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Editorial on the Research Topic
Food, nature & wellness: dueling epistemologies

Introduction

Who is responsible for the health of the food system? In today’s globally interconnected
world, the wellbeing of land, labor, water, and air are generally invisible to most
consumers. Industrialized food systems negatively impact natural resources and human
health, causing diet-related diseases, foodborne diseases, and long-term, cumulative effects
of pesticide residues.

Producing and distributing food that sustains ecosystem fertility and nourishes
consumer health requires attention to a breadth of issues, covering many disciplines
and communities of practice. While interdisciplinary research in this area is increasing,
addressing the full complexity of food system wellbeing requires prioritizing vital and robust
life at every stage, and stressing the interconnectedness between the health of humans and
that of the planet.

In this Research Topic, we bring together articles addressing different dimensions of
food, nature, and wellness, including knowledge frameworks (de Garine-Wichatitsky et al;
Timotijevic et al; Spring et al;; Ramenzoni), limits of current methodologies in assessing
these domains (Hemsworth et al;; Saxena et al.), policy approaches to strengthening human
and ecosystem wellness in the food system (Canfield et al; Valencia et al; Roothaert et al;
Queenan et al.), and the importance of connection with the natural world for human mental
health (Lengieza and Swim; Thiermann et al;; Venkatasubramanian). Together these articles
emphasize the importance of mindfulness and interdisciplinary research to advance science
and knowledge at the food systems-ecology-human wellbeing nexus.

Mindfulness practices for wellness and sustainability

Connectedness with nature (CWN) is an important construct for appreciating the
intricate and complex interdependence of people and the planet. CWN is fundamental
to discussions on Climate Change/ Planetary Health/ Sustainable Development Goals.
Three articles in this Research Topic discuss practices that promote mindfulness and
pro-environmental activities (Lengieza and Swim; Thiermann et al.; Venkatasubramanian).
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Lengieza and Swim review indicates that self-awareness and
mindfulness are associated with CWN, which is influenced
by age, openness to experience, worldviews toward nature,
and self-transcendence. Through a study of 300 individuals,
Thiermann et al. have shown that advanced meditators reported
significantly more pro-environmental activities and the lowest
greenhouse gas emissions related to their non-animal protein
diet when compared to non-meditators. The authors suggest
that CWN is an innate human quality that is affected by
modern-day pressures (Thiermann et al.). Venkatasubramanian
delineates a novel pedagogical approach in a University Wellness
Program (UWP) that nudges students’ behavior toward wellness
and campus sustainability. Experiential learning of academic
modules and evaluation systems are leveraged for students to
design and implement projects that are relevant to campus.
These authors suggest CWN is an innate human quality that
strengthens individual interest and attention to ecosystem and food
system health.

Potential role of different knowledge
frameworks

Four articles address frameworks for thinking about how
and what we know, including conceptualizing responsibility
in the food system (Timotijevic et al), integrating human
and ecosystem considerations in addressing socio-ecological
system health and resilience (de Garine-Wichatitsky et al),
listening more deeply to cultural reasons for food avoidance
to better

and using the insights from different ways of knowing to

inform nutritional interventions (Ramenzoni),
strengthen community food security (Spring et al.). Timotijevic
et al. utilize in-depth interviews with individuals working in
research, civil society, policy, and industry on cutting-edge
approaches in the food system that may impact health and
identify four overlapping conceptualizations of responsibility:
accountability, impact, reflexivity, and responsiveness. de
Garine-Wichatitsky et al. develope a participatory five-step
approach to framing and taking action to strengthen socio-
ecological system resilience that includes human health, animal
health, plant health, and environmental health, and then pilot
the framework and approach with an agro-ecological systems
project in Vietnam (de Garine-Wichatitsky et al.). Ramenzoni
utilizes a mixed-methods approach to study food avoidances
among the Coastal Endenese ethnic group, observing that
certain types of foods are avoided out of concern for upsetting
cosmological relationships, and urging a more community-based
and collaborative approach to nutrition interventions. In Spring
et al. community-partnered research on food security in the
Tsa Tué Biosphere Reserve (Northwest Territories, Canada), the
authors examine the interaction between traditional food systems
and climate change using a community capitals framework,
underscoring the potential of traditional foodways to buffer risks.
Taken together these articles highlight the value of conceptual
frameworks for addressing complex issues with greater cultural
awareness and sensitivity and emphasize the need to include

non-Western frameworks.
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Methodologies for assessing
components of the agricultural system

Two articles highlight methodological challenges in studying
food, nature, and wellness, whether in assessing population-
level perspectives on animal welfare (Hemsworth et al.) or in
exploring the role of traditional foods in food security and
nutritional status (Saxena et al). Hemsworth et al. explore
current methodologies for generating representative perspectives
of populations by comparing perspectives on animal welfare from
a computer-assisted telephone interview of >500 respondents
and a probability internet panel of >500 respondents, identifying
important differences in respondent attitudes and experiences
across the two methods. Saxena et al. explore methodological
approaches for assessing connections between agrobiodiversity
and food security, demonstrating that standard dietary intake
methodologies may underestimate the impacts and importance of
traditional foods. Both studies draw attention to the importance
of careful conceptualization of conclusions to ensure they are fully
supported by the data and the need for innovative methods and
analytical approaches to better capture complex systems.

Importance of policy in enhancing
food system sustainability

Another key theme in these articles is the importance of
public policy (and public funding) for food system sustainability.
Based on data from Brazil, Valencia et al. argue that integrating
sustainability into public food procurement systems can help to
support other sustainable development goals, including poverty
reduction, zero hunger, and gender equity. Examining the potential
for the uptake of a model similar to Brazil’s, Roothaert et al.
explore the feasibility of expanding Home-Grown School Feeding
programs in Tanzania and conclude such expansion might address
some systemic issues, but will not fully substitute for a larger policy
framework and resource investment in school meals. Systemic
challenges are also the subject of Queenan et al. research, which
identifies issues such as an unlevel playing field for importers and
local producers, and a small number of large-scale producers with
a large market share, that inhibit the potential of the commercial
broiler system in South Africa to contribute to the sustainable
development goals. Turning to the international scene, Canfield
et al. document how the organization of the 2021 UN Food Systems
Summit sidestepped existing forums for accountable multilateral
food system governance, demonstrating the corporate capture of
the international public system’s governance of agriculture. Each
of these articles highlights the potential of particular policies to
enhance wellness.

Conclusions: avoiding pitfalls in new
ways forward

Both frameworks and methodologies offer the potential of
clear research approaches that are consistent across research
studies allowing for better comparison of results. They can

frontiersin.org
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also be applied to different contexts and disciplines which
may highlight strengths and weaknesses. However, adopting
specific knowledge frameworks /methodologies could lead to an
overemphasis on the frameworks/methodologies rather than on
empirical observations. This can lead researchers to disregard
findings that do not fit their pre-determined categories of analysis.
Recommendations include being explicit about frameworks and
methods, with clear definitions of constructs, moving beyond past
biases by incorporating and adapting multiple frameworks and
multidisciplinary methods wherever possible, and using mixed
methods and participatory approaches with due consideration of
local knowledge, that are better able to honor and characterize
complex local systems. Key limitations include the absence of
mechanisms to encourage the adoption of specific frameworks and
the emphasis on innovation in academic institutions that rewards
individual researchers for developing their own frameworks, rather
than using and testing the frameworks of others.

The articles on policy and practices illuminate both the
opportunities and limitations. There are opportunities for
increased use of intersectoral and intersectional policy frameworks
and processes. Mindfulness and CWN may provide ways to get
beyond business as usual, as a tool for transformative individual,
research, and systems change. In addition, similar to the challenges
with frameworks and methodologies, there are only limited levers
to encourage and reward multidimensional approaches. Taken
together, these articles break ground toward reconceptualizing
food system health, and locating responsibility for food system
outcomes—but they also highlight that much remains to be done
to achieve holistic food system health for people and planet. To
promote such multidimensional approaches will require flexibility
and re-invention not only of research questions and methods,
but also of the institutions and funding structures that bring such
research into being.
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Practice Matters: Pro-environmental
Motivations and Diet-Related Impact
Vary With Meditation Experience

Ute B. Thiermann2*, William R. Sheate’ and Ans Vercammen’

" Centre for Environmental Policy, Imperial College London, London, United Kingdom, 2 Center for Mindfulness
and Compassion, Cambridge Health Alliance, Cambridge, MA, United States

Mindfulness has emerged as a potential motivator for sustainable lifestyles, yet few
studies provide insight into the relationship between mindfulness practice levels and
individual engagement in pro-environmental behaviors. We also lack information about
the significance of meditators’ behavioral differences in terms of their measurable
environmental impact and the motivational processes underlying these differences in
pro-environmental performance. We classified 300 individuals in three groups with
varying meditation experience and compared their pro-environmental motivations and
levels of animal protein consumption. Exceeding prior attempts to compare high-impact
behaviors of mindfulness practitioners and non-practitioners, we created the most
detailed classification of practice engagement by assessing frequency, experience and
type of meditation practice. This nuanced view on mindfulness practice reveals that
advanced meditators, who reported high levels of connectedness with nature (CWN),
subjective happiness and dispositional mindfulness showed significantly more concern
for the environment. They also demonstrated the lowest levels of greenhouse gas
emissions, land occupation and water use related to their animal-protein consumption.
This study is the first to follow a self-determination theory perspective to deepen our
understanding of the motivational differences between meditator groups. We revealed
that advanced meditators reported significantly more integrated motivation toward
the environment than non-meditators. We also provided preliminary evidence for a
new theoretical framework suggesting that experiential strategies such as mindfulness
practices could strengthen the relational pathway of pro-environmental behaviors.
Using sequential mediation analysis, we confirmed that the negative effect of mindful
compassion practice on greenhouse gas emissions from animal-protein consumption is
partially mediated by CWN and integrated motivation toward the environment. While
our study does not support assumptions of causality, it shows that much can be
learned by studying the motivations of advanced meditators for maintaining high levels
of pro-environmental behavior.

Keywords: mindfulness, compassion, connectedness with nature, sustainability, pro-environmental behavior,
animal-protein consumption, motivation, self-determination theory
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Mindfulness Practice and Animal-Protein Consumption

INTRODUCTION

The environmental crisis is accelerating, with climate change
being one of the main drivers for environmental change and
biodiversity loss. This creates negative impacts on ecosystem
services and human well-being (Costello et al., 2009; IPCC, 2014;
Diaz et al., 2019). Paradoxically, even though climate change has
become increasingly tangible to the lay person, public opinions
on climate change have changed little over the last decade (Egan
and Mullin, 2017; Steentjes et al., 2017). The lack of individuals’
recognition of the gravity of the crisis stands in stark contrast
with the need for individual level contributions to environmental
conservation (Creutzig et al, 2016). Oftentimes neglected in
the discussion on mitigation strategies, consumption levels must
be reduced by a factor of five to attain the 2-degree target
of global warming (Girod et al., 2013). This implies structural
behavior change in areas like transport and diets, particularly
the reduction of animal-protein consumption (Hedenus et al.,
2014). A sustainable food transformation is indispensable not
only to reach the targets agreed in the Paris Agreement, but
also the sustainable development goals (Lucas and Horton,
2019). Changing people’s dietary preferences is a challenge that
amounts to a socio-cultural revolution (O’Riordan and Stoll-
Kleemann, 2015; Macdiarmid et al., 2016) and potential strategies
to increase the willingness to adopting sustainable diets continue
underexplored (Hartmann and Siegrist, 2017).

In the search for ways to promote sustainable lifestyles
in Western populations, mindfulness is receiving growing
attention (Ericson et al,, 2014; Fischer et al, 2017). Thirty
years of pioneer research showed that mindfulness is associated
with environmental awareness and pro-environmental behaviors
(PEB) (Thiermann and Sheate, 2020b). Some argue that “the
promotion of mindfulness and loving-kindness meditation in
schools, workplaces, and elsewhere could be construed as a policy
that pays a ‘double dividend’ in that it could contribute both to
more sustainable ways of life and to greater well-being” (Ericson
et al,, 2014, p. 78). Yet to date, causality has not been proven
and there is limited information on measurable environmental
savings related to mindfulness practice. With data obtained from
an online survey of 300 adults in the United Kingdom, we
investigated how different levels of meditation experience are
related to animal-protein intake. We also tested core assumptions
of the theoretical framework for this study, the two-pathway
model of PEB (Thiermann and Sheate, 2020a).

Background

Research Gaps in Mindfulness and Sustainability

The role of mindfulness in sustainability is a novel line of
scientific inquiry and several research gaps are yet to be
addressed. Mindfulness is a universal human capacity defined as
“the awareness that arises when we intentionally pay attention
in a kind, open discerning way” (Shapiro et al., 2018, p. 1694).
While cross-sectional studies support the association between
mindfulness and sustainable behavior, the existence of a causal
relationship between the two concepts is still debated and will
require a considerable amount of time and financial resources for

longitudinal studies (Geiger et al., 2019b; Thiermann and Sheate,
2020b). This study focuses on two other crucial research gaps
highlighted in Thiermann and Sheate (2020b).

First, from the several ways of conceptualizing and measuring
mindfulness, most researchers rely on dispositional (also: trait)
mindfulness to study correlations. Dispositional mindfulness is
an individual’s capacity to bring mindful awareness to everyday
life and increases over time with the practice of meditation
(Kiken et al., 2015; Shapiro et al.,, 2018). Several researchers
found a weak to moderate association between dispositional
mindfulness and PEB (Geiger et al., 2019b), however, a dominant
critique of this research is that only a few studies included
meditation practitioners in their samples or even assessed
practice parameters (Fischer et al., 2017; Thiermann and
Sheate, 2020b). In order to determine if the implementation
of mindfulness programs could promote sustainable lifestyles,
it is imperative to understand the association between practice
experience and PEB. Only a few studies have examined
differences in PEB outcomes as predicted by the existence
of an active mindfulness practice (Jacob et al., 2009; Panno
et al, 2018; Loy and Reese, 2019). Also, it is important to
clarify and distinguish between different mindfulness practices,
because of their great variation in the underlying neuro-cognitive
mechanisms and transformational potential. A recent empirical
investigation by Matko and Sedlmeier (2019) identified a total of
309 commonly practiced meditation techniques. They clustered
the most popular 20 into seven types, which differ in their
degree of body orientation and how much physical movement
they involve. Regarding the cognitive mechanisms of different
meditation types, most meditations can be classified as belonging
to three families: attentional, constructive and deconstructive
meditations (Dahl et al., 2015). Most secular mindfulness-based
interventions are primarily situated in the attentional family of
practices that range somewhere along the continuum between
developing focused attention and open monitoring skills (Vago
and Silbersweig, 2012; Chiesa, 2013). Another type of practices
that is gaining increasing attention in mindfulness research are
meditations from the constructive family, particularly those with
a relation and affect orientation such as loving-kindness and
compassion meditations, also known as ethical enhancement
practices (Vago and Silbersweig, 2012; Dahl et al,, 2015). In
a rigorous large-scale trial that studied the effect of three
groups of practices in a “presence;” “affect” and “perspective”
module, researchers found that affect-oriented practices such as
loving-kindness and compassion meditation were most effective
in promoting pro-social behaviors and altruistic tendencies
(Bockler et al., 2018; Singer and Engert, 2019).

The second research gap is the lack of insight in measurable
environmental impact. The measurement of PEB, defined as
“behavior that harms the environment as little as possible, or
even benefits the environment” (Steg and Vlek, 2009, p. 309),
is a challenging task (Gatersleben et al., 2002; Kormos and
Gifford, 2014; Gatersleben, 2018; Lange and Dewitte, 2019).
Most mindfulness studies revert to behavioral antecedents and
unvalidated self-report scales to determine strength of PEB.
The Mindful Climate Action program is the only program
designed to evaluate behavioral effects via environmental impact
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indicators such as greenhouse gas (GHG) emissions from diet,
transportation and household energy (Grabow et al., 2018).
However, results are limited to a pilot and feasibility study,
and the effects from mindfulness practice would be difficult
to extricate as the intervention combines mindfulness with
environmental education modules (Barrett et al., 2016).

Can Mindfulness Promote Sustainable Diets?
Regarding individual behaviors, our diets are considered under
the most impactful. Data from the Global Calculator show that
if by 2050 everyone globally ate a healthy diet as recommended
by the World Health, the world could save up to 15 gigatons of
CO; equivalents provided that the newly available land becomes
reforested or used to grow bioenergy crops. These savings in
GHG emissions amount to approximately one third of the world’s
emissions in 2011 (Department of Energy and Cimate Change,
2015). This is reflected by a growing number of publications
studying the relation between mindfulness and sustainable eating
(Jacob et al., 2009; Fung et al., 2016; Bohme et al., 2018; Geiger
et al,, 2019a; Hunecke and Richter, 2019; Stanszus et al., 2019;
Werner et al., 2020).

Fung et al. (2016) proposed a theoretical model where
mindful eating is expected to improve the “awareness of
the relationships between food and body, feelings, mind and
interconnectedness between humans and the environment”
(Fung et al., 2016, p. 1084), postulating that mindfulness should
help maintaining both personal and planetary health. Stanszus
et al. (2019) suggest a theoretical link between mindfulness
and sustainable eating based on the potential of mindfulness
to disrupt routines, promote physical and psychological well-
being, strengthen values, pro-sociality and compassion as well
as to improve the congruence between attitudes and behavior.
Their research is based on an 8-weeks program combining
mindfulness and environmental education (Fritzsche et al.,
2018). The training proved effective in promoting mindful
eating and changing antecedents of sustainable behavior, such
as environmental attitudes and subjective well-being, but none
of the intervention brought significant changes in sustainable
eating behavior (Bohme et al, 2018; Geiger et al, 2019a;
Stanszus et al., 2019).

Four correlational studies shed a more positive light on
the relationship between mindfulness and sustainable eating. In
a study with more than 800 mindfulness practitioners, Jacob
et al. (2009) found a small but significant correlation between
the frequency of mindfulness meditation and sustainable diets.
Other studies showed that increased levels of dispositional
mindfulness, particularly the ability to observe inner and outer
experiences, correlated positively with more sustainable food
consumption patterns (Hunecke and Richter, 2019; Richter and
Hunecke, 2020). A study combining dispositional mindfulness
and spirituality found that a supportive mindset marked by self-
compassion and an earthly sense of spirituality were positively
associated with increased PEB and more sustainable food choices
(Werner et al., 2020).

In summary, these studies suggest that changes in sustainable
eating and other PEB potentially develop with mindfulness
practice over time (Mason et al,, 2016; Geiger et al., 2019b).

Furthermore, the relationship between mindfulness and
sustainable behaviors seems to be indirect and mediated by
a variety of factors such as sustainability values and beliefs,
connectedness with nature (CWN), spirituality, subjective
well-being, health awareness and emotional self-control (Jacob
et al, 2009; Barbaro and Pickett, 2016; Aspy and Proeve,
2017; Park and Dhandra, 2017; Geiger et al., 2018, 2019b;
Hunecke and Richter, 2019; Werner et al., 2020).

Theoretical Framework

Theoretical studies establish six major arguments for the
relationship between mindfulness and PEB: (1) increased
awareness, (2) enhanced subjective well-being, (3) higher levels
of CWN, (4) improved pro-social tendencies, (5) recognition
of intrinsic values, and (6) openness to new experiences
(Thiermann and Sheate, 2020b). Because these theoretical
connections are not linkable to any of the prominent models
explaining PEB (Steg and Nordlund, 2018), we proposed a
2-pathway model of PEB (see Figure 1) as an attempt to
expand mainstream models of PEB and include mechanisms
relevant to mindfulness (Thiermann and Sheate, 2020a). The
greatest innovation provided by the model is the addition of
the “relational pathway” of PEB, based on CWN, empathy
and compassion as the driver of behavioral intention. This
model suggests that with increased activation of the relational
pathway through experiential strategies such as mindfulness, the
motivation to act in favor of the environment becomes more
internalized and self-determined, which ultimately improves
behavioral outcomes and contributes to personal well-being.

The 2-pathway model of PEB is embedded in the wider
framework of the self-determination theory and aims to
overcome the widespread dichotomous understanding of
environmental motivation as either extrinsic or intrinsic (Ryan
and Deci, 2017; Thiermann and Sheate, 2020a). Kasser (2017)
argues that self-determination theory, which gained reputation as
the most well-researched theory on human motivation and well-
being, might be best suited to explore the connection between
PEB and individual well-being. Self-determination researchers
found that both well-being and high-quality motivation for
behaviors arise when an individual experiences satisfaction of
inherent psychological needs for autonomy, competence, and
relatedness. In application of the self-determination theory to
the ecological context, Pelletier et al. (1998) describe six types
of motivation toward the environment along a continuum:
intrinsic, integrated and identified motivation are based on
higher levels of need satisfaction and are therefore seen as the
more self-determined motivation types and encourage higher
quality and maintenance levels of PEB. Introjected, external and
amotivation are the more controlled and less self-determined
motivations which tend to collapse when a behavior involves
effort, because the individual does not feel their inherent needs
satisfied (Pelletier et al., 1998, 2011).

The 2-pathway model of PEB supports the assumption
that experiential interventions such as mindfulness practice
help to internalize environmental motivation because they
help to intensify an individual’s relationship with nature and
promote their needs for autonomy and competence. This might
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be particularly valid for meditators who formally cultivate
compassion as part of their mindfulness practice (Thiermann
and Sheate, 2020a). This shift toward more self-determined
types of environmental motivation might further contribute to
closing the attitude-behavior gap which hinders individuals from
expressing their environmental ideals in action (Steg et al., 2015;
Fischer et al., 2017; Kasser, 2017).

Study Aim and Hypotheses

The aim of this study was twofold. First, we sought to
address gaps in the mindfulness and sustainability literature
by examining whether mindfulness practice (rather than
dispositional mindfulness) relates to common predictors and
measurable indicators of PEB, specifically the environmental
impact generated by animal-protein consumption. The second
goal was to provide preliminary evidence that mindfulness
contributes to a shift in motivation toward the environment
by activating the relational pathway of PEB. We focused on
comparing the attitudes and behaviors of three groups with
varying degrees of meditation experience. More specifically, we
outline the following hypotheses:

H1: Dispositional mindfulness, subjective happiness
and CWN progressively increase with the degree of
meditation experience.

H2: Mindfulness practice is associated with a shift in the
quality of motivation toward the environment which becomes
more integrated and less amotivated.

H3: The level of self-reported environmental behaviors
differs between practitioner groups, with advanced meditators
showing the lowest environmental impact.

H4: CWN and integrated motivation toward the
environment mediate the relationship between mindfulness
practice and PEB.

MATERIALS AND METHODS

Questionnaire Development

The survey was composed of psychometric scales, closed and
open-ended questions. We used existing Likert-type scales with
established psychometric properties to measure mindfulness,
subjective happiness, motivation toward the environment and
CWN. Additional items queried the presence and frequency
of different forms of mindfulness practice and respondents’
dietary habits. We also obtained demographic details and invited
general comments.

Psychometric Scales

Mindfulness was measured with the Comprehensive Inventory
of Mindfulness Experiences (CHIME), currently the most
comprehensive scale assessing mindfulness as a quasi-trait
(Bergomi et al., 2013, p. 21). The authors recently revised
the 37-item scale and provided an ordinal-to-interval
conversion table, improving its validity and making it
suitable for samples containing meditators and non-meditators
(Medvedev et al., 2018).

Frontiers in Psychology | www.frontiersin.org

December 2020 | Volume 11 | Article 584353


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Thiermann et al.

Mindfulness Practice and Animal-Protein Consumption

We used the 4-item Subjective Happiness Scale (SHS) to
assess self-reported wellbeing. The SHS does not specify the
characteristics of happiness, thereby not forcing respondents
to conform to either an eudaimonic or hedonic concept. The
SHS has high internal consistency and excellent reliability
(Lyubomirsky and Lepper, 1999; Lyubomirsky, 2020).

To capture motivations for PEB we used the Motivation
Toward the Environment Scale (MTES; Pelletier et al., 1998).
To distinguish an individual’s level of self-determination in PEB,
the 24-item questionnaire rates the strength of their intrinsic,
integrated, identified, introjected, external and amotivation
toward the environment. Only respondents who had previously
answered “Yes” to the question “Do you do things for the
environment?” (93% of respondents) completed the MTES.

We used the Connectedness to Nature Scale (Mayer and
Frantz, 2004) to measure trait levels of feeling connected with
nature. The scale measures cognitive beliefs about one’s CWN
(Perrin and Benassi, 2009), which has been demonstrated to
be an important predictor of pro-environmental attitudes and
behaviors (Pereira and Forster, 2015; Mackay and Schmitt, 2019;
Whitburn et al., 2019).

Details of the psychometric scales are provided in Table 1.

Mindfulness Practice

Taking an inclusive approach in targeting mindfulness
practitioners, we first asked respondents whether they practiced
any form of mindfulness (yes/no). Those answering affirmatively

were asked subsequent questions about years of experience in
years and weekly practice frequency, regarding both moving
meditation (e. g. yoga postures, tai chi, qui gong, other martial art
formations) and non-moving meditation (e. g. focused attention
to one or more elements, such as to one’s body, breath, conscious
awareness, or to a particular word, thought or emotive state)
separately. We distinguished between moving and non-moving
meditations based on observations that in the West, many people
practice yoga asanas and martial arts as a fitness discipline
without cultivating a mindful orientation, and the degree of
mindfulness applied to the practice varies greatly dependent
on the discipline and teacher. Those who practice forms of
moving meditation such as yoga with the specific intention to
cultivate mindfulness typically include a form of non-moving
meditation in their practice, e. g. at the end of a yoga class.
As such, we strictly allocated respondents to meditator groups
based on their experience in non-moving meditation to increase
the likelihood that those classed as (advanced) meditators
had indeed benefitted from the neurocognitive mechanisms
of an on-going intentional mindfulness practice. Advanced
meditators are those who had been practicing non-moving
meditation for at least a year and who practiced at least 3-4
times a week. Novice/infrequent practitioners are those who
had been practicing for less than le year and who practice just
once or twice per week or less. In addition, because affect-
oriented practices have been shown to support pro-sociality
more effectively, we also asked respondents to indicate if they

TABLE 1 | Overview of the psychometric scales included in the survey.

Scale Subscales Response format  Example items Cronbach’s o
CHIME  Awareness toward internal 6-point Likert scale  When my mood changes, | notice it right away 0.781
experiences
Awareness toward external | notice details in nature, such as colors, 0.832
experiences shapes, and textures.
Acting with awareness | break or spill things because | am not paying attention or | am thinking of 0.637
something else.
Accepting and During both ups and downs of life, | am kind to myself. 0.859
non-judgmental orientation
Decentering and When | have distressing thoughts or images, | am able to feel calm soon afterward. 0.875
non-reactivity
Openness to experiences | try to stay busy to avoid specific thoughts or feelings from coming to mind. 0.752
Relativity of thoughts Itis clear to me that my evaluations of situations and people can easily change. 0.602
Insightful understanding In everyday life, | notice when my negative attitudes toward a situation make things 0.771
worse.
MTES Intrinsic motivation 7-point Likert scale  For the pleasure | experience while | am mastering new ways of helping the 0.945
environment.
Integrated motivation Because taking care of the environment is an integral 0.943
part of my life.
|dentified motivation Because it is a reasonable thing to do to help the environment. 0.961
Introjected motivation | think I'd regret not doing something for the environment. 0.905
External motivation Because other people will be upset if | don't. 0.887
Amotivation Honestly, | don’t know; | truly have the impression that I’'m wasting my time doing 0.888
things for the environment.
SHS None 7-point Likert scale  Some people are generally very happy. They enjoy life regardless of what is going 0.918
on, getting the most out of everything. To what extent does this characterization
describe you?
CNS None 5-point Likert scale | often feel a sense of oneness with the natural world around me 0.890
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TABLE 2 | Distribution and percentages of diet types per meditator group and gender.

Non-meditator

Infrequent/novice meditator

Advanced meditator

Female Male Female Male Female Male
n % n % n % n % n % n %
Meat eater 25 13.6 60 32.6 25 13.6 22 12 33 17.9 17 9.2
Pescatarian 2 9.1 1 4.5 5 22.7 0 ihl 50 3 13.6
Vegetarian 7 25.9 0 0 4 14.8 0 14 51.9 2 7.4
Vegan 23 35.9 2 3.1 25 39.1 1 1.6 9 141 3 4.7

Percentages are attributed per row; unknown diet type and other gender are not listed.

practiced “compassion” as part of their mindfulness practice or
as a separate practice (yes/no).

Diet-Related Environmental Impact: GHG, Land
Occupation, Water Use

Following previous studies, we measured animal-protein
consumption by asking how often respondents ate meat, fish,
eggs, and dairy (Scarborough et al, 2014). For each of the
animal-proteins, respondents indicated weekly frequency.
They also stated whether they were actively trying to reduce
their consumption of animal-proteins. Those who answered
“yes” stated their reasons by distributing 100 percentage
points between the five categories “personal health,” “animal
welfare,” “environment and climate change,” “weight control,”
and “other.”

We modeled three environmental impact measures associated
with respondents’ weekly animal-protein consumption: GHG
emissions, land occupation and water use. The model is
based on data from the UK-specific report Eating For Two
Degrees (WWF, 2017). The report uses country averages of
GHG emissions, water use and land occupation associated with
100g of the most common food products, considering national
proportions of imported (vs.) local produce, conventional (vs.)
organic origin and other variations in production. The impact
values were generated in a life-cycle perspective from cradle-
to-mouth, including raw materials, agriculture, transport, retail,
packaging, waste and preparation of the food in the household.
For a detailed explanation of the environmental impact indicator
(see Supplementary Appendix A).

Questionnaire Distribution

Ethics approval was granted by the Imperial College Research
Ethics Committee (21st May 2018). We distributed the
survey online via the Qualtrics platform between June and
September 2018 and targeted a range of audiences in the
United Kingdom to sample across a range of characteristics
of interest. Mindfulness practitioners were invited in Facebook
groups and via newsletters of London-based mindfulness
networks. Respondents of different diet types were approached
via Facebook groups such as Vegans United Kingdom, Vegans
London, Vegetarians, BBQ and Grilling, CountryWoodSmoke
United Kingdom, London Foodies, and health and fitness themes.
To incentivize respondents, they could win one of 20 Amazon
vouchers to the value of 10 GBP. Additionally, to cover more

general population features, we acquired 99 responses from
Mechanical Turk'; 9 were removed because the responses failed
to meet basic quality criteria.

General Data Analysis Strategy

We conducted an a priori power analysis using G*Power 3.0.10
(Faul et al, 2007) to determine the desired sample size for
detecting a medium sized difference between the practitioner
groups regarding performance in PEB. This was based on
previous findings by Panno et al. (2018) who compared PEB of
two practitioner groups and reported an 1? effect size of 0.01
at p < 0.05 with 95% test power. The medium effect size was
later confirmed in another study by Loy and Reese (2019). Our
estimated sample size was N = 252.

The preliminary dataset of 430 registered responses was
cleaned for subsequent data analysis using MATLAB software.
We excluded respondents who failed to provide information
on their dietary habits or their mindfulness experience (even
if they completed other parts of the questionnaire). For any
given psychometric scale with more than 10% of datapoints
missing, respondents were excluded from further analysis
on that scale. When less than 10% were missing, missing
data points were substituted with the average of all response
values for the respective scale or subscale. The final sample
includes 300 respondents. The data analysis was executed
in IBM SPSS Statistics version 26. Whenever possible, we
controlled for gender effects or separated outcomes by
gender, because different patterns in pro-environmental
attitudes have been observed between men and women
(Vicente-Molina et al., 2018).

For all MANCOVAs, we used Fisher’s LSD post-hoc tests
for pairwise comparisons of practitioner groups. We tested
for equality of covariance matrices using Box’s M test and
we tested for equality of error variances using Levene’s test.
Due to the assumption that MANCOVA is robust to violations
for sample sizes over 30 we proceeded with the analysis
even when Box’s M was significant (p < 0.001) (Allen and
Bennett, 2008). When equality of error variances could not
be assumed for all variables, we used the Games-Howell post-
hoc test to identify differences between the groups. For the
MANCOVAs where gender was included as a covariate, we
used Sidak’s adjustment for multiple pairwise comparisons.

'A crowdsourcing network: https://www.mturk.com/
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Detailed descriptive statistics and correlations between the key
dependent variables are reported in Supplementary Appendix B.
Apart from the GHG, land and water use variables, which
are highly correlated and therefore assessed in separate
ANOVAs, other variables included in MANOVA analyses were
moderately correlated.

RESULTS

Sample Description
Descriptive statistics for gender, education, age, income and faith
groups are provided in Figure 2.

In total, 186 (61.7%) respondents stated that they practice
mindfulness (moving or non-moving), while 115 (38.3%) do not
practice. In total, we classified 123 respondents (41%) as non-
practitioners, 85 (28.3%) as infrequent/novice practitioners and
92 (30.7%) as advanced meditators.

Gender was unevenly distributed across the three groups,
with males dominant in the non-practitioner group (63 men, 58
women) compared to the female-dominated infrequent/novice
(23 men, 60 women) and advanced (25 men, 67 women)
practitioner groups. 2 respondents chose “other” and 2 did
not state gender.

With increasing meditation experience, respondents more
frequently practiced compassion. In the non-meditator group,
only 3 (1%) practiced compassion vs. 120 (40%) who did
not practice. Of the infrequent/novice meditators, 47 (15.7%)
practiced compassion whereas 38 (12.7%) did not. In the
advanced group, 83 (27.7%) reported practicing compassion
while 9 (3%) stated they did not.

Four diet types were represented in the sample of all
practitioner groups, totaling 184 (61.3%) meat eaters, 22 (7.3%)
pescatarians, 27 (9%) vegetarians and 64 (21.3%) vegans; 3 (1%)
remained unknown. Table 2 summarizes the distribution of diet
types per meditator group and gender.

H1: The Three Practitioner Levels Show
Differences in Their Levels of
Mindfulness, Subjective Happiness and

Connectedness With Nature
We employed a multivariate general linear model (MANCOVA)
on the mindfulness, happiness and CWN scale scores, using
practice level as the independent variable and gender as a
covariate. Dependent values were total scale scores on the
CHIME, SHS and CWN. The scales and subscales were found to
be internally consistent and alpha values are presented in Table 1.
The practitioner groups showed moderate differences on
the three dependents, F(6, 574) = 16.793, p < 0.001); Wilk’s
A = 0.724, np?=  0.149. Gender had a relatively small, but
statistically significant effect on the dependents, F(3, 287) = 6.372,
p < 0001; Wilks A = 0983, n,°= 0.062. In follow-
up univariate ANCOVAS we found medium-sized differences
between practice levels regarding subjective happiness [F(2,
289)=15.94,p < 0.001; npz =0.099], small to medium differences
on CWN [F(2, 289) = 11.80, p < 0.001; n,> = 0.076] and

large differences in dispositional mindfulness [F(2, 289) = 47.04,
p < 0.001; ny*= 0.246]. Women were more connected with
nature than men, although the effect was relatively small [F(3,
289) = 12.91, p < 0.001; np?= 0.043], but did not significantly
differ on subjective happiness [F(1, 289) = 0.16, p = 0.694;
npz = 0.001] or dispositional mindfulness [F(1, 289) = 1.196,
p=0.275; npz =0.004]. See pairwise comparisons between groups
in Table 3.

H2: Group Differences Manifest as a Shift
in the Quality of Motivation Toward the
Environment Which Becomes More

Integrated and Less Amotivated
We conducted a multivariate analysis of variance (MANOVA)
with practice level as the independent variable and all six
motivation types (intrinsic, integrated, identified, introjected,
external and amotivation) as outcome variables.

Of the 300 respondents, 279 people confirmed engagement
in PEB and completed the MTES scale. Of those who declared
no PEB, 61.9% are non-meditators, 28.6% are infrequent/novice
meditators, and 9.5% are advanced meditators.

The groups differences between the motivations were
medium-sized, F(12, 504) = 4.57, p < 0.001; Wilk’s A = 0.813,
np? = 0.098. Follow-up univariate tests revealed that the groups
showed small but significant differences in integrated motivation
F(2, 257) = 6.49, p = 0.002; 1,* = 0.048, introjected motivation
F(2, 257) = 3.06, p = 0.049; npz = 0.023 and amotivation F(2,
257) = 9.24, p > 0.001; npz = 0.067. They did not differ on the
other motivational types intrinsic motivation F(2, 257) = 0.15,
p = 0.863; n,> = 0.001, identified motivation F(2, 257) = 0.10,
p = 0.909; npz = 0.001 and external motivation F(2, 257) = 2.02,
p=0.135;1,% = 0.015.

Figure 3 shows the mean scores for the different motivations
by practice group.

Significant pairwise differences are shown in Figure 3
and Table 4. Pairwise differences for the four motivation
types without significant differences can be observed in
Supplementary Appendix C.

H3: The Level of Self-Reported
Environmental Behaviors Differs
Between the Groups, With Advanced
Meditators Showing the Lowest

Environmental Impact

We tested intentions to reduce or limit consumption of
animal protein (yes/no) using binary logistic regression. Because
dietary habits and intentions differed by gender, we repeated
the analysis for men and women separately (Supplementary
Appendix D). Within the subsample of “reducers,” we employed
MANCOVA with the reported relative importance (scores) of
four diet motivations (i.e., “personal health,” “animal welfare,”
“environmental concerns,” and “weight control”) as outcome
variables, practice level as the independent variable and gender
as a covariate. To compare mean environmental impact
metrics (GHG emission, land occupation and water use) of
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FIGURE 2 | Distribution of sample characteristics in the sample of 300 respondents. (A) shows self-identified gender, (B) shows age at time of responding, (C)
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the three groups we used three separate univariate general
linear models (ANCOVA), including gender as a covariate
and following up the main effects with pairwise comparisons.
Because of the high participation of vegans in the survey,
disproportionally increasing their share in the less experienced
practitioner groups, we repeated the analysis excluding all vegans
(Supplementary Appendix D).

Of non-meditators, 61 (49.6%) stated their intention to
reduce animal-protein consumption and 62 (50.4%) stated no
such intention. The proportion of reducers increased for both

infrequent/novice (60 reducers, 70.6%; 24 non-reducers, 28.2%;
1 unknown) and for advanced meditators (65 reducers, 70.7%;
27 non-reducers, 29.3%). The differences in proportions between
the groups were statistically significant, (4, N = 300) = 16.70,
p = 0.002. Results from binary logistic regression showed
that non-meditators were significantly less likely to reduce
their animal-protein consumption in comparison to advanced
meditators (Wald (1) = 9.43; p = 0.002; CI [0.231, 0.724]). The
model predicts that the odds of not reducing animal-protein
consumption were less than half [Exp(B) = 0.409] for advanced
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TABLE 3 | Post-hoc comparison of practitioner group differences on subjective happiness, CWN and dispositional mindfulness.

Dispositional mindfulness

Sidak comparisons:p-value [CI for the difference]

Meditation practice n Mean SD 1 2 3
1. Non-practitioner 119 3.66 0.46
2. Infrequent/novice meditator 82 3.80 0.52 0.121 [-0.027, 0.337] -
3. Advanced meditator 92 4.33 0.58 <0.001 [0.512, 0.865] <0.001 [0.346, 0.722] -
Subjective happiness

Fisher’s LSD (p-value) [CI for the difference]
Meditation practice n Mean SD 1 2 3
1. Non-practitioner 119 3.71 1.49 -
2. Infrequent/novice meditator 82 4.39 1.25 0.001 [0.274, 1.081] -
3. Advanced meditator 92 4.82 1.39 <0.001 [0.715, 1.496] 0.044 [0.011, 0.845] -
Connectedness with nature (CWN)

Fisher’s LSD (p-value) [CI for the difference]
Meditation practice n Mean SD 1 2 3
1. Non-practitioner 119 3.57 0.71 -
2. Infrequent/novice meditator 82 3.91 0.70 0.011[0.058, 0.444] -
3. Advanced meditator 92 411 0.61 <0.001 [0.273, 0.646] 0.041 [0.009, 0.408] -

meditators than for non-meditators. In an additional analysis
of the reduction effect by gender, we observed that the trend
was mostly determined by the men in the sample, while women
showed a generally high willingness to reduce animal-proteins
across all practitioner groups (Supplementary Appendix D).

One hundred and eighty five respondents who reported
intentions to reduce animal-protein consumption also indicated
their reasons for the reduction. Figure 4 shows the mean
percentage points each of the practitioner group attributed to the
different reasons for their reduction behavior.

Both practice level [F(8, 358) = 2.65, p = 0.008, npz = 0.056)
and gender [F(4, 178) = 3.38, p = 0.011; npz = 0.071] had a
significant small and small to medium sized effect on motivations
for reducing meat consumption. Follow-up tests identified that
small significant differences between practitioner levels were
observed on the relative importance ascribed to environment
and climate reasons [F(2, 181) = 3.566, p = 0.030; np2 =0.038],
but not with respect to personal health [F(2, 181) = 1.71,
p = 0.184; np* = 0.019], animal welfare [F(2, 181) = 1.472,
p =0.232;m,* = 0.016] and weight control [F(2, 181) = 2.677,
p = 0072 ny? = 0.029]. Men and women showed a small
difference in terms of the relative importance ascribed to health
reasons [F(1, 181) = 5.067, p = 0.026; npz = 0.027] and
animal welfare [F(1, 181) = 5.510, p = 0.020; npz = 0.03],
but not for environment/climate [F(1, 181) = 0.44, p = 0.438;
npz = 0.002] or weight control F(1, 181) = 0.24, p = 0.628;
np?= 0.001]. Pairwise comparisons between the practitioner
groups are provided in Table 5. Compared to non-meditators,
both novice/infrequent and advanced meditators assigned greater

importance to the environment as a reason for reducing meat
consumption, but the difference reached statistical significance
only for advanced meditators.

We compared the mean environmental impact factors (GHG
emissions, land occupation and water use) based on the groups’
reported consumption of animal-proteins for the duration of
1 month. We found small statistically significant differences
between groups on GHG emissions, F(2, 290) = 4.051, p = 0.018;
np? = 0.027. The covariate gender had a medium-sized impact
on GHG, F(1, 290) = 44.48; p < 0.001; n,? = 0.133. Similarly,
there was a small significant main effect of practice level on
land use impacts F(2, 290) = 3.860, p = 0.022; np® = 0.026
and a medium-sized effect of gender on land use impacts F(1,
290) =42.963, p < 0.001; np? = 0.129. Finally, the groups showed
a small significant difference in water use, F(2, 290) = 4.032,
p =0.019 1,> = 0.027 and gender had a medium-sized effect
on water use F(1, 290) = 44.589, p < 0.001; npz = 0.13. Table 6
compares the total mean values of all three environmental
impact factors of the three groups for 1 month of eating animal-
proteins. This includes pairwise comparisons of practitioner
groups. The estimated marginal mean for the environmental
impact indicators was significantly higher for non-practitioners
over advanced meditators, and for non-practitioners over
novice/infrequent meditators. The environmental impact
indicators do not differ significantly between novice/infrequent
and advanced meditators except when vegans were excluded
from the analysis (Supplementary Appendix E).

In Table 6 we also estimated the environmental impact of
each group associated with eating animal-proteins for 1 year,
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climate

comparing the savings of advanced meditator vs. non-meditators
with an every-day example.

H4: CWN and Integrated Motivation
Toward the Environment Mediate the
Relationship Between Mindful
Compassion Practice and Environmental

Behavior

We ran a sequential mediation analysis (model 6) using the
PROCESS tool v3.4 by Andrew F. Hayes, with 10,000 bootstrap
samples and a confidence interval of 95. We applied a binary
predictor based on the existence of compassion practice (X),

because affect-oriented mindfulness practices have been shown to
provide the strongest impact on prosocial tendencies (see section
“Research gaps in mindfulness and sustainability”). We assume
that the relational pathway for PEB established by the 2-pathway
model becomes stronger with the existence of such affect-
oriented practices as part of respondents’ general mindfulness
practice. Almost all the advanced practitioners in our sample
reported practicing some form of compassion meditation,
as well as a small group of infrequent/novice practitioners.
Regarding the outcome variable to test our assumption, we
chose to use GHG emissions (Y) as the representative for
PEB performance. Repeating the analysis with the other two
environmental impact variables would make these additional
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TABLE 4 | Post-hoc comparison of practitioner group differences on six different motivation type.

Games-Howell comparisons (p-value)

Meditation practice n Mean SD 1 2 3
Integrated motivation

1. Non-practitioner 102 4.56 1.59 -

2. Infrequent/Novice practitioner 73 4.99 1.67 0.200 [-0.159, 1.014] -

3. Advanced meditator 81 5.39 1.39 0.001 [0.3089, 1.3439] 0.242 [-0.984, 0.186] -
Amotivation

1. Non-practitioner 102 2.49 1.35 -

2. Infrequent/Novice practitioner 73 2.04 1.08 0.035 [0.026, 0.886] -

3. Advanced meditator 81 1.78 0.87 <0.001 [0.322, 1.096] 0.249 [-0.1213, 0.627] -

analyses redundant because the three variables are highly
correlated (see Supplementary Appendix B). We analyzed CWN
as the first mediator (M1) and integrated motivation as the
second mediator (M2), as shown in Figure 5.

The total effect of the model was statistically significant,
B = —18.78, SE = 3.8, t = —4.94, p < 0.001, 95% CI [—26.26,
—11.3]. Compassion practice showed a significant positive effect
on CWN, B = 048, SE = 0.08, t = 6.25, p < 0.001, 95%
CI [0.33, 0.63], while its effect on integrated motivation was
not significant, B = 0.28, SE = 0.17, t = 1.66, p = 0.09, 95%
CI [—0.05, —0.6055]. This indicates that those who practice
affect-oriented meditation practices such as compassion do show
higher levels of CWN than non-practitioners. The practice of
compassion also showed to be significantly negatively associated
with GHG emissions, B = —9.14, SE = 3.74, t = —2.44, p = 0.02,
95% CI [—16.51, —1.7726], meaning that those who practice
compassion meditation tend to emit less carbon from their
animal-protein consumption than those who don’t. The direct
effect of CWN on integrated motivation was significant and
positive, B =1.28, SE = 0.13, = 10.28, p < 0.001, 95% CI [1.04,
1.53] and its effect on GHG significant and negative B = —9.49,
SE =329, t = —2.89, p = 0.004, 95% CI [—15.95, —3.02]. This
means that those with higher levels of CWN do show higher
integrated motivation toward the environment, and reduced

carbon emissions from diet. Also, integrated motivation is
negatively associated with GHG emissions: B = —5.71, SE = 1.37,
t = —4.17, p < 0.001, 95% CI [—8.40, —3.01]. Regarding the
indirect effects, we found that compassion practice was negatively
associated with GHG emissions while partially mediated by
CWN, B = —0.1307, SE = 0.06, 95% CI [—0.2647, —0.0387].
In comparison, the indirect effect of compassion practice
on GHG through integrated motivation was not significant:
B = —0.0488, SE = 0.03, 95% CI = [—0.12, 0.01]. In combination
of both mediators, the indirect effect of compassion practice on
GHG emissions through CWN and integrated motivation was
significant and negative: B = —0.1084, SE = 0.3, 95% CI = [—1.79,
—0.05]. This shows that the relational component of CWN plays
a positive role in explaining the reduced GHG emissions of
compassion meditators. However, the R-squared of the total effect
was 0.084 indicating that our model only explained an estimated
8.4% of the variance in GHG emissions.

DISCUSSION

Mindfulness and its benefits develop through practice and accrue
over time (Carmody and Baer, 2008; Bergomi et al, 2015;
Franquesa et al., 2017). To gauge the potential of mindfulness
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TABLE 5 | Multiple comparisons of practitioner group mean percentages of different reasons for reducing animal-proteins.

Personal health

Sidak comparisons (p-value) [Cl for differences]

Meditation Practice n Mean SD 1 2 3
1. Non-practitioner 61 18.41 21.74 -
2. Infrequent/novice meditator 59 21.22 20.43 0.655 [-12.597, 4.993] -
3. Advanced meditator 65 25.3 17.97 0.187 [-2.004, 15.059] 0.836 [-11.443, 5.992] -
Animal welfare

Fisher’s LSD (p-value) [CI for differences]
Meditation Practice n Mean SD 1 2 3
1. Non-practitioner 61 48.92 28.54 -
2. Infrequent/novice meditator 59 44.88 26.96 0.266 [—4.153, 14.972] -
3. Advanced meditator 65 40.51 24.47 0.094 [-1.358, 17.195] 0.602 [-6.970, 11.987] -
Environment and climate

Fisher’s LSD (p-value) [CI for differences]
Meditation Practice n Mean SD 1 2 3
1. Non-practitioner 61 21.02 16.26 -
2. Infrequent/novice meditator 59 26.95 18.49 0.094 [-0.968, 12.296] -
3. Advanced meditator 65 29.51 19.73 0.009 [2.154, 15.021] 0.381 [-3.651, 9.497] -
Weight control

Sidak comparisons (p-value) [CI for differences]

Meditation Practice n Mean SD 1 2 3
1. Non-practitioner 61 7.72 13.02 -
2. Infrequent/novice meditator 59 5.12 9.08 0.498 [-2.187, 7.066] -
3. Advanced meditator 65 3.46 8.66 0.065 [—0.188, 8.789] 0.699 [-2.726, 6.447] -

interventions as a tool for promoting more sustainable lifestyles,
we need a deeper understanding of how different levels
of engagement with the practice translate into PEB and
environmental impacts. The aim was to examine how one high-
impact behavior, animal-protein consumption, is associated with
mindfulness practice.

Corresponding with our hypotheses, we found that diet-
related environmental impacts were lower for meditators
compared to non-meditators, regardless of experience. Only
advanced meditators showed the expected shift toward a more
self-determined and strongly internalized motivation, where PEB
become an integral part of a person’s self-concept. Advanced
meditators also showed significantly more concern for the
environment than non-practitioners. In line with the 2-pathway
model of PEB, we confirmed that much of the mitigating
effect of mindful compassion practice on PEB was mediated by
relational aspects.

Regarding hypothesis I, meditators showed progressively
higher subjective happiness and CWN compared to non-
meditators, but only advanced meditators showed significantly
elevated dispositional mindfulness. The latter observation is in
line with previous research showing that continued meditation

practice is crucial for developing and maintaining mindfulness
(Bergomi et al, 2015). Yet in our sample, happiness and
CWN showed to be greater even for those with limited
mindfulness practice, somewhat moderating the assumption that
the development of greater psychological well-being depends on
the extent of engagement with the practice (Carmody and Baer,
2008). Our results also reflect experimental research by Aspy and
Proeve (2017) who showed that even after a short meditation
exercise, CWN increased significantly. Overall, our results
indicate that mindfulness, subjective happiness and CWN might
be interrelated and practice dependent (Howell et al., 2011).

For hypothesis II, we confirmed significantly higher levels
of integrated motivation in the advanced meditator group
compared to non-practitioners, and lower levels of amotivation
in both the advanced and the infrequent/novice meditator group.
All groups reported similar levels of intrinsic motivation toward
the environment which might seem contradictory to research
showing that mindfulness helps clarify intrinsic values (Ericson
et al., 2014; Franquesa et al., 2017; Wamsler et al., 2017) and
dampens the pursuit of extrinsic goals such as financial gain
(Brown et al., 2009). Yet, we advocate an interpretation of our
results that leaves behind the dichotomous understanding of
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TABLE 6 | Comparison of total mean environmental impact (GHG emissions, land occupation, water use) per practitioner group for 1 month of eating animal-proteins,

with gender as a covariate.

Fisher’s LSD (p-value) [CI for difference]

Yearly savings

NP vs. AM

Meditation n  Mean Month SD 1 2 3 Mean Year Compares to

practice

GHG EMISSIONS (KG CO,-EQ)

1. NP 120 47.31 36.42 - 567.7 2156.52 Return flight from London to

2. 1M 82 31.9 3221 0.044[0.222, 17.68] - 382.8 Frankfurt

3. AM 92 29.35 26.41 0.007 [3.14,20.04]  0.566 [-6.40, 11.67] - 352.2

LAND OCCUPATION (M2*A)

1.NP 120 48.88 37.66 - 586.5 216.12 Area needed to keep 4 free-range
hens on grass pasture, or 293 hens
in a Sykes henyard (excluding

2. 1M 82 32.95 3329 0.042[0.34, 18.40] - 395.4 production of 6t of straw per year

3. AM ) 30.87 27.05 0.010[2.80,20.28] 0.648[-7.17,11.51] - 370.4 for henyard)

WATER USE (M3)

1. NP 120 0.39 0.30 - 4.68 1.8 12 days of UK average household

2. 1M 82 0.26 0.27  0.041[0.003, 0.147] - 3.12 water use for one individual

3. AM 92 0.24 0.22 0.008[0.025, 0.164] 0.607 [-0.055,0.094 - 2.88

The three columns on the right compare the mean consumption per year and exemplify the reduction of environmental impact by the advanced meditators vs. non-

practitioners.

NP non-practitioners; IM, Infrequent/novice meditators;, AM, Advanced meditators (Department for Business Energy and Industrial Strategy, 2017, EnergySavingTrust,

2013, Plamondon, 2016).

environmental motivation that has been gaining attraction in
mainstream environmental psychology (Thiermann and Sheate,
2020a). Self-determination theorists distinguish between intrinsic
motivation and self-determined extrinsic motivation (such as
integrated and identified motivation). Intrinsic motivation is
“the innate tendency to engage in an activity for the sole
pleasure and satisfaction derived from its practice. [...] The
behavior is an end in itself.“ (Pelletier et al., 1998, p. 441).
However, for behaviors that “do not occur spontaneously but
are rather required by the social world” (Pelletier et al., 1998,
p. 462), such as PEB, the aim is their successful internalization
which occurs “when an instrumental behavior has been valorized
to an extent such that it becomes part of the person’s self-
definition” (Pelletier et al., 1998, p. 441). Even though PEB might
emerge from external sources at the start, they can become fully
self-determined (as if intrinsic) and an expression of how a
person creates meaning. Hunecke and Richter (2019) showed
that the relationship between mindfulness and sustainable diets
is influenced by personal meaning-making processes. While
mindfulness can be practiced with individually varying degrees
of spirituality, most often it is directed at inner growth and
human development as well as contemplating one’s intrinsic
values and purpose in life (Garland et al., 2015). Werner et al.
(2020) reported that natural spirituality, a concept connected
to mindfulness practice, encourages greater responsibility for
one’s actions and higher levels of intrinsic (to be understood
as internalized) motivation. This trend also is reflected in the
study of worldviews which found that individuals with more
intrinsically oriented worldviews, especially those interested in
inner growth, engage more frequently in pro-social behaviors and
sustainable lifestyles (Hedlund-de Witt et al., 2014). It is therefore

not surprising that the advanced meditators showed the highest
levels of self-determined extrinsic motivation for PEB.

For hypothesis III, we did not only assess intentions and
reasons for animal-protein reduction, but also compared the
average environmental impacts from 1 month of eating animal-
based products. Instead of employing dispositional mindfulness
as the main predictor variable as in most studies of mindfulness
and PEB, we built an indicator based on mindfulness practice
frequency and years of experience. Only three other studies in
the field used such practice indicators. Panno et al. (2018) and
Loy and Reese (2019) applied a broad filter by determining the
existence (yes/no) of any mindfulness practices. Our approach
resembles Brown et al. (2009) who assessed at least the
frequency of non-moving meditation practice. Our results mirror
all three studies affirming that self-reported PEB (both the
behavioral intention to reduce animal-proteins and the mean
environmental impact) are enhanced for meditators compared
to non-meditators, independent of the level of meditation
experience. However, their underlying reasons differed: only
advanced meditators demonstrated greater concern for the
environment and climate as the reason for reducing consumption
of animal protein, compared to non-meditators.

Hunecke and Richter (2019) found that mindfulness predicted
more sustainable food consumption but not vegetarianism,
opening questions about the importance of ecological vs. moral
norms. Our results identify animal welfare as the leading
reason for reducing meat consumption in all groups. Yet,
advanced meditators cultivate a more holistic perspective on
personal health, animal welfare and the environment. A possible
explanation might be that a consistent meditation practice
promotes a sense of interconnectedness with all beings and
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nature, allowing meditators to balance their individual needs
with those of other beings and the environment (Hanley et al.,
2017; Vieten et al., 2018). The relative prominence of personal
health reasons in the advanced meditator group, even if not
to a significant level, may explain some of their environmental
savings because healthier diets also tend to be more sustainable
(Van Dooren et al., 2014). This aligns with Geiger et al. (2018)
who highlighted an indirect path from mindfulness to ecological
behavior through health behaviors. Nevertheless, our results
reinforce that environmental motivations play a significant role
in the dietary decisions of advanced meditators.

Instead of assessing diet type as a binary indicator (Wamsler
and Brink, 2018; Hunecke and Richter, 2019) or via Likert-scales
(Stanszus et al., 2019; Werner et al., 2020), this study provides a
more nuanced picture on diet-related environmental impact. As
a result, we recorded several meat eaters with lower self-reported
environmental impact than some vegetarians or pescatarians,
because they generally ate animal-proteins with moderation.
Our analysis further showed that the groups with at least some
mindfulness experience had a significantly lower environmental
impact than those without. To determine if the environmental
savings are meaningful in practical terms, we compared the
impact from a year worth of animal-protein consumption to
daily-life examples of one United Kingdom citizen. To provide
a sense of scale, such a saving extrapolated to every individual
in the United Kingdom economy with 66.4 million inhabitants
(Office for National Statistics, 2019) and a yearly GHG emission
rate of 364.1 million tons (BEIS, 2019) results in a reduction
of 14,319,148.8 tons® of GHG emissions. This compares to a
3.8% reduction in the UK’s yearly emissions rate. Our study is
the first to compare the environmental impact from the diets of
different meditator groups which common Likert-type PEB scales
fail to provide.

For hypothesis IV, the low R-squared value showed that
several factors beyond mindfulness practice affect diet-related
environmental impact. Yet, we could show that the weak
relationship between mindful compassion practice and GHG
emission reductions was partially mediated by relational factors,
particularly by CWN but also a more internalized motivation
for PEB. While previous studies have shown a reciprocal
relationship between dispositional mindfulness and CWN
(Schutte and Malouff, 2018), little evidence exists regarding the
impact of the practice of mindfulness on CWN (Aspy and
Proeve, 2017). Furthermore, our mediation analysis indicates
that mindful compassion practice could be effective as an
experiential strategy that strengthens the relational pathway
of PEB and therefore deepens the motivation toward the
environment (Thiermann and Sheate, 2020a). The importance of
a compassionate mindset for sustainable diets also was discussed
by Werner et al. (2020).

Limitations

Creating and comparing three different groups of meditators
based on practice frequency and experience is one of the
most important innovations of this study, though it involves

ng COzeq value extracted from Table 6, converted to tonnes: 0.216. Then
multiplied by 66,440,000 inhabitants.

several limitations. There is no established guidance on how
to distinguish advanced from infrequent/novice meditators.
While we based our groupings on clear criteria, they represent
artificial demarcations. For instance, the experience of advanced
meditators varied greatly from 2 to over 15 years of practice.
Many additional criteria could be used to classify advanced
meditators, such as the total days spent on silent retreats, whether
meditators use audio-guidance or meditate in silence, the average
duration of meditation sessions, and whether the meditators seek
out mindfulness teachings. Also, because of the large variability of
moving meditation without scientific evaluation of their effect on
trait mindfulness (such as vinyasa-style yoga, walking, or surfing),
we refrained from integrating moving meditation as part of our
categorization. This potentially disadvantaged some individuals
who attain high levels of mindfulness through practices such as
classical hatha yoga or qui gong.

Regarding the dietary impact indicator, the high-level focus
on four types of animal products excludes other relevant factors
of a sustainable nutrition such as the purchase of products from
regional, seasonal, organic, fair-trade, and small-scale agriculture
origin. Furthermore, within the animal-protein groups, we
applied averages of several products which can largely differ
in impact, e. g. beef steak and processed sausages. Because we
generally attributed an impact of zero to vegans, there is no
variation of the impact within this diet group.

Even though we asked detailed questions about the frequency
of practice and consumption of animal-proteins, we expect that
some social desirability response bias and recall bias is still
represented in our data (Subar et al., 2015). The same applies to
the psychometric scales, known to attract social desirability biases
(Latkin et al., 2017). Respondents also might have been primed
by the order of the questions and favored pro-environmental
responses after engaging in the environmental scales. However,
the effects would have affected all meditation groups equally and
are therefore unlikely to have confounded the group effects.

We did not recruit a random or representative sample
and as a result of our recruitment strategy, focusing on
specific social groups and self-selection, the sample represents a
disproportionally high percentage of vegans, particularly in the
non-practitioner and infrequent/novice meditator groups which
might have played in favor of the average environmental impact
of these groups. The sample also includes a high proportion of
university graduates and female respondents. Generally, because
the survey was advertised as related to the topic of diets, well-
being, environment and mindfulness, this likely attracted those
who are altruistically inclined. The sampling bias therefore might
also contribute to the small effect sizes in the analyses.

Finally, women were overrepresented in our sample and
typically show stronger pro-environmental attitudes and
behaviors (Lee et al., 2013; Kennedy and Kmec, 2018; Di Fabio
and Rosen, 2019). While we have accounted for gender influences
in our analysis and the general effect of practice remains
significant, we suggest that future research on mindfulness and
sustainable lifestyles should take an explicitly gendered approach.
For example, our results suggest that at least for some behaviors
(e.g., intention to reduce animal-proteins) women are engaging
regardless of whether they meditate or not, while men are more
likely to do so if they are also engaged in mindfulness practice.
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CONCLUSION

Our exploratory study showed that advanced meditators are
happier, more deeply motivated toward the environment and
they generate less environmental impact from animal-proteins.
This makes mindfulness practitioners a prime target to learn
more about individual ways to combine greater personal and
planetary well-being. Yet the proof for causality remains an
unresolved research gap in the area: is it the practice of
mindfulness that renders people more interested in inner
growth and sets them on a path to sustainability? Or are
those who seek for meaning and self-improvement the ones
drawn to mindfulness and therefore more likely to maintain a
regular practice? Because our study showed that environmental
motivations and ecological concern only significantly improved
for advanced meditators with more than a year of practice (many
meditate for more than 10 years) we suggest that future studies
regarding causality accompany new meditators for a period of
at least 1 year to detect changes in worldviews and lifestyles. At
the same time, the longer the period of measurement, the more
essential it is to account for other factors such as changes in social
context or the engagement in Buddhist teachings. Qualitative
research could greatly enhance this process.

With this study we strove to overcome the narrow research
focus on dispositional mindfulness commonly applied in the
field. This pioneer work did not only examine how mindfulness
practices relate to different antecedent factors for PEB. It also
is the first to quantify their effect on real world measures of
environmental impact which provided tentative insights into the
environmental benefits a widespread adoption of mindfulness
practices could potentially entail. With this approach, we hope
to spark future research ideas that focus on testing and
operationalizing mindfulness programs as a policy tool for
sustainable development.
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The past two decades have seen an accumulation of theoretical and empirical evidence
for the interlinkages between human health and well-being, biodiversity and ecosystem
services, and agriculture. The COVID-19 pandemic has highlighted the devastating
impacts that an emerging pathogen, of animal origin, can have on human societies and
economies. A number of scholars have called for the wider adoption of “One Health
integrated approaches” to better prevent, and respond to, the threats of emerging
zoonotic diseases. However, there are theoretical and practical challenges that have
precluded the full development and practical implementation of this approach. Whilst
integrated approaches to health are increasingly adopting a social-ecological system
framework (SES), the lack of clarity in framing the key concept of resilience in health
contexts remains a major barrier to its implementation by scientists and practitioners.
We propose an operational framework, based on a transdisciplinary definition of
Socio-Ecological System Health (SESH) that explicitly links health and ecosystem
management with the resilience of SES, and the adaptive capacity of the actors and
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agents within SES, to prevent and cope with emerging health and environmental risks.
We focus on agricultural transitions that play a critical role in disease emergence and
biodiversity conservation, to illustrate the proposed participatory framework to frame
and co-design SESH interventions. Finally, we highlight critical changes that are needed
from researchers, policy makers and donors, in order to engage communities and
other stakeholders involved in the management of their own health and that of the

underpinning ecosystems.

Keywords: health, biodiversity, agriculture, social-ecological systems, resilience, co-learning

INTRODUCTION

The past two decades have seen an accumulation of theoretical
and empirical evidence for the interlinkages between human
health and well-being, biodiversity and ecosystem services,
and agriculture (1, 2). The emergence of infectious diseases
associated with human manipulations of animal species and their
habitats can have significant impacts on human societies and
economies, and on biodiversity conservation (3-5). The COVID-
19 global crisis illustrated how devastating and persistent such
a pandemic can be, calling for major changes of human-animal
interactions: “If no changes are made, it is inevitable that zoonotic
pathogens will continue to emerge and threaten global health
and economies” (6). However, this is far from the first major
pandemic in the history of humankind (7, 8). Major changes
in attributes and intensity of agriculture, and the domestication
of livestock species, had an important impact in perturbing
local value chains and natural resources management, thereby
amplifying the transmission rate of pathogens from animals to
humans (9). The frequency and magnitude of emerging zoonotic
diseases outbreaks have increased in recent decades, with a
sequence of epidemics suspected to have resulted from human
practices directly or indirectly impacting on wildlife ecology:
Avian Influenza viruses, Nipah virus, SARS-Cov-1, MERS-CoV,
and SARS-Cov-2, to name the most deadly. While there has
been a proliferation of proposed approaches for improved
and concerted human and animal health and environmental
management, the lack of a common, coherent framework (10)
and a consensus on what defines healthy social-ecological
systems (SES) (11) have impeded operational implementation
thus far (12, 13).

The productivity paradigm that has been dominating since
the industrial revolution (14, 15) has brought human activities
beyond Earth’s capacity to sustain them, and many of the current
public health challenges are directly linked to the degradation
of ecosystems and the services they provide to humanity (16,
17). A decade ago, Rockstrom et al. (18) highlighted how the
boundaries for a safe operating space for humanity have already
been exceeded for several essential interlinked planetary systems,
including climate change and rate of biodiversity loss, both linked
to direct impacts on human, animal and environmental health
(18). These trends have worsened, and additional key parameters
are even more rapidly closing in on the safe boundaries (19).
This is the case of global freshwater use (20) and the rate of
land use conversion (19), which are two of the main factors
associated with the emergence of human pathogens (21), and

of biogeochemical flows of Nitrogen and Phosphorus. Among
all the human activities that have detrimental environmental
impacts, capitalistic intensive agriculture, part of a complex
political ecology in which global to local dynamics of social and
political power shape social-ecological change (22, 23), is a major
force behind some of the most significant threats (24). This
includes the conversion of natural habitats, degradation of soils
and freshwater, and the contribution of greenhouse gases (25, 26).
All these parameters have also been shown to impact negatively
on the health of people, animals and plants. With the global
human population expected to rise to between 9 and 11 billion
by 2050, sustainable agriculture, food security and global health
are at the forefront of the global development agenda (27, 28).

Among the diverse array of opinions and recommendations
on COVID-19 crisis management, several scholars have called
for a One Health approach (29-32) echoing earlier calls
for the management of MERS coronavirus outbreak (33).
The recognition of the interdependencies between the health
of humans, non-human-animals and ecosystems, may seem
relatively new for the general public and some decision-makers,
although it has already generated a considerable amount of
literature (34). Since the initial elaboration of an “ecosystem
approach to human health” (35), several systemic approaches to
health have been developed, including the EcoHealth (36) and
One Health initiatives (37), ultimately converging (38, 39), and
Planetary Health. There has been increasing acknowledgment,
at least among scientists and some policy makers, that health
and environmental issues must be managed holistically across
multiple bio-physical, economic and social scales and across
landscape, national and global levels (40-42).

One Health integration has been impaired by animated
debates between divergent disciplines (38, 39, 43), competing
schools of thought (44) and delayed convergence of relevant
systemic and participatory modeling approaches (45, 46), that
have constrained effective interdisciplinary and cross-sectorial
collaborations (47). While efforts have been made to implement
One Health approaches in practice (48, 49), there is still an
acute need to operationalize health management based on a
social-ecological system and resilience framework (12, 13) that
recognizes power dimensions in the “coupling” of human and
natural systems (22, 23). The multiplicity of competing “systemic
holistic approaches” to health have added to the confusion
(39, 50). Antoine-Moussiaux et al. (10) argue that the main
barrier to inter- and trans-disciplinary solutions to improve
the management of health risks and benefits lies in the lack
of reflexivity and reflection by scientists about their respective
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operational framing, which is also acknowledged by Wilcox et al.
(12), along with the ill-defined problem structuring of policy
makers (51). In this paper we highlight the main theoretical and
practical challenges that have precluded the full development
and implementation of collaborative and participatory integrated
approaches that support collective actions in health. We propose
an operational framework, based on a transdisciplinary definition
of Social-Ecological System Health (SESH) explicitly linking
health and ecosystem management with the adaptive capacity
of the actors and agents of coupled social-ecological system
to prevent and cope with emerging health and environmental
risks. We focus on agricultural transitions which play a critical
role in both disease emergence and biodiversity conservation,
and highlight critical process changes that are needed from
researchers, practitioners, policy makers and donors, in order
to engage communities and other stakeholders involved in the
management of their health and that of the ecosystems that
underpin it.

METHODS

Social-Ecological System Health: Framing
Health in Nature and Society

A critical step in inter-disciplinary and cross-sectoral One Health
collaborations lies in the way questions and issues are framed
(10, 13), especially when addressing complex inter-linkages
such as the Health-Biodiversity-Agriculture nexus (52). Despite
repeated early calls for closer collaboration, the medical and
veterinary spheres (53, 54), and the environmental (55) and
social sciences (37, 56), have struggled to establish strong, long-
lasting collaborations grounded on a clear shared framework
(10, 57). One Health has been presented as an approach to address
health threats at the “human-animal-environment interface”, also
referred to as “human-animal-ecosystem interface” (34, 58), with
both formulations used interchangeably by the same operators,
including the tripartite coalition of UN agencies spearheading the
concept (59, 60). Beyond the semantic debate, these ambiguities
illustrate the confusion as to the framing of the proposed systemic
approach, which has been a major factor contributing to the
misunderstanding between disciplines (56), and a barrier for
inter- and trans-disciplinary solutions to improve inter-sectoral
management of health risks and benefits (10). Clearly it is
of paramount importance to define the boundaries and the
components of the complex system through which the approach
analyses health and environmental issues, as it may refer to very
different definitions of health and contrasted views about human-
nature relationships (i.e., are humans, and non-human animals,
part of ecosystems or outsiders?), which are supported by distinct
disciplines and management sectors. Defining and comparing all
the various holistic approaches to health that have been proposed
in recent decades is beyond the scope of this paper, and we refer
to recent review papers for an exhaustive list and more details
regarding each approach (12, 34, 50). As illustrated in Figure 1,
approaches to health and environmental management have
progressively converged (61), and two main frameworks should

be distinguished, based on the spatio-temporal boundaries of the
systems and the health outcomes considered by each approach:

1) Health(s) within Social-Ecological contexts: Initially
presented as an analogy (health of organisms ~ health of
human, or animal populations, or other components of the
ecosystem), health issues have been progressively included within
increasingly complex social-ecological contexts, and at larger
levels: Human-Animal-Wildlife-Ecosystems-Biosphere (62). The
focus of the management or research activities remains on
the health of the “nested” object (human, or domestic animal,
or wildlife etc.), situated in its social and ecological contexts.
Different approaches have been successively defined depending
on which health components of the system they focused on,
and the associated disciplines (34): One Medicine focusing
on Human-Animal interactions, Ecosystem Health promoting
linkages between ecology and medicine, Conservation Medicine
focusing on biodiversity conservation and wildlife health, and
Global health placing a priority on improving health and equity
for all people worldwide (63).

2) Health of Social-Ecological Systems: complex human-
environment systems are best defined as coupled social-
ecological systems (64, 65). The health of these complex
adaptive systems has been related to the concept of resilience
[SESR; (12)], as proposed seminally by Holling (66) for natural
ecosystems and further adapted to social-ecological systems (12,
67). The integrated approaches under this group are bound
to adopt a more holistic perspective, accounting for influences
across wider temporal and spatial scales, and a wider range
of stakeholders, for which transdisciplinary is essential (68).
The integrated approaches under this group include EcoHealth,
defined as systems approaches to promote the health of people,
animals, and ecosystems in the context of social and ecological
interactions (69), Planetary Health, defined as the health of
human civilizations and the natural systems on which they
depend (16, 70), and some of the latest developments of “One
World One Health TM”/One Health (34). One Health promotes
interdisciplinary collaborations to optimize the health of people,
animals and the environment, which falls under “Health within
SES” category. However, One Health, embedded within the
concept of EcoHealth thinking, was further extended to complex
human-environment systems (71), ultimately addressing “Health
of SES” as well as “Health within”. The holistic understandings of
some Indigenous societies, in which human and ecosystem health
are regarded as closely interdependent, are also consistent with
this perspective (72, 73).

A Transdisciplinary Context-Dependent
Definition of SESH

Social-Ecological System Health is a comprehensive, multi-scale,
and dynamic measure of the state/health of a functional social-
ecological system, capable of delivering health and well-being
resulting from the state/health status of its main components
(e.g., human health, animal health, environmental health, and
socio-economic health), and from the interactions among
these individual health components. As suggested by Wilcox
et al. (12) the resilience of such systems [SESR as defined in
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Social-Ecological Systems theory; (66)] is an essential property
associated with their adaptive capacities. Health is a central
criterion for the sustainability of social-ecological systems (36),
and SESR is thus closely dependent on SESH.

Figure 1 illustrates how the health/state of the various
components of the SES are interdependent and contribute to the
health/state (i.e., resilience and its related attributes) of the whole
system, including humans (and their institutions and governance
systems, cultures, economic systems and power relations and
influence) as an integral part of the ecosystem. As the proposed
SESH concept aims to provide a catalyst for interactions between
those investigating, those generating, and those responding
to interlinked health and environmental issues, viewed from
biomedical, ecological, socio-cultural and economic perspectives
(43), the SESH operational framework explicitly includes the
following components easily identifiable by the operators:

- Health of Humans (HH), Animals (AH, including domestic
and non-domestic animals) as components of the health status
of social-ecological systems (37), which are the focus of public
and veterinary health interventions, including the prevention
and control of zoonotic and vector-borne diseases and other
biological threats (74). Plant Health (PH) may also be highlighted
in contexts where crop production and protection are prominent
(see Figure 2 and Box 2). Alternatively, plant health may refer
to plant species diversity, in which case crop plants will be
included in the health of the environment component (BPEH,
see hereafter) associated with all plant species, often together with
animal biodiversity/wildlife.

- Health of the Environment: this includes the bio-physical
Environment (BPEH), which relates to actions aiming at
preserving biodiversity and ecosystem integrity (75), and at
maintaining environmental health above the “critical natural
capital” necessary to provide essential services for the health
and well-being of communities (62, 76), which are typically the
focus of interventions promoting biodiversity conservation and

community based natural resource management; Health of the
human environment (HEH), corresponding to the components
of the social, cultural and economic environments, including the
institutions and legal setups, that contribute to health and well-
being of communities (77) and are key components of SESH,
and maybe aggregated with SESH, or singled out as Health
component contributing to SESH. The Health of the Human
Environment may include collective resources such as social
capital (78) and solidarity (79), efficient governance systems (80),
and all social determinants of health considered as public goods
or within a commons health approach (81).

- Social-Ecological System Health (SESH) is directly linked to
the capacity of the system to sustainably deliver health to the
different constitutive components, which links to the definition
of the resilience of a SES, and has been typically targeted by
sustainable development and resilience building projects (12, 82).

Since the early conceptual developments of ecosystem health
in the early 1990, ecologists and environmental scientists have
questioned the appropriateness of the Ecosystem Health concept,
overwhelmingly rejecting the idea that it can be measured as
an objective, quantifiable property of an ecosystem (83), and
questioning the superorganism paradigm of ecosystems that
assumes an equilibrium in reference to a desirable and stable
state (75). In contrast, the theory of social-ecological systems
has robustly defined the concept of resilience, which does not
assume the existence of equilibrium states and “measures the
persistence of systems and their ability to absorb change and
disturbance and still maintain the same relationships between
populations or state variables” (66). This approach acknowledges
the possibility of the existence of multiple stable states, and
resilience is related to how actors navigate systems changes across
these states (67). We have also seen, in recent years, more calls
for a “personalized ecology” (84), especially in line with human-
nature interactions at the level of individual people, driven by
concerns around “unhealthy” human-nature interactions, which
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have undoubtedly further increased worldwide after the COVID-
19 pandemic. There are several examples that illustrate how
health and well-being may be framed from the perspectives
of place-based communities (85, 86). Further, elaborations of
resilience thinking have pointed out the importance of power
relationships (and social diversity) in creating the varying and
changing social-ecological conditions and processes which frame
ecosystem health (87). In essence, the characterization of SES, in
which humans are part of nature, may not be independent from
anthropogenic views (88). Rather, the SESH approach suggests
that the state of the local SES can be defined in a context-
dependent way, which may nevertheless be used as a robust
reference point by a group of stakeholders in order to navigate
their health and its linkages within their specific SES (89). Health,
and illness, are social constructions, deeply ingrained in the
culture and history of the social groups which define them
(90). Similarly, SESH should be viewed as a transdisciplinary
context-dependent participatory exercise, a place-based process
during which the framework, its constitutive components and
how they interact, are co-designed with the local stakeholders
(i.e., designed collaboratively by adding/removing/modifying
components and interactions in order to ensure that they match
the local context, knowledge and understanding of the issues
at stake). The proposed SESH framework should be flexible
and negotiable according to the context and the objectives
of the intervention, and should not appear as a top-down
imposed view. However, it is important that the initial framework
proposed for the co-design team does explicitly mention the
main health components, usually targeted by each sectorial
operator (human and animal health, plant and crop health,
biophysical environment, human environment), and allows for
the clarification between “health in” vs. “health of” ecosystems as
illustrated in Figure 1.

SESH Operational Framework

Each SESH intervention should be negotiated with key
stakeholders as a transformational sustainability intervention
(91) addressing a specific problem that they have identified as
affecting locally their health or their environment. A shared
conceptual framework is essential for such transdisciplinary
initiatives open to subsequent revision, adaptation and adoption
by stakeholders (92), especially for health related issues (10).
We propose an operational framework divided into successive
steps organized in an iterative action-research process (12, 48,
93), to co-design a context-dependent SESH conceptual model,
and co-design, implement, monitor and evaluate a practical
field intervention (Figure2). We illustrate the first steps of
the proposed SESH transdisciplinary process with examples
of projects workshops aiming at accompanying agro-ecological
transitions in agroecosystems (i.e., social-ecological systems
where human manipulations alter natural ecosystems).

Firstly, the process must be acknowledged as
necessary/desirable by a majority of people in the local
communities in order to address a problem associated with their
lived context. This should be followed by the initial identification
of some particular “intervention” aiming at modifying one or
several health components (e.g., improved crop health resulting

from an innovation in agriculture practice, increased biodiversity
following the protection of natural habitats, human health
benefits of alternative livestock disease control, etc.). This step
sets the reference which will begin to define the dynamics of the
SES, and upon which further contextualization and integration
will be built (Figure 2/Step 1).

The next steps (Figure 2/Steps 2-4) are similar to those
suggested for the definition of participatory sustainability
indicators (94), adopting a participatory modeling approach to
define the boundaries of the SES (e.g., village, river catchment,
sub-district...), involving the relevant groups and legitimate
actors, co-designing the conceptual models representing the
linkages between SESH and its components parts (through
iterative negotiations), as well as predicting/evaluating the
impacts of the intervention. Step 4 plays a key role in the
participatory process as it consists of the negotiation of indicator
variables that will be used to monitor the change in the SES,
including developing a consensus regarding the acceptable range
of each indicator variable. Such indicator variables may include
quantitative variables (e.g., levels of antibiotics or pesticides
residues in the aquifer, financial benefits of organic farmers,
number of birds...), and qualitative variables (e.g., self-assessed
individual health and well-being, organization of market-chains,
innovations in agroecological practices...), identified by the
stakeholders as relevant to reflect the trajectory of their SES.
This key step involves co-learning and negotiation among
stakeholders, including donors, managers and decision makers
for performance indicators, and communities, practitioners
and local authorities for monitoring of the intervention
(Figure 2/Step 4). The participants are invited to share and blend
local and scientific knowledge in order to co-design variables
indicators of key health/conservation/resilience and evaluate
the costs and logistics of the associated research and training
programs. This step also clarifies roles and responsibilities
regarding the measurements of the indicators and how they
will be used, and by whom, thereby building ownership of the
process beyond the trans-disciplinary cognitive exercise. This
also allows for the identification of necessary innovations, social
and otherwise, which will contribute to improve the health of
individual components, and the adaptive capacity of, the SES
of interest.

The last steps (Figure 2/Steps 5 and 6) are dedicated to the
implementation and monitoring of the intervention, with the
participatory assessment of the trajectory of the SES, in order
to revise the intervention and the conceptual SESH model,
back to the initial step in an adaptive management iterative
loop (89).

SESH Framework in Practice

The proposed SESH framework has not yet been used to
support the full cycle of a project co-design, implementation
and monitoring, as described in Figure 2. However, we report
hereafter on two practical examples for which the framework has
proved useful to initiate the first phases of the process (steps 1 to
3; Figure 2) in the context of agricultural transitions. We present
a summary of these applications with transdisciplinary groups
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BOX 1 | Using SESH as a heuristic for a transdisciplinary vision of agro-ecological systems in transitions: livestock mobility in highlands landscapes of
South-East Asia.

Context of application and stakes: overview of livestock-related challenges in South-East Asia

Livestock management exempilifies the notion of a social-ecological system under transition. As a production system, livestock (i) plays an essential role in securing
the livelihoods of millions of small-scale farmers; (i) often contributes to the social identity of the place; (iii) shapes the natural environment through grazing and mobility
patterns; (iv) is an interface between humans and wildlife; and, (v) is impacted by multiple social-ecological feedbacks. In South-East Asia, as in most regions across
the world, livestock producers are challenged by social, economic and ecological dynamics such as competing claims for space and feeding resources, and the need
to integrate crop- and livestock-systems, market fluctuations, and issues around the traceability of animals and animal products, zoonotic diseases, biodiversity loss,
or climate change. These seem to call for an agro-ecological transition of the sector. Rethinking and transforming the management of livestock movements could be
key to addressing some of the challenges faced by small-holder, extensive livestock production systems in SE Asia.

A transdisciplinary group to address complex agro-ecological systems dynamics

The issues associated with livestock mobility are particularly acute in the mountainous regions of northern SE-Asia, where this work was situated. To explore these
challenges and potential solutions, we invited 20 participants from different backgrounds and expertise to participate in 3 days’ workshop in Hanoi in December 2019,
including: 2 livestock farmers; 1 local government services (DARD) representative from a province in the Northern highlands of Vietnam; 7 Vietnamese researchers
(NIAS and TUAF); 12 regional and international researchers (KU, CIRAD, CIAT, ILRI); and, a Viethamese-English translator.

Objectives: Co-designing action-research activities based on a shared SESH framework

The objective of the workshop was to produce a concept-note for a regional action-research grant application. This was done through collective discussions aiming
at negotiating a shared context-based definition of SESH, which was then used to identify gaps in our understanding of livestock mobility management and related
social-ecological challenges and stakes, and ultimately identify a first group of action-research questions and methods to address these.

Implementation and outputs of the SESH process

We mobilized the SESH framework as a heuristic to frame systemic thinking and collective discussions within this heterogeneous group. Using several facilitation
methods (i.e., sticky notes, conceptual mapping, theory of change), we explored participants’ visions of animal, plant, human and environmental health, and identified
basic indicators for each. This stage allowed participants to enrich the shared definitions of health and well-being as well as collectively highlighting the interlinkages
between SES components. We then proceeded to collectively producing a conceptual model of the SESH of livestock-based systems in the area of interest,
and agreed upon the general ambitions of the upcoming project: “Improve sustainable health and well-being of small scale livestock farmers, animals and the
environment by (i) co-developing and promoting access by women and youth to innovative technologies and approaches, and, (i) promoting healthy interactions
between the components of the social-ecological system to improve the knowledge and management of livestock mobility within landscapes of SE Asia.” Finally, we
identified 4 clusters of specific objectives and related activities to achieve our ambitions: conducting a baseline survey and identifying target population for the project
interventions, developing adapted tracking devices for livestock, co-designing innovative livestock management practices with a pilot group, and scaling up/scaling
out these practices.

FIGURE 3 | Key words and concepts suggested by participants for the collective definition of a context-based SESH of livestock-based systems (Hanoi, Vietnam,
December 2019). The picture shows two the four boards produced (Environment Health, Socio-Ecological System Health) to co-design the components of the
system (see Figure 2, steps 1-3). All key words and concepts were written in English and Vietnamese, and all discussions were expressed in any of these two
languages and simultaneously translated.
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BOX 1 | continued

Conclusion: the added value of using SESH-operational framework

frontiers, which corresponds to steps 1 to 3 of SESH framework (Figure 2).

Challenges caused and faced by livestock production in SE Asia cover a wide range of domains and in many regards, they are wicked problems which call
for innovative approaches. As a heuristic, SESH constituted a relevant frame within which all participants could think, share, discuss and collectively apprehend
complex social-ecological dynamics. Throughout the 3 days’ workshop, SESH proved to be an effective bridge between the disciplines and domains of knowledge
represented: local knowledge and expert knowledge, veterinary sciences, ecology, epidemiology, agronomy, electronic engineering and resilience science. As an
operational framework, it allowed the group to produce a concept note articulating heterogeneous visions and ambitions, and identifying practical needs and research

of researchers, agriculture extension officers and farmers in Asia
(Box 1, Figure 3) and in Europe (Box 2, Figure 4).

Participatory Methods for SESH Process
The practical implementation of the proposed SESH framework
may draw from several tools and methods developed for
similar participatory processes (45). For instance, the Companion
Modeling approach (95) can be adapted to define the boundaries
of the SES, to map the stakeholders’ interactions and the
resources they mobilize, and to co-design the conceptual
SESH model and the interactions and dynamics of the SESH
components in reference to the intervention (Figure 2/Steps 2-4;
Box 1). Companion Modeling involves the different stakeholders
of a given SES, together with decision makers and researchers
in identifying the problems they face in the context of their
SES, co-develop a model (interaction diagrams, maps, etc.) of
the dynamics and processes specific to their SES, and simulate
the expected consequences of their actions. For example, it
was used for health and environment management at the
scale of municipalities in Thailand (96), and with villagers in
Cambodia to produce transdisciplinary epidemiological models
implemented in the form of a role playing game about zoonotic
disease transmission (97). The approach allowed stakeholders
at local village to explore the value of cooperation between
the sectors concerned (e.g., environment, agriculture and public
health) and actively revise the proposed health and environment
interventions. The example presented in Box 1 illustrates how
a Companion Modeling approach allowed the co-design of
a SESH conceptual model in relation with the intensification
of livestock production in Northern Vietnam, including the
definition of the system’s boundaries, health components of SESH
and their interactions.

