jannik Schultner, and Joern Fischer

Providing universal food security and conserving biodiversity are prominent challenges facing humanity in
the 21st century. Typically, these challenges are believed to involve a trade-off, especially in farming
landscapes of the Global South. We conducted a multivariate analysis of social-ecological data from 110
landscapes in the Global South, and found that different system characteristics lead to partly predictable
outcomes, resulting either in trade-offs or, unexpectedly, in synergies (mutual benefits) between food security
and biodiversity. Specifically, these synergies are fostered by social equity, by reliable access to local land, and
by increasing social capital (eg maintenance of traditions) and human capital (eg health). In contrast, we also
found high degrees of food security in landscapes with adequate infrastructure, market access, and financial
capital, but this increased security came at the expense of biodiversity. Our findings demonstrate that a
social-ecological systems perspective can help to identify previously unrecognized synergies between food

security and biodiversity conservation.
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lobal sustainability goals recognize that achieving
food security and conserving biodiversity are among
the most critical challenges of our time (Foley et al. 2011;
UN 2015). Despite ongoing increases in global food pro-
duction, approximately 800 million people remain under-
nourished (FAO et al. 2015), and the expansion and
intensification of agriculture continue to be major causes
of biodiversity loss (Foley et al. 2005; Tilman et al. 2011).
Linking these two challenges has created a narrative
that is dominated by the notion of an inevitable trade-off
between food production and biodiversity conservation.
Accordingly, the discourse on possible solutions has fol-
lowed a similar path (Foley et al. 2005). Well-known
examples of frameworks that attempt to reduce such
trade-offs include the concept of land sparing versus land
sharing (Green et al. 2005), and the increasingly popular
notion of sustainable intensification (Tilman et al. 2011).
Despite their broad appeal, these approaches provide
incomplete solutions to the complex problem at hand for
several reasons, including their narrow focus on food
production instead of food security, and an insufficient
consideration of broader societal issues such as justice or
governance (Fischer et al. 2011; Loos et al. 2014).
Building on the theoretical framework by Wittman et al.
(2017), we used a social-ecological perspective, thereby
taking into account a more comprehensive suite of factors
influencing the food-biodiversity nexus. By comparing
many landscapes from around the world, our overarching
goal was to explore typical relationships between social—
ecological system characteristics and outcomes with
respect to food security and biodiversity conservation.
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A social-ecological systems perspective recognizes
interdependencies and feedbacks between social and eco-
logical characteristics (Liu et al. 2007). In the context of
food security and biodiversity conservation, key themes
considered in a social-ecological approach (but largely
glossed over in other frameworks) include food flows,
livelihood strategies, governance, and endowments with
various capital assets (ie the means to achieve a certain
outcome; including social, human, infrastructure, finan-
cial, and natural capital; for example, food production
depends on natural capital, requires health and knowl-
edge and often benefits from good social relations with
others; Wittman et al. 2017).

We focused on farming landscapes of the Global South,
which cover a large part of the habitable terrestrial sur-
face (Foley et al. 2005) and harbor a considerable share of
Earth’s biodiversity (Perfecto and Vandermeer 2010).
Moreover, both the need to provide food to local people
and the pressure on biodiversity are particularly acute in
the Global South (eg Figure 1).

We concentrated on the landscape scale, because the
landscape is a meaningful unit for managing both social
and ecological outcomes (Wu 2013), including in the
context of food security and biodiversity conservation
(Wittman et al. 2017). However, no global systematic
assessments of food security or biodiversity are available
at the landscape scale. National-level data (eg from the
Food and Agriculture Organization of the United
Nations) are inadequate for this purpose because they
would mask critical differences by aggregating across very
different ecological and sociopolitical contexts within a
given nation. We therefore elicited case-specific expert
knowledge via an innovative, theoretically grounded
survey instrument on food security, biodiversity conserva-
tion, and social-ecological systems characteristics of
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Figure 1. Farming landscapes of the Global South are often characterized by small-scale
farming, and food security and biodiversity outcomes result from a complex interaction
between different social—ecological drivers. The image shows a farming landscape in
southwestern Ethiopia where smallholder farmers grow maize, teff (Eragrostis tef;
annual bunch grass with edible grains), sorghum, and other grains for their own
consumption, as well as coffee and khat (Catha edulis; perennial shrub whose leaves
can be chewed as a stimulant), which are primarily sold at markets. Improvement of the
road network has led to improved access to medical care. However, unabated population
growth leads to land scarcity, which in turn increases food insecurity, and the exploitation
and destruction of highly biodiverse afromontane forest ecosystems.