Several related outcomes- and learning-based methodologies
can be used to support the SESH framework intervention,
and the supporting participatory modeling approach described
above. For example, a Theory of Change approach (98) can
provide a framework that enables stakeholders and decision
makers, from all levels (local to transnational), to exchange
views and visions of the future and identify the range of
resources, activities, intended outcomes, and underlying causal
assumptions underpinning wider program success. Allen et al.
(99) illustrated how the use of an outcomes-based approach
in conjunction with decision support revealed the underlying
causal assumptions underpinning wider program success with
a diverse group of stakeholders in Southern Asutralia including

farmers, researchers, conservation managers. The use of a Theory
of Change associated with a SESH logic model made the causal
relationships among the health components (within/of) of agro-
ecosystems more visible, and proved very useful to indicate
different outcomes for the groups of stakeholders involved in the
workshops addressing agricultural transitions (Boxes 1, 2).

A key aspect of the SESH process that we have not
yet implemented in practice, will be the negotiation and
implementation of the monitoring and evaluation system (steps
4-6, Figure2). The negotiation of SESH indicators will be
an output of both the Companion Modeling and Theory of
Change processes initiated, including a consensus regarding
the acceptable (“healthy”) ranges of values within which these
indicators may fluctuate in response to the SESH intervention.
Outcomes mapping and harvesting is a related methodology that
can help increase the visibility of the boundaries, gaps, and ties
that characterize social networks across the continuum of health
care systems (100). The adoption of a system viability framework
may allow participants to characterize a range of strategies for
maintaining the long-term survival of their particular system
of interest, as demonstrated in response to environmental
challenges in South America (101). We suggest that this
approach could be adapted to model the “negotiated viability
domain” of SESH, as a measure of the co-viability of Social
and Ecological Systems (102). Flexible budgets that support
an adaptive management approach are also needed in order
to make the operational SESH framework possible in complex
environmental and social settings. It is important to have linked
performance management and evaluation approaches that enable
the different elements in such complex interventions to be
constantly reviewed and adapted.

Co-learning among the participants is a crucial aspect for the
success of SESH, and requires specific monitoring throughout
the process, especially to assess whether co-learning has occurred
during co-design of the model and the indicators (Figure 2/Steps
3-4), and before revising the conceptual model and revising
interventions through learning loops (89) (Figure 2/Step 6). The
active and systematic facilitation and measurement of learning
implies that SESH projects must explicitly aim to reveal the ex-
ante knowledge and belief orientations of decision makers, and
the factors likely to either influence the fate of new knowledge
and beliefs, or mobilize new knowledge configurations ex-post
participation in the SESH process. elaborated monitoring and
evaluation methods, such as those developed by Smajgl and Ward
(103, 104) and applied at national and supra-national levels with
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BOX 2 | Using SESH as a heuristic for a transdisciplinary vision of agro-ecological systems in transitions: livestock parasite control in biodiverse landscapes
of Southern France.

Context of application and stakes: challenges of controlling ticks and tick-borne diseases at the socioecological system level in South of
France (Millau)

On the periphery of Montpellier (South of France), agricultural intensification, climate change, and various forms of land use planning, have major impacts on the
health of humans, animals and the ecosystems. The management of parasite infestations on livestock farming, and in particular the risks associated with ticks and
tick-borne diseases, is challenging because this problem requires consultation among stakeholders who are not used to cooperating (no dedicated institutional
structure), each with a different vision of the key issues at the scale of their territory. This work focused on the area of the “Grands Causses” Regional Park, a
socio-ecological system rich in biodiversity, and with a diversity of landscapes.

This region is home to numerous activities that are regulated within the framework of a charter for sustainable tourism. It hosts social groups with very varied
interests, including sheep breeders who supply products to the prestigious Roquefort cheese industry. Ticks represent risks in terms of loss of sheep production
performance, in terms of the risk of chemical contamination of the environment (via acaricide medication), and in relation with potential transmission of zoonotic
diseases to humans (Lyme disease and Crimean-Congo haemorrhagic fever).

A transdisciplinary process to address complex systems dynamics

In February and March 2020, we proposed to local actors a modified SESH conceptual framework to address these risks. The SESH outlined a transdisciplinary
approach aiming, in the long term, to accompany the co-construction of management principles shared by researchers, private actors, local institutions, and citizen
groups. The next step in our approach aims to bring out health indicators of socio-ecological systems that make sense locally, and can guide collective actions to
control and monitor ticks and tickborne diseases, and meet the needs of local actors in a context where there was no official institutional structure in place to deal
with these risks.

Objectives: define a shared framework to address local Social-Ecological System Health and identify local needs and knowledge gaps

The project focused on launching a process for ticks and tickborne diseases with local stakeholders (medical doctors, veterinarians, breeders, technicians,
biodiversity management associations, national park manager) by combining a phase of individual interviews involving the actors of the territory, and a phase of
exchanges with these actors, to lay the foundations of a co-construction process based on a common representation of the health issues of the territory, which
will make it possible to collectively negotiate the integrated management of the risks associated with ticks. In particular, we questioned the current methods of tick
management and their consequences, the actions of surveillance, control, and prevention, the actors involved, and the vision that the local actors have of the stakes
associated with a “One Health” type approach. Based on the analysis of the discourse of the local actors, we have updated the representations they have of the
attributes of human, animal, environmental, plant and territorial health (Figure 2). This analysis was presented and discussed during a workshop where all the people
interviewed were invited. This allowed us to discuss perspectives for managing the risks associated with ticks that [1] make sense at the level of this territory, [2] meet
the needs of local actors, and [3] would improve the overall health of the socio-ecological system.

Implementation and outputs of the SESH process

The conceptual framework that guided our analysis of the discourse of local stakeholders in Millau had emerged from discussions among international researchers
during a workshop (“Santé-Territoire,” Novembre 2019). The original SESH framework (Figure 1) was mobilized as a heuristic to frame systemic thinking and collective
discussions. Using several facilitation methods (i.e., sticky notes, conceptual mapping, theory of change), we explored participants’ visions of human health, animal
health, and environmental health. Plant health was added as a component to echo the importance of crop production and agronomy in the context of agro-
ecological transitions. Each health component was identified by basic cross-cutting attributes, as well as emerging attributes at the level of the territory, linked to the
agroecological transition process. Then, we used this modified conceptual framework to classify the expression of ideas from local actors, and for the elicitation of
their needs and priorities (Figure 4).

Interviews with local actors: Critical Discourse Analysis
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FIGURE 4 | Attributes of the Health of the Territory, following a critical analysis of local stakeholders’ discourses using a framework derived from SESH framework
(Figure 1) to account for the specific context of agroecological transitions in Southern France.
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BOX 2 | continued

Conclusion: the added value of using the SESH-operational framework

The complex challenges identified for an integrated management of ticks and tick-borne diseases at local level called for a shared conceptual framework to elicit
local stakeholder views and needs. This first step in the design of such a co-conception approach was enabled by the flexibility of the SESH, the framework being
proposed as a tool to be modified and redesigned in order to fit local context’s specificities and actors views and priorities. In the Millau experiment, SESH framework
was first mobilized as a heuristic by researchers in order to conceptually address health at territory level and to integrate human, plant and animal health’s attributes
within the agroecological transition framework (Santé-Territoire). Then, we used this modified framework to elicit local stakeholders’ views and needs regarding ticks
and tick-borne diseases management, and to explore the desirable changes in practices, knowledge and interactions needed at local level.

decision makes of the Greater Mekong Subregion (103, 104),
may be modified to the requirements of social and ecological
systems health, geared toward learning throughout each step
of the SESH process (Figure2). In practice, the measurable
learning exercise requires: (i) explicit articulation of stakeholders’
visions of a desirable, plausible future; (ii) measurement and
recording of extant causal beliefs; (iii) controlled introduction of
new knowledge; and, (iv) measurement and recording of changes
to causal beliefs, value orientations and attitudes throughout a
structured set of facilitated discussions as a measure of learning.

DISCUSSION

The COVID-19 pandemic has dramatically highlighted to
decision makers, managers and the general public worldwide
the crucial need to understand, and adaptively manage, the
complex inter-linkages between health and biodiversity, and
the human and bio-physical environments. Focusing on health,
both as an essential desirable state of social-ecological systems,
and an expected outcome of their sustainable functioning, is a
powerful way to frame sustainable development interventions.
This focus on health as a strong and consensual leverage
point for collective actions toward sustainable development
(105) is likely to promote reconciliation of the gap between
sectoral interventions in ecosystem management, biodiversity
conservation and public and veterinary health (12, 47). We
concur with earlier suggestions that the social-ecological system
theory, and the associated concept of resilience, offer an
appropriate theoretical background (12, 45, 106). However, using
the concept of resilience to operationalize holistic approaches for
integrated health and environmental management interventions
requires clarification about the framing of issues of concern and
active engagement with stakeholders at relevant levels (13).
Resilience means different things for different groups of
scholars and practitioners, and it is, unfortunately, seldom
clearly defined and measured, even among the members of the
“resilience thinking” schools of thought (107). In health, Morand
and Lajaunie (102) showed that resilience has several different
meanings, for instance in psychology, sociology of health, health
care or public health systems. For projects that focus only
on the resilience of human and ecological communities, the
implementation in practice is often less than optimal because
of the absence of a common lexicon and clearly framed
objectives agreed to by resilience scholars, practitioners, local

communities and stakeholders (108). For integrated holistic
health and environment management projects, it is of paramount
importance to frame the issues related to public, veterinary and
environmental health, and that these are clearly identified and
articulated with reference to the resilience of coupled social-
ecological systems.

The proposed operational Social-Ecological System Health
(SESH) framework emphasizes the opportunity for inter-
disciplinary and multi-sectoral project management teams to
negotiate interventions with communities and stakeholders at
an early stage through a co-designed conceptual model. A
SESH participatory process allows the clarification and joint
definition of the boundaries of the socio-ecosystem, and the
interlinkages between the health components and attendant
resilience (“Health within” vs. “Health of SES”). The proposed
co-design process, which leads to the development of a common
language and framing of the health and environment issues, is
likely to transcend the barriers for inter- and trans-disciplinary
collaboration that currently constrain collaborative inter-sectoral
solutions (10, 47). In addition, and most importantly, health
is a social construct (102), deeply rooted in the culture,
history and norms shared within social groups and shaped
by their ecosystems. The definition of healthy ecosystems is,
therefore, necessarily a place-based process, likely to emerge
from a transdisciplinary definition with disciplinary experts
(medical doctors, veterinarians, ecologists, epidemiologists,
social scientists), decision makers, local communities and
stakeholders. Because such a participatory definition accounts
for and understands local human, environmental, and spiritual
aspects that are often overlooked in standard health assessments
(86), it is likely to lead to a more consensual definition of healthy
ecosystems (11), while empowering the participants to take part
in the management of their health and environment.

Conventional equilibrium approaches to managing human,
economic, and natural resources are prone to failure because
they do not capture the dynamic interactions between humans
and the constantly changing contextual environment. Health
and environmental issues are often embedded in complex cross-
scale and cross-sectorial interactions, and more often than not
can be considered as “wicked” or “messy” issues, characterized
by high levels of uncertainties and equally high stakes. As a
result, they escape definitive formulations and defying absolute
solutions, and only allow relative remedies (109, 110). The
extent of contested values, and the capacity of affected interests
to negotiate competing claims, are crucial political factors
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(111, 112). Laswell (113) emphasized the interdependence of
knowledge contributions and value classes in a context of policy
argumentation, challenging the efficacy of linear instrumental
and conceptual models to explain science-policy interactions and
the willingness of decision makers to utilize scientific knowledge.

These issues challenge the “conventional” approach whereby
a management strategy is legitimate because it is designed by
experts who resort to robust methodologies to predict and
anticipate the outcomes of their actions. In such situations,
legitimacy can only exist through the social consent of those
likely to have a stake in the research/policy formulation or
its consequences (114-116). Decision makers regularly deploy
strategies to reduce the complexity of policy choice arenas,
minimizing scrutiny of proposed initiatives and limiting the
exploration of alternatives that correspond with stated objectives
(103, 117, 118). Common strategies involve containment biases
that either limit or omit the representation of contested values,
or restrict knowledge and arguments to those that correspond
with criteria acceptable to current political beliefs (111). Gasper
and Apthorpe (119) and Cornwall (120) argue that containment
biases are a function of existing power relations, constraining
social values and actions, framing problems and policy solutions,
and thus legitimizing certain knowledge, actions, and actors,
while delegitimizing others (121, 122).

This calls for a major change in the postures and practices of
health researchers and practitioners, policy makers and donors.
We believe the SESH operational framework described above is
relevant because it advocates for a post-normal approach (114,
117), involving an extended peer community which can provide
social consent (123). With the benefit of our own experiences
as practitioners supporting interventions in multi-stakeholder
settings involving the types of tools and processes outlined in
the Methods section (ToCs, logic models, Companion Modeling
and other participatory modeling, monitoring and evaluation
methods) we recognize that it takes both time and skills to
facilitate SESH as an adaptive process [e.g., (99)]. As Allen et al.
(124) remind us, developing a shared understanding of different
viewpoints and knowledge systems is not just a matter of bringing
people together. Successful collaborations require time to build
a culture of trust, respect and sharing among members of the
different stakeholder parties, through a combination of formal
and informal interactions and relationships.

Adopting the concept of resilience to design sustainable
“healthy” social-ecological systems will also imply operating at
levels which are usually not handled by classical investigations in
public or veterinary health (102). One critical issue in establishing
resilient SES is the identification of appropriate levels where the
demands on ecosystems by human societies are compatible with
the quantum of services ecosystems are capable of providing
(125, 126). Many of the problems encountered by societies
in managing resources lie in the mismatch between the scale
of management and the scale(s) of the ecological processes
being managed (127). Similar problems may be expected when
managing health “within/of” entire river catchments, biomes or
entire agricultural systems, if the scales of the epidemiological
processes and their management do not match. However,
because the health and life of people, and the planet, are

compelling reasons for seeking dialogue between individuals and
coherence in the dimensions of socio—ecosystem sustainability
(128), the transdisciplinary process prompted through SESH
interventions are likely to identify the appropriate scale and
stakeholders. This will nevertheless require a major shift in the
policy of central governments to ensure that the devolution of
the rights, responsibilities and means to manage such SESH
interventions are effective through appropriate decentralized
adaptive governance arrangements and operating protocols (13).

External factors and actors, operating at higher levels outside
the system defined, may have key impacts on social-ecological
dynamics influencing local landscapes (129). In the case of agro-
ecological transitions for instance, such drivers/actors operating
outside the system at national, regional or even global levels,
may include reluctant dominant operators in food processing
and distribution along the value-chains, associated with reduced
marketing opportunities, competing agro-businesses, drug and
pest-control dealers, public health and veterinary policy-makers,
and extractive natural resources activities etc. For small-scale
farmers, and other local stakeholders engaged in agroecological
transitions, these external actors may be “out of reach,” or just
not willing to take part in a participatory process, to address
local issues associated with desired agricultural transitions, that
may compete with their own political or economic interests. The
SESH process alone will not redress such power asymmetries,
and this should be clarified if and when such situations occur in
order to avoid unreasonable expectations regarding the political
power of the initiative and of scientific evidence (as stated in
the previous paragraph). However, such resistance and blockage
will be revealed and documented through the proposed SESH
process, which should provide appropriate material for targeted
communication, advocacy and political lobbying.

Here, we proposed an operational framework, based on
the participatory, context-based and dynamic definition of
Social-Ecological System Health, which promotes the active
involvement of communities and stakeholders from the
interlinked sectors of agriculture, public and veterinary health,
and environment. Although partial, the application of our
SESH operational framework in contrasted socio-cultural and
professional contexts (in Boxes 1, 2) confirmed that it helps
frame and facilitate fruitful transdisciplinary conversations,
ultimately promoting ontological plurality (130, 131). In
Vietnam and in France, it allowed us to transcend disciplines
and sectors to produce shared and situated definitions of the
SESH, integrating point of views, aspirations, knowledge and
know-how of a variety of stakeholders. In the two case studies,
using SESH as a heuristic allowed for the exploration of complex
social-ecological issues associated with agricultural transitions,
and the drafting of local interventions grounded in the target
social-ecological systems.

Such an integrated approach, based on transdisciplinary,
iterative processes, implemented to solve important issues
affecting people’s health (lato sensu), is likely to promote the
emergence of adaptive governance for social-ecological resilience
of landscapes, not only to current conditions and in the
short-term (i.e., the SESH intervention of reference) but for
decades (82). However, the implementation of our framework
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requires a significant paradigm shift for all stakeholders
involved in the process, including donors and development
agencies, acknowledging that SESH interventions address
“wicked problems” which call for a post-normal scientific
position to handle uncertainty, issue framing, participation,
power relations and information asymmetries, politics, and
attitudes toward evidence (117, 123). Adopting a participatory
SESH framework will help, but it will nonetheless require a
change in attitude by “experts”, donors and decision makers
in order to accept that the health status (of people, animal,
societies...) has to be negotiated, that local communities are
co-creators of positive ways forward, and that engaging in this
process, with uncertain outcomes and assessed through co-
constructed indicators, is worth supporting. These paradigm
shifts are necessary if we are to achieve transformations toward
“healthier” development pathways, which will be one of the
greatest challenges for humanity in the decades to come (82),
especially in the traumatized post COVID-19 crisis context.
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Conceptualizing Responsibility in
Food Research and Innovation to
Promote Healthy and Sustainable
Food Systems

Lada Timotijevic*, Charo Elena Hodgkins, Matthew Peacock and Monique Maria Raats

Food, Consumer Behaviour and Health (FCBH) Research Centre, School of Psychology, University of Surrey, Guildford,
United Kingdom

Responsibility is crucial to governance and key to achieving legitimacy within complex
systems, yet there is limited attention to how it should be conceptualized within the
context of food research and innovation (R&l). Understanding how diverse stakeholders
in food R&l conceptualize responsibility is vital because it shapes the way problems are
identified, goals are set and solutions are put in place. We report on empirical research
with diverse stakeholders across Europe to understand and map the dimensions
of responsibility for food R&l to support healthy and sustainable food systems.
Semi-structured interviews were conducted with 32 stakeholders working in R&l in
the cutting-edge domains of: cultured meat as a substitute for livestock meat; new
crop breeding of potatoes; and a new approach to obesity reduction that focuses
on weight acceptance. Drawing from the empirical evidence collected, we developed
a classification system that reflects various conceptualizations of stakeholders’
responsibility for food R&l to support healthy and sustainable food systems. Our thematic
analysis revealed four overlapping rationales of responsibility —accountability, impact,
reflexivity, and responsiveness, and characterized them in terms of: who the researcher
is responsible to; whether the assessments of responsibility focus on R&l processes or
impact; whether responsibility implies societal engagement; and how responsibility is
assessed—retrospectively or prospectively. The article provides a basis for systematic
application of these criteria to the specific instances of food R&l governance and for
future joint decisions, about the ways to allocate responsibilities.

Keywords: research and innovation, responsibility, accountability, food system, impact, sustainability, obesity,
cultured meat

INTRODUCTION

The modern food system is a globalized, multi-sector and inter-dependent network, structured as a
complex web of private and public partnerships of diverse actors such as transnational corporations,
international agencies, interest groups, non-governmental and civil society organizations, and
national, regional and local governments (Barling, 2008; Friel, 2017). Governance of the food
system network is enabled via international and national trade and investment agreements and
a plethora of regulatory, fiscal, and voluntary (self-regulatory) approaches that go beyond state-
led regimes, increasing its segmentation and fragmentation (Biermann and Pattberg, 2008; Kraak
et al, 2014). It is driven by the supply-push factors that prioritize efficiency, traceability and
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resource allocation and the demand-pull factors of consumer
perceived private benefits, with market forces taking over many
of the functions previously seen as a state prerogative (Kraak
et al., 2014; Swinburn et al., 2015). However, the contribution
of the existing food system to the global climate and health
threats requires a re-orientation of the system to go beyond the
narrow focus on productivity and cost-effectiveness (Whitmee
et al., 2015; Lawrence and Friel, 2019), toward alternative sets
of drivers such as resilience, social justice and sustainability
(Ingram, 2011; Niles et al., 2018). There is little evidence for the
effectiveness of strategic public-private partnerships, although
they have ostensibly had a limited success in tackling global
public health nutrition and sustainability challenges (Kraak
et al., 2014; Swinburn et al., 2015). Key contributing factors are
insufficient clarity about how responsibility is allocated within
such complex networks of actors, and lack of accountability
frameworks through which they are governed (Kraak et al.,
2014). Indeed, governance implies allocation of responsibility
(Lofmarck et al, 2017), and transparent governing of food
system networks requires clarity about how responsibility is
conceptualized and enacted (Kraak et al., 2014; Swinburn et al.,
2015). Within the current paper we report on a study which
explores the conceptualizations of responsibility within the
context of food research and innovation (R&I), as a specific
domain of food system operation. Our purpose was to conduct
empirical research with a diverse set of stakeholders across
Europe to understand and map the rationales of responsibility
for food R&I to support healthy and sustainable food systems.
Drawing from the empirical evidence collected, we develop a
classification system that reflects various conceptualizations of
stakeholders’ responsibility for food R&I to support healthy and
sustainable food systems.

In the sections that follow, we first provide an overview of
the current efforts to understand responsibility in the context
of the globalized food system. We then explore conceptual
developments of the notion of responsibility from the social
science perspective before we set the scene for the current
empirical study.

Conceptualizations of Responsibility in

Food System Governance Literature

There are relatively few papers discussing responsibility within
the food systems governance context. Responsibility within the
modern food system has historically been discussed in terms of
causal responsibility for the outcomes of “irresponsible” action
(e.g., obesity); the prevailing narrative has focused on personal
responsibility for healthy and sustainable choices, shaping the
policy responses toward prioritization of private initiatives and
self-regulatory solutions (Kraak et al., 2014; Roberto et al., 2015).
The individualistic conceptualizations of responsibility that focus
on who “caused” the problem, obfuscate the inter-dependencies
within the complex food system, and cannot guide governance
decisions about future problems arising out of the food system’s
inherent uncertainties. More recent frameworks have recognized
that such approaches have resulted in governance gaps that have
led to the excessive influence of the food industry and the erosion

of the stronger mechanisms controlling for undue influence of
vested interests over food policy (Mindell et al., 2012).

An alternative conceptualization of responsibility has emerged
from a small body of literature that examines governance
processes within this complex and diffused network of actors
(e.g., Kraak et al., 2014; Swinburn et al., 2015; Hospes and
Brons, 2016; Friel, 2017; Lawrence and Friel, 2019). A recent
United Nations System Standing Committee on Nutrition
(UNSSCN) report maps this complex network and contends
that, since no one sector has responsibility for nutrition,
clarifying actor responsibility for nutrition and developing
effective mechanisms to hold all actors accountable for actions
that impact nutrition remains a task critical to the development
of workable governance mechanisms (Friel, 2017). Kraak et al.
(2014) developed a framework of accountability of all actors
within the complex food system in order to enable transparent,
open and fair governance. The authors distinguished between
responsibility and accountability. They defined the former as
a commitment or an obligation imparted upon an individual
or a group based on social, moral and/or legal standards, and
accountability as an ability of different actors within the system
to hold each other to account, which is ultimately about “how
and why decisions are made, who makes decisions, how power is
used, shared, and balanced, whose opinions are important, and
who holds whom to account” (Swinburn et al.,, 2015, p. 2,535).
Governance was defined as different behaviors and activities
(“steps”) that enable the process of “accounting, enacted
through taking the account (evidence collection); sharing the
account (dissemination, communication of evidence); holding
the account (carrying out actions) and responding to the account
(taking remedial actions). Accountability, in this articulation, is
concerned with the ability to justify decisions and the ex-post
evaluation of the reasons for action, which is particularly relevant
for governing distributed networks where there is no single
authority imposing sanctions for the system’s transgressions.
Swinburn et al. (2015) developed this framework further by
identifying the policy levers that could be used to ensure
accountability within these four steps and suggested regulatory
and non-regulatory approaches through which each actor within
the system can hold the other to account.

It has often been commented that implementation of
governance driven by accountability mechanisms can have
an unfortunate effect of obscuring judgments about ethical
responsibility by prioritizing only those values which can
be measured and accounted for (Collini, 2017), a problem
particularly apposite in the context of food innovation and
research. For instance, the drive toward accountability in food
and health research and innovation has inconspicuously led to
prioritization of the innovations that have tangible, measurable
economic benefits (Khan et al., 2016). Furthermore, because an
accountability framework is primarily concerned with backward
responsibility, an ex-post accounting of the web of decisions,
it ignores those responsibilities for which roles, decisions and
future consequences are more difficult to allocate. Achieving
sustainability (environmental, social, and economic) is marred
by uncertainty not only about how to organize governance
of sustainable food system, but also about the values by
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which to judge governance decisions (Partzsch, 2011). Sharpe
and Barling (2019) illustrated this through their study of
stakeholders from various food supply chain organizations about
their conceptualizations of the kind of responsibility which
requires re-orientation toward greater social sustainability. Their
study showed that, whilst re-orientation of business toward
sustainability is recognized by stakeholders as “the right thing
to do” (a moral imperative), practically, it was difficult to
implement. The perceived requirement for more pragmatic
focus on calculations and programmatic focus on economic
efficiencies means that the accountability framework prioritizes
those elements of business activities that can be more easily
quantified and accounted for. In short, simply focusing on
accountability as a means of governing global food systems may
not be enough to achieve a lasting shift toward sustainability.
New conceptualizations of responsibility to influence governance
within a non-linear food system characterized by uncertainties
and volatility are needed (Pereira and Ruysenaar, 2012; Clancy,
2014).

The concept of responsibility recently discussed within
the context of R&I emphasizes wider conceptualization of
responsibility within the overall innovation process. The concept
of Responsible Research and Innovation (RRI, Von Schomberg,
2011) questions the accepted roles and responsibilities of all
research process stakeholders in relation to both R&I process
and outcomes. It defines responsibility as ethical responsibility
achieved through engagement at all stages of the R&I process
with the impacts and outcomes of innovation as well as the
broader societal values and expectations of R&I (Owen et al,
2012), calling for all innovators to be responsive to these in
their design process, anticipating, reflecting and responding
to emerging challenges. This is a future-oriented notion of
responsibility (ex-ante), focused on aligning current practices
with the value expectations and societal representations of
a desirable future. The definition of RRI is rather open-
ended (Zwart et al.,, 2014) and its delineation from the other,
aligned concepts such as ELSA (ethical, legal, and social aspects
of emerging sciences and technologies) and Precautionary
Principle, is poorly articulated. Furthermore, a common criticism
of the concept of RRI is that, in the absence of frameworks
specifying dimensions of responsibility and how it should be
translated into specific innovation process, it lacks broader
applicability (Burget et al, 2017; Timmermans et al., 2017).
Despite a growing body of empirical studies exploring the
application and implementation of RRI in specific R&I domains,
there is limited empirical work on responsibility in food R&I.

Defining Responsibility

Responsibility is a multifaceted construct that subsumes
the considerations of a responsible actor (their motivations,
intentions, identities), their actions, and the rules or norms
through which these actions are judged. Pellizzoni (2004)
developed a conceptual framework of responsibility through
which responsibility can be more clearly articulated and
assessed. The framework combines two dominant dimensions
of responsibility: answerability (an ability to justify one’s
actions) and imputability (causal attribution of action to

someone as its actual author). Answerability largely depends
on whether we are focused on understanding the past actions
(ex post) or on developing a set of rules that help respond
to future challenges (ex ante). Imputability can vary by the
degree of uncertainty surrounding actions, or the absence or
presence of knowledge on which to base causal attributions of
actions. Pellizzoni argued that responsibility can be categorized
along these two dimensions through which we come to
understand how the relationships of responsibility are organized
within society:

e Accountability focuses on justifying past actions in the context
of high uncertainty (high uncertainty ex-post); it requires
identification of the means of accounting for actions, typically
through accepted standards and codes of conduct.

Liability is relevant in the contexts characterized by clearly
specified rules according to which past action are to be judged
(high certainty, ex-post); it requires unequivocal compliance
with these rules.

Care is a type of responsibility driven by the concern for
doing the right thing which is clearly understood and socially
accepted; it is oriented toward the future well-being of that
which is cared for (high certainty, ex-ante).

Responsiveness is oriented toward future goals characterized
by uncertainty; responsibility is enacted through
being “responsive” to the changing environment (high
uncertainty, ex-ante).

Different dimensions of responsibility can be elaborated in
relation to other concepts crucial to governance of non-linear
systems characterized by uncertainty and diversity of actors
within the complex systems such as the global food system
(Termeer et al., 2018; Simon et al., 2019): trust, legitimacy, and
power.

Trust is a relational construct which, like responsibility,
is closely linked with the challenge of uncertainty: it is
an attitude of confidence in the future outcomes based
on uncertain or imperfect current information and has a
psychological role in reducing social complexity and uncertainty
(Luhmann, 1979; Simmel and Bottomore, 2004). Certain types of
responsibility—such as care and responsiveness—are grounded
in the relationships of trust, as they are based on a kind of
faith that the trustor (the person with responsibility) has the best
interest of the trustee in mind. Accountability arguably functions
within the contexts in which the highly diffused and complex web
of actors cannot be supported through the relationships of trust.
Accountability enables checks and balances within the network,
which allow system control and aim to build confidence (Siegrist
et al., 2003) in the system’s ability to function in the future.
Arguably, the food system is managed through a combination of
liability and accountability, operating through systems of codes
of conduct, standards and certification schemes (Bingen and
Lawrence, 2006) by which different agents are held to account.

Legitimacy is a construct closely linked to responsibility
as both deal with the issue of authority. Scharpf (1998)
distinguished between input legitimacy based on adherence to
agreed processes of authority, and output legitimacy, which is
derived from the achievement of an agreed set of outcomes.
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Global food systems are characterized by the reduced authority
of a single institution—the state—and therefore legitimacy is
gleaned from the balancing of various actors’ responsibilities.
The dominance of corporate actors in the modern food
system is based on output-based legitimacy, judged through
the system’s ability to effectively support the commonly agreed
goals (Partzsch, 2011). Timotijevic et al’s (2019) study of 300
EU stakeholders’ assessments of food R&I demonstrated that
inadequate consideration for input legitimacy is of a major
concern for civil society and public sector actors. For the
corporate sector, in contrast, governance is considered legitimate
if it achieves the system’s aims regardless of the means by which
it does so.

Different dimensions of responsibility have different
implications for how power is shared, exercised and controlled
within a system of governance. Accountability can easily lead to
hierarchical organization of relationships because it is premised
on the fair and mechanistic process of accounting of decisions
made. It can often lead to differentiation of power based on
the ability to exercise controls over the accounting process. For
instance, actors will have a varying ability to collect indicators
and evidence to account for actions. However, the desired
transformation within the global food system can only be
achieved through sharing of power between a broader set of
actors, through “democratization” of governance (Lawrence
and Friel, 2019), which in turn emphasizes the relational
aspects of responsibility that are underplayed when only
looking at accountability (Vetterlein, 2018). In other words,
it opens up the space to deliberate about what responsibility
means and how best to enact it. The dimensions of care and
responsiveness allow for participatory decision-making and
sharing of power to both identify and construct possible
solutions to global food system challenges (Lawrence and Friel,
2019).

Pallizzoni’s nuanced extrapolation of different types of
responsibility has been applied to the environmental domain
(e.g., forestry management—Lofmarck et al., 2017; biomass
refinery Sonck et al.,, 2020), where it has been shown to have
analytical relevance in exploring the governance processes, but
it is yet to be examined in relation to the food system. Within this
paper we report on a study which explores the conceptualizations
of responsibility within the context of food research and
innovation (R&I). We are guided by Peillizzoni’s understanding
that responsibility cannot be reduced to a single notion (e.g.,
of accountability) and explore stakeholders’ understandings of
responsibility as they play out in the context of food R&L.

R&I are key to the current global and national efforts to
achieve the targets in the Sustainable Development Goals (SDGs)
(UN SDGs, 2015) 2030 Agenda such as SDG2 (address hunger),
SDG3 (health and wellbeing for all), SDG 12 (sustainable
consumption and production) and SDG17 (partnerships to
achieve the goals). Simultaneously, R&I raises diverse and
unprecedented ethical, legal and social challenges, which call
for greater clarity about responsibility within R&I networks.
R&I within the food system is largely characterized as an
interaction between industry and academia, aligning innovation

with the dynamic of an unconstrained market (Khan et al,
2016) and raising issues about responsibility within such
strategic public-private networks. Understanding how diverse
stakeholders in the food R&I conceptualize responsibility is
vital because it shapes the way problems are identified, goals
are set, and solutions are put in place. Burget et al. (2017)
call for more empirically-based studies to better develop
understanding of the concept and what it means for those
called upon to apply it in real world R&I. This is especially
noticeable in the area of research on the challenges currently
surrounding the food system, whereby responsibility raises
diverse and unprecedented issues of animal welfare, public
health, sustainability and social justice. Our study uses three
cutting-edge R&I domains—hybrid potato breeding, cultured
meat and weight acceptance programme as examples to draw
upon common conceptual threads that reveal the dimensions of
responsibility for the various food system actors or stakeholders
such as public sector, private sector, R&I institutions and civil
society. The three domains selected provide a broad scope of
ethical and governance challenges that enable rich discussions
about responsibility.

METHODOLOGY

We identified the domains of R&I from which to draw our
stakeholders through a systematic process of search and selection.
Our aim was to identify stakeholders clustered around R&I
projects which gave rise to dilemmas about responsibility in
terms of who the innovation is for, what kind of relationships
it espouses between different actors in the society, and how
it is likely to influence the future food systems. The selection
was carried out through key informants’ consultations and
extensive searches of EU CORDIS (Community Research and
Development), which led to the creation of a long list of projects
based on the following inclusion criteria: projects were conceived
between 2011 and 2016 (the period that the RRI concept entered
the policy discourse), were at least partially publicly funded, and
recognized the need for societal engagement. We then created the
short list of six projects which had a strong innovation element;
were of diverse provenance (geographic location) and were
innovations with different ethical challenges. The final selection
of three projects was based on achieving maximum diversity of
challenges relevant to the food system (covering agriculture, food
technology, and public health nutrition domains), from which to
draw our interviews. The three projects identified included: an
international project on hybrid potato breeding; an international
project relevant to cultured meat; and a national weight-
acceptance obesity intervention. By selecting these projects, the
study was contextualized within three key challenges: (1) the need
to increase the crop yields to feed the growing population; (2) the
need to develop an ethical and sustainable protein production
system; and (3) the need to address the global obesity crisis in
the developed world. Below we summarize the three projects
with reference to the ethical and societal dilemmas that they give
rise to.
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Empirical Application: the Examples of
Research and Innovation

Hybrid Potato Breeding (HPB) Project

The HPB project was set up to protect potatoes against diseases
by developing hybrid seeds which accelerate breeding and allow
rapid modification. Hybrid breeding is an innovative technology
to improve crops by crossing the crops that demonstrate
favorable traits in order to create a completely new line
(Lindhout et al., 2011); the selected project is developing methods
of breeding potatoes that will allow them to be reproduced
more quickly using true hybrid seeds (https://www.solynta.
com/about-solynta/, accessed 12/01/21). This could increase the
speed at which potatoes can be modified through breeding,
but also help their transportation as the seeds occupy a
fraction of the weight and volume of potato tubers. However,
growing potatoes from seed poses ethical and legal challenges,
including: (a) How ethical is patenting a new strain of seed
as a living material for commercialization purpose? (b) Can
plant breed patents be used to restrict access to agricultural
innovations, creating an imbalance in power between large agri-
tech companies and local farmers, and between the developed
global North and the developing global South? (c) How to
balance economic interests of innovators with the interests of
local farmers and create global legal regimes that cater for
different interests?

Cultured Meat (CM) Project

The selected CM research project mapped out the challenges
faced by CM at the levels of policy-making, funding and industry
right down to that of the individual consumer to address a
question—should society invest in the development of cultured
meat? There is a broad consensus that conventional production
of meat based on intensive animal husbandry is difficult to
sustain due to its environmental, ethical and human health
impacts (Stephens et al, 2018). A technological innovation
in meat production is being developed as a replacement for
livestock meat: the growing field of in-vitro meat (IVM—now
more commonly referred to as “cultured meat”) represents a
new innovation pathway called “cellular agriculture” (Post, 2012).
It involves using stem cell research to grow animal muscle
tissue in a lab that can then be layered to produce food for
human consumption. Despite its promise, cultured meat has
been linked with a number of challenges. New techniques
capable of developing CM more quickly and on a much larger
scale would need to be developed for these benefits to be
realized (Hocquette, 2016). Its adoption will largely depend
on whether it leads to new social and economic inequalities
in terms of who is able to produce and who will be able to
consume it (Stephens et al., 2018). The main concern is that
introduction of CM into our food system would inevitably shift
the balance of power into the hands of global agribusiness,
and may potentially exacerbate the global North/South divide.
The current regulatory and institutional context are woefully
inadequate, and safety of the CM products will need to be
assessed not only in terms of processing and food safety, but
also for their long-term effects upon human genetic, metabolic,

reproductive and physiological functioning (Stephens et al,
2018).

Weight Acceptance (WA) Project

The rapid rise in obesity is thought to be caused by the current
global food system which creates an “obesogenic environment”
(Swinburn et al, 1999), the physical, economic, social and
cultural environments that encourage positive energy balance
in their populations. However, current public health policies
ultimately place responsibility to avert the rapid progression
of the obesity epidemic upon an individual, and by singling
out weight as a determinant of ill health, prioritize weight
management and reduction as the main route to achieving public
health. This approach has been criticized for not recognizing
the broader, systemic causes of obesity, leading to instances
of discriminatory healthcare practices (such as withdrawal of
some treatments—e.g., knee replacement, fertility treatment—
due to weight), raising complex ethical dilemmas. This final
research project challenges the dominant weight-based paradigm
of dealing with the obesity crises. It pioneered social innovation
developed and implemented to tackle obesity through the
“weight inclusive” approach that promotes the acceptance of
bodies of all sizes, whilst simultaneously drawing attention to
broader determinants of health.

Participants
Participants were purposefully selected to represent a range
of stakeholder perspectives on the innovation and occupying
diverse roles within the domain-specific R&I process—some
were directly linked to the project, as either directly funding
or conducting research (e.g., scientists; research funders); whilst
others were sitting outside the immediate process of R&I
in the respective domains (e.g., civil society organizations,
policy actors). Representing all stakeholder groups equally was
logistically impossible. Industry stakeholders proved harder to
recruit as they were fewer in number to begin with, tended to
be less involved in the research process than the researchers
and have been less invested in having a specific agenda heard
than the third sector organizations. The Weight Acceptance
project was run entirely in the context of the UK health
services, drew on the UK National Health Service (NHS) for
support that might otherwise have come from industry or the
private sector and therefore had no meaningful relationship to
industry, and thus no industry stakeholders. However, the fact
that interviews were unevenly distributed across stakeholder
groups was not considered a major obstacle as this paper does
not seek to generalize findings or speak for entire stakeholder
groups or research domains. Moreover, as a qualitative analysis,
generalization is not the objective. Instead, it aims to explore
the thematic categories cited as important by these particular
examples of stakeholders within different groups. Every effort
was made, however, to engage the stakeholders who were either
existing inside the R&I process, or who were sitting outside it
though had a stake in the innovation domain. The participants
are detailed in Table 1 below.

Due to the small number of interviewees and their often-
unique expertise, roles and prominent standing in three relatively
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TABLE 1 | Participants by case study.

Stakeholder Cultured Hybrid Weight Total

category meat potato acceptance
breeding

Third/Fourth 2 1 2 5

sector

organization?

Policy maker 0 1 12 13

Research Funder 0 0 2

Researcher 4 4 1

Industry 0 3

Total 6 9 17 32

aThird Sector organization (TSOs) are citizens’ interest groups, such as civil society
organizations and labor unions, as well as religious organizations and informal networks
of citizens, often motivated by moral, ethical and ideological concerns.

narrow domains, only the demographic information deemed
necessary to address the research questions was collected, in
order to maintain the confidentiality of interviewees. Moreover,
because actors spoke as representatives of their organizations
rather than as individuals, gathering personal information
was deemed irrelevant. In addition, delineating participants
by country was not found to be useful as many spoke for
international projects, were based in countries other than
their countries of origin and very often the most meaningful
geographic unit of analysis was that of the EU rather than that
of individual nations. The exception to this was the Weight
Acceptance project, which took place entirely in the UK and
involved only UK stakeholders.

Procedure and the Interview Schedule
Semi-structured interviews were chosen to allow flexibility
in following up on participant-relevant issues. The broadest
aim of the research was to talk to the actors within the
R&I system about how they understood responsible R&I
and what “responsibility” meant to them. Participants were
firstly asked to describe the project and explain their roles
within it, after which two main issues were explored: how
responsibility in R&I was conceived in general, and in the
context of the project; and the process of societal engagement
within the project. The interview schedule also prompted the
interviewees about how the concept of responsibility related
to the notions of trust, impact, openness, and engagement
with society. The interviewees were not asked to apportion
blame or indicate their understanding of the causal attributions
of responsibility within the context of their respective R&I
domain, to avoid biasing the discussion. Interviews were
transcribed from audio-recordings. Informed consent was
obtained, and the interviews were conducted in person or
via telephone.

The University of Surrey Ethics Committee granted
this project a favorable ethical opinion on 19th July 2016
(UEC/2016/031/FHMS). The interviews were carried out during
the period of Nov 2016-March 2017.

Analyzing Data

Thematic analysis (Braun and Clarke, 2006) was conducted
within, and then across the three cases. Thematic analysis was
chosen as it allows the accounts of different types of stakeholders
to be examined without privileging any particular perspective or
framework. It does this by using the data itself as the basis for
generating and refining categories on an ongoing basis. This both
facilitates a rigorous methodological approach and allows the
flexibility to validly reflect the arguments of participants whilst
maintaining a reflexive awareness of researchers’ own biases
and preconceptions. Our epistemological orientation was that of
social constructivism (Burr, 1995), which posits that meaning
and experiences are created through social interactions—the
focus was not on individual motivations, but on the meanings
and (lay) theories as emergent properties of the socio-cultural
contexts of those group interactions. Our approach to thematic
analysis was a combination of inductive and deductive coding—
whilst we engaged in a close reading of the transcripts, we were
nevertheless guided by the existing frameworks of responsibility.
The initial coding structure was developed by two researchers,
following which, the team discussed and developed the themes
with an aim of identifying dimensions of responsibility.

RESULTS

Differences in how interviewees conceptualized responsibility in
R&I were not clearly aligned with a single R&I domain or any
groups of stakeholders. While participants offered a variety of
opinions about responsibility, these were more likely to vary
between individuals than by stakeholder group or indeed the
R&I domain. It was even common for the same participant
to characterize responsibility in different ways when discussing
different aspects of R&I. Within the analysis we explicitly
attribute quotes to different projects, which allows us to draw
attention to any differences in conceptualization of responsibility
that may be associated with the specific domain in question.

Four overlapping rationales of responsibility were identified
across all three case studies: (1) responsibility as accountability;
(2) responsibility as impact; (3) responsibility as reflexivity; and
(4) responsibility as responsiveness.

These four varied most meaningfully by the degree to which
they depicted the assessment of responsibility as focusing on the
process of research or its outputs and the extent to which doing
so was depicted as requiring societal engagement. This can be
described on a 2 x 2 matrix, as illustrated in Figure 1 below.

The following sections describe each of these rationales of
responsibility in R&I in turn, focusing on how it might be
achieved within the current food R&I governance.

Accountability

Under this rationale, responsibility is assessed in terms of
individual actors working within the research process as agents
accountable to their principal for servicing specified goals in
compliance with ethical and institutional guidelines. Under the
accountability rationale research goals are chiefly decided upon
by those holding the purse strings.

Frontiers in Sustainable Food Systems | www.frontiersin.org

February 2021 | Volume 5 | Article 584566


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Timotijevic et al.

Responsibility in Food Research and Innovation

4 I

Accountability

Responsibility thrugh
being able to justify
actions and decisions
based on agreed

Process focused

standards

.
-

/
~

Low societal
engagement

Reflexivity

Responsibility through
focusing on doing the right

thing
o I

Output focused

FIGURE 1 | A map of the four rationales of responsibility, describing how they vary in emphasis on process or outcome and degree of societal engagement required.
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Participants recognized that the modern principal-agent
relationship (which applies a customer-contractor relationship to
science governance, Cooksey, 2006), was a significant divergence
from the cognitive authority model of science that is based on
assumptions of expertise, impartiality, and the need to protect
science from the external influences, such as governmental
pressures to make science “useful” (“The Haldane Principle,
Haldane, 1918). It re-cast responsibility as no longer simply
deriving from the cognitive authority of scientists to speak truth
to power, but instead as a narrower, relational responsibility to
the relevant authority (Guston, 1996).

“I can imagine that a researcher in the past had more freedom to
operate and to investigate what he thought was best, now there
are limitations in what can be done due to money availability.”
(Researcher, HPB)

The above extract is typical of interviewees in suggesting
researchers now bear limited responsibility in steering the
direction of their research rather than merely for fulfilling their
allotted role in its process.

Participants from each of the three domains (CM, HBP,
and WA) identified two fundamental shortcomings of this
narrow conceptualization of responsibility through the lens
of accountability: its failure to acknowledge the uncertainty

inherent to the research process in how it is governed, and its
implication for trust.

Some participants argued that the accountability model of
responsibility creates pressure to explain away uncertainties and
ambiguities inherent in the science process via external pressure
to comply with the procedures that often do not permit deviation
from the outcomes and processes agreed upon with the principal
apriori. One interviewee argued that principals’ desire for clear
and unambiguous answers risks misrepresenting a process that
was, in truth, often messy and unpredictable.

‘T would like to see modes of accounting that allow ambiguity
and uncertainty to be visible in the account. I think theres a
general sense that, you know, acknowledging uncertainty is not
done as widely as I would like to see...” (Researcher, CM)

The most common criticism of this rationality was the
fundamental imbalance of power and the trust vacuum that it
creates. In the following extract, a CM researcher describes a
“principal’s” (funder’s) freedom to entirely discount researchers’
ability to judge what constitutes a responsible research process as
symptomatic of a deeper distrust.

“I think one of the things that should...that should be done
is make it sort of less bureaucratic—lose a lot of the red tape
because that’s basically a sign of distrust in how people are doing
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their work. It has gone completely awry and its sending the
wrong message. Its sending the message, you know, “We don’t
trust you when we give you money, you need to tell us exactly
what you’re doing, how you’re doing it, when you’re doing it,
and that turns into a very bureaucratic, automatic system that
really doesn’t support creativity.” (Researcher, CM)

When responsibility is primarily conceptualized in terms of
accountability, it is perceived to have a detrimental effect
on trust between key actors within publicly funded science.
Emphasis upon accountability introduces external criteria for
“responsibility,” based on (often backward-looking) assessments
of compliance with due processes, rather than enabling a
conversation about what constitutes responsibility within the
framework of meeting the principal’s needs. The deeper
consequence of conceptualizing responsibility as accountability
is that it is only relevant to those stakeholders who are directly
involved in R&I process, precluding the wider interested actors
such as civil society organizations.

Impact
Assessing responsibility as impact required being able to
demonstrate positive real-world research outcomes:

“Responsible’ is R&I having a positive societal impact, and
there, of course, you introduce a value, positive, which can be
debated in all kind of ways. It’s very subjective. So, we started
with, when I think back, with that concept, how can we make
Intellectual Property (IP) in plant breeding having a positive
impact on farmers, and, at the same time, avoiding that it will
ever have a negative impact on some kinds of farmers. So that
is on what you want to achieve with your research in terms of
output.” (Researcher, HPB)

Such assessments typically emphasized measurable short-term
economic benefits assumed to generate longer-term prosperity
and ultimately to help society meet broader challenges such as
sustainability and food security. The relationship of innovation
and economic prosperity was spelled out by a scientist on the
HPB project.

“It’s economic, and we usually don’t consider that as a value, but
of course it is a value, its something to be valued. It provides
jobs, and it brings money to the country, and it brings good
potatoes to the world! And then, you know, we try to incorporate
other values than just that, and that’s part of our challenge.”
(Researcher, HPB)

There were several concerns raised by different stakeholders
associated with this rationale of responsibility, which included:
emphasis on commercialization of innovation; short-termism;
and imbalance of power in deciding innovation pathway.

Conceptualization of responsibility as an ability to achieve
impact positions it outside the process of research and the
purview of scientists, which raises questions of where control
over the R&I actually resides. A policy maker involved in the
HPB project was one of several participants who suggested this
often amounts to allowing research directions to be primarily
determined by “commercial players.”

“I think the whole debate about the public good is put in the
hands of the markets, and of course the commercial players, and
so I think this is a sort of very fierce, uphill struggle that you have,
you will have with RRI [responsible research and innovation],
because this is also the sort of wall you will come against in
thinking about RRL.” (Policy maker, HPB)

This positions “the markets” as exerting considerable control
over which outputs are judged responsible and therefore on
what future work is commissioned, but what of the influence
of government funding bodies whose remit includes ensuring
that research impacts serve the needs of wider society? The
following account from the same policy maker suggests that
while governments do play a role in allocating funds under the
Impact rationale, it is often private sector organizations who lead
the way:

“You have the Ministry that is stimulating innovation but, in
a way, that basically, positions the commercial parties as the
drivers of innovation. And doesn’t see a role for itself in really
shaping these innovation trajectories. So in that sense I think
that responsible ReI is a concept that will not really be seen
by our parliamentarians as a very important issue.” (Policy
maker, HPB)

The tendency for governments to let industry have the first say
in setting “innovation trajectories” is here explicitly linked to the
imperative to achieve economic growth through innovation, and
reducing the role of science primarily to the economic value:

“As soon as the industry shows interest, the government is
willing to match that kind of money, to enhance research
anyway. They see the benefit of the working relationship between
researchers and the companies.” (Researcher, HPB)

It is suggested that having to take on faith this hope that
economically motivated research will also contribute to a better
society is problematic. If, as the following extract suggests, it
is only the short-term economic impacts that can be validly
measured in the limited timeframe principals are interested in,
then funding research largely on the basis of longer-term societal
benefits can no longer be considered responsible. At this point
the logic of the Impact rationale becomes as self-perpetuating as
the power of those who profit from it.

“Perhaps it’s very naive of me, but I hope that then the, yeah,
ultimate goal is for societal benefits, as opposed to monetary
ones. I think its really hard to ever judge social or societal
impacts of any single project. Ask me in 5 years or 10 years and
I might be able to answer your question more thoughtfully. So, I
think that the funder’s need to assess and justify impact doesn’t
fit right with how we can actually truthfully measure impact
[laughing].” (CSO stakeholder, CM)

Interviewees across all three cases manifestly differentiated
between economic and societal impact decoupling the former
from its positive connotations. The same CSO stakeholder
emphasized the need to ensure that responsibility is no longer
conceptualized solely in terms of economic impact, as a way of
democratizing the process of R&I.
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“I think research, recently, seems to have become very tied to
industry, and it has to have economic outcomes at some point,
and so, hopefully, responsible R&I [laughing] is saying, well, it
doesn’t have to have an economic output, as long as it has a
societal benefit.” (CSO stakeholder, CM)

The danger of creating self-perpetuating structures of power
intolerant of dissenting views was particularly strongly argued by
participants from the WA domain. The project’s founder argued
that her funding was jeopardized precisely because it challenged
dominant assumptions about food.

“The drive for a monolithic ideology, which is what I discovered
[name of other health programme] was. Perhaps I did know it
on some level. It wasn’t what I was working toward, but being
silenced absolutely drove that home to me, and that...that’s
fascism.” (Researcher, WA)

The Impact rationale of responsibility, unlike the Accountability,
does include a role for members of the public, though not as
citizens who might help align research trajectories to societal
needs but as consumers or potential innovation users.

“... [large company] is too much short-term in their way
of thinking, so if they want to do research, they want their
money back in 2 years. No, thats not going to work in
this kind of research. And yeah, they listen very closely to
what their consumers want and they simply deliver that.”
(Researcher, HPB)

Engagement therefore takes place as part of design process,
follows set lines and is targeted downstream at user/consumer
groups whose uptake is required, as distinct from the more
participatory, upstream approaches to engagement:

“I strongly believe that research is a two-way street. I mean,
you have to communicate with the people who are going
to use your knowledge because, for one thing, you want
to know the questions they have and that makes what I'm
saying more relevant, if I take their response into account.”
(Researcher, HPB)

Engagement within this rationale focused on delivering an
innovation better adapted to its intended market. However,
participants across case studies expressed the desire to embrace
more flexible definitions of socially responsible impacts that
challenged the “hegemonic” assumptions about what constitutes
impact through careful reflection and by opening up engagement
to those sitting outside the process of innovation.

Reflexivity

The participants argued that they had a duty to be reflexive
about their own research processes and anticipate all potential
outcomes for society. A researcher on the HPB project described
this in terms of a collective responsibility amongst scientists,
one born of the culture of science but not bound by its rigid
organizational structures.

“You have the responsibility to think about the impact of your
research outside of your domain of research. I think it’s also very

much the structure of science, which is organized so that it does
not promote this kind of thinking, so yeah, its not the scientists’
personal responsibility, but it is our responsibility as science, as
a science system or as scientists together, to think about society.”
(Researcher, HPB)

The interviewee’s insistence on collective rather than personal
responsibility also distances it from the belief that responsibility
requires the ability to trace negative consequences back to
individual actors in the research process and hold them
accountable. Instead, the community of scientists and the values
it embodies become the crucible through which responsible
research is forged.

Crucially, while the Accountability and Impact rationales
focused primarily on retrospective assessments of responsibility,
the Reflexivity rationale locates responsibility in anticipating
unforeseen challenges and absorbing future shocks. In the
following extract it is argued that responsibility means being
aware of all potential future consequences of introducing a
powerful new technology, not just whether it will achieve the
intended goal:

“In the context of this innovation, you can think about the
development of technology in a purely instrumental way. So you
have a particular goal set for what you would like to achieve,
and the technology is a means to realize that goal. And in
my view, responsibility means that you are open for the fact,
that I would say, the fact that technology is always more than
just a means to an end. It will also, it will always interfere in
unexpected ways in all kinds of processes. And then for me,
responsibility in that context would mean that you really take
care in the sense that you see yourself as someone who should
be part of the conversation about these different effects, and that
might result from the development of a particular technology.”
(Researcher, HPB)

Responsibility here takes an important step beyond the
scope of the innovation’s intended impacts to examine its
unintended consequences. What is implied to be irresponsible
is treating a new technology as nothing more than a
value-free instrument for achieving a specified goal. For
a CSO stakeholder on the WA project this extended to
considering the risk of exacerbating existing social and
health inequalities.

“The responsible bit suggests to me that you need to be very
clear about the impact of what is going to be said because so
much of our research has actually skewed things in a way that
a population, usually the most deprived in a community, have
been further disadvantaged by that. So, I guess thats what 1
mean about the social justice bit.” (Researcher, WA)

This frames the danger of research widening existing social
divisions as not just a possibility to be guarded against, but
a common occurrence. Participants on the WA project were
especially likely to raise this issue, of the three case studies they
after all had the closest connection to the people affected by their
innovation. Indeed, it was rare for participants on this project to
discuss social injustice without addressing the related question
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of—to what extent the privilege of working within the innovation
process made them responsible for challenging this injustice.

“I want it to shift our way of being in the world, and that means
our relationship with language and our relationship with power;
it doesn’t mean deskilling people, doesn’t mean deskilling myself,
but it means recognizing that I have a certain cache of social
capital and that, if I'm serious about social change, it has to be
radical.” (Researcher, WA)

This frames responsibility as a moral imperative to question
existing power relations, including one’s own role, to reflect on
the parts played by language, symbols and social hierarchies in
deciding how innovations and research are promulgated. Equally,
though, it is also a call to action. In the following example, a
researcher on the HPB project discusses a researcher’s obligation
to act in a scenario in which an innovation endangers the
livelihood of smallholders by rendering their potato growing
methods obsolete.

“The company that’s involved in this programme, well, they have
a very clear technological solution for [the problem] but that
technological solution is going to change the landscape of potato
production in the [country], very much so, and probably in the
world, ... so yeah, you can’t simply just start and say “Okay, this
is the new technology—you better adopt it because otherwise you
won’t be in business anymore.” You have to really change the
whole. . . the whole thing.” (Researcher, HPB)

This process of being reflexive about underpinning assumptions,
the way language frames research questions and shapes
research processes, was considered an important way of
enacting responsibility.

“It wasn’t only about values, it was also about the framing of, for
example, what is a child or what is a neuro-scientific researcher,
what should the teacher be doing, and then you see that there’s
all these things that are actually not really mentioned, these
assumptions that are. . . that it’s good to bring them into the open,
just to create some sort of... understanding, and also reflexivity
about your own assumptions.” (Researcher, WA)

In contrast to the Accountability rationale, researchers are not
merely responsible for the conduct of the work itself. Rather,
in addition to following ethical and professional guidelines,
they must continually strive to connect the underpinning
assumptions and values they bring to the project with its potential
societal impacts. In the following extract, an HPB researcher
frames the ongoing nature of this attentiveness as a way of
acknowledging the limits of one’s ability to realistically anticipate
all possible outcomes.

“Its a way of better dealing with the uncertain future, but the
future is still uncertain, you know... and I think there’s just in
that sense limitations on what kind of values you can take into
account, because you know, you basically don’t know all the
values that may pop up, you have to keep being attentive...it is a
continuous process. So what we’re doing is not, you know, this is
RRI and then you tick the box.” (Researcher, HPB)

In addition to being a way of pre-empting negative outcomes
the participant positions continually “being attentive” as a
way of being transparent about the fact that not all negative
outcomes can be predicted, nor all damages prevented.
Responsibility through reflexivity distances researchers from the
need to account for all steps in their day-to-day research. As
discussed in the earlier sections on Accountability and Impact,
such reductionist conceptualizations of responsibility preclude
engagement with the uncertainties and the unknowns in the
process of R&I and has a contradictory effect of arguably
reducing anticipatory reflexivity to just those issues that can
easily be measured or accounted for. Reflexivity rationality
instead reframes responsibility as a duty to anticipate and seek
to communicate the future challenges that R&I are addressing
and the ultimate need to articulate a framework for collective
leadership and responsibility in R&I, as argued for by a researcher
from the CM project:

“But this is a huge challenge, isn’t it? I mean, we're talking about
thin, tiny, little attempts at a task that is formidable. We're
talking about a change in the culture of Re&l. We're talking
about changing the social contract of science and society.”
(Researcher, CM)

Responsibility as reflexivity calls for a form of collective
leadership based on the moral imperative to achieve public good.
The extract below is an emotional plea to move away from
the demand-pull understanding of innovation that gave rise to
Accountability and Impact rationales of responsibility toward the
responsibility based on ethical deliberations and value judgments
that go beyond the market dynamics.

“What struck me most, was that also people from the sector
said ‘this is not what we are going to do, because the consumers
don’t want it’. And I really was a bit angry about it, I must say,
because then my question would be, and I posed this question
to them, ‘if you, if you think there are very good reasons to take
up this kind of potato, er... why could you, why couldn’t you
tell this to the consumer?” And promote this potato as something
that really is something that might interest you as a consumet,
because it is a response to, to very important problem in potato
production. So, it, is just using the consumer as a sort of shield
... (Researcher, HPB)

Participants from all case studies were more likely to describe
reflexive responsibility being realized in interdisciplinary
collaboration and consultations within the research community
than by speaking to members of the public.

“Responsible research does not necessarily have to fit in a kind
of straightjacket of participation, not necessarily. I think it
is almost always interdisciplinary though because you want
to include different social sciences in your natural science
research, in order to properly think about societal impact. It
does not necessarily have to involve societal partners.” (CSO
stakeholder, HPB)

The point suggested by the straightjacket analogy, suggests that
responsibility through reflexivity involves an opening up of
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definitions and participation amongst a community of allied
experts rather than conforming to a strict externally imposed
formula of societal engagement. This frames responsible R&I
as depending less on societal engagement and inclusivity and
more on a collective commitment to honest reflexivity about
research outcomes, including unintended outcomes and those
affecting disadvantaged groups in society. Nonetheless its focus
on introspection within the research community lays it open to
charges of lacking transparency, inclusivity and potentially saying
much but doing little to address the role of power relations in
deciding the future of science.

Responsiveness

The final rationale envisages responsibility as shared decision-
making through active engagement with societal actors. It frames
co-production as the essence of responsible R&I, distancing
itself from the Impact rationale’s understanding of engagement
as solely an instrument for eliciting needs in order to inform,
rather than influence, decisions. Instead, co-production implies
openness to diverse values, skills and forms of knowledge,
empowering each stakeholder to contribute on the basis of their
uniqueness. This is a process-oriented (performative) notion of
responsibility as opposed to output-oriented (substantive), one
which brings democratic processes to science governance. Like
other rationales, however, this one is also problematized by
respondents, who expressed two main concerns: regression to
the mean, or the rule of the average intrinsic to the practice
of societal engagement; and the practical difficulty of achieving
consensus among disparate positions. Both of these problems
were ultimately considered to be barriers to R&I. Sharing power
in a balanced way across networks of collaborators was crucial to
this rationale of responsibility.

“I see RRI as part of an ongoing socio-technical discursive,
dialogue, set of practices, constellation of actors and interests,
that are trying to frame appropriate relationships between
various forms of innovation, some notion of democratic
representability, you know, political accountability, and, notions
of expertise, which again are flexible.” (Researcher, CM)

The focus on networks of evolving relationships echoes Stahl’s
claim that “Responsibility can be understood as a social construct
that establishes relationships between a set of different entities.”
(Stahl et al., 2013, p. 200). Crucially, this approach combines
the need for some form of accountability as science is a
largely publicly funded endeavor, with democratic responsibility,
because science ultimately impacts society.

“Researchers have a responsibility toward society because their
research will be in society if it needs to impact society, but you
are doing research within society and you’re also being paid by
society, and yeah, I think responsibility is very much paired with
an idea of the democratic science system.” (Researcher, HPB)

The concept of “democratized system of science” is a move away
from the binary understanding of responsibility through the lens
of expertise—whereby responsibility is narrowly centered on the
networks of experts and their principals. Instead, Responsiveness
is manifested in engagement with broadest sections of society,

as an opportunity to question existing power imbalances and
dissolve the distinction between the notional expert and the
member of the public:

“Its...just a neoliberal...its completely neoliberal. Even
sustainability, you know, food sustainability, its ‘How can we
help them?’, so theres a ‘them and us’, you know, ‘How can
we help them to eat well?’ not “How can we change the power
relations?” And also ‘How can we use our work, how can
we use food work to shift power relations?” and that’s what 1
want from [WA project name], to have different conversations.”

(Researcher, WA)

The distinction between a well-intentioned but paternalistic and
implicitly elitist approach to engagement and one that enables
“different conversations” between equals came through most
clearly from participants from the WA study with the closest
relationship to the wider public.

Nonetheless, even in the less public-facing HPB project,
another researcher went so far as to frame this new, more
democratic relationship between innovation and the public as a
radical inversion of traditional roles.

«

. RRI is really an attempt, quite a radical attempt to
change this... by putting up-front the question of the needs for
innovation, the sort of societal challenges that should direct
innovation, and the interesting thing is that then you could say
that the societal stakeholders then become the enactors, and
the technologists become critical responders in a way, because
they have to think about whether, indeed, their science is able
to respond to that question. And that, of course, has to be a
real conversation, because both parties. .. its mutual learning.”
(Researcher, HPB)

What initially seems an inversion of roles between experts
and society here is eventually transformed into a leveling in
which expertise and power, and therefore responsibility, become
properties of all actors in the network. All are now responsible
for their own contribution to the process and, collectively, for
the process itself. This is reinforced by the use of the same
description of engagement as a “conversation” in the excerpt
above, suggesting some level of equity between different kinds
of stakeholders and, by extension, the different types of expertise
they bring to the table.

Casting members of the public not as outsiders to the
research process but as “societal stakeholders” within it, recalls
earlier descriptions of research as a “two-way street” under
the Impact rationale but goes far beyond that model in terms
of the purposes of engagement. Rather than simply using
public input to make the products of innovation more likely
to succeed, the above account affords societal stakeholders a
key role far earlier in the research process. Participants did not
necessarily portray early societal engagement an impediment
to fulfilling the goals of funders, but an essential part of
innovation process.

‘T recognize the importance of people like me, but also
people doing lots of other things that are different to what
I'm doing, being actively involved in the debates that shape
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modes of innovation and being involved in them early on.”
(Researcher, CM)

The following account framed engagement more as a way of
contextualizing those goals within the needs of society and
gaining a better understanding of the network of relationships
currently making up the specific sector involved.

“We started with a study of what you could call the potatoes
sector, which is to some extent a value chain, but it’s in many
respects a value chain which has a network character. And
studying this, on the one hand, the purpose of making ourselves
familiar with everything that relates to the potato, and all the
different parties involved. But, we also see it as a very important
starting point for thinking about future scenarios, because every
scenario you might think of, of course, has to start in the
present and will be shaped in different ways by the established
relationships and goals and values that are part of this network.”
(Researcher, HPB)

Responsibility for R&I then becomes a collective responsibility
distributed across the network of various societal actors as an
emergent property of that network that could not be generated
by any one actor or set of stakeholders working alone. This shared
responsibility implies freedom from personal accountability but
also a surrendering of individual control. This can be a problem
for those who associate innovation with accountability of actions
linked to the specific actors within the network. It also can
challenge the demand-pull concept of innovation which relies
on the motivation to innovate in order to achieve and exploit
the Intellectual Property rights and would require being able
to preserve one’s unique vision rather than achieving consensus
and compromise:

“Science, well, especially the multi-reviewer type of things, tend
to be very democratic and sort of regressing to an average, so
you have to find the common denominator between the different
reviewers, and thats—for radical innovations—that’s tough.”
(Researcher, CM)

In short, societal engagement is a manifestation of Responsive
responsibility because it creates conditions for consensual and
collective decisions within the network. It is a process-oriented
responsibility, one which is open to criticism of ignoring the
pragmatic difficulties of making any powerful innovation work
in practice.

DISCUSSION

Our research examined the discourses of stakeholders currently
engaged with food R&I. Through thematic analysis we identified
coherent accounts about what constitutes responsibility and
mapped these to four distinctive rationales of responsibility.
Each rationale is characterized by a specific R&I governance
arrangement which emphasizes either the process of R&I or
its outcomes, implies different roles for societal engagement,
and promotes alternative methods for assessing responsibility.
Table 2 summarizes the classification and the associated policy
implications. These to a large extent echo Pellizzoni’s typology

of responsibility. To some extent they also reflect the typology
created by Glerup and Horst (2014), who, based on their
review of 263 published articles (albeit not within food R&I),
have highlighted process vs. outcome-focused assessment of
responsibility as an important dimension in their typology.

Our results suggest that being responsible means not just
implementing one rationale of responsibility but balancing
many—a kind of “meta-responsibility” (Stahl et al., 2013)
that indicates potentially competing models of food R&I
governance. The diverse rationales discussed by the participants
co-exist across the three cases. Within each, Accountability
and Impact are recognized as current drivers of food R&I
governance. The participants link this to the concentration of
investment in research areas most amenable to quantifiable cost-
benefit assessments, and in turn, R&I being increasingly held
responsible for economic growth, research output exploitation
and furthering of commercial interests. The participants
recognized that such reductive understandings of responsibility
are particularly problematic within the R&I relevant to building
a socially fair and sustainable food system, as it needs to recognize
uncertainties, co-dependencies and values that go beyond
the quantifiable metrics. Both Reflexivity and Responsiveness
rationales articulate these uncertainties and inter-dependencies,
locating responsibility not within a single individual but
either within the collective conscience of innovators and
researchers or within the wider network of food actors. Both
rationales seem to endorse “technology of humility” (Jasanoff,
2016): within Reflexivity rationale, it is explicitly linked to
the ethical deliberation of those directly involved in R&I;
within Responsiveness rationale, this is done through societal
engagement with those sitting outside the research community.
The participants unequivocally recognized the need for cultural
embeddedness of ethical and social deliberation within R&I
for a sustainable food system that recognizes responsibility as
an emergent property of the food R&I network. The process
of R&I and the attendant responsibilities will cease to rest
with Foucault’s “responsibilized” individual stakeholders (Lemke,
2015), but with the network of relationships connecting them,
echoing May (1992) and Youngs (2006) Social Connection
Model of responsibility. Young argued that structural injustice
can emerge as a consequence of actions of many individuals
and institutions within a network, each acting in pursuit of
their particular goals and interests within the norms of their
institutions. Even when the actions of each individual are clearly
compliant with these rules and norms, the system itself might
nonetheless generate unintended outcomes, which cannot be
traced back to any individual. Our study suggests that the
challenges of food R&I for a sustainable food system require
a greater recognition of different rationales of responsibility,
echoing these arguments. This does not mean removing
accountability as a backward-looking rationale for adjudging
responsibility, but asks of all actors within the network to
anticipate how accountability as one of key rationales of
responsibility frames the problem and the possible solutions,
inadvertently obstructing transformation toward sustainable
food system. The forward-looking assessments of responsibility
(Responsiveness and Reflexivity) shift the focus toward greater
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TABLE 2 | Rationales of responsibility in the context of food R&.

Rationales
of
responsibility

Responsible to
whom

Governance of R&l

Relationship between society and
R&l

Methods for assessing
responsibility

Accountability

Describes researchers
contractual obligation
to those who
commission, fund and
evaluate their work as
reflected in
principle-agent R&l
governance.

Process-oriented R&!
governance

Focuses on processes of
accounting based on
pre-agreed measures.

Impact Responsibility to those Output-oriented R&I
who stand to benefit governance
from R&l—users and Links R&I to explicit
consumers. measures of impact as
reflected in the
innovation-oriented
science governance.
Reflexivity Responsibility to the Output-oriented R&I
collective identity of governance
science as ethical Focuses on social justice
institution. and fairmess as outcomes of
reflexive engagement with
the societal challenges R&!
are tackling.
Responsiveness  Responsibility to Process-oriented R&!

society as a network
connecting all actors
within the food system.

governance
Oriented toward
democratizing scientific
processes through equality
of opportunity offered to all
to influence and shape
technology for the future.

Social contract between society and
science managed through a nexus of
institutions established to ensure
transparency in the governance of
Ra&l, in keeping with the social
contract.

No explicit requirement for the
engagement of society — different
institutions (e.g., retailers, funding
agencies) act as the guardians of
societal interests.

Relationship with society is through
demonstrable impact, primarily in the
ability of R&l to generate economic
and user benefit.

Engagement as user or consumer,
rather than as citizen — thus,
engagement is further downstream,
and is open only to those who have
vested interest in the innovation.

Does not mandate societal
engagement as it is not considered a
necessary part of ethical reflexivity.
The lack of societal engagement is
morally justified by the assumption
that optimal outcomes (ethically,
socially) will result from the un-biased
deliberation of those with the best
access to knowledge.

Shared decision-making and
co-production of solutions: empowers
society to actively contribute to the
shaping of innovation and research at
the earliest stages of R&l cycle of

Backward-looking evaluations of
responsibility, assumes an ability to
identify causal factors for any
shortfalls in the process of R&l.
Approximates a legal concept of
responsibility as liability for
consequences resulting directly from
research process and traceable to
individual actors in the system.

Backward-looking evaluations of
responsibility in terms of identifying
causal pathways and researchers’
explicit goals that are traceable to the
impact.

Forward-looking evaluations of
responsibility, evaluations of the
hidden condiitions that shape and
propel research and innovation, which
may produce injustices in the future.

Forward-looking evaluation of
responsibility as reflexivity and
collective dialogue about our future
and different paths it might take.
Openness to pursue different options

for the future based on
collective reasoning.

priority and agenda setting.
Collective responsibility for research
and innovation process itself through
reasoning together. The complex
socio-technical system is
characterized by inter-dependency of
actors and their actions—and this is
what creates conditions for

collective responsibility.

clarity about the intentions and motivations underpinning R&I
for sustainable food system; and broaden the framing through
which future impacts are evaluated. Therefore, responsibility
allocations within a complex food system network should be
concerned both with the backward-looking (Accountability and
Impact) and forward-looking (Reflexivity and Responsiveness)
assessments of responsibility aimed not at assigning blame but
ensuring future justice for all. Of course, it remains an empirical
question how the governance that advocates that the focus
on accountability and impact is complemented by reflexivity
and responsiveness might be implemented in practice. Strong
governance frameworks specifying procedural aspects including
inclusiveness and representation, overseen by clear frameworks

of accounting, may be needed to provide oversight and control
against vested interests usurping governance processes (Kraak
etal., 2014).

Our study has some limitations. Some categories of
stakeholders were more prevalent or accessible than others, and
whilst we made efforts to equally represent different stakeholders,
this was difficult to achieve. Despite these constraints, it was
nevertheless thought less important to equally represent different
categories of stakeholders because their categorization and roles
varied between R&I domains in ways that made operationalizing
these definitions problematic. Rather, it was thought more useful
to differentiate on the basis of which types of stakeholders
were currently described as influencing research from within
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the research process and which were described as existing
outside it and requiring access via gatekeepers in order to exert
influence. Arguably, with scientists now sitting on funding
councils, advising policy makers and consulting for industry,
the most significant boundary to be examined no longer lies
between the institution of science and everything else. A more
useful way to examine the roles of responsibility within food
R&I and the concomitant governance processes may be to
juxtapose those stakeholders who are currently part of the
extended professional infrastructure involved in R&I—not just
researchers, but funding bodies, policy makers, industry— with
those who are not, for example groups in wider society, and this
differed by project.

CONCLUSIONS

Responsibility needs to be re-imagined as a matter of social
negotiation; R&I as achieving legitimacy through ethical
and social deliberation, aimed at what is (socially, ethically,
environmentally) desirable, rather than merely accountable. Our
mapping of responsibility rationales as they specifically play
out in the context of food R&I, and the identification of
the key criteria on which these rationales are differentiated
provides a basis for systematic application of these criteria to
the specific instances of food systems R&I governance and for
future joint decisions, within the food network, about the ways to
allocate responsibilities.
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Malnutrition among children of school-going age is a challenge of serious concern in
developing countries especially Sub-Saharan Africa. Many programs focus on mothers
and under-5-year-old children, leaving the school going age unattended. It has been
shown that school meals can reduce school absenteeism, improve concentration in
class and reduce early dropouts. In Tanzania, successful home-grown school feeding
programs are localized in few areas but have not been scaled-out. The objective of
this study was to analyze the policy and organizational environment which enables or
promotes home-grown school feeding approaches. The study consisted of a systematic
review, key informant interviews and focus group discussions in Arumeru and Babati
Districts, Tanzania. In total, 21 key informant interviews with 27 participants and 27 focus
group discussions with 217 participants were conducted. The results show that Tanzania
lacks a clear policy on school feeding; there are no guidelines for school meal quality,
participation in school feeding programs is not mandatory, leading to many students
being left out and going hungry. Students in private schools tend to be better off than
those in public schools in terms of provision and quality of school meals. We recommend
that policies and practices are developed based on positive experiences of home-grown
school feeding programs implemented in Tanzania by the World Food Programme and
Project Concern International and emphasize that these policies need to be developed
in a multi-sectoral manner. A conceptual framework for improving home-grown school
feeding in public schools in Tanzania highlights four critical components: leadership and
public awareness; operational modalities; contributions from parents; and meal diversity
and nutrition. The home-grown school feeding model provides mechanisms to improve
diversity of meals and their nutritional value, increase participation of communities and
inclusion of students. Parents will still be responsible for the largest part of food supplies,
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but the model also requires participation of multiple stakeholders, and provision of natural
resources such as land and water by the local government for production of nutritious
food for young students. Minimum levels of social protection are recommended to ensure
that no student is denied school meals.

Keywords: supply chains, food system, behavior, vegetables and fruits, dietary diversity, farm to school

INTRODUCTION

Despite the progress made towards ending hunger and
malnutrition, more than 820 million people are still
undernourished globally (FAO et al.,, 2019). School-age children
are often left out as many nutrition interventions focus on
combating malnutrition during the first 1,000 days of a child’s
life starting from conception. The World Food Programme
(WEFP) estimated that there at least 66 million primary school-
age children who attend classes across the developing world
who are hungry, with 23 million in Africa alone (WFP, 2015).
Furthermore, studies on the nutritional status among school
children revealed high levels of malnutrition and micronutrient
deficiencies in primary schools in 76 countries (Best et al., 2010)
and underweight in secondary schools in India and Nigeria
(Banerjee et al., 2011; Omobuwa et al., 2014).

Malnutrition in children is associated with a broad range of
adverse functional and developmental consequences, including
delayed motor development and impaired cognitive function
if it occurs during the formative years resulting in low
school enrolment rates, higher school absenteeism, and poor
performance among school-going children (Bundy et al., 2009).
If allowed to continue, malnutrition will seriously undermine the
achievement of several United Nations’ Sustainable Development
Goals related to ending poverty, ending hunger and achieving
food security, ensuring healthy lives at all ages, and achieving
inclusive and equitable quality education.

Despite nutrition enhancing efforts to date, malnutrition
continues to be a major issue of concern in Tanzania. The
country has one of the highest malnutrition burdens in East
and Southern Africa, threatening not only individual lives but
the next generation’s economic advancement in lost educational
achievement, lost income, and lost opportunities. About one-
third of the population is malnourished, while under-weight and
wasting among children is high (CIAT and WorldBank, 2017;
Teblick et al., 2017). An estimated 450,000 children in Tanzania
are acutely undernourished or wasted, with over 100,000
suffering from the most severe form of acute undernutrition
(IARAN, 2017). Several studies conducted in Tanzania (Kinabo
et al,, 2016; Ochieng et al., 2017; Kejo et al., 2018) have primarily
focused on children (0-59 months) and women of reproductive
age. While this age group is presumed to be the most susceptible
to under-nutrition, the lack of data on older children (primary
school age) can mask the rate and importance of malnutrition
in the group. Undernutrition levels for children are dropping
though, from 50% stunting in 1991-1992 to 34% stunting in
2015-16 to 31.8 in 2018 (MoHCDGEC et al., 2016, 2018).

School feeding programs have increasingly gained recognition
in developing countries due to their triple role, acting as

a productive safety net to improve nutrition for children
in the short-term, increasing enrollment and attendance
rates, and supporting livelihoods for farmers who supply
produce to schools (NE, 2018; PCD, 2020). Today, an
estimated 368 million children worldwide are fed daily at
school through school feeding programs (WEP, 2013). The
Tanzanian government has been concerned about the health
and nutritional status of primary school children, realizing
that there is a relationship between nutritional status and
school attendance (Sanya, 2015). High absenteeism, lack of
concentration in class and early dropouts are the results of
short-term hunger among the school going children. About
50-70% of the students go to school without breakfast and
they do not get any meal during school hours. Hunger
can have serious consequences in the long run, such as
stunting, diminished cognitive abilities, reduced school
performance, increased morbidity, and mortality rates. All
these effects can adversely affect productivity, income, and
national development.

In Tanzania, school feeding programs have mainly been
led by WFP with minimum involvement of the government
through the Ministry of Education and Vocational Training
(Sanya, 2015). In most cases school feeding programs have
targeted areas with high poverty and school drop-out rates, poor
primary school performance, and high levels of malnutrition.
WEP started implementing school feeding programs in three
regions in Tanzania in the year 2000: Dodoma, Arusha, and
Singida. In 210 schools, 72,120 day scholars were given porridge
in the morning break and lunch in the afternoon (URT, 2013).
Oganga (2013) reports that by 2013 school feeding programs
extended to Shinyanga, and Singida Regions, covering a total of
1,166 schools in 15 districts with a total of 601,572 students. In
2003, the New Partnership for Africa’s Development (NEPAD),
launched home-grown school feeding (HGSF) in Tanzania
supported by WEP and other international organizations (WEP,
2017). HGSF programs have been described as cost-effective
school feeding programs using food that is locally grown
by smallholder farmers, creating triple win action improving
diets, enhancing school attendance, and improving farmer
livelihoods (DevelopmentInitiatives, 2017). In some schools,
parents contribute foodstuffs from their farms to the school to
feed their children directly. In other cases, parents contribute
money to enable the schools to purchase foods from the local
markets. Some trade-offs defined by Bundy et al. (2009) of HGSF
indicate that it requires community involvement, which is less
required with alternative feeding programs such as snacks, high
energy biscuits or take-home rations. FAO and WFP (2018)
mention that the major risks associated with HGSF are assessing
and managing food safety and quality, while also mentioning
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challenges related to ensuring constant supply. Some private
schools provide a midday meal throughout the school year at a
relatively low cost, with similar objectives as the school feeding
program (Musamali et al., 2007).

Similar to HGSF programs is the Farm-to-school (F2S)
approach which is often used in developed country contexts.
F2S is defined as an approach that connects schools and local
farms with the objectives of serving locally produced healthy
foods in schools, improving student nutrition, providing
health and nutrition education opportunities and at the same
time supporting farmers (FIC, 2018; Christensen et al., 2019).
Local food procurement, nutrition education, and school
garden development are some of the basic elements that
characterize F2S networks (FIC, 2018). While school feeding
was pioneered by Brazil in 1953, the application of a new
law in 2009 made it mandatory for 30% of federal budgets
for school feeding to be used to purchase from local family
farmers. This in turn inspired Brazil to develop the Purchase
from Africans for Africa (PAA) pilot program to promote
food security and economic inclusion in rural areas (Beltrame
et al, 2016). The F2S movement has grown rapidly over the
past two decades (Chabite et al., 2018; FIC, 2018). In Africa,
this concept has been adapted into the HGSF program, which
combines the objectives of a traditional school feeding program
(e.g., educational, nutritional, or social safety nets outcomes)
with the additional goals of homegrown aspects (smallholder
farmers’ access to a stable market). HGSF was piloted by WFP
in collaboration with the Government of Tanzania and other
partners including Plan Concern International (PCI) between
2011 and 2016 (WEP, 2016).

The overall aim of this study was to review the enabling
environment for home-grown school feeding programs in
northern Tanzania, and to identify ways of scaling out
feasible programs that will benefit more students and farming
communities. Specific objectives were to:

e Assess the current policy environment, other influencing
factors and capacity to plan and deliver nutritious school meals
for school-aged children.

e Carry out a comprehensive analysis of the institutional
settings in the different locations, current public procurement
mechanisms and costing frameworks at school level.

e Review existing programs in Tanzania in which school feeding
is linked to food supply chains in the community; find
opportunities to intervene where more food diversity from
farmers could be introduced; assess the suitability of a HGSF
program in Tanzania with a workable food procurement
approach that can be scaled out.

METHODS

Literature Review

A literature review was conducted to review the policy
frameworks regarding school feeding programs in Tanzania,
to understand the institutional settings in selected locations
in northern Tanzania, current livelihood and food security
contexts, nutritional aspects, public procurement mechanisms,

and costing frameworks capturing fixed and recurrent
costs incurred at school level. The screening process was
based on the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) (Moher et al,
2009). The materials included in the review were mainly
searched electronically with the Google internet based
search engine using keywords such as home-grown school
feeding programs; school meals; public or institutional food
procurement; value chain; gender; nutrition; biodiversity;
food for education; food procurement; Tanzania; and
developing countries. Published and gray literature, relevant
reports, national databases, policy documents, and strategies
were reviewed.

Informal Interviews

Information gaps were filled using focus group discussions
(FGDs) and key informant interviews (KII). FGDs and
KIIs were also used to explore household food security
gaps and opportunities for school meals to introduce
traditional local foods. The participants in the study
comprised of community leaders (elders, representatives
of farmer associations, policy makers in government
or NGOs, market- and value chain actors) and schools
(students, headmasters, procurement officers, caterers) and
representatives of parent-teacher associations and school boards
and committees.

KIIs were used to gather information from the representatives
of the government departments and NGOs, the head teachers,
representatives of farmer groups and extension officers.
Questionnaires were used to obtain in-depth information on
the existing policy framework for school feeding programs
and market opportunities for establishing farm-to-school
networks. The interviews were conducted at district level
with the government officials and at school or village level
for school and community representatives. A few interviews
were conducted with purposively selected relevant partners.
Plan Concern International (PCI) was selected because of
its experience in school feeding and the earlier mentioned
piloted HGSF programs in Tanzania. The Tanzania Food
and Nutrition Center (TFNC) was selected because of its
national mandate to provide guidelines, education and
community awareness on food and nutrition. In total,
21 KlIs with 27 participants (15 men and 12 women)
were conducted.

A focus group discussion guide was prepared to direct the
discussion with each group consisting of 6-12 participants. FGDs
were conducted at school with teachers, parents and student
representatives separately. Only schools that provided meals at
schools were included in the study. To cover the entire spectrum
of schools, interviews were carried out in: primary public and
private schools, secondary public and private schools as well as
schools with special needs. In each of these categories, one school
was randomly selected to be included in the study in each district.
A total of 10 schools were included in the study and a total
of 27 FGDs with 217 participants (104 male and 113 female)
were conducted.
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Study Sites

The study was conducted in Arumeru and Babati Districts. In
Arumeru District, the study focused in Meru District Council
(Meru DC) while in Babati District the study covered both Babati
Town Council (Babati TC) and Babati District Council (Babati
DC). Both districts, located in Northern Zone of Tanzania, which
are rich in biological diversity, have agro-ecological zones and
sufficient rain suitable for growing a diverse range of crops. In
both areas, agriculture is the largest source of employment and
income with most farmers practicing subsistence agriculture on
a mixed crop-livestock production system. The locations of the
study areas are indicated in the map of Figure 1.

Data Analysis

Audio recordings of the interviews were made using digital
recorders to complement the notes taken during the interviews
and discussions. The recordings were transcribed following the
Gisted transcription approach (Paulus et al., 2013) prior to
analysis. The transcripts were anonymous. Gray literature as well
as other collected qualitative data were analyzed by using direct
content analysis (Hsieh and Shannon, 2005).

Ethical Considerations

This study was approved by World Vegetable Center’s
(WorldVeg) Institutional Bio-safety and Research Ethics
Committee (IBREC) on 2 November 2018. Permission to
conduct the study was obtained from Local Government
Authorities (LGAs). A written informed consent was obtained
from the KlIIs and FGDs participants. Enumerators explained
the purpose of the research and confidentiality issues to the
respondents. Participants signed a consent form prior to the
interviews or discussions.

Study Limitations and Risks

No interviews with the national government officials were
conducted due to issues of accessibility. However, attempts were
made to obtain similar information through desk review of gray
literature as well as KlIs interviews with partners who have
worked with the government in school feeding programs.

RESULTS

Policy Environment

The persistent prevalence of malnutrition did not feature high
in the Tanzania Development Vision 2025, which was developed
in the nineties. There have been inadequate institutional
arrangements in place at national and local authority levels for
nutrition (SavetheChildren, 2012) but Tanzania has benefited
from bilateral development programs in recent years, funded by
USAID, EC, and other donors, aiming to tackle malnutrition. The
low prioritization of nutrition has for a long time been evident by
the shortage of district and regional coordinators for nutrition
in many areas, the poor coverage of many key nutrition services
and the slow progress in reducing school child malnutrition, such
as promotion of school feeding programs and good nutrition in
schools (URT, 2013). In Tanzania, many policies were formulated
during the 1990s and only two policies were formulated earlier

than 1990, i.e., the National Agricultural Policy and National
Science and Technology Policy. In 2000, some of the policies were
reviewed and others are currently being reviewed. Policy review
in the country takes a long time and some have been under review
for more than 5 years, including the Food and Nutrition Policy
(SavetheChildren, 2012).

In this study, different policy and strategic documents related
to food and nutrition were reviewed in order to understand the
plan, strategies, and implementation of school meals programs;
an overview of policies that are related to nutritional issues is
presented in Table 1. The documents discuss general nutritional
issues and strategize how to combat malnutrition focusing on
children under 5 years, women and adolescents. It becomes
clear that most reviewed policy documents have incorporated
nutritional issues but not necessarily related to school meals
programs; it is only from 2010 that school feeding starts to
be mentioned in five different policy documents. When school
meals are mentioned, it is mostly in the context of primary
schools. Some policy documents that mentioned school meal
programs include: National Multisectoral Nutrition Action Plan
(NMNAP); Education and Training Policy; National Strategy
for Growth and Poverty Reduction (MKUKUTA 1II); Tanzania
National Nutrition Strategy; and Education Circular No. 3 of
2016. Although the issue of school meals has been mentioned,
it has received very little support.

The review also revealed that there are limited statements on
inter-sectoral collaboration during planning and implementation
of policies. This may lead to one sector not knowing what other
sectors are planning to implement; overlap of activities with
suboptimal allocation of resources; while leaving other activities
unattended such as school meal programs. An exception is the
National Multisectoral Nutrition Action Plan (URT, 2016) which
has placed strong emphasis on improving nutrition of children,
adolescents, women, and men in Tanzania, using an approach
involving many stakeholders within and outside the government.

Characterization of School Meal Programs

in Meru and Babati Districts

Almost all schools in Arumeru and Babati Districts had some
form of school feeding program. In Arumeru District, 152
out of 162 public primary school had some form of feeding
program. At the time of visit (2-3 weeks after school opened
from long year-end holidays), some schools were still mobilizing
contributions from parents. At the time of visit, 52 out of
143 schools in Babati District were operating some form of
school feeding, while the rest of the schools were still struggling
to mobilize contributions from parents. The school feeding
program varied from one school to another depending on
whether they were public or private, and whether they were
primary or secondary schools. With a few exceptions of donor
support, public schools did not have established kitchens. Some
of them used temporary wooden structures roofed with iron
sheets. Private schools had well-established kitchens. The feeding
program for public schools was coordinated and operated by
parents through their own established committees. Members of
school food committees were nominated in a parents’ meeting.
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FIGURE 1 | Map of Tanzania with administrative boundaries indicating the study areas in red circles. Source: OPNO (2020).

The roles and responsibilities of the school food committee
included: raising contributions from parents either in monetary
terms or in kind; procuring food in case parents contributed
in monetary terms; storing the collected or purchased food;

hiring cooks; supervising the preparations and distributions of
food; issuing meal coupons to students whose parents have
contributed; liaison with heads of school (HoS) and the Local
Government Authority (LGA) about the school feeding program.

Frontiers in Sustainable Food Systems | www.frontiersin.org 60

February 2021 | Volume 5 | Article 621608


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Roothaert et al.

School Feeding Programs in Tanzania

TABLE 1 | Policy content covered in relation to nutrition and school meals.

Policy document and year of
publication

Aspects related to nutrition

Aspects related to school meals

Food and Nutrition Policy for
Tanzania, Published in July 1992

Child Development Policy, Published
in October 1996

National Science and Technology
Policy for Tanzania, Published in April
1996

Community Development Policy,
Published in June 1996

Women and Gender Development
Policy, Published in 2000

National Population Policy, Published
in 2006

National Youth Development Policy,
Published in December 2007

National Strategy for Growth and
Poverty Reduction (MKUKUTA 1),
Published in July 2010

Tanzania National Nutrition Strategy,
Published in 2011

National Agricultural Policy, Published
in October 2013

Sera ya Elimu (Education and Training
Policy), Published in 2014

Tanzania Food and Nutrition
Center-Strategic Plan, Published in
October 2014

National Multisectoral Nutrition Action
Plan (NMNAP) July 2016-June 2021,
Published in October 2016

Education Circular No. 3 of 2016
(Waraka wa elimu namba 3 wa
mwaka 2016 kuhusu utekelezaji wa
elimu msingi bila Malipo)

National Health Policy, Published in
2007. The National Health Policy of
2017 (6th Draft)

Malnutrition; food security; diseases; nutrition education; care; child nutrition;
maternal nutrition; school children nutrition

Nutrition knowledge; awareness; education (recognizes nutrition to be an important
factor for child growth and survival)

Achievement of food self-sufficiency; security; improvement of methods of preparing,
drying, preserving and handling food to ensure nutritive values, palatability, and
reduction post-harvest losses

Nutrition knowledge, awareness, education (recognizes nutrition to be one of the
indicators that can be used to show the levels of development and welfare in
communities)

Nutrition knowledge; awareness; education (recognizes good care to be necessary
for nutrition well-being of women and children)

Infant mortality as they relate to better health care; food security; water and
sanitation; food and nutrition education; controlling micronutrient deficiencies; cultural
barriers related to nutrition

Nutrition knowledge; awareness; education (recognizes good nutrition to be among
the necessary rights for the youth)

Malnutrition; food insecurity; diseases; nutrition knowledge, awareness and
education; high dependency ratio; child growth and development; maternal nutrition

Dietary improvement in schools, hospitals, orphanage, prisons, and other institutions

Production of nutrient dense crops; disease burden to households that hampers food
and livelihood insecurity; enhancement of food security through production of
sufficient quantity and quality foods; monitoring trends of food security

Education on environment and public health (diseases, malnutrition)

Malnutrition; food security; diseases; nutrition education; care; child nutrition;
maternal nutrition; school children nutrition; nutrition information system; nutrition
knowledge, awareness, education (recognizes nutrition to be an important factor for
child growth and survival)

Maternal, Infant, Young Child and Adolescent Nutrition (MIYCAN); promote optimal
intake of essential micronutrient; Integrated Management of Acute Malnutrition
(IMAM); prevention and management of Diet Related Non-Communicable Diseases
(DRNCDs); promote multisectoral nutrition sensitive interventions; strengthen
multisectoral nutrition governance; establish a multisectoral nutrition information
system

None

Malnutrition; diseases; care of children and the sick; maternal nutrition; child growth
and development; food quality and safety at all stages; environmental health and
sanitation; water quality and safety

None

None

None

None

None

None

None

School meals programs: implement
school feeding programs at all levels
in public schools with community
involvement

Requires that public and private
schools should provide meals with
appropriate dietary content

None

Mentions that the government will
ensure that basic services including
nutritious foods are available in
schools and colleges

None

Mentions school feeding and school
gardens in primary and secondary
schools without further details

Specifies that parents and teachers
together should design and
implement their own school feeding
programs.

None

Updated from SavetheChildren (2012).

Some school food committees operated bank accounts for the
funds raised for the school feeding program. Out of six visited
public schools, only two school food committees had opened
and operated bank accounts. For the majority of school food
committees, the raised funds were physically kept by a designated
committee member appointed by parents. This did raise issues
of trust, leading to some parents being reluctant to contribute,

worrying about safety of funds among other reasons. In private
schools, the school feeding program was mainly operated by
directors or owners of schools rather than school management or
other committees. In these schools, the school feeding program
was mandatory. The majority of such schools issued school fees as
a package without necessarily providing a break down for the cost
of food. It was clear that at private schools, parents were more
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concerned with the academic performance of students than the
meals they took at school, as they assumed that the school meal
program was adequate. General differences observed between
public and private school feeding programs are summarized
in Table 2.

In general, the school feeding program was regarded as highly
important by teachers, students, and parents. Although many
parents in public schools were reluctant to contribute, they still
wanted their children to eat at school. Teachers, parents, and
students mentioned various important reasons why they valued
feeding programs in public schools:

e Distance—some students come from far away, walking up to
7 km to school. It is difficult for these students to go home for
lunch and come back again for the afternoon sessions. Other
students become hungry because of walking long distances
to school.

When students eat at school it is easier to adhere to the school
timetable than when students go home for lunch. Some would
return to school late after lunch or not come back until the next
day. Those going home for lunch may not find anything to eat
as parents may not be home yet.

To reduce the burden to students of preparing food on their
own in the afternoon when their parents are still working in
farms or in their businesses.

Increasing attendance—students who are not guaranteed food
at home come to school to eat. Many students live with poor
grandparents who cannot afford food even for themselves. In
some schools it was estimated that up to 50% of students lived
with grandparents.

Increase academic performance—students who have eaten
have higher levels of concentration. Without lunch, afternoon
classes are not attentive.

Many students are adolescents who need to eat frequently and
cannot stay the whole day without eating.

Generally, the importance of school feeding programs cannot be
overemphasized. Teachers considered school feeding as a basic
human right considering that when students do not eat their
mental cognition process slows down.

Contributions and Food Purchases for

School Feeding Programs

Most schools made ad hoc food purchases from local markets.
With the exception of one private school, there were no
contractual arrangements with traders or farmers. Table 3
presents the procurement modalities of the school feeding
programs for different schools visited in this study. School
feeding programs in public day schools is governed by parents
through their own established food committees. Teachers were
not directly involved in the school feeding program for many
reasons including the lack of trust from parents. Teachers
illustrated this lack of trust by quoting parents: “you are a teacher
and your job is to teach; why do you bother about contributions
for meals?” Parents feared that teachers would gain financially
or in kind from the school feeding program. Teachers, on the
other hand, mentioned that they should not be involved in

school feeding programs as stated by the government. There were
challenges after the introduction of free basic education system
as contribution of food for school feeding was not mandatory.
As a result, school food committees and HoS had to spend a lot
of time and energy raising awareness and mobilizing parents to
contribute for school meals.

At public day schools, teachers were involved in sensitization
and awareness raising of the school feeding program, as well as
sourcing wood and water for cooking, maintaining the kitchen
and storage facilities. They also helped preparing lists of students
whose parents had contributed or paid for food. In some schools,
teachers and student leaders helped the school food committee
with the daily food issues such as rationing, preparing, and
serving food to students. However, in other schools, teachers were
completely withdrawn or excluded from participation.

In terms of contributions to the school feeding program, there
were two main approaches; (1) contribution in kind plus some
cash for hiring cooks and purchase of cooking oil, salt, sugar, and
other supplies; and (2) contribution in monetary terms only. In
all private schools (primary and secondary), contributions were
in monetary terms only as part of a mandatory fee, but parents
were not aware how much exactly was allocated for food. In the
majority of public day schools, in kind contributions plus some
cash was practiced, while in a few schools contributions were
made in monetary terms.

There was no standard for the amount of food required for
each student. As a result, the contributions in kind or in monetary
terms varied greatly among schools. As seen in Table 3, in-kind
contributions in public schools varied from 20 kg of maize, 5 kg of
beans plus TZS 6,000 (USD 2.61) per year to 40 kg of maize, 20 kg
of beans plus TZS 30,000 (USD 13.04) per year. Contributions in
monetary terms at public schools ranged from TZS 36,400 (USD
15.83) to TZS 100,000 (USD 43.48) per year. Converting these to
total monetary value using average wholesale prices of USD 0.20
per kg of maize and USD 0.70 per kg of beans (FEWSNET, 2018),
contributions ranged from USD 10.10 to USD 35 per student.
This variability raises the issue of how much food is required per
student per year.

Schools sourced food in various ways. Private schools sourced
food directly from farmers, especially during harvest season when
prices were relatively low. For instance, three of the private
schools visited in January 2019 had a stock of food that was
acquired in July 2018. Also, some private schools had relatively
large plots and contracted farmers or hired causal laborers to
produce food. One school produced maize, beans, vegetables,
banana, and cattle for beef and had its own milling plant. In case
of deficit the school purchased food from nearby farmers. Public
day schools, on the other hand, could not take advantage of food
price fluctuations and bulking during the harvest season because
of irregular monetary contributions. Even when they were able to
purchase or collect food in bulk, they lacked storage facilities.

Access to School Meals

For public day schools, not all students benefited from the school
feeding program. With the exception of a few schools, eligibility
for the school feeding program was based on contributions. For
public schools with boarding facilities, the food cost for the

Frontiers in Sustainable Food Systems | www.frontiersin.org

62

February 2021 | Volume 5 | Article 621608


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Roothaert et al.

School Feeding Programs in Tanzania

TABLE 2 | Public versus private school feeding programs.

Public schools Private schools

1. Operated by school food committees
formed by parents.

Operated by the director who often is
the owner of the school.

2. Limited involvement of teachers. High involvement of Head of School

and teachers.

3. Food is procured by the school food  Food is procured by the school
committee. director.

4. Contribution is non-mandatory. Contribution is mandatory. Parents
Parents decide whether or not to pay as part of school fees.
contribute or whether or not to have a
school feeding program.

5. Parents contribute food either in kind ~ Parents contribute in monetary terms.
or in monetary terms or both.

6. Not all students eat at school. All students eat at school.

Eligibility is based on contribution.

boarding students was included in the government budget but the
food cost for the day students wasn’t. Students whose parents had
paid for the school feeding program were given meal coupons.
Most students who didn’t contribute to the school feeding
program had poor parents or were raised by poor grandparents.
It was mentioned during the FGDs though that students whose
parents were unable to contribute were the ones who needed it
most as they were not assured of any meals at home. Students
who were part of the school feeding program felt sad for their
friends who were excluded. It was hard for them to eat in front of
friends who were hungry, and sometimes they shared their food.
During the school interviews, researchers saw some students
lying lethargically in the grass while others were eating.

Surprisingly, not all parents who had not paid were unable
to pay. Students who participated in FGDs estimated that about
a half of parents whom they knew had not paid were actually
able to do so. It could be that they were not paying because
they expected that food would also be provided for free after the
introduction of the free basic education system. Also, it was learnt
that parents were more willing to contribute food in monetary
terms for students enrolled in secondary school than those in
primary school. For primary schools, parents seemed to prefer
to contribute food in-kind rather than in monetary terms. The
willingness to pay for meals in secondary schools originated from
being used to pay for secondary school fees and meals before the
introduction of the free school system. Value of contributions for
school meals in the two secondary public schools ranged from
USD 35.04 to USD 43.48 and in the two primary schools from
USD 10.11 to USD 18.61, including in kind contributions. All
students with special needs in the special education schools had
access to meals.

Quality of School Meals in Tanzania

Ochola and Masibo (2014) point out that school-age children
in developing countries are mainly consuming plant-based diets
which are predominantly derived from cereals, roots and tubers,
and limited animal source foods and that this dietary pattern
is especially common in rural communities. Cereal meals are

the most important sources of energy while dairy products
are missing from the diet. They mention that in Zambia
school meals are mainly stiff cereal porridge and beans, while
green vegetables were rarely consumed. In some schools, pupils
produce vegetables for their lunches from school gardens, but
a challenge is the integration of class activities and school
gardening programs.

Information on the composition of school meals in Tanzania
is very scarce. Very few studies have been conducted to assess
the type and quality of meals provided in schools (Muhimbula
and Zacharia, 2010). Oganga (2013) carried out one of the
few studies and found that the meals provided to pupils in
Chamwino District of Dodoma Region did not meet their
nutrient requirements (Table 4). The results show that the meals
provided in the beneficiary schools are not adequate to meet the
pupils’ daily nutrient requirements. Main foods provided were
stiff maize porridge (ugali) and pigeon pea as energy and protein
sources, respectively. Besides, Sanya (2015) concludes that the
quality of food provided to pupils in Tanzania is low. Her study
of the impact of school feeding on student attendance in schools
in Kiteto District Tanzania show that 97% of the pupils were
not satisfied with the food which they ate every day. The food
provided, however, was common for all schools. Kande (mix
of maize and beans), ugali and beans were consumed during
lunch time. The main cause of this poor quality of food was
poor parents’ contribution and lack of government support of the
implementation of this program. Only 40% of the parents were
able to contribute maize and beans for their children at schools
and the others weren’t due to poverty.

School Gardens and Other Agricultural
Activities at the Schools

Most schools in Arumeru District had vegetable gardens. Details
about their school gardens, types of meals provided, types
of food served, rations, availability of vegetables and fruits,
and considerations for nutritious foods are shown in Table 5.
However, during the time of this study, most school gardens
were not yet operational after the long end of year holidays.
In one case, a well-functioning garden was too small to feed
all students. This school also kept poultry and a fish pond as
a separate business rather than for food for students. It was
reported that students in this school once suffered from scurvy
due to shortage of vitamin C which prompted the establishment
of a vegetable garden. In Babati District, only one school had
a vegetable garden, produced maize, beans, and bananas and
kept cattle for beef. The school was self-sufficient regarding the
vegetables and food crops for the school meals.

Nutritional Aspects of School Meals in the
Study Area

The type and frequency of meals varied among schools. Some
non-boarding schools provided two meals (porridge during
the morning break time and a meal in the afternoon) while
others provided just one meal in the afternoon. If breakfast was
provided, it was during the morning break and consisted of maize
porridge. In boarding schools, three or four meals per day were
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TABLE 3 | Procurement modalities of food for school feeding programs.

School Nature of Overseer of Procurement of Financing Nature of contributions  Source of food Eligibility for school Proportion of students Distribution of
school school feeding food meals taking school meals food to
program students
Meru District Council
School 1 Public primary  School food School food Contributions from  In-kind (maize 32 kg, beans Direct contributions ~ Students whose All (301) students Non-selective
school committee of committee of parents 8kg) plus TZS 15,200/year  from parents parents contributed irrespective of contributions
parents parents
School 2 Private primary  Director (owner of Director (owner of Parents pay as part Monetary contributions, TZS Purchased from Students whose 92% of 221 students whose Selective based
school school) school) of school fees 160,000/year market parents paid for food  parents have paid on payment
School 3 Public School food School food Contributions from  Monetary contributions, TZS Purchased from Students whose About 40% of 511 students Selective
secondary committee of committee of parents 100,000/year farmers and market parents paid for food through the use
school parents parents of coupons
School 4 Private primary  Director (owner of Director (owner of Parents pay as part Fees 1,500,000-1,850,000 Purchased from Students whose All students were allowed to Non-selective

and secondary

School 5 Public special
education

primary school

school)

Head teacher for
special education
students

School food
committee for
regular students

Babati District (Babati DC and Babati TC)

School 6 Private primary
school

School 7 Public primary
school

School 8 Private Catholic
boarding
secondary

school

School 9 Public
secondary

school
School  Public special
10 education
primary school

Director (owner of
school)

School food
committee of
parents

School management

and school food
committee of
teachers

School food
committee of
parents

Head teacher for
special education
students

School food
committee for
regular students

school)

® Head teacher for
students with
special needs

e School food
committee for
regular students

Director (owner of
school)

School food
committee of
parents

School management

School food
committee of
parents

® Head teacher for
students with
special needs

e School food
committee for
regular students

of school fees

e Government for
students with
special needs

e Contribution from
parents for
regular students

Parents pay as part
of school fees

Contributions from
parents

Parents pay as part
of school fees

Contributions from
parents

e Government for
students with
special needs

e Contribution from
parents for
regular students

for hostel and 900,000 for
day students

e Capitation grant for
students with special
needs

e Monetary contributions,
TZS 36,400/year for
regular students

Fees TZS 550,000 for class
IV and VII, 350,000 for
pre-school and 450,000 for
other students

In-kind (maize 20 kg, beans
5kg) plus TZS 6,000/year

Fees TZS 1,600,000 per
students per year

In-kind (maize 40 kg, beans
20kg) plus TZS
30,000/year/child

e Capitation grant for
students with special
needs

e |In-kind for regular
students (40 kg of maize,
10kg of beans per year)
plus TZS 4,000 per month

64

farmers and market

® Public tenders for
special education
program

e Purchased from
farmers or market
for
regular students

Purchased directly
from farmers and
market

Direct contributions
from parents

Produces own food
(maize, beans, vegs,
banana, cattle).
Additional
purchases from
farmers

Direct contributions
from parents

® Public tenders for
special education
program

e Direct
contributions for
regular students

parents have paid
school fees

e Students with special

needs eat at school
For regular students
it is based on
contribution

from parents

All students. School
feeding program is
mandatory

e Students whose
parents contributed

¢ Vulnerable students
(e.g., orphans)

All students; school
feeding program is
mandatory

Students whose
parents contributed

eat irrespective of fees

payment

e All students with special
needs eat at school

® For regular students only
about 25% were eating at
school in 2018.
Mobilization was ongoing
for 2019

All students eat at school

All (427) students eat at
school. However, 25% of
students have not
contributed for food

All students eat at school

About 50% of 460 students

e Students with special ® All students with special

needs eat at school
e For regular students

it is based on

contribution

from parents

needs eat at school

e For regular students only
about 12% of 797
had contributed

Selective for
regular students
through the use
of coupons

Non-selective

* Non-selective

* Food
committee is
considering to
use coupons

Non-selective

Selective
through the use
of coupons

Selective for
regular students
through the use
of coupons
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TABLE 4 | Daily food ration per pupil in school feeding programs in
Chamwino District.

Commodity Ration (g) Energy (Kcal) Protein (g) Fat(g)
Cereals 120 420 12 5.5
Pulses 30 101 6.6 0.5
Vegetable oil 5 45 - 5
Corn Soy Blend (CSB) 40 152 7.2 2.4
Total 195 718 25.8 13.7
Min. Recommended 2,100 45.6 50
Value

% supplied by ration 34.2% 56.6% 27.3%

Oganga (2013).

provided and the nature of the food differed among schools. One
private school provided tea with bread during the morning break.
For lunch and supper, the typical meals were ugali with beans or
kande. A few schools provided rice and beef occasionally. A few
day schools provided kande only throughout the year (Table 5).

Vegetables and fruits were hardly served in schools. In
most schools, the meals were far from balanced. For public
schools, it was reported that the amount of contributions
from parents determined the type of meals students took
at school. However, vegetables were sometimes also left out
because of cultural reasons when eating vegetables was not
common especially among children and among men. Sometimes
vegetables were offered but students left the vegetables on their
plate without eating them, because they were not used to eating
them or didn’t know the benefit. The few schools that served
vegetables mixed them with beans to stimulate consumption
of vegetables.

Generally, nutritional aspects were not taken into account in
the school feeding programs. What mattered mostly to parents
was there being any type of food for students to eat. Parents
mentioned that even at home they were eating similar meals and
they themselves had grown up in similar situations, thus there
was nothing to worry about. Even more so, parents stated that
when they ate vegetables it wasn’t for nutritional reasons but
out of poverty, saying that if there were options, they would
not eat vegetables. Figure 2 presents some illustrative quotes
about these type of parent perceptions. Some parents forbid their
children to take vegetables at school out of fear of agro-chemicals
in the food. They complained that safety of vegetables was not
guaranteed and urged the government to regulate application
of chemicals on vegetables. There was some skepticism on
quality and safety of food for the school feeding programs. For
example, in one public secondary school the food committee
changed from accepting contributions in-kind to cash because of
quality concerns.

Private schools had more consideration for nutrition and
diversity than public schools. For instance, one private boarding
secondary school had a privately operated canteen in which
students ate at their own cost. Although some students had
to trick their parents to get additional money to spend at
the canteen, other parents voluntarily provided allowances for

their children to eat at the canteen. The school controlled
the range and prices of food in the canteen. As a result,
there was more diversity albeit not very different from other
school meals. Parents supported the presence of this private
canteen in the school and it was noted that these parents were
relatively well-off.

Parents and farmers had limited knowledge about nutritious
foods. Although nutritious foods were available in their localities
they were not adequately included in meals. In Meru DC, for
example, some parents were involved in selling vegetables at
market places, but all vegetables were sold leaving only beans
at home. Vegetables were more for commercial purpose than
for home consumption. The FGDs with teachers indicated
the need to emphasize nutritional education to influence their
culture so that when students grow up, they will have improved
eating habits.

Challenges Analyzed Through a New

Conceptual Framework

There are a number of factors that seem to influence the
capacity to plan and deliver nutritious meals to students. Bundy
et al. (2009) present these factors in many different conceptual
frameworks, related to multisectoral interaction, food systems,
school meal quality, or community feedback systems. They
also use an analytical model consisting of policy, institutional
framework, funding, program design, and community aspects,
to analyze examples of school feeding programs in different
countries. This model has formed the basis of a more recently
developed SABER-SF framework, which is a rubrics analytical
and assessment framework for school feeding programs at
national level (WB et al., 2016). We are presenting a different
conceptual framework in Figure 3, based on a decentralized
system that is heavily dependent on community involvement,
yet harboring similar factors. The challenges in Figure 3 can
be grouped into four categories: coordination; operational
modalities; contributions from parents; and type of foods, dietary
diversity and nutrition.

Coordination Related Challenges

The education circular No. 3 (JMT, 2016) mentions that parents
need to work with the school management to put in place
procedures to provide meals to the students, to be endorsed
by the Council Director. No further details are provided, and
all activities related to school feeding programs for public
schools have been left to the respective school food committees.
Parents lacked wider understanding on school feeding which
made them reluctant to contribute. There was no involvement
of LGA officials in providing clarity on what constituted the
free education system. In rare situations, when LGA officials
participated in raising awareness to mobilize contributions for
school feeding, other key stakeholders were not involved, such
as Community Development Officers (CDOs). The involvement
of CDOs is important in many ways. They are familiar
with participatory community planning processes that ensure
ownership of projects by the local communities. Secondly, the
department of community development is linked to Tanzania
Social Action Fund (TASAF) that supports poor households
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TABLE 5 | Type of meals and dietary diversity in school feeding programs.

School Type of school School or farm Type of meals Type of foods Ration served Time of meals Vegetables Fruits served  Consideration for
garden served nutritious food in meals

Meru District Council

School 1 Public primary ~ Had a school e Porridge for early years e Maize porridge No standard unit e 10a.m. for early years Not served. No fruits served No considerations for
school vegetable gardenin e Lunch for e Ugali with beans established e 12 noon lunch Waiting to revive nutrition. What matters is
2018 other students ® Kande (maize boiled the garden that the students get
with beans) something
School 2 Private primary ~ No vegetable garden e Porridge * Maize porridge No standard unit e 10a.m. for porridge ~ Vegetables (kale No fruits served Dietary diversity and
school e Lunch e Ugali with vegetables  established e 12.20 p.m. for lunch  and amaranth) nutrition are considered.
¢ Rice with beans are served more However, fruits are not
e Cooked banana with often than beans served
beans or beef
School 3 Public Has vegetable e Porridge for hostel * Maize porridge No standard unit e 6.30a.m. for porridge Vegetables are  No fruits served To some extent. Mostly
secondary garden operated by students e Ugali with beans established e 1 p.m. for lunch served in almost based on availability of
school students e Lunch ¢ Rice with beans e 7.00 p.m. supper all meals vegetables in the school
e Supper for hostel e Kande garden
School 4 Private primary ~ Operates a e Porridge (early breakfast ¢ Maize porridge e 1kgrice for 5 e 6.00a.m. porridge Vegetables Fruits are rarely ~ To some extent. Vegetables
and secondary  vegetable garden. for hostel) e Tea with bread students e 10.40a.m. tea break served served are served based on
Has large plot of e Tea with bread e Ugali with beans or e 1kg maize flour e 1.10 p.m. lunch occasionally. availability from school
land that can be e Lunch meat for 4 students e 7.10 p.m. supper Priority is given garden. Students had not
used for food e Supper for hostel ¢ Rice with beans or meat to students with taken vegetables for the
production * Kande special diet past 3 weeks
needs
School 5 Public special Has a garden e Four meals a day for Kande every day for No standard unit ~ 12.20 p.m. for lunch Not served for ~ Not served for Not at all for regular
education although it was not (boarding) students with regular students established (kande) for regular regular students regular students students. It is kande every
primary school  operational at time special needs students day.
of survey e Lunch for
regular students
Babati District (Babati DC and Babati TC)
School 6 Private primary ~ No vegetable garden e Porridge e Maize porridge e 55kg rice for e 9.30a.m. porridge for No vegetables  No fruits served Not much considerations for
school e Lunch e Ugali with beans 300 students pre-school served nutrition or diversity of food
* Kande e 13kg beans for e 10a.m. porridge for
300 students students
e 12.30 p.m. lunch
School 7 Public primary No vegetable garden e Lunch only e No timetable for meals  No standard unit e 12.30 p.m. lunch No vegetables  No fruits served  Not considered at all. Yet
school but often kande established served meals are better than their
home meals
School 8 Private Catholic  Owns a school * Porridge for breakfast e Maize porridge N/A e 10a.m. porridge for ~ Served two to Bananas from To some extent. The school
boarding vegetable garden e Lunch e Ugali with beans breakfast three times a school farm has a private operated
secondary operated by causal e Supper * Rice with beans e 1 p.m. for lunch week canteen to enhance nutrition
school laborers e Kande e 7.00 p.m. supper and diversity which students
e Meat once a month use at own expense

(Continued)
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with small grants and income generating activities. Thirdly,
the department of community development coordinates and
provides interest free group loans which could be used by parents
to contribute to the school feeding program and meet other basic
household requirements.

Challenges Related to Operational Modalities

The limited coordination further affects how the school feeding
program is implemented at school level. At operational level
a number of challenges were identified including limited
cooperation between parents and teachers, limited use of bank
account by the school food committees, committee members
spending most of their time at school at the expense of their own
economic activities, and challenges related to infrastructure such
as limited storage facilities, kitchen, water, and energy or fuel for
cooking. Moreover, the effectiveness and efficiency of school food
committees are questionable in many respects:

e They have no mandate to enforce parents to contribute for
the school feeding program, while some parents think that
contributing for the school feeding program is optional.

e Instead of operating bank accounts, the funds were physically
stored by a trusted member of the school food committee.
Some examples of funds embezzlement were mentioned, not
surprisingly leading to distrust of parents toward school
food committees.

e For efficient functioning, at least one member of the
school food committee has to be always present to
collect contributions and supervise the storage, rationing,
preparation, and provision of food to students. However, it
was reported that food committee members do not show up
to school regularly, and when they do, they don’t come on
time. Cooks explained that in the past when the program was
coordinated by teachers, things used to run smoothly and all
students were eating at school. Pointing to the inefficiencies of
school food committees, cooks said:

“.. Sometimes the storekeeper (a member of the school food
committee) closes the store earlier than normal and does not collect
contributions from parents until the following day. So, parents
have to go back home carrying with them the in-kind contribution
they brought to school. Sometimes they are disappointed and often
they don’t come back the following day...”

“... The school food committee gives out a small ration and asks
cooks to add more water to beans or kande so that all students who
have contributed get something to eat...”

Reliable sources of water for cooking, food stores, and a
suitable kitchen are often missing. Students often have no dining
hall and sometimes eat while seated on the grass or under trees,
raising concerns about hygienic conditions. A few schools had
received support to establish rain water harvesting systems, water
storage tanks, and modern kitchens. Some of the cited supporters
in both districts included Save the Rain, the Rotary Club of
Arusha, and World Vision International.

Poor Contributions From Parents
The challenges in operational modalities of school feeding
programs negatively affects willingness of parents to contribute.
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“Even at home life is just the same. It is about filling our
stomach with something; that is all. ...What is needed to
improve is first to ensure that whatever kind of food is
available for students before thinking about nutrition or
diversity. Students go to school at 7.00 am and stay until 3.30
to 4 pm without any food. Even when they get back home at
that time they are not guaranteed of food as their parents
maybe not be home vyet or just don'’t have anything for lunch.
So, even the kande that students eat at school is helpful.”

“Considering our normal life in the village, the lack of
vegetables and fruits is not a problem to us. It only becomes to
be a problem now when you are telling us about the
importance of nutritious food. We are tired of vegetables, all
the years we have been eating vegetables because of poverty.
But if we had some other means, we wouldn 't eat vegetables
anymore; we are eating because of poverty. But now we see the

importance of vegetables because you are telling us.”

FIGURE 2 | Perceptions of parents toward vegetables in meals.

The variations in contributions among similar schools also
reduce trust. Although students in secondary schools are bigger
and eat more than students in primary schools, this cannot
not fully justify the large range in the total value of monetary
and in-kind contributions in public schools from USD 10 to
USD 44 per student; it raises the question why variations are so
high for the same type of school in the same locality. Limited
understanding of the free basic education system is another
challenge. Parents perceived that the free education system
included free school meals.

Poverty of parents and grandparents coupled with limited
understanding of free basic education was cited as one of
the major challenges in raising contributions for the school
feeding program. The FGDs with student representatives showed
that some students were occasionally visiting neighbors to get
something for supper. Related to inability of parents to contribute
to the school feeding program is the number of children enrolled
in school per household, particularly in polygamist communities
such as the Maasai. Some families had up to seven children
enrolled in school, in primary or secondary school or both,
making the total amount of required contributions too high.

Challenges Related to Access, Dietary Diversity and
Nutrition of Meals
Lack of parent contributions affected the number of meals
served, portion sizes, diversity, and nutritive value of meals.
Meal portions were too small to satisfy those students who
were lucky to benefit, and the number of meals were not
enough to provide all students. In many cases, but especially
in public primary and secondary schools, students were not
satisfied with the amount, nor the type of food served.
Eligibility for the school feeding program was based on
contributions from parents. This resulted in discrimination and
stigmatization of the students whose parents were either unable
or unwilling to contribute. While many schools used coupons
to classify eligible students, a few schools allowed all students
to take school meals irrespective of contributions to avoid
stigmatization. Nonetheless, allowing all students to take school
meals irrespective of contributions demotivated other parents
to contribute in the future, threatening the sustainability of the
very program.

The incorporation of vegetables in school meals was rare
for various reasons: first, because of poor contributions from
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FIGURE 3 | Conceptual framework for planning and delivering nutritious meals in schools.

parents; second, because of absence or limited space for vegetable
gardens; third, because school committees had limited funds
to hire cooks and purchase kitchen utensils; fourth, due to
lack of parents’ awareness on importance of vegetables; fifth,
because of traditional practices whereby parents associated the
eating vegetables with poverty; and, sixth, because of the earlier
mentioned health and safety concerns of vegetables. Fruits were
mostly absent from school meals due to lack of funds and lack
of awareness about their importance. With exception of a few
private schools, nutritional value of meals was not taken into
account in the school feeding program. School food committees
had to serve whatever was available rather than what would be
considered a nutritious meal.

Experiences From HGSF Projects in

Tanzania

HGSF was piloted by WFP in collaboration with the Government
of Tanzania and other partners including PCI. Between 2011
and 2016, WFP piloted HGSF programs in Mara and Singida
Regions to link local production supplies with food requirements
of the local schools (WFP, 2016). The transitioning of WFP
from the traditional school meal programs to HGSF was part of
the sustainability plan to ensure that local communities could
continue supply food to schools beyond the project lifetime.
Through the HGSF program, local government and schools
received cash from WFP to purchase and distribute locally grown
food to schools in Ikungi District in Singida Region and Bunda
District in Mara Region. Over 28,000 students from 40 primary

schools received a mid-day meal (WEP, 2016). The program
procured maize and beans locally whereby school meals were
complemented with key essential package interventions, such
as nutrition- and health education, and water and sanitation.
The program included provisions of imported fortified vegetable
oil (with vitamins A and D) because the oil produced and
processed locally did not meet WFP’s and the government’s
standards. The ration per person per day was of 120 g of maize,
30g of beans and 5g of oil. The program was managed by
school food committees in each school. The committees oversaw
commodity management; food preparation and distribution as
well as recruiting and paying the cooks.

KIIs with PCI showed that after successfully piloting HGSF
under WFP in Bunda, PCI started a similar program in
Musoma District. PCI, with funds from USDA, mobilized local
communities to supply nutritious foods to primary schools. At
the time of writing, PCI supplied food 2 days a week while the
community supplied foods for 3 days a week. The intention
was that the local community would become fully responsible
for supplying nutritious foods to the schools. PCI mobilized
local communities surrounding a particular school in the form
of farmer groups to supply nutritious foods for school meals.
The groups then entered into agreement with the schools, either
through sales or donations. For example, a school would provide
a plot for a farmer group to cultivate and produce foods such
as passion fruits, banana, and sweet potatoes. After harvest,
harvested products were shared between the group and the
school. PCI also promoted school gardens which were managed
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by students and other staff. Despite many positive outcomes, PCI
listed a couple of challenges while implementing this approach:

e Mobilizing farmers and parents to organize themselves into

working groups at the initial stages of the project, as parents

took time to fully understand the initiative.

e Availability of land for the groups.

e When production increases and becomes a commercial
engagement in near future, farmers might not supply to school

anymore because of lower prices and untimely payments.

According to Watson et al. (2012), another possible challenge
is the amount of time involved in the HGSF program by
everyone at the expense of time spent on academic activities. This
might result in Districts and schools withdrawing from HGSF
programs. This argument is consistent with findings from the
FGDs with teachers, who mentioned that parents were more
concerned with academic performance of students than school
meals. Thus, there is a need to strike a balance between academic
and nutritious objectives in any school feeding program.

SUGGESTED IMPROVEMENTS FOR
SCHOOL FEEDING PROGRAMS IN PUBLIC
SCHOOLS

The study has revealed that there are challenges in the school
feeding programs in the study area, but discussions with KII and
FGDs also revealed many suggestions to tackle them. Solutions
have been summarized in the conceptual framework of Figure 3.

Policy Implications
Clear guidelines for school feeding programs in public schools
are missing. Although some policy documents have mentioned
school meal programs, there are no specific strategies of
ensuring that nutritious foods are provided in schools. No
implementation plan or strategy for school meals was found in
the reviewed documents. Only education circular No. 3 of 2016
indicated the responsibility of parents in the implementation
of school feeding programs. Tanzania has prepared a multi-
sectoral approach regarding nutrition in 2016, building on
the existing linkages in the overall and sectoral development
policies and strategies of a country. TFNC has a mandate
to coordinate all food and nutrition issues including linkages
with other sectors. The multi-sectoral approach is a great first
step, but it needs to be followed up with an approach to
improve the quality of school feeding programs. Such a policy
document needs to maintain the multi-sectoral nature, and
cover all four stages in the conceptual framework: leadership
and public awareness; operational modalities; contributions
from parents; meal diversity and nutrition. It was also learned
during the study that the Ministry of Education, Science and
Technology (MoEST) was collaborating with PCI through their
HGSF program in Musoma to develop a national guideline for
school feeding.

No school feeding program reaches its objectives if the most
vulnerable students are excluded from benefiting, as it leads to
stigmatization, hunger, sickness and poor school performance.

This paper recommends mainstreaming a HGSF system in those
parts of the country where it is possible to grow a diversity of
crops, such as the various highland areas, the western part, and
the coastal area. HGSF provides more opportunities for poor
farming households to contribute, while at the same time it offers
opportunities to improve diversity and quality of school meals.
Despite these increased opportunities to participate, however,
there might still be households that cannot afford to contribute
part of their farm produce as they have no other sources to
feed themselves. Building on good examples from the field,
we recommend that guidelines at national level and bye-laws
at local government level are formulated to incorporate social
protection which enables all students, rich or poor, to benefit
from school meals.

Home Grown School Feeding

Although school representatives, teachers, farmers, and parents
who participated in this study did not know the concept of HGSEF,
some schools have been indirectly practicing it, particularly
private schools. Private schools sourced foods directly from
farmers especially during harvest seasons to take advantage of
lowest prices. One private school in Babati District had entered
into an agreement with farmers to produce food in the school
farms and supply the food to the same school at market prices.
This enabled the school to control food safety, which was a
serious concern of parents.

Based on the findings of this study and the experience from
PCI-HGSF program in Musoma, it is expected that HGSF can
be further scaled out in Tanzania. In the HGSF program in
Musoma, smallholder farmers, majority being women, have been
mobilized to form producer groups, which have entered into
contractual arrangements to supply nutritious food to public
primary schools. Farmers and parents in Meru and Babati
have expressed their eagerness to supply nutritious food to
schools and generate income. If this is implemented, it can
also address the issue of food safety, because some external
suppliers bring food of poor quality knowing that nobody
checks its quality. This was one of the reasons why some
schools did not accept contributions in-kind. This can be
avoided by contracting farmers whose kids are in school. When
farmers are aware that the food, they produce will be eaten
by their own children in the school they are unlikely to apply
unnecessary agrochemicals or poor quality water. And according
to Galluzzi et al. (2010), there are additional benefits: the
closer the producer is to the consumer the more sustainable
is the food system as it increases trust, reduces transport costs
and removes other market barriers such as involvement of
middlemen in the value chain. Several authors (Morgan and
Sonnino, 2008; Gelli et al., 2016; UNSCN, 2017) also mention
that school procurement and meals, if linked to local producers,
can have a range of positive outcomes, such as: improved
nutrition, engendered economic development by promoting
small and medium enterprises; greater crop diversity in supply
chains, diversification of agricultural landscapes, and resilience
and adaptation to climate change. However, these effects are
heterogeneous and context-specific and require a deeper and
more rigorous analysis of the agro-ecological conditions and
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market linkage settings. HGSF could be improved to incorporate
nutritious traditional vegetables which would enhance quality
of school meals as well as crop diversity on-farm. In Tanzania
there is a wealth of diversity of traditional vegetables to tap into
that have much higher nutrient contents than global vegetables
(Roothaert et al., 2020).

Influencing Knowledge, Attitudes, and
Practices Toward Healthy Eating

Influencing consumer behavior toward healthy eating is a
complex challenge that many nutrition initiatives all over the
world have been dealing with. Consumers choose what to
eat based on knowledge, preferences, and affordability of the
food that is available. Preferences in turn are influenced by
cultural norms and practices. In many ways, the quality of
meals that students consume is subject to similar influences.
It becomes even more complex as knowledge about what
constitutes a healthy school meal needs to be improved at
various levels for it to have an effect on quality of school meals:
parents, heads of schools, CDOs, cooks, teachers, and students.
Similarly, healthy food preferences can be cultivated, but are
more effective when children are influenced at a young age,
and when eating habits of others in the community conform
the desired consumption pattern. Knowledge and attitudes
of students toward healthy eating can be influenced in a
positive way as research in Nepal has shown (Schreinemachers
et al., 2017). Nutrition, health, and food production needs
to be embedded in the school curricula. In school, pupils
can learn how to choose a healthy diet through the meals
and snacks provided at school and can develop a range
of consumer-based skills including food growing, handling,
preparation, and cooking. Learning about vegetable production
in school gardens and the nutritional value of crops in the
garden will help reinforce nutritional knowledge and attitudes,
as has been illustrated by many examples in the book of
Hunter et al. (2020). But it will be equally important to
educate all other adult stakeholders in the school feeding
program. A pilot HGSF program in Nepal therefore included a
nutritional literacy component for students and training of cooks
(Shrestha et al., 2020).

Fortunately, our policy analysis shows that nutrition in
general is incorporated in many policy documents in Tanzania,
which creates a positive environment for non-governmental and
public initiatives to increase nutritional awareness among the
general public. Schools should not only be recipients of these
initiatives, but they also have a role to influence the community
that they serve on stressing the importance of healthy diets. A
school garden is a core element of F2S programs as it provides
education activities related to agriculture, food, health, and
nutrition (Christensen et al., 2019). According to McGovern-
Dole (2015), apart from supplying vegetables to schools, school
gardens are regarded as an educational tool for students as well as
surrounding communities. Through this study we found that PCI
established demonstrations garden in schools for students and
parents to learn. Public schools in Tanzania are often constrained
with access to land and water for school gardens and local

governments can play an important role in providing these
fundamental resources.

Stakeholder Engagement

For HGSF to be successful there is a need to get a buy-
in from the government at regional and district levels. The
examples of HGSF in Bunda and Musoma Districts show that
involvement of the Regional Administration and LGAs has been
critical for the support HGSF. One of the main challenges
faced by PCI in their initial stages was mobilizing and engaging
local communities. Education on importance of school feeding,
availability of nutritious foods, awareness raising on the concept
of HGSE and roles and responsibilities of parents and farmers
turned out to be crucial. Most parents and farmers have had
past experience with other projects, both positive and negative.
A new concept such as an HGSF program therefore needs some
explanation. The importance of engagement and empowerment
became clear in one FGD where parents mentioned the case of
Eluway primary school in Babati that was constructed by parents
without external funds, saying: “... this school was constructed
by our own efforts. The idea of HGSF will help to bring us
together even more. ... we need to understand how it works
and what our roles will be.” Although in the past, WFP was
a major initiator and promotor of school feeding programs in
Tanzania, in order to mainstream the program across as many
public schools as possible, it requires a multi-stakeholder effort
and commitment.

Improving the Quality of Meals

There is only very limited information available on the type and
quality of meals provided to school children in Tanzania, which
limits the assessment of the adequacy of the food provided to the
children. The little information that is available from a few areas
in the country shows that meals are not adequate in terms of
providing macro- and micronutrients. These observations stress
the need to improve the monitoring of school meal programs,
and the need to improve quality of diets. The school diets
are limited in diversity and meal patterns are inappropriate,
consequently interfering with the spreading of nutrient intake
over the day. Tanzania does not have a set of food based
dietary guidelines for its citizens yet as being recommended
by WHO and FAO (1996), although the TFNC has developed
National Guidelines for Nutrition Care and Support of People
with HIV. Similar guidelines are urgently needed for school
meal programs.

Many parts of Tanzania, such as the highland areas, coastal
area and western part of the country have suitable climates and
soils to promote cultivation of a diverse pattern of crops as well
as rearing livestock. Some of the sampled schools in this study
are outside those high potential areas, but are still within diverse
agricultural systems. In the biggest part of Tanzania, school
feeding programs can tap into these diverse agricultural systems
and communities. HGSF programs in such contexts have the
advantage over the current in-kind and monetary contribution
systems, in the sense that contractual arrangements can be made
between farmers and schools to provide diverse, healthy, and safe
foods for school meals. HGSF therefor can improve quality of
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school meals in Tanzania while at the same time improving the
livelihoods of farmers.

Limitations of the HGSF Model for Tanzania

There are also exceptions for which recommendations of this
study will not apply. First, in rainfed farming systems in arid
and semi-arid areas, cultivation of vegetables will be constrained
without irrigation water, limiting the diversity of crops to be
supplied from the community to schools, and therefore quality
of meals of HGSF. Monetary contributions might be inevitable
to supplement starchy staple crops with nutritious foods. Second,
communities in urban areas are likely to be employed in other
sectors than agriculture, hence HGSF is not very feasible. Third,
community ownership of a feeding program for private schools
is likely to be limited as directors or owners directly select farmer
supply chains. Students in private school are fortunate though as
they tend to come from wealthier families and school meals are
of higher quality than in public schools.

CONCLUSION

Although the reviewed policies, strategies, guidelines, and
circulars included nutrition aspects, only a few mentioned school
feeding programs, and none provided strategies on how to
source food, whether school feeding program is mandatory,
how to deal with parents who cannot and don’t want to
contribute to the program, or whether it is the school’s plight
to provide school meals to students whose parents haven’t
contributed. The result is a mismatch of expectations from
parents and schools, with students from poor families often
taking the brunt and forfeiting meals. Parents coordinate the
programs, but due to the absence of clear accounting mechanisms
it is hard to prevent mismanagement and distrust. Policies
also remain silent on rations, quality standards and costs of
meals leading to poor quality of diets and sometimes too
small portions. We identified two entities who are working on
guidelines for school feeding programs in Tanzania, MoEST
and PCI. The authors recommend policies for school feeding
are developed in a multi-sectoral manner, in the same way
the TFNC coordinated the National Multisectoral Nutrition
Action Plan which aims to improve nutrition for the vulnerable
people in the whole nation. Policies need to cover all four
critical stages for successful school feeding: leadership and public
awareness; operational modalities; contributions from parents;
meal diversity and nutrition. Political will must not stop at policy
level but encompass implementation and allocation of resources.
If the recommended policies and guidelines are implemented,
parents will still be responsible for the largest part of food
supplies. Local governments must complement these efforts by
providing resources to public schools such as land and water,
and enforce minimum levels of social protection, so that students
from the poorest families are no longer discriminated and
excluded from school meals. Planning and implementation of
HGSF requires a multi-stakeholder approach involving parents,
farmers, schools, students, and local government. The proposed
model is particularly recommended for public schools, as private
schools tend to successfully operate independent commercial

food supply chains. Limitations for HGSF are water- or land
constrained ecosystems and urban areas, where home grown
food production is difficult to realize.
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Telephone Survey Versus Panel
Survey Samples Assessing
Knowledge, Attitudes and Behavior
Regarding Animal Welfare in the Red
Meat Industry in Australia

Lauren M. Hemsworth*, Maxine Rice, Paul H. Hemsworth and Grahame J. Coleman

Animal Welfare Science Centre, Faculty of Vieterinary and Agricultural Sciences, University of Melbourne, Parkville, VIC,
Australia

Surveys are used extensively in social research and, despite a lack of conclusive
evidence of their ‘representativeness,’ probability internet panel (PIP) surveys are being
increasingly used to make inferences about knowledge, attitude and behavior in the
general population regarding a range of socially relevant issues. A large-scale survey of
Australian public attitudes and behavior toward the red meat industry was undertaken.
Samples were obtained using a random digit dialing telephone survey (Computer-
Assisted Telephone Interviewing-CATI, n = 502 respondents) and a PIP survey (PANEL,
n = 530 respondents) to examine differences between the two samples regarding
attitudes and behavior relating to livestock use and welfare. There was little difference
in demographics between the CATI and the PANEL surveys apart from highest level of
education. However, there were differences between the two samples in both attitudes
and behavior toward the red meat industry after controlling for education levels. The
PANEL respondents gave generally more conservative responses than did the CATI
respondents in the sense that they were more positive toward the livestock industries
and animal welfare within these industries. Differences were also found between the
respondents of the two samples regarding behavior that relates to the red meat industry,
both community and consumer behavior. PANEL respondents were less engaged in
community behaviors performed in opposition of the red meat industry when compared
with the CATI sample. The majority of CATI and PANEL respondents were red meat
eaters and there was no difference between respondents of the two samples in relation
to red meat consumption, however, there were fewer vegetarians and vegans in the
PANEL survey. Possible reasons for the observed differences are discussed, however,
a definitive answer will depend on further research to identify the specific psychological
factors that differ between samples derived from different survey methodologies.

Keywords: public attitudes, behavior, random digit dialing telephone survey, probability internet panel survey,
animal use, animal welfare, red meat industry
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INTRODUCTION

Social research relies heavily on surveys. High marginal costs
and low response rates have reduced the viability of random
telephone surveys (RDD; random digit dialing) whilst increasing
the viability of surveys delivered online (internet surveys)
(Berrens et al., 2003; Li et al., 2004; Ansolabehere and Schaftner,
2014). Whilst telephone surveys reportedly generated higher
participant response rates than online or mail delivery (Yu
and Cooper, 1983) and data quality that was comparable to
that obtained from face-to-face interviews (Groves and Kahn,
1979), it has become increasingly difficult to maintain participant
response rates and, as a result, the costs of telephone data
collection has risen considerably (Lavrakas, 1997; Holbrook
et al., 2007; Chang and Krosnick, 2009). Internet surveys offer
several advantages, including low marginal cost per completed
response, an ability to provide respondents with large quantities
of information, speed and the elimination of interviewer bias (see
review by Couper, 2000; Berrens et al., 2003). Ansolabehere and
Schaftner (2014) compared internet, mail and telephone surveys
and found response rates of 42.9, 21.1, and 19.5%, respectively,
with completion times of 8.9, 11.8 and 14.3 min, respectively.
A comparison of the internet and telephone attitude responses to
a range of political issues showed that they were quite similar and
that the main differences were in cost (telephone more expensive
than internet), response rates and completion time. Given the
increasing access to the internet, these cost differences are likely
to have increased in the 10 years since the Ansolabehere and
Schaffner (2014) study was carried out. More recently, Lee et al.
(2019) conducted a comparison between a computer web survey,
a smartphone web survey and a computer-assisted telephone
interviewing (CATI) survey on student time use, opinions on
university life and courses, health status, online access for health
information, and demographic information. The CATI survey
achieved the highest response rate, but also the highest cost and
the longest completion time.

There are two primary methodologies that have been
employed by commercial survey companies to conduct internet
surveys; non-probability samples and probability samples
(Couper, 2000; Chang and Krosnick, 2009). Non-probability
sampling involves internet surveys of volunteers that are not
recruited using conventional random sampling methods, i.e.,
do not have known non-zero probabilities of selection. Non-
probability samples involve ‘self-selection’ and employ a range of
methods to recruit survey participants including advertisements
placed on websites inviting people to sign up to do regular surveys
and email invitations that are widely distributed in ways designed
to yield responses from heterogeneous population subgroups
with internet access (Yeager et al, 2011). A comparison of
responses to a health care survey from non-probability internet
samples and probability samples using an RDD telephone survey
have shown that there are differences in responses even when the
internet sample was propensity weighted (Schonlau et al., 2004).
About 80% of questions were responded to differently, however,
there was no systematic reason for the differences in responses.
One unexplained outcome was that “web survey responses were
significantly more likely to agree with RDD responses when the

question asked about the respondent’s personal health (9 times
more likely), was a factual question (9 times more likely), and
only had two as opposed to multiple response categories (17 times
more likely)” (Schonlau et al., 2004).

Probability internet panel (PIP) sampling most commonly
involves the use of a pre-existing online panel sample, whose
panel lists were originally recruited to the panel using random
sampling methods such as RDD telephone surveys. Initial
telephone interviews are used to collect background information
and invite eligible people to join the online panel. The aim is
to obtain a probability sample of internet users who, following
agreement to join the online panel, are sent email requests
to participate in internet surveys (Couper, 2000), usually for
a monetary or points reward. Studies involving this type of
probability internet survey are largely reported as random
participant recruitment (Duncan, 2015). Online panels are being
increasingly used in social science to recruit participants for
community surveys and questionnaires, where inferences are
often made about the general population based on the findings
of a ‘random’ sample of participants. At present, however,
there remains little conclusive evidence demonstrating that
internet surveys based on probability sampling (i.e., ‘random’
online panel samples) are in fact representative of the general
population, both in terms of demographic and psychological
aspects. Despite commercial online panels largely employing
random sampling methods to recruit panel lists and the
opportunity to use stratification to control for demographic
factors, it has still been suggested that there remain substantial
differences between the online population (PIP survey) and
the general population (RDD telephone survey) with regards
to the substantive variables of interest such as attitudes and
behaviors (see review by Couper, 2000). Previous research
investigating differences between the two populations has been
inconclusive, with some studies from countries other than
Australia finding differences between respondents from PIP
surveys and RDD telephone surveys (for example, United States:
Flemming and Sonner, 1999; United Kingdom: Erens et al.,
2014; South Korea: Lee et al, 2015) and others finding no
difference (for example, United States: Berrens et al., 2003;
Li et al., 2004).

In those studies where differences were found, the survey
content was related to co-morbidities associated with gambling
(Lee et al, 2015) and politics and voting (Flemming and
Sonner, 1999). In the lead up to an election, Flemming and
Sonner (1999) compared respondents from a RDD telephone
survey and a weighted (by sex and education level) PIP
survey. Important differences were found between the samples
on a variety of attitudinal items, including interest in the
election, attitudes toward impeachment and the role of national
issues in congressional voting. The authors conclude “there
were no predictable patterns to the success or failure of the
internet surveys. Respondents ... were not consistently more
conservative or liberal than those in nationwide telephone
surveys, nor were they more optimistic or pessimistic”. This
“raises important questions about the utility of internet polls
to replace traditional telephone survey practices” (Flemming
and Sonner, 1999, 13). More recently, Lee et al. (2015) used a
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stratified sampling method to ensure age X gender quotas and
a post hoc weighting method to compensate for age X gender
sampling deviations from the population. Despite this, they
found significant differences between RDD and online samples
on tobacco use, drug and alcohol problems, happiness level and
mental health problems, with the higher pathologies occurring
in the online sample. In those studies where differences were not
found, the surveys targeted climate change (Berrens et al., 2003)
and global warming (Li et al., 2004).

There appears to have been a tendency recently for researchers
investigating public attitudes to farm animal welfare to utilize
PIP samples (for example, Worsley et al., 2015; Malek et al,
2018; Bir et al., 2019; Connor and Cowan, 2020; Jackson et al.,
2020) and few examples where RDD telephone samples have been
used. There have been no investigations into whether PIP samples
and RDD telephone samples yield similar results when targeting
public perceptions of farm animal welfare. It is important to know
whether the substantive results from PIP surveys represent the
population from which the samples were drawn or whether there
are systematic biases. Such research may provide a cost-effective
alternative to RDD telephone surveys in animal welfare research.

The data analyzed in this paper were derived from a current
research project examining public and producer attitudes and
knowledge toward sheep and beef cattle welfare in Australia.
Literature suggests that public attitudes to animal welfare impact
the livestock industries not just by influencing purchasing of
animal products, but also by underpinning a range of community
behaviors in opposition of the livestock industry, such as signing
petitions, donating money to welfare organizations and speaking
to colleagues about animal welfare issues (Coleman et al., 2017;
Coleman, 2018). Public attitudes toward the livestock industries,
livestock animal welfare and trust in the livestock industries were
related to meat consumption as well as behaviors that people
engage in that may impact on the pork industry (i.e., community
behaviors). Regression analyses demonstrated that these variables
accounted for significant proportions of the variance in both
pork consumption and in community behavior (Coleman et al.,
2017; Coleman, 2018). These behaviors and the attitudes driving
them can have a considerable influence on how Governments
either react to publicized ‘animal welfare events’ or regulate
contentious management practices in industry. Our current
research project extended this into the investigation of these
relationships in the Australian red meat industry. In addition to
the range of general attitudes, knowledge of husbandry practices
and trust of livestock industry people and information sources,
we also assessed in our current research project, behavior-
specific attitudes utilizing the Theory of Planned Behavior (TPB:
Ajzen, 1988). These latter variables comprise attitudes to the
specific behavior of interest, normative beliefs (beliefs about
the expectations of salient others) and control beliefs (beliefs
about personal capacity to perform the behavior). Because of
the substantial cost associated with RDD telephone surveys,
it was decided that two samples drawn from the Australian
public were to be obtained; one using a RDD telephone survey
(Computer Assisted Telephone Interview — CATI) which was
high cost and the other a PIP survey (PANEL, based on
probability samples) which was relatively low cost. The aim

in this paper therefore was to determine whether there were
differences between the two survey samples in attitudes and
behavior relating to animal welfare in the Australian red meat
industry. Specifically, two broad questions were addressed: were
the two samples similar in terms of attitudes and behavior and
were the relationships between attitudes and behavior similar for
the two samples?

MATERIALS AND METHODS

Development and Structure of

Questionnaire

A questionnaire was developed using an iterative process that
began with questionnaires that had been developed by the
Animal Welfare Science Centre (AWSC) for livestock industries
including the pork, egg and red meat industries (see Coleman
and Toukhsati, 2006; Coleman et al., 2016, 2017). These
questionnaires were adapted to target attitudes toward the red
meat industry, animal welfare and husbandry practices. The
questionnaires also assessed the participant’s knowledge of farm
animals and farm animal welfare, the frequency with which
they accessed information on animal welfare, the source of
information they most frequently used and trusted and the
extent to which they engaged in community behaviors such as
calling talk-back radio and writing to a politician to express
dissatisfaction toward the red meat industry. The sections of the
questionnaire are reported in Table 1.

Participant Recruitment and Collection
of Data

Human ethics approval was obtained from The University
of Melbourne’s Human Ethics Advisory Group (Ethics
ID: 1750676.3). Before the questionnaire was undertaken,
respondents were given a plain language statement (i.e., an
explanatory statement outlining the research aims), advised
that participation was entirely voluntary and that they could
withdraw at any time if so desired and consent was sought.

TABLE 1 | Structure of the questionnaire.

Section Information gathered

Demographics Age, Gender, education, location, red meat

consumption,

Animal welfare General attitudes toward animal welfare, trust of
people involved in farm animal production,
normative and control beliefs in relation to animal

welfare
Knowledge of farm
animals and farm
animal welfare

Perceived and actual knowledge of beef cattle and
sheep production practices (e.g., curfew, mulesing,
castration, etc.)

Attitudes toward Approval of red meat farming practices, importance
red meat farming of social contact, fresh air, exercise, etc., concern
practices about transport conditions.

Behavior in relation
to farm animal
welfare

Animal rights group membership, community
behaviors, sources of animal welfare information,
discussions about animal welfare
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I-View, a specialized market and social research data collection
agency, were contracted to deliver the questionnaire to 1000
members of the Australian general public, using two ‘random’
participant recruitment methods; 502 participants were surveyed
using a RDD telephone recruitment (CATI) and a further
530 participants from a PIP (PANEL). Both samples were
subjected to a 50:50 gender split and an age distribution
consistent with Australian census data. The average duration
of the CATI survey was 33.3 min and the response rate
was 15%. For the PANEL survey, the median duration was
19 min (median used because of occasional outliers caused
by respondents being logged on for very long periods) and
the response rate estimated to be 10% based on the number
of respondents emailed who clicked on the survey link. Data
collection for CATI commenced on 21st March 2018 and
was completed on the 16th April 2018, while the PANEL
commenced on 29th March 2018 and was completed on the
16th April 2018.

CATI involved dialing random fixed-line (n = 246) and
mobile telephone numbers (n = 256) and inviting potential
respondents to complete the questionnaire by telephone. Recent
research (Kennedy et al., 2018) has suggested that using both
fixed-line and mobile telephone numbers provides the most
demographically representative sample and does not bias data
collected. In each call, the consultant requested the youngest
male in the household (over the age of 18 years) in order
to counteract the expected bias for older female participants
commonly encountered in telephone surveys. This was used as
a first step after which any available person was interviewed
if they met the quota requirements. The PANEL “MyView”
was originally recruited by recruitment service providers,
conducting email marketing campaigns, social media marketing
campaigns and traditional marketing campaigns using a points-
rewards based system for incentives where participants are
awarded points by completing surveys. All panelists undergo
a comprehensive validation process to ensure no duplication
and are screened for IP address within Australia and age
groups over 14 years old. Email confirmations are also used
to ensure that the email is valid and belongs to the person
that completed the recruitment questionnaire. MyView panel
participants over the age of 18 were invited via email to
participate in the current survey for a payment of 300
points (AUD $3.00). If a respondent accessed the survey and
was in an age or gender group that had met the quota
requirements, they were screened out of the survey. The survey
was then displayed on their Panel dashboard and appeared as
a notification on their mobile device if they had downloaded
the application.

Statistical Analysis

Statistical analyses were performed using the statistical package
SPSS 25.0 (SPSS Inc., Chicago, IL, United States). The attitude,
beliefs and trust sections of the questionnaire (sections B and
D of the questionnaire, see Table 1) data were analyzed using
Principal Components Analysis (PCA), followed by either a
Varimax or an Oblimin rotation, to identify commonalities
amongst the questionnaire items (see Table 2). The suitability

of the data for the analysis was assessed using criteria outlined
by Pallant (2013); the correlation matrix coeflicients were all
above the required 0.3, the Kaiser-Meyer-Olkin (KMO) values
exceeded the recommended value of 0.6, and Bartlett’s Test
of Sphericity reached statistical significance. Items that were
established as belonging to a common underlying component
were then summed to produce a composite score for that
component. Before conducting the PCAs, items were recoded
where appropriate so that high scores reflected positive
attitudes, high trust, etc. Scale reliabilities were measured
using Cronbachs o coefficients with an a > = 0.70 as
the criterion for acceptable reliability (DeVellis, 2003). Items
were included in a scale if their loading on the relevant
component exceeded 0.33 (Tabachnick and Fidell, 2012) and
if, on the basis of face validity, they could be summarized by
just one construct.

A summary of the details of the component structures are
reported in Table 2, and most Cronbach’s a coefficients exceeded
0.7 with the exception of “Caring for and balancing the needs of
pets and people” and “Easy to act” (0.57 and 0.48, respectively).
In both cases the decision was made to retain the component
because their component groupings showed good face validity
and only two items comprised the composite score which is
known to reduce the magnitude of Cronbach’s o coeflicients
(Nunnally et al., 1967).

Perceived knowledge was measured by asking the respondent
“How much do you feel you know about beef cattle and
sheep production?”. In addition, actual knowledge was assessed
through a series of 13 multiple choice questions in relation to
some common farming practices (e.g., mulesing, de-horning,
castration, curfew, pre-slaughter stun, etc.). Respondents were
then given a score (knowledge score) based on the proportion of
correctly answered questions.

Community behavior was measured by the sum of the self-
reported occurrences with which respondents said that they
had engaged in acts such as calling talk-back radio, writing to
newspapers and writing to politicians to express dissatisfaction
with the red meat industry. Consumption of beef and lamb
was measured by single items asking for the frequency of
consumption of each.

Analyses of the demographic frequencies were carried
out using Pearson x? tests of independence. Multivariate
analysis of covariance (MANCOVA) with education as a
covariate were conducted to compare the CATI and the PANEL
samples on all composite variables. Independent 2-tailed
t-tests with education as a covariate were then conducted
on each of the composite variables separately to compare
the responses of the CATI and the PANEL respondents.
Correlations between the composite variables identified from
the PCA on the attitudes, beliefs and trust items, perceived
and actual knowledge, self-reported meat consumption,
and community behaviors were conducted using Pearson
product moment correlations. Separate stepwise multiple
linear regressions were used to identify those variables that
predicted each of the behaviors of interest - self-reported
beef consumption, self -reported lamb consumption and
community behaviors.
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TABLE 2 | Components from the questionnaire grouped into composite scores, a high score indicating a positive attitude or strong agreement to the statements.

Topic Assigned attitude Cronbach’s Questionnaire item
component label Alpha
The meaning of Humane treatment 0.82 Humane treatment of animals
animal welfare Preventing animal cruelty
Protecting the rights of animals
Best practice 0.78 Farmers and farm animal handlers using best practice
handling Farmers and farm animal handlers caring for their animals
Caring for and 0.57 Caring for our pets
balancing the needs Balancing the needs of animals and people
of pets and people
Acceptability of Red meat attributes 0.81 | believe beef and lamb are healthy foods
animal uses It is appropriate to use sheep and beef cattle to produce food for humans
Sheep and beef cattle farming is environmentally sustainable
Sheep and beef cattle are raised in a humane and animal friendly manner
Red meat animal 0.69 Sheep and beef cattle have the same right to life as domestic animals
rights Sheep and beef cattle have the same feelings as domestic animals
Behavioral beliefs Public engagement 0.89 | think it is important to lobby governments to improve the welfare of farm animals
beliefs | should encourage my friends to support animal welfare causes
It is important for me to be actively involved in the promotion of farm animal welfare
It is important for me to encourage family and friends to be actively involved in the promotion of
animal welfare
Normative beliefs Negative normative 0.74 The welfare of farm animals is not something that my partner/family would expect me to consider
beliefs when making meat shopping choices
Lobbying the government to improve the welfare of farm animals is not something my partner/family
would expect me to do
My partner/family would not expect me to encourage my family and friends to be actively involved in
the promotion of animal welfare
Positive normative 0.78 My partner/family would expect me to buy lamb and beef that is produced with good animal welfare
beliefs practices
My partner/family would expect me to encourage my friends to support animal welfare causes
My partner/family would expect me to be actively involved in the promotion of farm animal welfare
Control beliefs Difficult to act 0.48 | find it takes too much effort to buy beef and lamb that is produced with good animal welfare
practices.
| would find it too difficult to lobby the government to improve the welfare of farm animals
Easy to act 0.75 | can easily encourage my friends to support animal welfare causes
| can easily be involved actively in the promotion of farm animal welfare
Trust of livestock Trust 0.92 | trust farmers to properly care for their sheep and beef cattle
industry people | trust farm animal handlers to properly care for their sheep and beef cattle
| trust those responsible for transporting sheep and beef cattle by land to properly care for them
| trust abattoir workers who work with sheep and beef cattle to properly care for them and use
humane slaughter methods
Attitudes toward Approval of 0.89 Mulesing
red meat farming husbandry practices Crutching
practices Dehorning
Pre-slaughter stunning
Curfew
Tail docking
Ear tagging
Hot iron branding
Castration
Feedlotting
Spaying
(Continued)
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TABLE 2 | Continued

Topic

Assigned attitude
component label

Cronbach’s
Alpha

Questionnaire item

Importance of farming

attributes

Comfort of beef cattle

Comfort of sheep

Accessing information

General welfare

Medication

Land beef transport conditions

Sea beef transport conditions

Land sheep transport
conditions

Sea sheep transport conditions

Commercial media

Social and internet media

Conventional media

0.95

0.8

0.94

0.96

0.96

0.97

0.79

0.8

0.75

Social contact with animals of the same species

Contact with their young

Shelter

Access to water

Freedom to roam outdoors

Good nutrition

Regular exercise

Fresh air

Protection from predators

Pain relief during painful husbandry procedures

Medications (i.e., antibiotics) for health

Vaccinations for health

Space per animal

Provision of food and water

Ventilation

Journey length

Road/truck conditions (e.g., sound, vibration, braking levels

Loading of animals onto vehicles (e.g., use of handling aids, human handling)
Space per animal

Provision of food and water

Ventilation

Journey length

Boat conditions (e.g., sounds, vibration, unsteady ground)

Loading of animals onto boats (e.g., use of handling aids, human handling)
Space per animal

Provision of food and water

Ventilation

Journey length

Road/truck conditions (e.g., sound, vibration, braking levels

Loading of animals onto vehicles (e.g., use of handling aids, human handling)
Space per animal

Provision of food and water

Ventilation

Journey length

Boat conditions (e.g., sounds, vibration, unsteady ground)

Loading of animals onto boats (e.g., use of handling aids, human handling)
Government advertisements/promotions

Celebrity chef/cook

Industry bodies

Supermarkets (e.g., Coles, Woolworths, IGA)

Labels (product labels)

Internet

Friends, relatives or colleagues

Animal welfare organizations e.g., RSPCA

Social network sites, related social media (e.g., Facebook, YouTube, Twitter, blogs)
Television (e.g., TV news, documentaries)

Radio

Print media (e.g., magazines, newspapers, scientific papers)

(Continued)
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TABLE 2 | Continued

Topic Assigned attitude Cronbach’s Questionnaire item
component label Alpha
Trust of information sources Trust social and internet media  0.84 Television (e.g., TV news, documentaries)
Radio
Internet
Print media (e.g., magazines, newspapers, scientific papers)
Friends, relatives or colleagues
Animal welfare organizations e.g., RSPCA
Social network sites, related social media (e.g., Facebook, YouTube, Twitter, blogs)
Trust conventional media 0.82 Government advertisements/promotions

Industry bodies

Supermarkets (e.g., Coles, Woolworths, IGA)
Labels (product labels)

Celebrity chef/cook

RESULTS

Differences Between CATI and PANEL

Samples: Demographics

Comparisons of CATI and PANEL respondents’
sociodemographic characteristics are reported in Table 3.
The two survey samples are reasonably consistent with the
most recent census data from the Australian Bureau of
Statistics [ABS], 2016) and respondents from both surveys
resided in all states and territories of Australia. There
were no significant differences between the two samples
regarding respondents’ geographical location (x%s = 14.69,
p > 0.05), 50:50 gender split (x%, = 2.33, p > 0.05), or
age distribution (x%s 3.46, p > 0.05), with the 18-24
age group under-represented in both the CATI and PANEL
samples (Table 3).

With regard to respondents’ highest level of education, there
were significant differences between the CATI and PANEL
samples (23 = 11.04, p < 0.05; Table 3). The CATI sample
had fewer technical and school leaver educated respondents
than did the PANEL sample (x%1 = 9.52, p < 0.05), but the
other categories were not significantly different between the
two samples. Numerically, the census percentages for technical
and further education percentages were midway between the
those for the two samples, while the census percentages for
university or other higher education were below those for
the two samples.

There was a significant difference between the samples in
terms of who performs the household shopping (Table 3),
with the CATI sample containing more respondents who did
the shopping less frequently than the PANEL respondents
(x%3 = 2148, p < 0.05). Despite the differences between the
samples, most respondents from both samples were responsible
for shopping in their households.

In relation to meat consumption, while most respondents
from both samples were meat eaters, there was a significant
difference between the samples in number of vegetarians and
vegans, with fewer vegetarians and vegans in the PANEL sample
(%%, = 6.98, p < 0.05). The vegetarian/vegan sample is relatively

small, particularly in the PANEL survey (5 vs. 8%) and thus
caution is required in interpreting this difference between
the two samples.

Differences Between CATI and PANEL
Samples: Composite Variables and
Behavioral Variables

Because the two survey samples differed with regard to
education level, a MANCOVA with education as a covariate
was used to compare the CATI and the PANEL sample
on the composite variables. There was a significant effect
for education (F43,037 = 2.66, p < 0.01). Following the
MANCOVA, univariate tests were performed on each of the
composite variables. Comparison of the CATI sample with
the PANEL sample on the composite variables showed that
the PANEL respondents gave generally more conservative
responses than did the respondents from the CATI survey
(Fa3,087 = 8.85, p < 0.01), in the sense that they were
more positive toward the livestock industries and animal
welfare within these industries (Table 4). The multivariable
effect size for education was substantially smaller than that
for sample type (Partial n = 0.10 and 0.28, respectively).
The effect sizes (Cohen, 2016) of the significant univariate
differences that were observed ranged from very small
(< 0.2) to those in the small to medium range (> 0.2
but < 0.5). The PANEL sample also reported greater perceived
knowledge (but not actual knowledge) of livestock production
and were less engaged in communication activities and
community behaviors.

In general, CATI respondents were more engaged in
community behaviors when compared with the PANEL sample,
with significantly more respondents having posted/shared
information about an issue on social media, signed a petition and
spoken to colleagues, family members or friends in opposition of
beef cattle and sheep farming (Table 5).

There was no significant difference between CATI and PANEL
respondents in relation to the regularity of their red meat
consumption (Table 6).
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TABLE 3 | Chi square comparison of CATI (n = 502) and PANEL (n = 530) respondents’ sociodemographic characteristics.

CATI PANEL Census
Count % Count % %
¥26 = 6.10, State/Territory Victoria 137 28 135 26 24
p > 0.05 New South Wales 137 28 177 34 29
Queensland 109 22 108 21 22
South Australia 41 8 40 8
Western Australia 50 10 49 9 12
Tasmania 14 3 10 2
Australian Capital Territory 10 2 6 1 2
¥2%o =2.33, Are you...? Male 231 46 263 50 49
p > 0.05 Female 270 54 267 50 51
Other 1 0 0 0 0
x25 = 3.46, Which of these age 18-24 48 10 36 7 12
p>0.05 groups are you in? 25-34 75 15 78 15 19
35-44 84 17 99 19 17
45-54 96 19 106 20 17
55-64 94 19 106 20 15
65 + 105 21 105 20 20
¥23 = 11.04, What is your highest level No Formal Schooling 0 29 0 29.2 42.3
p <0.05 of education? Primary School 9 6
Secondary School 135 149
Technical or further educational institution 116 24.7 168 32 28.1
(including TAFE College)
University or other higher educational institution 230 46.3 204 38.8 27.3
¥23 = 21.48, How often do you do the Rarely 48 10 21 4
p < 0.05 grocery shopping for your  Sometimes 86 17 69 13
household? Mostly 120 24 121 23
Always 247 49 319 60
¥2%o = 6.98, Would you describe Meat and vegetable eater (A person who eats a 449 89 498 94
p < 0.05 yourself primarily as a...? variety of foods including red and white meat)
Vegetarian (A vegetarian is a person who does 42 8 25 5
not eat red or white meat, including fish, but
eats eggs and dairy products)
Vegan (A vegan is a person who eats no animal 1 2 7 1

products at all)

Data for the Northern Territory and No formal schooling were not included in the analysis because of expected frequencies < 5. Census data of the Australian Bureau of
Statistics [ABS] (2016) is also presented for geographical location, gender, age distribution and level of education.

Comparing CATI and PANEL Samples:
Relationships Between Attitudes,

Knowledge and Community Behavior

Correlations amongst the composite attitude variables and
the four outcome variables (actual knowledge, community
behavior and both perceived knowledge scores) are given in
Table 7. For the correlations between attitudes and actual
knowledge, in every case where significant differences exist
between the two survey samples, the PANEL correlations
are significantly larger than the CATI correlations. With

one exception, this is also the case for correlations
between attitudes and perceived knowledge for both beef
cattle and sheep.

Correlations between attitudes and behavior show the
opposite pattern to the knowledge and perceived knowledge
correlations. In most instances where significant differences

exist between the two survey samples, the PANEL correlations
are significantly larger than the CATI correlations. However,
where the correlations are between accessing the three media
types (commercial, conventional and social) and behavior, the
correlations are significantly larger for the CATI sample.

When all composite variables were entered into a linear
regression model with community behavior as the dependent
variable, five variables uniquely contributed to predicting
community behavior for respondents of the CATT survey (Public
engagement beliefs, Positive normative beliefs, Trust, Social
and internet media and Eats meat) and accounted for 47% of
its variance (Table 8). For the PANEL sample, five variables
uniquely contributed to predicting Community behavior (Public
engagement beliefs, Commercial media, Social and internet
media, Eats meat and Trust Commercial media) and these
variables accounted for 48% of its variance (Table 9).
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TABLE 4 | Independent 2-tailed t-tests (df = 1029) comparing the responses of the CATI and the PANEL respondents with education as a covariate.

Adjusted Mean

t Sig. CATI PANEL Mean Difference Cohen’s D Interpretation
(CATI-PANEL

Animal welfare 2.34 0.02 441 4.29 0.12 0.15 CATI respondents have a greater belief that animal

humane welfare involves humane animal care/treatment

Animal welfare handling 1.54 0.12  4.28 4.20 0.08 0.09 No significant difference in CATI and PANEL
respondents’ belief that animal welfare involves
appropriate animal handling

Animal welfare people 2.71 0.01 4.07 3.92 0.15 0.17 CATI respondents have a greater belief that animal

animals welfare involves a positive human-animal relationship.

Red meat attributes —-2.18 0.03 3.65 3.77 -0.12 -0.14 PANEL respondents have a more positive attitude
toward red meat attributes, regarding human health,
environmental impact, animal use and animal welfare

Red meat animal rights 417 0.00 3.99 3.73 0.24 0.26 CATI respondents have a more positive attitude toward
red meat (beef cattle and sheep) animal rights

Public engagement 4.50 0.00 3.52 3.22 0.30 0.28 CATI respondents have a more positive attitude toward

beliefs public engagement (i.e., lobbying government,
supporting animal welfare causes, and animal welfare
promotion)

Negative normative —4.25 0.00 2.89 3.17 -0.28 —0.26 PANEL respondents have a greater belief that relevant

beliefs others would not expect them to show public
engagement (i.e., lobbying government, supporting
animal welfare causes, and animal welfare promotion)

Positive normative 4.62 0.00 3.30 3.00 0.30 0.29 CATI respondents have a greater belief that relevant

beliefs others would expect them to show public engagement
(i.e., lobbying government, supporting animal welfare
causes, and animal welfare promotion)

Easy to act —-3.92 0.00 2.81 3.05 —-0.24 —0.24 CATI respondents see greater ease in supporting or
promoting positive animal welfare

Difficult to act 3.16 0.00 3.13 2.91 0.22 0.20 PANEL respondents see greater difficulty in supporting
or promoting positive animal welfare

Trust —1.20 0.23 3.38 3.46 —0.08 -0.07 No significant difference in CATI and PANEL
respondents’ trust of farmers and animal handlers to
appropriately care for beef cattle and sheep

Approval of husbandry 2.36 0.02 3.04 2.92 0.12 0.15 CATI respondents have a more positive attitude toward

practices the husbandry practices used in the red meat industry

General welfare 9.01 0.00 4.77 4.43 0.34 0.56 CATI respondents have a greater belief that good
animal welfare requires a range of different factors to be
met

Medication 6.10 0.00 4.55 4.25 0.30 0.38 CATI respondents have a greater belief that it is
important to provide medication to beef cattle and
sheep

Land beef transport —4.47 0.00 2.50 2.82 —0.32 —-0.28 PANEL respondents have a more positive attitude

conditions toward land transport conditions for beef cattle

Sea beef transport —6.53 0.00 2.11 2.57 —0.46 —0.41 PANEL respondents have a more positive attitude

conditions toward sea transport conditions for beef cattle

Land sheep transport —4.11 0.00 2.36 2.65 -0.29 —0.26 PANEL respondents have a more positive attitude

conditions toward land transport conditions for sheep

Sea sheep transport —6.23 0.00 2.03 2.47 —0.44 —0.39 PANEL respondents have a more positive attitude

conditions toward sea transport conditions for sheep

Commercial media 0.53 0.59  2.02 1.99 0.03 0.03 No significant difference in CATI and PANEL
respondents’ attitude toward commercial media as a
source of knowledge

Social and internet 5.10 0.00 273 2.42 0.31 0.32 CATI respondents have a more positive attitude toward

media social and internet media as a source of knowledge

Conventional media 4.99 0.00 2.61 2.33 0.28 0.31 CATI respondents have a more positive attitude toward
conventional media as a source of knowledge

Eats meat 2.59 0.01 1.11 1.06 0.05 0.16 CATI respondents are more likely to be a vegetarian or
vegan

(Continued)
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TABLE 4 | Continued

Adjusted Mean

t Sig. CATI PANEL Mean Difference Cohen’s D Interpretation
(CATI-PANEL

Trust conventional media —1.04 0.30 3.02 3.08 —0.06 —0.06 No significant difference in CATI and PANEL
respondents’ trust of conventional media

Trust Commercial media —4.86 0.00 2.61 2.85 —0.24 —0.30 PANEL respondents are more trusting of
commercial media

Trust social and internet —3.51 0.00 2.96 3.14 -0.18 —-0.22 PANEL respondents are more trusting of social

media and internet media

Perceived knowledge of —0.55 0.00 2.80 3.25 -0.45 —-0.41 PANEL respondents have a greater perceived

beef cattle production knowledge of beef cattle production

Perceived knowledge of -5.07 0.00 2.93 3.29 —0.36 -0.32 PANEL respondents have a greater perceived

sheep production knowledge of sheep production

Knowledge Score 0.68 0.50 7225 71.46 0.79 0.04 No significant difference in CATI and PANEL
respondents’ knowledge score

Behavior 2.41 0.02 2.00 1.72 0.28 0.15 CATI respondents perform more community
behaviors

During the past 6 months, 4.71 0.00 2.34 1.95 0.39 0.29 CATI respondents perform more

how many people have communication activities

you told about farm animal

welfare in Australia?

Compared with your 3.50 0.00 2.25 1.98 0.27 0.22 CATI respondents perform more

friends, how likely are you communication activities

to be asked about farm

animal welfare in

Australia?

Overall, in all of your 1.48 0.14 1.88 1.78 0.10 0.09 No significant difference in CATI and PANEL

discussions with friends and
neighbors how often are you
used as a source of advice
on farm animal welfare in
Australia?

respondents being used as a source of advice
on farm animal welfare

Comparing CATI and PANEL Samples:
Relationships Between Attitudes and

Red Meat Consumption
Correlations between the composite attitude variables and self-
reported frequency of beef and lamb consumption are given
in Table 10. In every case where significant differences in the
correlations exist between the two survey samples, the CATI
correlations are significantly larger than the PANEL correlations.

When all composite variables were entered into linear
regression models with self-reported consumption of beef as
the dependent variable, two variables uniquely contributed to
predicting beef consumption (Red meat attributes and Trust)
for respondents of the CATI survey and accounted for 38% of
its variance (Table 11). For the PANEL sample, five variables
uniquely contributed to predicting beef consumption (Red meat
attributes, Red meat animal rights, Negative normative beliefs,
Approval of husbandry practices and Medication) and these
variables accounted for 19% of its variance (Table 11). Unlike the
analysis of behavior, a much smaller percentage of the variance in
beef consumption was predicted in the PANEL sample compared
to the CATI sample.

When all composite variables were entered into linear
regression models with self-reported consumption of lamb as

the dependent variable, two variables uniquely contributed to
predicting lamb consumption for respondents of the CATI
survey (Red meat attributes and Public engagement beliefs) and
accounted for 25% of its variance (Table 11). For the PANEL
sample, only one variable uniquely contributed to predicting
lamb consumption (Red meat attributes) and this variable
accounted for 9% of its variance (Table 11). Similar to beef
consumption, a much smaller percentage of the variance in lamb
consumption was predicted in the PANEL sample compared to
the CATI sample.

DISCUSSION

The primary aim in this paper was to determine whether there
were differences between the CATI (RDD telephone) and the
PANEL (PIP) survey samples in animal welfare-related attitudes
and behavior, and the interrelationships amongst these variables.
As a first step, it was important to compare the two samples in
demographic characteristics. In some respects, it is not surprising
that the results of this study showed that the demographic
characteristics of the two samples were quite similar. Quotas
were applied to age and gender and the data showed the two
samples to be similar in these respects. However, geographical
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TABLE 5 | Independent 2-tailed t-tests (df = 1029) comparing engagement with individual community behaviors between the CATI survey and the PANEL survey

respondents with education as a covariate.

Mean
t Sig. CATI PANEL Mean Difference Cohen’s D Interpretation
(CATI-PANEL)
Written a letter to a —1.68 0.09 0.06 0.09 —0.03 -0.10 No significant difference between CATI and PANEL
politician respondent’s prevalence of writing a letter to a politician
Posted/shared 4.37 0.00 0.35 0.23 0.12 0.27 CATI respondents post or share more information about
information about an an issue on social media
issue on social media
Called a radio talk —3.95 0.00 0.01 0.05 —0.04 —-0.25 PANEL respondents called a radio talk back segment
back segment more frequently
Attended a public rally or 0.02 0.98 0.07 0.07 0.00 0.00 No significant difference in CATI and PANEL
demonstration respondents’ attendance at public rally or
demonstration
Signed a petition 1.94 0.05 0.40 0.34 0.06 0.12 CATI respondents sign petitions more frequently
Donated money to 2.20 0.03 0.48 0.41 0.07 0.14 CATI respondents donate money to animal welfare
animal welfare organizations more frequently
organizations
Donated goods other —0.33 0.74 0.24 0.25 —0.01 -0.02 No significant difference in CATI and PANEL
than money to animal respondents’ donation of goods other than money to
welfare organizations animal welfare organizations
Volunteered your services -0.20 0.84 0.12 0.12 0.00 —0.01 No significant difference in CATI and PANEL
to animal welfare respondents’ volunteering their services to anima
organizations welfare organizations
Spoken to colleagues, 7.1 0.00 0.66 0.45 0.21 0.44 CATI respondents speak with colleagues, family
family members, or members and friends about animal welfare more
friends frequently
Written a letter to a —3.15 0.00 0.02 0.05 —-0.03 —0.20 PANEL respondents have a greater prevalence of

newspaper

writing a letter to a newspaper

TABLE 6 | Independent 2-tailed t-tests (df = 1029) comparing the consumer behavior of the CATI survey and the PANEL survey respondents with

education as a covariate.