Conservation Biology; Food and
Climate Research Network), as well
as via Twitter (@ideas4sust), blogs
(ideas4sustainability.wordpress.com;
foodandbiodiversity.wordpress.com;
agroecopeople.wordpress.com), and
academic and practitioner networks
(eg Bioversity International, CGIAR,
Programme on Ecosystem Change
and Society). We also directly
emailed scientists who had con-
ducted relevant empirical case studies
as identified in a previous review
(Glamann et al. 2017). Data collec-
tion occurred between November
2015 and February 2016.

Although our invitation to partici-
pate in the survey was open, we spec-
ified clearly who it was directed at.
The survey addressed self-identified
experts in food security and biodiver-
sity conservation who were willing
to share their expertise on a particu-
lar, potentially food-insecure farming
landscape of their choice. From a
total of 223 responses, we used 110
cases (WebFigure 1) that passed a set
of stringent quality-control criteria

farming landscapes throughout the Global South.
Drawing on the resulting data, we investigated the nature
of possible trade-offs between food security and biodiver-
sity conservation and, where possible, identified mecha-
nisms to foster synergies between these two societal goals.

M Methods

Using an online survey, we obtained data for farming
landscapes throughout the Global South. We defined
a landscape as an area measuring tens to thousands
of square kilometers, which can be characterized by
certain unifying features such as, for example, similar
biophysical and sociopolitical characteristics. Suitable
landscapes were primarily used for farming, and at least
some people in the landscape were required to be at
a realistic risk of food insecurity. The survey contained
85 detailed questions grouped into four main sections:
general information (eg respondent’s background and
expertise), food security (eg access, availability, stability
through time), biodiversity conservation (eg wild and
agrobiodiversity, stability through time), and social—
ecological system characteristics (eg biophysical prop-
erties, farming practices, capital assets) (Wittman et al.
2017). Most questions used Likert scales, thus generating
ordinal data (see WebPanel 1 for full questionnaire).

We distributed the survey widely through mailing lists
(Social Science Working Group of the Society for

(eg minimum expertise, complete-
ness of data) and fulfilled all requirements for our analysis
(eg representing farming landscapes with at least potential
food insecurity; for details, see WebPanel 2).

Most respondents were scientists (n = 84), and their
experience within a given landscape ranged from half a
year to 40 years (median 5 years) (WebFigure 2, a and b).
Disciplinary backgrounds varied widely but ecology, bio-
diversity conservation, and resource management were
mentioned most frequently (WebFigure 2c). Overall, the
self-assessed expertise was balanced between food security
(70 participants responding “high” or “very high”) and
biodiversity conservation (83 participants responding
“high” or “very high”) (WebFigure 3).

For the analysis, we first extracted the main gradients in
food security and biodiversity conservation using non-
linear principal component analysis (NLPCA), a method
that is particularly suited to ordinal data (De Leeuw and
Mair 2009). The derived first principal component of
food security explained 40% of the variance in answers
related to food security, and correlated with food availa-
bility, accessibility, adequacy, acceptability, stability, and
utilization (WebFigure 4a). Likewise, the derived first
principal component of biodiversity explained 51% of the
variance in answers related to biodiversity, and correlated
with native biodiversity, farmland biodiversity, protected
species, rare species, functional groups, and planned bio-
diversity (see WebPanel 2 for details; WebFigure 4b).
The two variables derived in this way provided meaning-
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ful, data-driven indices of food secu-

rity and biodiversity conservation,
and were used as response variables in
subsequent analyses.

Second, we summarized information
on the social-ecological characteristics
of a given landscape separately for seven
different themes: biophysical character-
istics, sociodemographics, farming prac-
tices and livelihood strategies, food
flows, governance, justice, and capital
assets. With regard to food security and
biodiversity, the characteristics for each
theme were elicited by drawing on a
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number of separate questions. For (C)
instance, biophysical characteristics
were related to biome, topography,
rainfall variability, soil degradation,
water pollution, and the prevalence of
invasive species (see WebPanels 1 and
2 for details and input data to all seven
themes). To reduce complexity, we
extracted key gradients within each
theme via NLPCA (WebFigures 5-11).
The first two axes of each of the seven
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improve interpretability of the axes.
The fourteen variables thus derived
constituted meaningful descriptions of
the social-ecological characteristics of a
given landscape, and we considered
them appropriate explanatory variables
in later analyses.