Mean
t Sig. CATI PANEL Mean Difference Cohen’s D Interpretation
(CATI-PANEL)
How often would you eat —0.53 0.59 3.30 3.34 —0.04 0.03 No significant difference in CATI and PANEL
beef in an average week? respondents’ average weekly beef consumption
How often would you eat 0.45 0.65 2.40 2.37 0.03 0.03 No significant difference in CATI and PANEL

lamb in an average week?

respondents’ average weekly lamb consumption

distributions which had not been sampled by quota were also
similar to both each other and also to the Australian census data.
The one demographic variable where the survey samples differed
from each other was in education. It is not clear why there were
fewer technical and further education educated people in the
CATI sample and (although not significant) more university or
other higher educational institution educated people compared
to the PANEL sample. Given these differences, we accounted
for the potential impact of education in analysis of the data by
adjusting for level of education achieved.

A second point of comparison that will assist in interpreting
the similarities and differences between the samples is response
rate. Response rates for internet and telephone surveys
consistently show that telephone surveys take longer to complete
than do internet surveys. As indicated earlier, Ansolabehere

and Schaffner (2014) compared internet and telephone surveys
and found response rates of 42.9% and 19.5%, respectively.
Similarly, Link and Mokdad (2005) reported response rates of
40.1% and 15.4%, respectively. In the current study the response
rates were 10% and 15%, respectively. It is not clear why the
differences in response rates between this study and previous
studies occurred.

For the telephone survey, Ansolabehere and Schaffner (2014)
reported a response rate of 20.9% for landline telephone numbers
and 8.6% for mobile telephone numbers. They received 807
landline and 100 mobile telephone responses. If these numbers
are recalculated for a sample consisting of a 50:50 split of landline
and mobile telephone respondents, the average response time
for all telephone contacts in Ansolabehere and Schaftner’s (2014)
study would be 14.8% compared to 15% in the current study
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TABLE 7 | Correlations (df = 1030) between Knowledge, Community behavior and all composite variables.

Actual Knowledge Behavior Perceived Knowledge beef Perceived Knowledge sheep
CATI PANEL CATI PANEL CATI PANEL CATI PANEL
Animal welfare humane 0.03 0.29 0.19 0.20 —0.05 0.00 —0.01 —0.01
Animal welfare handling 0.12 0.25 0.01 0.11 -0.09 -0.10 —0.04 -0.10
Animal welfare people animals 0.00 0.17 0.13 0.1 —-0.02 —-0.14 0.00 —-0.13
Red meat attributes 0.08 0.10 —0.34 —0.20 -0.15 —0.04 —0.15 —0.03
Red meat animal rights —0.04 0.05 0.27 0.24 0.04 —0.04 0.01 —0.05
Public engagement beliefs -0.15 —0.08 0.51 0.49 0.03 -0.16 0.02 —0.16
Negative normative beliefs 0.08 —0.038 —0.35 -0.15 0.05 0.12 0.04 0.14
Positive normative beliefs —0.11 —0.07 0.41 0.44 —0.04 -0.23 —0.09 —0.22
Easy to act —0.08 —-0.17 —0.19 -0.14 0.15 0.19 0.19 0.20
Difficult to act —0.09 —-0.13 0.44 0.42 -0.12 —0.21 —0.06 —0.20
Trust 0.02 —0.05 -0.39 —-0.21 -0.13 —0.02 —0.14 —0.01
Approval of husbandry practices 0.17 0.05 —0.31 -0.07 -0.24 -0.16 -0.19 -0.14
General welfare 0.03 0.30 0.28 0.09 0.04 —0.05 0.05 —0.07
Medication 0.01 0.15 0.04 0.06 0.04 —0.08 0.02 —0.08
Land beef transport conditions —-0.03 —0.20 -0.32 —0.16 -0.16 —-0.04 —-0.18 —0.02
Sea beef transport conditions —0.01 -0.27 —0.35 —0.16 -0.10 —0.05 —0.09 —0.01
Land sheep transport conditions —0.02 —-0.23 —-0.33 —-0.19 -0.12 —0.06 —-0.14 —0.02
Sea sheep transport conditions 0.00 —0.28 —0.35 —-0.18 —0.08 —0.05 -0.07 —0.01
Commercial media —0.06 —-0.15 0.20 0.48 -0.14 -0.27 —-0.14 -0.27
Social and internet media —0.09 —0.04 0.53 0.64 —0.02 -0.27 0.03 —0.25
Conventional media 0.13 0.01 0.15 0.47 -0.19 -0.32 —-0.24 -0.32
Trust conventional media —0.07 —0.03 0.14 0.22 0.10 —0.01 0.11 —0.01
Trust Commercial media —-0.15 -0.15 0.05 0.15 0.12 0.00 0.07 0.02
Trust social and internet media -0.17 —0.05 0.39 0.40 0.10 —0.06 0.09 —-0.04

Pairs of correlations in bold are significantly different at p < 0.05.

TABLE 8 | Linear regression with Community behavior as the dependent variable

and all composite variables entered as the predictors, for the CATI sample.

Beta coefficient t Sig.

(standardized)
(Constant) —-2.0 0.04
Public engagement beliefs 0.15 2.72 0.01
Positive normative beliefs 0.13 2.73 0.01
Trust —-0.17 —3.50 0.00
Social and internet media 0.32 7.10 0.00
Eats meat 0.10 2.50 0.01
R? =0.47

and 40.1% in the study by Link and Mokdad (2005). However,
the methodology used by Link and Mokdad (2005) was quite
different from both Ansolabehere and Schaffner (2014) and the
current study because telephone respondents first received the
questionnaire via mail and were then contacted by telephone.
Thus, it appears that the response rate for telephone respondents
in the current study are similar to those obtained by at least one
other study that used similar methodology.

For the PANEL survey, the response rate in the current study
is much lower than that obtained by Ansolabehere and Schaffner
(2014), however, it is difficult to compare the methodologies used
in the two studies. Ansolabehere and Schaffner (2014) used a

TABLE 9 | Linear regression with Community behavior as the dependent variable
and all composite variables entered listwise as the predictors, for
the PANEL sample.

Beta coefficient t Sig.

(standardized)
(Constant) —-3.562 0.00
Public engagement beliefs 0.18 2.86 0.00
Commercial media 0.15 2.69 0.01
Social and internet media 0.35 5.78 0.00
Eats meat 0.07 2.07 0.04
Trust commercial media —-0.11 —2.20 0.03

R2 = 0.48.

procedure where everyone in the target sample as defined by
census data is matched with at least one person from the internet
panel. The survey link is then sent to the selected panelists and
the responses are weighted to ensure that the matched sample is
representative of the population target sample.

Given the length of the questionnaire used in the current study
(CATL 33.3 min, PANEL: 19 min) it might be expected that
the response rates would be lower than that obtained in other
studies. For example, completion times in Ansolabehere and
Schaftner’s (2014) study were 14.3 min for telephone respondents
and 8.9 min for internet respondents.
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TABLE 10 | Correlations (df = 1030) between beef and lamb consumption and all
composite variables.

Beef Lamb
CATI PANEL CATI PANEL
Animal welfare humane —0.16 0.02 —-0.11 0.01
Animal welfare handling 0.08 0.10 0.07 0.09
Animal welfare people animals —0.04 0.07 0.00 0.04
Red meat attributes 0.55 0.38 0.48 0.29
Red meat animal rights —-0.22 —-0.14 —-0.16 —0.04
Public engagement beliefs —0.26 —-0.12 -0.12 0.01
Negative normative beliefs 0.22 0.15 0.16 0.03
Positive normative beliefs —-0.11 —0.03 —0.05 0.07
Easy to act 0.01 0.03 0.06 —0.03
Difficult to act -0.18 —0.06 —-0.15 0.06
Trust 0.48 0.28 0.34 0.23
Approval of husbandry practices 0.41 0.13 0.33 0.15
General welfare -0.16 0.01 -0.12 -0.02
Medication 0.12 0.08 0.10 0.00
Land beef transport conditions 0.40 0.15 0.33 0.09
Sea beef transport conditions 0.34 0.14 0.28 0.10
Land sheep transport conditions 0.40 0.18 0.33 0.09
Sea sheep transport conditions 0.32 0.14 0.25 0.11
Commercial media 0.04 0.01 0.07 0.09
Social and internet media —-0.22 -0.12 —-0.18 —0.02
Conventional media 0.01 0.01 —0.01 0.11
Trust conventional media —0.08 —0.05 —0.04 0.06
Trust Commercial media 0.11 —0.01 0.11 0.13
Trust social and internet media —-0.24 —0.11 -0.15 0.01

Pairs of correlations in bold are significantly different at p < 0.05.

TABLE 11 | Linear regression with beef consumption or lamb consumption as the
dependent variable and all composite variables entered listwise as the predictors.

Beta t Sig. R?
coefficient
(standardized)

Beef consumption

CATI (Constant) 219 0.03 0.38
Red meat attributes 0.36 6.62 0.00
Trust 0.13 248 0.01
PANEL (Constant) 4.39 0.00 0.19
Red meat attributes 0.36 6.20 0.00
Red meat animal rights -0.14 —2.80 0.00
Negative normative beliefs 0.10 2.07 0.04
Approval of husbandry practices —-0.11 —2.30 0.03
Medication 0.12 2.01 0.04
Lamb consumption
CATI (Constant) 122 022 0.25
Red meat attributes 0.41 710 0.00
Public engagement beliefs 0.16 258 0.01
PANEL (Constant) 3.22 0.00 0.09
Red meat attributes 0.25 410 0.00

Although the underlying explanation for the differences
between the studies is unclear, it seems reasonable that the two
samples used in the current study should be comparable in terms

of representativeness because of similarities in the demographic
data, consistency with census data except for education, and
similar response rates, even if they do not correspond to those
obtained in other studies.

A comparison of the CATI sample with the PANEL sample
on the composite variables showed that the PANEL sample
gave generally more conservative responses than did the CATI
sample, in the sense that they were more positive toward the
red meat industry and animal welfare within these industries.
In evaluating these differences between the two samples, it is
important to consider their practical importance. The analysis of
the demographic factor of education level that differed between
the two samples showed an effect size of a partial 2n = 0.10
compared with an effect size associated with the substantive
dependent variables of 2n = 0.28. While the sample difference
in education is substantial, the differences in the substantive
variables after controlling for education is quite large. Further,
many of the univariate effect sizes are in the small to medium
range. While care needs to be taken not to interpret sample
differences in each of the dependent variables in isolation because
of the multiple tests carried out with the consequent increase
in Type I error rate, the multivariate test and the overall
pattern of univariate results suggest that there is a meaningful
difference between the two samples in many of the attitude and
behavior measures.

It is unclear why the PANEL sample gave what appear to be
generally more conservative responses than did the CATT sample.
There are few studies that have investigated the relationship
between survey type and conservatism. Ansolabehere and
Schaftner (2014) in their study of US respondents, reported that,
compared to telephone survey respondents, internet respondents
were more likely to say, for example, that budget cuts should
come more from defense spending. Further, the internet survey
produced much lower estimates of the proportion of the
population that were supportive of Congress and of affirmative
action. It is difficult to infer the orientation underpinning
these response patterns; results regarding support for affirmative
action suggest that internet survey respondents may be more
conservative than telephone survey respondents. However,
support for budget cuts coming from cuts to defense spending
and lack of support for Congress seem to imply the opposite
orientation. It also may be that the political view reflected in these
responses are not indicators of the same sort of conservatism that
is reflected in the responses observed in the current study.

It may be that people who have agreed to participate in surveys
on a regular basis (the PANEL sample), who are recorded on
a register by the market research company and who receive a
reward for participating, may be more susceptible to socially
desirable responses than those who have responded to a “cold
call” on a telephone (the CATI sample). There are no data from
this study to support this and it is a different conclusion to
that reached by Lee et al. (2015) who concluded that, when
the subject matter was gambling and its co-morbidities (alcohol,
drug and tobacco use), online responses were less susceptible
to social desirability because the online survey ensured greater
anonymity. Further, Vesely and Klockner (2020) found little
evidence for social desirability to be a confounder of people’s
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survey responses regarding environmental actions, and, to the
extent that animal welfare attitudes might align with attitudes
toward environmental action, this might apply to the results
reported here. However, this is a speculative argument and
requires empirical investigation to determine its relevance or
validity. If anonymity is the determining factor, then the results
of Lee et al. (2015) are consistent with those found here, because
in the current study it was the CATI survey that provided
greater anonymity.

Differences between the two survey samples in response
distributions is important if the prevalence of attitudes,
knowledge and behavior is of interest. This is because it is the
prevalence of these measures of the public and/or consumers
that may inform responses by legislators, welfare groups and
industry to people’s attitudes. It would be worthwhile, therefore,
to establish the reliability of the differences observed here by
replicating the study and to establish, through the inclusion of
some follow-up questions, whether perceived anonymity was the
factor that led to the observed differences.

In addition to differences in distributions of responses, it
is important to establish that the importance of the attitudes
in relation to people’s behavior is similar in the two samples.
If one sample is more compliant, it may be that respondents’
attitudes are less related to their actions than in a sample
where responses are less susceptible to social desirability. In
fact, where significant differences in correlations were found,
the PANEL sample showed higher correlations with knowledge
scores, but lower correlations with community and consumption
behaviors when compared to the CATI sample. This is consistent
with the hypothesis that where self-reported subjective matters
are involved, the PANEL sample responds consistently with
a social desirability bias. On the other hand, where attitudes
are correlated with a self-reported objective behavior, the
stronger correlations occur in the CATI sample which may
be less susceptible to social desirability bias. There is a clear
speculative element to this argument, and it needs to be
tested in a study that identifies the factors discussed in the
previous paragraph.

The differences in correlations between the composite
variables and meat consumption were also reflected in the
amount of variance in consumption that was predicted in the
two samples. The PANEL sample showed consistently lower
prediction of consumption than did the CATI sample. Not only
were demographics similar for the two samples, so were beef and
lamb consumption. The differences that occurred in predicting
consumption between the two samples are not related to actual
consumption. It is unclear why the two samples differed in the
prediction of consumption; it is difficult to attribute it to overall
differences in attitudes to the livestock industries.

Berrens et al. (2003) compared RDD telephone surveys
with PIP surveys on the issue of global climate change and
found that the internet sample produced relational inferences
similar to that of the telephone sample despite many differences
also existing. In their study it was unclear whether it was
possible to identify characteristics of respondents from the
internet sample. Also, it may be that attitudes to climate
change are less susceptible to factors associated with the

data collection method than animal welfare attitudes and
associated behaviors. Berrens et al. (2003) suggest that,
in addition to offering a viable means of data collection,
PIP surveys also provide advantages over RDD telephone
surveys in terms of response quality. Respondents’ previous
experience completing surveys is believed to be the reason
for increased response quality among the internet sample
when compared to the telephone sample. In contrast to
the findings by Berrens et al. (2003), studies such as those
by Flemming and Sonner (1999) and Taylor (2000) and
the review by Couper (2000) report significant differences
between RDD telephone and PIP survey samples regarding
both background characteristics as well as other research
variables, including attitude items, health indicators, and
voting tendencies. Flemming and Sonner (1999) suggest
that a lack of predictable patterns to the differences found
between the survey approaches raises important questions
about the viability of PIP surveys to replace RDD telephone
surveys. Furthermore, Lee et al. (2015) and Couper (2000)
suggest that while some of the differences lessen with
propensity weighting, other differences between the samples
remain unaffected by such weighting. It is clear that further
investigation of the psychological variables that systematically
differ between samples collected using different survey
methodologies is needed.

Interestingly, despite the differences in prevalence of
community behaviors, the composite scores predicted a similar
proportion of the variance in such behavior in both samples
in the current study. There was some commonality in the
predictors of community behavior (e.g., Public engagement
beliefs and Eats meat), but the other predictors differed between
the samples, consistent with the differing patterns of correlations.
This suggests that attitudes generally are strong predictors of
community behavior even if the salient beliefs differ. This is
consistent with the findings of Coleman et al. (2017) who found
that attitude variables in a CATT sample of Australians accounted
for 44% of the variance in community behavior. The implications
of this for the current study are that there is a robust relationship
between attitudes and community behavior, regardless of the
sampling technique employed. However, care needs to be taken
when interpreting such results in terms of which attitude is the
most important driver.

In addition to social desirability, factors such as internet access
may account for some of the differences found between RDD
telephone and PIP survey samples. However, the differences
may also relate to prosocial behavior, i.e., survey participation
(taking time to complete a survey that does not directly benefit
them). Like volunteering, participation in surveys is a form
of prosocial behavior (Bekkers, 2012). Whilst the reason why
a person might choose to participate in a PIP is likely to
involve the financial compensation, it may also involve an
element of volunteerism. If this is the case, volunteerism will
be associated with any form of survey participant, however,
this may be greater in PIPs because they have volunteered for
ongoing survey participation. If volunteerism does involve a
prosocial element, then it may be that they are more susceptible
to social desirability, consistent with results indicating PANEL
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respondents reporting less concern about the red meat industry
and animal welfare in comparison to the respondents from the
RDD telephone survey (CATI sample). Therefore, in this case a
PIP survey may underestimate concern about red meat farming
in Australia in the general population. Given the increased use
of PIP surveys, the reasoning behind this type of ongoing online
panel participation and its impact on survey results requires
further investigation.

Furthermore, if research is aimed at assessing the prevalence
of public attitudes toward animal welfare issues, a PIP survey may
not be the most appropriate method. It is not clear why the PIP
survey sample is more conservative with regard to animal use and
animal welfare in the red meat industry when compared to the
RDD telephone survey sample, and it may be useful to explore
this further because of the implications for interpreting the results
from other kinds of surveys.

CONCLUSION

We found differences between the two survey samples in both
attitudes and behavior toward the red meat industry. The PANEL
respondents generally gave more conservative responses than
did the CATI respondents in that they were more positive
toward the red meat industry and animal welfare within these
industries. This was also reflected in behavior relating to the
red meat industry, both community and consumer behavior.
Thus, a PIP survey may underestimate concern about red meat
farming in Australia in the general population. However, further
research is required to identify the specific psychological factors
that underpin the differences between samples derived from the
different survey methodologies.
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This article analyzes the development and organization of the United Nations Food
Systems Summit (UNFSS), which is being convened by UN Secretary General Antonio
Guterres in late 2021. Although few people will dispute that global food systems need
transformation, it has become clear that the Summit is instead an effort by a powerful
alliance of multinational corporations, philanthropies, and export-oriented countries to
subvert multilateral institutions of food governance and capture the global narrative of
“food systems transformation.” This article places the upcoming Summit in the context
of previous world food summits and analyzes concerns that have been voiced by many
within civil society. It elaborates how the current structure and forms of participant
recruitment and public engagement lack basic transparency and accountability, fail to
address significant conflicts of interest, and ignore human rights. As the COVID-19
pandemic illuminates the structural vulnerabilities of the neoliberal model of food systems
and the consequences of climate change for food production, a high-level commitment
to equitable and sustainable food systems is needed now more than ever. However, the
authors suggest that the UNFSS instead seems to follow a trajectory in which efforts to
govern global food systems in the public interest has been subverted to maintain colonial
and corporate forms of control.

Keywords: United Nations food systems summit, food systems, global governance, right to food, multi-
stakeholder partnerships, Committee on World Food Security, multilateralism, corporate control

INTRODUCTION

On World Food Day in 2019, UN Secretary-General Anténio Guterres announced to the Plenary
of the UN Committee on World Food Security (CES) that he was organizing a high-level UN Food
Systems Summit (UNESS) as part of the Decade of Action to deliver the Sustainable Development
Goals. The announcement took many in the room by surprise. Although the CFS is the primary
international and intergovernmental platform for food security and nutrition policy, the call for
the Summit neither emerged from the CFS, nor even the UN Food and Agriculture Organization
(FAO). It was unclear who would organize the Summit, where it would be held, or where the
call for the Summit had originated. However, the Secretary-General did provide a few clues to
identify the key partners of the Summit—the Rome-Based Agencies of the UN and the World
Economic Forum (WEF). Just a few months earlier, Amina Mohammed (Deputy Secretary-General
of the United Nations and Chair of the United Nations Sustainable Development Group)
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had signed a strategic partnership with the WEF. In its efforts
to promote the interests of the world’s largest corporations, the
WEEF has pursued a “Great Reset” intended to allay opposition
to neoliberal globalization through a new vision of “stakeholder
capitalism” and multistakeholder global governance (Schwab,
2021). In the ensuing months, once Guterres appointed a Special
Envoy and the structure of the Summit was announced, the
drivers behind the Summit became clear. As the world is
increasingly cognizant of social and environmental problems
caused by the industrial food system, the UNFSS has emerged
as an elaborate process to undermine more democratic arenas of
global food governance, while reinforcing corporate control over
food systems.

Few people will dispute that global food systems need
transformation. The Lancet Commission on the Double Burden
of Malnutrition describes the current state of food and
agricultural systems as a “triple crisis” in which obesity,
undernutrition, and climate change are decimating human
and planetary health (Swinburn et al, 2019). Despite global
commitments to end hunger by 2030 in Sustainable Development
Goal 2, the number of people who are food-insecure has risen
since 2014. According to the most recent State of Food Security
and Nutrition in the World report, 746 million people were
suffering from severe food insecurity in 2019 and an additional
1.25 billion people experienced moderate food insecurity (FAO
et al., 2020). The COVID-19 pandemic has further exacerbated
hunger and is anticipated to add between 83 and 132 million
more people to the number in chronic undernourishment!.
Malnutrition, including both micronutrient deficiencies or so-
called “hidden hunger” as well as overweight and obesity now
plague ~3.4 billion people worldwide (HLPE, 2020). As a result,
the FAO now identifies non-communicable diseases from poor
diets as the number one cause of premature death globally (FAO
et al., 2020).

Dominant food and agricultural systems pose just as great
a threat to the planet as they do to humans. The industrial
food system is one of the largest contributors to climate change.
The IPCC 2019 report on Climate Change and Land estimated
that up to 37% of greenhouse gas emissions come from food
systems in total. A recent article claimed that meeting the Paris
Climate Agreement’s goal of remaining between 1.5 and 2°C
of warming will not be possible without reducing emissions
from global food production and consumption (Clark et al,
2020). Global food and agricultural production are also the
number one cause of deforestation, decreasing biodiversity, and
loss of topsoil. Cataclysmic loss of biodiversity documented in
the Intergovernmental Platform on Biodiversity and Ecosystem
Services will further affect human health through declines of
critical ecosystem services ranging from pollination of crops to
avoidance of pandemics arising from spillover of wildlife diseases
into human populations.

The triple crisis we face today is not spontaneous but rather
the consequence of a long struggle over the governance of
global food systems. While colonialism laid the foundation for

'Available online at: http://www.fao.org/3/ca9692en/online/ca9692en.html#
chapter-executive_summary (accessed January 29, 2020).

globalization of food systems (Friedmann and McMichael, 1989)
since formation of the United Nations Food and Agriculture
Organization (FAO), a shifting ensemble of individuals, states,
and social movements have sought to build institutions with
public regulatory capacity to promote global food security, self-
sufficiency, and the human right to food. However, this vision
of what we call “public global food governance’—that is, a
system of multilateral coordination and regulation premised
on democratic deliberation—has been routinely undermined by
powerful actors that have instead promoted international finance
institutions, global regulatory fragmentation, and public-private
partnerships that push industrial agriculture, productivism and
trade liberalization at the expense of global food security and
the livelihoods of small-scale producers and rural workers. It
is this set of industrialized agricultural practices—with their
high levels of synthetic inputs and proprietary technologies—
that have been most responsible for the triple crisis that
we are now experiencing. Nevertheless, in a moment when
the global pandemic is exacerbating food insecurity and
malnutrition, and as global social movements demand public
global food governance that promotes the public good over
private profit, powerful states in partnership with those
multinational corporations aligned with the WEF are seeking to
thwart emerging institutions of democratic public global food
governance. This is an undertaking that centers on the UN Food
Systems Summit.

This article examines the development and organization of
the UNFSS and elaborates concerns that many civil society
organizations have raised about the UNFSS2. We describe the
context in which the Summit was announced, how it has been
rolled out, which actors it has empowered, with what resources,
and with what objectives. Although the Summits promoters use
the language of food systems, transformation, and inclusivity
(even calling it a “People’s Summit”), it has become clear that
the Summit is instead an effort by a powerful alliance of
multinational corporations, philanthropies, and export-oriented
countries to subvert the growing power of the Committee on
World Food Security—an arena that since the 2007-08 global
food crisis has emerged as the primary institution of public
global food governance—as well as to capture the narrative of
“food systems transformation.” We illustrate how promoters of
the Summit have put forth a narrow concept of food systems
that privileges global value chains over local control and human
rights. Although multiple parallel food systems coexist at present
(Anderson, 2015; Anderson and Rivera-Ferre, 2021), promoters

2We use the term “civil society” throughout this article to refer to the agrarian
producer and worker movements and progressive NGOs comprising the Civil
Society and Indigenous Peoples Mechanism (CSM) in the CFS. The UNFSS
Liaison Group of the CSM has elaborated a clear critique of the UNFSS through
an open call to respond to the UNFSS, as well as a letter to the Chair of the
CFS in February 2021. However, civil society is heterogeneous and many newer
organizations with different agendas, such as the International Land Coalition and
Scaling Up Nutrition Movement, are participating in the Food Systems Summit.
See: http://www.csmdcfs.org/14024/ (accessed March 5, 2020). La Via Campesina,
the International Peasant Movement, also published a separate critique
of the UNFSS: https://viacampesina.org/en/wp-content/uploads/sites/2/2020/12/
LVC-Position_EN_UN-Food-Summit_2020_LowRes3.pdf (accessed March 5,
2020). We have drawn on these critiques in our analysis of the UNFSS.
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have chosen to focus primarily on those “levers of change”
from which multinational corporations can profit, rather than
the indigenous and agroecological food systems that have never
contributed to today’s environmental problems and even help to
restore degraded ecosystems.

In analyzing the threat posed by the UNFSS to democratic,
public global food governance, the article proceeds as follows.
First, we place the upcoming Summit in the context of previous
world food summits to show how it departs from precedents and
reinforces a constant thread of suppression of civil society and
non-exporting countries in the Global South. Next, we explain
how the formation, current structure, forms of participant
recruitment, and public engagement of the UNFSS lack basic
transparency and accountability and fail to address human rights
or significant conflicts of interest of the organizers. Finally, we
conclude with specific challenges to the UNFSS and Member
States of the UN, and our warning that failure to change current
ways of operating risks a momentous failure to move toward
equitable and sustainable food systems that provide food security
and nutrition for all.

GLOBAL FOOD SUMMITS AND THE
ARCHITECTURE OF GLOBAL FOOD
GOVERNANCE

Since the formation of the United Nations, multilateral
international institutions have served as the primary fora
responding to successive global food crises. The UNFSS is unique
insofar as it departs from the interactive multilateral vision
and institutional arenas of global food governance that were
established during previous world food summits, up to and
including the 2008 Rome Conference. Governments at prior
Rome summits wrestled with responding to periodic hunger or
food price crises with proposals attuned to resolving uneven
regional and national capacities to address food rights and
security measures. Past initiatives constructed and reconstructed
the multilateral architecture of food governance, often in favor
of powerful agro-exporting states, through shifting emphases
on aid, trade and/or investment interventions. By contrast,
the UNFSS’s distinguishing feature is its venue in New York,
with a WEF-designed multistakeholder framework. As we
note below, this reflects the consolidation of a public-private
partnership model, initiated in 2000 with the UN Global
Compact encouraging corporations to adopt sustainable and
social goals in their programming, as “public goods.” Increased
partnering of “public” with “private” interests over time has
shifted the balance of power to the private sector. The UNFSS
exemplifies this shift. By privileging private initiative under WEF
auspices, it is overturning the principle of multilateralism to
enable corporate capture of food system governance. The WEF
intervention, invited by the UN, resembles a “shock doctrine™
response to deepening food and environmental insecurities, that

3This refers to free-market forces using their power in crisis periods to preempt
progressive change: https://www.vice.com/en_us/article/5dmqyk/naomi-klein-

have strengthened civil society resistances inside and outside the
FAO. This section traces how this intervention and narrative have
replaced the principle of UN multilateral governance, with the

WEEF claiming corporations as “trustees of society”™.

Early Global Food Governance Tensions:
Establishing the FAO

The initial vision of global food governance was embodied in the
formation of the FAO and its commitment to public leadership.
In the mid-1940’s, facing serious food shortages following the
collapse of international trade and world war, the FAO’s mandate
was to stabilize and manage food security on a world scale, with
food to be “treated as an essential of life rather than primarily as
merchandise” (quoted in Phillips and Ilcan, 2003, p. 441). In this
sense, the emerging post-colonial era embodied a public vision of
global governance supporting the right to food, embodied in the
UN’s Universal Declaration of Human Rights (1948). This was
promoted by FAO Director-General B.R. Sen’s Freedom From
Hunger Campaign in the World Food Congress of 1963, and
legally grounded in Article 11 of the International Covenant
on Economic, Social and Cultural Rights (ICESCR) in 1966.
A central tension in the FAO as to whether hunger was “best
addressed as an item on an economic development agenda that
emphasized the improvement of living conditions” was resolved
by Sen’s insistence that food was indeed a development issue, for
FAO orchestration (Fakhri, 2019, p. 8-9).

The public vision, however, was at odds with US
reconstruction of world order, which privileged agro-
technologies as the catalyst of agricultural modernization
in Europe via the Marshall Plan, and in the non-Western world.
Accordingly, the US overrode the proposal by the FAO and
the UN Relief and Rehabilitation Administration (UNRRA) to
establish a World Food Board, preferring to develop its own
network of bilateral food aid programs. Meanwhile, dispersal of
Green Revolution technology across Third World states from
the 1960’s undermined the FAO’s role in agricultural research
(ETC Group, 2009, p. 4), and served as a counterpoint to food
aid programming.

Fragmenting Food Governance: The 1974

Conference and Formation of the CFS
Agricultural commodity prices remained relatively stable until
the early 1970, in part due to US food aid (Tubiana, 1989).
US détente with the Soviet Union in 1972-73, however, emptied
surplus grain stocks for the first time in the post-war period,
tripling grain and oilseed prices and contributing to a global
food crisis. Famine stalked Bangladesh, India, Ethiopia, and the
Sahel region. In response, the Non-Aligned Countries called for
an emergency joint conference between the UN Conference on
Trade and Development (UNCTAD) and the FAO.

The World Food Conference of 1974 in Rome was an
intergovernmental conference, with social movements and
NGOs attending a parallel conference (Shaw, 2007). At the
Conference, the UN linked food production and distribution to

interview-on- coronavirus-and- disaster- capitalism- shock-doctrine (accessed 4 Available online at: https://www.weforum.org/agenda/2019/12/why-we-need-
March 5, 2021). the-davos- manifesto- for-better-kind- of- capitalism/ (accessed March 5, 2021).
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an explicitly “humanitarian” goal of food aid via grants. FAO
Director-General Addeke Boerma claimed: “Food is not like any
other commodity. If human beings have a right to life at all,
they have a right to food” (quoted in Jarosz, 2009, p. 50). This
claim institutionalized the FAO’s original public vision of food
security as a human right (Fakhri, 2019, p. 15). Meanwhile US
aid programming encouraged recipient countries to adopt Green
Revolution technologies to increase domestic food production in
lieu of aid (Clapp and Moseley, 2020, p. 3).

The Conference was held under the auspices of the United
Nations, rather than the FAO, whose mandates were politically
contested. The FAO was viewed by OECD states as incapable of
managing the crisis, given geo-political tensions associated with
food and oil crises, and contention around Third World demands
for a New International Economic Order (NIEO).

Boerma’s successor, Director-General Edouard Saouma
pledged to decentralize and reform the FAO. The UN Committee
on World Food Security (CFS) formed in this vortex, as an
intergovernmental body to promote policy convergence to
develop a global strategic framework for food security and
nutrition. Meanwhile, the FAO was weakened by the creation
of an alternative funding agency, the International Fund for
Agricultural Development (IFAD), delinking of the World Food
Program (WFP) from the FAO, and relocation of agricultural
research to the Consultative Group on International Agricultural
Research (CGIAR) in the World Bank. During this period, the US
sought once again to undermine public food governance through
the fragmentation of the FAO’s authority and establishment of an
alternative governing body, the ineffective World Food Council,
which folded in 1993 (ETC Group, 2009, p. 4).

Neoliberal Transformations: Free Trade
Agreements and the 1996 Summit

The original FAO vision of public global food governance was
further weakened by 1986, with the World Bank redefining
food security as “the ability to purchase food” (Jarosz, 2009,
p. 51). In the same year the Uruguay Round began, the
US Secretary of Agriculture challenged the GATT’s Article
XI food security provisions (1947) alluding to agribusinesses
“comparative advantage.” In 1989, the USDA further reinforced
this position, noting, “The U.S. has always maintained that self-
sufficiency and food security are not one and the same. Food
security—the ability to acquire the food you need when you
need it—is best provided through a smooth-functioning world
market” (quoted in Ritchie, 1993, fn. 35).

The Uruguay Round, managed by corporate lawyers and
multinational agribusinesses, offered market openings to
products from the Global South and the free-trader Cairns
Group. In this context, 123 states signed on to the WTO in
1994 and its institutionalization in 1995 of a “free trade” regime
deemed necessary for global “food security” via its Agreement
on Agriculture protocol. This vision of a world food market
informed the 1996 UN World Food Summit, organized by the
FAO’s new Director-General, Jacques Diouf. Here, 185 states
committed to reduce world hunger by half by 2015 with the
Rome Declaration on World Food Security and a Plan of Action.

However, the Plan of Action was unable to reconcile the
various institutional food-system-related initiatives inherited
from decentralization of FAO governance in the mid-1970’s with
the market-oriented vision of food security prioritizing global
trade, as instituted via the WTO. The trade regime deepened an
agrarian crisis in the global South among small-scale farmers,
who had lost price supports and food subsidies via Structural
Adjustment loan conditions. Meanwhile large-scale grain farmers
in the US and Europe retained huge subsidies, enabling
cheap food dumping in Southern markets (McMichael, 2013a).
In addition, WTO liberalization measures promoted export
agriculture globally, at the expense of local food crop producers—
as underscored in the CFS 1998 report, where Southern states
observed that the trade regime was compromising their food
security (Jarosz, 2009, p. 53). In the second half of the 1990’
up to 30 million peasants were dispossessed, according to a
conservative report by the FAO (Madeley, 2000, p. 75).

The Food Sovereignty Countermovement:

Agrarian Crisis and CFS Reform

At a parallel summit to the World Food Summit in Rome
in 1996, international NGOs together with newly formed
transnational social movements denounced “food dumping”
and called for “food sovereignty,” a concept first developed by
La Via Campesina (LVC), the international peasant coalition.
Through the claim of food sovereignty, LVC articulated a vision
of democratic, territorially controlled food systems not subject
to market-control of the global North and its transnational
food corporations.

In 2000, La Via Campesina joined 51 other civil society
organizations to form the International Planning Committee for
Food Sovereignty (IPC), a platform dedicated to strengthening
social movements’ voices, and encouraged the FAO to convene
a multilateral forum to address issues of food security. This
vision came to pass following the “food crisis” of 2007-08 and
a series of cascading food riots in 30 countries, from Haiti to Italy
(Patel and McMichael, 2009). At the time, northern government
mandates promoting biofuels as a “green” fuel were displacing
food crops across the world, attracting “land grab” financial
ventures and deepening food insecurity (Houtart, 2010). Such
a serious legitimacy crisis for the UN spurred Secretary-General
Ban Ki-moon to establish a High-Level Task Force on the Global
Food Cirisis including the FAO, the World Bank and the World
Trade Organization. This particular composition reflected the
coalescing of a market-based vision of food governance shared
among these three international institutions, holding the line
against the food sovereignty movement.

“Food crisis” agitation also prompted reform of the CES in
2009. While the Committee on World Food Security (CFS) was
originally established as a technical intergovernmental body of
the FAO, in the crisis context the CFS was reformed to enhance
its capacity to govern global food security. In seeking to create
greater inclusivity and evidence-based decision-making, Member
States established the Civil Society and Indigenous Peoples’
Mechanism (CSM) and a Private Sector Mechanism (PSM), both
self-organized. The CSM privileges agrarian social movements
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and small-scale producers by design, not only because they are
so important in nourishing their communities, but also because
they bear the burden of hunger and malnutrition. Seventy percent
of those who suffer from the most acute forms of hunger
are small-scale producers and rural workers (UNCTAD, 2013).
Moreover, recent years have seen increasingly criminalization
of and violence against social movements fighting for land
and water (Hoddy, 2021). While Member States remain the
primary voting members of the CFS, the CSM and PSM were
invited to participate in setting the agenda and negotiating policy
recommendations within the CFS (Duncan, 2015; McKeon,
2015). The 2009 reform of CFS also established a High-Level
Panel of Experts as a science-policy interface to provide scientific
evidence on issues affecting food security and nutrition, as
mandated by the Member States (Gitz and Meybeck, 2011).
As a result of the reform, the CFS has asserted itself and its
governing model as the “foremost inclusive international and
intergovernmental platform for all stakeholders to work together
to ensure food security and nutrition for all”>. In the years
since the reform, the CFS has developed several significant
policy instruments including the Voluntary Guidelines on the
Responsible Governance of Tenure of Land, Fisheries and Forests
in the Context of National Food Security (VGGT) and a wide
variety of policy recommendations on food security, from the
role of biofuels to connecting smallholders to markets. It has also
set up monitoring mechanisms for these policy instruments to
hold Member States accountable to rights-holders.

Public Food Governance Endangered: The
2008 FAO Conference

Given its mandate rooted in the human right to food, its one-
country-one-vote system of governance, and its inclusion of
those most affected by food and nutrition security, the CFS is
a legitimate arena of public global food governance. However,
the CFS faces competing spaces, institutions, and models of
governance that have mushroomed in the post-food crisis period.
In June 2008, the FAO High Level Conference on World Food
Security confirmed and intensified the WTO’s market-based
governance of food and nutrition security. The African continent
became a key target for neoliberal experimentation. FAO
Director-General Jacques Diouf advocated bringing “African
agriculture into line with changing conditions worldwide” to
prevent “its agricultural trade deficit to deteriorate any further”
in the event that food surplus nations reduced exports, further
inflating food prices (Diouf and Severino, 2008, p. 16). As the
food crisis unfolded, World Bank President Robert Zoellick
announced a 50% increase in financial support for global
agriculture, amounting to $6 billion, in addition to providing
“seeds and fertilizer for the planting season, especially for
smallholders in poor countries” (GRAIN, 2008). This reflected
the Bank’s new agenda, where agriculture would be reorganized
by the private sector via value-chains to “bring the market to
smallholders and commercial farms” (World Bank, 2007, p. 8).

5 Available online at: http://www.fao.org/cfs (accessed January 26, 2020).

The International Planning Committee for Food Sovereignty,
in its Terra Preta parallel meeting, responded by resisting this
attack on public global food governance.

The serious and urgent food and climate crises are being
used by political and economic elites as opportunities to
entrench corporate control of world agriculture and the ecological
commons. At a time when chronic hunger, dispossession of food
providers and workers, commodity and land speculation, and
global warming are on the rise, governments, multilateral agencies
and financial institutions are offering proposals that will only
deepen these crises through more dangerous versions of policies
that originally triggered the current situation®.

That is, the proposed solution to these crises was not to
restore the health and viability of small-scale farming systems
across the world with public subsidies and institutional
supports. Rather, the Conference’s decision to promote
corporate value-chain farming in Africa reinforced the
World Bank’s role as the premier development institution,
brokering financial investment and defining the food crisis
as a productivity issue, requiring large-scale agricultural
investments and/or incorporation of farmers into supply
chains. While value-chains have been promoted by the World
Bank to improve smallholder productivity, they ultimately
serve to embed many farmers in relations of dependency on
agro-inputs, and expands food exports at the expense of local
food security (McMichael, 2013b).

A number of different value-chain driven initiatives were
established subsequently, promoting public-private partnerships
and multistakeholder initiatives as the primary form of
governance. Among these, the Alliance for a Green Revolution
in Africa (AGRA) has had the highest profile. Founded
by the Rockefeller and Gates Foundations in 2006, AGRA
has leveraged private and public funding to promote an
array of public-private partnerships (PPP). AGRA set up an
infrastructure of 10,000 agro-dealers folding small-scale farmers
into value-chains comprising agro-inputs (seeds, fertilizer, and
pesticides) and contracts for delivery of produce to corporate
processors and retailers. Partnering with the Millennium
Challenge Corporation (MCC), it provided “technologies,
infrastructure and financing” to Africas farmers, unrepresented
in a governance structure dominated by large investors and
biotechnology representatives (ActionAid, 2009). So, while the
2008 food crisis and UN summit triggered internal reform
leading to the introduction of civil society into the CEFS,
governing powers expanded an industrial farming model to
serve global markets at the expense of small-scale farming
systems and farmers’ rights to produce food primarily for
territorial and local markets. La Via Campesina aptly called
this model “agriculture without farmers,” given its goal of
replacing local farming knowledges and territorial markets with
proprietary technologies and global value chains. AGRA, as
elaborated below, served as a model for the UN’s capitulation to
the WEF.

6 Available online at: https://viacampesina.org/en/civil-ssociety- declaration- of-the-
terra- preta-forum/ (accessed January 29, 2020).
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Contention With Market-Based Food

Governance
Growing global concern about the contributions of industrial
agriculture on to climate change and the consequences of climate
change for food production led to further struggles between
institutions to capture the narrative of sustainability. In 2002, the
World Bank initiated the International Agricultural Assessment
of Agricultural Knowledge, Science and Technology (IAASTD).
In 2009, the TAASTD culminated in internationally negotiated
summaries and publications, concluding that “business as usual
is not an option.” The reports demonstrated that the failure of
markets to adequately value environmental and social harm and
provide incentives for sustainability necessitated deep changes to
achieve more sustainable outcomes. Private sector participants
walked away from the IAASTD when it became clear that they
could not dictate the narratives about benefits of pesticides and
genetically modified organisms; and a few powerful governments
(the US, UK, and Australia) attempted to bury the reports by
filing objections at the final plenary. For its part, the World Bank
published the World Development Report (WDR) at the same
time as the IAASTD. Their messages could hardly have been
more different. Whereas, the WDR recommended economic
integration and continued emphasis on agro-industrial economic
growth in certain areas with comparative advantage, the IAASTD
pointed toward food sovereignty and illuminated structural
disadvantages that impeded economic integration. In the years
since, the TAASTD has proven increasingly influential and
its conclusions have been supported by numerous subsequent
reports®. After years of propounding the narrative of the necessity
of proprietary technologies to feed the world, it has become clear
that the industrial food system has not only left communities
more vulnerable to climate change as a result of decreased
biodiversity and degraded soil health, but also that it is primarily
small-scale producers who feed their communities (International
Panel of Experts on Sustainable Food Systems, 2017)°.
Multinational corporations, agro-exporting states, and the
Gates Foundation have therefore sought to recapture control
of governance through the framework of “climate-smart
agriculture” (CSA). First articulated by the FAO in 2009,
CSA has been conceptualized as an approach to agricultural
development and governance within a “market liberal frame” that
emphasizes “pricing, market-making, technology and protecting
private property rights in order to meet the twin challenges
of climate change and food insecurity” (Newell and Taylor,
2018, p. 113). In turn, opposition to this agenda by La Via
Campesina and the CSM have also led the FAO and CFS
to increasingly recognize the concept of agroecology. In 2014
and 2018, the FAO organized two International Symposia on
agroecology. In the CFS, the High-Level Panel of Experts

7 Available online at: https://openknowledge.worldbank.org/handle/10986/5991
(accessed January 17, 2021).

8 Available online at: https://www.globalagriculture.org/transformation-of-our-
food- systems.html (accessed January 29, 2020).

9“80% of the world’s food reaches those who consume it not through formal value
chains and retail networks, but through territorially-rooted markets” (McKeon,
2018, p. 2).

published a report on Agroecological and Other Innovations For
Sustainable Food Systems (2019), promoting agroecology as a
transformational pathway for sustainable food systems. This
interest in agroecology stems not only from advocacy by civil
society, but also the widening global consensus of the failures of
the industrial food system.

This institutional support for agroecology, however limited,
has spurred backlash from states and multinational corporations
that continue to promote agro-industrial production practices.
Donald Trump’s Ambassador to the Rome-Based Agencies of
the United Nations, Kip Tom, attacked the institutions that
have supported agroecology in early 2020, lambasting the FAO
for deviating from the narrative of the Green Revolution
and claiming that agroecology is ideological and unscientific!?.
CroplLife International—the global trade organization that
represents the interests of the largest global agro-chemical
corporations including the “big four” corporations that control
over 60% of global commercial seed sales (Mooney, 2018)—has
sought to reinterpret agroecology as simply one technique, or
“one tool in the agricultural toolbox” (Giraldo and Rosset, 2018).
Employing a myriad of strategies, the governing powers of food
and agriculture have again sought to undermine the public vision
of food once promoted by the FAO.

THE FORMATION AND STRUCTURE OF
THE UN FOOD SYSTEMS SUMMIT

UN Secretary-General Anténio Guterres’s announcement of the
UN Food System Summit may be easier to interpret in light of the
history of past world food summits and the struggles described
above, in which powerful states have continuously undermined
the public vision of global food governance to maintain control.
Guterres described the aim of the summit as “maximizing the co-
benefits of a food systems approach across the entire 2030 Agenda
and meet[ing] the challenges of climate change”'!. Announced
before the COVID-19 pandemic, the Summit was planned to take
place in 2021. While it is not yet clear what form the Summit
will now take, the Summit is currently in its preparatory stages of
information gathering.

Initially, participants of the CSM initially welcomed the
announcement of the Summit, which promised to elevate the
political significance of food systems; but they were cautious
about who was organizing the Summit and why. The IPC, La
Via Campesina, and NGOs have sought to protect and promote
the CFS, given its inclusive and evidence-based approach to food
security their influence in the CFS has grown. They worry that
the Summit is aimed at undermining the authority of the CFS,
motivated by WEF’s effort to capture the narrative of food system
transformation, as the HLPE report on agroecology had given

10 Agricultural Outlook Speech 6 February 2020. See
also, https://www.realclearworld.com/articles/2020/08/05/
the_un_should_learn_that_ideology_wont_stop_a_plague_of_locusts_501134.
html (accessed January 29, 2020).

Available  online  at:  https://www.un.org/sg/en/content/sg/personnel-
appointments/2019- 12-16/ms- agnes-kalibata- of-rwanda- special-envoy-for-

2021-food-systems-summit (accessed January 29, 2020).
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such a positive prognosis of agroecology as key to transformation
(HLPE, 2019).

The designation of the Summit as a food systems summit
is significant. The concept of food systems was developed as a
holistic, systems-based approach to account for all the ecological
and social activities through which food is produced, distributed,
and consumed (Kneen, 1989; Ericksen et al., 2010). Members
of the CSM promote the concept of food systems to emphasize
the multifunctional role of agriculture and its environmental and
social impacts. As the language of “sustainable food systems”
has grown more widespread, however, it has been watered
down. Components of food systems are often bracketed by
different actors in pursuit of their interests and the concept
of sustainability is mobilized vaguely and inconsistently (Foran
et al., 2014; Béné et al., 2019). As Oliver De Schutter and Olivia
Yambi wrote with regard to the UNEFSS, the focus on food systems
is welcome; but “talking about food systems is not enough. How
we talk about them and with whom is what matters most™'2.

In analyzing the formation and structure of the Summit,
we identify three dimensions of the Summit’s current processes
that raise significant concerns about the UNFSS’s fidelity to its
own commitments to transparency, accountability, and human
rights. These are: its structure and recruitment of leaders and
participants, its multistakeholder approach to inclusivity and
normative basis, and its failure to address conflicts of interest and
corporate influence.

Structure of the Summit and Recruitment

of Participants

The initial step in planning the Summit, the appointment of a
Special Envoy to lead the Summit, offered the first indication
of how the Summit would proceed. Without consulting the
CFS or civil society, Guterres appointed Dr. Agnes Kalibata,
the President of the Alliance for a Green Revolution in Africa
(AGRA) as Special Envoy, allowing opportunities to repackage
and promote the narrative of the Green Revolution. While the
original Green Revolution is now understood to have fostered
rural inequality, environmental degradation, farmer sickness and
suicide, the “new” Green Revolution claims greater concern with
small-scale food producers and sustainability (Holt-Giménez
and Altieri, 2013; Patel, 2013). With support from agribusiness
corporations, the WEE global philanthropies, and development
agencies of several governments in the Global North, AGRA
has emerged at the front line of efforts to impose the agro-
industrial model onto postcolonial rural populations that have
resisted incorporation into global markets. Despite two different
letters with support from over 500 organizations demanding a
termination of the UN/WEF agreement and the appointment of
the President of AGRA as Special Envoy!?, the UN Secretary-
General failed to respond. The letter of March 2020 explained that

12 Available online at: https://foodtank.com/news/2020/03/2021-food- systems-
summit- started- on-wrong- foot-it- could-still-be- transformational/ (accessed
March 5, 2021).

13 Available online at: http://www.csm4cfs.org/wp- content/uploads/2020/03/
EN_CSO-Letter-to- UNSG-on- UN-food- systems-summit.pdf (accessed March 5,
2021).

civil society concerns were rooted in the expansion of corporate
influence on food systems and AGRA’s approach to agricultural
investment. This roll-out of the Summit seemed to capitulate to
the United States’ critiques of FAO for promoting agroecology.

The Summit launch and its subsequent development have
been non-transparent and chaotic, even according to its
supporters. This has been apparent in the selection and
recruitment of participants and leaders of different components
of the Summit and its confusing structure, with a proliferating
expansion of tracks, sub-tracks and committees. The degree
of confusion generated by the well-seasoned bureaucrats who
seem to be in charge has led some people to speculate that
the convoluted structure of the Summit is intentional to allow
takeover by corporate participants, or at least frustrate social
movements attempts to stop this.

What was perhaps most surprising about the Summit is its
elaborate structure, which replicates already existing bodies in the
CFS and reconstitutes them as experts and advisors hand-picked
by the Special Envoy. The UNFSS is composed of several political
and scientific advisory bodies, or “support structures,” which
include an Advisory Committee, Scientific Group, UN Task Force
and an “Integrative Team” (the existence and composition of
which does not appear on the website). In addition to these
councils, there is a “Champions Network,” divided into “Food
Systems Heroes” and “Food System Champions.” While anyone
can apply to be a Hero, the Champions include “network and
institutional leaders from across the food system who commit
to mobilizing their networks, sharing information, and taking
action to support the Summit™4,

The substance of the UNFSS was split into five Action Tracks
according to a July 27 press release!® (although the website link
leads to an unrelated announcement about the Youth Advisory
Group on Climate Change). The Action Tracks are:

(1) Ensure access to safe and nutritious food;
(2) Shift to sustainable consumption patterns;
(3) Boost nature-positive production;

(4) Advance equitable livelihoods; and

(5) Build resilience to vulnerabilities, shocks and stress'®.

Nearly 2 months after announcing the Tracks, the Special Envoy
appointed leaders for each one. Each Action Track is led by a
Chair, one or two Vice Chairs, and an anchoring UN agency. On
top of this structure, Action Tracks have three levels of leadership:
a “core team,” a “leadership team;” and open platforms!”. Each
Action Track is charged with carrying out multistakeholder
dialogues and from these to “develop exemplary game-changing

14 Available online at: https://www.un.org/en/food- systems-summit/champions-
network (accessed January 29, 2021).

15 Available online at: https://www.un.org/en/food- systems-summit/pressroom
(accessed January 29, 2021).

16 Available online at: https://www.un.org/en/food-systems-summit/action-tracks
(accessed January 17, 2021).

17 Available online at: https://www.un.org/sustainabledevelopment/blog/2020/
09/leading- experts- chosen- to- drive-five- priority-areas- for-un-food- systems-
summit/ (accessed February 28, 2021).
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and systemic solutions” and a review of their key reflections!®.

Starter Discussion Papers were prepared for each Action Track
and posted on the Summit’s website (sometimes with a revision).
Each Action Track also contains a public forum on the Summit’s
website with announcements of upcoming events, but the
leadership within each track other than the Chair, Vice-Chair(s),
and supporting UN agency is not publicly available.

How leaders were recruited and how the Action Tracks
were developed has raised several concerns. Decision-making
processes are quite non-transparent in the UNFSS and crucial
information is not publicly available. For example, how “experts”
in the Scientific Group were selected is not clear, in sharp contrast
to the public invitations and protocols set up for the High-Level
Panel of Experts (HLPE) of the CFS. There is almost no overlap
with the membership of the HLPE. Some key expertise seems
to be missing from the Scientific Group, such as agroecology
and global food governance. Perhaps because of this lack of
expertise, there are discontinuities with previous interpretations
of key concepts. For example, the Scientific Group published
a background paper on the concept of food systems, which
brackets health, ecological, and energy systems as “neighboring
systems” (Braun et al., 2020). This represents a clear divergence
from agroecological frameworks, which include all of these
components as part of the food system. The definition of food
systems for the UNFSS reinforces a problem created by the
confusing layers of Action Tracks, Dialogues, Public Forums,
and options for participation. Additionally, the budget for the
Summit has not been made public. As of August 2020, the
Summit was estimated to cost over $20 million. It is neither
public where funding is coming from nor how money is
being spent. Without this basic transparency, it is unclear how
donations are being leveraged to influence the Summit.

Invitations have been extended to individuals and
organizations to participate as “leaders” in various ways,
but often the invitations have purposefully by-passed established
ways that civil society and other institutions self-organize. For
example, an initial invitation to lead the Action Track on “nature-
positive solutions” was made to a member of the International
Panel of Experts on Sustainable Food Systems (IPES-Food),
without any terms of reference yet demanding a response within
just a few hours. The person who was invited responded that she
would need time to consult with the Panel and its Secretariat,
and eventually decided that she couldn’t accept the invitation.
But why weren’t the co-Coordinators of IPES-Food consulted
originally and why were the organizers making an invitation
without clarifying what work was involved or why that person’s
participation was vital? (One of the co-Coordinators has agreed
subsequently to co-lead a sub-topic of this Action Track.)
Although the CSM has chosen not to participate in the Summit,
many civil society organizations (including some that also are
part of CSM) are engaging in various Action Tracks. In fact,
representatives from non-governmental organizations are Chairs
or Vice-Chairs of most of the Action Tracks. Civil society, like
the private sector, is diverse; many organizations have decided

182021 Food Systems Summit Briefing to Member States. 4 September 2020 [On
file with authors].

that the opportunities opened to them by participating in the
Summit exceed any risks.

Just as the invitations bypassed established fora and
mechanisms for civil society engagement, the UNFSS’ framing
disregards much of the previous international work on food
system framing and pathways to solutions. The Action Tracks,
while being worthwhile goals in themselves, ignore previous
international agreements that are vital to finding more systemic
solutions. Last year, the HLPE published “Food Security and
Nutrition: Building a Global Narrative Toward 2030” that laid out
a roadmap with potential policy directions for transforming food
systems (HLPE, 2020). In addition, numerous UN institutions
have developed frameworks to guide global food governance
through a rights-based framework, including the Declaration
on the Rights of Peasants and Other People Working in Rural
Areas, which was passed by the General Assembly in 2018, as
well as General Recommendation 34, issued by the Committee
on the Elimination of All Forms of Discrimination Against
Women in 2014, which elaborates the rights of rural women.
These rights-based approaches are conspicuously absent in many
of the UNFSS documents. The right to food and nutrition
is mentioned briefly in the first Action Track’s accompanying
Discussion Starter Paper as “civil society campaigns”!® but not
as its primary objective or framework. Agroecology is hardly
visible in the description of the Action Track on “nature-
positive production” nor in its revised Discussion Starter Paper??,
despite the significant work on it by FAO and the High Level
Panel of Experts of CFS. In the Discussion Paper, agroecology
is mentioned as an example of “efficiency” in production;
but for the HLPE as well as peoples movements and civil
society organizations that are struggling for food sovereignty,
its benefits extend far beyond making production more efficient
(and “efficiency” as a goal is routinely associated with industrial
food systems) (HLPE, 2019).

The UNESS’ evasion of existing institutions and frameworks
has led the CSM to conclude that the UNESS is designed to
undermine the position of the CFS as the primary seat of global
food governance, which the CSM has fought hard to protect
since the 2009 reform. Over the past few years, several powerful
governments have sought to actively weaken the CFS by slowing
down policy-making processes and reducing the CFS’s program
of work, then criticizing it for moving at a slow pace. More
recently, these governments refused to use recent CFS meetings
to substantively address the COVID-19 pandemic in anticipation
of the UNFSS. Yet the UNESS is not showing any signs of being
able to overcome the underlying barriers to an effective CFS; if
anything, it will exacerbate them (see below section on Conflicts
of Interest). Many people believe that the CFS should have been
the organizing body for the UNFSS; but not only has it been
bypassed, but its leadership was neglected in the rather insulting
original inclusion of Thanawat Tiensin, the CFS Chair, as one of
over 100 self-appointed “champions” of the UNFSS. Organizers

Y Available ~ online at:  https://www.un.org/sites/un2.un.org/files/unfss-at1-
discussion_starter-dec2020.pdf, p. 10 (accessed January 17, 2021).
20 Available online at:  https://www.un.org/sites/un2.un.org/files/unfss-at3-

discussion_starter-dec2020.pdf (accessed January 17, 2021).
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of the UNEFSS invited him to join the Advisory Committee only
after the CSM publicly raised concerns about the Summit. Both
the CFS and FAO are well-placed to respond to the pandemic
and organize a conference on “food systems,” but the FAO has
no more prominence than any other UN agency. The UN Task
Force of the UNFSS is chaired by the Executive Director of the
UN Environment Programme Inger Andersen.

Taken altogether, the structure of the UNFSS and its
recruitment of leadership has failed to meet basic standards
of accountability and transparency that even the organizers
claim to espouse. Instead, leaders, experts, and participants have
been cherry-picked from organizations that are either unaware
of already existing institutions, amenable to the reframing
of food systems through the Green Revolution framework,
or ignorant of the history and dangers of multistakeholder
partnerships undermining multilateral governance. Perhaps
most problematically, many of those selected as leaders are
unaccountable to constituencies that are at the front lines of
food systems.

Inclusivity and the Multistakeholder Model

of the Summit

The possibility for “meaningful participation” by those most
affected by food insecurity has been rendered hollow by the
UNFSSs diffuse and opaque design. The UNFSS exhibits a
puzzling combination of top-down closed decision-making (e.g.,
in formation of the Scientific Group, Advisory Committee and
Integrative Team) and simply opening the door to anyone who
wants to participate (e.g., in formation of the “Champions”
group). The Special Envoy has described the UNFSS as a “People’s
Summit,” but there is no recognition of the need to center
voices of front-line food system actors whose rights have been
consistently violated and who are not being well-served by food
systems. Without prioritizing those constituencies, as required
by human rights-based approaches, the most powerful and well-
resourced participants will inevitably dominate.

The ambiguity of participation and lack of accountability is
most clearly exemplified by UNFSS “dialogues.” The dialogues
are the main form of popular participation in the Summit. They
are being convened as “an opportunity for everyone to engage
with the Summit in a meaningful way”?!. According to the
website, dialogues can be initiated by governments (“member
state dialogues”), the Special Envoy (“global dialogues”), or
anyone at all (“independent dialogues”). Despite the elaborate
design of the dialogues (including a 44-page “reference manual”
on the Summit’s website about how to facilitate them), there
is no indication on the website about how the vast amount
of input they will generate will be filtered and compiled nor
how it will influence activities of the Summit or its outcomes.
In addition, all dialogues are “invitation only;” the first one
in the United States did not invite members of CSM-North
America who have been working on food systems through this

2 Available  online at:  https://www.un.org/en/food- systems-summit/food-
systems-dialogues (accessed January 29, 2020).

official sub-regional constituency of the CSM for over a decade??.
Whether or not these “dialogues” are designed to diffuse efforts
by people’s movements to influence the outcome of the Summit,
they create a significant opportunity to co-opt the participation of
peoples’ movements by failing to provide accountability to assure
their inputs are incorporated into final outcomes.

The UNFSS website also acts as a sort of dialogue. The
website describes itself as a “community platform to encourage
public, global conversations as part of a year-long global dialogue
leading up to the milestone event to transform food systems
worldwide.” The website has the feel of a social media platform,
including discussion boards, feeds, and an overwhelming number
of documents. Photos and short videos are embedded, with
captions such as “We Are All Connected.” On the website, people
are encouraged to participate in the following ways:

1. Sign up to join discussions across all communities.

2. Join a community, respond to ongoing discussions, or
start one.

3. Connect with members,
and community.

4. Share links, videos, photos, and tell your story in any of
the communities.

and grow your network

It is unclear how any of the elaborate forms of participation—
from the online discussion boards to the virtual dialogues to
the other UNFSS events—contribute to the outcomes of the
Summit. For example, the “Events” tab includes such wildly
disparate fora as the Davos Forum of the WEF and the Oxford
Real Farming Conference (the “unofficial gathering of the
agroecological farming movement in the UK, including organic
and regenerative farming, bringing together practicing farmers
and growers with scientists and economists, activists and policy-
makers”2*.) That is, the website seems to be absorbing any and
all events that touch on food systems governance and portraying
them as part of the UNFSS.

These problems stem from the fact that inclusivity in
the UNFSS is primarily interpreted through the paradigm
of multistakeholderism, a form of governance that has been
imported from the corporate sector into the public domain
(Pigman, 2007). Multistakeholderism seeks to incorporate all
those affected by a given issue into policy-making processes on
an imaginary level playing field. The WEF is actively seeking to
redesign multilateral global governance through the model of
multistakeholderism as part of the “the Great Reset.” The Great
Reset is an attempt by the WEF to reassert control over global
policymaking in a moment when popular movements (on both
the right and the left) are mobilizing to oppose the economic
inequalities that have proliferated as a consequence of decades
of neoliberalism. As a paper posted on the WEF website notes,

The lack of faith in the “system” has meant that the
notion of “taking back control”—including from multilateral
organizations—has gained currency in recent years among

22 Available online at: https://nffc.net/2021-un-food- system-summit-dialogues-
rekindle-concerns/ (accessed January 29, 2020).
23 Available online at: https://orfc.org.uk/about/ (accessed January 29, 2020).
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citizens and leaders alike. The danger in this development is that
skepticism over the value of geostrategic institutions, and even of
multilateralism itself, risks eroding the global community’s ability
to properly manage the primary economic, environmental and
technological risks facing the world today?*.

For the WEE multistakeholderism is a strategic approach to
maintaining liberal trade agreements and open markets, while
reducing risks from environmental degradation and popular
resistance. The promotion of multistakeholder platforms is
part of a broader vision of stakeholder capitalism that seeks
to embed corporations within systems of governance without
compromising regulatory control (Schwab, 2021).

Since inequalities of power are not accounted for in these
processes, multistakeholderism has been critiqued as a mode of
governance that serves to reproduce existing power structures
under the guise of inclusivity. A recent report by the CFS High
Level Panel of Experts warns that addressing power differentials is
critical for the success of any multistakeholder platform. In their
report, the HLPE clearly states that,

There is a risk for MSPs to reproduce existing power asymmetries
and to strengthen the position of more powerful actors. One
of the challenges for MSPs in the field of FSN [food security
and nutrition] is to acknowledge and address these power
asymmetries. Inclusiveness, transparency and accountability are
keys to address this challenge. Full and effective participation of
the most marginalized and vulnerable groups, directly affected
by food insecurity and malnutrition, will be ensured if weaker
partners have the right and capacity to speak, to be heard and
influence the decisions. This requires time and resources to
participate in discussion, including in physical meetings, as well
as information, expertise, and communication skills (HLPE, 2018,
p- 16).

Multistakeholder platforms undermine the clear responsibilities
of governments and replace political participation with a model
that lacks clear rules of participation, subverts traditional
means of political representation and erases mechanisms
of accountability.

The consistent failure of multistakeholder platforms to
address asymmetries in the context of food and agricultural
initiatives has led many scholars to be skeptical of their ability
to do more than promote the interests of the powerful (Muller,
2011; Cheyns and Riisgaard, 2014; McKeon, 2017; Gleckman,
2018). The Institute for Multi-stakeholder Initiative Integrity
recently published a report from its 10 years of research that
decisively finds that multistakeholder initiatives “are not effective
tools for holding corporations accountable for abuses, protecting
rights holders against human rights violations, or providing
survivors and victims’ with access to remedy” (MSI Integrity,
2020, p. 4). Similarly, the HLPE notes that there is little evidence
of the effectiveness of multistakeholder processes.

24 Available  online  at:  https://www.weforum.org/agenda/2019/07/multi-
stakeholder-risk-resiliency- climate- change-trade/ (accessed January 29, 2020).

Scientists and other actors question the potential benefits and
limitations, the performance and even the relevance of MSPs
as a suitable institutional mechanism to finance and improve
FSN. They also question the conditions for MSPs to contribute
effectively to the realization of the right to adequate food (HLPE,
2018, p. 13).

Research on multistakeholderism has shown again and again not
only that multistakeholder initiatives are ineffective, but also that
when there is not an agreed-upon frame, initiatives are bound to
fail (Fung and Wright, 2003; Gray, 2004). This is certainly the
case for the UNFSS: exactly what is the problem that the Summit
is designed to fix, and how will it help?

The adoption of a multistakeholder approach raises questions
about the normative basis of the Summit. As described earlier,
previous Summits have been organized through the multilateral
institutions of the United Nations. Member States have been
the primary participants of these meetings, with civil society
participating in “parallel summits.” This reflects the normative
framework of public international law through which the UN
operates. In this framework, states are the primary actors and
duty-bearers for human rights obligations. With the embrace
of multistakeholderism in the UNFESS, it is an open question
whether human rights remain the primary normative framework.
These concerns have been raised repeatedly by the Special
Rapporteur on the Right to Food, Michael Fakhri, to Dr.
Kalibata?®>. As he noted in a recent analysis of the review on
Action Tracks, only Action Track four emphasizes the right to
food as a core framework, and three of the action tracks do
not mention the right to food at all?®. Moreover, the rights-
based institutions of the United Nations, such as the CFS,
the International Labor Organization, and the Geneva-based
human rights bodies are not well-represented in the Summit’s
Leadership. This may help to explain why food system actors,
who suffer from consistent rights violations, including food-
workers, farmworkers, peasants, and Indigenous peoples, are
very poorly represented in the UNFESS.

Grounding the Summit in human rights is critical because
it is a framework for ensuring meaningful participation of
those most marginalized and vulnerable. The 2004 Voluntary
Guidelines to support the Progressive Realization of the
Right to Adequate Food in the Context of National Food
Security describe several procedural principles to guide policy-
making processes that address food and nutrition security.
Commonly known as the PANTHER framework, these include
participation, accountability, non-discrimination, transparency,
human dignity, empowerment and the rule of law?’. This rights-
based approach emphasizes that those most affected by food
insecurity should not only be able to participate meaningfully,
but that governments must be accountable for these rights. This
has important implications for the outcome of the Summit. While

ZLetter from the UN Special Rapporteur on the Right to Food to Dr. Agnes
Kalibata. 26 June 2020. On file with authors.

2Letter from the UN Special Rapporteur on the Right to Food to Dr. Agnes
Kalibata. 13 January 2021. On file with authors.

27See: FAO. 2009. “Conducting A Right to Food Assessment.” http://www.fao.org/
3/a-10550e.pdf (accessed January 13, 2021).
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the Summit aims to generate a voluntary non-negotiated political
document with guidelines for stakeholders to promote food
system transformation, as Special Rapporteur Michael Fakhri
notes: “without relying on human rights... this document will
remain aspirational and not practical.”

Conflicts of Interest and Corporate

Influence in the UNFSS

In addition to the multistakeholder design of the UNESS, the
Summits failure to safeguard against conflicts of interest risks
further enabling corporate influence in the Summit. By conflicts
of interest, we mean financial and non-financial interests or
commitments either through fiduciary obligations or duties of
loyalty that risk impairing non-partial judgment and decision-
making. Conflicts of interests “distort decision-making processes
and generate inappropriate outcomes, and thereby undermine
the well-functioning of both public institutions and markets”
(Peters, 2012, p. 3). A corporation that is obliged to maximize
profits for its shareholders or which depends for its existence
on increasing sales of agrifood system inputs or products has a
conflict of interest in the UNESS because private financial interest
should never be allowed to usurp the public interest in food
security and nutrition. Such conflicts must be disclosed routinely
in scientific or medical research and publications, and they
should be equally obligatory in work on food systems. In part,
a key problem is that multistakeholder initiatives are designed to
promote diverse interests and inclusivity, rather than manage the
risks of conflicts of interests. However, failing to guard against the
dominance of commercial interests risks undermining the UN’s
own values of independence, impartiality, and integrity on which
it depends for public legitimacy.

By appointing the current President of AGRA as Special
Envoy, the UN not only signaled support for AGRAs market-
led, technology-driven approach, it invited the rescaling of
a corporate-philanthropic alliance developed on the African
continent onto the global scale. AGRA explicitly aims to
commercialize and industrialize African food systems through
its model of “market-led technology adoption.” This approach
incentivizes farmers to adopt Green Revolution technologies,
primarily through government-sponsored farm input subsidy
programs (Toenniessen et al., 2008). AGRA has provided over
$500 million in grants to encourage the adoption of Green
Revolution technologies, primarily hybrid seeds and synthetic
fertilizers. Although AGRA promised to “double yields and
incomes for 30 million farming households by 2020,” a recent
independent evaluation found that not only has AGRA failed to
meet its objectives, but there has been a 30% increase in hunger in
the countries where AGRA operates (Wise, 2020, 2021). Despite
these failures, the Green Revolution continues to be promoted by
AGRA’s main donor, the Bill and Melinda Gates Foundation.

Participation of large numbers of people with AGRA
connections, and funding through philanthrocapitalists and
agribusinesses that belong to the WEF signal an ongoing
revolving door between corporate and public decision-making.
WEFs Head of the “Future of Food Initiative,” Sean de
Cleene, previously served as the Vice President of AGRA and

Vice President for Global Initiatives, Strategy, and Business
Development for Yara—the world’s largest fertilizer corporation.
However, the WEF partnership is just one of multiple
corporate partnerships developed recently by the UN. In
October 2019, Guterres also launched the Global Investors for
Sustainable Development (GISD), a group of 30 companies that
have vowed to provide funding for sustainable development.
Even more recently, in 2020 the Director-General of the
FAO, Qu Dongyu, raised major concerns when he signed
a cooperation agreement with CropLife International. These
agreements between multilateral international institutions and
organizations that represent the world’s largest corporations
suggest that philanthropists and multi-national corporations are
taking advantage of the global pandemic to institutionalize the
“Great Reset.”

AGRASs central role in the UNESS through the Special Envoy
and the UNFSS’s staff is also poised to further extend the
influence of the Gates Foundation on food system governance.
This is worrisome because as the world’s largest private
foundation [Bill Gates is also the largest owner of US farmland
(O’Keefe, 2021)], the Gates Foundation’s approach to social
change serves to enrich the very same corporations and
countries that have been the cause of economic inequalities
and environmental degradation (McGoey, 2015; Schwab, 2020).
Gates provides extensive global funding to promote private-
sector driven technological innovation as the solution to social
and environmental problems and promotes policy changes to
incentivize this approach through public subsides and intellectual
property protections. He is explicit that companies in the Global
North should see global problems as opportunities for profit. In
his book on climate change—Gates’s newest area of advocacy—
he explains,

Rich countries are best suited to develop innovative climate
solutions; they’re the ones with government funding, research
universities, national labs, and start-up companies that draw
talent from all over the world, so they’ll need to lead the way.
Whoever makes big energy breakthroughs and shows they can
work on a global scale and be affordable, will find many willing
customers in emerging economies (Gates, 2021, p. 35-36).

Gatess projects epitomize conflicts of interest. Yet he is
successfully re-organizing global governance across the
sectors in which the Foundation works in the image of
multistakeholderism. Beyond the UNEFSS, the most recent
example of this approach is the Gates-backed COVAX facility of
the World Health Organization. COVAX was developed to pool
resources for equitable vaccine procurement and distribution.
Not only is COVAX failing to provide equitable distribution as
a result of vaccine nationalism, it has defended patent rights
for pharmaceutical corporations in opposition to the world’s
poorest nations and has been unwelcoming of civil society
participation (Amnesty International, 2020; Patnaik, 2020).
Similarly, Gates' effort to usurp control of the Consultative
Group on International Agriculture Research (CGAIR) has been
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decried for institutionalizing control of Northern donors®.

Seitz and Martens (2017) describe the Bill & Melinda Gates
Foundation’s effort to wrest control from intergovernmental and
multilateral institutions through multistakeholder partnerships
in which it sits at the helm as “philanthrolateralism.”

As a result of its embrace of corporations and
philanthrocapitalists the United Nations is facing creeping
corporate influence. For over two decades, analysts have warned
of “bluewashing”—the use of the UN imagery and brand to
strengthen the reputation of multinational corporations in
the name of the public good—especially in relationship to
the UN Global Compact and the Sustainable Development
Goals (Bruno and Karliner, 2002; Utting and Zammit, 2008;
Berliner and Prakash, 2015). Seitz and Martens (2017) point
to a promotional UNESCO brochure that clearly describes
the benefits for multinational corporations in partnering (i.e.,
contributing financially) with the United Nations. As it explains,
donors will:

e Benefit from a strong image transfer by associating yourself
with a reputable international brand and a prestigious
UN agency

e Win greater visibility on the international scene

e Gain access to UNESCO’s wide and diverse public and
private networks

e Benefit from UNESCO’s
multistakeholder broker

e Turn your Social Responsibility into reality

e Strengthen your brand loyalty through good corporate
citizenship (UNESCO, 2015).

role of a neutral and

As the brochure makes plain, UN agencies were inviting
companies to draw on the legitimacy once extended to the UN as
a democratic (one-country, one vote) intergovernmental body.
What's new in this example is that UN agencies were
also advertising the possibility of directly participating in UN
decision-making through multistakeholder initiatives, which
as described above raise concerns over corporate control,
especially insofar as intergovernmental and UN partnerships
with corporations have relaxed control in extending license to
private initiatives via multistakeholderism. This is exemplified
in two significant ventures early in the second decade of the
twenty-first century. In 2012, the New Alliance for Food Security
and Nutrition (NAFSN) was formed as a partnership between
the G8, the African Union, the New Partnership for Africas
Development (NEPAD), nine African governments, and over
100 private corporations. This new multistakeholder public-
private initiative was to reframe participating governments’
land and food policy to promote cross-national “agricultural
growth corridors™ enclosing land for large-scale industrial
agriculture, and incorporating small producers into corporate
value chains to produce foodstuffs primarily for export. The
initiative aimed to renew development industry initiative and,
as the British PM Cameron claimed: to “unleash the power
of the private sector” [Paul and Steinbrecher, 2013; Quoted in

28See IPES-Food’s Open Letter dated 21 July 2020: http://www.ipes-food.org/
pages/OneGGIAR (accessed March 2, 2021).

Duncan (2015), p. 233]. France has since withdrawn from the
project, on grounds that it undermines farming livelihoods of the
producers concerned.

The following year, the UN Global Alliance for Climate Smart
Agriculture (GACSA) formed, with 14 governments and 32
organizations (including food corporations such as Coca-Cola,
Dupont, Dow, Monsanto, Walmart, Tyson Foods, and Unilever)
to enable 500 million farmers to practice CSA by 2030%. Such
ventures followed the model established by the G8, the World
Bank, IFAD and the African Development Bank in 2006, which
encourage African states to fund public infrastructure to enable
the Gates Foundation to deploy its philanthrocapitalism for the
Alliance for a Green Revolution in Africa (AGRA). This public-
private partnership (PPP) model now infuses food governance
initiatives underway in the UNESS, where the WEF represents
itself as a global platform for public-private cooperation®, and
corporations as serving the public trust. Early in the COVID
crisis, in a joint statement, FAO Director-General Qu Donyu
notably warned governments to “ensure that any trade-related
measures do not disrupt the [global] food supply chain™!.
This injunction ultimately serves the interests of transnational
corporations that control this food supply chain, not local and
regional food systems and territorial markets that were much
more resilient than global companies in providing healthy food
during the pandemic.

Corporations have made no secret of the fact that they see
these partnerships with the UN as good for business. As one
corporate executive has put it:

The SDGs [Sustainable Development Goals] are a gift to business
because the economic rewards for delivering to the needs defined
in the SDGs are very significant. According to the Business &
Sustainable Development Commission, the potential economic
reward from delivering solutions to the SDGs could be worth at
least $12 trillion each year in market opportunities and generate
up to 380 million new jobs by 2030 (Pedersen, 2018, p. 23).

These partnerships not only allow corporations to set the agenda,
they serve as a “path to value” for corporations that sense they
are losing their public legitimacy (Schramade, 2017). By pursuing
partnerships and multistakeholder governance, Schwab aims to
position “private corporations as the trustees of society”>2, which
implies overriding and displacing the public interest.

As the paragraphs above make clear, the UNFSS is rife with
actual and potential conflicts of interest, which are neither
disclosed nor even recognized as problematic. This means
that the very corporations that are responsible for promoting
food that contributes to unhealthy diets, engaging in practices
destructive of producers livelihoods, violating human rights,

2 Available online at: http://sdg.iisd.org/news/global-alliance-for-climate-smart-
agriculture-launched/ (accessed January 29, 2020).

30 Available online at: http://www3.weforum.org/docs/
WEEF _Institutional_Brochure_2016.pdf (accessed January 29, 2020).

3l Available online at: https://www.dailysabah.com/world/world-to-face-food-
crisis- if- coronavirus- pandemic- not-managed- properly-un-wto/news  (accessed
January 29, 2020).

32 Available online at: https://www.weforum.org/agenda/2019/12/why-we-need-
the-davos- manifesto-for-better-kind- of- capitalism/ (accessed January 29, 2020).
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overpaying CEOs, and creating gross inequity in food systems
are playing prominent roles in the UNFSS. Are we to think that
they have realized the error of their ways, and are seeking wide
input in order to do better? Or perhaps the idea is that significant
change in food systems won’t result without the participation
of the largest food corporations. But participation under what
terms? And how will ultimate accountability to rights-holders
be assured? Are we seeing foxes being invited into the chicken
houses, or genuine interest in transformation?

CONCLUSIONS

Peoples’ movements and civil society organizations struggling
for food sovereignty fear that the outcomes of the UNFSS are
baked into its structure and actions to date. These include
(1) capturing the narrative of food systems transformation
so that it aligns with the kinds of technologies promoted by
AGRA and the WEF; (2) diminishing the role of CFS as
the premier forum for discussion and negotiation of issues
pertaining to food security; (3) usurping the role of FAO
as the UN agency with the primary responsibility for food
security; (4) engendering confusion about what “democratic
participation” and “inclusivity” mean to equate these with
multistakeholderism; (5) excluding the voices of producers and
workers on the frontlines and pushing people who are already
marginalized even farther from meaningful participation; (6)
undermining accountability for violations of human rights and
ecohealth degradation; and (7) propping up the illusion that
a single global food system based on trade and “economic
integration” of smallholders into global markets will ensure
sustainable food security, at a time when the COVID-19
pandemic and looming climate emergencies portend the dangers
of relying on global supply chains. Each of these outcomes is
dangerous for its potential to overturn hard-won achievements
of civil society.

Based on our analysis, the Civil Society and Indigenous
Peoples Mechanism of the CFS, La Via Campesina, and
movements aligned with the International Planning Committee
for Food Sovereignty are well-justified in their concerns about the
UNESS. The criticisms we raised above related to the formation,
structure, recruitment, non-transparency, inclusivity, normative
basis, and conflicts of interest related to the Summit have led
many well-intentioned people to agree to participate, in hopes
that they can help to achieve something of value. The amount of
time and resources that these people will spend is unfathomable,
raising an overriding criticism that the UNESS is a huge time-
sink for questionable purposes. The CFS is in place already.
It offers a voice to all stake-holders in food systems through
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Food systems face growing challenges to meet targets of Zero Hunger (SDG 2), and
South Africa is no exception given its triple burden of malnutrition, foodborne disease
outbreaks, and threats of climate change to food production. Broiler meat is South
Africa’s most affordable meat option, supporting household food and nutrition security.
Although considered healthier and less environmentally harmful than ruminant meat, it is
not without food safety risks and environmental impacts. This research aimed to present
the foremost commercial broiler system narratives in South Africa, around targets of
SDG 2, and to discuss key considerations for policymakers. Twenty-nine key informants
and stakeholders, purposively selected to cover a wide range of opinions, participated
in semi-structured interviews. Transcripts underwent a qualitative framework analysis.
Results showed a highly efficient system, dominated by a small number of interlinked
large-scale actors, vulnerable to competition from cheaper imports, yet pressurized to
maintain high food safety and environmental impact standards, with a price-sensitive
consumer base. Existing policies lack integration and enforcement capacity, and are
undermined by siloed government departments, and mistrust and power struggles
between public and private sectors. We propose removal of silo walls, and trust building
through participatory policy development, with collaborative and transformative public-
private partnerships that are designed to build capacity to deliver sustainable solutions.
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INTRODUCTION

Global food systems face substantial challenges to meet specific
targets under the Zero Hunger Sustainable Development Goal
(SDG 2), namely to ensure access of all people to safe, nutritious
and sufficient food all year, and to build sustainable food
production systems (Global Panel, 2020). Food systems in
South Africa are particularly challenged, despite the country’s
substantial socio-economic and political change since the end
of apartheid in 1994. Childhood stunting and micronutrient
deficiencies persist, whilst obesity prevalence among children
and adults grows (Lundeen et al., 2016; NDoH, 2016; Bosire
et al., 2020). Food safety surveillance gaps became apparent
during the world’s largest outbreak of foodborne listeriosis which
occurred in South Africa in 2017-18 (Thomas et al., 2020). In
the past decade the country’s population grew by 17%, however
food production is threatened by increasing drought frequency
and climate change (Conway et al., 2015; STATS SA, 2018).
COVID-19 lockdown restrictions and the pre-existing poverty
levels in South Africa, have increased food insecurity risks for the
poorest households through job losses, poor access, and unstable
(national and international) supply chains (Perez-Escamilla et al.,
2020).

South Africa has the highest meat consumption per capita in
Africa, with a growing demand for poultry meat, showing an
increase of 132% between 1995 and 2015 (DSEA, 2016; Ritchie
and Roser, 2019). Broiler meat remains the most affordable
meat option and plays an important role in household food and
nutrition security, and in the South African food system (GAIN,
2015; McHiza et al., 2015). Whilst considered healthier than red
meat by some (Bouvard et al.,, 2015; Godfray et al., 2018), its
impact on consumers’ health is complex, with portion sizes and
preparation methods playing an important role (Schonfeldt et al.,
2014).

The South African commercial' poultry (broiler and layer)
industry is the single largest contributor to agricultural related
GDP, and an exemplar of the country’s commercial livestock
sector, with its production systems and efficiency comparable
with other global intensive production systems (DAFF, 2018;
SAPA, 2018b). The broiler value chain is dominated by a
small number of large-scale commercial producers, who produce
>75% of national production (SAPA, 2018b). The largest are
vertically integrated, with formal marketing and distribution
networks, involving a few large supermarket chains, and quick-
service (fast-food) restaurants, including international franchises
(Louw et al., 2017; Ncube, 2018).

Foodborne disease (FBD) presents a greater risk for
individuals affected by poverty, malnutrition, reduced immunity
(HIV/AIDS), or chronic diseases like tuberculosis (TB), all of
which are over-represented in South African society (Lund
and O’Brien, 2011; Thomas et al., 2020). Foodborne disease
outbreaks in South Africa are commonly associated with

1“Commercial” is a term used in South Africa to describe privately owned, business
orientated large-scale farming operations, with a high level of formal market
engagement. These were, but are no longer, exclusively owned by white farmers,
but the latter still remain over-represented.

Salmonella spp., Clostridium perfringens, Bacillus cereus, Shigella
spp.. Listeria monocytogenes, and Escherichia coli (Shonhiwa
et al, 2018). The main pathogens found on poultry meat
include Staphylococcus aureus, Camplylobacter spp., Listeria
monocytogenes, and Salmonella spp. (Goncalves-Tenorio et al.,
2018). South Africa’s recent foodborne listeriosis outbreak was
traced to a factory producing a low-cost processed meat product
containing broiler mechanically deboned meat (MDM) and meat
from other livestock sources (Thomas et al., 2020).

Broiler meat is regarded by some as the least environmentally
damaging meat option (Willett et al., 2019). However, the
rising broiler meat consumption levels brings into question its
environmental sustainability. Whilst intensive production has
limited direct impacts on land use, it has indirect environmental
impacts through its total dependence on cereal based feed
(Skunca et al., 2018). Only 11% of South Africa’s land area is
suitable for cropping, and 3% is used for cereal production
(for human and livestock consumption), most of which is
rainfall dependent and vulnerable to climate change (Conway
et al., 2015; Trading Economics, 2020). Feed costs comprise
65-70% of intensive production costs, and the broiler industry
consumes ~2.8 million tons of feed, made mostly from
yellow maize and soybean (SAPA, 2018a). South Africa, whilst
generally self-sufficient in maize (outside of drought years),
imports 60% of the poultry industry’s soybean needs, leaving an
environmental impact in the exporting country (SAPA, 2018a).
Other environmental impacts of production include water use
(in cleaning, and processing), energy use in environmentally
controlled housing, and management of waste (Skunca et al.,
2018).

Our research forms part of the Sustainable and Healthy
Food Systems (SHEFS) programme, which aims to provide
policymakers with novel, interdisciplinary evidence to define
future food system policies that deliver nutritious and healthy
foods, in an environmentally sustainable, and socially equitable
manner. The aim is therefore well-aligned with meeting several
targets within the SDG of Zero Hunger. To date, many
experts have expressed opinions about the unsustainability
of food systems, but most have come from distinct and
diverse disciplines (Béné et al., 2019). The result has been
a range of distinct conceptual frameworks characterized by
the links between agriculture and nutrition (Nicholson et al,
2020). However, complex food system challenges call for an
interdisciplinary, One health and whole systems approach to
gain a better understanding of the system’s complexity and
interconnectedness (Zhang et al,, 2018; Garcia et al., 2020).
Consequently, our work is framed within a wider “food systems
approach” as described by van Berkum et al. (2018); a theoretical
framework which recognizes the various elements within the
system and the relationships between them. Preceding this study,
we conducted a systems analysis of the livestock-derived food
system in South Africa and developed a conceptual system
dynamics model, which highlighted the importance of broilers
(Queenan et al., 2020). With broiler system as our focus, we
used a food systems lens to conduct a qualitative analysis aimed
at answering the broad question: How does the commercial
broiler system in South Africa contribute to meeting the SDG
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2 targets that relate to consumers’ health and nutrition, food
safety, and the environment, and what barriers and opportunities
exist for change? We present the main narratives based on the
perspectives of a wide range of stakeholders and key informants
within the broiler system, and discuss challenges and key areas
for policymakers’ consideration. These results will be used, in
part, to develop a system dynamics model of the South African
broiler system. This will demonstrate feedbacks, reinforcing and
balancing loops, and system archetypes, and will aim to provide
evidence for policymakers on the various interrelated outcomes
of specific policy scenarios.

METHODS

This qualitative research, using semi-structured interviews, was
preceded by our systemic analysis and development of a
conceptual system dynamics model of the livestock-derived food
system in South Africa. This deepened our understanding of the
complexity of livestock-derived food system, the importance of
broilers within the agricultural sector, and as the source of the
most affordable and commonly consumed meat. This in-depth
knowledge was a useful foundation and guide in the formulation
of the interview topics and questions (Rabionet, 2011). It also
determined our focus on the commercial broiler sector given its
contribution to overall production. Research on the small-scale
and emerging producers was conducted in parallel and is under
review with this journal.

Data Collection

Twenty-two semi-structured interviews were conducted in South
Africa with 29 participants (13F, 16M), either individually, or
at most in pairs within the same institution. Participants were
selected purposively from authors (whose gray and academic
literature was reviewed in previous work), professional networks,
and online searches. Additional individuals were identified
through multiple entry-point snowballing and “horizontal
networking” (Geddes et al., 2017). Our selection aimed to
represent a wide cross-section from the commercial broiler
system, to ensure diversity of perspectives, and to capture
common themes within the divergence (Patton, 1999; Creswell,
2014). Participants included those representative of large,
medium and small-scale commercial producers, importers,
input providers (feeds and medicines), animal health service
suppliers (veterinary practitioners, both public and private),
human health laboratory specialists, academics and researchers
in natural resources, economics, animal health, human health
and nutrition, and representatives from the broiler producer
association, non-governmental organizations, and government
departments and agencies (see Appendix 1).

The interview questions were piloted among colleagues
experienced in conducting qualitative research to provide an
opportunity for feedback, revision and improvement (Turner,
2010). Interviews were conducted jointly by two researchers in
English and face-to-face where possible. When people were un-
available or could not be visited, then phone or online virtual
meetings were held. One interviewer was South African, which
was beneficial to interpret local vernacular and lingua franca

expressions (Qu and Dumay, 2011). After outlining the study’s
aims and explaining data usage and confidentiality, interviewees
were given an opportunity to ask questions before providing
written consent, which included permission for audio recording.

Open questions were asked that focussed on interviewees’
opinions of recent broiler industry trends, the role of the industry
in consumers’ food security and nutrition, food safety issues, the
impact of industry on the environment (and vice versa), and
significant past and current policies that impact the industry.
Audio recordings were transcribed using an independent South
African transcribing service, which allowed for more accurate
transcription of local accents.

Ethics approval for this research was gained from the Royal
Veterinary College’s (University of London) Social Science
Ethical Review Board (URN SR2018-1624), and the University
of KwaZulu-Natal’s Human and Social Sciences Research Ethics
Committee (HSS/0235/018D).

Data Analysis

Data was analyzed using a framework analysis, which is an
approach specifically designed for the analysis of policy relevant
research, where the objectives are commonly established by
researchers in advance, and data analysis is informed by a priori
reasoning (Pope et al., 2000; Ward et al., 2013; Parkinson et al.,
2016). The methodology is also most suited to multidisciplinary
research and the thematic analysis of semi-structured interview
transcripts, which by nature are less heterogeneous than
informal, unstructured interviews (Qu and Dumay, 2011; Gale
et al, 2013). This approach also aligned with our research
aim, since it addresses a variety and combination of research
questions, concerning the context, purpose, evaluation, and
future strategies around the subject of interest (Ritchie and
Spencer, 1994).

The framework analysis used the five steps as developed
by Ritchie and Spencer (1994), and described in Parkinson
et al. (2016). These are (i) Familiarization with data: This
was accomplished by the interviewing researchers (KQ, SC)
reading the transcripts, and discussing emerging categories for
the framework. (ii) Identifying framework categories: These
were kept within the boundaries of the research questions and
interview structure, yet allowed for addition of emerging issues.
(iil) Indexing/coding: Transcripts were color coded according to
framework categories. (iv) Charting: Coded data were transferred
directly into the framework in Microsoft® Excel. Some
framework categories were revised and disaggregated further.
(v) Mapping and Interpretation: This involved summarizing
the categorized framework data, mapping out topics, aligning
the data interpretation with the research questions, finding
patterns and concepts, and identifying themes. Turner (2010)
recommended that interviews be combined with other forms
of data collection to fill gaps in the analysis. Therefore, we
identified peer-reviewed and gray literature via Google searches,
and used them to provide background context to themes, and
as methods-triangulation to enhance quality of analysis (Patton,
1999).
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RESULTS

Within the boundaries of consumer health, nutrition, and the
environmental sustainability of the system, the following themes
were developed from the qualitative framework analysis, and
are presented with additional background context information.
Whilst policy elements are referred to within most themes, a
separate policy theme is presented at the end.

Dominance of Integrated and Large-Scale

Producers in a Dichotomous System

In 2018, South Africa slaughtered an estimated 18 million locally
produced broiler birds per week, yielding 1.8 million tons of
broiler meat in the year (SAPA, 2018a). Local production is
dominated by two companies that jointly contribute ~46% of
total production in almost equal shares, whilst a further five
producers supply 29% (DAFF, 2017). The two largest producers
are vertically integrated, controlling their own input supplies
(including breeder flocks, feed mills), abattoirs, processing
plants, and marketing and wholesale outlets. Integrators also use
contract growers to whom they supply chicks, feed, vaccines,
advice on production and disease control, and veterinary and
laboratory services. The integrator guarantees a market and price
for the contractors’ grown stock, which is recognized as an
advantage by contractors, together with cash-flow savings on the
major inputs (feed and chicks).

- We don’t have to outlay the food and chicks. And you get
a guaranteed market; we don’t have to do any marketing. If
you’ve grown 250,000 birds and then have to look for a market;
no thank you (190606_001).

At the other extreme, small-scale farmers supply an estimated 20—
25% of the broiler meat produced, some through formal market
channels, whilst the majority concentrate on the informal live
bird market. The middle ground between large and small-scale
producers has become increasingly vacant.

- They (medium-scale producers) really didn’t have a spot in
the whole system. All my (medium-scale) guys are basically
packed up and either joined the corporates or changed to
different production, from broilers to broiler breeders or
things like that. We have seen more smaller guys coming
up all over. I think its at the expense of the mid-sized
guys (190618_001).

Local Producers and Importers Fight for
Their Market Share

Recent trade agreements (relaxing import tariffs) have resulted
in imported poultry supplementing (or competing with) local
production. Interviewees specifically referenced the United States
(US) African Growth and Opportunity Act (AGOA) from 2000.
Other agreements included the EU’s Trade, Development and
Cooperation Agreement. Tariff relaxations were primarily on
bone-in frozen portions, but these were increased again in
2018 in response to the significant increase in imports. In
2018, imports peaked at 566,210 tons, an increase of 44%
since 2014 (SAPA, 2019), and ~95% of this was chicken

(almost all was frozen, and of broiler origin). The top
three product categories and approximate proportions were,
(i) 45% “bone-in portions”, (ii) 33.3% mechanically deboned
meat (MDM), and (iii) 8.2% clean offal (gizzards, livers,
heads, necks, feet, but excluding intestines) (SAPA, 2018c,
2019).

Interviewees within the local production industry claimed
that import volumes equate to the presence of a new integrator
in the market. Importers disagreed arguing that broiler import
figures were not just frozen broiler meat, but included MDM.
They stated that MDM should be considered as a separate
commodity to broiler meat, and that the import volumes of
actual imported broiler meat and offal are significantly less than
the 25-30% that is often quoted. Importers also highlighted
that cuts used in the exporting countries to produce MDM
(necks and backs), are consumed in their original form by
South African consumers. As a result, there was little or no
local production of MDM, and importers therefore claimed
that imported MDM was vital for the local processed meat
industry, which provided around 15,000 jobs, and offered a
low-priced animal-sourced protein for lower socio-economic
status consumers.

- About 15% (of broiler meat) consumption is provided by
imports. We (importers) don’t include MDM when we do
our calculations, because we say, it's not directly competing
with chicken in the supermarket or a butchery shelf. MDM,
its sold as polony, or some form of a cooked, smoked
sausage. Those products are sold as a competitive product
in the market, but its not chicken, and its not sold as
chicken. It might ultimately land up competing, but it’s
competing as a different product category against chicken
(190517_002).

Unlevel Playing Field for Importers and

Local Producers; Winners, and Losers

Before the democratically elected government of 1994, local
commercial producers were supported by government subsidies,
and protected by import tariffs (Hendriks, 2014). Local
industry interviewees were fiercely critical of the lack of
support and protection offered by current government,
suggesting that the local industry will collapse if imports are
not controlled.

- If you look at all the countries in Africa where there aren’t
local industries anymore, it was decimated by imports. Ghana,
Mozambique, Nigeria, Angola. And it’s simply, chicken comes
in cheap until the local industry is dead, and then chicken
prices go up. The countries with no industry, relying on Brazil
predominately for imports, it (chicken) is very expensive, the
same price as red meat in South Africa (190515_001).

It was reported that government was of the opinion
that local production could not meet the increased
demand for broiler meat, and they viewed imports
as a means to improve food security for the lower
socio-economic  status  consumers.  However,  local
producers claimed they have no incentive to invest and
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increase production because they cannot compete with
overseas producers that receive subsidies from their
own governments.

- We are getting this (imported chicken) from countries where
farmers are heavily subsidized, so obviously the South African
producer is fighting a battle with somebody who are not
coming on equal ground (190624_002).

Breast meat is a consumer-favored and highly profitable cut
in high socio-economic markets internationally, whilst the
remaining bone-in cuts are less favored, with offal considered
a by-product (BFAP, 2016). By contrast, it was reported
that almost half of South African consumers prefer bone-in
cuts (sold in mixed-portion bags of individually quick frozen
(IQF) pieces), and many also enjoy consuming all parts of
the bird, including all forms of offal (including intestines).
Therefore, importing bone-in cuts and offal products is seen
as a market opportunity by importers. Several interviewees
recognized that imports challenge the local industry’s efficiency,
whilst others suggested that local production would not be
able to fill the gap left by imports, should tariffs be applied to
reduce them.

- It is a local industry that is underperforming. I think it’s an
opportunity that your importer would see (190517_003).

- Definitely, in terms of food security, it (imported chicken) is
a priority. If we raise our tariffs, and then we’re going to have
shortages, and the SA industry cannot supply enough for the
market (190624_001).

Several participants felt that the rise in imports have affected
small-scale producers that sell live birds the least. In contrast, they
perceived medium-sized producers and emerging commercial
farmers as the least able to adapt, and the hardest hit.
Integrators have reportedly reacted by taking steps to improve
efficiencies, expand or consolidate their market options, or
widen or revise their product range. Some integrators reportedly
sold off land assets and closed old houses to improve
margins, but not without consequent job losses. They opened
new, more energy-efficient houses on new, more strategically
located sites, closer to the markets, cereal production and
feed mills. In addition, they diversified risks, by increasing
the proportion of their production delivered through contract
growers. High-end quick-service restaurants (QSR) were targeted
by integrators as a lucrative and expanding market. An
interviewee, with previous experience in QSR chains, reported
that imported broiler cuts did not meet their strict traceability
requirements and smaller size specifications (for which QSR
pay a premium). Local integrators reportedly dominate this
QSR market because they were more likely, than small or
medium sized independent producers, to consistently meet
these requirements.

- (Integrators) want in the QSR and the value-added sector.
They don’t want whole bird business... So those spec birds are
usually birds that have to meet a specific weight and a specific
size, specific kind of uniformity... Thats where the guys can
get more money for their product. (190625_001)

Tension Between Government, Local
Producers, and Importers; A Search for

Agreement

Evidence of tensions between the local industry and government
was noted by several interviewees, with suggestions that the
historic race inequality in commercial farm ownership, was an
undercurrent for the lack of government support.

- We perceive Government as hostile rather than friendly. Large
scale commercial poultry production (in South Africa) is white
monopoly capital, and the ANC Government is not in favor of
that. So that relationship, there is a certain tension in that, and
you are not sure what you are going to get from Government
in terms of protection (190520_001).

Interviewees from government ministries, importers, and
observers of the industry, offered other perspectives on imports.
These included signs of indifference from government.

- Industry players will always have something to complain
about. They will say “We are being unfairly outcompeted”
by whoever, and “They’re dumping their products
here” (190624_001).

The complexity of trade agreements around tariffs, specifically
those liked to AGOA, was also acknowledged.

- The US uses all sorts of other trade agreements to strong-
arm us into accepting their poultry dumping, you know, tariffs
on other goods. It’s a lot of commodities which are being
exchanged between these countries, minerals and things, so
i's many different sectors. I think its a very complex. So, it’s
a dirty game and I think the government plays it as best they
can (190521_001).

In recognition of the market tensions developing, between local
and imported products, the “Poultry Masterplan” was agreed and
initiated late in 2019. This was a facilitated collaboration between
the Departments of Trade and Industry (DTI), of Agriculture,
Land Reform and Rural Development (DALRRD) (previously
DAFEF), the South African Poultry Association (SAPA), and the
South African Association of Meat Importers and Exporters
(SAAMIE). It was described as “a strategy approach, that brings
government and industry and other stakeholders (together) on
how to develop and grow an industry” (190726_001), and it
aims to invest in local industry growth (including incorporating
smaller producers), protect local production from cheap imports
and rising feed costs, and improve sanitary requirement for
export markets (Details of the masterplan are yet to be
released publicly).

Provision of Affordable Broiler-Product

Options for Consumers

Despite significant socio-economic progress, South Africa
remains one of the most unequal countries in the world (World
Bank, 2018). The growth of middle classes and urbanization,
typical of growing economies, has driven a rise in meat
consumption (specifically poultry meat), however 43% of the
population are moderately food insecure (Ritchie and Roser,
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2018; FAO, 2020). Several interviewees reported that the bulk of
consumers chose chicken-based products largely on price.

- Food security in SA is not about availability of food, it’s about
the cost of food (190515_001).

- Things like chicken necks, chicken stomachs, chicken livers,
chicken hearts, are the only affordable animal protein for many
of our population. And I think chicken is the one staple that
has kept animal protein on most consumers’ plates, even for
the poorest consumers (190517_002).

It was stated that price increases would preclude even the low-
cost broiler meat options for lowest-income consumers, and that
there was little room for value chain actors to increase their prices
in response to increased costs, without the risk of their customers
switching to cheaper, alternative, non-animal-sourced products.

- I mean when people were battling (economically), they
were spending money on potatoes, cabbages, mielie (maize)
meal and things like that, and moving away from meat
altogether (190618_001).

Food Safety Standards and Surveillance
Lack Consistency and Capacity, in a
Population With a High Proportion of
Individuals Vulnerable to Foodborne

Disease

Broiler meat and processed products are linked to many
foodborne pathogens such as Campylobacter spp., non-typhiodal
serotypes of Salmonella enterica (NTS), Listeria monocytogenes,
and Shiga toxin-producing strains of Escherichia coli (Heredia
and Garcia, 2018). A significant proportion of the South African
population is particularly vulnerable to FBD, given the prevalence
of TB, HIV/AIDS, malnutrition and poverty (Thomas et al,
2020).

- We also have a huge population that is susceptible, especially
for non-typhi Salmonella, in our HIV positive populations,
and a lot of under-fives. So, we've got the very highly
susceptible populations (190517_001).

Public and veterinary health experts reported that laboratory
services are contained within a two-tiered system, of private and
government run facilities, and apart from notifiable diseases,
there is no obligation for private laboratories to share data.
Similarly, although there are ~260 government run National
Health Laboratory Service laboratories, only five process food
samples. The majority of food testing is conducted in private
laboratories, linked to private food processors and retailers.
It was the opinion of a government laboratory interviewee
that private laboratories’ reluctance to share data, often
citing client confidentiality as the reason, potentially delayed
the identification of the source of the 2017-2018 listeriosis
outbreak. Counter-intuitively, their reluctance to share data,
post-listeriosis, reportedly increased rather than decreased.

- Often if you are dealing with outbreaks in the private sector, or
when you try to do trace-backs, they use commercial or private
food-testing laboratories, and then you can’t access that data
or isolates. And especially now in the wake of the listeriosis
outbreak, the clients, who send their samples to private food
laboratories, insist they don’t want their data or isolates shared
at all, because of litigation (190517_001).

Several participants made the point that public food safety
surveillance lacks capacity and integration, and is fragmented
across the Department of Health (DoH), DTI, and DALRRD,
and their agencies, each with different roles and with some
overlap. Integrators and value chain actors involved in animal
production, slaughter, and processing of resultant meat products,
are regulated by DALRRD. However, the DoH regulates
those trading in meat, which includes importers. Whilst
the DoH’s Food Safety Directorate is responsible for policy,
the operational aspects are devolved to municipalities, and
the latter’s capacity depends on local budgets, which may
vary widely.

- The Department of Agriculture (now DALRRD), ourselves
(DTTI), and also Health, now and then, we talk about what we
need is one food agency, so that everything can fall under the
food agency. But to get it off the ground is a problem because
you have all these people who are doing different things. So,
some people might feel that maybe that means that’s the end of
their jobs (190624_001).

- Itsabit of a mish-mash, right. Department of Health does a lot
of the work on the food safety, but Department of Agriculture
Forestry and Fishery (now DALRRD) also has that, and they
have directorates that are meant to deal with it. But you
know, it's always the integration that’s an issue, as well as the
structures; they inhibit the sort of collaboration (190607_001).

In the broiler system, commercial producers, formal
retailers, QSR chains, and large-scale importers have
reputational and financial incentives for maintaining high

levels of food safety, often setting industry standards
above that required by government, and managing
their own monitoring systems, using in-house or

private laboratories.

- Obviously, they have a huge amount of reputational damage if
anything happens. That's what happened with listeriosis, Tiger
Foods was massively hammered. I suspect they have all ramped
up their food safety protocols since listeriosis (190528_003).

A sub-theme of government distrust, and lack of support felt
by large-scale local industry actors, was repeated by several
participants. Large-scale actors felt they were overly targeted,
whilst small operators went unchecked, and likewise local
producers felt that they were under greater scrutiny than
importers, and that there was inadequate capacity to police
the latter.

- Domestic producers say because they are nearby, its easy
to go and visit them, that the agencies, when it comes to
enforcement, they enforce a lot more for them. I guess
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sometimes it’s just in issue of manpower, that when products
are coming in through the ports, maybe there is not enough
people to check the containers and the information is not as
clearly descriptive of what’s contained and all that. So, in some
cases, ja (yes), products come in that should have been not in,
but ja (yes), it's not so easy (190624_001).

- There are 1,500 abattoirs credited to export here. What
should happen is that the importing country (veterinary
inspector) visits the particular slaughterhouse, approves the
slaughterhouse and the South African government vet signs
responsibility over to the exporting country vet, and he
must sign off and ensure that they comply with our import
regulation. We haven’t visited one abattoir in 10 years. So there
is no control there, nothing whatsoever (190515_001).

With respect to surveillance integration and data sharing, there
is however optimism from relevant stakeholders around the
plans to establish the National Public Health Institute of South
Africa (NAPHISA), which is “taking a One Health perspective,
so hope(fully) it will improve things” (190607_001). It will be
benchmarked against the US’s Centre for Disease Control and
Prevention, and aims to “use formal agreements with public
and private health and food testing labs to refer isolates and
share data” (190517_001), and thereby provide integrated and
coordinated disease surveillance and evaluation of interventions.

Food Safety: A Lower Priority Than Price

for Consumers

It was reported that food safety, for consumers of lower socio-
economic status, remains a lower priority than price. For some
“any food you can get is food and to survive they would eat
anything” (190528_003). This is despite the listeriosis outbreak
being linked to a processed meat product, commonly bought by
lower-income consumers.

- The lower-end consumer, they became very aware of it (food
safety) too, which I think probably they wouldn’t have been
as sensitive, prior to listeriosis, about things like food safety. I
think prior to that most people have been fairly blasé about it.
I mean, going back not too very long ago, really poor people,
people on the edge of poverty and below, were actually digging
up poultry mortality pits to consume the mortality (carcass).
That's how desperate people have been for food. If you're
prepared to do that, you know, food safety is not one of the
big items on your radar (190528_003).

- A huge part of the consumer wants the cheapest product. He
does not care where it comes from. He does not care if there is
an expiry date on it, or what brining it has got. He only looks at
the price. He can afford this chicken and that is what is going
to go on his table (190515_002).

Whilst the listeriosis outbreak was traced to a product retailed
through the formal value chain, there was concern expressed
by the stakeholder in foodborne disease surveillance, that food
safety in the small-scale and informal value chain is neglected,
and needs improvement. Basic knowledge, from animal health
and biosecurity, to slaughter and food hygiene, is apparently
lacking with many of the informal value chain actors. They are

also less able to absorb costs of implementation, and there is
little incentive if they are neither monitored, nor experience
repercussions. Implementation costs of international food safety
standards across all systems, may push smaller actors out of
business, or result in costs being transferred to consumers.

- Compliance costs on food safety are high. We do need to
look at strengthening our food safety systems and using new
technologies; but if we are going to do that, you know it comes
at a cost. There is a huge health benefit, but someone would
have to bear the costs (190726_001).

- Chicken is a mass product, so at the end of the day, I think the
consumer wants something that is safe, however they define it,
but at the best possible price (190520_001).

The Industry Is Vulnerable to Climate
Change Through the Impacts of Droughts
on the Feed Sector, Water Quality, and

Avian Influenza Risk

Feed is the greatest variable cost for producers, and as a result, the
greatest concerns regarding climate change were the implications
of droughts and weather variability on local cereal yields, the need
to import raw materials for feed, and the associated fluctuations
in feed quality and costs.

- We used to have droughts every 10 years, now we have
droughts every 3—4 years, so climate change is having a massive
impact; if you compromise on your grain sector then you’re in
trouble (190726_001).

With only 11% of the land surface in South Africa being suitable
for cropping, the total area suitable for maize and soybean is
reportedly shrinking due to climate change (Conway et al., 2015;
DSEA, 2016).

- Climate change is making a lot of these areas a lot more
marginal. I mean Free State and that, have been hammered in
recent years with droughts, and you know those predictions
(of climate change), it's going to become more of an
issue (190607_002).

Droughts also impacted on the quality and reliability of water
from municipal and private boreholes sources, with pollution and
contamination by raw sewerage being reported. As a result, large
scale producers and processors have invested in independent
water supplies and in-house purification systems, and have
been driven to maximize water efficiencies. Climate change was
also mentioned in relation to changing patterns in wild bird
migration, and increased risk of avian influenza spill-over into
poultry flocks.

- Other impacts of climate change are around the increased
incidents of avian influenza. You know, we are seeing certain
diseases arriving here that weren’t ever present. So we've got
no doubt that migratory patterns of birds are changing. All of
these things, particularly around climate change, are throwing
new challenges (190726_001).
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The Industry’s Impact on the Environment
Is of Less Concern to Them Than the

Impact of the Environment on the Industry

The environmental impacts of the industry seem of less concern
to the main actors in the commercial system. Some recognition
was given to water use, waste management (including bird
mortalities), energy use in maintaining stable conditions in
environmentally controlled houses, and land use for cereal
crops. However, compliance by large-scale producers to the
environmental impact assessment (EIA) regulations, as set out
in the government’s National Environmental Management Act
(1989) (DEA, 1998), and Environmental Impact Assessment
Regulations (2014) (DEA, 2014), was considered by them to be
adequate in mitigating environmental impacts of the industry.
They also criticized the EIA process as being costly, bureaucratic,
and an example of a comprehensive, yet over-zealous legal
framework, with more bureaucracy than enforcement capacity.

- The other thing that will also continue to put pressure on our
market, will be the whole approach, the pressure that we have
in adhering to certain environmental factors, and the scale of
things that we can do, as well as how and when, what has been
policed and enforced (190625_001).

- The EIA regulations have become increasingly more
bureaucratic, to the point that a lot of farmers will just try
to avoid it, either by trying to fall below the threshold or
just carrying on and pretending they don’t know about
it (190607_002).

Waste management was considered by local producers to be
less of a concerning issue than in the industrial systems in
Europe, due to South Africa’s relatively large land space, and dryer
climatic conditions. Waste from production houses was seen to
have value, commonly used by crop farmers as manure, either
directly onto cropland, or composted to reduce nitrogen levels.
Disposal of bird mortalities are regulated through environmental
legislations, and by DALRRD (with regards to contagious animal
diseases like avian influenza), however, some chicken mortalities
were reportedly disposed of via captive-crocodile farms that
produce crocodile skins and meat.

- We have large land areas and relatively small production.
The bulk of manure is used on maize lands, fed to livestock,
and yes some of it probably ends up in water causing
a bit of water pollution, but because of the larger spaces
and much drier climate that Europe, its impact is probably
mitigated (190520_001).

Fossil-fuel based heating and ventilation systems are used
in environmentally controlled housing. Gas is considered too
expensive for heating, and with electricity supplies being
unreliable, it was estimated that 80% of producers are dependent
on coal for heating. It was also recognized that there is room for
improvement, following US production systems that use litter-
based, biogas generating facilities, but these were considered
currently cost prohibitive in South Africa.

It was recognized by some, that the limited arable land in
South Africa, which is constrained primarily by rainfall patterns

and water supply, was under competition for use to grow
cereals for human consumption, and for animal feeds. Additional
conflicts were reported between conservation and agriculture, as
pressure increased to convert more natural grasslands into arable
land, and also concerns as mining encroached into arable lands.

Policy Environment Is Rich, but Poor in
Governance, Integration, and

Implementation

A recent review of South African food policies highlighted
gaps, contradictions, and poor intersectoral coordination with
regards to policy development and implementation (Boatemaa
et al., 2018). Governance within South Africa’s food system has
been criticized for failing to deliver much needed transformative
change, primarily due to the siloed nature of government
departments, and a tension between the often ambitious
objectives and the constraints that exist for those tasked to
implement them (Termeer et al., 2018). Furthermore, food
system problem-framing has lacked a systems approach, with
solutions often favoring a focus on agricultural production
and food security (Drimie and Ruysenaar, 2010). Food safety
governance and policies (reviewed after the listeriosis outbreak
of 2017-2018), were found to be poorly coordinated and
fragmented across three government departments, with the lack
of implementation capacity being filled by private self-regulation
in the formal sector but with gaps remaining in the unregulated
informal sector (Boatemaa et al., 2019). Within the commercial
broiler system, existing policies were considered by interviewees
to be adequate, if not overly detailed and complex. Their main
concern was the failing in policy application, and a lack of
implementation capacity, which was also noted in the literature
(Fourie, 2018; Queenan et al., 2020).

- You could manage within existing policies for instance in
South Africa to drive this, but you need the will, and you need
the people, the right people with the correct technical know-
how as well as the will, you know, the will across the board,
with existing industry, with government, you need the right
support for the programmes. We write beautiful plans in South
Africa; we fail to implement (190517_003).

- What we do is, we put a lot of effort into finding an excellent
law, developing it and putting it through parliament, and then
we discover that we have no capacity to enforce it or even
implement it (190520_001).

- Because, the concept in this country is that we are quite over
regulated. We have got a very comprehensive legal framework,
but the application and the implementation of it is a real
challenge (190607_002).

Some reported that specific policy and regulations were
impractical, unenforceable, and needed reviewing. Examples
were given concerning government departments’ responses to
abattoir surveillance findings, regulations around thawing and
refreezing imported meat, and thresholds set for requiring
an EIA.

- Working with the Department of Agriculture is very
challenging, because they don’t always come up with rational

Frontiers in Sustainable Food Systems | www.frontiersin.org

May 2021 | Volume 5 | Article 650469


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Queenan et al.

An Analysis of the Commercial Broiler System in South Africa

policies to be honest. They had a very limited capacity. Poor
understanding of the epidemiology. I mean running a poultry
abattoir, it’s quite a sophisticated operation, and then you have
to work with technical people, who have no understanding or
clearly very limited understanding of what’s at stake. I mean
you cannot shut down an abattoir for 2 days, you are going to
have X hundred thousand birds all, you know, the system just
doesn’t allow for that (190520_001).

- If you want to thaw out meat and resell it, the carcass core
temperature and the carcass surface temperature is not allowed
to go above 7 degrees. That is the law and probably the same
law in the US or UK. So it’s very difficult to police. You literally
need to stand there and wait for the guy to thaw out for 24 h to
prove it. So, the legislation is badly written and therefore now
they make it difficult to implement, so they’ve decided not to
implement that (190515_001).

- The (EIA) trigger for poultry is the number of birds, but
it doesn’t really consider where in relation to the sensitive
environment or something. A lot of developments in the rural
areas do not go through the same processes, and the big
corporates and commercial farmers are forced to, they get
hammered if they don’t follow due process, but it’s a kind of
free for all in the communal areas (190607_002).

DISCUSSION

This research aimed to investigate the commercial broiler system
within the wider food system in South Africa, and its contribution
to meeting the targets of SDG 2 that relate to consumers’ health
and nutrition, food safety, and the environment. We analyzed the
perspectives of a wide range of stakeholders within the system,
and highlighted several key areas for policymakers to consider,
when developing food system policies aimed at the targets of
SDG 2. These included the imbalance of power within the
system, tension and mistrust between local producers, importers
and government, the price sensitivity of consumers, gaps in
food safety surveillance, vulnerability to climate change, and the
fragmented nature of policy with shortfalls in implementation.
Before specific policy issues within the broiler system are
dealt with by policymakers, the lack of trust and imbalance of
power between the main government and industry players, which
was highlighted by multiple participants, must be addressed.
Commercial and larger-scale farming was historically restricted
to farmers from the white minority population, supported by
British colonial rule, and later by the Nationalist government’s
policy of apartheid, which ended in 1994 (Tihanyi and Robinson,
2011). The post-apartheid governments agricultural reforms
removed parastatal marketing boards and financial structures
that supported commercial farmers, and replaced them with
Black Economic Empowerment (BEE) policies and land reform,
which are ongoing (Tihanyi and Robinson, 2011; O’Laughlin
et al., 2013). However, the commercial broiler industry still has
notable barriers to entry (primarily prerequisites of substantial
capital and technical skill capacity), and has been slow to change
from its well-established historic roots (Hall, 2004). This political
backdrop is considered by existing commercial producers to

influence government policy, which is perceived as unsupportive
on several levels. Most notable are policies around import tariffs,
and implementation of regulations pertaining to animal health,
food safety and environmental impacts, which are perceived as
biased against powerful large-scale local producers. Large-scale
producers and importers take an approach of self-regulation
and self-determination, arguably in response to the government’s
lack of capacity and support, but potentially contributing to the
existing tension and power struggle. Such perceived inequalities
by private industry support a vicious cycle of ongoing mistrust
and lack of interest in collaboration.

Broiler import tariffs are part of complex international trade
deals, which typically involve trade-offs with more valuable
commodities. Global power imbalances present additional
barriers for South African government negotiators when
attempting to meet trade objectives on food and nutrition
security (Greenberg et al., 2017). Nevertheless, there is evidence
from elsewhere in Africa, that cheap broiler imports outcompete
local production on price, eroding local production and the
associated feed industries (Dieye et al, 2007; Banson et al.,
2015). Import surges also undermine local producer confidence
to invest in business expansion (Greenberg et al., 2017). However,
downward pressure on prices from imports was reported by
some participants as potentially contributing to food and
nutrient security, especially to the lower income consumers.
Whilst the local industry is calling for more government
support and tighter import restrictions, little was said on
how capacity to cover shortfalls would be developed. An
opportunity exists for the commercial industry to support the
marginalized emerging and smaller-scale producers, through
mentorship and skills development. Government initiatives to
support this would strengthen the delivery of more inclusive
agricultural development.

Social inequality persists in South Africa, and racial disparity
has arguably been replaced by an economic one, as evidenced
by the country’s top ranked position in the world for
income inequality (World Bank, 2018). Similarly, South African
healthcare, historically polarized based on race, is now largely
determined by socio-economic status. Approximately 16% of the
population use private healthcare, mostly facilitated by private
health insurance, whilst the remainder (84%) use public health
facilities (Naidoo, 2012). Disparate systems were also noted
to exist in surveillance of food safety and foodborne diseases,
being either government or privately funded and controlled.
Weaknesses and inequalities arising from these systems were
unveiled by the listeriosis outbreak, and more recently by the
SARS-CoV-2 pandemic (Nwosu and Oyenubi, 2021). Further
analysis, as the pandemic unfolds, will provide evidence that can
drive accelerated policy reform in this area.

Socio-economic lines also divide provision of veterinary
healthcare for livestock. Private veterinarians service the
wider commercial farming sector. Integrators go a step
further, employing veterinarians to provide in-house health and
laboratory services. By contrast, state veterinarians, who rely
heavily on animal health technicians, provide capacity-stretched
services to the non-commercial sector (Fermet-Quinet et al.,
2014). The World Organisation for Animal Health (OIE)
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recently stated that, with an ever-increasing demand for national
veterinary services to improve livestock productivity and food
safety standards, both private and public veterinary services will
need to look for opportunities to collaborate and expand capacity
(Thevasegayam et al., 2017). Such collaboration is needed in
South Africa to address inequalities and capacity gaps in animal
health services, and similarly in human healthcare, and food
safety surveillance.

Attempts to swiftly resolve the foodborne listeriosis outbreak
were reported by some participants to have been undermined
by the lack of capacity within, and integration between
government departments, and a lack of co-operation between
private and public surveillance. More joined-up and consistent
policy on food safety and FBD surveillance is needed that
encompasses both locally produced and imported boiler
products. Solving such complex policy issues requires horizontal
collaboration between several government departments and non-
governmental stakeholders, but are hampered by the typically
narrow-focussed, siloed structures of organizations (Urban,
2018). Therefore, the establishment of an overarching body
responsible for food safety is urgently required, along the lines
of the European Food Safety Authority or the Canadian Institute
of Food Safety, as examples. Improving food safety surveillance
and compliance will come at a cost, which according to our
interviewees, is unlikely to be absorbed by consumers. Food
prices and income are known to strongly affect consumers’
food choices (Muhammad et al., 2017). Burger et al. (2015)
reported that the lowest quartile of South African households
was extremely price sensitive in respect to food choices, especially
meat, whilst van Wyk and Dlamini (2018) showed a 1% increase
in food prices in South Africa would reduce household welfare
by 21.3%, with the greatest impact on household food security of
the poor. Underinvestment in food safety and foodborne diseases
surveillance is often due to an underestimation of the burden
(Grace, 2015). The burden and potential benefits of interventions
are best appreciated through a whole-system or One Health lens,
which spotlights the links between animal health, productivity
and food safety, with environmental sustainability and ecosystem
health, and with human health and nutrition (Hisler et al., 2017;
Garcia et al., 2020). Policymakers should therefore review the role
of both public and private actors in food safety, with the costs
associated with improving food safety being positioned alongside
public healthcare savings, nutritional benefits, and the cost of
reputation loss for private enterprises.

Public-private partnerships (PPP) offer an opportunity to help
address the disparities apparent on many levels within the broiler
system. They are defined as “a long-term contract between a
private party and a government agency, for providing a public
asset or service, in which the private party bears significant
risk and management responsibility” (World Bank, 2014). South
Africa has a strong track record of using PPP, with examples in
health, energy, water and waste, and often linked to government’s
BEE policies (Arimoro, 2018). However, PPP should go beyond
the simple procurement or transactional level, and move toward
collaborative and transformative models, which involve a joint
commitment from all parties to deliver mutually agreed policies,
and develop sustainable capacity to deliver durable solutions with

business returns (Galiere et al., 2019). Such partnerships could be
used to initiate steps toward rebuilding public-private trust, and
achieving win-win outcomes (Roehrich et al., 2014).

A topic that interviewees perceived less relevant, yet remains
key to reaching SDG 2 targets, was the industry’s impact on the
environment. A more complete understanding of broiler meat’s
environmental impact can be gained through a product lifecycle
analysis, which considers all elements from farm inputs through
to consumer’s plate (ISO, 2006). Such an analysis of intensively
produced broiler meat showed the environmental impact of
feed as the most critical (Skunca et al., 2018). In the South
African context, the environmental impact of both imported and
locally produced feed should be considered when seeking areas
for improvement or mitigation. Broiler waste (and its use as
manure) causes ammonia, methane and nitrous oxide emissions,
soil acidification, and potential contamination of water sources
with phosphates and nitrates through runoff (Belloir et al., 2017).
The health implications of nitrate pollution of drinking water
through agriculture, is receiving increasing attention of late
(Ward et al., 2018). Policy to further mitigate environmental
impacts must consider any additional costs to actors in the
system, in the light of the already tight margins of producers.
With the exception of consumers within the highest income
bracket, most South Africans, the bulk of whom prioritized
price even before food safety, would similarly be unlikely to pay
more for a product’s environmental sustainability credentials.
In the absence of substantial consumer driven demand for
environmental sustainability, government incentives and support
will be key in polices aimed at hitting the environmental targets
of SDG 2.

The role of low-cost broiler meat and products in obesity was
not mentioned by participants during the interviews, with the
exception of the nutritionist. Participants instead focussed on
broiler meat being an affordable source of animal protein and
micronutrients. Although it is also considered healthier than red
meat, in terms of non-communicable diseases, the preparation
method, and the portion size is crucial when considering its
nutritional impact (Schonfeldt et al., 2014). “Big Food” i.e., food
distributed through large-scale food companies and retailers, is
dominant in the South African food environment (especially
for broiler meat) (Igumbor et al, 2012). Whilst a discussion
of the drivers of food choice is beyond the scope of this
work, Big Food is implicated in driving unhealthy eating habits
and obesity through increasing the marketing, affordability and
accessibility of more processed and “junk” food, creating a shift
from traditional to modern diets (Igumbor et al., 2012). National
food consumption data in South Africa requires updating, to
help unravel the link between broiler meat and the extremes of
over and under-nutrition, before developing policy to address
this complex issue. The dominance of Big Food may provide
a leverage opportunity to employ wide-reaching change for
the better.

Complex food system challenges require a whole system
approach, with wide multi-stakeholder representation (Zhang et
al., 2018). The latter improves stakeholders’ understanding of the
system, and their appreciation of others’ perspectives, facilitating
a shift in their mental models (Ruegg et al, 2018; Zhang et
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al., 2018). Our research was restricted by not all invitees being
willing to participate (not uncommon for high level actors within
large institutions), but despite this, our sample-size exceeded
that deemed appropriate in the literature (Guest et al., 2016).
Nevertheless, by using a wider food system lens in our approach,
our results spotlight the interconnectedness of elements within
the broiler system, and how changes would bring about trade-
offs and implications elsewhere, with particular reference to
balancing imports and local industry growth to maintain food
security, and to who bears to the cost of improving food
safety and environmental impact mitigation. Future work should
aim to be more inclusive, transdisciplinary and participatory
when seeking to engage with stakeholders, which could form
a foundation on which to begin building trust, a pre-requisite
for finding mutually agreeable solutions and engaging in PPP
(Roehrich et al., 2014).

Within the diversity of opinions and perspective of
participants, it was clear that the commercial broiler system
will have a key role to play in reaching SDG 2 targets, given the
relative affordability, popularity and increasing consumption
rate of broiler meat compared to other meat. In addition, a
consistent message from participants was one that called for
policy change and refinement; the need for policy to be more
pragmatic, and to be backed up sufficient implementation
capacity, with even-handed enforcement. Much work remains
to address inequalities and mistrust between stakeholders in
the broiler system in South Africa, before it can move toward
ending malnutrition and ensuring access for all to safe, healthy,
nutritious, and sustainably produced food, all year round.

CONCLUSIONS

Our research explored the commercial broiler system as part
of the wider food system in South Africa, and analyzed the
diverse perspectives of industry stakeholders around topics
of consumers’ health and nutrition, food safety, and the
environment. We identified strong disparate opinions on the
role of imports and of local production in meeting the growing
demand for broiler meat. We outlined the governance, and
policy implications and associated challenges, many of which
share commonality with rapidly developing commercial broiler
systems elsewhere (e.g., India and Pakistan). Our approach also
provides a reference for researchers exploring comparable broiler
systems that are experiencing substantial change and similar
policy challenges.

A lack of integrated, pragmatic policy, and the capacity
to enforce it systemically, echoed throughout this study.
Siloed government departments, protection of private business
interests, recent political history, and related elements of tension
and mistrust, were identified as the main stumbling blocks
to change at the level of key system actors. These issues
were driven by divergent narratives on imports, perceived
bias in enforcing regulations, and a power imbalance between
private and public sectors. At the consumer level, their price
sensitivity was a barrier to considering issues of quality, safety or
socio-environmental externalities of food. Equally, interviewees
implied that middle and low-income consumers’ price driven
choices, and affordability barriers for the lowest income groups,

meant a low willingness to pay for higher food safety assurances
on broiler meat, and consumers potentially opting for cheaper
processed meat products or non-animal sourced foods as
alternatives. Although the role of broiler meat in the triple
burden of malnutrition received little attention, it needs to be
better understood, given the rising consumption levels. Whilst
the industry recognized the threat of climate change on feed and
profitability, less attention was given to the impact of the broiler
system on the environment, both locally and internationally, and
this needs to be examined further.

This study highlighted the complexity of the commercial
broiler system of South Africa, and revealed the policy and
governance challenges within it. We propose the removal
of relevant interdepartmental walls in government, and a
clearer definition of public roles and responsibilities within
the system. Future policy focused research should aim to be
participatory and inclusive of stakeholders from across the
system. This will allow a greater appreciation of different
stakeholders’ perspectives, and facilitate the process of trust
building, which is a prerequisite to move toward building
integrated, inclusive and mutually agreed policies. Once such
policies have been developed, collaborative and transformative
models of PPP can build the capacity for the delivery of
sustainable solutions.
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Although many philosophers and environmental psychologists agree that progress toward
a more ecologically conscious society depends upon individuals developing a sense of
connectedness to nature, such agreement is of limited use if we do not understand how
connectedness forms. The purpose of this review is to delineate the state of the
psychological literature concerning the antecedents of connectedness to nature. The
literature review is organized into three main sections: (1) situational contexts that influence
connectedness; (2) individual difference predictors, such as demographic group
membership, personality, or beliefs; and (3) internal psychological states that may explain
psychological processes that result in connectedness. Major critiques of the extant
literature and future directions are presented in a discussion following the body of the
review. The primary implications highlighted by the review are a greater need for theories
delineating the formation of connectedness, a greater focus on process, and increased
differentiation between similar antecedents of connectedness.

Keywords: connectedness to nature, contact with nature, self, antecedents, literature review

INTRODUCTION

Philosophers, environmentalists, and psychologists alike contend that a critical step in the
progression toward a more environmentally responsible society is coming to include nature
within our sphere of concern. That is, people must make nature a part of what or who they
deem important enough to be deserving of concern and protection (Leopold, 1949; Naess,
1987; Stern et al., 1999; Schultz, 2002; Crimston et al., 2016). For Leopold (1949), this meant
including nature in our ethical frameworks, like we would a traditional community member.
Naess (1987), in particular, goes further by noting the value of including nature in our self,
and our self in nature, a view notably consistent with that adopted by psychologists (e.g.,
Schultz, 2002). Supporting the contentions of philosophers and psychologists, individuals who
feel more connected to nature—that is, who include nature in their sense of self—are more
pro-environmentally disposed (e.g., Davis et al., 2011) and tend to have better psychological
wellbeing (e.g., Mayer et al., 2009). Thus, connectedness to nature is of particular interest
because it may simultaneously promote the health of both the planet and people.

The purpose of this review is to delineate the state of the psychological literature concerning
the antecedents of connectedness to nature in hopes of moving the field toward the development
of theory. Although philosophers and environmental psychologists agree upon the importance
of connectedness, such agreement is of limited use if we do not understand how a sense of
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connectedness forms and, consequently, can be fostered. Thus,
a call for increased connectedness to nature begs the question
of how this sense of connection might develop. We first define
connectedness to nature. Then, we describe the literature review
and findings. Last, we consider implications of the reviewed
findings for areas future research.

Definitions of Connectedness to Nature

Definitions of connectedness to nature (connectedness hereafter)
found in the psychological literature emphasize a merging of
self and nature (Schultz, 2002) and a sense of oneness or
unity with nature (Mayer and Frantz, 2004). Both the merging
of self and nature and the sense of oneness align with individuals’
explanation of what connectedness means to them (Unsworth
et al., 2016). These two points of emphasis are also consistent
with viewing connectedness as a form of self-transcendence
(Lengieza et al, 2021). Specifically, self-transcendence is
characterized by “decreased salience of the self, accompanied
by a softening or complete dissolution of the conceptual
boundaries between self and others, involving a sense of oneness
with others and ones surroundings® (Lengieza et al., 2021,
p. 5; see also Yaden et al., 2017). Given these considerations,
we define connectedness as psychological joining of nature
and the self which manifests as a sense of oneness with nature.'

LITERATURE REVIEW

The purpose of the review is to identify the general state of
the psychological literature on the causes of connectedness to
identify the key concepts that predict and help explain the
development of connectedness and provide future directions
for research. While thorough, the review is not meant to
be exhaustive but instead is meant to capture the most prominent
trends in the psychological literature on connectedness to nature.

Method

First, a search of peer-reviewed empirical articles in PsychINFO
and PsychArticles, conducted via ProQuest was used to focus
on empirical studies that would provide evidence of psychological
predictors of connectedness. The search terms used were:
“connectedness,” “connection to nature,” “connectedness with
nature;,” “connection with nature,” “nature relatedness,” “nature
connectedness,” “environmental identity, “Inclusion of nature
in the self;” “Inclusion of nature in self “nature connectivity;’
“connectivity to nature,” “connectivity with nature,” “disposition
to connect with nature,” “disposition to connect to nature,
“emotional affinity to nature,” “emotional affinity with nature,
and “love and care for nature” appearing anywhere in the
abstract up to and including the year 2019. These search terms

were informed by the first author’s experience with the literature

"This definition treats connectedness as distinct from what is most aptly referred
to as environmentalist identity which instead focuses on whether one views
themselves as a person who engages in various forms of pro-environmental
behavior, or outright views themselves as an environmentalist (e.g., Kashima
et al., 2014).

and, more specifically, the constructs included in Tam (2013)
paper investigating the overlap between constructs used to
study connectedness. The breadth of search terms was selected
to ensure that relevant articles were not blindly excluded from
the review. The noted search terms returned 323 articles.

The first author read the abstracts of the 323 articles to
determine which articles warranted further reading. First,
papers that did not mention connectedness as an observed
construct or made it clear that they measured environmentalist
identity were excluded (#=170) reducing the number of
articles to 153. Second, articles were pragmatically excluded—
based upon the abstract—based on treating connectedness
as predictor, and not an outcome were excluded (n=68),
which reduced the number of articles to 85.2 It is important
to note that, since this step was motivated by pragmatism,
sources that the first author had previously read and were
already known to be relevant to the review but otherwise
would have been excluded at this step were ultimately included
in the narrowed pool referenced below. The articles from
the narrowed pool (N=85) were then read to determine the
general themes in the literature. Table 1 presents the sources
included in the review and in which of the sections they
appear. The table also notes the subthemes that are covered
in detail in the qualitative review of these studies.

FINDINGS

The body of the review is organized according to the three
emergent themes identified in the literature: (1) situational
contexts associated with connectedness; (2) individual difference
predictors, such as demographic group membership, personality,
and beliefs; and (3) internal psychological states that may
explain psychological processes that result in. Each section
ends with a summary of the findings outlined in that section.
After detailing findings from the review, in the discussion,
we highlight gaps and future directions for the study of the
antecedents of connectedness that emerge when considering
the body of literature as a whole. Table 2 presents the number
of studies appearing in each section broken down by
relevant attributes.

The situational contexts section outlines the ways in which
contact with nature, in a variety of forms and doing various
activities during contact, promote or suppress connectedness.
The individual differences section touches on the influence
that demographic characteristics, personality, and worldviews
have on connectedness. The psychological states section details
how connectedness is impacted by psychological states related
to mindfulness, the self, and affect.

*The reason for this step was that many papers treating connectedness as a
predictor include other variables as predictors within the same equation which
taints our ability to draw conclusions about the association between the Y
variable in the equation and connectedness to nature itself. The article pool
was simply too large to allow us to read every single paper, therefore, we chose
to exclude these papers since they had a high probability of being unusable
for statistical reasons since this paper was focused on the antecedents of
connectedness to nature.
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TABLE 1 | Sources included in the review and the location of their appearances.

Situational contexts

Individual differences

Psychological factors

Citation by paper Year Study
Contact Mediat. Activ. Demo. Pers. World. Mindf. Self Affect
Ahn et al. 2016 1 X X
2 X X
3 X X
Aspy and Proeve 2017 1 X
Barbaro and Pickett 2016 1 X
2 X
Barton et al. 2016 1 X X
Beery 2013 1 X X X
Braun and Dierkes 2017 1 X X X
Brick and Lewis 2014 1 X X
Brown 2017 1 X X X
Bruni and Schultz 2010 1 X X X
2 X X X
3 X X X X
Bruni et al. 2008 1 X X
Bruni et al. 2017 1 X
2 X
3 X
Burbach et al. 2012 1 X X X
Capaldi et al. 2014 1 X X
Capaldi et al. 2017 1 X X
2 X X
Cheng and Monroe 2012 1 X X
Cho and Lee 2018 1 X
Clayton et al. 2011 1 X X X
Crawford et al. 2017 1 X X X X
Crimston et al. 2016 3 X
Davis and Stroink 2016a 1 X X
Davis and Stroink 2016b 1 X X X
Davis et al. 2011 1 X
DiFabio and Bucci 2016 1 X X
Di Fabio and Kenny 2018 1 X X
Diessner et al. 2018 1 X X
Dopko et al. 2019 1 X X
Dopko et al. 2014 1 X X
2 X
Duffy and Verges 2010 1 X X
Dutcher et al. 2007 1 X X
Ernst and Theimer 2011 1 X
Forstmann and 2017 1 X X
Sagioglou
Frantz et al. 2005 1 X X X
2 X X X
Hanley et al. 2017 1 X
Hanley et al. 2016 1 X X
Hedlund-de Witt 2014 1 X X
Hinds and Sparks 2009 1 X X
Howell et al. 2011 1 X X
2 X X
Hughes et al. 2019 1 X
Johnson-Pynn et al. 2014 1 X
Kals et al. 1999 1 X
Lankenau 2018 1 X
Larson et al. 2018 1 X X
Lee et al. 2015 1 X X
Lengieza and Swim 2021 1 X X
Lengieza et al. 2021 1 X X
Lieflander et al. 2013 1 X
2 X X
Liu et al. 2019 3 X X
(Continued)
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TABLE 1 | Continued

Situational contexts

Individual differences

Psychological factors

Citation by paper Year Study
Contact Mediat. Activ. Demo. Pers. World. Mindf. Self Affect
Lumber et al. 2017 1 X X
2 X X
3 X X
Lyons and Carhart- 2018 1 X
Harris
Mayer and Frantz 2004 1 X X X
2 X X
3 X
4 X
5 X
Mayer et al. 2009 1 X X X X
2 X X X X X
3 X X X X X
Nisbet and Zelenski 2011 1 X X
2 X X
Nisbet et al. 2019 1 X X X
Nisbet et al. 2009 1 X X X
2 X X
Nisbet et al. 2011 1 X
2 X
3 X
Nour et al. 2017 1 X X X X X
Otto and Pensini 2017 1 X
Passmore and 2017 1 X
Holder
Pensini et al. 2016 2 X X
Poon et al. 2015 1 X
3 X
Richardson and 2015 1 X X
Sheffield 2 X X X
3 X X X
Richardson et al. 2016 1 X X
Rosa et al. 2018 1 X
Sanguinetti 2014 1 X X X
Schultz and 2007 1 X
Tabanico 2 X X
3 X X
4 X X
5 X X
Schutte and Malouff 2018 1 X X
Scott 2010 1 X X X
2 X X X
3 X X
Sellmann and 2018 1 X X
Bogner
Soliman et al. 2017 1 X
Spendrup et al. 2016 1 X X
Swami et al. 2016 1 X X X
Tam 2018 1 X X
2 X
Tam et al. 2013 2 X
3 X
Unsworth et al. 2016 1 X X
2 X X X X
Vess et al. 2012 1 X
2 X
3 X
Walters et al. 2014 1 X X
Wang et al. 2019 1 X
Wang et al. 2016 1 X
(Continued)
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TABLE 1 | Continued

Situational contexts

Individual differences Psychological factors

Citation by paper Year Study
Contact Mediat. Activ. Demo. Pers. World. Mindf. Self Affect
Weinstein et al. 2009 2 X X
3 X X
4 X X
Wheaton et al. 2016 1 X
Whitburn et al. 2019 1 X X X
Wyles et al. 2019 1 X X X
Yang et al. 2018 2 X
3 X
Zelenski et al. 2015 1 X
3 X
Zhang et al. 2014b 1 X X X
2 X X X
Column totals 47 15 32 46 11 45 ihl 19 36

Situational Contexts That Influence
Connectedness

Several of the known antecedents to connectedness can
be broadly characterized as “situational contexts” These situational
contexts can involve (a) experiences with nature that occur
through different mediums, such as contact with actual nature
and contact with virtual nature, and can involve (b) different
activities, such as participating in environmental education
programs (e.g., Lieflinder et al, 2013) or meditation (e.g.,
Nisbet et al., 2019). Knowing what kinds of situational contexts
tend to result in connectedness reveals where and when
connectedness tends to flourish and where and when it tends
to struggle. These insights can both help to select ideal contexts
upon which to focus efforts to promote connectedness and
help identify other perhaps not-so-obvious, but theoretically
relevant, contexts that may also increase connectedness. In
other words, the type of research reviewed in this section will
help identify where (in which contexts) and when (during
which activities) to target efforts to promote connectedness.

Experiences With Nature

One of the most studied predictors of connectedness is contact
with nature. The mediums of contact that have been studied
range from actual, first-hand contact, most of which is in the
form of spending time out in nature (e.g., Mayer et al., 2009),
to mediated contact, often in the form of viewing pictures
(e.g., Richardson and Sheffield, 2015) or watching videos of
nature (e.g., Soliman et al., 2017), but increasingly includes
more immersive experiences provided by virtual reality (e.g.,
Ahn et al., 2016).

Actual Contact With Nature

Many studies converge on the value of studying contact as a
predictor of connectedness, demonstrating that contact (e.g.,
Kals et al., 1999; Mayer and Frantz, 2004, S1; Schultz and
Tabanico, 2007, S3-5; Nisbet et al, 2009; Beery, 2013; Tam,
2013; Braun and Dierkes, 2017; Lumber et al., 2017), in a
variety of forms, improves connectedness—whether it be contact

with nature through nature-based tourism (Burbach et al., 2012;
Wheaton et al., 2016) wilderness expeditions (Barton et al,
2016; Richardson et al., 2016), or contact via walking in nature
(Mayer et al., 2009; Nisbet and Zelenski, 2011; Nisbet et al.,
2019). In addition to contact with relatively organic forms of
nature, contact with contrived nature, such as zoos, can foster
a sense of connectedness (e.g., Schultz and Tabanico, 2007;
Bruni et al, 2008). There is also substantial evidence that
living closer to nature (e.g., Cheng and Monroe, 2012), living
in a rural environment (e.g., Hinds and Sparks, 2009; Harvey
et al, 2016) and more frequent exposure to nature (e.g., Kals
et al.,1999; Mayer and Frantz, 2004, S1; Schultz and Tabanico,
2007, S5; Hinds and Sparks, 2009; Nisbet et al., 2009; Scott,
2010, S1-2; Tam, 2013, S2; Pensini et al., 2016; Richardson
et al, 2016; Swami et al, 2016; Larson et al, 2018; Rosa
et al., 2018) are associated with higher levels of connectedness.
Contact with nature can even be as subtle as exposure to
plants in a lab space (Weinstein et al., 2009). There is also
some evidence to suggest that literal contact with nature may
facilitate connectedness: one study found that comfort level
walking barefoot is associated with increased connectedness;
however, the causal direction of this relationship remains subject
to interpretation and in need of further research (Harvey et al,,
2016). Ultimately, many studies investigating the effect of contact
with actual nature on connectedness conclude that it has a
positive effect.

Characteristics of the Situation. The characteristics of the
situation—the presence of certain attributes (e.g., greenery,
water, etc.) as well as other situational elements of the
nature experience (e.g., weather, immersion, etc.)—appear
to influence the effect of contact on connectedness. Higher-
quality natural areas (i.e., protected areas) are more effective
in promoting connectedness than are lower-quality natural
areas (Wyles et al., 2019). Additionally, rural green spaces
seem to result in more connectedness compared to coastal
blue spaces (e.g., oceans; Wyles et al., 2019). The importance
of different features of nature on one’s sense of connectedness
is consistent with research in biophilia which argues that
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TABLE 2 | Counts of studies appearing in each section broken out by relevant attributes.

Sample age

Gender composition’

Measure

Total

Section

NR IAT Combo Other >55% W Equal >55% M Child College Other

CNS

INS

32

36
30
28

15
10

20
19

46
44
27

13

10

14

20
29

18
10
10

84

Situational

32

72
44

Individual

14

19

Psychological

Total reflects the number of studies, not papers. Rows are not mutually exclusive; columns within an attribute category are."Some studies did not report their sample gender composition.

people prefer environments that include features that
improved human survival, including water (aka, the “blue
effect”), landscapes that improve people’s ability to see long
distances (prospect) or hide from predators (refuge; Dosen
and Ostwald, 2016). Additionally, more global factors such
as weather and season may influence connectedness. As
the reader might suspect, connectedness is lower in the
winter compared to autumn and spring and lower on rainy
days compared to non-rainy days (Duffy and Verges, 2010).
It may also be the case that variation in intensity of contact
influences whether or not studies find an effect. For example,
individuals report feeling more connectedness with longer
contact with nature (Wyles et al., 2019). Further, the effects
of exposure to plants on connectedness depends upon
participants level of immersion. Participants who were
immersed in a nature condition felt greater connectedness,
whereas in a non-nature condition, the opposite was true
(Weinstein et al., 2009), which would suggest that being
more absorbed in natural environments facilitates
connectedness, whereas being absorbed by non-nature
environments may diminish connectedness.

The sizeable body of studies identifying contact with nature
as a predictor of connectedness notwithstanding, a few studies
fail to find an effect of contact with nature on connectedness
(e.g., Bruni and Schultz, 2010; Clayton et al., 2011; Unsworth
et al.,, 2016, S2; Bruni et al., 2017, S2; Lumber et al., 2017;
Lengieza and Swim, 2021). For the most part, the reason
for these null findings is unclear. On the one hand, the lack
of effect may be attributable to mundane limitations, such
as self-selection (e.g., Unsworth et al., 2016). Yet, the lack
of effect may be meaningful. For example, studies may be more
likely to find an effect when using comparison conditions
that are more distinct from each other, such as comparing
walking outside to walking inside (Nisbet and Zelenski, 2011),
whereas those that use more similar conditions (dense vs.
sparse nature, Lengieza and Swim, 2021) may not be as likely
to detect an effect. If such a comparison were made within
a study, rather than across separate studies, it might more
readily reveal theoretically valuable insights about what type
of contact is necessary to promote connectedness; in the
case of this example, perhaps all that is important is having
participants walk outside.

Childhood Contact With Nature. The above research focused
on adult experiences in nature; however, several studies have
also looked at the importance of childhood contact with
nature. Like the trend noted above, these often-retrospective
studies generally conclude that childhood contact with nature
is a determinant of connectedness (Hinds and Sparks, 2009;
Cheng and Monroe, 2012; Beery, 2013; Tam, 2013; Pensini
et al,, 2016; Rosa et al., 2018). However, some studies suggest
that the primary avenue through which childhood contact
exerts its influence on connectedness is through its influence
on subsequent adult contact with nature (Pensini et al.,
2016; Rosa et al.,, 2018). Still, much more can be learned
about contact across the lifespan. Contact may be more
potent at different stages in one’s life, perhaps being more
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integral to the development of the self at early stages in
one’s life or being more impactful during transitional periods.
What is more, some forms of contact might turn out to
be more important than others at different periods of
one’s life.

Mediated Contact With Nature

Pictures and Videos as Contact With Nature. Like the evidence
that actual, first-hand contact with nature results in increased
connectedness, several studies conclude that mediated contact
with nature increases connectedness. Studies suggest that
viewing pictures of nature (e.g., Scott, 2010, S3; Richardson
and Sheffield, 2015) or videos of nature (Mayer et al., 2009,
S2-3; Zelenski et al.,, 2015, S3; Soliman et al., 2017) can
lead to increased connectedness, though, as with exposure
to actual nature such as plants, this may depend on immersion
(e.g., Weinstein et al,, 2009; but also see Soliman et al,
2017).” Though viewing nature in the form of videos and
pictures has been identified as a predictor of connectedness,
it is important to acknowledge that some studies report no
effect of viewing pictures (Dopko et al., 2014, S1-2) or videos
of nature (Zelenski et al., 2015, SI1). Additionally, while
pictures and videos of nature appear to promote connectedness,
the effect of videos—and likely the effect of pictures as
well—may fall short of spending time in actual nature (e.g.,
Mayer et al., 2009, S2-3).

Virtual Reality as Contact With Nature. Between full-fledged
contact with actual nature and viewing videos or pictures
of nature is exposure to nature via virtual reality (VR).
Due to its infancy, a clear picture has yet to emerge from
this line of research and there are not studies comparing
VR to actual contact with nature. At present, however, two
studies (i.e., Ahn et al., 2016, S1-2) demonstrate that VR
is better than ordinary video. In contrast, two studies (i.e.,
Ahn et al,, 2016, $3; Soliman et al., 2017) suggest that VR
has no benefit (vs. video) and a third study with children
suggests that levels of connectedness were no different before
and after a virtual hike (Bruni et al., 2017, S3).

Infancy and ambiguity aside, the research on VR does
point to one potentially valuable theoretical insight. Namely
that one of the mechanisms through which VR may have
its influence on connectedness is body transference (the
perception of owning the body of the experienced avatar,
something likely unique to VR; Ahn et al, 2016). This
highlights that VR may operate through different mechanisms
than other forms of contact with nature. Despite this
interesting possibility, ultimately, the only conclusion to
be drawn from the literature on VR at present is that
we simply do not know whether VR consistently
enhances connectedness.

*The discrepancy between these two findings is likely because in one study
immersion was manipulated via a mental imagery script (Weinstein et al,
2009), whereas in the other immersion was manipulated in the form of the
technology used (e.g., video vs. VR; Soliman et al., 2017).

Summary and Critique of Research on Contact With
Nature

Contact with nature, both as child (e.g., Tam, 2013) and as
an adult, is perhaps the most well documented antecedent of
connectedness; research has consistently shown that spending
time around or in nature (e.g., Mayer et al., 2009), viewing
nature (e.g., videos; Richardson and Sheffield, 2015), or otherwise
experiencing nature (e.g., VR; Ahn et al, 2016) can foster a
sense of connectedness. Despite this consistency, there are
several areas for advancement.

As noted above, while much research has been dedicated
to understanding if contact with nature can increase
connectedness, little, if any, research has adequately addressed
the question of when and why contact with nature might not
increase connectedness—cases where contact with nature may
simply not have an effect, cases where some feature of the
experience inhibits the normally positive effect, or, most
importantly, cases where something about the situation actively
diminishes connectedness. There are several studies in which
contact with nature did not seem to affect connectedness (e.g.,
Lumber et al., 2017). Yet, we do not have a framework to
understand why some studies find these null effects of contact
with nature (e.g., Lengieza and Swim, 2021) in order to determine
which null effects are theoretically meaningful and which are
most likely methodological flukes. For example, one study
investigated whether nature sounds would increase connectedness
but found no evidence to support this notion (Spendrup et al.,
2016). It might be easy to explain these findings by assuming
that the manipulation may not have been sufficiently salient
to be effective. However, to illustrate, these findings might
have important theoretical implications; it may be that at a
certain point, some contact is superficial or insufficiently
meaningful to alter our mental landscape or, perhaps more
importantly for theory, it may potentially be that nature sounds
are not an important part of the effect of contact on
connectedness. Ultimately, more attention should be paid to
understanding when contact does not increase connectedness
to disentangle methodological limitations from theoretically
meaningful boundary conditions.

Moreover, we do not have a framework to predict when
contact with nature should be expected to diminish
connectedness. That is, there is virtually no research about
conditions when contact with nature results in decreased
connectedness. For example, contact with the “bugs and mud”
of nature might create an aversive experience that counteracts
the usually positive effect of nature, perhaps because such
exposure feels threatening (see research on negative affect in
later sections). The two studies appearing in this review closest
to answering such questions investigated the how connectedness
is affected by exposure to natural disasters—by all accounts a
less than positive encounter with nature (e.g., Walters et al,
2014; Brown, 2017). While the results paint opposing pictures—in
one study exposure to natural disasters was associated with
increased connectedness (Walters et al., 2014) and in the other
the opposite was true (Brown, 2017)—the research questions
themselves are emblematic of an interest in the negative side
of contact with nature. Notably, this interest in the potential
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negative side of contact with nature in terms of its effect on
connectedness is similar to research on biophobia (Zhang et al.,
2014a); however, research specifically focusing on the extent
to which contact with aversive elements of nature promotes
or undermines including nature in our sense of self or feeling
a sense of oneness with nature is still needed.

Both a framework for explaining null effects and predictions
about when contact with nature might have a negative effect
are important for the development of theories describing the
formation of connectedness. Future research can provide answers
to these types of questions, and, subsequently, a better theoretical
understanding of the different forms of contact with nature.
However, it will require a shift from primarily looking for
whether contact with nature promotes connectedness to explicitly
examining instances in which contact with nature either does
not promote connectedness or actively diminishes it as well
as a focus on developing theories to explain null and/or
negative effects.

Additionally, this section highlights that there are unanswered
questions concerning comparisons between types of contact
with nature. The presence of research showing that features
of the environment matter when it comes to connectedness
(e.g., Duffy and Verges, 2010; Wyles et al, 2019) indicates
that contact with nature is likely a heterogenous category which
may contribute to variability in the degree to which contact
with different types of nature will affect connectedness (c.f,
Duffy and Verges, 2010). If fostering connectedness is a goal,
it is important to understand what features of the environment
influence the degree to which contact with nature influences
connectedness. Though the effects of actual first-hand contact
with nature have received considerable attention more research
is needed to know whether certain types of contact with actual
nature have differential effects on connectedness—for example,
blue spaces vs. rural green spaces or urban green spaces (c.f,
Wyles et al., 2019). We also see few studies comparing videos
of nature to actual nature (c.f., Mayer et al., 2009, S2-3) and
none comparing VR and actual nature.

Last, despite research on contact with nature focusing on
both adults and children, we do not know during which period
of life contact with nature is most important. Although current
evidence, noted above, suggests that adult contact is more
important than childhood contact (e.g., Rosa et al, 2018),
asking which type of contact—child or adult—begs the question
of whether the distinction is meaningful.

In sum, research investigating the effects of contact with
nature on connectedness should take the next steps and begin
to explore (1) the heterogeneity of contact with nature (2)
across the lifespan as well as begin focusing on (3) when—and
subsequently why—contact with nature fails to promote, or
actively suppresses, connectedness.

Activities

A handful of activities promote connectedness. These include
activities where people are in direct contact with nature such
as outdoor pastimes done for pleasure (e.g., Beery, 2013).
Others include those which can potentially occur with only

indirect exposure to nature, such as environmental educational
programs (e.g., Lieflinder et al., 2013). Yet others—including
meditation (e.g., Aspy and Proeve, 2017) and the use of
psychedelics (e.g., Nour et al., 2017)—can occur without any
contact with nature at all.

Activities as More Than Contact With Nature

Activities that involve some degree of contact with nature—such
as gardening (e.g., Beery, 2013; Sanguinetti, 2014), planting
trees (e.g., Whitburn et al., 2019), walking dogs (Beery, 2013;
Wyles et al., 2019), having picnics in nature, studying plants
and animals (Beery, 2013) depicting nature artistically (Bruni
et al, 2017), or receiving interpretation while touring nature
parks (Burbach et al, 2012)—are positively associated with
connectedness. For many of these activities it is unclear if the
relations exist merely because these activities bring the individual
into contact with nature. The alternative possibility is that the
activities in some way enhance, or work independent of, the
incidental contact with nature. Unfortunately, the extant literature
does little to help dissociate these possibilities. One study,
however, suggests that noticing nature increases connectedness
and this effect seems to be above and beyond contact with
nature; even though all participants spent equal time in nature,
compared to business as usual, participants instructed to notice
nature experienced increased connectedness (Passmore and
Holder, 2017). This study, as an example, highlights the possibility
that activities that involve contact with nature might be more
than just contact with nature.

Just as not all contact with nature enhances connectedness,
not all activities that involve contact with nature increase
connectedness. Indeed, some activities, such as going to the
beach and playing on a playground were not correlated with
connectedness (Bruni and Schultz, 2010, S3) and other
activities such as waterskiing and wake boarding (Beery,
2013), as well as exercising or playing in nature (Wyles
et al., 2019) have been reported to be negatively correlated
with connectedness. One possibility is that these activities
involve treating nature as merely an arena in which to engage
in the activity which could potentially result in nature
becoming a non-salient background element of the experience
or may even result in viewing nature from an entirely different
perspective, where nature is objectified as a means to an
end. Regardless, that these activities—which involve contact
with nature—still seem to decrease connectedness suggests
that activities can have an effect that is independent of the
effect of contact with nature.

Environmental education is one commonly studied activity
appearing in the connectedness literature. The majority of
evidence appearing in this review suggests that participation
in environmental education programs—which does not
necessarily entail direct physical contact with nature (e.g.,
Lankenau, 2018)—is associated with increases in connectedness
(Mayer and Frantz, 2004; Clayton et al., 2011; Lieflinder et al,,
2013; Sellmann and Bogner, 2013; Johnson-Pynn et al., 2014;
Braun and Dierkes, 2017; Crawford et al., 2017; Otto and
Pensini, 2017; Cho and Lee, 2018; Lankenau, 2018;
Dopko et al., 2019). However, as with contact with nature,
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there are exceptions, with some studies showing no effect of
participation in environmental education (e.g., Ernst and Theimer,
2011). And, again, as with contact with nature, the reasons
for these disparities are not well outlined in the literature.
We do not know what kinds of programs—classroom vs. field,
broad verses specific, etc.—are most likely to increase
connectedness. There is some evidence, however, that longer
programs are more effective at fostering connectedness (e.g.,
Johnson-Pynn et al., 2014; Braun and Dierkes, 2017). This
effect may be attributable to several things such as more
impactful content, more immersion, or some other element
that differs between longer and shorter programs, but the exact
reason for this effect requires further research.

Activities Without Contact With Nature

There are also other activities which can promote
connectedness that have both the potential to influence how
we think about nature and do not necessarily involve actual
contact with nature.

Meditation. Meditation, which alters how we think (c.f., Lutz
et al., 2007), is one activity that can increase connectedness
without actually being in nature. Formally, the western
understanding of meditation is that it is a set of practices
generally designed to cultivate particular mental qualities through
repeated induction of a mental state (Lutz et al, 2007). A
commonly known form of meditation is mindfulness meditation;
however, there are other kinds of meditation and meditative
practices that do not focus on mindfulness.

Indeed, meditation (Beery, 2013; Unsworth et al, 2016;
Nisbet et al.,, 2019) and yoga (Beery, 2013) may enhance the
effects of spending time in nature on connectedness; individuals
who spent time meditating in nature felt greater connectedness
than individuals who just spent time in nature (Unsworth
et al., 2016; Nisbet et al., 2019). The effect of meditation,
however, might not require contact with nature. For example,
compared to progressive muscle relaxation mindfulness
meditation and loving kindness meditation have been associated
with connectedness without any contact with nature at all
(Aspy and Proeve, 2017). This suggests that meditative practices
likely have effects entirely separate from contact with nature.
Similar to meditation, Langerian (see Langer, 2000) mindful
learning—which is explicitly aimed at fostering a more flexible
and open mindset (Tang et al, 2017) as well as at shifting
thinking patterns (Wang et al, 2016)—has been associated
with higher levels of connectedness compared to other forms
of learning (Wang et al., 2016, 2019).

Reflection. In the abstract, meditation has a great deal to
do with reflective modes of thinking, and, as stated at the
outset of this paragraph, focuses on altering how we think.
Meditation, however, is not the only way of altering the
way we think nor is it the only way of engaging in reflection.
Importantly, there is evidence that the way in which we reflect
upon past experiences (e.g., eudaimonic vs. hedonic reflection
vs. mundane recollection) may influence our sense of

connectedness (Lengieza et al,, 2021). This suggests that
other forms of reflective or contemplative practices beyond
meditation may also impact our feelings of connectedness.
Additionally, there are more explicit ways to alter how
we think in the moment; in some cases, we can consciously
choose to think about nature in a different light. For example,
anthropomorphizing nature is associated with increased
connectedness, an effect corroborated experimentally (Tam
et al., 2013; Liu et al.,, 2019). Thus, there is a growing body
of evidence that altering the way we think (e.g., meditation,
mindful learning) and what we think about (e.g., the content
of reflections, anthropomorphized nature) has the potential
to increase connectedness.

Psychedelics. Last, recent research suggests that lifetime use
of psychedelics—known for their capacity to alter ways of
thinking about the world (Pollan, 2018)—is associated with
increased connectedness (Forstmann and Sagioglou, 2017;
Nour et al., 2017). Further, a preliminary experimental
study—with an admittedly small sample—demonstrated that
connectedness increased following a guided psilocybin
therapy session (Lyons and Carhart-Harris, 2018). Yet, other
common recreational drugs have either not shown an
association with connectedness (e.g., Forstmann and
Sagioglou, 2017), or have been negatively associated with
connectedness (e.g., cocaine and alcohol use, Nour et al,
2017), suggesting that the positive effect is possibly specific
to psychedelics.

Summary and Critique of Research on Activities

There is evidence that a variety of activities enhance
connectedness. This includes activities such as gardening or
planting trees (e.g., Whitburn et al., 2019), participating in
environmental education (e.g., Lankenau, 2018), as well as
meditating (e.g., Aspy and Proeve, 2017) and certain recreational
drug use (Forstmann and Sagioglou, 2017).

In addition to replicating findings and experimentally
confirming correlational relationships, future research should
address the question, already noted in this section, of whether
the activities that involve contact with nature reviewed in this
section have an effect above and beyond the effect of having
contact with nature and if so, why. While some of these
activities can involve varying degrees of contact with nature,
it seems unlikely that they can be boiled down to simply
be about being in nature. Instead, it is likely that they enhance
the contact with nature that happens to be involved in that
activity. For example, gardening (c.f., Beery, 2013) also includes
a component of taking care of or nurturing nature. Does this
additional facet of caring for nature bring something new to
the table or can it really be reduced to being in contact with
nature? The need to understand whether nature-based activities
have affects above and beyond contact with nature is also
particularly apparent for activities that seem to suppress
connectedness despite involving contact with nature such as
exercising or playing in nature (Wyles et al., 2019) or waterskiing
and wake boarding (Beery, 2013). Research is needed to

Frontiers in Psychology | www.frontiersin.org

November 2021 | Volume 12 | Article 763231


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Lengieza and Swim

Antecedents of Connectedness

understand why these activities overshadow the effects of contact
with nature.

Finally, there may be moderators of the relationship between
various activities or experiences and connectedness. For example,
age may moderate the effect of regular participation in outdoor
activities and connectedness; regular participation—vs.
non-regular participation—may only matter for older age groups
(Beery, 2013). As illustrated in the next section, age is only
one of many individual differences that may be worthy of
consideration. Few studies, though, have investigated the
possibility of factors that moderate the relationship between
connectedness and the experiences and activities listed above.
Therefore, research on the effect of various activities on
connectedness should pay attention to potential moderators.

Individual Differences That Influence
Connectedness

Several individual differences are associated with connectedness.
Some of these individual differences, such as age, gender, race,
and socioeconomic status, are generally considered demographics.
Others fall neatly into the category of personality. The remaining
individual differences considered here are best characterized
as various types of worldviews. While less practically manipulable
compared to other antecedents identified in this review, it is
still valuable to consider the associations between individual
differences and connectedness because they illuminate for whom
certain experiences might differentially affect connectedness
and they may also stimulate discussions about which
psychological processes might be informative to study. More
specifically, these individual differences may provide insight
into the influence of social processes on connectedness, such
as self-selection into contact with nature or socialization which
encourages developing a connection to nature. Further, although
individual differences do not lend themselves to direct
intervention, it is probable that some of them moderate the
influence of other antecedents of connectedness, making them
of practical interest.

Demographics

Demographics, as antecedents to connectedness, are important
to consider because they can provide boundary conditions for
findings and can potentially provide insights into self-selection
into experiences that would influence contact with nature,
for example.

Age

Research on age suggests that our sense of connectedness might
be influenced by where we are in our lifespan. Several studies
with adults indicate that age is positively associated with
connectedness (Burbach et al., 2012; Beery, 2013; Sanguinetti,
2014; Zhang et al.,, 2014b, S1-2; Harvey et al., 2016; Lumber
et al.,, 2017; Nour et al.,, 2017; Diessner et al., 2018). However,
a sizeable number of studies with adults suggest no relationship
(Mayer and Frantz, 2004; Dutcher et al, 2007; Bruni et al,
2008; Weinstein et al., 2009, S1-3; Walters et al., 2014; Unsworth
et al.,, 2016, S1-2; Swami et al., 2016; Brown, 2017; Whitburn

et al,, 2019). In contrast, studies examining school-aged children
indicate that age has the opposite effect amongst children;
younger children tend to feel greater connectedness than older
children (Lieflinder et al., 2013; Braun and Dierkes, 2017;
Crawford et al, 2017; Larson et al, 2018). These opposing
patterns suggest a curvilinear effect whereby children temporarily
grow-out of their connection to nature, so to speak, until at
some point they begin to reformulate their connection to
nature. At present, this pattern has been supported by one
study specifically seeking to sample a range of ages to address
the question of ages impact on connectedness more
comprehensively (Hughes et al., 2019).

Gender

When gender differences in connectedness are found, they
appear to more often conclude that women feel greater
connectedness than men (Schultz and Tabanico, 2007, S3-4;
Mayer et al., 2009, S2; Bruni and Schultz, 2010, S3; Beery,
2013; Sanguinetti, 2014; Zhang et al., 2014b, S1; Pensini et al.,
2016; Spendrup et al, 2016; Swami et al, 2016; Crawford
et al., 2017; Nour et al., 2017; Hughes et al., 2019) than they
report that men feel more connectedness than women (Larson
et al., 2018; Wyles et al., 2019). However, a number of studies
that provide information about the associations between gender
and connectedness report no effect (Mayer and Frantz, 2004,
S1-2; Frantz et al, 2005; Bruni et al, 2008; Mayer et al,
2009, S1 and S3; Weinstein et al., 2009, S1-3; Bruni and
Schultz, 2010, S1-2; Dufty and Verges, 2010; Vess et al., 2012;
Zhang et al., 2014b, S2; Barton et al., 2016; Davis and Stroink,
2016a,b; Harvey et al., 2016; Unsworth et al., 2016, S1-2;
Lumber et al, 2017; Di Fabio and Kenny, 2018; Diessner
etal., 2018; Liu et al., 2019; Whitburn et al., 2019). Additionally,
there is no evidence that gender moderates any effects in any
of the studies reporting on gender and connectedness (e.g.,
Mayer et al.,, 2009; Duffy and Verges, 2010; Vess et al., 2012;
Capaldi et al.,, 2014). Thus, the conclusion to be drawn from
the literature is that, if gender has an effect at all—a tenuous
association at best—women may feel greater connectedness
than men.

Other

There are three understudied demographics—education, race,
and socioeconomic status—which may be worth further
attention. Several studies have found that level of education
does not have an effect on connectedness (Mayer and Frantz,
2004, S1; Dutcher et al, 2007; Beery, 2013; Walters et al.,
2014; Nour et al, 2017; Whitburn et al., 2019); however,
other studies have found higher education to be associated
with lower connectedness (Sanguinetti, 2014; Brown, 2017).
Similarly, a small number of studies have found no relationship
between race and connectedness (Weinstein et al., 2009, S1-3;
Whitburn et al., 2019), while one found that white participants
report a sense of connectedness more so than non-white
participants (Larson et al., 2018). And, again similarly, while
studies have suggested no relationship between connectedness
and socioeconomic status (Wyles et al, 2019) or income
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(Mayer and Frantz, 2004; Dutcher et al., 2007; Beery, 2013;
Walters et al., 2014), yearly income and home ownership
have been associated with decreased connectedness (Whitburn
et al, 2019). Thus, based solely on the literature appearing
in this review, it would be premature to draw conclusions
about the effect of level of education, race, and socioeconomic
status on connectedness.

Personality

Certain facets of personality appear to exert an influence on
connectedness. The most frequently reported relation is a
positive association between openness to experience and
connectedness (Nisbet et al., 2009; Tam, 2013; Brick and Lewis,
2014; Zhang et al, 2014b, S1; Lee et al, 2015; Richardson
and Sheffield, 2015; Di Fabio and Bucci, 2016; Forstmann and
Sagioglou, 2017; Nour et al., 2017). Additionally, openness is
the only personality facet shown to correlate with connectedness
when using observer reports of personality (Lee et al., 2015).
There is also strong evidence that agreeableness (Nisbet et al.,
2009; Tam, 2013; Brick and Lewis, 2014; Zhang et al., 2014b,
S1; Di Fabio and Bucci, 2016) and conscientiousness (Nisbet
et al., 2009; Tam, 2013; Brick and Lewis, 2014; Zhang et al,,
2014b, S1; Di Fabio and Bucci, 2016; Forstmann and Sagioglou,
2017) are positively associated with connectedness. While the
other facets of personality—specifically, humility (Brick and
Lewis, 2014; Lee et al,, 2015), emotionality (Tam, 2013; Brick
and Lewis, 2014), extraversion (Nisbet et al., 2009, S1; Tam,
2013; Zhang et al., 2014b, S1) and (less) neuroticism (Zhang
et al, 2014b, Sl)—have shown positive correlations with
connectedness, the evidence is not as overwhelming (i.e., only
one or two studies showing significant associations per
personality attribute).

Worldviews

Worldviews—which encompass beliefs, attitudes, orientations,
and values (Clayton and Myers, 2015)—are associated with
connectedness. While demographics and personality are
determined at an early age and are largely immutable,
worldviews develop over time and consequently have a greater
degree of mutability. Therefore, worldviews may be additional
targets for efforts to enhance connectedness. Research in this
domain is important because, as noted in the preceding
sections, it can help us identify potential moderators of other
antecedents of connectedness. This type of research may also
inform theoretical accounts of connectedness. For example,
if connectedness consistently covaries with a particular class
of constructs, such as those associated with self-transcendence,
then we can more confidently conceptualize connectedness
as a form of self-transcendence and make predictions based
on that view.

Common Worldviews and Connectedness

As might be expected, people who hold more positive
environmental beliefs feel greater connectedness (Mayer and
Frantz, 2004, S1-2; Frantz et al., 2005; Nisbet et al., 2009, S1;
Bruni and Schultz, 2010; Clayton et al, 2011, SI;

Davis et al., 2011; Brick and Lewis, 2014; Lee et al, 2015;
Davis and Stroink, 2016a,b; Whitburn et al., 2019). Additionally,
higher levels of connectedness are found among individuals
who tend to appreciate natural beauty (Zhang et al., 2014b,
S1-2; Capaldi et al., 2017, S1-2; Lumber et al., 2017; Diessner
et al., 2018), are more politically liberal (Dutcher et al., 2007;
Nour et al,, 2017), and are more empathic (Mayer and Frantz,
2004, S2 and S4; Di Fabio and Bucci, 2016; Di Fabio and
Kenny, 2018). Lower levels of connectedness are found among
those who are more politically conservative (Brick and Lewis,
2014) more authoritarian (Nour et al., 2017), more oriented
toward consumerism (Mayer and Frantz, 2004, S4) or materialism
(Hedlund-de Witt et al., 2014), and who ascribe to the feminine
beauty ideal (Scott, 2010, S1-2). In general, individual’s values
seem to be associated with connectedness (Sellmann and Bogner,
2013; Lumber et al, 2017), an effect which may be initially
derived from parent’s values (Cheng and Monroe, 2012). There
is also evidence that religious fundamentalism is negatively
associated with connectedness; however, this was only under
conditions of mortality salience (Vess et al., 2012), whereas
more general religiosity or spirituality may have either no (Vess
et al., 2012, S1-3, but see Brown, 2017) or a positive effect
on connectedness (Hedlund-de Witt et al.,, 2014).

Self-Transcendent Worldviews and Connectedness

Connectedness also shows positive associations with constructs
that support the perspective that connectedness reflects a
form of self-transcendence. Specifically, connectedness is
positively associated with self-transcendent values and
negatively associated with self-enhancement values (Tam,
2013). Further, connectedness is positively associated with
constructs involving connecting to something greater, such
as connectedness to community (Sanguinetti, 2014) and even
to humanity as a whole (Lee et al., 2015; Lengieza et al,
2021), as well as with greater moral expansiveness (Crimston
et al., 2016) and more altruism (Nisbet et al., 2009, SI).
Moreover, connectedness is positively associated with non-self-
interested concern for nature (e.g., biospheric concern; Mayer
and Frantz, 2004, S4-5; Davis and Stroink, 2016a,b; although
this effect is sometimes not found, e.g., Schultz and Tabanico,
2007, S2; Duffy and Verges, 2010) whereas, at best,
connectedness is simply not associated with self-interested
concern for the environment (e.g., egoistic concern; Mayer
and Frantz, 2004, S4; Schultz and Tabanico, 2007, S1-2; Duffy
and Verges, 2010; Davis and Stroink, 2016a,b) and, at worst,
may be negatively associated with such self-centered concern
(Mayer and Frantz, 2004, S5; Schultz and Tabanico, 2007,
S1). Lastly, individuals who think more in terms of systems—
which is related to seeing oneself as part of a set of interrelated
parts and suggestive of self-transcendence (c.f., Lengieza
et al., 2021)—tend to report higher levels of connectedness
(Davis and Stroink, 2016a). Thus, there is evidence that

constructs consistent with self-transcendence (e.g., self-
transcendence values; Tam, 2013) are associated with
connectedness which supports the contention that

connectedness reflects a form of self-transcendence (e.g.,
Lengieza et al.,, 2021).
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Summary and Critique of Research on Individual
Differences

Who we are and how we view the world influences our sense
of connectedness. The apparent consensus is that age is associated
with connectedness; however, this effect is likely curvilinear
(see Hughes et al., 2019). Gender on the other hand, may or
may not be related to connectedness, at least directly, as many
studies reported no gender related effects. Still, a non-negligible
number of studies have reported that women feel greater
connectedness than men, suggesting that there may be an effect
of gender, though one that is likely small. In both cases,
however, a more systematic investigation into the effects of
age and gender seems warranted at this juncture. Individual’s
personality also influences connectedness, most notably their
degree of openness to experience (e.g., Lee et al, 2015) as
well as agreeableness and conscientiousness are associated with
connectedness (e.g., Brick and Lewis, 2014). Lastly, there are
a multitude of worldviews which are associated with
connectedness (e.g., Crimston et al., 2016), several of which
are consistent with viewing connectedness as a form of self-
transcendence (e.g., Lengieza et al., 2021).