Third, we related the rotated axes of
each of the seven NLPCAs to the

Figure 2. (a) State of food security and biodiversity conservation in 110 focal
landscapes. (b—d) Relationships between food security and biodiversity conservation
in response to social—ecological system characteristics describing justice ([b]; 20%
explained deviance), built and financial capital assets ([c]; 21% explained deviance),
and human and social capital assets ([d]; 23% explained deviance). The global
distribution of focal landscapes is shown in WebFigure 1; additional details on social—
ecological system characteristics and how they were derived are provided in
WebPanels 1 and 2.

previously calculated indices of food
security and biodiversity conservation using generalized
additive models. We used this procedure because it ena-
bled us to simultaneously model the response of both food
security and biodiversity to any given set of social-eco-
logical characteristics. We present only the results for
statistically significant models (Holm adjusted P < 0.05)
with an explained deviance of more than 10%.

Finally, respondents were asked whether they antici-
pated the state of food security and biodiversity conserva-
tion to improve or deteriorate over the next 10 years. We
summarized these responses by counting how often
respondents agreed or strongly agreed that conditions
would either improve or deteriorate. All methods are

described in detail in WebPanel 2.

M Results and discussion

As expected, some landscapes exhibited a trade-off between
food security and biodiversity conservation. However, across
all 110 landscapes, “win—win” outcomes and “lose—lose”

outcomes were also common (Figure 2a). Overall, food
security and biodiversity outcomes showed a weak positive
correlation (Spearman t = 0.31, P = 0.001).

This finding contradicts the dominant discourse around
trade-offs between food and biodiversity (Glamann et al.
2017). Food security and biodiversity trade-offs are possi-
ble — common, in fact — but as this analysis shows, not
inevitable or universal. Given this finding, we were inter-
ested in further understanding key drivers underpinning
the food security—biodiversity relationship. Are there
specific sets of system characteristics that are generally
associated with “lose—lose” or “win—win” outcomes, or
with classically assumed food-biodiversity trade-offs
(“win—lose”, “lose—win”)?

Drawing on our generalized additive models, we
uncovered significant associations between system char-
acteristics and combined outcomes for food security and
biodiversity conservation (Figure 2, b—d). First, food secu-
rity was reported to be low in landscapes with high levels
of social inequity and poor access to land for local people
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(Figure 2b). Social inequity has been argued to be an
obstacle to poverty reduction in general (Haddad 2015),
and has been empirically shown to negatively relate to
food security in Asian countries (Friel and Baker 2009).
Adequate access to land for smallholder farmers (ie sub-
sistence farmers who support a household from often <2
ha of land), in turn, is a crucial component of such
equity, with important implications for food security
(Lipton and Saghai 2017).

Second, we found significant associations in food-
biodiversity outcomes in relation to built and financial
capital assets. Good infrastructure, easy access to markets,
and high levels of financial resources were related to high
food security but low biodiversity (Figure 2¢). Infrastructure
modernization and improvements in market access are
often seen as efficient tools to fuel economic development
and thus reduce poverty (World Bank 2007). However,
our findings show that increasing these capital assets
increased food security only in situations where biodiver-
sity conservation was limited. This, in turn, suggests that a
conventional strategy focusing on markets and infrastruc-
ture may inadvertently foster a trade-off between food
security and biodiversity conservation. Road infrastruc-
ture, for example, provides access to markets and agricul-
tural inputs, but can facilitate both the expansion and
intensification of agriculture (Laurance et al. 2014), which
are key drivers of biodiversity loss (Matson et al. 1997).

Third, human and social capital assets were related to
food and biodiversity outcomes in a non-linear way.
Health, knowledge, maintenance of traditions, and a
high awareness of natural capital were related to high
biodiversity but also to low food security (Figure 2d).
Other authors have noted that a “win—win” situation,
where biodiversity is maintained in farming systems that
provide sufficient food and other benefits to people, may
stem from the maintenance of traditional management
and knowledge systems (Barthel et al. 2013). In contrast
to that narrative, our findings suggest that high food
insecurity in combination with poverty might cause an
involuntary dependency of people on their natural
environment — keeping awareness of natural capital and
traditional ecological knowledge high, not by choice but
by necessity.