It is not necessarily surprising that certain types of individuals,
those from certain backgrounds, and those who hold certain
views more (or less) easily develop a connection to the natural
world than others. For the most part, however, it is unclear
exactly why various demographic characteristics and facets of
personality would influence connectedness, largely because of
a lack of theory. There are several potential reasons that
demographics might be theoretically important. Demographics
memberships might serve as proxies for likelihood of having
contact with nature, for example. That is, certain individuals
may be more or less likely to have contact with nature, and
therefore, end up feeling lower connectedness. Alternatively,
potential differences between demographic groups could be a
matter of socialization and what is culturally valued by one’s
peers. Perhaps in some socio-demographic contexts individuals
are encouraged to connect with nature—or at least encouraged
to pay attention to their relationship with nature—whereas in
others, individuals do not receive such encouragement. To
empirically test these possibilities, however, researchers will
need to begin considering the mediating process through which
these variables influence connectedness. To date, one study
suggests that part of the reason agreeableness and openness
might be associated with connectedness is via empathy (Di Fabio
and Kenny, 2018). However, empathy is unlikely to be the
only pathway between personality and connectedness and, thus,
more research is undoubtedly warranted. Further investigation
into why these relationships exist—to the extent that they
do—is theoretically helpful because it may shed light on potential
social processes that influence connectedness and may also
inspire investigations into other individual differences that might
influence connectedness.

Additionally, individual differences are likely candidates for
moderators of other antecedents of connectedness. For example,
as noted in a previous section, age potentially influences the
importance of participation in outdoor activities with activities
being more important for older adults than younger adults

(Beery, 2013) and, additionally, one meta-analysis suggests the
effect of mindfulness on connectedness is larger in samples
with older participants (Schutte and Malouff, 2018). More
generally, certain individuals may tend to experience the same
activity differently. Practically, these considerations could
influence how one might construct interventions to increase
connectedness. For example, individual differences in appreciating
natural beauty might influence the effect of engaging with
nature artistically (c.f, Bruni et al, 2017). Thus, if one were
to design an intervention meant to enhance connectedness
through artistic engagement with nature, it might make sense
to first focus on fostering an appreciation of natural beauty
prior to the core focus of the intervention.

Psychological States That Influence
Connectedness

Contrasting with relatively stable individual differences noted
above, some studies identify more malleable and transitory
underlying  psychological states that may promote
connectedness. Ultimately, research on these states provides
insight into the psychological processes through which other
antecedents of connectedness may have their effect. To the
extent that we understand the process that unfolds behind
a given antecedent, such as contact with nature, we can better
activate that process to make the experience, or other antecedent,
as impactful as possible. Thus, research on psychological states
that promote connectedness will inform what to leverage in
efforts to increase connectedness. Additionally, as was noted
in the worldviews section, this research may help form
theoretical accounts of connectedness. Similar to worldviews,
if certain classes of psychological states, such as states involving
the self, tend to consistently covary with connectedness then
we can more confidently conceptualize connectedness as a
phenomenon involving the self. The states reviewed in this
section can be categorized as being related to mindfulness,
the self, and affect.

Mindfulness

While meditation, as an activity, was mentioned earlier in this
review, not all meditative practices are aimed at increasing
mindfulness (e.g., loving-kindness meditation). Therefore,
conflating meditation and mindfulness should be avoided.
Additionally, there is a great deal that meditation might change
even when it is aimed at increasing mindfulness. Thus, simply
because meditation influences connectedness does not necessarily
mean that mindfulness, as psychological quality of mind,
influences connectedness. For example, meditation may simply
increase individuals’ ability to introspect—which is not the
same as mindfulness—and this increase in introspection might
be the true cause of some hypothetical increase in connectedness
(c.f,, Richardson and Sheffield, 2015). Research solely examining
the practice of meditation also cannot illuminate which facets
of mindfulness are associated with connectedness. It is, therefore,
necessary to also measure mindfulness to determine whether,
and how, mindfulness as a psychological quality impacts
connectedness.
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Several studies demonstrate a positive link between
mindfulness and connectedness (see Schutte and Malouff, 2018,
for a meta-analysis). Given the meta-analysis on the subject,
it seems unnecessarily redundant to outline all of the individual
findings related to the mindfulness—connectedness association;
however, it is worth noting one important trend. While
mindfulness in general has been associated with higher levels
of connectedness (e.g., Howell et al, 2011; Richardson and
Sheffield, 2015, S1-2; Unsworth et al., 2016, S1; Schutte and
Malouff, 2018), certain facets seem to be more related to
connectedness than others. Specifically, the “observing” (Barbaro
and Pickett, 2016, S1-2; Hanley et al, 2017), “nonreactivity”
(Barbaro and Pickett, 2016, S1-2; Hanley et al, 2017), and
“describing” (Barbaro and Pickett, 2016, S1-2) facets of
mindfulness have been associated with connectedness, whereas
the “nonjudging” (Barbaro and Pickett, 2016, S1-2; Hanley
et al,, 2017) and “acting” (Barbaro and Pickett, 2016, S1; Hanley
et al., 2017) facets have not.

Summary and Critique of Research on Mindfulness

The obvious consensus in the literature—largely informed by
the results of the meta-analysis (i.e., Schutte and Malouft, 2018)—is
that the psychological experience of mindfulness is associated
with increased connectedness. This association in conjunction
with the evidence that meditation also increases connectedness,
seems to suggest that changes in mindfulness would mediate
the relationship between meditation and connectedness. To date,
however, this process of mediation has not been empirically
tested. Thus, future research should attempt to document the
process through which meditation increases connectedness. Such
an endeavor will entail paying greater attention to various facets
of mindfulness to fully understand the relations between
meditation, mindfulness, and connectedness.

It is also possible that mindfulness is not the only path
through which meditation increases connectedness; perhaps
meditation also influences connectedness through an effect on
the way we think about the self (c.f., Hanley et al., 2017)
through an effect on affective experiences (c.f., Jazaieri et al.,
2013), or simply through increased reflective or introspective
propensity (c.f., Richardson and Sheffield, 2015; see ensuing
sections for elaboration). Consequently, research investigating
the process through which meditation has its effect should
consider alternative mechanisms in addition to mindfulness.

Psychological States Related to the Self
Connectedness is defined as including nature in the self, and,
therefore, it is reasonable to expect that psychological states
associated with the self would influence connectedness (Lengieza
and Swim, 2021). Thus, to support the assertion that
connectedness does involve including nature in the self, it is
important to study if, and how, self-related psychological
phenomena impact connectedness.

Negative Impacts of the Self on Connectedness
Self-awareness, with its different facets, is one such self-related
phenomena that affects connectedness. Studies suggest that

taking oneself as the object of awareness might negatively
impact connectedness. In one study, self-objectification—taking
the critical perspective of an observer when considering the
self—was negatively associated with connectedness across three
samples of women (Scott, 2010). Another study demonstrated
that being seated in front of a mirror—which theoretically
increases objective self-awareness—diminished connectedness
(Frantz et al., 2005). This suggests that objective self-awareness
may interfere with connectedness.*

Other studies corroborate the findings from research on

objective self-awareness. Evidence suggests that being publicly
self-aware—being more aware of how you appear to others—is
negatively associated with connectedness (Mayer et al., 2009).
In line with the negative association with public self-awareness,
rumination—which was defined as anxious, or preoccupied,
attention that is focused on the self and is concerned with
self-worth or failure (making it similar to public self-awareness)—
was negatively correlated with connectedness (Richardson and
Sheffield, 2015). Further, research suggests that decreases in
public self-awareness may be the mechanism through which
contact with nature increases connectedness (Lengieza and
Swim, 2021). Thus, being overly focused on oneself from a
third-person perspective seems to have a negative impact
on connectedness.
In addition to research on self-awareness, other evidence
implies that diminishing overly self-focused attention may
be important for facilitating connectedness. First, some studies
investigating mindfulness implicate the self as an important
determinant of connectedness; one of the reasons that
mindfulness may influence connectedness is because of its
effect on decentering (Hanley et al, 2017; see also Nisbet
et al, 2019). Specifically, decentering has been argued to
be linked with self-transcendence and to a blurring of the
self-other dichotomy (Hanley et al, 2018). Thus, the link
between decentering and connectedness is consistent with the
defining connectedness as a form of self-transcendence (Lengieza
etal,, 2021). Second, one of the reasons that psilocybin increases
connectedness may be because of the effect it has on individual’s
sense of self; ego dissolution—a pharmacologically induced
state of selflessness associated with psychedelics—during
individuals’ most significant experience with psilocybin was
associated with increased connectedness (Nour et al., 2017).
Thus, this evidence would loosely suggest that diminishing
attention to the self might promote connectedness.

Positive Influences of the Self on Connectedness

There is other evidence that which implicate the self in the
formation of connectedness and also suggests that the self
might not always be an obstacle in the way of forming a
connection with nature. In contrast to objective self-awareness
and public self-awareness, private self-awareness—being aware

*This effect was primarily true for individuals who held less positive environmental
attitudes; individuals with highly positive environmental attitudes experienced
similar levels of connectedness in either condition (Frantz et al., 2005) which
may be reflective of a ceiling effect for connectedness among individuals who
already hold strong proenvironmental attitudes.
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of ones inner experience, effectively synonymous with
introspection—may enhance connectedness (Mayer et al., 2009).
Consistent with this finding, reflective self-attention was found
to be a better predictor of connectedness than mindful attention
(Richardson and Sheffield, 2015, S1-2) and moderated the
effect of exposure to nature, with higher levels of reflective
self-attention strengthening the effects of contact with nature
on connectedness (Richardson and Sheffield, 2015, S3).
Additionally, as noted above, one of the mechanisms through
which VR might increase connectedness may be body transference
(Ahn et al, 2016, S1-3); in other words, a transfer of our
corporeal sense of self seems to influence connectedness. Fourth,
the ways in which we construe the self (e.g., interdependent,
independent, etc.) seem to influence connectedness (Davis and
Stroink, 2016b) as does the way that we feel about ourselves
(i.e., self-esteem; Zhang et al., 2014b, S2; Swami et al., 2016).
Thus, there is growing evidence that self-related phenomena
are, at the very least, an important part of the formation
of connectedness.

Summary and Critique of Research on Psychological
States Related to the Self

The above evidence concludes that self-related phenomena play
a critical role in the formation of connectedness. Specifically,
both the way in which we attend to the self (e.g., Richardson
and Sheffield, 2015) and the way we subjectively experience
the self (e.g., Hanley et al.,, 2017; Nour et al,, 2017) influence
connectedness, though there is still much of this story left
to untangle.

This means, however, that there are many exciting directions
for future research in this area. First, there are several additional
phenomena related to the self that may impact individuals’
sense of connectedness such as goal-related content (e.g., actual,
ideal and ought selves; Higgins, 1987) temporal reflections
(e.g., past, present and future selves; Markus and Nurius, 1986)
and structure of the self (e.g., self-schemas, Markus, 1977).
The growing evidence that the self influences connectedness
in multiple ways suggests that the unstudied associations between
these facets of the self and connectedness warrants
future investigation.

Second, there are opportunities to further differentiate already-
studied phenomena (c.f., public vs. private self-awareness) to
create more nuanced accounts of how self-related psychological
states are expected to impact connectedness. As an example,
the observation of a positive association between connectedness
and private self-awareness in contrast to the negative association
with public self-awareness suggests that these two types of
self-awareness should be differentiated. Moreover, these specific
opposing relations raise two interrelated points. (A) These
opposing effects emphasize that more research is necessary to
understand when focusing on the self diminishes connectedness
and when it might benefit it. (B) It seems to tentatively suggest
that what gets in the way of connecting to nature is a
disproportionate (e.g., Lengieza and Swim, 2021) and preoccupied
(e.g., Richardson and Sheffield, 2015) focus on the self—as
opposed to an introspective or proportionate focus on the self
(e.g., Richardson and Sheffield, 2015). In other words, in the

context of its relation to connectedness, there may be such a
thing as a healthy and unhealthy focus on the self.

Third, there is the opportunity to use research on the self to
inform research on the antecedents of connectedness. For
example, it is worth considering how self-related psychological
states might mediate relations described in earlier sections.
One could test, as suggested above, whether decentering—which
tentatively links mindfulness to connectedness (e.g., Hanley
et al.,, 2017)—is one of the avenues through which meditation
affects connectedness. Further, it is also worth considering how
other, yet-studied, situations or interventions that are believed
to influence the self might be related to changes in connectedness.
For example, body scan meditation has been shown to induce
a blurring of the self-other boundary (Dambrun, 2016), thus
studying the effect on connectedness that this type of intervention
has might warranted solely on the basis that it influences
the self.

Affect and Motivation
Affective states have an impact on individuals' sense of
connectedness. A meta-analysis suggests that, on the whole,
positive affect as well as wellbeing are positively correlated
with connectedness (Capaldi et al, 2014) and research has
consistently concluded that positive affect promotes
connectedness (e.g., Mayer et al., 2009, S1-3; Howell et al,
2011, S2; Nisbet et al., 2011, 2019, S1-3; Nisbet and Zelenski,
2011, S1-2; Capaldi et al.,, 2014, 2017, S1; Dopko et al., 2014,
2019, S1; Crawford et al, 2017). In fact, increased positive
affect may be one of the psychological mechanisms through
which contact with nature increases connectedness (Nisbet
etal., 2011), although not all studies find significant relationships
between affect and connectedness (e.g., Schultz and Tabanico,
2007, S5; Howell et al., 2011, SI1; Vess et al., 2012).

Research also suggest that it is useful to delineate different
types of positive affect; specific forms of positive affect, such
as awe (Yang et al., 2018; Nisbet et al., 2019) or similar types
of emotions such as elevating experiences (Capaldi et al., 2017,
S1; Lengieza et al.,, 2021) have been positively associated with
connectedness. Moreover, meaning and purpose, a form of
eudemonic affect, is positively correlated with connectedness
(Hinds and Sparks, 2009; Howell et al, 2011, S1-2; Nisbet
et al,, 2011, SI and S3; Capaldi et al., 2017, S1) as are other
forms of more general wellbeing (Capaldi et al., 2014, 2017,
S1-2; Richardson et al, 2016; Nisbet et al, 2019) whereas
hedonic affect was no longer associated with connectedness
after controlling for eudaimonic affect (Lengieza et al., 2021).

In addition to focusing on positive affect, a few studies
have also shown that negative affect is negatively correlated
with connectedness (Mayer et al., 2009, S2; Nisbet et al., 2011;
Nisbet and Zelenski, 2011, S4; Dopko et al., 2019). As noted
in the above sections, there are open questions about whether
“the bugs and mud” of nature negatively impacts connectedness.
To the extent that “bugs and mud” elicits negative affect, it
would be reasonable to expect them to negatively impact
connectedness.

Motivational factors may also influence connectedness. One
study found that after experiencing or recalling ostracism
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individuals reported a stronger disposition to connect with
nature (Poon et al, 2015, S1 and S3), suggesting our more
universal needs for relatedness (Ryan and Deci, 2000) might
be a potential determinant of connectedness. Another study,
referenced above, found connectedness was lower among
individuals for whom thoughts about death were more accessible,
suggesting that our purported motivation to avoid our own
mortality may hinder connectedness (Vess et al., 2012).

Summary and Critique of Research on Affect

Affect may be an important determinant of connectedness.
Positive affect has been shown to (e.g., Nisbet and Zelenski,
2011) promote connectedness, whereas negative affect appears
to suppress it (e.g., Nisbet et al., 2011). For the most part,
however, few studies consider affect and emotions with
increased granularity. That is, most studies treat positive
affective states and negative affective states as cohesive groups.
Affective states, however, differ on more than just valence
(e.g., approach-avoidance; Harmon-Jones et al, 2017) and
it may be worthwhile to understand how certain classes of
emotions affect connectedness (e.g., awe as a type of self-
transcendent emotions; Stellar et al., 2017) as there is evidence
that different types of positive affect differentially predict
connectedness (Lengieza et al., 2021).

DISCUSSION

The purpose of this review was to provide an overview of
the literature on the psychological antecedents of connectedness.
At present, many studies point to the importance of actual
and mediated contact with nature as well as to the importance
of the activities that one does as antecedents of connectedness.
People also seem to vary in connectedness based on individual
differences which suggests that different life experiences or
ways of engaging with the world may be influential factors
that affect connectedness. Prime examples of these individual
differences are age, openness to experience, as well as worldviews
that reflect attitudes toward nature and self-transcendence.
Other research has illuminated potential psychological processes
that may explain other effects outlined in the review. For
example, decreased public self-awareness (Lengieza and Swim,
2021) and increased positive affect (Nisbet and Zelenski, 2011)
may mediate the effect of contact with nature on connectedness.

Broader Critiques of The Literature

This review, however, highlights broader critiques of the
literature, in addition to those raised in the summary sections
throughout the paper. First, there appears to be a lack of
theoretical frameworks detailing how connectedness forms.
Development of such theories will help guide the generation
of novel research questions and will also help guide the
selection of potential moderators worthy of investigation.
Theories are also important because they will help outline
when effects are and are not expected to occur. Thus, such
theories will consequently help provide frameworks to

understand and interpret null findings—a point which is
especially important for research on contact with nature.
Additionally, theories are important to help unify seemingly
disparate findings, such as the loose collection of work
outlined in the worldviews section.

Second, the ability to develop such theories would greatly
benefit from greater inquiries into the process through which
known antecedents have their effects. While there are several
antecedents believed to impact connectedness, we often do
not know why these antecedents have their effect. For example,
despite many studies testing whether contact with nature
increases connectedness, only two studies have attempted to
document the process through which this effect occurs (Nisbet
and Zelenski, 2011; Lengieza and Swim, 2021). Understanding
the process through which an effect occurs is not only scientifically
interesting in its own right—being critically important for the
development of theories—but also important for designing
effective interventions for practical use. To illustrate the latter
point, to the extent that the reason contact with nature has
an effect on connectedness is, in part, because it decreases
public self-awareness (Lengieza and Swim, 2021), then this
would suggest an intervention in which individuals are taken
to a natural area among a group of strangers might be less
effective than individual excursions into nature because being
surrounded by strangers would likely increase concerns about
how one appears to others (i.e., public self-awareness).

Specific Future Directions

There are several subfields within this body of research that
are developed enough to warrant more nuanced investigations.
The research on the mindfulness—connectedness association is
a good example of why more nuanced accounts of a particular
constructs impact on connectedness is theoretically and
practically valuable.

Nuances of the Mindfulness—-Connectedness
Relationship

There is substantial research that has demonstrated a link between
mindfulness and connectedness, and we can be fairly confident
that, generally speaking, mindfulness increases connectedness
(Schutte and Malouff, 2018). A few researchers have taken the
step toward a more nuanced account and investigated which of
the many facets of mindfulness might be most responsible for
this association (e.g., Barbaro and Pickett, 2016); the preliminary
indication being that not all facets of mindfulness affect
connectedness (e.g., Barbaro and Pickett, 2016). This is an important
observation for both (a) theoretical accounts of the formation
of connectedness and (b) for the design of effective interventions.
Regarding the former, this is important because, if one can
identify something common between the factors of mindfulness
that are related to connectedness, it would be a step toward
creating a parsimonious account of the influence of mindfulness
on connectedness. Regarding the latter, there are a variety of
interventions that one could employ to increase mindfulness,
and they might not influence all facets of mindfulness in the
same way. Thus, a given mindfulness intervention might not
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target one of the facets believed to impact connectedness. For
example, sitting meditation seems to primarily increase the
non-judging facet of mindfulness (Sauer-Zavala et al, 2013),
which has not been correlated with connectedness (e.g., Barbaro
and Pickett, 2016), whereas both body scan meditation and yoga
seem to primarily increase the describing facet of mindfulness
(Sauer-Zavala et al., 2013), which has been correlated with
connectedness (e.g., Barbaro and Pickett, 2016). Therefore, an
intervention using sitting meditation might not be the more
effective means of promoting connectedness via mindfulness, at
least compared to yoga or body scan meditation. Such an insight
would be lost without this more nuanced view of mindfulness.

Other Areas in Need of Nuance

There are other sub-areas that would benefit from nuanced
accounts of effect that their phenomena of interest have on
connectedness: contact with nature, self-awareness, and affect.

Nuances of the Contact-Connectedness Relationship

While contact with nature seems to be an important determinant
of connectedness only one study appeared in this review that
compared different types of contact with nature within the
same study (e.g., Wyles et al, 2019). There are a number of
dimensions on which nature can vary—from manicured to
wild, from green to blue to gray, from novel to familiar,
etc.—and it would be valuable to know, for the same general
reasons listed in the preceding mindfulness example, if and
how these dimensions might matter.

Nuances of the Self-Awareness—Connectedness Relationship
Research on self-awareness would also benefit from increased
consideration of the nuances between types of self-awareness.
Specifically, it seems that public and private self-awareness have
opposing effects on connectedness (e.g., Mayer et al., 2009),
suggesting that there may be a type of focus on the self that
is beneficial and a type of focus on the self that is not. However,
at present, no research has truly addressed this question
systematically.

Nuances of the Affect-Connectedness Relationship
Research on affect and connectedness may also benefit from
differentiating between various forms of affect. As the literature
currently stands, positive affect promotes, whereas negative
affect diminishes, connectedness (e.g., Nisbet et al., 2011). There
is reason to believe, however, that not all positive affect will
affect connectedness in the same way; (e.g., eudaimonic vs.
hedonic affect; Lengieza et al., 2021). Thus, it may be worthwhile
to consider more nuanced distinctions between similar types
of emotions.

Cultural Contexts

Finally, it may be appropriate, at this stage in the field, to
begin considering these effects with an explicit cross-cultural
lens. For example, the trend in connectedness across ages
(Hughes et al., 2019) may not adhere to the same pattern for
interdependent and independent cultures (Markus and Kitayama,

1991) to the extent that these age-related differences stem from
differences in social pressures at different points in individuals’
lives. Additionally, as another example, thinking about or
focusing on the self might not activate the same set of processes
across cultures and therefore may impact connectedness
differently (c.f., Zhu et al., 2007). Therefore, the relationship
between connectedness and self-awareness (e.g., Lengieza and
Swim, 2021) may differ between cultural contexts. Consequently,
future research might want to consider if and how certain
cultural contexts might affect connectedness directly, as well
as might moderate the effect of other antecedents.

Preliminary Theoretical Considerations

The sheer number of studies reporting the effect of contact
with nature on connectedness may give the impression that
contact with nature is the way to promote connectedness.
However, there are several key findings that occur in contexts
in the absence of contact with nature. Specifically, both loving-
kindness and mindfulness meditation in the absence of contact
with nature seem to promote connectedness (Aspy and Proeve,
2017). Additionally, lab-based manipulations of self-awareness
affect connectedness in the absence of nature (Frantz et al.,
2005). Further, mindful learning seems to increase
connectedness without requiring contact with nature (e.g.,
Wang et al.,, 2019).

Upon closer inspection, these findings seem to support the
tentative theoretical perspective that the default tendency is
for people to develop a sense of connectedness. One can think
of meditation, specifically mindfulness meditation, as being
specifically aimed at minimizing problematic ways of thinking
which ultimately create unnecessary pressures in our everyday
lives (i.e., “clinging” and “aversion”). According to theories of
self-awareness, public self-awareness should increase the influence
of external standards whereas private self-awareness should
increase the influence of internal standards (Govern and Marsch,
2001; Carver, 2012). Thus, the former seeming to inhibit
connectedness and the latter seeming to promote it, suggests
that—at least in in a psychological vacuum—the default tendency
may be toward increasing connectedness. This would
be consistent with the biophilia hypothesis (see Wilson, 1984;
Kahn Jr, 1997) which proposes that we have an innate affinity
other forms of life and for nature broadly. Further, the fact
that connectedness appears to decrease heading into
adolescence—a period of time during which self-construals
appear to more heavily rely on external pressures (i.e., other’s
impressions; e.g., Pfeifer et al., 2009), at least in the western
context—and steadily increases afterward, is consistent with
the view that connectedness thrives in the absence of counter
self-preoccupied pressures. Thus, our tentative suggestion is
that people innately develop connectedness and that other
pressures—which are presumably common in modern-day
life—may often work against that innate tendency. Indeed, it
may be that contact with nature simply represents a return
to that which feels normal, a brief reprieve from all the concerns
and external pressures of everyday life that keep us disconnected
from nature (c.f., Lengieza and Swim, 2021).
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This view is also consistent with other perspectives found
in psychology more broadly. Specifically, the need for relatedness
(Ryan and Deci, 2000) or belonging (Baumeister and Leary,
1995) and the need for self-expansion (Aron and Aron, 1986;
Aron et al., 2013) are both believed to be fundamental motives
that drive human experience and behavior. Connectedness may
fulfil both needs (e.g., Mayer and Frantz, 2004) which would
be consistent with viewing greater connectedness as the default
trajectory in the absence of competing forces. Future theoretical
accounts of the formation of connectedness should consider
whether connectedness simply reflects another form of either
self-expansion or fulfilment of the need for relatedness—and,
therefore, can be accounted for by existing theories—or if there
is something unique that is not captured by existing frameworks.

CONCLUSION

The literature on the psychological antecedents to connectedness
is in a good place. There are associations of which we can
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Gender equity is recognized as central to sustainable development, but women still
face significant constraints in accessing and controlling productive resources important
for agricultural livelihoods. Identifying mechanisms (e.g., policies and interventions) in
agriculture that enhance women’s empowerment—a critical aspect of gender equity —is
of paramount importance for sustainable development. In this study, we investigate how
Brazil’s flagship targeted public food procurement program, the National School Feeding
Program (PNAE), influences women’s empowerment in southern Brazil. We conducted
household surveys on farm characteristics and practices, women’s empowerment
(e.g., participation in farm decision-making and control over income), and women’s
participation in social movements, with farmers (n = 75) who do and do not participate
in the PNAE. We found that women were more empowered in households participating
in the PNAE, and that this empowerment was associated with diversified farming
systems. When women had greater levels of participation in farm management decisions,
agrobiodiversity and use of agroecological practices were higher. We also show
that women’s participation in agroecological social movements was associated with
significantly higher empowerment (both in control over income and greater participation in
decision-making). This study identifies targeted public food procurement as a promising
policy instrument with potential to link cross-sectoral Sustainable Development Goals
(SDGs) to sustainably increase food production (SDG 2), provide economic opportunities
for small-scale farmers (SDG 1), and create an economic space that women in agriculture
can more easily access (SDG 5).

Keywords: agrobiodiversity, agroecology, school meal programs, social movements, public procurement,
women’s empowerment, sustainable development goals

INTRODUCTION

Gender equity is an important human right and sustainable development goal, as well
as a fundamental pre-condition for achieving other development objectives including
improved food security, child nutrition and education, poverty reduction, and women’s
health (Quisumbing, 2003; Kabeer, 2010; World Bank, 2011; Gates, 2014; Cunningham
et al, 2015; Malapit and Quisumbing, 2015). A critical aspect of promoting gender
equity—that is, the equal enjoyment of rights, responsibilities, opportunities, and

well-being between men, women, and non-binary people—is the empowerment of
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women. Empowerment describes the extent to which women
are agents who can formulate choices, control resources, and
enact decisions that affect important life outcomes (Kabeer, 1999;
Malhotra and Schuler, 2005; Johnson et al.,, 2018), ultimately
allowing women and men to fully participate as equal partners
in productive and reproductive life.

However, women face significant challenges in their ability
to access and control productive resources and opportunities
that are important for agricultural livelihoods, although the
nature and extent of gender inequity vary across countries,
communities, and regions (FAO, 2011; Alkire et al., 2013;
Agarwal, 2014; Kilic et al, 2015). In developing countries,
women, on average, comprise 43% of the agricultural labor
force (FAO, 2020), but are less likely than men to own land or
livestock, adopt new technologies, use credit or other financial
services, or receive education or agricultural extension services.
Women often play a limited role in household decision-making,
including about how household income is used (Head et al.,
2014). Women’s work in agriculture is often unpaid and focuses
on the cultivation of crops for household consumption, such as
in home gardens (FAO, 2020). Furthermore, when agriculture is
mechanized, women’s work tends to be excluded from productive
activities (Kawarazuka et al., 2019).

Empowerment, broadly, often increases with participation
in social mobilization that gives people a voice to demand
change. In agriculture, social movements include formal and
informal groups organized and led by small-scale farmers to
protect their rights and further their opportunities (Martinez-
Torres and Rosset, 2010; Rosset and Martinez-Torres, 2012;
Blesh and Wittman, 2015). Scholarship on gender in agriculture
has highlighted women’s exclusion from material and political
processes (Allen and Sachs, 2007); in response, while not all
rural and agrarian movements are feminist in orientation,
the agroecology movement, particularly in Latin America, has
increasingly prioritized feminist struggles in social movement
formation processes (Trevilla Espinal et al., 2021), including
by demanding greater recognition in agroecological spaces of
praxis, science, and political formation (Prévost, 2019). For
example, in the Brazilian context, it wasn’t until the 1980s that
some agrarian movements started adopting feminist viewpoints
in their agendas (Siliprandi, 2015b). Programs and policies
have emerged globally supporting women to participate in
agricultural programs and access critical resources, such as land
and credit (Oliver, 2016; Johnson et al., 2018). For example, social
movements championing food sovereignty in Latin America have
made significant gains in strengthening women’s formal rights to
land access (Deere, 2003, 2017).

Research has found a positive feedback between widely
accepted indicators empowerment—namely,
decision-making and control over income—and diversified
farming systems, particularly those applying agroecological
practices (Hall and Mogyorody, 2007; Rosset et al, 2011;
Bezner Kerr et al., 2018). Agroecological practices involve
the intentional management of plant and animal diversity
to support ecosystem functioning, which may eliminate or
reduce the need for synthetic inputs and increase environmental
sustainability (Wezel et al., 2014). Agroecological systems can

of women’s

improve women’s position in agriculture by valuing activities
traditionally managed by female farmers such as horticulture,
and presenting income opportunities through venues such as
farmers’ markets (Siliprandi, 2015a). For example, as farms
transition from conventional monocultures to diversified
agroecological farming, Rosset et al. (2011) observed changes in
the structure, roles and power relations within farming families,
which led to greater participation and income opportunities
for women and other family members. Previous work has also
shown that when women make production decisions, they tend
to have a positive effect on agrobiodiversity by favoring diverse
food crops to support household nutrition (Oakley and Momsen,
2005; Hall and Mogyorody, 2007; Rosset et al., 2011; Bezner Kerr
etal., 2018).

Although gender equity is recognized as central to increasing
resilience of farms and the food system, a recent review reported
that <6% of food security publications in the previous 25 years
included the topic of gender (Schipanski et al., 2016). There
is a need, then, to identify mechanisms by which policies and
interventions in agriculture can enhance women’s empowerment
(Johnson et al., 2018), and ultimately gender equity. Particularly
promising are targeted public food procurement programs,
which shift resources to (i.e., target) family farmers and create
“structured demand”—that is, a significant and predictable
demand—for locally-produced fruits, vegetables, legumes, dairy
and other food products. Given their focus on diverse food items,
targeted public food procurement programs can enable family
farms to transition from intensive monocultures to diversified
farming systems (Valencia et al., 2019). However, public food
procurement remains an underexplored topic, including its
relationships with farming practices and women’s empowerment
(Swensson et al., 2021).

This study focuses on targeted public food procurement
programs that support farm diversification (Valencia et al., 2019)
to investigate how public procurement may also serve as a policy
mechanism to enhance women’s empowerment. Our two key
hypotheses are that (1) public procurement programs create an
enabling social context that bolsters positive feedbacks between
women’s empowerment and crop diversification on farms; and,
(2) this enabling context is amplified by social movements that
both support agroecological farming and champion women’s
rights (Figure 1). Female farmers may benefit from public
procurement policies that increase the economic viability of
horticultural production, which otherwise represents unpaid
labor to support household food consumption. By increasing the
economic viability of diversified farming systems, particularly in
regions where markets favor a small number of commodities and
staple grains, targeted public food procurement can restructure
markets to support agricultural activities in which female farmers
actively participate.

We tested this framework (Figurel) by analyzing the
implementation of Brazil’s National School Feeding Program
(Programa Nacional de Alimentagio Escolar, or PNAE, by its
Portuguese acronym). The PNAE’s main objective is to feed
school children a healthy diet while directing at least 30%
of its budget to source diversified food products from family
farmers. We conducted this research in the state of Santa
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FIGURE 1 | Focusing on targeted public food procurement programs that support farm diversification, we hypothesize that public procurement programs create an
enabling social context that bolsters positive feedbacks between women’s empowerment and crop diversification on farms; and that this enabling context is amplified

Catarina in southern Brazil, where the regional implementation
of PNAE has been particularly successful in meeting its food
procurement goals compared to other regions of Brazil (FAO,
2014; Schneider et al.,, 2016). Analyzing a case study in this
region allowed us to explore the potential of public procurement
programs to enhance the links between women’s empowerment
and farm diversification. In the following sections, we discuss
how we conceptualized and measured women’s empowerment;
we elaborate on the conceptual linkages between public food
procurement and sustainable development; and describe the
evolution of the PNAE program in Brazil over the last decade.

Women’s Empowerment

Empowerment is defined as increasing the capacity for people
to make choices and transform them into desired outcomes
(Kabeer, 1999). Specifically, empowerment spans three key
dimensions: resources (material, human, and social resources
which enhance the ability to make choices), agency (the
ability to define ones goals and act upon them, often
operationalized as decision-making) and achievements (well-
being outcomes) (Kabeer, 1999). The process of empowerment,
in which an individual accesses resources and applies them
to achieve a meaningful outcome, is critical for achieving
gender equity. Although the terms equality and equity are
often used interchangeably, they are distinct (Leach et al,
2018). Equality means that resources and opportunities are
evenly distributed (i.e, equal treatment), whereas equity
involves shifting resources to account for inequality, and
better incorporates the concept of justice. We wuse the
term equity in this paper, in part because we focus on a
“targeted” policy program that seeks to shift resources and

opportunities to increase fairness and improve well-being of
marginalized groups.

Empowerment of individuals is influenced both by agency and
by the “opportunity structure” of a society; that is, the social
and institutional context, including policies, cultural norms,
and markets, which also shape access to resources (Narayan,
2005; Ibrahim and Alkire, 2007). Example opportunity structures
that influence women’s empowerment include family systems,
policy conditions and infrastructure, gender ideologies, and
regional or local market processes (Malhotra and Schuler,
2005). Structural conditions define the parameters within which
different actors can pursue their ambitions, inhibiting the
agency of some while promoting that of others. Structural
inequities constrain women’s ability to make strategic life choices,
while institutional changes that are inclusive of women may
increase empowerment.

Women’s empowerment thus often depends on collective
action to change the structures that perpetuate unequal power
relations (Narayan, 2005), and women’s organizations and
social movements have played an important role in creating
conditions for change and in facilitating the agency of individuals
(Kabeer, 1999). In Latin America, social movements have
been crucial for women to attain formal land rights, both
in constitutional reforms and in practice. In the late 1990s
in Brazil, participation of women within social movements
was key for more women to benefit from land reforms
(Deere, 2003). Social movements such as the Landless Workers’
Movement (Movimento dos Trabalhadores sem Terra) began
to more explicitly address gender concerns as part of their
political strategy, arguing that a failure to recognize women’s
land rights was detrimental to attaining the movements goals
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(Deere, 2003). In Brazil specifically, women’s and gender rights
mobilizations were rooted in the spread of rural feminism
(Butto, 2019), and engaged with the state in developing
new institutions, including the National Council for Food
and Nutrition (Conselho Nacional de Seguranga Alimentar e
Nutricional, CONSEA). Mobilizations by the MST, the Peasant
Women’s Movement (Movimento das Mulheres Camponeses,
MMC), and other movements associated with La Via Campesina
led to the development of specific rural credit programs
for women (PRONAF), as well as incentives for women’s
participation in public procurement programs such as the Food
Acquisition Program (Programa de Aquisi¢do de Alimentos,
PAA) and the PNAE, which increased support for the marketing
of food products that tend to predominantly involve-and make
visible-women’s labor, including horticulture and processed
foods (Grisa and Isopo Porto, 2015; Siliprandi and Cintrao,
2015).

In this study, we focus on women’s empowerment in
farming households in Brazil within the broader context of two
key institutions, the PNAE and social movements. We draw
from the Abbreviated Women’s Empowerment in Agriculture
Index (A-WEAI), which is a survey-based tool designed to
measure the empowerment, agency, and inclusion of women
in the agricultural sector (Malapit et al., 2015). The A-WEAI
includes five domains, each with its corresponding indicator,
which reflect aspects of empowerment found in the literature:
(1) decisions about agricultural production, (2) access to
and decision-making power about productive resources, (3)
control of use of income, (4) leadership in the community,
and (5) time allocation (Alkire et al., 2013). We focus on
domains 1 and 3 because we are particularly interested in
how women’s decision-making regarding agricultural production
and control over use of income impact agrobiodiversity and
agricultural practices. Moreover, the first domain directly
follows from definitions of empowerment as the ability to
make choices (Kabeer, 1999; Alsop et al., 2006), in this case
about agricultural production. Control over income is key
for exercising agency and reflects whether an individual is
able to benefit from their efforts. We also consider domain
4 (leadership in the community) with respect to groups that
support agroecology because we are interested in the role of social
movements in supporting a transformation toward sustainable
food systems.

Public Procurement and Sustainable

Development

Public procurement constitutes a powerful policy mechanism
for sustainable development by leveraging the purchasing power
of the state to restructure production and consumption
patterns.  Estimates suggest that public procurement
comprises up to 16% of the GDP in the European Union,
while in OECD countries it ranges between 5 and 20%
(Brammer and Walker, 2011; OECD, 2017). The potential
of targeted public procurement to promote sustainable
development is recognized in SDG 12 “Sustainable
Consumption and Production Patterns,” particularly in

target 12.7 to “promote public procurement practices that
are sustainable.”

Targeted public food procurement establishes what types of
food will be purchased (e.g., local, diverse), from whom it will
be purchased (e.g., local farmers, women), and the production
systems from which it will be purchased (e.g., organic systems)
(Swensson et al, 2021). Depending on how these choices
are made, governments can tailor public food procurement
to policy and social welfare objectives and pursue outcomes,
from localizing food systems to supporting the participation of
marginalized groups. We suggest, as a theory of change, that
public procurement can improve sustainability in food systems
by offering:

(1) A large, predictable, and reliable demand for agricultural
products that reduces risks and uncertainties associated with
commodity markets;

(2) A reliable source of income generation through the creation of
favorable market conditions, particularly for family farmers;

(3) Price stabilization through establishment and negotiation
of prices;

(4) Incentives or requirements for meeting voluntary sustainability
standards in production (e.g., organic) and value chain
governance (e.g., Fair Trade);

(5) A demand for diversified food products (e.g., vegetables,
legumes, dairy).

Points 1-3 characterize structured demand (Sumberg and
Sabates-Wheeler, 2011; Commandeur and Casey, 2016; Nehring
et al., 2017). By creating reliable demand for products grown
by smallholder or family farmers, structured demand programs
in theory improve food systems by reducing market risk and
increasing production and supply chain quality (Coles, 2013).
Sources of structured demand include schools, hospitals, the
military, and food aid programs. In this form of market, the
state mediates supply and demand relationships to drive systemic
changes needed to increase market access for smallholder farmers
(Wittman and Blesh, 2017). Through government intervention,
markets are redesigned to be more “socially efficient” and fair,
particularly for supporting food security and other basic social
welfare needs (Rocha, 2007). The result is a more accessible, less
risky, and more profitable market for farmers to produce food
for local and regional consumers (Sumberg and Sabates-Wheeler,
2011).

The National School Feeding Program

(PNAE)

Brazil’s long-standing National School Feeding Program (PNAE)
was redesigned in 2009 to link objectives in food security,
education, and rural development, as part of a broader food
security strategy based on the creation of new markets driven
by public procurement (Schneider et al., 2016). School feeding
programs based on targeted procurement, such as PNAE, aim
to increase children’s consumption of locally and regionally
procured food. The focus on locally produced food reflects
increasing understanding of the potential benefits to farmers,
traders, and consumers of localized procurement strategies
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(Sumberg and Sabates-Wheeler, 2011). The PNAE is a de-
centralized program operating at the municipal level.

Since 2009, the PNAE has included a budget benchmark
of at least 30% for purchasing food from family farmers
within a school’s municipality, recognizing the importance of
family farmers for meeting national food security needs. Even
more relevant to expanding the presence of diversified farming
systems, the Brazilian government provides direct incentives for
certified organic and agroecological food products through this
program (Law No. 12.512, 2012; Resolution No. 26, 2013). PNAE
provides up to a 30% price premium for certified organic and
agroecological products and prioritizes contracts for certified
production (Sidaner et al, 2013). Participatory certification
programs that allow peer-to-peer certification and monitoring of
practices within farmer networks have been key in supporting the
expansion of agroecological practices (Abreu et al., 2012; Guerra
et al., 2017). These certification schemes have lower barriers
to entry for family farmers (Abreu et al.,, 2012; Barrett et al,
2012; Guerra et al., 2017) and support practices such as reducing
or eliminating chemical fertilizers, preserving native forest,
increasing biodiversity, and planting organic seeds (Guerra et al.,
2017). Through these innovative mechanisms, PNAE has created
a unique market for family farmers to sell diversified food and
agricultural products (Wittman and Blesh, 2017; Valencia et al.,
2019).

Political mobilization by social movements played a central
role in triggering the redesign of PNAE to also benefit family
farmers, and especially women farmers. Until the 1990s, public
policies in the agricultural sector were largely focused on
supporting medium and large export-oriented farms by, for
example, offering subsidized credits and capital investment
projects (Medina et al, 2015). These credit instruments
were practically inaccessible to family farmers. In the 1980s
and 1990s, family farmers and landless workers started to
emerge as a political force playing an important role in
the democratization of Brazil (Wolford, 2010; Grisa and
Schneider, 2014). In the 1980s, the Landless Workers Movement
mobilized government support for land distribution, while in
the 1990s, rural and social movements began a joint campaign
demanding government action in response to increasing levels
of hunger and malnutrition (Mendonga Ledo and Maluf, 2003;
Schneider et al., 2010; Rocha et al., 2012). This resulted
in a series of programs and policies, such as PNAE, based
on the creation of institutional markets aimed at food
security and environmental sustainability (Grisa and Schneider,
2014).

Political will was also fundamental to modifying the legal
framework to enable innovations in public procurement in
Brazil. Typical public procurement procedures follow a bidding
process to ensure transparency and reduce discrimination and
corruption in government spending. However, the bidding
process presents a legal obstacle to family farmers, who cannot
easily compete with larger producers due to its formality,
complexity, and technical requirements (Miiller et al., 2007;
Takagi et al., 2014). To facilitate participation of family farmers,
it was necessary to adapt the procurement procedure to suit
the capabilities and characteristics of family farmers by waiving

the bidding process to create a direct procurement mechanism
(Swensson, 2015).

MATERIALS AND METHODS

Study Area

The study took place in 2016 in the municipalities of
Curitibanos, Correa Pinto, and Siao Jose do Cerrito in the
plateau region of Santa Catarina state in southern Brazil.
The study municipalities include a range of farming systems
that span soybean, garlic, bean, and corn monocultures;
livestock production (e.g., chickens, pigs, dairies); and diversified
horticultural crops for both household and market purposes.
Markets for soybean, garlic, beans, and corn include regional,
national, and international markets, while corn is often produced
to feed farmers’ own livestock. Typical markets for horticulture
crops include local markets such as PNAE, restaurants, and
farmers’ markets. In Santa Catarina, family farmers comprise
85% of farming establishments with an average farm size of
28.8 hectares (IBGE, 2006). By family farmers, we refer to a
farming property that preferentially employs family members
and whose income is derived predominantly from farming.
This is in line with Brazil’s legal definition of family farmers,
which is based on four criteria: a maximum land tenure defined
regionally; a predominant recourse to non-wage family labor;
an income mainly originating from the farming activity; and
a farm operated by the family. Santa Catarina ranks highest
in the Human Development Index (HDI) after Brazil’s Federal
District and the state of Sdo Paolo (UNDP., 2016), a level higher
than most Latin American countries and corresponding to one
of the highest levels of education and literacy in Brazil (IBGE,
2013; SEBRAE, 2013). As in other southern Brazilian states, the
racial and gender inequity in wages, education, and occupation
is smaller relative to the North of the country (Lovell, 2000).
This region is also characterized by more favorable conditions
for agriculture compared to other regions of Brazil, including
greater access to agricultural credit and infrastructure (Medina
et al., 2015).

Santa Catarina is one of the states where PNAE has most
successfully met its food procurement objectives. Based on
data obtained from FNDE (2018), we calculated that across
municipalities in Santa Catarina, on average, 50% of school
meal funding was invested in acquisitions from family farmers,
thereby exceeding the minimum 30% commitment required by
law. In contrast, for all of Brazil, we calculated that only 49%
of municipalities meet the minimum (30%) requirement. The
other half may not meet this requirement because there are not
enough family farmers in the municipality to supply demand,
or due to other barriers that prevent participation, such as long
distances between farms and food purchasing centers, or poor
road infrastructure. The success of PNAE in Santa Catarina
is recognized by the United Nations Food and Agriculture
Organization, who used this case as a model informing the design
and implementation of feeding programs based on targeted
public food procurement (FAO, 2014). Focusing this study on
a region with robust PNAE policy implementation allowed us
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to explore the potential of public procurement in supporting
women’s empowerment.

Data Collection

To develop the case study, we interviewed members of 20 family
farms in our study region who were participating in PNAE. This
sample came from a total group of ~25 family farms enrolled
in PNAE in the three municipalities, which we identified via
interviews with key informants at local government agencies in
each municipality, and farmers’ organizations who had official
lists of farmers participating in PNAE. Although more than
25 individuals were officially registered in PNAE in the study
area, occasionally multiple members of the same household were
registered in the program but were associated with the same
farming unit. In those cases, we did not “double count” those
farmers, but included them in the final sample of 20 family farm
households participating in PNAE. We also interviewed members
of 55 family farms not participating in PNAE, which were selected
to represent the diversity of cropping systems in the region while
also minimizing variation in other factors across farms (e.g.,
soil and climate conditions). We identified non-PNAE family
farms with recommendations from key informants combined
with snowball sampling.

Surveys to assess women’s empowerment and participation
in social groups that promote the use of agroecology were
directed to the female farmer head of household for all 75
farms. Female farmers were interviewed by female interviewers
to help ensure that respondents felt comfortable answering
questions related to empowerment. Surveys on management
and farm characteristics were directed to the head of household
responsible for management. Although management surveys
were primarily answered by the male farmer head of household,
female farmers were also present and contributed information.
Management surveys collected data on farm management,
including agrobiodiversity; use agrochemicals and other inputs;
extent of mechanization; agroecological certification status, and
markets where each product was sold, including PNAE. At
the end of each interview, we conducted visual inspection of
farms alongside with farmers to corroborate responses on farm
agrobiodiversity and management practices; on a few occasions,
observed crops had been omitted by respondents during
interviews and these were added to the list by the interviewer.

We also conducted key informant interviews with seven
female community leaders to gain in-depth understanding of the
links between PNAE, social movements, women’s empowerment,
and farm diversification. Specifically, we discussed the role of
female farmers in decision-making about farm diversification
in response to market demands created by PNAE, and
the role that social movements played in this process. In
addition to community leaders in the study site, key informant
interviews also included leaders of the Movement of Rural
Women (Movimento de Mulheres Camponesas) in their offices
in Western Santa Catarina; although outside of the study
site, these interviews provided valuable contextual information.
Key informant interviews were open-ended conversations that
lasted between 60 and 120 min. Key informant interviews were

conducted by the primary author; surveys were conducted by the
primary author and a team of six trained enumerators.

Women’s Empowerment

We used the questionnaire developed for the Abbreviated
Women’s Empowerment in Agriculture Index (A-WEAI) to
collect data to calculate indicators for two key dimensions of
empowerment: (i) female farmers participation in decisions
about agricultural production and (ii) control over use of
income (Malapit et al., 2015). We also used the questionnaire
developed by A-WEAI to assess leadership in the community,
with a specific focus on female farmers™ participation in social
groups that support knowledge sharing and promotion of
agroecological practices.

The A-WEAI was developed and calibrated with data from
pilot studies in countries such as Bangladesh and Uganda. At
the time of this study, the thresholds of empowerment for these
indicators had not been calibrated for middle income countries
characterized by higher development metrics (e.g., literacy rates,
Human Development Index), such as our study area. We
therefore used the A-WEAI survey instrument without applying
the proposed thresholds for empowerment. Furthermore, in the
original A-WEAT survey, when asked questions about who makes
decisions, respondents may only choose “self,” “spouse;” “other
household member;” or “other non-household member.” Yet
based on observations during pilot testing, we noted that joint
decision-making between male and female heads of household
was a common decision-making strategy in our study region.
Consequently, we added another option for respondents: “both
my spouse and me.” Other studies have also identified joint-
decision making as important to farming households (Acosta
et al., 2019).

We assessed female farmers’ participation in decision-making,
and control over use of income, for horticultural plots on
the farm—regardless of whether production was for home-
consumption or markets—and for the primary agricultural
activity as defined by household members, if different from
horticulture (e.g., soybean, garlic, dairy). The questionnaire
collected the following data from the female farmers who
indicated actively participating in a given agricultural activity:
who was in charge of decision-making (i.e., “self; “spouse,
“self and spouse,” “other household member;” or “other non-
household member”); and how much the female farmer
participated in decision-making (i.e., not at all to very little; in
some decisions; in most decisions; no decisions were taken).
Finally, regarding control over income, we asked how much the
female farmer contributed to decision-making on the use of the
income generated by the agricultural activity in question (i.e., not
at all to very little; in some decisions; in almost all decisions; no
decisions were taken).

Agrobiodiversity

We calculated food species (plants and livestock combined)
richness for the entire farm and plant species richness for the
horticulture plot. Crop species and varieties included fruit trees,
vegetables, tubers, and legume grains; livestock species included
cows, pigs, chickens, turkeys, rabbits, and other animals. We used
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the package Biodiversity.R in the statistical software R to calculate
richness metrics (Kindt and Coe, 2005).

Agroecological Practices

As a proxy for application of agroecological practices, we
developed an external input intensity indicator following
Garibaldi et al. (2016), and applied in Valencia et al. (2019).
The indicator was constructed by adding +1 for each input
purchased or acquired from off the farm; —1 for each input or
organic amendment (e.g., compost, legume cover crops) acquired
from the farm based on farmers’ own resources; and —0.5 for
amendments or pest control products made from both internally
and externally acquired ingredients. This indicator captures the
goal of agroecological practices to reduce use of off-farm inputs
by managing plant diversity (e.g., cover crops or intercrops), or
integrated crop-livestock systems for greater ecological function.
The indicator values ranged from —5 to +7, where more negative
values (i.e., lower input use intensity) reflect greater use of on-
farm resources and agroecological management. The indicator
was calculated both at the field level (e.g., horticulture plot) and
whole farm level by weighting each field’s indicator by the farm’s
total cropped area.

ANALYSES

Institutional Demand for Diversified Food

Products and Women’s Empowerment

We assessed how PNAE’s demand for diversified foods affects
women’s empowerment. We compared households enrolled
and not enrolled in PNAE to investigate the association
with two domains of women’s empowerment: female farmers’
participation in decision-making about agricultural activities,
and control over use of income. We used Fisher’s exact test
to assess if differences between PNAE and non-PNAE were
statistically significant, followed by a pairwise comparison by
using the Benjamini and Hochberg (1995) correction. All
statistical analysis were conducted in the statistical software R
(Kindt and Coe, 2005). Values are reported as significant at
p-values < 0.05.

Women’s Empowerment, Agrobiodiversity,

and Agroecological Practices

We examined how female farmers participation in decision-
making about agricultural activities affected agrobiodiversity
and agroecological practices. We applied ANOVAs followed by
Tukey’s HSD to test if agrobiodiversity (measured by richness
in both the entire farm and horticulture plots) and the external
input intensity indicator were related to: whether female farmers
participated (yes or no) in decision-making about the main
agricultural activity or horticulture plot (regardless of whether
horticulture was the main agricultural activity, or primarily for
household consumption); degree of female participation (limited,
moderate, or considerable) in decision-making about the main
agricultural activity or horticulture; and the person in charge
(female, male, or both) of decision-making about the main
agricultural activity or horticulture plot. We also conducted a
linear regression in which richness in the horticulture plot was

the dependent variable, and as explanatory variables we included
the primary person in charge of the horticulture plot (female,
male, or both), and whether the household was part of PNAE,
while controlling for the size of the horticulture plot.

The Role of Social Movements

We tested the role of social movements in enabling: (1)
farmers’ participation in public programs such as PNAE and (2)
women’s empowerment. For (1), we compared female farmers’
participation in social movements between households enrolled
and not enrolled in PNAE by conducting a Welch two-sample ¢-
test and two-sample Wilcoxon tests when data did not meet the
assumptions of normality. We checked for normality using the
Shapiro-Wilk test. For (2), we conducted Fischer’s exact tests to
compare whether participating (or not) in social movements was
associated with: who was in charge of decision-making; to what
extent the female farmer participated in decision-making; and,
how much the female farmer contributed to decision-making
about the use of income generated by the main agricultural
activity. For contingency tables of 2 x 3, we conducted post-hoc
multiple pairwise comparisons and adjusted p-values by using the
Benjamini and Hochberg (1995) correction.

Qualitative Analysis

Following a mixed methods approach, during each key informant
interview, the primary author took detailed notes. Notes
were then transferred into summary sheets, from which we
summarized the main findings and key themes of each interview.
Summary sheets were analyzed to identify recurrent explanations
and themes. The qualitative analysis was used to generate
contextual information to help interpret statistical results (Blesh
and Wittman, 2015).

RESULTS

Institutional Demand for Diversified Food

Products and Women’s Empowerment

Key informant interviews with female community leaders
suggested that female farmers played a mediating role in the
process of farm diversification in households enrolled in PNAE.
That is, female farmers supported the transition of a household’s
primary focus from grains or other monoculture systems
to diversified farming systems (i.e., horticulture), primarily
managed without mechanization. This was because women,
who were typically in charge of cultivating home gardens to
support a household’s self-provisioning, perceived PNAE as a
market opportunity from which they could generate an income.
The alternative markets for horticultural products primarily
included restaurants and small local farmers’ markets, which
are highly variable in terms of size and stability of demand.
Key informants also explained that because the expansion of
horticultural production implied a shift of resources (e.g., labor,
inputs, time) from the primary activity (often corn and bean
monocultures) to horticulture, female farmers played a role in
overcoming their household’s resistance and anxiety vis-a-vis
engaging with a new market. As recounted in multiple interviews,
female farmers needed to persuade the male head of household to
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FIGURE 2 | Decision-making by farming system type (horticulture vs. grain
monocrops), comparing whether male farmers, female farmers, or both (joint
management) were the primary decision makers. The proportion of primary
decision makers who were either male farmers or “both” male and female
farmers was significantly different between horticulture and grain monocrops
(p-value < 0.05).

support expanding the horticulture plot from a home garden to a
larger, market-oriented field capable of meeting PNAE’s demands
for vegetables, tubers, legumes, and other products.

Expanding horticultural production to participate in PNAE
also shifted women’s role from previously tending a home garden,
or small plot for household consumption, to involvement in
decision-making for a market-oriented plot, which in many cases
became the main agricultural activity of the household. Female
farmers’ participation in production decisions in households with
horticulture as the main agricultural activity was significantly
higher than in households where grains dominated because
male farmers typically managed grain cropping systems (p-value
< 0.05). The difference was primarily evident in the higher
proportion of women involved in “joint” decision-making (72 vs.
32%, p-value < 0.05), and in the lower proportion of men (14 vs.
58%, p-value < 0.05) as the sole decision-makers in horticulture
vs. grain monocrop households (Figure 2).

All female farmers in the PNAE group reported actively
participating in the main agricultural activity, compared to
80% of non-PNAE female farmers (p-value < 0.05). Among
female farmers who actively participated in the main agricultural
activity, there was a marginally significant difference between
the PNAE and control group regarding who made decisions
concerning that activity (p-value = 0.06) (Figure 3), but there
were no significant differences regarding control over income.
Specifically, for PNAE farmers, most decisions (70%) were made
jointly by males and females, while for non-PNAE farmers
joint decision making occurred in half the cases (51%). For

15%

42%

Male
M Female

M Both

PNAE Not PNAE

FIGURE 3 | Decision-making by households participating, and not
participating, in PNAE, comparing whether male farmers, female farmers, or
both (joint management) were the primary decision makers. The overall
difference between PNAE and non-PNAE was marginally significant (p-value =
0.06).

non-PNAE farmers, 42% of primary decision-makers were male
farmers, whereas this only rarely occurred (15%) among male
farmers in PNAE. In both groups, female farmers were the
primary decision-makers in just a few cases (15% in PNAE; 7 %
control group).

Women’s Empowerment, Agrobiodiversity,

and Agroecological Practices
Results from ANOVA models (Table 1) indicated that when
female farmers did not participate in decision-making for
horticulture crops, whether as the main activity or a plot for home
consumption, horticulture richness was halved (p-value < 0.01).
The same effect was detected on richness for the entire farm,
although it was only marginally significant (p-value = 0.05). We
also found that when the horticulture plot was managed by both
the male and female farmers, crop richness, on average, was 50%
greater (p-value < 0.05) compared to when it was just managed
by either one alone (see Table 1). Furthermore, when only the
female farmer, or both the male and female farmers, managed the
main agricultural activity, the external input intensity indicator
was significantly lower than when only the male farmer managed
in isolation (p-value < 0.0001).

Results of linear regression showed that participation in PNAE
was the strongest, positive predictor of horticulture richness (p-
value < 0.0001) and of total farm richness (p-value < 0.05).
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TABLE 1 | Relationship between agrobiodiversity and indicators of women'’s empowerment. Reported values are means followed by standard deviation in parenthesis.

Female participation in
decision-making for main activity

decision-making in horticulture plot

Female participation in Who is primarily in charge of

horticulture plot

Indicator Level Yes (n=64) No (n=11) P-value
Richness Horticulture plot 6.8 (3.8) 25(2.2) o
Farm 19.4 (5.7) 15.8 (4) o
External input Horticulture plot —2.0(1.3) -0.4(2.1) -
intensity
Farm —0.6 3.1) 2.7 (2.0) e

Yes (n=66) No(nh=29) P-value  Both (n = 38) Female Male (n = 17)
(n = 20)
6.6 (3.9 3.2(1.6) = 7.5 (4.0 4.7 (3.1)2 5.1 (3.572
19.0 (6.8) 17.1 (3.8) N.S. 19.5 (6.22 20.6 (65.22 17.2(4.4¢2
—1.8(1.6) —1.7(0.7) N.S. —-1.92 —1.72 —1.52
—0.26 (3.1) 2.7 (2.9 * —-1.32 —1.22 1.7°

For multiple comparisons, mean values in rows with the same letter do not differ significantly (p-value < 0.05).

***p-value < 0.001.
**p-value < 0.01.
*p-value < 0.05.
ep-value = 0.05.
N.S. p-value > 0.05.

Management by the female or male farmer alone was a negative
predictor of horticulture richness (p-value < 0.05) compared
to joint management, which tended to have a positive, but not
statistically significant, relationship in linear regression.

The Role of Social Movements

Our analysis of the role of social movements identified two
key groups that promoted agroecological practices in the region
(henceforth “agroecological social movements”). One group
was a local NGO actively engaged in particular communities
in the study region, which leads programs to support the
dissemination of knowledge about agroecological practices, and
helps family farmers attain and retain certification for organic
production. Women were actively encouraged by the NGO to
participate in trainings and workshops; 23% of the women
farmers interviewed for the study participated in activities led by
this group, but not all interviewed farmers knew of its existence
or participated. The second group was the Movement of Rural
Women (MCC); about a third of female farmers in the study
sample were engaged with the movement. Other groups in the
region supported agroecological practices, but not exclusively;
that is, they also provided technical assistance for other types of
farming (e.g., garlic, corn, and soy monocultures). For example,
the cooperative-based rural bank and the state’s extension agency
both played a role in supporting agroecological farmers, but
also provided technical assistance and financial support for
conventional management systems. These other groups were not
included in the category “agroecological social movements” in
our analysis.

We found that 65% of PNAE households participated in
agroecological social movements compared to 40% of non-
PNAE farmers (marginally significant difference, p-value = 0.06).
Additionally, households in which female farmers participated in
agricultural programs led by the local NGO were ~7 times more
likely to be enrolled in PNAE than those not participating in these
NGO programs (odds ratio = 6.63; 95% CI: 1.8, 26.4; p-value
< 0.001).

Across the entire sample (both PNAE and non-PNAE
participants), most women (85%) actively participated in the

main agricultural activity; among these women, half (47%)
also participated in agroecological social movements while the
other half (53%) did not participate. When we compared
these latter two groups, we found greater participation in
decision-making regarding main agricultural activities (p-
value < 0.01) and a higher control over income (p-value
< 0.01) for the women who participated in agroecological
social movements.

DISCUSSION

To understand how public policies that increase farm
diversification can also support women’s empowerment
in agriculture, we evaluated links between targeted public
food procurement and gender dynamics. The PNAE public
food procurement program targets family farmers and other
marginalized social groups by creating a large and reliable
(i.e., “structured”) demand for diversified food products. The
structural changes facilitated by PNAE modified the parameters
within which women participate in agricultural activities and
farm household decision-making. In supporting the process of
farm diversification, PNAE benefited women’s empowerment
by creating the conditions for women to pursue productive
activities, such as growing food products for PNAE, and
make strategic choices including decision-making regarding
productive activities and control over income.

The changes brought by PNAE would have been difficult
to achieve without the social movements that prompted its
redesign in the 2000s. By institutionalizing a guaranteed right
to a market for family farmers, PNAE massified the efforts
of social movements to support the family farming sector in
Brazil (Grisa and Schneider, 2014). Women’s empowerment
was also bolstered by collective solidarity created by social
groups, which had been supporting conditions for social change
even before PNAE was redesigned. In our study, women who
participated in social movements were more empowered and
their households were more likely to participate in PNAE,
possibly because participation in social movements increased
their self-confidence, self-determination, and ability to pursue
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activities they value (Ibrahim and Alkire, 2007; Alkire, 2008). For
instance, social movements focused on agroecological knowledge
may contribute to women’s empowerment by supporting peer-
to-peer knowledge sharing, training and workshops, thereby
supporting women’s confidence on their own knowledge base
(Sumner and Llewelyn, 2011). However, it must be noted
that agroecological social movements have not always been
consciously feminist. Reaching the point in which some of these
social movements embraced a feminist agenda is the result of long
endured struggles and efforts of women within these movements
(Butto, 2017).

PNAE enabled households to transition from input-intensive
monocultures to diversified farming systems (e.g., horticulture)
and to increase the size of horticulture plots (Valencia et al,
2019). These two key changes shifted women’s role from tending
a home garden for household consumption to involvement in
a primary household economic activity. Other studies in Brazil
have shown that a similar targeted public food procurement
program—Programa de Aquisi¢cdo de Alimentos, or the Program
for Food Acquisition—also enabled female farmers to pursue
and achieve economic autonomy (dos Santos et al., 2018). These
outcomes are key for women’s contribution to family income,
although often within a context of subordination and a well-
defined gender division of labor (Lopes Barbosa, 2017). Despite
evidence for women’s higher participation in, and decision-
making about, productive activities in households involved in
programs such as PNAE, registration data suggests that women’s
participation in such programs is low. This is likely because male
heads of household are the ones who officially register for these
programs (Siliprandi and Cintréo, 2011).

Our findings are consistent with other studies reporting that
agroecological farming can more equitably distribute power
and labor between men and women (Hall and Mogyorody,
2007; Bodapati and Chander, 2011; Sumner and Llewelyn,
2011). Gendered knowledge may help explain why women’s
participation is higher in diversified production systems,
particularly those managed with agroecological practices.
Knowledge about production systems and their management
may differ between men and women due to gendered roles,
a result of the division of household tasks and sometimes
farming separate plots. In conventional agriculture, which is
often mechanized and dominated by low diversity cultivation
of cash crops, men tend to control both productive knowledge
and decision-making (Momsen, 2004; Kawarazuka et al., 2019).
Dividing resources and responsibilities in this way reflects
gendered power relations in the use and control of resources
(Rocheleau et al., 1996; Rocheleau, 2005).

PNAE supports a process of farm diversification (Valencia
et al,, 2019), for which women’s empowerment played a crucial
part. Across all farms, we found that when women were
absent from decision-making, agrobiodiversity was lower and
farmers relied less on agroecological practices. On the other
hand, when both men and women were involved in decision-
making, they jointly managed higher levels of agrobiodiversity
while increasing use of agroecological practices. This may be
because the complexity of management systems increases as
agrobiodiversity increases, as does the knowledge required about

ecological interactions among crop species and between crop
and wild species (Kremen et al., 2012; Pauli et al., 2012). When
men and women have complementary, rather than redundant,
knowledge about agricultural production, joint decision-making
may allow the household to manage more complex, knowledge-
intensive systems. Higher complexity may also translate to higher
labor demands, which requires the involvement of more family
members. Joint decision-making demonstrates that a transition
toward agroecology requires the integration of experiences
and knowledge from different family members who manage
different plots, thereby breaking the “management monopoly”
that men often hold (Siliprandi, 2015a). While joint decision-
making implies equal say between spouses, Acosta et al. (2019)
caution against assuming that joint decision-making is equally
balanced. In their study, they found that women reported joint
decision-making more often than men in the same households.
While denoting a certain level of perceived agency, this result
also signals conflicting perceptions of participation and power
dynamics. Although we cannot eliminate this possibility from
our own study, based on field observations and key informant
interviews, we are confident that joint decision-making in this
study accurately captured women’s bargaining power in an
intrahousehold process of negotiation.

Gender dynamics related to technology were reflected
in our study in the differences in women’s participation in
decision-making between horticulture and grain monocropping.
Agricultural mechanization—the adoption of labor-saving
machines and tools for agriculture—has been shown to alienate
women from agricultural activities (Jellison, 1993; Niskanen,
2001; Hall and Mogyorody, 2007). Technology may accentuate
gender inequities by introducing machines, such as tractors, that
result in men gaining power both materially and symbolically.
Often, labor saving technologies, such as plowing, harrowing,
and weeding machines, are only used by men because both
men and women perceive those machines as physically too
heavy for women, or too difficult or dangerous to handle
(Kawarazuka et al., 2019). This is partly because technological
innovations are often proposed or developed by male researchers
in response to priorities identified by male farmers, resulting in
the production and reproduction of male-oriented technology
(Kline and Pinch, 1996; Kawarazuka et al., 2019). In this way,
technology influences, and is influenced by, gender relations
(Wajcman, 2010). From a normative perspective, women’s
decision-making and capacity to participate in productive
decisions should not be constrained by commodity and grain
markets. Kawarazuka et al. (2019) argues that rather than
trying to increase women’s acess to existing male-oriented
technologies, agricultural development interventions need to
identify the needs of women and other marginalized groups
(e.g., ethnic minorities) and (re)design tehcnologies with
these groups needs as priorities. Consulting women in the
design process and adjusting technologies to their needs
and priorities can ensure higher adoption of time-saving
technologies by both men and women (Kawarazuka et al,
2018). This may reduce the amplifying effect that some forms
of technological innovation can have on gender inequity and
power imbalances.
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“No Poverty”
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(SDG Target 12.7)
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“Zero Hunger”

* Modifies market
structures to support
women’s economic
empowerment.
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traditionally participate
more in decision-making

SDG 5
“Gender Equity”

Poverty,” SDG 2 “Zero Hunger,” and SDG 5 “Gender Equality”.

FIGURE 4 | Targeted public food procurement programs, such as Brazil's National School Feeding Program, may contribute to sustainable consumption and
production patterns (SDG 12, target 12.7). Targeted public food procurement may also support other Sustainable Development Goals, particularly SDG 1 “No

Women’s higher level of participation in productive activities,
although a positive indicator of empowerment, may have
negative implications on women’s time allocation. We did not
apply the A-WEAI module on time allocation, which would have
allowed us to examine whether changes in women’s roles in
productive activities in agriculture resulted in more total working
hours. Increasing the number of hours worked in the field
does not necessarily release women from their usual household
work, which means that they may experience a double workday
(Allen and Sachs, 2007; Brumer, 2008). Although women’s
empowerment is often associated with improved maternal and
child health (van den Bold et al., 2013; Cunningham et al., 2015;
Pratley, 2016), an increased involvement in productive activities
may come at a trade off with time spent on care practices,
such as breastfeeding, negatively affecting child nutrition (Barrios
and Hoffman, 2012; Jones, 2014; Cunningham et al., 2015).
Furthermore, studies that have also found higher levels of
household decision-making and control over income among
women who participate in social movements, reported that these
benefits are offset by time poverty, as women continue to bear a
disproportionate share of domestic labor obligations (Lyon et al.,
2017). Therefore, development interventions and programs such
as PNAE should take into account the demands on women’s
time from the responsibilities of income-generating activities and
other duties such as child rearing and household work (Koehler,
2016). Although our results suggest that women in households
participating in PNAE are more empowered, the implications of
potential changes in time allocation on their work burden and

in other aspects of women’s lives in the study sample require
further study.

Policy Implications
Public procurement programs, such as PNAE, may support
SDG 1 “No Poverty, SDG 2 “Zero Hunger, and SDG 5
“Gender Equality” while also providing a tangible pathway for
implementing SDG 12, target 12.7, which promotes sustainable
public procurement, but which is only vaguely phrased and does
not provide effective guidance for implementation (Bengtsson
et al, 2018; Figure 4). Realizing the full potential of public
procurement will require a conducive regulatory framework to
translate broader sustainability and development objectives into
procurement rules and practices (Swensson and Tartanac, 2020).
By design, public procurement programs based on structured
demand have the potential to serve broad development
objectives, including supporting local and more sustainable
agricultural production and increasing food security thereby
addressing SDG 2 “Zero Hunger.” These programs may influence
the structural determinants of food security by reducing
food price volatility (an issue for both urban consumers
and rural producers) and maintaining dynamic domestic food
supply chains (Ashe and Sonnino, 2013)., Targeted public food
procurement may indirectly benefit food security by increasing
food availability and access for a wider group of consumers,
including farmers themselves and the local community (Coles,
2013; FAO, 2018). For example, by focusing on diversified
food products, these programs contribute to achieving “Zero
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Hunger” among program beneficiaries, while also creating
positive spillover effects in communities by increasing the local
and regional supply of diversified food products (Valencia et al.,
2019).

Public procurement programs may also help address SDG
1 “No Poverty” by improving market access for disadvantaged
groups and invigorating local economies. Because they are
targeted programs, they reduce barriers to entry and transaction
costs for the targeted disadvantaged groups (e.g., smallholder
farmers) (Sumberg and Sabates-Wheeler, 2010), and thus reduce
the risks of market participation. For instance, Brazil adapted
its legal frameworks to allow public procurement calls to favor
local, small-scale farmers (Swensson, 2015). Structured demand
may also support the process of economic localization by linking
local producers (family farmers) with local consumers (e.g.,
procurement beneficiaries).

Finally, public procurement could directly address SDG 5
“Gender Equality” by enacting “gender-responsive procurement,’
defined by UN Women—the UN organization dedicated
to gender equity—as “the selection of goods, civil works
or services that take into account their impact on gender
equality and women’s empowerment” (U. N. Women, 2020).
Public procurement may also support women’s economic
empowerment by creating more inclusive access to supply
chains and increasing their participation in labor markets
(Harris Rimmer, 2017). One way of removing barriers for
women to participate in public procurement is to preferentially
engage enterprises owned by women (Chin, 2017). For
example, Brazil’s Food Acquisition Program, established in 2011,
requires that at least 40% of purchases come from female
farmers in order to strengthen gender equity and address
the “invisibility” of women in public procurement policies
(dos Santos et al., 2018).

CONCLUSION

Gender equity is now recognized as central to sustainable
development, as highlighted in SDG 5 in the United Nations
Agenda 2030. However, women still face significant constraints
in accessing and controlling productive resources important for
agricultural livelihoods. In this study, we showed that public
procurement is a promising policy mechanism for enhancing
women’s empowerment in agriculture, in combination with
social movements that are inclusive of women. Procurement
programs such as PNAE, which target family farmers, may
support women’s empowerment by creating local markets for
a wide range of food products, thereby valuing diversified
production systems which are more inclusive of women. By
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University Wellness Program—A
Pedagogic Innovation to Nudge
Wellness and Sustainability Among
Students

Padma Venkatasubramanian*

School of Public Health, SRM Institute of Science and Technology, Chennai, India

Anthropocentric activities have induced climate change, threatened planetary health,
and harmed human health and wellness. The changing lifestyles, dietary patterns and
digital obsession have affected the mental and physical health, particularly of the
youth. University campuses reflect the challenges faced by the society at large and
therefore make for an ideal ecosystem to initiate positive changes toward wellness
and sustainability. The energy of ~200 million university students globally is largely
unleveraged for facing these challenges. Values of empathy and sustainable living are
crucial to be inculcated, alongside technical and managerial skills for leading the mass
transformation. This article describes a novel pedagogic approach called the University
Wellness Program (UWP). The aim of UWP is to equip students with technical and
leadership skills to achieve wellness and campus sustainability. That is, UWP is a platform
that facilitates the students to design and implement multi-disciplinary projects that
address campus related challenges. In the process, they acquire the necessary soft
and technical skills to solve real-life problems. The durability of UWP is secured since
the projects and activities are explicitly linked to existing curricula and evaluation system
of the university. The strategy and framework adopted, and the early experiences of
implementing UWP are shared. UWP is amenable for replication globally and has the
potential to create change-makers.

Keywords: university, wellness, campus sustainability, pedagogy, future preparedness

INTRODUCTION

Human wellbeing is an outcome of complex, interrelated factors involving the individual, society,
and the planet (1). These are captured to a large extent by the UN Sustainable Development
Goals (SDGs). Achieving the SDGs requires a holistic approach and presumes values that cut
across the goals, but which are not clearly listed. For example, the requirement of an eco-centric
mind-set (as opposed to ego-centric), value for the planet, organizational abilities, the vision and
leadership qualities etc. are assumed in SDGs. SDGs provide targets and broad guidelines expecting
each country to strategize its own plans, monitor and execute them. This would require teams
of change-makers including critical thinkers, technical experts, innovators, leaders, and managers
for action.
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Anthropocentricity and the Human
Wellbeing Challenge

Anthropocentric activities have adversely impacted biotic and
abiotic environments, leading to unprecedented changes to
climate (2). The latest (Sixth Report) of the Intergovernmental
Panel on Climate Change (IPCC) categorically concluded
that human activities induced Climate Change and Global
Warming, will lead to discernible changes within the next 20
years (3). Frequent outbreaks of zoonotic diseases in recent
times including Zika, Ebola and several others are attributed
to environmental degradation (49). The ongoing COVID-19
pandemic has reminded us about the interconnectedness of
humans with each other, the environment, and other beings
on this planet, albeit in an adverse way (4). The COVID-19
pandemic has also negatively impacted the mental health status,
exacerbating stress, anxiety, depression, and suicidal ideation,
and increased substance abuse (5). There has been a set-back
of health and SDG indicators of all countries during the last 1.5
years, due to the COVID- 19 pandemic (6).

Human lifestyle and dietary changes over the last 3-4 decades
have seen a steady drop in mental wellbeing and an increase in
respiratory and metabolic diseases, cancer, and injuries (7, 8). An
analysis of the surveillance data from 105 countries indicates that
one fourth of the youth do not follow the public health guidelines
for physical activity (9). According to the current figures of
the World Health Organization (10), 14% of global burden of
diseases is due to mental health disorders and substance abuse,
with ~800,000 deaths every year (11). Rising levels of anxiety
(42%), depression (36%), suicide ideation (16%) and self-injury
(~9%) are growing among university students, in particular (12).
A survey on 37,500 university students from 140 universities in
the UK found that 1 in 5 students had a mental health issue,
and 1 in 3 felt they needed psychological help (13). There could
be direct and indirect factors that exacerbate loneliness, stress,
depression etc. among young students in university campuses,
leading to untoward behavior including substance abuse and
suicidal tendencies (14). In the Indian scenario, the stigma
associated with seeking professional help for psychological issues,
lack of public awareness, and an acute shortage of trained
manpower lead to neglect and marginalization of the affected
(15). The Mental Healthcare Act (16) of the Government of India
was an attempt to mainstream mental health under the National
Health Mission in order to ensure better care through the health
systems. However, a lot can and needs to be done at the family
and educational institutions level to offer the emotional support
that the youth require.

Other man-made challenges that threaten the future of
mankind largely stem from inequity (49). These include conflicts,
war, political marginalization, and migration. Mitigating these
challenges require innovative global and local actions in parallel.
Leading healthy lifestyles requires learning to “live and let live”
and sustainable consumption behaviors. A groundswell of people
with awareness, empathy, values, and skills, is required to bring
about the transformation. The UN Environment Program has
warned of a shortage of skills and manpower for achieving a
green and sustainable economy (17). Engaging the youth in
influential spaces, not just brings energy and innovation but is

crucial, considering they will bear the brunt of the impact of the
anthropocentric activities in the future (18).

Universities-Mini Societies

Around 3.5 billion young adults (<30 years of age) live in
this world, which amounts to almost 50% of the total global
population (19). Of these ~207 million, a staggering number,
are university students (20), whose power is yet to be tapped for
addressing serious issues faced by humanity today, concerning
climate change, public and planetary health. Ways of constructive
engagement with youth are being explored to involve them
in decision-making (21). In 2010, the UN General Assembly
resolved to involve youth in decision-making and action for
a sustainable future (22). The UN recognizes that the youth
need to play a significant role in the realization of Sustainable
Development Goals (SDGs) as critical thinkers, change makers,
innovators, and communicators (23). In 2019, the UN conducted
its first Youth Summit in New York to discuss Climate Change
and youth participation to achieve SDGs. The SDG Students
program, an initiative of the Sustainable Development Solutions
Network (SDSN). Youth was launched by the UN SDSN in
2012. This network aims to engage university students globally
to achieve the 2030 SDGs agenda as well as to empower them
with the knowledge, skills, and pathways to action to be effective
change agents (24).

The concept of Health Promoting Universities and a
framework for integrating health in curriculum and university
system was proposed in 1998 by academicians in the UK (25).
The Okanagan Charter proposed a transformative vision for
Health Promoting Universities and Colleges in Canada, to
strengthen communities and contribute to wellbeing of people
and plan (26). The sustainability of these initiatives requires
conceptualizing and customizing strategies that integrate
contextual research and action programs for wellness and
planetary health within the academic systems of universities. The
University Wellness Program (UWP) is one such pedagogic
innovation that evolved independently within the milieu of
a typical Indian university. This article describes the UWP
concept, genesis, the pedagogical framework and the process
adopted. It shares the initial experiences and challenges faced.

UNIVERSITY WELLNESS PROGRAM

University Wellness Program (UWP) is an experiential learning
platform that encourages students to think, design and
implement multi-disciplinary projects for the benefit of the
university community. The twin goals of UWP are (i) to achieve
wellness and campus sustainability and (ii) to equip students with
technical and leadership skills. The vision of UWP is ambitious
and its durability is addressed by explicitly linking all its projects/
activities to existing curricula and evaluation system of the
academic programs in the university. UWP provides the scope
for empathy, inclusiveness, reflection, ideation, collaboration,
and leadership. Over time it is expected to create an ecosystem
of empathy, equity, and value for fellow beings and the planetary
resources. The students also become equipped with the necessary
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practical skills and competencies to tackle real-life problems
when they graduate and become future global citizens.

Genesis of UWP

There were three main thought processes that led to the genesis
of UWP during 2019 (Figure 1).

Mental Wellbeing

The National Crime Records Bureau (NCRB) reported that
young adults in the age group of 18-30 years was the most
vulnerable, contributing to >35% of suicides in India. It was
very disturbing to note that every hour one university student
succumbed to suicide in India (27, 28). Globally, suicide was the
second leading cause of death among 15-29-year-old, next to
road accidents (10). The American College Health Association
reported that 26% of the students surveyed were feeling so
depressed that they could not carry out their normal functions
(29). The world over, the Happiness Index had decreased
in >50% of the countries surveyed (30), with mental health
becoming a significant concern. These scenarios, wherein young
adults and students were succumbing to poor mental wellness,
indicate a deep-rooted malaise in our societies. The fundamental
reasons for this need to be explored and addressed. Students
are critical to the progress of any nation and the future of
mankind, and their wellbeing is the collective responsibility of
all concerned.

University freshers struggle to adjust to academic challenges,
new environments, and relationships. Facing these challenges
requires a positive mental framework and resilience. Moeller
et al, point out that emotional and social quotients (EQ
and SQ) play an equal role as the intelligent quotient (IQ)
in a student’s academic performance (31). EQ and SQ help
them in understanding, expressing and managing emotions
appropriately (31).

Wellness and Sustainability

Tens of thousands of people move around in a typical
university campus every day. For example, there is a footfall of
~100,000 people including faculty, staff, patients in university
hospitals, vendors and ~50,000 students mill through a typical
multi-disciplinary university campus in India (32). Therefore,
universities are strategic places to begin the wellness drive and
to “walk the talk” about wellness and sustainability. Several
universities are already actively engaged with achieving SDGs
through management action, organizing events, student projects
etc. Green metrics and recognition of universities through awards
have been instituted to rank the universities globally (33). These
initiatives do bring about awareness and positive changes on
campus (34), but since they are top-down approaches and
external to the campus, they tend to be addressed in a non-
strategic and ad hoc manner and become yet another indicator
in the university ranking system. For any effort to become
embedded in the system and to change the mindset and behavior
of the stakeholders, requires a parallel, contextual, bottom-up
approach as well, involving the key stakeholders, along with
programmatic interventions that are sustainable by design (35).

Learning Life-Skills

A significant trigger for the genesis of UWP was the question
as to whether the graduates are future-ready (not just job-
ready). The graduating students need to also be prepared to face
the global challenges of climate change, conflicts, and disasters.
While being sensitive and empathetic to societal issues, the
graduates need to develop the technical and leadership skills
to address these challenges. It was reported that almost every
other university graduate from Indian universities in 2018 did
not have the necessary skills (36). Practical, evidence-based
solutions that are appropriate to the community/environmental
contexts need to be developed. Acquiring soft skills of
communication, collaboration, and negotiation, will prepare
them to navigate systems. This requires the teachers and the
university management to be clued-in to contemporary global
and local issues like climate change and conflicts. It also requires a
pedagogy that has adaptable teaching and evaluation system that
not just assesses the technical skills but also the students’ critical
thinking and ability to apply theoretical knowledge for practical
solutions for contemporary issues.

Higher education is not just for better jobs and pay
packages for the graduates but also to create thought leaders
and change makers for human development and a sustainable
future (37). A study by Entwistle and Peterson reports that
students in higher education who seek deeper meaning tend
to perform better than those who see it as instruments for
better jobs (38). However, majority of the students are not
trained in critical thinking or skilled for solving real-life, complex
problems (39).

Thus, with enough complex issues on campus, a university
would be an ideal place to implement UWP.

UWP- Why a “Wellness” and Not “Health”

Program?

The commonly accepted definition of Health is that of WHO.
Health is a “state of complete physical, mental and social
wellbeing and not merely the absence of disease and infirmity”
(10). In the context of UWP, “wellness” refers to individual’s
perception of being well. The feeling of “being well” is important
for carrying out routine functions and in living life to the fullest.
One can clinically be perfectly “healthy” but still not feel “well”,
while another who has serious health problems can still “feel”
well, enthusiastic, and active. Wellness is dynamic and dependent
on individual mind-set and the ability to bounce back from
any obstacle.

The Global Wellness Institute defines wellness as “the active
pursuit of activities, choices and lifestyles that lead to a state of
holistic health”. That is, wellness can be aimed for and actively
pursued (40). Wellness is captured succinctly in Indian health
traditions by the Sanskrit term Svasthya (sva-individual, sthya-
stability). That is, the state of being in harmony with one-self.
This state would vary with person and context. It was felt that
“wellness” may be a better terminology to be used in a university
context than “health” or “healthy”. Therefore, the University
Wellness Program or UWP was coined.
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PEDAGOGICAL FORMAT

UWP being a new concept to Indian universities, the challenge
was to create processes that aims to achieve wellness and campus
sustainability through student learning and doing. The challenge
was also to integrate UWP within the university system for better
programmatic sustainability. UWP kick-started with an evolving
strategy, following four broad steps as given in Figure 2.

Almost all university academic programs have structured
syllabi comprising of both theory and practicals/ practicum
which usually have a one-to-one correlation, with the practicals
strengthening theoretical learning. For example, a Chemistry
student gets exposed to the theory of acids and bases during
lectures, and learns better by performing acid-base titrations
during practicals. These are absolutely essential and should
continue. However, they are typically stand-alone, mono-
disciplinary learning methods that most often are not linked
to real-life, multi-disciplinary issues. The mainstream model
of education at best produces students who learn, recall and
predominantly practice mono-disciplines post their graduation.
Schon (50) describes the much needed “reflection-in-action”
method, to provide scope for student learning and practicing on
real-life issues, while on campus.

One of the ways a broader application of theoretical learning
can happen is by making UWP an integral part of existing
curricula of the various academic programs. The methodology
is iterative involving discussions with key stakeholders. The
framework adopted to initiate UWP and early experiences have
been shared in the following sections.

Buy-In From Stakeholders

Freeman’s simple definition of “stakeholder” as “any group or
individual that is affected by or can affect the achievement of an
organization” is applicable in a university setting (51). University
stakeholders can be of two kinds, direct or indirect stakeholders
(Figure 3). Direct stakeholders in a university campus include
students, teaching, non-teaching and administrative staff, the
management, housekeeping, other service providers, and the
immediate communities outside the university campus etc.
whereas indirect stakeholders include those who may not be
visible on a daily basis or be present on campus but yet
influence campus wellness and sustainability. The latter include
the institutional, local and other governing bodies, parents/family
of students, other universities, businesses and the public at large.
In today’s times, the social media and network play important
roles as virtual “stakeholder” group, especially in a students life
(41, 42).