Our findings on capital assets have possible implica-
tions for global and national policies targeting the Global
South. Many such policies focus on strengthening the
agricultural sector by increasing export-oriented produc-
tion, focusing especially on commodity crops, including
fibers (eg cotton), food (eg wheat, maize, soybean, rice,
barley), luxury goods (eg coffee, cocoa), oils (eg palm oil,
rapeseed), or pulp and paper. These initiatives often
neglect immediate local needs, instead focusing on indi-
rect benefits from ecosystems (as defined by Daw et al.
2011) and often inadvertently causing environmental
deterioration. Our findings on capital assets show that
these and other “big push” strategies that focus on infra-
structure modernization may be short sighted (Mikulcak

et al. 2015), and need to be balanced with conscious
efforts to also improve other capital assets, for instance
via education (Lutz and Samir 2011) and the support of
grassroots-level smallholder initiatives (Altieri and
Toledo 2011).

In summary, in the landscapes we studied, “win-win”
outcomes for food security and biodiversity were associ-
ated with high equity, ready access to land for local peo-
ple, and high human and social capital. In contrast, a
trade-off between food security and biodiversity conser-
vation was related to a singular focus on built and finan-
cial capital in a given landscape. These findings suggest
that justice and the types and diversity of capital assets
are key factors influencing food security and biodiversity
conservation across a wide range of landscapes world-
wide. Avoiding a narrow focus solely on infrastructure
development, commercialization, and built capital — and
instead also strengthening human capital, social capital,
and equity — therefore seems critical for fostering syner-
gies between food security and biodiversity conservation.
Suitable strategies for specific rural areas such as those
identified here need to be complemented with strategies
tailored to urban areas, as well as to possible interactions
among multiple landscapes. For example, in many devel-
oping countries, rapid urbanization draws on resources
generated in rural and peri-urban areas (Lerner and Eakin
2011), thereby creating links between different land-
scapes. Long-distance links between landscapes can also
be important. Our findings on the role of infrastructure
and market access indicate the relevance of interactions
with places outside of a given landscape through telecon-
nections (Seto et al. 2012) or social-ecological telecou-
pling (Liu et al. 2013). How to best address cross-scale
connections remains a key challenge for future research;
our work indicates that the landscape scale is clearly use-
ful, but how landscape-scale analyses can be best inte-
grated with insights generated at other scales remains an
open question.

We did not find significant relationships between
either food security or biodiversity and a range of
governance-related variables. We had included questions
on whether the government listened to local concerns,
and whether it was generally believed to be reliable and
effective (see WebPanel 1 for details). Given the growing
discourses on food sovereignty (Wittman et al. 2010) and
the need for locally appropriate governance mechanisms
(Phalan et al. 2016), we were surprised that no consistent
benefits of governance variables were found for either
food security or biodiversity conservation. However, we
caution that the fact that we did not discover a statisti-
cally significant effect does not necessarily mean that
there is no such effect. Given evidence presented else-
where, we believe that the lack of statistical significance
in our dataset may be an artifact of our data, or of the
specific questions we asked. For example, our questions
did not specifically differentiate between different levels
of government, and we did not ask separately about
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Figure 3. Anticipated future trends for food security and
biodiversity conservation in the focal landscapes within the next
decade. Wedge length indicates the number of respondents consi-
dering a win, no change, or a loss in food security and biodiversity
conservation, respectively. For example, most respondents
anticipated a gain in food security and a loss in biodiversity

(n = 37; yellow wedge, top-left).

conservation measures for flora and fauna. Our broad-
brush approach was probably appropriate for this particular
questionnaire (which was the first of its kind), but future
research may need to explore governance issues in more
detail in order to generate a better understanding of how it
influences food and biodiversity outcomes.

In a final step of analysis, we asked experts about their
perception regarding future trends in their focal land-
scapes. Troublingly, most experts anticipated a trade-off
looming on the horizon, namely that food security will
increase while biodiversity will decline (n = 37; Figure 3).
A large proportion of experts also expected a decline
in biodiversity with no change in food security (n = 23),
or even a decrease in both (n = 17). Despite the previ-
ous findings indicating that synergies are possible,
positive trends for both food security and biodiversity
conservation were anticipated in only two of the 110
landscapes analyzed.

M Conclusions

Our findings suggest that the prevailing view of a trade-
off between food security and biodiversity may fuel a
self-fulfilling prophecy. At present, it appears that
humanity primarily pursues strategies that lead to trade-
offs (eg through agricultural commercialization and
infrastructure development), while strategies that might
lead to a “win—win” outcome exist but are neglected

(Chappell and LaValle 2011). We see an urgent need
to more routinely bring social system characteristics
back into existing discourses on food security and bio-
diversity conservation — including issues related to justice,
as well as social and human capital (Sunderland 2011;
Zimmerer 2013). To this end, a social-ecological systems
perspective can provide a useful way forward.
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