Without the buy-in from key stakeholders, any new program
can run into multiple roadblocks during implementation.
Therefore, one of the essential steps to be taken before initiating
any program is to obtain the buy-in from key stakeholders,
particularly from the top management during the initial
stages (43).

In the case of UWP, sharing the vision, objectives, and scope
helped gauge the readiness of the different stakeholder groups
to adopt the program and to enthuse their participation. It also
helped garner the necessary administrative, financial, and human
resource support from the management to initiate the program.
Meetings with the faculty and heads of departments provided an
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opportunity to brainstorm ideas, learn about ongoing initiatives
on sustainability and wellness, and the major implementation
challenges faced. Interactions with student groups were useful
in providing insights into the kind and intensity of issues on
campus and assessing the capacities and interest of students.
The faculty and students at the School of Public Health (SPH)
were the immediate stakeholders, who in turn carried the UWP
agenda forward.

Define Objectives
Defining the objectives and setting targets is crucial for the
success of any project because it brings clarity and transparency
to all. Drucker in his 1954 book, “Practice of Management”
coined the term Management by Objectives that describes the
importance of all stakeholders to participate in defining the
objectives for a program’s viability and durability (44). Goal-
setting guides projects and provides the scope for monitoring
performance and measuring success. It also is a motivational
lever for the team (45).

The Postgraduate (PG) and Undergraduate (UG) academic
programs at the University run on a semester basis and therefore

it was decided to set semester-wise (5 months) objectives.
Brainstorming meetings with the management, faculty and
students were held before crystallizing the objectives for UWP
for the first semester. Two mini projects were undertaken by
the students and faculty of SPH, for the first semester (August—
December 2019):

Mini Project #1: Launch of UWP

In order to announce UWP, it was decided to hold a formal
event inviting high profile individuals, the top management,
heads of departments, faculty and students on campus. It was
also decided to invite the media and press for giving the event
good visibility.

Mini Project #2: Identification of key student issues

Students were the largest (~60-70%) stakeholders on
university campus. Hence it was decided to identify issues of
this group, to begin with. It was important to know the status
of wellness of the students, the key issues faced by them and the
coping methods.

The framework and processes were crystallized and
documented for initiating the two mini- projects during
this period.
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Design Cross-Curricular Projects Linked to

Curriculum

Practice-based learning is an essential part of the pedagogy of
professional academic programs. For example, a student training
to be a doctor, dentist or a nurse is exposed to patients on a
regular basis, so that they learn how to treat patients when they
become full-fledged practitioners. This is not the norm in other
disciplines and the students are rarely exposed to wellness or
sustainability concepts and actions.

The UWP idea is to encourage students to look inward, within
the campus and their immediate environments including the
communities, to identify and address the issues, leveraging their
respective domain skills. For example, a Visual Communication
student from the Humanities and Sciences College, who
learns the skills in photo/video-graphy, drawing, computer
graphics, recording etc. and a public health student from
the Health Sciences College, who learns health promotion,
communication, nutrition, and research methods etc. as a part
of their respective academic syllabi, can work together to
identify the nutritional status of students on campus and to
create effective health promotional materials. This collaboration
would bring about a better researched audiovisual and there
would be a cross-fertilization of ideas. Thus, the practical

application of theoretical learning will be for achieving overall
campus wellness.

Once the aim is stated, designing the UWP projects three main
steps were involved (Table 1):

(i)  Detail the activities: Once the objective(s) of the project were
set, the broad activities that would be required for fulfilling
the objectives were delineated. For example, we wanted to
create and inaugurate a logo for UWP during the UWP
launch event, which meant designing the logo was one of
the UWP activities under Mini-project #1.

(ii) State the Learning Outcomes: Identify the technical and
other skills that are required to achieve the project
learning outcomes. For example, knowledge about effective
communication and branding, and skills to design a
logo are some of the expected learning outcomes from
Mini Project #1.

(iii) Map and Select Modules: Select those modules from the
syllabus whose learning objectives match with those of the
UWP project outcomes. Leverage modules that provide the
space to learn hands-on technical skills and/or soft skills
required to achieve the targets (Table 1). The module should
also have the scope for assessing the students’ performance
as a part of the regular evaluation system.
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TABLE 1 | Mapping of modules and skills and competencies to achieve the targets.

Define the objectives Detail the activities State the learning Map the modules (pertinent to the listed skills/competencies)

outcomes from the
project (technical and
soft skills)

Official launch of UWP
(Mini-Project #1)

* Design UWP logo

e Plan, monitor and

execute the launch event

¢ Archive the

project outputs

® recommendations

Technical

® Designing UWP logo

* Planning, execution,
monitoring and
management of event

Soft skills

® Leadership, teamship

e |nterpersonal and
communication skills

Soft skills

e | eadership, teamship,
interpersonal and
communication skills

Module name
e Social and behavior change,
effective
communication in healthcare
® Health management:
management
principles and practices

e Communication skills

e Communication skills

Expected learning outcomes
of modules

Application of concepts of
strategic communication in
Public Health

Planning and management
Public health leadership

Public speaking, writing,
inter-personal skills

Identification of key Conduct research to identify Technical ¢ Principles of research methods e Knowledge and practice of
e student wellness e Research skills and types of research methods
(physical, mental) aptitude e Protocol design and ethical
® key issues faced on ® Planning, monitoring; process
campus execution and e Data collection, analysis and
e coping methods and management of project interpretation

Research communication skills

Public speaking, scientific

presentation,
inter-personal skills

Broadly, the skills and competencies required for implementing
the Mini-projects were explicitly spelt out as “learning” outcomes
and tagged to pertinent module(s), and the students were
formally evaluated for the same. Sometimes when the targets
set required multi-disciplinary efforts, it was important that
departments within or outside the college collaborate to
achieve them.

Plan, Train, Implement, Monitor, Evaluate,

and Improve

Plan

While Mini Project #1, namely the UWP launch, was an event
that required branding, networking and managerial skills, Mini
Project #2 (Identification of key issues) required mainly research
skills. In consultation with the SPH team of faculty and students,
plans were developed.

The groups, the milestones, end points, timelines and
responsibilities to implement the two mini projects, were written
down and shared with all. The PG and UG students across
all years and programs, were vertically grouped. That is, a I
year UG student who was freshly out of high school got to
observe and learn from the final year senior PG students, and
the seniors in turn learnt empathy and tolerance. The students
selected one leader/representative from each group and one
faculty volunteered to drive each of the UWP projects (Figure 4).
The main responsibility of the faculty-in-charge and the student
leaders was to drive and monitor progress. Wednesdays were set
aside as UWP days when all the students (~130 nos.) and faculty

came together to review the progress of the two mini-projects and
change strategies as required.

Train

Students were trained and guided on the technical skills and
competencies required to execute the activities. The faculty
handling the module(s) has the liberty of selecting the aspect(s)
for which training is required and this would depend on
the set objectives and activities. It may or may not be the
regular training provided. For example, as a part of the ‘Social
and Behavioral Change and Effective Communication’ module,
a professional creative designer was especially brought in to
conduct a workshop on the importance of brand building. The
students learnt the essential features of branding for public
health. Creating a logo for UWP was given as an assignment for
which they were evaluated and the team which designed the best
logo for UWP was to be rewarded by show-casing it at the UWP
launch event. It was declared that in recognition of the students’
participation, certificates for leadership and contribution would
be distributed.

The theoretical aspects of the principles of Research Methods
(types—qualitative, quantitative, and mixed-methods), protocol
design, ethics, data collection, analysis and interpretation etc are
taught as a part of the regular teaching of the module. However,
practical training was also provided on qualitative research
including performing Free Listing, Focus Group Discussions
(FGDs) and analysis of qualitative responses, which were
essential skills to fulfill Mini-Project #2.

Frontiers in Public Health | www.frontiersin.org

April 2022 | Volume 10 | Article 844024


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Venkatasubramanian

University Wellness Program

Faculty-in-
Charge/ Project

Student
Leader/Group

]
1

UG & PG

FIGURE 4 | Grouping of students for UWP projects.

Students/ Group ‘ @@@

0
|

0
I

Students were oriented in soft skills including listening, team
work, tolerance and public speaking as a part of the “Social and
behavior change, effective communication in healthcare” module.
They were nudged to reflect on the process and recommend
next steps.

Thus, over and above the regular teaching, special training
was given depending on the skills and competencies required
for fulfilling the project. It may vary depending on the
project requirement.

Monitoring and Evaluation

For durability of UWP it is important to leverage existing
university evaluation system and integrate the student projects
within its scope. For example, in our university system 40%
of marks is toward continuous internal assessment and 60%
allocated for end-semester examination. The internal assessment
system provided adequate scope for evaluating the practical
learning of the students in the UWP projects. Normally,
assignments, presentations and cycle tests on theoretical learning
are evaluated in internal assessment. For UWP, execution of
project activities and deliverables became part of the existing
continuous, monitoring and internal assessment system of
the module(s).

Students were evaluated for individual as well as group
contributions for the fulfillment of two projects. Soft skills
such as leadership qualities, communication skills, empathy,
inclusivity and teamship were encouraged and assessed based
on class interactions and presentations during the semester. The
projects themselves were evaluated by the success of fulfilling the
objectives, namely UWP launch event and prioirtization of key
issues faced by the students. We are in the process of creating the

framework for evaluating UWP at the university level. Five year
goals, roadmap and key success indicators are being developed.

UWP Project/Activity Criteria

Research and action projects, events and activities are a regular
part of any univerisity. However, keeping in mind the UWP
objectives and durability, a set of criteria were developed by
us. Only those projects/activities that fulfilled these criteria were
qualified as a UWP project/activity.

(i) the purpose/objective has to be clearly spelt out and should
contribute to wellness and/or campus sustainability

(ii) the expected outputs/outcomes stated- these could include
products/service/events etc. Other practical/soft skills learnt
need to also be indicated

(iii) the student academic program/modules and evaluation
methods that will be leveraged need to be mentioned

(iv) the faculty in-charge who will drive the project/activity,
needs to be named

(v) name the student leader and team(s) who will execute the
project, need to be named

(vi) the skeletal plan of execution needs to be secured

A project was considered successful if the set objectives and
learning outcomes were achieved, fulfilling the above criteria.

INITIAL EXPERIENCE
Mini Project #1: UWP Launch

UWP was successfully launched at an official event organized
on November 12th, 2019, and the best logo for UWP that
was designed by students was unveiled at the event (Figure 5).
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FIGURE 5 | UWP logo. MPH students designed the logo and learnt the
importance of branding during the “social and behavior change, effective
communication in healthcare”.

The group which designed the best logo got an opportunity to
describe the logo and the tagline at the event. The bright orange
shade in the logo represents positive energy, youth and action.
The tagline “University Wellness. Universal Wellness” indicates
the vision that a small change in university can lead to changes
at the global level and the reach of the universities. The UWP
launch event was planned and managed by the students. Dr.
Kasturirangan, Chairman of New Education Policy Committee
(2019), Government of India presided over the function. It
received good coverage in social media and press. The aim of
launching UWP, designing the logo and to do it through students
as a part of existing academic evaluation system, was achieved.

Mini Project #2: Identification of Student

Issues

The students received hands-on experience in conducting
qualitative research under the Research Methodology module
(Table 1). They learnt to perform free-listing, FGDs, coding and
categorization of qualitative responses. Four key themes emerged
from the student responses with important sub-themes (Table 2).

O Mental Wellbeing—stress, anxiety, depression and suicidal
ideation thoughts etc emerged as important emotions
that affected the students daily performance. Girl students
specifically mentioned pre-menstrual syndrome (PMS) as
an issue

O Lifestyle behavior—social media time, mobile usage,
substance abuse, food intake, sedantary lifestyle, indisciplined

TABLE 2 | Themes and sub-themes of key student issues that emerged through
free-listing and FGDs.

Themes Sub-themes

Mental health Stress, anxiety, depression and suicidal thoughts,

Pre-Menstrual Syndrome among girls

Lifestyle behavior Social media time, mobile usage, substance abuse, food

intake, sedantary lifestyle, sleep pattern etc

WASH Frequency of cleaning of toilets, better facilities for girl

students

Global warming Pollution, food wastage, transport, use of plastics and

paper, within and outside the campus

sleep pattern etc. were ackmolwledged as significant aspects of
student life on campus

O Water, Sanitation and Hygiene (WASH)—campus WASH
facilities were mentioned as being important. Frequent
cleaning of toilets was expressed as important during busy
times. The girl students mentioned that better and accessible
facilities can be provided, to help during menstruation

O Global Warming—It was important to note that global
warming, in general, came up in the FGDs as an important
issue that the students were concerned about. These included
pollution, food wastage, transport, use of plastics and paper,
within and outside the campus. The FGDs strongly highlighted
that the students realized the negative impact of human
(anthropocentric) activities on the health of communities and
the planet. There was a will to contribute and make a difference

The presentation of the research findings of the key issues faced
by the university students at the UWP launch (i.e., Mini-project
#1) was a highlight of the event and was much appreciated by the
management and audience.

Going forward, prioritization of projects and activities to be
taken up needs to be worked out. This would depend on the
urgency, resources available, and the interest of the students,
faculty and management.

DISCUSSION

The Okanagan Charter started the Canadian Health Promoting
Campuses Network in 2015 that called for embedding health
in all aspects of campus culture (26). The UK Healthy
Universities Network promoted a similar concept (46).
The UWP idea emerged independently in 2019, within the
academic, socio-cultural and political context of a typical Indian
private university.

This article has introduced a new pedagogic concept called
the University Wellness Program (UWP), which enables students
to work toward achieving wellness and campus sustainability.
Through the implementation of the two Mini projects, a
methodology/framework has been delineated to demonstrate
how UWP can be embedded in university learning and
evaluation system. One project was to formally launch UWP
and the other was to identify and prioritize key issues faced by
students on campus.
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FIGURE 6 | Expected outputs from UWP over time.

Time

The UWP Mini-Projects provided the students hands-on
technical skills, managerial, leadership and other soft skills to
implement the projects. Over and above the technical skills
required in implementing the projects, the students learnt
listening skills, empathy, ability to think critically, leadership and
team-ship, public speaking and effective communication. These
qualitative aspects were monitored and assessed on a weekly basis
by faculty. All teams and presented their work at the final project
presentation, as college seminar. The best teams got opportunity
to present at the UWP launch event.

We expect that the impact created by UWP per se will
become evident only over a period of time, say 5 years.
A system for longitudinal research is being set up with
the current cohort of students. A database is planned to
be created for capturing every student’s wellness at the
university level. We have also established a core UWP
committee consisting of experts and student representatives
from different departments across the university to look at
the various UWP aspects, including research/action/fund
mobilization/management/communication related. The
committee members are the drivers to keep UWP going. A
5 year roadmap for UWP is being created, with goals and
key success indicators. Faculty and students of SPH and the
Department of Computer Science & Engineering are creating a
digital platform and a dashboard to capture the UWP projects
and progress. This in itself was taken up as a UWP project. These
are some of the work in progress beyond 2019.

The expected outcomes from UWP over time can be classified
as physical outputs, technical and soft impact, and societal impact
(Figure 6). UWP would provide opportunities for students to
have a more rounded development.

Challenges Faced

The seven factors identified by Valaitis et al., that influence the
success of new or existing programs are very relevant for the
durability of UWP (47). The factors include (i) clear mandates,
vision and goals (ii) strategic coordination and communication
mechanisms (iii) formal organizational leaders as collaborative
champions (vi) collaborative organizational culture (v) optimal
use of resources (vi) optimal use of human resources and (vii)
collaborative approaches to programs and services delivery.

The challenges faced in UWP implementation were mainly
faculty and program implementation related. [Initially,
convincing the faculty about the idea took some time. The
main reasons for this were (i) resistance to new ideas; as is usual
in any pre-existing group (ii) lack of clear-cut methodology to
integrate UWP in existing teaching and evaluation system in the
early stages of UWP (iii) faculty perception as additional burden
to already hectic academic and research schedules (vi) fear of
failure and (v) indifference and hesitancy in ownership.

UWP uses practice/problem-based learning (PBL) approach
for achieving wellness and sustainability on university campus.
PBL has the advantage of imparting capacities among students
at the conceptual, practical and attitudinal levels but it presents
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challenges to the teachers. Loss of control over their teaching
styles, selection of topics of students interest, unpredictability of
outcomes, fear of exposure of their knowledge gaps and need for
more time investment were some of the perceptions of teachers
about PBL (48). These issues/fears will need to be addressed
to obtain faculty participation, along with training them in the
new pedagogy.

Recruitment of a new Teaching Associate who is dedicated
for UWP coordination helped immensely in reducing the
faculty burden. The faculty buy-in was achieved through
frequent meetings and interactions, setting objectives, drawing
up clear plans of execution and engagement. Discussing
the potential advantages, and outcomes motivated them a
great deal.

Identifying topics that were pertinent to key stakeholder
issues, campus wellness and sustainability and designing research
or action-oriented projects that leveraged existing academic
programs required asking fundamental questions. For example,
what are the key issues faced by students and the status of wellness
of students? What needs to be done and how to crystallize them
requires individual and group brainstorming. These were difficult
to achieve in an already packed teaching-learning-evaluation
university system. We solved these to a large extent by setting
aside 1 day in a week for UWP related activities. Explicit
linkage of objectives to ongoing modules and the freedom to
assign practical work, can enhance the quality of teaching and
learning. Also, a campus wellness/sustainability related issue gets
addressed in the process.

UWP members become potential stewards and change-
makers in university campuses. The activities can also become
part of regular clubs, roping-in students and faculty from
departments and universities. New academic programs
and PhDs could stem from the UWP projects. Toolkits
and online/offline training programs can be developed for
sharing with other universities. UWP is work in progress
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Learning from the past to deal
with the future: Using different
knowledges to ensure food
security in the Tsa Tué biosphere
reserve (Northwest Territories,
Canada)

Andrew Spring'*, Michael Neyelle?, Walter Bezha?,
Deborah Simmons? and Alison Blay-Palmer!

!Department of Geography and Environmental Studies, Wilfrid Laurier University, Waterloo, ON,
Canada, ??ehdzo Gotine Gots'¢ Nakedi (Sahtu Renewable Resources Board), Tulit'a, NT, Canada

The community of Déline, located in the UNESCO Tsa Tué Biosphere Reserve,
is experiencing the impacts of climate change on the lands surrounding Great
Bear Lake, in Northwest Territories, Canada. These impacts are limiting the
community’s ability to access the land to support their food system, which
depends on harvesting traditional foods. This article details a participatory
action research approach, driven by the community, that used on-the-
land activities, workshops, community meetings and interviews to develop
a community food security action plan to deal with the uncertainties of a
changing climate on the food system. Data was analyzed using the Community
Capitals Framework (CCF) to describe the complex nature of the community’s
food system in terms of available or depleting capitals, as well as how the
impacts of climate change affect these capitals, and the needs identified by
the community to aid in adaptation. For Déline, the theme of self-sufficiency
emerged out of concerns that climate change is negatively impacting supplies
from the south and that building and maintaining both social and cultural
capital are key to achieving food security in an uncertain future. Learning from
the past and sharing Traditional Knowledge!was a key element of food security
planning. However, other types of knowledge, such as research and monitoring
of the health of the land, and building capacity of the community through
training, were important aspects of adaptation planning in the community. This
knowledge, in its many forms, may assist the community in determining its own
direction for achieving food security, and offers a glimpse into food sovereignty
in Northern regions.

KEYWORDS

climate change adaptation, food systems, indigenous, North, food security, traditional
knowledge

'There is no universally accepted definition of Traditional Knowledge but it is used here to describe
the collective knowledge of traditions used by Indigenous people to sustain themselves and the
environment over time, which is unique to communities and rooted in the rich culture of its
peoples (Assembly of First Nations, 2009).
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Introduction

Food security has emerged as a growing concern in
communities across northern Canada. Individuals face multiple,
and often complex barriers, to achieving food security, where
rates of food insecurity can range from 24 to 48-69% more
remote areas, dramatically higher than the national average of
15.9%2 (Rosol et al., 2011; Council of Canadian Academies,
2014; Tarasuk et al,, 2016, 2022). Indigenous communities have
faced decades of social, cultural, and political changes, on
multiple scales that have had negative impacts of community
health and well-being (Power, 2008; Council of Canadian
Academies, 2014). As a result of these impacts, Indigenous
communities in the North, and across the globe, have shifted
away from traditional food systems, that relied on hunting,
fishing and harvesting foods from the land, toward a reliance
on food purchased from stores where the high cost and
transportation of goods to remote locations leads to the lack
of affordable, nutritious (Kuhnlein et al., 2004; Damman et al.,
2008; Council of Canadian Academies, 2014). However, as many
communities strive to maintain cultural and traditional practices
inherent in the traditional food system, northern regions are
now being profoundly impacted by global climate change. The
region as seen an increase in temperature of roughly 4 to 5
times greater than the global average (IPCC, 2018). Impacts
such as decreased sea ice thickness, permafrost thaw, changing
migratory patterns of animals, and the increased intensity and
frequency of weather events are affecting the access to and
availability of traditional food sources, which are the staple of
food systems in northern communities (Ford et al., 2006a, 2008,
2010; Guyot et al., 2006; Nickels and Furgal, 2006; Pearce T.
et al., 2009; Andrachuk and Smit, 2012; Spring et al., 2018).
As Indigenous Peoples have a deep connection to the land and
depend on it for their food, health and cultural and spiritual well-
being; they therefore are vulnerable to the impacts of changes
to the ecosystem (Smit and Wandel, 2006; Costello et al., 2009;
Cunsolo-Willox et al., 2012). Understanding and adapting to
the impacts of climate change is essential for the long-term
sustainability of northern communities.

To better understand the vulnerabilities and issues behind
food insecurity in northern communities, there is a need
to examine food systems through a different lens, one that
accounts for the complexities, uncertainties, but also strengths
in the community (Wesche et al, 2016). In this research
the Community Capital Framework (CCF) is used to define
the food system in a remote Indigenous community in the
NWT. Developed by Flora et al. (2004), the CCF illustrates
the interactions of seven types of capital contained within
a community, including: natural, social, cultural, political,

2 National average updated using Tarasuk et al. (2022), however, this

report does not contain data for the territories.
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built, financial, and human. This framework has already been
modified to describe northern food systems (Spring et al,
2018). The CCF is based on the Sustainable Livelihoods (SL)
(Scoones, 2009) but is used here to describing the food systems
of communities in the North. This framework complements
other emerging definitions of food systems, including complex
adaptive systems (Stroink and Nelson, 2013) and systems-of-
systems approaches (Hipel et al., 2010; Blay-Palmer et al,
2015). Systems approaches are important for addressing issues
of resilience, the ability to recover from a shock or stress,
that are key to the sustainability in the face of climate change
(Gunderson and Holling, 2002; Olsson et al., 2004; Walker
et al., 2004; Folke, 2006). The CCF can be appropriate for food
systems in the North as Indigenous communities have a diverse
set of economies, and therefore capitals, accessed to maintain
their way of life, including the social, traditional and wage-
based economies (Usher et al., 2003; Abele, 2009; Dombrowski
et al., 2013; Harnum et al., 2014; Simmons et al., 2015). The
Dene Way of Life describes the close relationship to the land,
being on and living off the land but also includes elements
of self-governance, practicing cultural and spiritual traditions
the social network and support of families and the community
(Bartlett, 2005; Parlee et al., 2007)—again describing many of
the capitals present in the CCF, including natural, cultural,
social and political capitals. The addition of financial and built
capitals reflect the needs for tools, equipment and infrastructure
required to access the land, and support community services
including food purchased at the stores (Council of Canadian
Academies, 2014).

The research presented in this paper draws on a project,
initiated at the invitation of the community of Délmne, in
Northwest Territories (NWT), Canada, which is a part of the
recently designated Tsa Tué Biosphere Reserve. Déling is a small
of community of ~600 people, the majority of which are Dene, it
is the only settlement on Great Bear Lake, the largest lake entirely
within Canada and eighth largest in the world (Figure 1).
The Sahtuotine Dene, or Bear Lake People enjoy a close
relationship with the lake and the surrounding landscape and
rely upon it for their health and spiritual well-being. Hunting,
fishing, trapping and gathering remain important activities
and the basis of the community’s food system and livelihood.
In 2016, the community work to recognize the lake and its
watershed for its unique ecological and cultural heritage was
achieved through a designation by United Nations Educational,
Scientific and Cultural Organization (UNESCO). Biosphere
Reserve designation show a commitment by local organizations
to sustainably manage the resources in these areas and showcase
these living laboratories to the world. However, this region, as
with much of the northern regions of Canada, is under threat
from the impacts of climate change and the community of
Déling is concerned about how changes to the ecosystem will
affect food security and well-being in the community. These
issues have become increasingly pressing with the significant and
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FIGURE 1

The community of Deline is located in the UNESCO Tsa Tue
Biosphere Reserve, which encompasses the watershed of Great
Bear Lake in Northwest Territories, Canada.

rapid decline of the Bluenose East caribou herd (Adamczewski
et al,, 2012; Boulanger et al., 2014) which the community has
relied on as an important source of food. The community
faces the prospect of reduced caribou harvesting and may face
other uncertainties due to the impact of climate change such as
access and availability of other traditionally harvested species.
However, the impacts of climate change on the community’s
food systems needs to be put in a broader context of food system
transition. Like many northern communities, Déline is remote
and accessible only by air, boat, and winter road. Therefore, the
majority of supplies, including fuel, food and other materials
are shipped into the community during the window of winter
road operation, typically from mid-January to late March. Fresh
food stuffs and other necessary supplies are delivered to the
community on a weekly basis through air cargo flights. The
supply of food and other goods to communities like Déline is
vulnerable to the impacts of climate change as the reliability of
winter and ice roads and infrastructure will be affected (Prowse
et al, 2009). A community plan was needed to build a more
resilient food system. The purpose of this research was to: (1)
understand the role of traditional foods and practices in the
community’s food system; (2) understand impacts of climate
change on the availability of capitals of traditional foods system;
and (3) identify capitals required to develop a food security
adaptation strategies and programs to ensure food security and
community self-sufficiency for the future.

Methods

This research details a collaborative Participatory Action
Research (PAR) approach used to explore climate change
vulnerability and adaptation strategies for the community of
Déling in the Tsa Tué Biosphere Reserve. Community members
were concerned about the impact that climate change is having
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on their most important food source, caribou. This concern
triggered a broad discussion about climate change, health and
well-being, and food security in the community. University
researchers were engaged in 2014 to help secure project funding
and help facilitate and document the discussion with community
members to develop a plan. This ensured that the research
would be community driven, is responsive to the needs of
the community stakeholders and furthers the goals of social
science through co-learning and building a collaboration of
researcher and community (Gilmore et al.,, 1986; McTaggart,
1999). As community members in Déline have experience with
social science studies, the community-based organizations that
were partners in this research, including the Sahtd Renewable
Resources Board (SRRB) have their own protocols. Much of
the research methodology builds on existing frameworks to
foster community collaboration, engagement, and trust building
throughout the process (outlined in Caine et al., 2007; McGregor
et al., 2010; Tondu et al., 2014; Simmons et al., 2015). This
approach has origins in community empowerment, social action
and community health and development (McTaggart, 1999;
Altrichter et al., 2002).

A key principle of the approach was to encourage as much
opportunity for community engagement and participation as
possible (Minkler and Wallerstein, 2011). Throughout the
process of developing the proposal for this project in 2014,
information was sent, via emails or letters, to various decision-
making bodies, organizations, and the broader community to
raise awareness of the project. This was done to help solicit
support, interest, and input from the community for the project.
Community partners identified and recruited a diverse group
of participants to take part in planning meetings, including
Elders, youth, and active harvesters, who were able to share
their knowledge of the changes observed on the land. This
group became informally known as the steering committee
and was involved in all aspects of the research planning,
including meetings and conference calls that were aimed at
making committee members familiar with the research process
and the researchers themselves, approve research questions and
approaches, and help foster broader community engagement.
These meetings served as a valuable opportunity to share
insights into the research and develop community-relevant
questions and methodologies that reflected how the community
wanted to be involved in the project. These actions served to
build trust and foster open and transparent communication
between all parties (Pearce T.D. et al., 2009; Tondu et al., 2014;
Spring et al., 2018, 2020).

Other integral aspects of the project were two on-the-land
camps that were planned to coincide with the fall and spring
research visits. These camps were planned to help facilitate
meaningful opportunities for community members, particularly
youth, to be on-the-land learning skills from their Elders and
harvesting foods to bring back to others in the community.
Furthermore, this learning environment allowed the researchers
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to gain a deeper understanding of the culture and traditions
of the community (McGregor et al., 2010; Bartlett et al., 2012;
Simmons et al., 2015). These opportunities also facilitated
informal discussion around research topics and the building of
trust and relationships (Tondu et al,, 2014) and embody the
spirit of PAR as these experiences can achieve both research
and community goals. The camps, however, proved difficult
to facilitate, with weather and dangerous conditions limiting
the success of the fall camp, and planning and timing issues
impacting the spring camp. As such, research process was
delayed many times throughout the process. This experience
highlights the ongoing evolution of community-based research
in the North. The process of building trust and spending time
and sharing experiences in the community is valuable, as is a
highly flexible and patient approach to the research. Sometimes,
the pressures between data collection, funding and reporting
deadlines, community commitments, and the weather do not
always come together. But building good relationships with
community partners and good communication with research
participants, helped to modify plans to accommodate for last
minute changes. PAR was, therefore, the goal and the spirit of
the research conducted in the community and may eventually
be achieved through ongoing collaboration and communication
with community members.

In all, 13 community members participated in semi-
structured interviews with each interview taking ~1h and
conducted in the language of their preference (North Slavey or
English). As most people in Déline are fluent in both languages,
English was predominantly used, but an interpreter was available
to consecutively translate both questions and responses when
needed. Interviews were mostly conducted in the Délne
Land Corporation offices, but some were conducted in other
locations if this was the preference of the participant. Interviews
were structured around questions on health, food, changes
witnessed over time to the land, and what solutions participants
would they like to see to ensure access to food for future
generations. The questions were open-ended to further explore
specific experiences and expertise of the participant (Hay,
2000). All interviews were digitally recorded, and participants
were reimbursed for their time, as per community protocol.
Interviews were transcribed and shared with participants for
their approval, and to ensure their accuracy. The data were
thematically coded using the capitals of the CCF as a structure
of the community’s food system. This enabled the results to tell
the story of the impacts of climate change on the food system,
and what capitals can be used, or are needed to adapt to these
impacts. A results workshop was held in 2017 after the data was
analyzed and was open to all members of the community. This
workshop allowed for the opportunity to discuss the project,
validate key themes and observations that emerged from the
interviews, and begin the planning of the community’s food
security action plan. Follow up conference calls and community
visits were conducted between 2017 and 2019 to further validate
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findings of the study and plan and propose future projects
as determined by the study results. A community report and
action plan called Dene béré belarewilé: Ensuring food security for
future generations in Déljne were given to community leadership
and served as the basis for future work in the community.
This research approach and methodology was approved under
Research Ethics Board of Wilfrid Laurier University and through
the Aurora Research Institute (License number 15746), the
research licensing organization for the NWT.

Results and discussion

The capitals of Déline’s food system

In Déling, like many other communities in the North, health
and well-being are linked to the health of the ecosystem—the
land, animals and water but also access to traditional foods
(Parlee et al., 2007; Loring and Gerlach, 2009; Parlee and Furgal,
2012; Spring et al,, 2018). In general, participants described
how they feel that Déling is a healthy community because the
relationship to the land remains strong, as many people depend
on the land for their livelihoods and their diets are maintained
by traditional foods.

“Health in Deline, well, from knowing from way back from
our grandparents, they lived on the land and had traditional
food and they were always healthy. And you could see that, they
were always up early every day, going, working, they were always
energized...Health is going out on the land, having that fresh air,
being with nature. Living off the land and taking care of your
water and the animals, and that’s health.” ~Joey Dillon

The land, waters and surrounding ecosystem play an
important role in the lives of the community and is fundamental
in their identity and sense of place, and food system. Due to
the location of Déline, on the shores of Great Bear Lake, water
became a common theme throughout the interviews. The lake
was identified as the most important asset in the community; it
is what makes Déline the place where people want to live and
plays an important role in their lives, physically, mentally and
spiritually. The lake is also woven into stories and prophesies
told in the community, making it important, not only to natural
capital, but also to cultural capital. It is the main method of
transportation in all seasons to harvest food but is also the source
of much of the community’s food supply, as fish is an important
staple. Many participants commented on how easy it is to just get
in a boat (an important, but expensive tool for harvesters), get
onto the lake and go catch fish, and the escape the lake provides
to life in town.

“The water is gold to Déline people. The Elders say is
our freezer, Great Bear Lake, with all those fish in there”
~Bertha Kenny
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Having access to traditional foods is perceived as the basis
of the community’s preferred food system. However, there is
a concern amongst participants that the community is not as
reliant on traditional food as it once was, and that is having
an impact on peoples” health. Participants discussed the many
changes that have occurred during recent decades that have
influenced health in the community, including the changing
relationship with the land and water. Transition into permanent
housing, water delivery, fuel heating, the need for jobs, moving
away from dog teams to skidoos and the dependence on food
from the store all play a role in changing the way the community
members maintain their livelihoods.

“That’s when everything changed, when they brought
up all this government housing, in 1968. I know, they left
everything. Everyone left their dogs, and their bush life.

>

Everything.” ~George Kenny

The changing relationship with the land that has happened
over time is illustrated now through concerns for the future of
food in the community. The younger generation, generally, do
not have the same relationship to the land, know the language
nor possess the skills and experiences needed to survive on
the land or bring back food for the community. There are
concerns about where their food is going to come from if
there is a lack of skills needed to maintain traditional foods
as part of their livelihood in the future. Global and societal
changes are having an impact on Délne, particularly their
food system.

The capitals influencing Déling’s food system (both
positively and negatively) are outlined in Table I and were
determined through interviews, conversations, and other
background descriptions of the community. In Délne, the
social economy is strong, and the community has done a
great deal to maintain and build cultural capital though
community-based programming and food sharing networks
(Harnum et al., 2014; Simmons et al., 2015). Natural capital
is abundant, with a pristine environment providing access to
traditional food sources. These capitals are the drivers of the
food system, where Traditional Knowledge and social practices
allow community members to access food from the natural
capital. But, as discussed, the ongoing social and cultural
changes in the community may serve to limit the replenishment
of these capitals over time, which is the cause for concern
regarding the lack of skills for the next generation of harvesters.
Financial capital is now needed to pay for gas, equipment
and supplies to access food from the land and required for
the increased reliance on food from the store. As financial
capital may not be available for some individuals, the pursuit
of employment to pay for supplies or other costs of living
can take away from time in the community and on the land,
further limiting social and cultural capitals. Human capital
is now required to service modern harvesting tools, such as
skidoos and small engines, and is not always accessible in the
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community, especially when technological advances in such
equipment requires new skills and more technical equipment
to service. The community’s food system also relies on winter
roads and weekly airplane food deliveries (built capital) to bring
fresh food supplies, as well as other goods into the community.
Déling does possess a great deal of political capital, achieved
through the Comprehensive Land Claim and advanced through
many community-led initiatives, and now as a self-governed
community. This community power and influence over
management of natural resources is currently being tested
in ongoing discussions regarding caribou conservation, land
use planning and protected area strategies. Although a brief
snapshot of the community’s food system, one can see the
levels of complexity and interactions between the capitals, and
the reliance on certain capitals and infrastructure to maintain
the food system. Now, and maybe most importantly, the
pressures of climate change on community’s natural capital,
and impacts on other capitals, will add more pressure on
that food system.

Climate change impacts on the
community capitals

Climate change is having a noticeable impact on the
ecosystem; through interviews, participants described how these
changes to the land are impacting the community. Community
members spoke of changes in temperature, noting that it is not
as cold as it has been in the past; they have also seen a change
in the temperature of the lake, particularly in the past few years.
People notice that the fish they catch in their nets spoils much
faster than before. As one interviewee commented:

“Way back, people set their net and they could go check

it two days later and all the fish would be still fresh. But now,

‘ the old people have been mentioning it for a few years now,

that if you don’t check your net you get some spoiled fish on
there because the water’s getting warmer.” ~Freddie Vitale

Therefore, adaptation in this case means more trips on the
lake to check the nets and taking more resources in the form of
human and financial capital to harvest similar amounts of food.
Lower water levels on the lake and surrounding rivers were also
noted as an area of concern as was a change in the availability of
some fish species. Some species of fish have declined in numbers
and are no longer available in some of the locations where they
were traditionally found.

“[Some fish] go someplace else but all the big trout they
all go there, but they’re all gone now. There used to be lots
of fish there. The herring, I don’t know where they moved.”
~George Kenny
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TABLE 1 Summary of the community’s food system based on capitals,
and how key findings, as identified through interviews and
background research, either add to (+) or deplete (-) these capitals.

Capital Key findings

Social (+) Strong social economy (e.g., food sharing)

(4) Close-knit community

(+) Experience with networks outside of community
-) Social change due to global pressures

Cultural ~+) Reliance on traditional foods

(
(
(4) Maintaining traditional practices and activities
(4) Many are fluent in their traditional language
(-) Language as barrier to transfer of

Traditional Knowledge

(-) Some youth not as engaged in traditional foods
and activities

(-) Changes to relationship with land

Natural (+) Abundant sources of country food (fish, moose,
and others)

(+) Great Bear Lake

(-) Declining caribou herds

Financial (4) Access to community funding and
government grants

(+) Comprehensive land claim

(-) Limited availability of jobs in community
(-) High cost of living (food, gas, and supplies)
Political (+) Multiple layers of government

(+) Comprehensive land claim

(+) Self-government

(+) Co-management of resources

(+) UNESCO biosphere reserve designation

Human
(4) Engaged community
(4) Educational opportunities in community
(+) Employ consultants to fill capacity voids
Built (4) Community services (water, wastewater,
and health)
(4) Access to stores

(=) Fly-in community (winter road access only)

Furthermore, some people have noticed changes in fish
health, including parasites and changes in taste. Key informants
also shared their observations that travel on the lake has also
become more unpredictable. The wind can change rapidly,
bringing waves and unsafe conditions that can have severe
implications on travel plans, as experienced by the research
participants as travel to the fall on-the-land camp was postponed
several times due to the sudden, and dangerous, change in
conditions. Although rapidly changing weather has always been
a risk associated with travel on such a big lake at certain times
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of the year, members of the community reported that it is now
more difficult to predict.

“It is riskier, especially in the fall and spring when the
wind starts picking up and it gets cold and freezes. It’s way
more dangerous to travel on the lake.” ~Ted Mackenzo

There are many stories and experiences by community
members of being delayed or stuck on the land due to weather.
One story involved an Elder that was stranded on the lake due to
a mechanical breakdown. He survived through severe weather,
drifting on the lake, and ultimately fashioning a sail to make
his way to land. In this more extreme example, it was through
the years of experience and the combination of having the right
tools and quick thinking that led to his survival. Participants
remarked that if it had happened to anyone else, it might not
have ended as well, again underlining the importance of learning
a diversity of skills and spending time on the land in all types
of conditions. The community is aware of the dangers of travel,
especially during lake freeze-up and break-up, where travel plans
may not go as expected. Bringing extra supplies, traveling with
small groups, and being more cautious when traveling are some
of the adaptations used to enhance safety, but these are not
necessarily practiced by all community members.

The overall changes in weather observed by the community,
including rain events in December and difference in timing of
freeze/thaw cycles in the fall and spring is limiting access to
the land. These changes are known to impact animal foraging,
particularly in caribou, vegetation, and human activities in other
regions (Bokhorst et al., 2016). Although significant changes
to the landscape through the impacts of permafrost thaw are
minimal, the community did report instances of slumping of
some riverbanks and hillsides around the lake as well as changes
in the freezing of muskeg, increasing the risk associated with
travel in certain areas. Most importantly for the community
are the changes they have witnessed in animals, particularly
species that are important food sources to the community,
including caribou. The community has seen the numbers of
caribou decline and commented on how far they need to travel
in search of caribou now.

“There was a lot of caribou across the North shore. They
don’t come here. This time of year there were lots out there,
but now they’re all gone.” ~George Kenny

Their accounts, paired with reports regarding the significant
decline of Bathurst East caribou herd, as well as other barren-
ground herds in the NWT (Adamczewski et al., 2012; Boulanger
et al, 2014), have led to a deep concern in the community as
to what to do to help the caribou. At this point, the research
intersected with the community’s caribou conservation plan,
known as Belare wile Gots’¢ Pekwé —Caribou for All Time (Déling
Pekwé Working Group, 2016) which was being developed
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concurrently to this research. The community’s plan proposed
to limit the harvest of caribou for the next 3 years to ceremonial
purposes only, outlined key approaches to conservation based
on Traditional Knowledge and relationship with the caribou,
and enforced their decision-making and monitoring rights as
outlined in the Comprehensive Land Claim Agreement (Déline
Pekwé Working Group, 2016). This synergy, between the food
security and the caribou plan, offered an interesting insight into
community conversations about the importance of caribou, and
the difficult decision to restrict the harvest of caribou, a right
outlined in the land claim agreement and a polarizing issue
within the community and amongst the other communities and
regions that depend on that resource.

Making the difficult decision to limit the caribou harvest
is an example of the community using its political capital to
determine its own food system and offers a unique insight
into food sovereignty in the North. Food sovereignty is a
concept where communities define their own food system,
and is largely based on the right to food (Patel, 2009,
2012). While the right to food, in this case subsistence food
resources, is granted through the Sahti Dene and Métis
Comprehensive Land Claim Agreement, the community is
invoking the right as stewards of the land to protect this
important resource for future generations. Although this
may have short term consequences on food availability in
the community, the long-term health of the caribou and
other animals, is in the best interest of everyone, including
future generations.

“[If we] hunt all the caribou or fish out the lake, then
what would happen to this unborn generation? How they
survive but all these things disappear? And the trapping, no
one’s going to teach them how to do it. So what 'm looking
at is to try to save as much as we can for the next generation.
~Paul Modeste

What emerged during discussions with participants was
the language of self-sufficiency, where the community would
not have to rely so heavily on goods, particularly food,
being transported from the south. Although many community
members admitted that they will still need that link for many
commodities (fuel and some food for example), they also
observed that links to the south would not be as reliable due
to the impacts of climate change in the future. This point was
highlighted during the research visit in February 2016 where the
condition of the ice road was so poor that it had yet to open to
heavy truck traffic. This was a major delay from previous years
and led to an increased sense of anxiety in the community about
whether supplies would reach the community that year. A week
later, the road was opened to heavy truck traffic and a fuel truck
fell through the ice on its crossing of the lake (CBC News, 2016).
Although the fuel was safely removed and the truck was lifted
out of the ice, it was a stark reminder of the need to promote
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the solutions that community members wanted to see to build a
more sustainable food system for the future.

Adaptations based on past experiences

Making changes to the community’s food systems involved
two key themes that emerged during interviews: learning
from the past and gaining new knowledge from outside
the community. Learning from the past involved sharing
Traditional Knowledge and skills within the community and
thereby strengthening the social and cultural capitals within
the community. This also encompasses how the community
has adapted to past events, such as fluctuations in climate
(Ford et al.,, 2006b) or, in the case of Déline, changes in food
availability. For example, the current situation with the Bluenose
East caribou herd and the limits to harvesting that species is
not unlike a situation the community experienced in the past.
During interviews Elders shared stories of the time there were
no barren-ground caribou around Déline for the community to
harvest for 30 years. When asked how the community coped
with the loss of caribou, Elders highlighted a variety of other
animals that the community used for food sources and the
importance of sharing food.

“Moose, lots of moose...and fish, trout, whitefish... the

other caribou, woodland....” ~Charlie Neyelle

Elders acknowledged that it was not an easy time for the
community, but they worked together, shared food, and adapted
by being flexible in what was harvested. Fast forward to today,
there is a concern regarding the community’s dependency on
caribou and the lack of variety of species harvested. And
that knowledge of when and where other food sources were
traditionally harvested in and around the area is not readily
available. It is therefore a priority of the community to document
and map these important locations with Elders, and ultimately
share this knowledge with community members and harvesters.
This will ensure a more sustainable harvest of traditional food
sources by increasing the variety of both species and locations,
but also by visiting sites they have not returned to in years
and even returning to species they have not harvested in years
as well. This will help to increase self-reliance and available
food for the community, and hopefully lead to less reliance
on food from the store. This shift to a broader range of
locations and species does come at a cost, of both fuel and
supplies and time (predominantly human and financial capitals)
(Brinkman et al., 2014). Although the local agency, the DRRC,
will help with some of the financial burden by providing gas
to land claim beneficiaries for the harvest and sharing of food
with the community, it will take a more coordinated effort to
shift harvesting practices back to those used in the past. This
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shift toward traditional harvesting timing and location is also
not without risk. Traveling to places farther away from the
community adds costs and makes harvesters more vulnerable
to the risks associated with the changes in climate described
earlier. Furthermore, as some of these locations have not been
visited for years, it is unknown what the health of the land
or species availability might be in these areas. Families that
harvested at these locations in the past also maintained cabins
and spent a great deal of time in those areas and knew those
areas well. Recapturing that information from past experiences
and revisiting and assessing these harvesting locations will be
important for the future of the food supply in the community.

What is also important, then, is that community members
have the knowledge to properly harvest and respect a variety
of animals along with safety and survival skills. With the
new challenges and risks associated with the changing climate,
harvester safety and being respectful of cultural traditions on the
land are paramount as the community chooses to continue to
utilize traditional foods as the basis of their food system. Young
harvesters must be provided with the opportunity to learn and
practice skills on the land, under the guidance of community
Elders and knowledge holders, and be encouraged to become
harvesters, trappers, food providers and positive role models in
the community.

“We have to start teaching our young people to live off
the land by themselves. Like in the old days, people used to
make their own homes, tents with spruce, and even how to
make fire out there on the land. That's what we need to teach
our young people” ~Leon Modeste

There was interest in integrating on-the-land learning into
the school and creating more opportunities for the youth to
learn the language. Getting youth interested in cultural practices
and activities was seen as important to do at an early age, but
many participants highlighted barriers to implementing some
of these changes. Young children do not, generally, speak the
language. Although there are some language programs at the
school, it is not being taught or spoken at home. It seems that
young parents with young children do not generally speak the
language as they were brought up in schools that taught in
English only. Providing community members experience on the
land as families or large groups was seen as the ideal way to
learn skills and reestablish bonds with each other and the land
as well as reconnecting with the language. Language is the key to
understanding Traditional Knowledge and skills.

“They have to learn their language, then they’ll know
everything.” ~George Kenny

Language was a key component of the community’s
approach to self-government and caribou conservation. And
participants wanted to see programming aimed at incorporating
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language education and Traditional Knowledge and skills into
programming, either through the school or through another
organization in the community. The possibility that self-
government may provide a vehicle to deliver a more culturally
appropriate education in the community was raised as part
of several interviews. In Déline, perhaps, political capital
may be the key to building and maintaining cultural capital,
and the community appears to be allocating other capitals
within the community to achieve this goal. Learning and
sharing Traditional Knowledge from within the community also
requires bonding social capital to support the maintenance of
cultural capital and therefore, the food system of the community,
something the community has been working on through their
vision of self-governance as well (Bayha and Spring, 2020).

Adaptations through creation of new
knowledge

Although community priorities for adaptation relied on the
building of capitals through strengthening of community bonds
(social capital), sharing of Traditional Knowledge (cultural
capital) and through their political capital, there was also an
emphasis on bringing new knowledge into the community to
help build a more sustainable food system. And sometimes
the combination of the two were seen as solutions for the
community. Through interviews, growing food was identified
as a key way forward for Déline to become more self-sufficient
and food secure in the future as well as for decreasing their
dependence on expensive store food.

“Because everything here is so expensive. If we do our
own garden, if people want some stuft they can just get some.
Share.” ~Bertha Kenny

Potatoes were a key food source that people wanted to see
grown in the community, but many cited the lack of knowledge
around gardening in the community amongst the Dene people.
Although gardening has been done in the community, most of it
has been through people from outside the community who grow
food for a while and then leave, taking the skills needed with
them. The current garden is operated behind the community’s
nursing station and provides food to a small portion of the
community. There are Sahttot’ine currently involved and even
more are interested, so scaling up the existing community
garden, while working to build capacity, knowledge, and interest
in the community around growing food, is important. If the
capacity to grow food already exists in the community, creating
more opportunities to learn and share this information within
the community may be a way forward. Local food production
is a key adaptation that many communities across the North
are investigating (Spring et al., 2018; Chen and Natcher, 2019)
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so there are opportunities to learn and share information
with others.

Building the food system to be more self-sufficient also does
not always have to rely on new skills and knowledge either. Many
community members mentioned that muskox are now present,
and even plentiful, in the area but are unsure of the viability
of the species as a substitute for caribou in the community
diet. Often muskox were described negatively, as competition
for caribou for food and space on the land, or the fact that
caribou dislike and avoid musk-ox, a story supported in other
NWT communities (Wesche and Chan, 2010). However, there
was some interest in trying it, mainly if it would help the caribou.
As one participant noted:

“I have a buddy from Nunavut and says the meats the
same. But if T get a chance T’ll try to get a calf there. The
meat should be nice and tender, just to try it. There are lots
of people saying that they’re all over.” ~Freddie Vital

Although there are examples of climate change creating
opportunities for other species to become important food
sources for communities in the North, these cases have involved
harvesting more of a traditionally less-harvested species (Ford
et al,, 2006a; Wenzel, 2009). Muskox, in particular, has not been
harvested much, if at all, in Délin¢ in the past, so there was
concern that there was a lack of skills to properly harvest them,
or if it was appropriate to do so, since the community had no
experience with this species. Food substitutions, therefore, may
not be culturally acceptable for some communities. However, the
community was interested in learning more, with the possibility
of talking to other communities and harvesters to bring in
this knowledge. In a sense, it would be sharing Traditional
Knowledge from other communities to aid in adaptation:
communities learning from other communities. The community
will have to decide if this is an appropriate substitution for
them®.

Many of the solutions proposed by the community involved
monitoring the lake and the resources around the lake to ensure
the entire ecosystem is healthy and protected. The basis for this
is not only the dependence on the lake for their livelihoods, but
the role that Great Bear Lake plays in community beliefs and
culture. Monitoring, it was felt, gave the community the voice as
the protectors of the lake, and the ability to assert their rights to
the land and fulfill their wish to be stewards of the lake. However,
much of the monitoring, of water quality for example, was done
by outside institutions, and participants noted that much of

3 A food processing workshop was held in 2019 to showcase different
ways of preparing and preserving different types of food. Muskox meat
was harvested and made into burgers and sausages for a community
event and proved a popular food choice. Follow up discussion are
ongoing as to how food processing infrastructure can make foods more

available in the community.
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the findings are not shared with the community. Community
members indicated the need for more participation in ongoing
monitoring initiatives but highlighted the importance for better
communication of results to the community.

“Non-Dene researchers and scientists, we need to work
together and help each other learn about the land, learn
about the animals. We know for a fact that right now the
caribou is in decline. And we have to deal with it, we have
to work with it. Not only that, but we know for a fact that
the water level is also low. So those kind of things we need
people, scientists that are knowledgeable about that to come
and work with us, and share information with us.” ~Leon
Modeste, Elder

Making the scientific knowledge more available would help
community members better understand the changes on the
land and the health of the ecosystem, and aid in adaptation
and decision making (Armitage et al., 2011; McCarthy et al,,
2011). With increasing uncertainty around the impacts of
climate change on species, such as caribou, and the realization
that some Traditional Knowledge may no longer be applicable
in the changing climate, the need to supplement traditional
ways of knowing with evidence-based decision-making through
scientific knowledge becomes critical. Participants wanted to
see scientific knowledge and studies focus on important issues
for the community and wanted to see the community also
contribute to, if not lead, this research. Research in with
the Tsa Tué Biosphere Reserve is now focusing on building
stronger relationships with researchers to support a research and
monitoring network to align with the community’s vision of
protecting Great Bear Lake.

Building a food system that is resilient to the impacts of
climate change will be a challenge to all northern communities.
By examining the food system in Déling, one can see that
multiple stresses, including climate change and other social and
cultural changes, are impacting the capitals of the food system.
The community, however, is actively adapting their food systems
in the face of climate change and has a vision for building
a more resilient food system through the building of capitals
that support the community. A detailed list of the capitals
required to build a more sustainable food system are given in
Table 2. For Déling, the emphasis has been put on building
social and cultural capitals through promoting intergenerational
knowledge transfer and emphasizing quality time together on
the land. The building of bridging and bonding social capital and
the sharing of knowledge across scales can help in the formations
of new linkages and opportunities for the food system (Levkoe,
20115 Blay-Palmer et al., 2015). As witnessed in this research,
adding new knowledge was vital to moving these community-
defined projects forward to meet the vision of the community’s
food system. Equally, there was a focus to relearn, rediscover
and share information already present in the community,
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TABLE 2 Community capitals required to build a sustainable food system in Déline.

Capital Adaptations

Social More community hunts (involving families) and time together on the land Increase communications amongst harvesters to report
conditions on the land Create relationships (outside of the community) to bring in new knowledge

Cultural Learn from past experiences and share Traditional Knowledge Language programming Promote on-the-land camps/events
when possible Engage youth and create mentorship opportunities

Natural Increased research and monitoring

Financial Resources needed to fund community-defined programs Self-government able to allocate funding to community initiatives

Political Continue to build through self-government and Biosphere Reserve Monitoring lands

Human Skills and training needed for initiatives (gardening, mapping, etc.) Promote harvester safety

Built Infrastructure and tools required programs and initiatives (gardens, etc.)

allowing the reemergence of a sustainable food system used in
the past. This does involve strengthening relationships within
the community, but also requires harnessing the community’s
cultural capital as key elements of a more sustainable food
system lie in the Traditional Knowledge of the community.
Accessing stored cultural capital to learn from the past should
be the basis for culturally acceptable adaptations (Adger et al.,
2009, 2012; Pearce et al., 2015). As communities define their food
system based on place and local circumstance (Marsden, 2012;
Blay-Palmer et al,, 2015), in the context of the CCE, it emerges
out of the capitals that are available to the community. It is,
however, cultural capital that emerges as a defining capital in
the food system in northern Canada. Cultural customs, practices
and Traditional Knowledge play a major role in these food
systems as well as in their sense of place and identity (Wilson,
2003; Cunsolo-Willox et al., 2012) and is becoming the focus of
adaptation strategies in the region (Crane, 2010; Pearce et al,
2015; Spring et al., 2018). The importance of cultural capital
is what makes the food systems here unique and is captured
within the CCF as a lens to examine the system of food systems
in Déline.

While this study represents the beginning of a participatory
action research relationship between researchers and the
community, there are limitations to this study and its findings.
First, funding timelines meant that data collection needed
to start in the initial phases of community engagement.
With no previous relationship in the community, lack of
trust and familiarity with researchers may have limited
responses to questions and overall engagement. Although the
broader research team did consist of regional and community
representatives, researchers were ultimately limited in how
much time they could spend in the community during the
course of the project. Finalizing community reports and
recommendations also felt rushed due to these time constraints.
Second, our relatively small sample size means we may not
have captured enough community voices on the impacts and
adaptions. Building relationships with the community has
been the focus of the researchers over the past few years
and so continuing the discussion about food security and
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climate change adaptation with more community members and
continuing to validate and implement this work has occurred.
However, much of the progress of this academic publication
has been slowed by the implementation of self-government in
the community of Délne, as well as by the pandemic. The
research team has worked closely with the community to ensure
that the impacts and actions presented in this study are still
relative today.

Conclusion

Climate change is a reality for northern communities and
brings changes to the land, water and animals communities
depend upon. Through a dialog with community members this
research highlighted the needs for different types of knowledge
to flow within and into the community to enhance adaptation
and secure food for the future. As traditional foods are the basis
of the preferred food system for Déling, knowledge to support
the harvesting and gathering of these foods is central to the
community’s plan moving forward. A community vision of self-
sufficiency also emerged as part of this research. Self-sufficiency,
as described by participants, involves not having to rely on
goods coming from the South, but also focusing on building
capacity in the community for people to feed themselves from
the land as they have done in the past and through new skills
such as growing food. By maintaining traditional foods as the
foundation of the community’s food system and increasing
local production or gathering of other foods, the community
envisions a future with continued access to safe, affordable and
culturally appropriate foods, meeting the criteria of community
food security (Hamm and Bellows, 2003). To achieve this goal,
however, relies on building and strengthening capitals as part
of the food system. Key to building capitals is the transfer of
knowledge, both in terms of traditional skills and knowledge
from within the community (social and cultural capitals) as well
as other types of knowledge, including education, skills, as well

as monitoring and science, from outside the community.
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In the UNESCO Tsa Tué Biosphere Reserve, there is
the opportunity to watch food sovereignty unfold. Due to
the presence of such high amounts of political capital in
the community, and thanks to self-government and the
comprehensive land claim agreement. The community is
reimagining their food system as one rooted in both their
cultural values and Traditional Knowledge and new knowledge
from outside the community. As another example of the food
politics of the possible (Blay-Palmer et al., 2015), this community
has the opportunity to shape their food system to be based
upon cultural capital and the Traditional Knowledge systems
of the people. Utilizing the CCE this research has identified
community strengths, as well as gaps in the food system and
offered insights into how to develop capitals to build resilience
into the food system. Recent work continues to examine how
the community’s high level of political capital, that is still
changing with the recent implementation of self-government,
shapes the food system as issues concerning rights to lands,
resource development and food sovereignty continue to evolve
in Canada and globally. More recent community-led research
in Tsa Tué has involved youth engagement through supporting
cultural and language programming (Bayha and Spring, 2020) as
well as assisting in the community’s vision to protect Great Bear
Lake for all time through protected area legislation, Indigenous
Guardians initiatives and research and monitoring programs.
It is hoped that through this process, the Tsa Tué Biosphere
Reserve will offer a unique case study in both northern-specific,
and contemporary food studies to share with the world.
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To advance interventions targeting malnutrition among small-scale fishing societies,
knowledge on the role played by taboos and dietary avoidances on the
consumption of fish related products becomes crucial. The article builds upon
ethnographic fieldwork (participant observation, focus groups and interviews), dietary
questionnaires (n: 112), and archival research among Coastal Endenese in Eastern
Indonesia to understand the role played by taboos and dietary preferences in
regulating intake of marine products. Moving beyond binary notions of “good” and
"bad” when considering the food-system implications of taboos, it explores how
local beliefs about illness and food shape dietary practices that can have concrete
consequences for an individual's health. Endenese consider fish as having originated
from terrestrial creatures, creating a continuous cycle of movement from land to
sea and back. Within this cosmology, food is seen as a medium that can bring
about healthy outcomes but also disease. Results emphasize the need to understand
taboos and food avoidances within the larger cosmological and religious system
but also underscore the changing nature of dietary preferences and values due to
market integration processes which may have long-term repercussions on health.
This information is key to the design of culturally sensitive dietary strategies and
alternative livelihoods approaches that seek to minimize poverty.

food, fisheries, nutrition, traditional societies, Indonesia

Introduction

Widely spread throughout the Indo-Pacific, taboos, nutritional prohibitions, and avoidances,
constitute essential elements of Indigenous cosmologies. Whether informal or formal, dietary
restrictions embody cultural institutions that regulate social interactions and delimit what
is considered normal or desirable (Forth, 2020). Food prohibitions are mostly family based
and associated with gender, with the large majority of taboos imposed on women (Vasilevski
and Carolan-Olah, 2016). Passed down from generations, taboos shape behaviors and
preferences that may have long-term consequences for the health of a population. Studied by
anthropologists, religious experts, ecologists, and public health specialists, diverse explanations
have been proposed to account for their existence (Begossi and Braga, 1992; Meyer-Rochow,
2009; Foale et al., 2011).

For example, according to social anthropologists, taboos can have protective purposes.
By curtailing the consumption of food items associated with cultural and societal norms,
they prevent illness and disasters stemming from disruptions of the cosmological order
(Malinowski, 1918; Douglas, 2002; Alaszewski, 2018). To scholars of religion and symbolism,
taboos, a subsection of ritualized prohibitions, are part of value-based avoidances that
characterize religious belief systems. These institutions reflect the complex relations between
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humans and the natural world (Durkheim and Mauss, 1967; Levi-
Strauss, 1971; Valeri, 2000). Among environmental scientists and
ecologists, because prescriptions prevent individuals from extracting
and consuming specific food items, taboos have been associated with
biodiversity conservation goals (Alvard, 1998; Colding and Folke,
2001; Singhal et al., 2021).

Within public health and medical fields, taboos are considered
potential sources of malnutrition and dietary insufficiency (Ogbeide,
1974; Ekwochi et al., 2016; Kohler et al., 2018). Numerous studies
in Africa and Asia have shown that observing food taboos during
pregnancy can lead to significant health impacts for the mother
and the baby (Triratnawati et al,, 2016; Vasilevski and Carolan-
Olah, 2016; Kohler et al., 2019). Affecting the intake of key animal
and vegetable protein and micronutrient sources, prohibitions have
long-term consequences for the cognitive development, growth, and
immunological system of children, and can increase the risks of
a dangerous delivery for the mother (Iradukunda, 2020). In some
cultures, the extent of restrictions concerns entire groups of foods
such as red meat, raising questions about the rationale behind
such practices and the ultimate benefits associated with taboos
(Vasilevski and Carolan-Olah, 2016). To some extent, public health
and biomedical perspectives echo classic anthropological debates
regarding the study of food preferences and the utility of taboos. Case
studies within societies in India, Papua New Guinea, Brazil, and Iran
(Harris et al., 1966; Rappaport, 1968; Sahlins, 1985; Begossi et al.,
2004), have tried to shed light on the more concrete consequences
from avoidances, the potential advantage or ecological/material cause
for their existence, and their connection to symbolic and religious
beliefs. Failing to coalesce into a single explanation, these studies
have demonstrated that diets may manifest more than one motivation
and confound both cultural and utilitarian reasons. Because taboos,
avoidances, and prohibitions are deeply embedded in belief systems
with direct consequences for the environment a population lives in,
scholars have questioned the value of separating between different
kinds of explanation (Meyer-Rochow, 2009).

While the relationship between taboos, health, and malnutrition
continues to be a topic of interest (Kohler et al, 2018, 2019),
the systematic study of dietary avoidances, food preferences and
of their nutritional consequences among traditional societies, and
especially, on coastal groups, remains somewhat limited (but see
Begossi et al., 2004; Gibson et al, 2020, 2021). Over the past
decades, attention has grown toward the challenges faced by
Indigenous fisheries (Charles, 2012; Chuenpagdee et al., 2013). Due
to their high reliance on subsistence fishing, small-scale coastal
communities are highly vulnerable to disturbances in their food
systems that may endanger their wellbeing (Arthur et al., 2022).
Recent exposure to climate change, extreme events, overfishing,
and urban development have further implications for the survival
of millions of people that rely on fish as their main source
of nourishment (Loring et al, 2019). In fact, fish diets have
been shown to provide important amounts of animal protein,
vitamins, and key micronutrients that can significantly contribute
to food security and health (Béné et al, 2016; Hicks et al,
2019).

To advance interventions targeting malnutrition among these
societies, knowledge on the role played by taboos and dietary
avoidances on the consumption of fish related products becomes
crucial. Lack of information on how decisions are made within
fishing households in terms of diets, as well as their symbolic
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connections to disease and ill health, poses an interesting obstacle
(Gibson et al., 2020, 2021). This article proposes as its main goal
to explore how different types of prescriptions and beliefs about
the spiritual world regarding the consumption of maritime and
coastal items shape dietary practices within a small-scale fishery
in Ende, Eastern Indonesia. Experiencing some of the highest
rates of poverty, stunting, and nutritional pathologies in Indonesia,
Endenese rely heavily on subsistence fishing for their livelihood
(Anonymous, 2016; Ramenzoni, 2017; Matondang 2017). By eliciting
prohibitions and common prescriptions observed by this society,
the article emphasizes the need to understand taboos and dietary
avoidances within the larger cosmological and religious system.
As such, food-based institutions are parts of a local epistemology
of health where illnesses and maladies constitute disruptions to
a normal cosmological and societal order. Failure to apprehend
the interconnections between dietary prohibitions, illness, and the
spiritual world giving shape to a complex etiology of disease may
affect the efficacy of behavioral interventions (Triratnawati et al.,
2016). Indicating the widespread practice of food avoidance, the
article also underscores the changing nature of dietary preferences
and values which may have long-term repercussions on health,
moving beyond binary notions of “good” and “bad” when considering
the food-system implications of taboos and other prohibitions.
This information is key to the design of culturally sensitive
dietary strategies and alternative livelihoods approaches that seek to
minimize poverty. To conclude, the article discusses the importance
of identifying changes in societal trends and structural conditions to
elucidate the real factors behind dietary diversity and food security.

Background

The result of a mix between local hinterland and migrant
groups from South Sulawesi, Endenese have inhabited the regency
of Ende, in Central Flores, Eastern Indonesia, for at least 400
years (Figure 1). Known as avid seafarers, there are over 40 small-
scale fishing villages dispersed along the northern coasts of the
Savu sea. Communities are predominantly Muslim, with elaborate
syncretic beliefs and cultural practices surrounding, circumcision,
birth, and wedding ceremonies. Endenese are loosely organized
in clans, with village leaders, shamans, and Imams constituting
the main political forces at the village level. The coastal area
was organized into a sultanate from 1630s until the mid 1950s.
The sultanate exercised nominal and limited power in regulating
military activities and trade (Van Suchtelen, 1921; Needham,
1980).

Fishing is of a highly artisanal nature, with no industry
operating in the district. Endenese harvest over 100 species
of fish, including pelagic and coral species. The fish species
typically targeted are: flying fish (Exocoetidae, Cypselurus spp.),
billfish (Istiophorus, Xiphias gladius, Istiophorus platypterus), tuna
(Thunnus tonggol), skipjack (Katsuwonu pelamis), needle fish
(Belonidae, Tylosorus spp.), scad (Caesionidae), snapper (Lutjanidae,
Lutjanus spp.), and shark (Alopias spp., Charcharinus spp., and
Sphyrnidae spp.).

A household head spends between 19 and 20 days per month
fishing, and ~9 h each day. Each household includes about five to six
members, with an average of 1.5 individuals still in primary school
and reliant on their elders for food provision. A large proportion,
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Map of Ende Regency, Flores, Eastern Indonesia.

if not all, of Endenese households own their home. However, only
about half of these domestic units cultivate land in addition to fishing
growing cassava and bananas, and seasonal crops such as beans and
maize. There are virtually no other sources of income in the village
but fishing and weaving, with the latter only marginally contributing
to subsistence by the selling of sarongs. Occasionally, fishermen find
employment in construction work, but these opportunities are not
frequent. It is also common for younger sons to migrate to Malaysia
and send remittances every few months. These irregular sources of
income help families diversify their diets by including store bought
items such as rice, noodles, snacks, and sugar. There is a large market
in Ende city that is often visited by middlemen and household heads
to buy coffee, green leafy vegetables, and other agricultural produce.
Sharing represents a buffering strategy among households to reduce
food insecurity and meet nutritional needs. Items commonly shared
include fish and grown produce.

In terms of human well-being, recent studies in Ende regency
have shown that <10% of families participating in the government
program “ Healthy Family”, which includes about 4,700 family
units, can be considered healthy (PPSDM, 2018). The index includes
measures such as immunizations, sanitation, access to health services,
monitoring, and medication. In what concerns disease incidence
and prevalence rates for non-infectious pathologies, hypertension,
diabetes, gastrointestinal issues such as ulcers, gastritis, acid reflux,
and intestinal blockages, along with gout and kidney stones exhibit
high values in the regency (Anonymous, 2016). Morbidities have a
strong connection to diets and water quality. High levels of diarrhea
(about 411/1,000 cases in Anonymous, 2016), malnourishment, and
stunting constitute critical problems in Ende, and the larger Nusa
Tenggara Timur Province (NTT; Anonymous, 2018). About 13.5%
of children under 5 months of age were born with low weight
in 2017 (Saleh et al.,, 2020), and 14% of all infants in 2020 were
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malnourished (BPSKE, 2022). Insufficiency in the intake of omega-3
fatty acids and chronic energy deficiency among pregnant mothers
have been found in 61,5% of the population sampled (Saleh et al.,
2019, 2020). Staggering rates of poverty also place the Nusa Tenggara
province as one of the poorest in the whole country (Jotzo et al,
2009; Matondang, 2017). It has been estimated that one-fifth of
the population of NTT, and close to 27 % of its children, are
among the poorest of the poor (Anonymous, 2022). In Ende, poverty
predominates in the rural segments reaching 25% of households
(BPSKE, 2022). Thus, out of a population estimated around 280,000,
close to 67,000 people live below the poverty line. The latter was
placed at Indonesia Rupiah 14,277 per person per day in 2021 or at
about one U.S. dollar (BPSKE, 2022). Due to poverty and precarious
living conditions, NTT has become a place for slave work and human
trafficking (Anonymous, 2021). These issues, in combination with
infant mortality, and lack of economic development, suggest the
urgency of developing nutritional interventions (Jotzo et al., 2009;
Triratnawati et al., 2016; BPSKE, 2022). In the past decades, efforts
have been made at the provincial level to increase the consumption
of animal protein, and particularly, fish products. Unfortunately, the
absence of industrial facilities that may allow for the processing and
refrigeration of seafood limits capacity. While both the regional and
local governments have encouraged an increase in marine landings,
there is scarce support for long-term development of the fisheries
and some issues of potential overfishing have been observed by the
communities (Ramenzoni, 2017).

Methods

The main methods for this study include participant observation,
focus groups, interviews, and surveys with fishing household heads
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in four villages of Ende, Flores, Indonesia. Fieldwork data was
complemented with additional conversations with key informants
in village health centers, with official statistical reports from the
regency, and with archival research. Statistical reports were collected
over multiple field seasons from the Statistical Bureau of Ende,
(Badan Pusat Statistik Ende or BPS), the Ende Regency Fishing
Commission (Dinas Kelautan dan Perikanan or DKP), and the
Health Services Office (Dinas Kesehatan, Diskes). Interviews and
archival research were carried out from May until August 2009,
from November 2010 until January 2011, and from June 2011 until
January 2013. Additional trips were carried out in 2019 and 2020
to Jakarta, and 2022 to Ende to further validate findings. During
the beginning of the main fieldwork phase in 2010-2011, three
exploratory focus groups including three to six participants were
conducted in the village of Arubara to elicit information about food
security, consumption patterns, favorite foods, access and availability
of key food items, prohibitions and avoidances, and health and
illnesses associated with food. Focus groups were not recorded, and
fieldnotes were collected by the main researcher. In 2011, 35 semi-
structured interviews were carried out with household heads to
further explore food consumption, dietary preferences, prescriptions
or practices of food avoidance, taboo obligations, the individuals
to whom such prohibitions applied, and their causes. A total of 12
of these exploratory conversations recorded with previous consent
from participants. In late 2011 to 2012a survey of food frequency,
dietary diversity, and common illnesses. Exhaustive sampling was
conducted in 3 smaller subdivisions of Ipy (RT 06, 02, and 01)
and the village of Rendo Rate Rua, Pulau Ende. A total of 112
household heads which relied on fishing to meet subsistence needs,
were interviewed to assess frequency of seafood consumption by
seasons (wet and dry) and during the month of Ramadan. Further
interviews with key informants (n: 15) were conducted to assess
dietary prohibitions in childbirth and pregnancy. Consent was
obtained from these interlocutors, interviewed household heads, and
village leaders to discuss ceremonies and ceremonial principles while
interviews took place. Information about ceremonies, as presented
in this manuscript, combine findings from interviews as well as
participant observation. Additional information about consumption
was obtained by regularly weighing portions and special food
items with a digital nutritional scale in two households during 3
months of fieldwork (March through May 2012). In 2019 and 2020
trips to Jakarta, the researcher obtained additional archival and
statistical information which is generally accessible to the public and
discussed findings with academic colleagues and non-governmental
organizations. During 2022, a final trip allowed the researcher
to visit previously interviewed households to validate findings in
relation to avoidances and formal taboos, identify modifications
or new inclusions of items in diets, and discuss aid programs.
Finally, the researcher consulted academic and institutional partners,
including local government officers, regarding the prevalence of
issues related to stunting and nutritional deficiencies. In 2011 and
2012, two Indonesian field assistants helped the main author with
data collection and translation while conducting their own master-
level research on other topics related to fisheries and patronage. The
main author supervised both students in their projects, developed
protocols, and carried out measurements in the field. The field
assistants participated in interviews and surveys along with the main
author. Data collected for this article was transcribed and analyzed by
the lead researcher.
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Results

Diet characterization

Based on nutritional observations and surveys, an average
Endenese household consumes two full meals a day, lunch and
dinner (see Table 1). In some cases, like among lactating or pregnant
women, leftovers from previous days are consumed for breakfast
constituting a third meal. Morning and afternoon snacks consisting
of tea or coffee with three spoons of sugar, and fried bread or biscuits
are also frequently eaten. As measured during fieldwork, a meal
usually consists of +/- 150 g of rice and/or cassava, cooked vegetables
including papaya or manioc leaves, water spinach, or tomatoes, and a
small portion of fish. Measured fish portions, excluding bones and
large scales for larger fish, are about 150-300¢g per individual per
meal, with an average observed intake of 225 g a day (0-600 g total).
Noodles or a fried egg are used as substitutes for protein when fish
is not available. Fish are commonly fried in coconut oil with a paste
of garlic and red onion, and black pepper, salt, and turmeric used for
seasoning. They can also be grilled or chopped into small parts and
cooked in a coconut sauce. Boiled or fried leafy vegetables, red beans,
eggplant, or calabash may be added to the sauce. All preparations are
often accompanied by small peppers, either ground and sprinkled on
top or incorporated into the meal during the cooking process (see
Table 2). In all, total intake of kcal per day is somewhere between
2,100 and 1,600, with observations matching district level figures

TABLE 1 Example of daily consumption.

Daily consumption Energetic value

Rice 158 g (2 plates) 205 kcal
Fish grouper 120 g (2 portions) 142 keal
Sambal (tomato, garlic, onion, etc.) 324 kcal
Fish sauce (100 g) 35 keal
Santan (coconut shredded) 120 kcal
Coconut oil for cooking (2 spoons) 234 kcal

1 Cassava root (408 g) 653 kcal
Coffee (2 cups) and sugar (8 spoons) 145 keal
Total 1,858 kcal

TABLE 2 Frequency of food consumption by item type.

Meats, vegetables, and fruits Frequency of

consumption

1. Cassava or manioc (Manihot utilissima); rice
(Oryza sativa), chili peppers, red onions garlic,
tomato (in small portions as condiment); tea,
coffee.

Daily.

2. Coconuts and bananas. Fried bread and cakes of | 2 times a week.

rice or maize flour.

3. Manioc and papaya leaves, water spinach, 1 or 2 times a week.

breadfruit, spinach, eggplant, pumpkins, noodles.

4. Mango, papaya, guava and pineapple; occasional
maize and beans.

Seasonal (~60 days)

5. Red and white meats (cow, chicken and goats).
Milk (condensed) and butter.

In festivities. Yearly.
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(BPSKE, 2022). Seafood is the main source of animal protein. Per
capita intake of marine products among fishing households can be
anywhere between 750g and 1.8kg a week, with consumption of
seafood 5-6 times on average per week during the dry season. In
the wet “Monsoon” season, per capita intake is 450 g to 1.2kg a
week, and seafood is on average consumed 3-4 times per week.
The fish most frequently eaten are smaller tuna (“kembung”, genus
Rastrelliger) and scad (“kolo”, Decapterus macrosoma), with other
species availability varying according to the month of the year (see
Table 3).

Although respondents indicated that fish is consumed daily
whenever possible, they also indicated that depending on landing
sizes bigger fish are sold to the market to higher profits. Direct-
to-market species included red snapper, big tunas, marlin, rays,
or sailfish. To substitute the larger captures, household heads
would buy smaller size (and cheaper) fish such as sardines or
pieces of bigger fish such as tuna. The consumption of marine
products decreases dramatically in the full moon or during the
Monsoon storms when fishing activity declines and prices rise.
Restrictions in the consumption of fish by women by skipping
meals or reducing portions to prioritize the nutritional sufficiency
of children in the household are also observed then (Gibson
et al, 2020, 2021). In all, ecological and economic conditions
explain why a large proportion of the diet is characterized
by carbohydrates (manioc, tubers, and rice), highly processed
foods (noodles) or items of low nutritional value (snacks). Dry
salted fish are also used as replacement for fresh seafood,
becoming increasingly popular in hinterland villages throughout
the island.

Among the most significant findings are issues related to food
security, a topic to be further explored in future research activities.
Discussing the Household Food Insecurity Access Scale and the
Food Insecurity Experience Scale (Coates et al., 2007; FAO, 2022)
during the exploratory focus groups and interviews, respondents
indicated that their main difficulty was not related to hunger or
scarcity but was related to “always eating the same” or “being
bored with sardines”. Preliminary results suggest issues with dietary
variation and the access to healthy alternatives when fish was
not available.

Findings were corroborated in 2022; follow up visits indicated
no significant introduction of new items in the diet. Electricity
reached villages in 2019 and has become accessible to all households
for the duration of the day. However, given the costs of domestic

TABLE 3 Frequency of consumption of marine products.

10.3389/fsufs.2023.977694

appliances only a couple of homes possess a refrigerator. Changes
in electricity have not resulted in the inclusion of items such
as dairy nor in the increased consumption of perishable items.
Even so, in order to capture a potential dietary transition and
assess changes in nutritional health, more research is being planned
with support from Indonesian sponsors to take place in the
upcoming years.

Avoidances, taboos, and prescriptions

Endenese recognize two major types of dietary prohibitions:
taboos and avoidances. Of the first one, the term “piré” is used
in Endenese to designate a taboo. There are three sorts of
taboos: Clan, family, and individually based, all of which will
be briefly discussed below. Regarding the second type of dietary
prohibitions, avoidances, there is no term within the Endenese
language that refers to them. Avoidances, representing a generalized
and widespread set of abstentions, are spoken of as behaviors
or practices that are simply not done. Within Islamic beliefs,
the terms “haram” or “halal” are used to denote prohibitions
related to the consumption of red meat, blood, and particular
animals such as pigs and dogs. These terms were not employed
during conversations to account for other dietary avoidances
and were not used to designate taboos. It should be said that,
beyond general avoidances there is no encompassing set of
taboos that applies homogeneously to every household among this
population. Because coastal Endenese are a combination of Bajau
and Bugis groups intermarrying with local Lio families, variation
in taboos reflects the family of origin and the village from which
ancestors emigrated.

General avoidances

These constitute, by far, the most common and adhered to
prohibitions by the coastal Endenese. There are 7 different species
groups which are not consumed: whales, dugongs, sea cucumbers,
eels, snakes and snake-like fish, soles or flounder fish, and some
coral fish such as pufferfish (Tetraodontidae family). Explanations
for these avoidances are predominantly related to issues of flavor
and taste, but also include beliefs about the abnormal morphology,
physiology, and behavior of these species. Because of its high liquid
and fatty content, whale meat is not considered tasty and is very

72% 12% 5% 0% 11% 0% 43% Daily

18% 16% 7% 4% 24% 0% 19% 2-3 times a week

4% 9% 20% 5% 29% 2% 9% Weekly

4% 34% 34% 30% 25% 29% 10% 1-2 times per month
0% 0% 10% 20% 1% 8% 3% >4 times a year

2% 26% 18% 30% 11% 55% 16% No consumption

0% 3% 5% 9% 0% 4% 1% Taboo

*Indicates seasonal consumption.
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difficult to prepare and cook. Interviewees indicated aversion given
the resemblance of whales tissue to terrestrial mammals, including
humans. Disgust was also associated to eels and snake-like fish
such as needlefish (family Belonidae), hardtail (family Trichuiridae),
and halfbeak (family Hemiramphidae), because of their oily texture,
slithering movement, and oblong shape. An equal feeling of rejection
was extended to flatfishes, which are considered “dirty fish” for they
feed on debris and garbage. There are some cues that suggest that
some of these avoidances, especially related to whales, snakes, and
dugongs, may respond to foundational creation stories as reported by
early colonial officers who visited the area (Roos, 1877; Van Suchtelen,
1921). However, they were not mentioned by interviewees at the
time that nutritional surveys were conducted. Suggesting changes
in traditional knowledge, more research needs to be carried out to
clarify this aspect. Most significantly, all avoidances were of marine
or coastal origin, as it will be discussed below.

Clan and family based taboos: Endenese
cosmology

Unlike avoidances, clan and family-based taboos vary according
to family origin and household, making their number lower. In
fact, findings from surveys showed that taboos were present in
close to 38% of the sample while avoidances are generalized to the
whole population. In addition, the connection between taboos and
family of origin refers to the migration of Buginese groups from
South Sulawesi to Ende, a process that has reduced significantly
nowadays. In the present, it does not suggest a different economic
status, only a particular ethnic identity affiliation with a migrant clan.
Taboo prohibitions are distinguished here based on the origin of
the element that they apply to, with a special focus on discussing
marine and coastal organisms as these are the ones subject to
conservation concerns.

Representing a wide set of vegetal and animal groups, taboos of
terrestrial species included water buffaloes, domestic fowl, ginger,
beans, lemongrass, eggplant, and opo squash. They have a key
significance for farming households among the coastal Endenese of
Lio descent, with findings mimicking what has been established for
nearby groups (Forth, 2020). On the other hand, marine species
comprised billfish, sharks, octopus, squids, dolphins, and some coral
fish like the surgeon fish (Balistidae family). The most frequently
tabooed species group was that of billfish (Istiophoridae family)
found in ten households. Sharks and octopus were the second
largest taboo, with six and five households, respectively, reporting
prohibitions. It should be said that the largest number of taboos
was family-based, and prohibitions only applied to women. Taboos
were acquired by marrying into a different clan, a less preferred
type of marriage but the most prevalent nowadays. According to
coastal Endenese descent principles, taboos became intergeneration
impositions to be adopted by the new wife and not transmitted from
mother to daughter, only from mother-in-law to daughter-in-law.
Taboos were irrevocably acquired by the new bride upon relocation
to a new patrilineal group, and if not followed they would ultimately
result in death and misfortune. On the other hand, clan-based
prohibitions were only found in two cases, indicating institutions
that apply to the whole lineage. The result of breaking a taboo may
produce skin infections and rashes, blisters or boils, breast pain,
gastrointestinal diseases but also death. For instance, consumption
of surgeon fish by pregnant women it is said to make the heads
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of the children itchy if eaten during pregnancy and immediately
after labor (see below). Although varying according to each family,
the way to lift an offense may require ceremonial offerings to the
ancestors. Such ceremonies are supposed to appease the angry spirit
and point to the rich symbolic beliefs tied to prohibitions. Along
with numerous legends and stories, the existence of taboos in Ende is
closely connected to the notion that ancestors were or became marine
animals or that animals may have helped and guarded the ancestors
at some primordial time. In both cases, the animal associated with
the ancestor is regarded as sacred. It must not be eaten, it must be
looked after, and it must be treated with respect. For instance, among
the billfish group, the swordfish (Xiphias Gladius) was considered the
king of the ocean. Upon capture, it was to be released immediately
and not disturbed. Explanations about familiarity or kinship were
offered in the case of sharks and dolphins, where eating their meat
equated to eating human meat.

Created by Allah, Endenese believe that all marine creatures
originate in earthly beings. For example, elongated species such as
needlefish and eels, are said to come from snakes; blowfish and
pufferfish from porcupines; and fish with whiskers from rats and
rodents. Endenese see the similarity between terrestrial and maritime
animals’ physiognomy and behavior as a sign of their common
source. For example, in the case of a coral fish known as “take”, it
moves in the same way as the gecko, it burrows and hides in the
ground when being pursued, and it is of a similar reddish orange
color. The common land origin for all creatures can be glimpsed in
the resemblance between the behavior of humans and animals. The
displacement of terrestrial animals to sea, like fishers do every day, is
a regular event stirred by their search for food.

In addition to the transfiguration of terrestrial animals
into maritime ones, Endenese legends and stories refer to the
metamorphosis of humans into fish. In these mythical stories the
encounter with a sacred being and the breaching of a prescription
is signaled as the foundational element for the transformation of a
human into a marine creature. For example, a woman is transformed
to a manatee after consuming eggs that were taboo, or a woman is
kidnapped by the swordfish and becomes a fish. The significance
of fish and marine creatures is also perceived in a foundational
narrative. After the sinking the island of origin of the Endenese
(Ramenzoni, in press), it is said that those who did not manage to
escape turned into fish. Marine creatures helped the ancestors of
some clans to reach safety and to establish their current abode.

Dietary prohibitions during pregnancy and
childbirth

During pregnancy or at the beginning of labor, Endenese families
with connections to Bugis ancestors often follow a set of dietary
prescriptions known as “mujé”. According to this institution, new
mothers are forbidden from eating rice and certain types of fish
which may include sharks, surgeon fish, red snapper, or snakehead
fish. The prohibition may occur during pregnancy, at the start of
labor, and can extend several days after delivery. To prevent the
mother-to-be from ingesting rice the whole household, usually other
women, is forbidden from cooking it. If in the process of eating
the mother drops a grain of rice it would be interpreted as a sign
of misfortune and her child may die. When prohibitions are not
respected, the child may suffer speech related pathologies or result
in mental impairments.
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While not all Endenese families follow mujo, there are a
collection of prohibitions that are often respected during pregnancy.
In general, restrictions about marine animals such as coral fish or
red meat fish such as big tuna are related to beliefs about side
effects of consuming certain organisms based on their qualities and
morphology. For example, certain kinds of fish due to their presence
of spines can endanger the pregnancy and the neonate. In terms
of fruits and vegetables, women are discouraged from consuming
durian, pineapple, and ginger for they may cause heat and lead to
miscarriage (Triratnawati et al., 2016). Informal recommendations
include abstention from cold beverages, sugarcane, and even certain
weeds. Other prescriptions can extend to types of food based on their
appearance, such as things that may look like a branch or may mirror
the shape of a snake like a yam (Fernandez, 1990). These are said to
make delivery more difficult.

To lift the taboos associated with mujo a formal ceremony
is needed. Conducted among close kin and neighbors, special
customary prayers would be uttered, and gifts given for the health
of the baby. At the ceremony, the new mother is now allowed to eat
yellow rice and fish. Once again, the fall of a single grain of rice may
indicate danger, impairment, or death. A second larger ceremony
would take place 40 days after the birth and when the baby is 6 or 7
months old. In these occasions, along with prayers the new parents
would make offerings including rice and up to 44 different types
of fruits.

Personal taboos and diseases

Along with avoidances, personal-based prohibition that pertain
to the whole familiar group are the most frequently found within
the sample with ~45% of homes reporting at least one. These types
of taboos are set idiosyncratically by household heads and usually
respond to medical concerns such as hypertension, gout, or strokes.
The highest item on the list of personal taboos was eggs. This was
not surprising as most households reported having egg allergies (see
Forth, 2020). Other personal taboos are associated with dry fish due
to its high content of salt, noodles, and specific vegetables or fruits
such as pineapple and papayas. As part of the survey, about one
third of respondents also reported a list of different health complaints
encompassing high blood pressure, strokes, diabetes, gout, kidney
stones, parasites, gastritis, diarrhea, and skin infections. Prevalence
for these diseases matched information reported from the local health
office at the time.

Food, spirit intermediation, and Endenese
epistemology of health

Among the Endenese, food constitutes the medium for
establishing a relationship among different families and between
humans and the spirits. In the first instance, the initiation of wedding
ceremonies is marked by the drinking of hot water (“minu ae petu”),
when, for the first time, the families of the bride and the groom
and members from both clans come together. The formal marriage
is followed by a large feast including halal goat and chicken, with
everybody in the village invited to partake. During parties, financial
help is requested from others through the expression “koru kesa anga”
which translates to the exhortation “add to the pot”. Commensality
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is also essential to ceremonies such as circumcisions and funerals,
during collective work, and on the eve of fishing expeditions to
complement prayers. Within this logic, the kitchen is perceived by
Endenese as the place of providence or good fortune. Embodying the
main source of sustenance, ashes from the hearth are used during
rituals accompanying the first launching of a boat and sprinkled on
fishing gear. It is believed that if the fire of a kitchen dies while the
fisher is at sea, death is certain. Therefore, it is carefully tended to
every night by women.

Combining the importance of the family kitchen with the sacred
role of food, to placate the wrath, to obtain permission, or to extend
gratitude, food offerings accompanied by hearth ashes are made to
the ancestors and other supernatural beings. Spirits may respond
back by granting favors or facilitating blessings from God. Fish are
caught with the intermediation of marine spirits who teach humans
the proper ways of fishing, effectively establishing an association
among humans and the supernatural through the transmutation of
fish into food.

However, the spirits may also use food to bewitch the incautious,
a tactic that is employed by witches and sorcerers to poison their
victims. An Endenese advice given to newcomers and children is
captured in the sentence “jangan makan sembarangan” (do not
eat random foods). It is believed that common food stuffs such
as coconuts, tea, coffee, or bananas when offered in the house of
a witch or when found randomly on the side of the road can
become the vehicle for a magical attack. Spirits also use “fake”
supernatural banquets and feasts, and gifts of food to trap their
victims into stupefaction. Those that partake of the items offered
would experience all the signs of a stroke, including slurred speech
and paralysis. To a large extent, if not all, gastrointestinal diseases
along with some chronic illnesses and their symptoms are considered
by the Endenese to be caused by witchcraft hexes (“ru’u”). For
example, intestinal blockage, a hard stomach, high fever, diarrhea
(“nemba”), headache, heartburn, epigastrium pain, gastritis, and
difficulty in intestinal movements are common signs of being cursed.
Other signs like bruises (“penda pate” or red mark), neck or muscular
pain, motor impairments, and afflictions that may turn the skin red
or itchy can also be explained by the actions of a witch. Finally,
issues with oral health such as teeth pain or mouth sores can
also reflect maleficent spells. According to interviews, evil witches
use their power to feed on the intestines of their victim from the
inside out in a process that lasts 3 nights and 3 days. For instance,
accompanying the tiredness and exhaustion that overcomes the
sufferer is the feeling of pain in the stomach during sleep. Explained
as the feeling of the insides being torn, this mortal disease is known
as “nande” and there is no modern medical cure for it. Another
mortal disease is associated with pain in the epigastrium (“dhuso
mata” or “usu mata”) and the transformation and resemblance of the
internal tissue to palm fibers. It should be observed that witchcraft
or spiritual diseases are considered to be “man-made” (“ata tau”).
Jealousy and envy of what others possess are what inspires a witch’s
attack. Disrespect of the ancestors and transgressions of taboos make
spirits angry. Thus, while there are illnesses that are the result
of neglect or not looking after oneself, those brought about by
magical or supernatural elements are ultimately caused by humans.
Looking into this complex disease etymology, in its final section,
the article will discuss the need to integrate Endenese epistemology
of health into current efforts seeking to address malnutrition and
dietary insufficiencies.
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Discussion

As the previous results have shown, Endenese have a complex
cosmology that connects avoidances, taboos, and dietary restrictions,
to witchcraft and the world of the spirits, and to ill health and
gastrointestinal diseases. This cosmology underlines the existence
of human-animal-supernatural interactions and reflects Endenese
beliefs about the origin of life. Even when some of the meanings
behind institutions, rituals, and norms have morphed or disappeared
over time, and while not all dietary prescriptions reflect origin
stories but issues of preference, essential cosmological notions
are still respected (Ramenzoni, 2017). This can be seen in the
existence of generalized avoidances among the whole group,
the presence of taboos among 38% of interviewed households,
and the observance of special prohibitions set individually or
determined by life stages such as those followed during pregnancy.
In the case of taboos, dietary prescriptions are examples of an
intricate pattern of social relations between tabooed species and
particular families, lineages, or clans. Relations may be of a
positive nature involving common kinship, fosterage, and reciprocity,
and reflect transfiguration from animals to humans. Prohibitions
help maintain cosmological order and secure prosperity for the
family and the health of individuals. On the other hand, the
breaching of norms associated with taboos may bring injury to
the ancestors, creating an imbalance that spreads danger and
disease. Because of what is at stake, they continue to be respected
and upheld.

Most significantly, findings from surveys and interviews
underscore the existence of broad-scale avoidances based on flavor,
taste, and disgust. Generalized avoidances are applied to whales,
dugongs, and certain kinds of coral fish, all animals that challenge
cultural and “common-sense” expectations of what constitutes a
normal process of cooking and eating marine foodstuffs. In addition
to preference-based abstentions, results also indicate that families
rarely use larger size species such as snapper, grouper, or large
tunas in their preparations becoming de-facto avoidances. Discussed
in interviews, households that depend on fishing for their living
progressively consume lesser amounts of fish and increasingly
rely in highly processed food stuffs. The reasons behind lack of
consumption are to be found in market demand and the ability
to replace economically valuable species by cheaper alternatives.
Yet, with the exclusion of whales, the absence of consumption of
certain items does not indicate that they are not being harvested for
other ends.

The significance of avoidances and personal prescriptions suggest
the need to assess how cultural and personal values interact with
decisions about nutrition and resource exploitation within local
households. Issues of taste, gentrification of marine products, and
local perceptions about what is normal or what is healthy in
shaping diets are key determinants of diets among this population,
a fact that is probably similar among other coastal societies. But,
excluding studies about marine megafauna (Barnes 1997; Mazzoldi
et al, 2019), few scholars have explicitly covered these more
nuanced dimensions pertaining to the value of seafood among
coastal populations, actual fish products consumption, and the role
played by economic markets (Cai and Leung, 2022). A growing
body of work regarding processes of expansion in rural fisheries,
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however, can be found among developing countries (Salehe et al.,
2017; Orire and Elijah, 2019). Trends in consumption indicate that
preferences for fish products are significantly affected by socio-
demographic factors including age, marital status, education levels,
occupation, and place of residence (Wenaty, 2018). As fish is
increasingly promoted as an essential source of micronutrients
and proteins, the processes of commodification and market
integration of artisanal producers has led to increasing prices and
changes in dietary patterns (Loring et al., 2019; Arthur et al,
2022).

Finally, a third key finding from surveys is the importance
of personal taboos which are based on medical concerns and
individual preferences. This group of prescriptions includes an
important source of animal protein such as eggs, and provides
critical information about morbidities among Endenese families.
Reported during interviews, personal taboos are seen as alternatives
to biomedical treatments by poor households which cannot afford the
long-term cost of medications.

In all, within Endenese cosmology, food constitutes an essential
medium through which positive and negative dynamics play out.
These dynamics, being of an economic, cultural, or moral nature,
emphasize the importance of studying systems of representation
surrounding dietary practices and food preparation in their own
terms. Because food can also be a vessel of manipulation, where either
human or supernatural spirits can utilize foodstuff to trap souls and
bring about death. Illness and disease are closely related to diets
and consumption behaviors. As seen in results, a large proportion
of the pathologies that this community experiences are associated
with gastrointestinal complaints. Despite widespread efforts by the
UN in 2005 and 2006, given the precarity of many households
in terms of resources, technology to store food, and access to
clean water, diarrhea and poor nutrition continue to lead mortality
among children (Anonymous, 2016). Endenese beliefs and practices
surrounding food and disease mirror what has been discovered
in other regions of Eastern Indonesia (Hasan and Suwarni, 2012;
Fowler, 2016; Pauwelussen, 2021). Because most complaints are the
result of witchcraft and black magic for which biomedical treatments
are ineffective, local shamans and midwives are usually consulted
first. When traditional medicine fails, patients reach health facilities
in an acute state, reinforcing the belief that doctors often make
the situation worse (Triratnawati et al., 2016). The perception that
modern medicine is only good for certain things, such as dealing with
headaches, colds, or backpain, continues to be prevalent.

Considering the efforts undertaken by Indonesia to improve
food security and nutrition, information about food preferences and
the etiology of gastrointestinal diseases is essential to government
programs that seek to enact behavioral changes in resource
consumption (Hasan and Suwarni, 2012; Triratnawati et al., 2016).
With the goal of increasing success, intervention projects in Ende
should consider the engagement of a wider set of local actors such
as local middlemen, market vendors, shamans, and midwives not
only to increase involvement and compliance, but also to address
what are concrete needs of the population. Thus, in a port-town like
Ende, the exploration of the motivations behind the consumption
of seafood, the elicitation of nutritional trade-offs created by market
opportunities, and the understanding the actual mechanisms that
mediate a household’s resource use are also key components to
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support behavioral change. Among current needs, no less important
is the understanding of the close relation between disease and food
as well as the characteristics and steps associated with traditional
treatments and local medicines. Moving beyond binary notions of
“good” and “bad” when considering the biomedical implications
of taboos and other avoidances within a certain food-system is a
much-needed stage in this process.

The key seems to rely in the creation of culturally sensitive
programs that can improve households’ nutritional well-being and
health not just by eliminating what are seen as outdated or irrational
institutions, but by formulating a true participatory and genuine co-
management partnership to construct new consensus. For example,
several community-based participatory research applications in the
food-systems policy world have provided important insights in
the development and promotion of healthy community practices
(Zerafati-Shoae et al., 2020). Inclusion of communities not only
provides a powerful strategy toward securing consistency and
permanency in the adoption of policies, but also works as a
mechanism in eliciting and diminishing what are perceived as
“dietary-related” health disparities associated with environmental
and cultural factors. These disparities can avoid detection when
complex socio-cultural frames of interpretation are required to
understand the dynamics of exclusion and marginalization through
which inequalities operate. Short-term intervention programs or
initiatives that rely on rapid appraisal mechanisms to unpack
societal and cultural determinants may not be adept at recording
or identifying such interactions (Walker et al., 2010). With both
practitioners and communities engaging in an equal capacity in the
identification, selection, and planning of a research agenda, local
needs and opportunities can become center in the formulation of
an intervention framework (Breckwich Vasquez et al., 2007). The
inclusion of a diversity of actors—not just community leaders but
also minority groups and underserved sectors of the population—
results in a richer characterization of what it means to be healthy,
along with the singling out of the possibilities and the constraints
that limit policies. As studies have shown, most community
participatory approaches have only been able to involve actors
in a limited capacity, mostly concentrating in the empowerment
of the population and not in securing its full and maintained
participation in the decision-making processes that are the basis of
successful policy change (Zerafati-Shoae et al., 2020). Collaborative
consensus building through dialogue, the support of organization as
well as engagement efforts with appropriate budgets, the inclusion
of incentives, trust-building, and the recognition that cultural and
societal representations in their own term must be a part of any
behavioral training program are but a few of the elements that can
result in meaningful change.

Conclusion

Without a fine-grain understanding of local epistemologies of
health and the role played by structural inequalities, nutritional
policies and intervention mechanisms will fail (Anderson et al,
2003; Alvesson et al, 2013; Diaz-Cruz, 2019). Efforts that do
not consider avoidances, taboos, and the diverse set of dietary
prohibitions, beliefs, and possibilities that determine dietary
choices in order to guide health programs targeting nutritional
insufficiencies will struggle to achieve long-term relevance. This is
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so as choosing between incorporating a foreign practice or item
into the diet, Endenese households may refer to economical or
available solutions that have been proven effective in the past
with partial rates of adoption of new treatments (Triratnawati
et al., 2016). Furthermore, stigmatization and characterization by
biomedical models of intervention of what are seen as the only
alternatives under the rubric of “bad” practices will further alienate
participants. Social scientists can help public health practitioners
by working alongside community leaders in identifying local value
systems, in eliciting the complex nature of socioeconomic structural
factors behind health disparities and households’ decisions, and
by building new collaborations across all parties that are inclusive
and respectful.
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A growing body of research seeks to measure the nutritional contributions of
agrobiodiversity to the diets of small-scale farming households. While such
articles frequently base analysis on nutritional surveys, particularly using 24-h
dietary recall methods, there is as-yet little critical analysis of the benefits
and drawbacks of 24-h recalls for assessing the nutritional contributions of
agrobiodiversity, or for evaluating the biodiversity conservation implications
of particular dietary patterns. The current article draws from mixed-methods
research conducted in Cochabamba, Bolivia, between 2011 and 2015. Methods
included both ethnographic research and a two-season, household-level survey
of 414 households, distributed across a rural-urban gradient between urban
Cochabamba and the rural municipality of Colomi. The survey included a 24-h
“culinary recall,” recording specific ingredients used to prepare foods, including
variety-level information for key crops in the region. Results demonstrate that
native crops play an important role in household diets, accounting for around a
third of calories reported at the household level, and as much as 57% of caloric
availability in the most remote agricultural communities. However, a fine-
grained examination of the data shows that nearly a third of all calories reported
are provided by potatoes and their derivatives; no other native, improved, or
Andeanized crop accounted for more than 1.53% of reported calories. Using
ethnographic data, the paper considers reasons for the lack of representation of
other crops in dietary recall methods, including the difficulties of capturing the
consumption of crops that are seasonal, or consumed as specialty foods under
specific circumstances. Drawing from these observations, the paper argues that
assessing the importance of local consumption as a driver of agrobiodiversity
conservation requires methods that are better attuned to cultural and seasonally
driven consumption practices.

agrobiodiversity, Bolivia, food security, nutrition, mixed methods, ethnography, dietary
recall surveys
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Introduction

In the past decade, the relationship between agrobiodiversity
conservation and human food security and nutrition (FSN) has
received a great deal of scholarly attention. The emerging body of
research on this topic assesses the extent to which agricultural
biodiversity—that is, the wide array of varieties of native and
traditional crops, under-utilized species, or wild and gathered foods—
contributes to food security and/or nutritional adequacy. Broadly
speaking, researchers have found a positive association between
agrobiodiversity cultivation, harvesting, or consumption and various
measures of food security (Ekesa et al., 2009; Powell et al., 2011, 2015;
Scurrah et al,, 2011; Berti and Jones, 2013; Ickowitz et al., 2014; Jones,
2014, 2017; Jones et al., 2014, 2018; Remans et al., 2014; Keleman
Saxena et al., 2016b; Keleman Saxena, 2017; M’Kaibi et al., 2017; Saaka
et al., 2017; Lachat et al., 2018; Luna-Gonzalez and Serensen, 2018;
Gitagia et al., 2019; Anderzén et al.,, 2020; Zimmerer et al., 2020;
Lourme-Ruiz et al., 2021). These findings suggest that with greater
agrobiodiversity there are better food and nutrition outcomes.
However, these statistically significant, positive associations are often
of relatively small magnitude (Jones, 2017), a pattern which is puzzling
to long-term observers of the field given the importance of biodiverse
crops for rural diets in many high-agrobiodiversity regions of the
world (Jones, 2017; Keleman Saxena et al., in review).

In the context of these small-magnitude observed effects, this
paper highlights some of the limitations of survey-based methods for
understanding larger questions about food security, diet, and
agrobiodiversity conservation. We report on data from household
surveys of agrobiodiversity and nutrition in the department of
Cochabamba, Bolivia, as well as data drawn from ethnographic
research on the local uses of specific crops. Early analysis of these data
demonstrated the challenge of distinguishing measurable effects of
locally cultivated agrobiodiversity on household food security and
nutrition outcomes. While initial assessments of the relationship
between child anthropometric measures and agrobiodiversity
consumption, showed a positive association between the consumption
of native crops and child height-for-age scores (HAZ) (Keleman
Saxena et al., 2016b), later analyses of a smaller sub-set of the most
reliable anthropometric data in the sample did not replicate this
association (Keleman Saxena, 2017).

The analysis reported here is a deeper exploration of the survey
data to better understand why statistically significant relationships
linking agrobiodiversity and food security and nutrition were difficult
to pinpoint. In order to answer the question of why effect-sizes were
small and/or ephemeral, we asked the question: where and to what
extent is agrobiodiversity consumption reported in this dataset at all?
To answer this question, we combined an analysis of the survey
dataset with an analysis of typical circumstances of food consumption
for specific native crops (e.g., specific elements of agrobiodiversity)
in the department of Cochabamba, Bolivia. For many such crops,
availability, access, and culturally valued consumption circumstances
are spatially and temporally patterned. A one-day survey visit may
fail to capture the moments or times of year in which these crops are
consumed, and surveys that are not purposively sited to capture
spatial variability may miss meaningful differences in diets across
localities. These spatio-temporal limitations constrain the utility of
dietary recall surveys to measure the contributions of agrobiodiversity
to household consumption.
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Our reflections on the spatio-temporal limitations of
nutritional surveys for understanding how cultivated
agrobiodiversity contributes to FSN mirror existing literature on
the spatial nuances of agrobiodiversity management. This literature
urges attention to territorial characteristics and spatial scales in
order to understand how agrobiodiversity is managed as a food-
system resource (Zimmerer, 1998, 2003; Gergel et al., 2020). While
understanding these spatial and temporal dimensions may seem a
minor, technical detail, this effort aligns with intersectionality-
based approaches, in that it is an important aspect of understanding
the “everyday lived experiences, diverse knowledges and
intersecting social locations” (Hankivsky et al., 2014, p. 1). These
findings also highlight some of the shortcomings of reductionist
approaches to generating knowledge about food systems. While
survey design often aims to collect data on highly specific
constructs that can be measured precisely and analyzed with
frequentist statistics, such measurements may not advance
understanding of how systems (in this case, the social-ecological
systems of agrobiodiversity-as-food) fit together and function
(Meadows, 1999; Zhang et al, 2018). We expand on these
observations in the discussion and conclusions, providing some
suggestions on how field-based methods might be amended to
make survey-based research more useful for the study of

agrobiodiversity within larger food systems.

Background

Household survey methodologies in
agrobiodiversity research

Agrobiodiversity and FSN are both multifaceted, complex
concepts. Methods to measure them in real-world contexts generally
rely on variables which reduce this complexity (Keleman Saxena et al.,
in review). For example, food security is usually defined as availability,
access, utilization, and stability in time (Barrett, 2010), which can
be operationalized in household- or individual-level survey questions
assessing the extent to which individuals experience these conditions.
Nutritional adequacy is operationalized by asking questions about
household- or individual-level intake, comparing reported foods
recommended intake of particular nutrients, especially micronutrients
(Scurrah etal., 2011; Lachat et al., 2018). Dietary diversity, a measure
of the number of food groups consumed, is also frequently used in this
arena as a proxy for dietary quality (Ickowitz et al.,, 2014; Powell et al,,
2017; Gergel et al., 2020).

Like food security, agrobiodiversity also encompasses a broad
definition. The Food and Agriculture Organization (FAO) has
characterized agrobiodiversity as:

... the variety and variability of animals, plants, and micro-
organisms on earth that are important to food and agriculture
which result from the interaction between the environment,
genetic resources and the management systems and practices used
by people. It takes into account not only genetic, species and agro-
ecosystem diversity and the different ways land and water
resources are used for production, but also cultural diversity,
which influences human interactions at all levels.... It comprises
the diversity of genetic resources (varieties, breeds, etc.) and
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species used directly or indirectly for food and agriculture.... for
the production of food, fodder, fibre, fuel and pharmaceuticals,
the diversity of species that support production (soil biota,
pollinators, predators, etc.) and those in the wider environment
that support agro-ecosystems (agricultural, pastoral, forest and
aquatic), as well as the diversity of the agro-ecosystems themselves
(Food and Agriculture Organization of the United Nations, 1999).

Studies examining the relationships linking agrobiodiversity and
food security usually choose discreet, easily measurable parts of
this definition, and assess these in relationship to household
FSN. Frequently, the measure used is species diversity, whether
referring to diversity cultivated on-farm (Scurrah et al., 2011; Jones,
2014), diversity of crops consumed in the diet (Powell et al., 2015,
2017; Keleman Saxena, 2017), or diversity of crops in the larger food
system (Remans et al., 2014).

Because data on these variables is frequently captured using
surveys at the household or individual levels, understanding the
limitations of survey-based data collection is important for
advancing this field. In public health nutrition, dietary recall
surveys are a common approach for recording a wide variety of
foods consumed, usually relying on asking a respondent to freely
list all of the foods they have eaten over a defined prior period (e.g.,
24h) (Gibson, 2022). Food frequency questionnaires, which ask
individuals to report the frequency with which they consume foods
on a pre-determined list, are also used to help generate measures of
dietary diversity (Gibson, 2022). While these measurements are
primarily designed to estimate the likelihood of an individual’s diet
achieving nutritional adequacy, they can also be analyzed in
conjunction with measures of agrobiodiversity (e.g., on-farm
species richness or variety richness) to assess the relationships
linking agrobiodiversity and FSN.

The challenges to using survey-based measurement for
understanding the overlap between agrobiodiversity and FSN have
been addressed in the existing literature. For example, observers have
argued that dietary diversity, as an assessment of dietary quality, is a
better measurement than macro- or micro-nutrient intake for
understanding the contributions of biodiversity to FSN (Berti and
Jones, 2013; High Level Panel of Experts (HLPE), 2017). Similarly,
Berti (2015) highlights an important difference in the way that
agricultural analysts count types of food when referring to production
diversity (e.g., by crop species), versus what nutrition scientists refer
to when they discuss dietary diversity (e.g., number of food
groups consumed).

The present article extends these discussions of survey
methodology by demonstrating how survey design (e.g., via
timing of data collection, and the degree of varietal and species-
level data elicited by questions) may also influence results and
their interpretation. The research reported below uses caloric
contribution of individual foods as a core measure for comparing
across food types. Because macronutrient reference values are
available for a wide variety of crops, this measure allows for
species-level (and, to a limited extent, intra-species level)
differentiation of crop types. Inter- and intra-species diversity are
important measures for agrobiodiversity conservation (especially
in potatoes), and aid in understanding temporal patterning of
food consumption. However, a calorie-based approach also has
important limitations, including the extent to which it may
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over-weight the nutritional importance of starchy crops while
under-weighting other nutrient-rich vegetable foods. We consider
these limitations in the discussion section.

Study site: Cochabamba, Bolivia

The research described here was carried out in 2012-2014 in the
department of Cochabamba, Bolivia. The department is located on
the Eastern slope of the mid-altitude Andes (further details below).
This region of Bolivia was chosen as a research site because of the
extent to which it exemplifies a paradox in the relationships linking
agrobiodiversity and FSN. Bolivia is, from one perspective,
agriculturally rich, being a center of origin and diversity for many
crop species (Vavilov, 1926; Sauer, 1969). However, from another
perspective, the country has historically been among the world’s most
disadvantaged, especially in terms of poverty and child malnutrition.
Bolivia’s 2008 DHS survey reported that 30.5% of children under 5 in
Cochabamba suffered from stunting (HAZ <-2SD), a figure three
points higher than the national average of 27.1% (Coa and
Ochoa, 2009).!

Due to its topography, Bolivia presents wide variability in
agroecological contexts. On the acutely angled slopes of the Andes, a
short linear distance may host a wide variety of climatic conditions,
as well as variability in soil types. These conditions also vary
seasonally (between wet and dry seasons), and daily (with
temperatures fluctuating widely between night and day). This leads
to spatial and temporal variability in what kinds of food crops will
grow, and when they are harvested. The spatial distribution of
agriculture in the Andes has been developed over long time-periods
to allow farmers to take advantage of these patterns (Murra, 1985;
Zimmerer, 1996; Skarbg, 2014).

There is also patterned variability in the social availability of food
in this region. The Andes have long been known for a thriving culture
of food exchange (Larson et al., 1995; Larson, 1998). In the larger
valley of Cochabamba, during the time of research, most markets did
not meet daily; rather vendors attended local markets on one or two
set days each week. Products available in markets varied seasonally,
with locally cultivated crops present in greater abundance, and at
lower prices, close to the harvest season. While non-perishable or
processed foods may also travel to these markets over longer
distances, the regularity of food supply is often disrupted by, for
example, mudslides, transport strikes, or political protest. Such
disruptions amplify variation in prices and availability of products,
both nationally produced and imported. Hence market availability of
food responds to seasonal, spatial, and temporal patterning, as well
as stochastic events.

The data and analysis we report here are part of a larger project
which aimed to understand the relationships liking agrobiodiversity
to food security and food culture using a mixture of qualitative,

1 Of note, there has been a marked improvement in these conditions since
the time that this data was collected. In children under age 5, Bolivia's 2016
Demographic and Health Survey found a national average prevalence of 20.3%
of chronic undernutrition, and a prevalence of 18.5% in Cochabamba (Instituto
Nacional de Estadistica Bolivia, 2017 ).
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quantitative, and ethnographic methods. This paper reports
specifically on data gathered via (a) surveys, and (b) ethnographic
research (participant observation). Readers may refer to other
publications (Keleman Saxena et al., 2016a,b; Keleman Saxena, 2017)
for a description of the larger project.

Materials and methods
Study sites

Research took place in the rural municipality of Colomi and the
departmental capital, the city of Cochabamba. Research sites spanned
a distance of 86km on the national highway and covered an
altitudinal range of 2,200-4,200 masl, including the sub-tropical
Yungas, the inter-Andean valleys, and high-altitude puna ecoregions.
Within this area, nine research sites were purposively selected to
represent a range of altitudinal, ecological, and market factors.
Altitudinally, sites included an urban area of the city of Cochabamba,
located in an inter-Andean valley ecoregion at around 2,700 masl;
and multiple rural sites in Colomi, including three sites in the high-
altitude puna, located between 3,600 and 4,200m; three sites in
Colomi’s lowland puna, located at 3,200-3,300 m on a valley floor;
and two sites in the Yungas, located around 2,200m (Figure 1 and
Table 1). To the extent possible, sites within ecoregions were picked
to vary distance from markets and roads.

Prior informed consent

IRB Approval for both qualitative and quantitative research
methods was obtained from Yale University’s IRB (Protocol
#1107008769). Additionally, approval for survey research was granted
by the ethics committee of the Universidad Mayor de San Simén. Prior
informed consent was secured verbally from all study participants
before collecting data via either quantitative or qualitative methods,
using approved consent scripts translated into Spanish and/or
Quechua, corresponding to research participants’ preferred language.

West East

High Puna(rural)
4200masl

Low Puna

(rural/urbanizing)
3200masl
Cochabamba
(urban) .
2700masl Sub-Tropics (rural)
2200masl
Villa Tunari (Amazon floo
~400 masl|
FIGURE 1

Altitudinal schematic of study sites. The diagram should be read as if
the viewer were looking at the Andes in cross-section, standing to
the south of the sites in the diagram and looking toward the north.
Figure adapted from Keleman Saxena et al. (2016a).
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Ethnographic research

Primary ethnographic fieldwork was carried out by the first
author over a two-year period (June 2012-July 2014). This was
preceded by short visits in 2010 and 2011, and followed by an
additional visit in 2015. During this time, the first author undertook
participant observation in the nine study communities, as well as in
larger public spaces in the surrounding region and in the city of
Cochabamba. Participant observation included taking part in food-
related events (e.g., farming and food preparation activities, as well as
attending fairs and festivals) and making careful observations in food-
related spaces (e.g., restaurants, food stalls, open-air markets,
supermarkets etc.) in both the urban and rural areas. Over the course
of fieldwork, the first author spoke in depth with farmers, household
food preparers, chefs, agronomists, NGO workers, and casual
observers about the role that agrobiodiversity played in food security
and food culture in the region.

The first author additionally observed how food products
moved across transport networks linking rural and urban spaces,
and under what conditions. Transport-related observations took
place during the course of 1-2-h journeys from the city of
Cochabamba to field sites in Colomi, which the first author made
at a weekly and sometimes daily frequency during main periods of
fieldwork. When using public transport, these trips often departed
from Cochabamba’s major market center, la Cancha, and arrived at
the major market site in the town of Colomi. Because public
transport was also often used by small-scale vendors to transport
goods for sale, it was possible for the first author to observe and take
notes during these journeys.

These observations were recorded in ethnographic field notes and,
in some cases, in voice-recorded interviews, which were later
transcribed. Field notes and transcriptions were managed in Atlas T1,
and specific data relevant to the timing of agrobiodiversity
consumption were extracted for the current article. Ethnographic data
reported in the present article were cross-checked with the second
author, a Cochabamba-based agrobiodiversity researcher who is a
lifelong resident of the region.

Household survey

A panel survey was conducted in two periods: the months
following the planting season in Colomi (November-December of
2013), and following the harvest (May-July 2014). As the larger
project examined the role of agrobiodiversity in child nutritional
health, recruitment targeted households with children under the age
of 5. Households were recruited via community-meetings facilitated
by local organizations, or by door-to-door knocking (see Table 1).
Up-to-date list of households with young children were not readily
available, and hence survey-takers used these methods to recruit
households until all eligible households had been contacted or were
determined to be unreachable.

Survey data was collected from female heads of household or
primary food preparers. When neither the female household head nor
the primary food preparer was present, data was collected from
another individual (usually female) with detailed knowledge of the
food that had been prepared in the household the day before
the survey.
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TABLE 1 Survey sites, site characteristics, and recruitment.
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Site name Ecoregion Market/Road  Characteristics Household recruitment

proximity

OTB La Urban Proximate Low-income area, relatively recently urbanized, located in Parents of children enrolled in local

Tamborada the southern zone of Cochabamba preschools (R1, R2); Preschools and period

of annual checkups at local hospital (R2)

Linde High puna Distant Small town comprised of a handful of families; practices Community meeting called by partnering
livestock husbandry (sheep, llama); 1-2h drive from either NGO (R1); Community meeting and door-
Colomi or Cochabamba on dirt/cobblestone roads to-door visits (R2)

Pisly High puna Distant High altitude town on the border of the municipalities of Community meeting called by partnering
Colomi and Sacaba; practices livestock husbandry (sheep, NGO (R2); Community meeting and door-
llama); 1-2h drive from either Colomi or Cochabamba on to-door visits (R2)
dirt/cobblestone roads.

Pico Central High puna Distant Located in a moist, high-altitude valley; steeply sloped fields; | Regular meeting of local farmers’

90 min drive from Cochabamba or 30 min drive from organization (sindicato) and door-to-door
Colomi on dirt/cobblestone roads; road access often cut off visits (R1, R2)
in rainy season

Toncoli (Istand | Low puna Proximate/ Located on the border of the Corani reservoir and proximate | Community meeting called by partnering

2nd) Intermediate to the municipal seat of Colomi; flat lands with relatively NGO (R1); door-to-door visits (R2)
warmer climate, suitable for barley cultivation; many
households keep dairy cows

1a Candelaria Low puna Intermediate Located on the northern end of the Corani reservoir; Site of | Community meeting called by partnering
regional high school, but has no weekly market; Known for NGO (R1); door-to-door visits (R2)
high diversity of potato cultivation

2a Candelaria Low puna Intermediate Proximate to 1a Candelaria, shares similar characteristics but | Community meeting called by partnering
houses are farther removed from the main road NGO (R1); door-to-door visits (R2)

Paracti Subtropics Intermediate Subtropical town on the border of the municipalities of Community meeting called by partnering
Colomi and Villa Tunari; spans both sides of the national NGO (R1); door-to-door visits (R2)
highway; some households practice trout farming

Corani Pampa Subtropics Distant Subtropical town at approximately 1h’s distance from the Community meeting called by partnering
national highway by cobblestone/dirt road; populated largely = NGO and local health post (R1); door-to-
by colonos (colonists) arrived from highland regions since door visits (R2)
the early 2000s; some trout farming and tourism; locoto
cultivation is the major economic activity; no weekly market

Note that R1 refers to survey round 1 (post-planting 2013), and R2 refers to survey round 2 (post-harvest 2014).

Survey team composition and training

Surveys were carried out by a 10-person team led by the first
author. The survey team consisted primarily of upper-level students in
the Universidad Mayor de San Simén (UMSS) nutrition degree
program, but also included individuals with training in agronomy and
sociolinguistics. Survey-takers were chosen for their language
capabilities, in particular the ability to speak Quechua. Prior to
fieldwork, survey-takers completed multi-day trainings to familiarize
themselves with the motivations, content, and format of the survey; to
understand prior informed consent practices; and to practice asking
and recording survey questions.

Survey instrument

The survey instrument was designed to collect data on multiple
variables potentially contributing to food security/nutrition.
Specifically, the survey covered: (a) survey respondent individual
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characteristics; (b) household demographic characteristics; (c) market
access/proximity; (d) household wealth and expenditure; (e)
government/NGO influence; (f) health and recent infections; (g)
household food security; (d) culinary/dietary recall. The survey
instrument was reviewed by a bilingual Quechua-Spanish speaker, and
Quechua translations of all questions were added to the survey,
generating a bilingual survey format. Surveys were administered in
the language of primary fluency of the survey respondent, either
Spanish or Quechua.

Full methods were published previously in Keleman Saxena
(2017). The data reported here are primarily drawn from the culinary/
dietary recall. A 24-h “culinary recall,” capturing all dishes prepared
in the household the day prior to the survey was administered. This
recall was designed to record variety-level identity of locally produced
ingredients, as well as the origin of those foods (market vs. home-
produced vs. barter). Respondents were asked to report consumption
amounts with reference to either a set of plates and cups (including
small, medium, and large sizes), similar to those used locally, or a set
of styrofoam balls (of a range of sizes), chosen to represent the shape
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and volume of unprocessed/uncooked food ingredients. The purpose
of using these props was to provide a visual reference of food/
ingredient volumes that would be more meaningful to respondents
than abstract quantities (e.g., “100g”). The volumes of these plates/
balls were measured prior to fieldwork, and were converted to metric
volumes of prepared foods or ingredients after the survey was
enumerated. The number of individuals consuming each meal
(including any guests or missing household members) was also
recorded. These data were supplemented with questions about food or
drink consumed away from home. Instructions for replicating
culinary recall methods are included as Supplementary material.

Data entry and cleaning

Survey data were entered into an excel spreadsheet by research
assistants who were also members of the survey team. Survey data
were checked for accuracy, and errors were corrected.

Data analysis: designating crop types and
computing caloric contributions

In consultation with an agronomist trained in local genetic
resource management, and outside sources where necessary,
ingredients named in the survey were classified as processed, native,
Andeanized, introduced, improved, unknown, or animal/meat.
Table 2 describes these categories and gives examples of crops and
foods belonging to each. Of note, these categories were built to
correspond as closely as possible to ethnobotanical origin, also taking
into account to the seed system characteristics of each crop/food.
However, the resulting groupings do not correspond directly to
meaningful nutritional categories (e.g., food groups), which
demonstrates the challenges of overlapping the definitions used in
ethnobotany, crop-breeding, and nutrition. A very small number of
recalls (99, or less than one-tenth of 1% of the total number) were left
uncategorized, either because the named ingredient could not
be clearly associated to a crop species, or because the respondent had
named a dish without identifying the ingredients.

Subsequently, researchers generated a table of nutritional values
for each type of ingredient named drawing data primarily from the
software Nutrisurvey (Erhardt, 2007), and specifically from the
programs databases for Latin America. Values were also sourced from
the searchable database of nutritional composition of the Fundacién
Universitaria Iberoamericana,? the USDA’s Food Data Central,® and
the Bolivian Government’s Sistema Administrativo de Alimentacién
(SISADAL). Where necessary, these data were supplemented with
information from other sources, including: the nutritional information
on the labels of commonly named purchased ingredients; nutritional
data associated with web-based recipes for common Bolivian foods
(e.g., buiuelos; see Lynn, n.d.) and popular references for individual
ingredients not available in other databases (e.g., an article on the
seasoning ajino-moto from the website caloriecount.com, now

2 www CDHWDOS\C\CH’WHUU\C\Oﬂa[ com

3 fdc.nal.usda.gov

Frontiers in Sustainable Food Systems

10.3389/fsufs.2023.1000735

verywellfit.com). Using this table as a database, the volumes of
reported ingredients were used to calculate caloric values for each
instance in which an ingredient was mentioned in household-
level surveys.

Data analysis: household demographics
and caloric availability

The survey collected data from 414 households. After cleaning,
the data were divided into three datasets: a cross-sectional dataset
of households and children surveyed only in 2013 (N=106
households); a cross-sectional dataset of households and children
surveyed only in 2014 (N=150 households); and a longitudinal
dataset of households and children surveyed in both periods
(N =158 households). The characteristics of these datasets are
summarized in Figure 2.

Initial analyses, which focused on anthropometry (reported in
Keleman Saxena et al., 2016b; Keleman Saxena, 2017) prioritized the
longitudinal sample which was again narrowed to 117 households to
eliminate households for which child anthropometric measurements
required additional verification. This longitudinal sample was used to
summarize basic demographic data about survey respondents and
their households, and was also used for household-level dietary
analysis. At the household level, we calculated the caloric contributions
of key crop species and crop types (e.g., native vs. Andeanized) to
household caloric availability. (Note that caloric availability is not the
same as caloric intake, which would require an individual-level
measure.) We also assessed each crop type’s contribution to caloric
availability varied across seasons, and by region of residence.
Descriptive statistics were generated using Microsoft Excel and
inferential statistics (paired-sample t-test and analysis of variance)
were generated using SPSS (V23).

Data analysis: caloric contributions of
agrobiodiversity

To understand the broader contributions of agrobiodiversity to
regional diets, the average caloric contribution of specific named
ingredients was calculated for each household in the longitudinal
sample, and averaged within ecoregion. The top contributors by
ecoregion were then ranked, and lists of the top 15 crops by caloric
contribution for each region were generated. These lists were
dominated by potatoes and processed foods (see data below), leading
the researchers to ask: to what extent did other native crops appear in
the dataset?

To answer this question, the sample was again widened to include
all ingredients listed by all 414 households in dietary recall surveys.
This resulted in a total of 10,926 individual ingredient recalls in the
two survey years (see Figure 2). These are reported for the full sample,
and are also broken down by year/season of survey (2013 post-
planting and 2014 post-harvest), and by sub-set of the household
sample (cross-sectional vs. longitudinal. The number of times an
individual ingredient was mentioned by any household was summed,
and estimates were made of each ingredient’s contribution to total
caloric availability across the 414-hh sample. Descriptive statistics of
ingredient recalls were generated using Microsoft Excel.
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TABLE 2 Categories of ingredient-type with examples.

10.3389/fsufs.2023.1000735

Category | Description Examples

Native Crops indigenous or authoctonous to Bolivia; generally propagated as farmer- Farmers’ varieties of potato (Solanum sp.) not subject to formal
saved (non-certified) seed or tubers. breeding (e.g., papa qollyu, papa imilla); oca (Oxalis tuberosa); tarwi

(Lupinus mutabilis); achojcha (Cyclanthera pedata); papalisa (Ullucus
tuberosa); maize (Zea mays); locoto pepers (Capsicum pubescens);
among others.

Andeanized Andeanized (andinizado) is a term used locally for crops that were introduced to | Fava beans (Vicia fava; fresh or dried); wheat (Triticum sp.); barley
the Andes in the early period of European-American contact, and have adapted (Hordeum vulgare); onion (Allium cepa); peas (Pisum sativum)
to grow well at high altitudes (Tejada Campos, 2008; Neito and Estrella, 2011).

Generally propagated from farmer-saved seed or tubers.

Introduced Crops originating in other world regions and propagated as hybrid or certified Carrot (Daucus carota); rice (Oryza sativa); cauliflower (Brassica

seed oleracea var. botrytis); broccoli (B. oleracea var. italica); spinach
(Spinacia oleracea); beets (Beta vulgaris subsp. vulgaris); bananas
(Musa sp.); radishes (Raphanus sativus)

Improved Crops or varieties obtained by formal breeding, with germplasm historically Formally improved potato varieties (e.g., Toralapa, Doble H,
originating in Bolivia or to the Americas. Certified seed or tubers widely Holandesa; Solanum tuberosum); pimetén peppers (Capsicum annum).
available in study site.

Processed Packaged commercial foods, or home-produced foods composed of a number of | Oil; noodles; bread; buiuelo (fritters); flour; soft drinks; cookies; salty
ingredients, and not primarily based in locally farmed raw materials. snacks; spices, seasonings, and condiments

Animal/Meat Any products of animal origin Meat; fish; eggs; cheese; milk

Native, Improved, and Andeanized categories also include prepared or preserved foods using these crops as primary ingredients.

Results

Study population: demographic
characteristics

Table 3 provides a description of the longitudinal sub-sample of the
surveyed population. Average household size was 5.97 people in the
pre-harvest (2013) season, and 5.64 in the post-harvest season. In the
three rural ecoregions, the number of reported household members was
larger in the pre-harvest (e.g., planting) season than in the post-harvest
season. This trend was reversed in the urban sites, consistent with a
pattern of seasonal rural-urban migration. 79.4% of the households
responding to the survey classified themselves as “agricultural” whereas
the remainder did not. However, this self-classification varied by site,
with 84.8-100.0% of households identifying agriculture as a main activity
in the rural sites, and only 22% identifying as such in the urban site.

Household food preparers interviewed were, almost without
exception, female (data not shown). The average interview respondent
age was 30.7 years (+8.67 years). Interviewees had completed an average
of 5.42years of school (£3.91years), with a higher completion rate
(8.0+4.10years) in the urban site. Eighty eight percent of the interviewees
reported that Quechua was their first language, with a maximum of
100% of respondents giving this answer in rural sites, and a low-end
value of 61.1% of respondents giving this answer in the urban site. The
second most common primary language was Spanish, and a few
respondents (N=3) spoke Aymara as a first language (Table 3).

Survey research: how does agrobiodiversity
contribute to caloric availability?

Mean contributions of each crop category to caloric availability
by year are shown in Table 4. On average, within the longitudinal
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survey sample, approximately one third of reported calories
originated from Native crops, accounting for 30.3% (£23.7) of
caloric availability in the post-planting season and 32.3% (+24.2)
in the post-harvest season. Processed foods were of similar caloric
importance, accounting for 35.3% (+19.8) of post-planting season
calories and 28.3% (+14.9) of post-harvest season calories.
Introduced crops also made important contributions to caloric
availability, accounting for 16.2% (+14.5) and 18.0% (£15.9) of
calories reported in the post-planting and post-harvest seasons,
respectively. Andeanized and improved crops accounted for a
smaller percentage of caloric availability (>7%). Meat or other
animal products accounted for 9.8% of calories available in each
season. The standard deviations from these averages are large,
reflecting a wide variation in diets among households.

The differences in averages suggest some patterns, e.g., that the
consumption of Native and improved crops (most of which are locally
cultivated) increased in the post-harvest season, while the
consumption of processed foods was lower in the post-harvest season.
To assess the significance of these trends, we did a paired-samples
t-test. This test evaluates the differences between two measurements
from the same household, and hence was appropriate for this
longitudinal sample. The smaller contribution of processed foods to
caloric availability in the post-harvest as opposed to the post-planting
season was significant (p<0.01). No other crop categories showed a
significant difference, although the increases in caloric availability
from improved and introduced crops in the post-harvest season were
borderline significant (p=0.50 and 0.648, respectively), and the
decrease in caloric availability from Andeanized crops was also
borderline significant (p=0.667).

Patterns within these global results change when the data are
broken down regionally. Table 5 shows percent contribution of each
crop category by ecoregion. Notably, diets in the rural areas differ
significantly from those in the urban field site. This is especially
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2013 Data
Collection

2014 Data
Collection

(Post-Planting) (Post-Harvest)

106 HHs unavailable

264 HHs recruited 158 HHs repeat visit

150 New HHs
recruited

Household Dietary Recall
Datasets Datasets
Generated Generated

2013 Cross-Section
106 HHs

1656 ingredients
746966 kcal

2013:
2888 ingredients

Longitudinal Sample 1403123 keal

158 HHs 2014:

3466 ingredients
1535057 kcal

2014 Cross-Section
150 HHs

2916 ingredients
1131430 kcal

Totals:

* 414 households surveyed in two seasons
* 10,926 ingredients reported in dietary recalls
* 4,816,576 kcal reported across all surveys

FIGURE 2
Survey sample by year of recruitment and sub-sets of data.

marked in the high puna, the most remote of the study regions. Here,
foods derived from native crops made up more than half of caloric
availability, accounting for 57.4% (+21.1) in the post-planting season
and 57.3% (+18.4) in the post-harvest season. While processed foods
were the second-most important category, their caloric contribution
accounted for only 19.9% (£17.0) of calories in the post-planting
period, and 21.7% (+12.7) in the post-harvest period, which was less
than in other sites. Meat and animal products also accounted for a
lesser proportion of caloric availability than in other sites, making
up 5.2% (+6.4) of caloric availability in the post-planting season and
5.1% (+6.2) in the post-harvest season.

In the low puna, which is a primarily agricultural economy, but
better connected to transportation and markets than the high puna,
the contribution of native crops to caloric availability was also higher
than the full-sample average. Caloric availability from native crops
accounted for 34.5% (+21.3) and 39.5% (£20.0) in the post-planting
and post-harvest seasons, respectively. Processed foods accounted for
a similar proportion of caloric availability to native crops in the post-
planting season (35.9% %19.7), but in the post-harvest season they
accounted for a lesser proportion (29.2% +16.5). The proportion of
caloric availability provided by improved crops was higher in the post-
harvest season (8.2% +14.8) than in the post-planting season (3.3%
+7.4). Caloric availability from meat products was lower in the
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post-planting season (7.9% %8.7) than in the post-harvest season
(5.9% +7.1).

In the sub-tropics, where survey sites were remote but well
connected to transport, and where agriculture largely centers on the
production of locoto chile pepper as a cash crop, native crops
accounted for a lower proportion of caloric availability than in the two
other agricultural sites. Native crops accounted for 20.1% (£17.5) in
the post-planting season and 21.6% (+21.7) in the post-harvest-
season. Meanwhile, processed foods accounted for 39.0% (+18.4) of
caloric availability in the post-planting period, a proportion which
decreased to 29.5% (£13.9) in the post-harvest survey. The proportion
of calories, provided by improved crops and introduced crops
increased in the post-harvest season (from 5.8 to 10.1%, and from 21.1
to 25.4%, respectively). Caloric availability from meat or animal
products stayed close to the same, accounting for 8.3% (£9.3) in the
post-planting season and 7.9% (£9.3) in the post-harvest season.

Diets in the urban site differed markedly from the three other
survey sites, with a higher reliance on processed and animal-based
foods. In the urban site, native crops accounted for only 12.7% (+10.9)
of caloric availability in the post-planting season and 16.1% (+£16.0) in
the post-harvest season. Meanwhile, processed foods accounted for
43.1% (*18.2) of caloric availability in the post-planting season, a
figure which decreased to 30.7% (£15.1) in the post-harvest season.
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TABLE 3 Survey population characteristics, 2013 and 2014.

10.3389/fsufs.2023.1000735

Subtropics Low puna High puna
Mean N Std. Mean \| Std. Mean \| Std.
Dev. DIYVA DIE\VA

Household data
Household size
2013 5.97 115 2.23 5.31 35 1.64 6.82 39 2.36 7.10 20 2.29 4.43 21 1.50
2014 5.64 113 2.16 5.03 35 1.29 6.24 38 2.25 6.53 19 3.03 4.76 21 1.70
Agricultural household
No 22 20.6% 5 15.2% 3.0 7.9% 0.0 0.0% 14 | 77.8%
Yes 85 79.4% 28 84.8% 350 92.1% 180 | 100.0% 4 22.2%
Interviewee characteristics (2013)
Age 30.37 108 8.67 28.71 34 9.27 32.05 38 9.02 32.28 18 8.22 28.06 18 6.34
Years of
school
completed 5.42 108 3.91 6.06 34 4.42 4.42 38 3.41 3.72 18 1.71 8.00 18 4.10
Interviewee first language
Spanish 10 9.3% 4 11.8% 0 0.0% 0 0.0% 6 33.3%
Quechua 95 88.0% 29 | 85.3% 37 97.4% 18 100.0% 11| 61.1%
Other 3 2.8% 1 2.9% 1 2.6% 0 0.0% 1 5.6%

Note that total N differs from the full longitudinal sample of 117 households due to incomplete data in some surveys. For the individual-level characteristics, the total number reported
(N'=108) reflects the elimination of 9 households in which survey respondents were secondary food preparers (rather than the primary food preparer).

TABLE 4 Mean % caloric contribution by crop category (2013 and 2014).

2014 Paired
samples
t-test
N (HHs) 114 100 97
Mean (+SD) Mean (+SD) Sig.
Processed (% kcal) 35.3 (+19.8) 28.3 (+14.9) *
Native (% keal) 30.3 (+23.7) 32.3 (+24.2) 0.169
Andeanized (%
5.2 (£5.7) 4.8 (£4.9) 0.667
kcal)
Introduced (% kcal) 16.2 (£14.5) 18.0 (£15.9) 0.648
Improved (% kcal) 3.2 (x7.7) 6.4 (£12.8) 0.050
Meat/Animal (%
9.8 (£10.7) 9.8 (x11.1) 0.994
kcal)

**indicates significance at p <0.01.

Meat and other animal projects accounted for a proportion of caloric
availability 2.5-5 five times greater than in the other sites, representing
20.9% (£12.9) in the post-planting season and 24.2% (+11.4) in the
post-harvest season.

Table 5 also reports results of analyses of the statistical
significance in differences of means across the for ecoregional sites.
(These were undertaken using a one-way ANOVA, Kruskal-Wallis,
and Welch’s ANOVA, as appropriate; see Table 5 for more detail.)
Most crop categories show significant differences in percent
contribution to caloric availability among regions within each time-
period (2013 post-planting or 2014 post-harvest) at the p <0.05 or
p<0.01 levels. The exceptions are percent caloric availability from
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processed food (which did not significantly differ among regions in
the post-harvest season), percent caloric availability from introduced
crop-based foods (where differences across regions were not
significant in the post-planting period), and percent caloric
availability from Andeanized foods, where differences among regions
were not significant in either survey period.

Survey research: which native crops are
most important in local diets?

As described above, caloric contribution of all ingredients named
in dietary recalls was calculated for the longitudinal sample of
households. The contribution of each food type was averaged within
ecoregions, and food types were ranked in terms of their percentage
contribution to caloric availability. The results of this analysis are
reported in Table 6 (for the 2013 post-planting survey) and Table 7
(for the 2014 post-harvest survey).

These data describe the assemblage of foods that underpin
household consumption in the two seasons. First, one variety of
potato, Huaycha accounts for an important part of caloric intake
in the rural sites. This variety accounted for 13.5% of caloric
availability in the low-puna in 2013, and 19.7% in 2014.
Meanwhile, in the high-puna, papa Huaycha accounted for 28.8%
of caloric availability in 2013, and 21.5% in 2014. This variety also
accounted for 9.1% of caloric availability in the Yungas in 2013.
If potato is a key food security crop for this region, then papa
Huaycha might be considered a “food security variety” As
we elaborate in the ethnographic research results below, it is
substantially more cultivated compared to other varieties, and
also the most consumed.
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TABLE 5 Mean % caloric contribution by crop category and by ecoregion (2013 and 2014).

Region Subtropics
(N 2013=35; N

2014 = 32)

Mean Mean

Survey Year

Low puna
(N 2013 = 39;
N 2014 = 32)

Urban
(N 2013 = 20;
N 2014 =19)

Mean

High puna
(N 2013 =20;
N 2014 =17)

Mean Test used?

Processed (%
keal) 2013 39.0 (+18.4) 35.9 (£19.7) 19.9 (£17.0) 43.1 (£18.2) Kruskal-Wallis 0.000%*
ca
2014 29.5 (+13.9) 29.2 (£16.5) 21.7 (£12.7) 30.7 (x15.1) ANOVA 0.247
Welch’s
Native (% kcal) 2013 20.1 (x£17.5) 34.5 (£21.3) 57.4 (+21.1) 12.7 (£10.9) 0.000%*
ANOVA
2014 21.6 (£21.7) 39.5 (+£20.0) 57.3 (+18.4) 16.1 (£16.0) Kruskal-Wallis 0.000%*
Andeanized (%
keal) 2013 5.7 (£5.6) 5.9 (£6.5) 3.3 (x4.2) 4.9 (£5.7) Kruskal Wallis 0.095
ca
2014 5.5 (£5.6) 4.3 (£4.5) 4.7 (+4.5) 4.5 (£4.9) Kruskal Wallis 0.788
Introduced (%
keal) 2013 21.1 (+16.3) 12.4 (£12.1) 14.3 (£12.2) 16.9 (£15.8) Kruskal Wallis 0.106
C
2014 25.4 (£15.3) 12.1 (£14.3) 11.2 (£10.0) 21.7 (£17.8) Kruskal Wallis 0.000%*
Improved (% Welch’s
2013 5.8 (+10.5) 3.3 (17.4) 0.0 (£0.1) 1.5 (+4.4) 0.001%*
kcal) ANOVA
Welch’s
2014 10.1 (£14.6) 8.2 (£14.8) 0.2 (x£0.5) 2.9 (9.2) 0.000%*
ANOVA
Meat or animal
2013 8.3 (+9.3) 7.9 (+8.7) 5.2 (£6.4) 20.9 (£12.9) Kruskal-Wallis 0.000%
(% kcal)
2014 7.9 (£9.3) 5.9 (£7.1) 5.1 (£6.2) 24.1 (£11.4) Kruskal-Wallis 0.000%

“A requirement of a regular ANOVA is that data should be normally distributed and have equal variances. When data are not normally distributed but DO have equal variances, a Kruskall-
Wallis test can be used. When data are neither normally distributed nor have equal variances, a Welch’s ANOVA can be used. These criteria were used to choose which test to apply in each

case.
*Significant at p <0.05.
**Sjgnificant at p<0.01.

Beyond this reliance on papa Huaycha, a large proportion of the
diet, in all sites and in both seasons, is made up of a few key processed
foods: oil, noodles (both fideo and macarrén), sugar, rice, and bread
(generic and tortilla). These foods are carbohydrate-heavy, and limited
in protein. They may also be relatively micronutrient-limited, although
these limitations may be ameliorated when products are fortified,
which is mandatory for wheat flour in Bolivia, but not for maize or
rice (Food Fortification Initiative, n.d.).

Although these data do identify a few calorie-dense, starch
heavy-crops which are central to households’ diets, they also show
that in the 2014 post-harvest survey, households were relying on a
greater diversity of native and improved foods than in the 2013 post-
planting survey. This includes a greater number of potato varieties
(natives belonging to Solanum tuberosum Andigenum group, and
also improved ones; e.g., different gollyus, Yuca papa, and Qorisonqo,
in addition to Huaycha) as well as other minor tubers, like oca (Oxalis
tuberosa) and papalisa (Ullucus tuberosus). The 2014 post-harvest list
also includes crops like peanut (Arachis hypogaea) and cassava
(Manihot esculenta), which are not directly cultivated in low puna,
high puna, and urban sites, although they are grown within the
subtropical Yungas. This suggests that both local production and
regional markets are important in providing diversity to households
in the post-harvest season.

In 2013, the percentage of total caloric availability accounted for
by the top 15 crops is, across the board, greater than in 2014. This is
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especially notable for the high puna, where the top 15 foods account
for 94.3% of calories in 2013, whereas the same number of foods
accounts for only 86.6% of calories in 2014. This is consistent with a
greater diversity of foods/ingredients in the diet in the post-
harvest period.

Finally, the number of individual ingredients named in the 24-h
culinary recall varies by site. In 2013, in the Yungas, low-puna, and
valley (periphery city) sites, culinary recalls generated a list of over 90
ingredients. However, in the high puna, the culinary recall generated
a list of only 47 ingredients. This number increased by nearly 50% in
the 2014 post-harvest survey, with 66 ingredients named in the high
puna. Meanwhile, in other sites, the number of ingredients named
increased by fewer than 10 in the post-harvest period. This pattern is
consistent with greater diversity in the post-harvest season across the
board, but with the greatest effect of seasonality observed in the most
remote (highland puna) site.

If the combination of a few potato varieties, processed foods, and
some meats provides three quarters or more of the calories in the
surveyed sites, to what extent are a wider diversity of native crops
important to local diets? This question is explored in Table 8, which
reports the caloric contributions of Native, Improved, and Andeanized
crops reported in dietary recalls for the full sample of households
surveyed. This table reports all categories of crop that are significant
for agrobiodiversity conservation (but leaves out herbs, wild and
gathered crops, or teas).
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TABLE 6 Top reported ingredients by ecoregion, 2013.

Subtropics Low puna High puna
Food Type % Food Type % Food Type %
name name name
1 Rice 1 18.9% Potato (var. N 13.5% Potato (var. N 28.8% Bread P 14.3%
Huaycha) Huaycha) (generic)
2 Bread P 15.2% Qil P 9.8% Chuno N 16.6% Rice I 13.1%
(generic)
3 Potato N 13.3% Rice I 9.7% Rice I 16.2% Oil P 7.5%
(generic)
4 Noodles P 8.0% Chuno N 8.4% Potato N 6.9% Fish (var. M 5.8%
(var. fideo) (generic) Sabalo)
5 Oil P 7.7% Bread P 7.1% Bread P 5.0% Sugar P 5.7%
(generic) (generic)
6 Sugar P 4.2% Potato N 6.4% Potato (var. N 4.3% Noodles P 4.7%
(generic) imilla) (var.
marcarron)
7 Noodles P 3.2% Noodles P 4.3% Noodles (var. P 3.3% Potato (var. N 4.3%
(var. (var. marcarron) imilla)
macarron) marcarron)
8 Potato (var. IMP 2.8% Sugar P 3.9% Sugar P 3.2% Chicken M 4.2%
Rosita)
9 Chuiio N 2.6% Noodles P 3.7% Oil P 2.4% Noodles P 3.7%
(var. fideo) (var. fideo)
10 Chicken M 2.3% Cow’s milk M 3.2% Noodles (var. P 2.0% Potato N 2.9%
fideo) (generic)
11 ‘Wheat A 1.8% Fava (dried) A 3.0% Toasted N 1.7% Cow’s milk M 2.5%
maize (var.
JanKaquipa)
12 Carrot 1 1.7% Flour P 1.9% Cheese M 1.5% Boiled N 2.3%
maize
(mote)
13 Potato (var. IMP 1.5% Chicken M 1.7% Dried meat M 1.3% Sausage M 1.9%
Holandesa) (Charki)
14 Onion A 1.4% Potato (var. IMP 1.6% Beef (soft M 1.3% Boneless M 1.9%
(head) Holandesa) meat) cow’s meat
15 Egg M 1.4% Bread (var. P 1.5% Carrot I 0.8% Potato (var. N 1.8%
Tortilla) qollyu)
Cumulative % of Kcal 86.0% 79.7% 94.3% 76.6%
# of ingredients reported 91 91 47 92
(2013)

I, introduced; P, Processed; N, Native; IMP, Improved; A, Andeanized, M, Meat or other animal product.

Following the patterns described above, potato (all varieties) and
chusio (a form of freeze-dried potato, which can be made from
multiple fresh potato varieties) account for more than 30% of caloric
availability reported at the household level. This pattern holds across
all sub-sets of the survey sample, and both survey seasons. However,
only a handful of other native or Andeanized crops contribute any
more than 1% of the caloric availability reported in either period.
Maize (Zea mays) and maize-derived products accounted for 1.53%
of caloric availability; green or dried fava beans (Vicia faba)
accounted for 1.29%; and onion (Allium cepa) and carrots (Daucus
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carota) (both Andeanized crops) accounted for 1.19 and 1.13%,
respectively.

These tables underscore the relatively limited household use of
some native crops. Tarwi (Lupinus mutabilis) was reported in only
one culinary recall in the full survey period. Quinoa (Chenopodium
quinoa), an iconic crop of the Andes which is, nonetheless, not
typically grown in the survey sites, accounted for only 0.10% of
calories reported in the entire sample of households.

These data also indicate seasonality in the consumption of some
crops. For example, in the post-planting survey (2013) oca (Oxalis
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TABLE 7 Top reported ingredients by ecoregion, 2014.

Subtropics Low puna High puna
Rank Food name Type % Food Type Food Type %
name name
1 Rice 1 24.0% Papa (var. N 19.7% Potato (var. N 21.5% Rice I 16.8%
Huaycha) Huaycha)
2 Potato (var. N 9.1% Rice P 13.2% Rice I 11.9% Potato (var. N 7.4%
Huaycha) Imilla)
3 QOil P 8.8% Bread P 6.6% Potato (generic) N 7.8% Bread P 7.2%
(generic) (generic)
4 Potato (var. IMP 8.3% Sugar P 6.1% Chuno N 7.7% Bread (var. P 6.4%
Rosita) Tortilla)
5 Bread (var. P 5.5% Chuio N 4.6% Potato (var. N 7.0% Pork M 5.7%
Tortilla) Imilla)
6 Sugar P 4.8% Oil P 4.3% Sugar P 5.1% Oil P 5.0%
7 Flour P 3.0% Potato (var. IMP 4.1% Chuiio (var. N 4.5% Sugar P 4.8%
Toralapa) Tunta)
8 Chufo N 2.8% Noodle (var. P 3.1% Qil P 3.8% Yuca N 4.3%
Macarrén) (Cassava)
9 Bread (generic) P 2.5% Noodle (var. P 3.0% Potato (var. N 3.6% QOats I 2.9%
Fideo) Qollyu)
10 Noodles (var. P 2.5% Fava (dried) A 2.7% Noodles (var. P 3.5% Mutton M 2.7%
fideo) Macarrén)
11 Maize (white) N 2.2% Potato (var. N 2.7% Bread (generic) P 3.4% Potato (var. IMP 2.3%
Yuca) Holandesa)
12 Peanut N 2.0% Papa (var. IMP 2.5% Beef (soft meat) M 1.8% Beef (with M 2.3%
Qorisonqo) bone)
13 Potato (var. IMP 1.8% Oca N 2.2% Wheat A 1.7% Noodle (var. P 2.2%
Holandesa) Fideo)
14 Potato (generic) N 1.7% Chuo (var. N 1.7% Mutton M 1.7% Chicken M 2.1%
Waycha)
15 Noodles (var. P 1.4% Papalisa N 1.5% Maize powder N 1.6% Peanut N 1.8%
macarrén) (pito)
Cumulative % of Kcal 80.5% 78.1% 86.6% 73.8%
# of ingredients reported 96 99 66 84
(2014)

I, introduced; P, Processed; N, Native; IMP, Improved; A, Andeanized; M, Meat or other animal product.

tuberosa; a native tuber) accounted for only 0.10% of caloric availability
in households in the longitudinal sample, and 0.23% in the cross-
sectional sample. Meanwhile, in the 2014 post-harvest survey, it
accounted for a greater percentage of caloric availability in both the
longitudinal (1.07%) and cross-sectional (0.75%) household samples.
Likewise, the native tuber papalisa (Ullucus tuberosus) was absent from
the 2013 dietary recalls, but accounted for 0.67 and 0.49% of calories
reported in the longitudinal and cross-sectional sub-samples of the post-
harvest survey.

A similarly pronounced seasonality is evidenced in the
consumption of avocado (Persea americana) and cassava (Manihot
esculenta). Both of these crops would likely only be grown in the
lower-altitude sub-tropical site—but upon examination, the
households reporting having consumed these crops were distributed
across the ecoregions of the study, underscoring the importance of
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inter-regional trade for crops not grown locally during seasons of
high availability.

Ethnographic research: when are crops
used?

The results described above could be taken to suggest that, apart from
potatoes, this region’s agrobiodiversity is of relatively limited importance
for household diets. However, it is important to contrast these data with
ethnographically-derived understanding of how and when “minor” NTCs
are available. This section describes patterns of consumption of a selected
set of native and Andeanized crops as they are influenced by seasonal and
spatial considerations, drawing from ethnographic data. It focuses on
native and Andeanized crops that are cultivated locally in the study region
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TABLE 8 Native, improved, and Andeanized crop contributions to reported caloric availability, and ranked by contribution to full sample of dietary

recalls.
Crop name Longitudinal Cross-Sections Pooled
Sample sample
Spanish English Scientific name 2013 2014 2013 2014
Papa Potato Native and 2328% | 28.72% 26.28% 24.04% 25.66%
Solanum tuberosum improved
Chuno Chufio (freeze-dried potato) Native 7.40% 5.31% 6.30% 4.71% 5.93%
Maiz Maize Zea mays Native 2.21% 1.14% 1.49% 1.26% 1.53%
Haba Fava bean Vicia faba Andeanized 1.58% 0.87% 2.43% 0.73% 1.29%
Cebolla Onion Allium cepa Andeanized 1.26% 1.11% 1.24% 1.17% 1.19%
Zanahoria Carrot Daucus carota Andeanized 1.22% 1.02% 1.04% 1.21% 1.13%
Trigo Wheat Triticum sp. Andeanized 0.70% 0.96% 1.26% 1.06% 0.95%
Mani Peanut Arachis hypogaea Native 0.45% 1.02% 0.49% 0.83% 0.73%
Oca Oca Oxalis tuberosa Native 0.10% 1.07% 0.23% 0.75% 0.58%
Avena Oats Avena sativa Andeanized 0.25% 0.58% 0.23% 0.26% 0.36%
Papalisa Papalisa Ullucus tuberosus Native * 0.67% * 0.49% 0.33%
Yuca Cassava Manihot esculenta Native * 0.61% * 0.39% 0.28%
Tomate Tomato Solanum lycopersicum Native 0.22% 0.17% 0.21% 0.20% 0.20%
Vainita Green beans Phaseolus vulgaris Native 0.19% 0.18% 0.24% 0.18% 0.19%
Palta Avocado Persea americana Native 0.38% * 0.32% * 0.16%
Pimenton Bell pepper (fresh) Capsicum annum Improved 0.12% 0.16% 0.05% 0.14% 0.13%
Quinua Quinoa Chenopodium quinoa Native 0.14% 0.06% 0.02% 0.18% 0.10%
Pepino Cucumber Cucumis sativus Improved 0.11% 0.04% 0.11% 0.11% 0.09%
Arveja Peas Pisum sativum Andeanized 0.12% 0.03% 0.15% 0.10% 0.09%
Achojcha Achojcha Cyclanthera pedata Native 0.05% 0.07% 0.07% 0.08% 0.07%
Walusa Walusa (taro) Xanthosoma sagittifolium Native * 0.16% * * 0.05%
Manzana Apple Malus domestica Andeanized 0.15% 0.01% 0.02% * 0.05%
Cebada Barley Hordeum vulgare Andeanized * 0.01% 0.03% 0.15% 0.04%
Frijol Beans Phaseolus vulgaris Native 0.13% * * * 0.04%
Zapallo Squash (yellow-fleshed) Cucurbita maxima Native 0.06% 0.05% * 0.02% 0.04%
Locoto Locoto (chile) Capsicum pubescens Native 0.04% 0.03% 0.03% 0.02% 0.03%
Papaya Papaya Carica papaya Native 0.04% * * * 0.01%
Sandia Watermelon Citrullus lanatus Native 0.03% * * * 0.01%
Camote Sweet potato Ipomoea batatas Native * * * 0.03% 0.01%
Aji Chile (various) Capsicum spp. Native * * * 0.03% 0.01%
Tarwi Andean lupin Lupinus mutabilis Native 0.01% * * * *
Carote Squash (similar to Zucchini) Cucurbita pepo Native 0.01% * * * *
Tomate de Tree tomato Cyphomandra betacea Native #* #* * * #*
Arbol
Tumbo Tumbo (Passion fruit) Passiflora mollisima Native * * * * *
Pacay Pacay (leguminous fruit) Inga feuillei Native * * * * *
Lacayote Lacayote (squash) Cucurbita ficifolia Native * * * * *
Maracuya Maracuya (Passion fruit) Passiflora edulis Native * * * #* *
Totals 40.25% 44.04% 42.24% 38.14% 41.27%

Table does not include caloric contribution of herbs or teas (cilantro, quilquifia, cedron, jataqo, muna, perejil, arrayan; also excludes wild/gathered foods). *Indicates values reported accounted

for less than 0.00% of total calories reported for sample/period.

Frontiers in Sustainable Food Systems

202

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1000735
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Keleman Saxena et al.

TABLE 9 Summary of ethnographic findings and implications for survey

research.

Temporal patterning

Implications for
nutritional recalls

Potato Year-long availability (harvest, Question formats should
post-harvest storage, and market), = differentiate between potato
but different varieties are available species and varieties

at different times and have
different household and market
uses

Oca Seasonally available, with greater | If measuring consumption of
availability during harvest season; oca, data collection should

post-harvest storage limited; not be timed to capture post-
available year-round in markets harvest consumption and/or
storage

Papalisa Available for brief period Timing of survey must

following harvest (March/April); be precise to capture
post-harvest storage minimal; household consumption
minimal market availability
outside of harvest period

Tarwi Long post-harvest storage Surveys focusing recalls on
durability but laborious to prepare; food prepared within-
often eaten away-from-home as a household may miss away-

snack from-home consumption

Favabeans | Can be eaten fresh or dry; has long Systematic differentiation

post-harvest storage and wide between fresh and dry beans,

inter-regional market circulation; or household production vs.

available year-long but fresh most market-sourced beans, may

available following harvest season | help shed light on household
food security strategies

(vs. those which are consumed locally, but sourced primarily through
markets, like high-altitude wheat or quinoa). This section reports general
patterns which are relevant across all ecoregions surveyed. Key results are
summarized in Table 9.

Potato

Potatoes (Solanum spp.) are the main locally produced staple of
Andean diets. When local farmers were asked to describe what “food
security” meant to them, they referenced the length of time that
own-produced potatoes lasted over the course of a given year. Potatoes
and churio (a derivative of potato) account for more than 30% of
calories reported in the full survey sample. Further, a single native
variety of potato, papa Huaycha, accounted for a major proportion of
caloric availability in three of the surveyed sites. This variety can
be classified as native (i.e., not formally improved), and is widely
planted because it is suitable for both commercial and household
purposes; because it has reliable productivity across a wide altitudinal
range; because it has at least moderate resistance to diseases; and
because seed is widely available.

But despite the predominance of papa Huaycha, “potato” is far
from a monolithic category; there are two species and many different
varieties of potatoes (at least 60) cultivated in the study region, and
these are cultivated for differing culinary, cultural and market

Frontiers in Sustainable Food Systems

10.3389/fsufs.2023.1000735

purposes. For consumption, potato-producing households generally
divide potato into two categories: harinosa (floury varieties) and
aguachenta (watery varieties). Harinosa varieties are usually preferred
for home consumption, and are used in soups, or boiled to be eaten
as an accompaniment to other meals. Aguachenta varieties are
considered best for frying (e.g., making French fries), and are usually
produced primarily for the market. Papa Huaycha and Papa Imilla
(see Tables 6, 7) are harinosa varieties, whereas Papa Holandesa is an
aguachenta variety.

Harinosa varieties can include potatoes from the species Solanum
tuberosum Andigenum group, tetraploid cultivars (4x; usually round
tubers) and diploid cultivars (2x; long or oblong tubers; often somewhat
wavy). While round-shaped potato varieties, especially larger-sized
tubers (e.g., papa Huaycha), are often peeled and cut to eat in soups, or
cooked to prepare in other dishes, non-commercial native varieties (e.g.,
papa qoyllu) are often prepared by boiling with the skin on, and can
be served alongside other dishes, or carried as a self-contained meal for
fieldwork (sometimes eaten with cheese or a chile-based sauce, llajua).
Many of the non-commercial native varieties have brightly colored
(blue, red, or yellow) flesh. Some varieties (e.g., papa Pintaboca, papa
Candelero) have recently experienced increased market demand, both
for home and restaurant consumption, and for industry (e.g., the
production of purple potato chips).

Households also produce (and eat) varieties of other potato
species, including S. juzepczukii (in the puna ecoregions) and, less
commonly diploid cultivars of S. tuberosum Andigenum group
(formerly S. phureja; usually in the Yungas ecoregion). These are
produced in lesser quantities and are typically for home consumption
(not market). S. juzepczukii varieties often produce small, bitter
potatoes, which have historically been used to make churio, a freeze-
dried potato of long storage duration. The varieties formerly known
as S. phureja (papa pureja) are distinctive in that they do not have a
period of dormancy, and tubers must be replanted soon after they are
harvested, enabling multiple cycles of planting and harvest per year
(but also increasing labor requirements).

Potatoes may be available in markets throughout the year, due to
differing timings of planting and harvest in different parts of the
country. With the exception of pureja variety, the factors most
affecting how long households can live from their potato crops are
post-harvest storage conditions and how much they choose to
produce. Potatoes do not last long in storage. In high areas where low
temperatures predominate, they can be stored for about 4 months, but
usually due to the diffuse light of traditional warehouses, after
3 months the potatoes already have sprouts and are slightly dehydrated.

Because some crops are considered “minor” crops for food
security (like S. juzepczukii varieties in the puna ecoregion), and may
be more susceptible to pests and diseases due to climate change
(Gregory et al.,, 2009; Castillo and Plata, 2016; Keleman Saxena et al.,
2016a), farmers may choose to produce less of them, dedicating more
of their agricultural land and labor to producing varieties that have
reliable market and food security uses.

Oca

Oca (Oxalis tuberosa) is a tuber crop native to the Andes, which
has a sweet flavor, similar to sweet potato, and is rich in Vitamin A
(Cadima Fuentes, 2006). In Colomi, it is planted at the beginning of
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the rainy season in September—October, and is generally harvested in
the main harvest season (March-June), alongside varieties of potato.
There are no formally improved varieties of oca in Bolivia; all are
farmer-saved and vegetatively propagated.

Freshly harvested oca can be cooked similarly to potato or
vegetables, and it is often used as a component of dishes that include
many ingredients (like soup or samay). Oca can also be boiled or
roasted and be served as an accompaniment or side-dish to a meat-
based meal. However, in these forms it is usually added for texture and
flavor, but not as the meal’s basic starch.

Oca has a shelf-life of several weeks to several months, when
stored in cool dry conditions. If these conditions are not available, oca
tubers can rot, or exit dormancy and begin to sprout. To combat short
shelf-lives, oca can also be freeze-dried as chusio (like potatoes).
However, while the first author (Keleman Saxena) did observe
households preparing oca churio during fieldwork for this project, she
never observed people consuming it. This conforms to the experiences
of the second author (Cadima Fuentes), who observes that local
farmers seldom mention crops which are consumed only occasionally,
at home, or species that are grown, for example, on the edges of the
plots or between the rows of major crops.

Households usually consume farm-produced oca within a few
months of harvest, and they may sell excess production as a cash-crop.
The seasonal concentration of oca consumption is evidenced in
Table 8. In the 2013 (post-planting) survey, only 0.15% of all calories
reported across all households came from oca, whereas 0.93% of
calories reported in the post-harvest survey of 2014 came from this
crop. This more-than-five-fold increase likely reflects the greater
seasonal availability of oca in the period of the year immediately
following the harvest, vs. declining availability in later parts of the year.

Papalisa

Like oca, papalisa (Ullucus tuberosus) is a tuber native to the
Andes, planted at the beginning of the rainy season (September-
October). The main harvest period is around March/April, near the
time of the Easter holidays (semana santa in Bolivia). Papalisa does
not store well for long periods, and is not typically made into chuo.
Papalisa has not been formally improved by plant-breeders in
Bolivia, and propagative material (seed tubers) are entirely
farmer-circulated.

Papalisa is commonly made for dishes served around semana
santa, which is a major public holiday in Bolivia, as in much of Latin
America. It has a flavor similar to beets and is often used in soup- and
stew-type preparations, e.g., sajta de papalisa. Many urban migrants
return home for semana santa, and urban residents also take days off
to celebrate.

Because of this, the harvest of papalisa usually produces a large
amount at a concentrated time-period. Farmers use some of it for
home-consumption, and sell some to meet high market demand
during this holiday period. Papalisa is less readily available in
markets during the rest of the year. This is reflected in Table 8;
papalisa was absent from household culinary recalls conducted in
2013, and accounted for only 0.59% of calories reported in 2014.
Notably, neither of these surveys fell within the major period of
papalisa harvest, having been conducted in Oct-Dec 2013 and
May-July 2014.
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Tarwi

Tarwi (Lupinus mutabilis) is a protein-rich leguminous crop in the
lupin family, native to the Andes. Tarwi is a long-duration crop, both
in terms of its growing season and its storage potential. It is planted in
the main rainy season, like potatoes, and is not harvested until May-
June of the following year. The grain, like a bean, is dry and can
be stored for long periods, when protected from pests. Because of its
durability, farmers reported waiting to harvest this crop until all other
crops were out of their fields. At the time of this research, tarwi had
not been formally improved in this region, and the seed system was
entirely farmer-circulated.

Preparing tarwi for consumption requires a significant time and
water. The grains must first be boiled, like beans. After boiling, they
must be rinsed with water for a long period of time in order to remove
alkaloids that are toxic. Typically, in rural areas, this rinsing is done by
placing a container of boiled tarwi in a clean, cold stream with
running water for a period of 3-4 days, to reduce the alkaloid content.

After tarwi has been boiled and rinsed, it can be used for many
preparations, but it is most commonly served as a snack (mote).
People eat the beans one by one, popping them out of their husks with
their fingers. Though it may be consumed at home, tarwi is most often
sold in small individual portion-sized plastic bags by vendors at
roadside toll booths on the highway, and eaten as a snack while
traveling. In 2012-2014 it was much less frequently observed in
restaurants or home settings, though chefs were experimenting with
including tarwi dishes on their menus (e.g., tarwi pure). However, it
was near ubiquitous in public transport, particularly on the hour-long
route linking Cochabamba and Colomi.

The low reported level of tarwi consumption in the surveys may
reflect these consumption patterns. Survey respondents were asked to
complete the culinary recall considering the last day that they cooked
at home. While this day sometimes coincided with a day when they
also went to the market (and hence some food-away-from-home was
recorded), in most cases it did not, and hence consumption of tarwi is
likely to have been under-reported using this method.

Fava bean

Fava beans (Vicia faba, or haba in Spanish and Quechua) is a crop
originally from the Mediterranean, but considered to be “Andeanized.”
In addition to being well adapted to high-altitude cultivation, it is
thoroughly integrated in Andean cuisine, and is consumed in soups,
stewed preparations, as a side-dish, or as a snack (mote or
toasted grain).

Fava bean is planted at the end of winter—beginning of spring in
Colomi (July-September) and comes into production in the following
year (January-April). Fava bean can be prepared to eat when it is
green, or can be dried and saved to eat later in the year. Fava is a high-
producing crop and households often plant it both for home
consumption and for sale in the market. Like potato, it has a broad
market circulation in Bolivia, due to its long storage capacity (when
beans are dried), and to differing timings of production and harvest
across different regions of the country.

Fava bean is important as a food-security crop, and may
be particularly important in the post-planting season when few other
agricultural crops are available. This is evidenced by its relatively
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greater importance in the 2013 (post-planting) round of surveys
(accounting for 1.58 and 2.43% of all calories in the longitudinal and
cross-sectional samples, respectively; see Table 8), vs. the post-harvest
round (when it accounted for 0.87 and 0.73% of calories reported for
these two groups). The potential for long-term post-harvest storage as
dried beans (haba seca) may underpin this long-duration importance,
though culinary recalls did not systematically differentiate between
dried and fresh fava as an ingredient.

Discussion: nutritional survey
methodologies for agrobiodiversity
and FSN

Describing agrobiodiverse diets

The survey data reported here paints a picture of household diets
which rely heavily—although not exclusively—on Native, improved,
and Andeanized crops. This is important because this basic
characterization is not emphasized in much of the recent literature on
agrobiodiversity and FSN. Many recent studies focus on the question
of whether, all else being equal, agrobiodiversity does a better job of
producing food security outcomes than other available dietary
options. However, studies documenting the extent to which local diets
rely on agrobiodiversity to cover basic needs are less frequent. The
descriptive data presented here demonstrate that agrobiodiversity
makes an important contribution to caloric availability at the
household level for houses along a wide rural-urban gradient in
Bolivia, which is complemented by other shelf-stable processed food
options. As such, agrobiodiversity (and particularly potatoes) can
be understood as a bedrock of food availability, and hence of food
security and nutrition.

The results reported here are consistent with greater consumption
of locally cultivated foods (including native crops, improved, and
introduced) during the seasons of greatest abundance. Andeanized
crops represent an exception to this pattern, which might be explained
by the fact that many of the foods in this category, such as wheat,
barley, or dried fava beans, can be stored for long periods post-harvest.
Hence it may be that the availability of these foods is greater in the
post-planting season, relative to other crops.

The consumption patterns reported here may also reflect a more
subtle dynamic between the availability of food and the availability of
cash. For farming communities (low and high puna and sub-tropics),
the time of greatest availability of locally produced food is also an
important time of cash influx from the sale of their harvest. People
may then use this cash to buy foods they do not cultivate. This
dynamic may account for the increased consumption of improved
crops in the post-harvest season in these three regions, given that this
category includes a group of crops that are usually produced from
formally improved (and often purchased) seed, and which may not
be grown by all small-scale farmers. A similar dynamic might
be reflected in the small increase in processed food in the high puna
in the post-harvest season.

Interestingly, meat and animal-based percentage of caloric
availability decreased across the three rural sites in the post-harvest,
as compared to the post-planting seasons. Though this may seem
counter-intuitive, it is consistent with the findings of researchers in the
Peruvian Andes. Scurrah et al. (2013), found that in the lean season a
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greater proportion of the diet came from animal source foods because
the availability of other food sources was limited.

The contrast between rural and urban diets observed in this
dataset largely tracks what one might expect from the larger literature.
Writing on the “nutrition transition” suggests that with greater
concentration in urban areas, diets based on animal-source foods and
processed foods with higher fat content become more common
(Caballero and Popkin, 2002). Accordingly, in the urban survey
sample, between 50 and 68% of total caloric availability came from
animal-source and processed foods. However, the large decrease in the
percentage of calories from processed foods between the post-planting
and post-harvest surveys suggests that price and availability may
influence urban residents’ food sourcing choices. This decrease is not
countered by a proportionate increase in any other single category of
food. Rather, it appears that urban residents shifted their consumption
toward all other crop-type categories during the post-harvest period,
when there is a greater abundance of produce at lower prices.

These choices may not be a function of price alone, but also of
preference. Many of the residents of urban Cochabamba are recent
migrants from rural areas, or descendants of relatively recent rural
migrants, and continue to place cultural value on dishes made from
locally cultivated foods. For some urban consumers, these
consumption patterns may reflect what is known locally as a “nostalgia
market,” that is a continuation of consumption habits that were
developed during childhoods in rural areas, and which they continue
as a reinforcement of identity and cultural memory even while living
in urban sites.

Capturing temporal patterning in survey
methods

The survey data reported demonstrate potatoes to be the most
important (and most agrobiodiversity-rich) crop in local diets in the
study sites, including both the rural sites and the urban survey site.
Most other native and traditional crops made only minor dietary
contributions, measured in caloric terms, to local diets. However,
ethnographic data describing how locally produced foods are used
outside of the narrow frame of a 24-h recall demonstrate some
important limitations of the dietary recall dataset. Dietary recall
methods—even when carried out in repeat visits to the same
household—may miss foods that are consumed seasonally or away-
from-home. This is evidenced in the current dataset by seasonal
differences in reported consumption (e.g., for fava bean and oca); and
by limited reporting of consumption of widely available crops whose
key period of consumption does not coincide with the period of the
survey (e.g., oca, papalisa).

Hence, while dietary recall surveys may be useful to identify
which foods are consumed in high quantities in the regions, days, and
seasons of the survey, they may not be suitable for capturing locally
produced crops that are most essential for food security in different
seasons (e.g., plentiful vs. scarce) or under unexpected conditions
(e.g., bad harvest years). A follow-on implication is that in regions
prone to scarcity, 24-h recalls under “normal” conditions may
underreport “emergency” foods, which are available for consumption
when more preferred foods are scarce. In this way, dietary recalls may
be prone to underestimating the importance of agrobiodiversity as
insurance against hard times.
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Adjustments to research methods may correct for some (but not
all) of these issues. Panel (repeat-visit) surveys increase the range of
circumstances that survey respondents report, but they are expensive
and time-consuming, and single-visit household surveys are common.
Furthermore, while a single survey timed in the post-harvest season
may capture agrobiodiversity in the diet to a greater extent than a
pre-harvest survey, even this approach may miss the complex
patterning of food availability and consumption over many seasons.
That is, foods that can be easily stored for a longer period, like dried
fava beans, tarwi or chufio, may appear less important in a post-
harvest survey precisely because they are being saved for “lean”
seasons of the year.

Mixed methods research can compensate for some shortcomings
of surveys, especially when qualitative research is undertaken prior to
survey design, in order to better understand what will (and will not)
be captured if surveys are conducted at specific times of year. For
projects and research questions requiring a highly detailed quantitative
dataset, more frequent surveys (e.g., quarterly or monthly) with a
smaller population size might capture some of the temporal patterning
of agrobiodiversity consumption. However, such surveys are time
intensive, both for survey-takers and respondents. When undertaking
more frequent surveys, it would be necessary to budget adequate time
and funds for data management, and it might be appropriate to pay
interviewees for their time.

For research questions that do not require highly detailed
quantitative data, a lighter-footprint approach might combine
ethnographic work with food frequency recalls, querying the timing
of consumption of specific locally produced crops which have
demonstrated importance for food security, nutrition, or
agrobiodiversity conservation. For example, this type of approach
might help to capture data about agrobiodiversity consumption that
takes place near the times of particular festivities or festivals. Rather
than repeating large-scale surveys near all festival periods (which
might be difficult due to lack of availability of both interviewers and
survey respondents), a sub-sample of a larger survey might be chosen
to undertake short food frequency recall immediately following key
festive periods (like the Easter holidays), in order to record fluctuations
in the consumption of key crops of interest (like papalisa).

Consumption of such crops at occasional festivals (like weddings)
might be slightly more difficult to capture, but in many places these
types of festivals also cluster seasonally, and may effectively
be community-wide events. Hence qualitative work might also
identify key moments and points-of-entry (for example, interviewing
the preparers of food served at community gathering) to capture the
importance of agrobiodiversity during these moments of
festival consumption.

Another mixed-methods approach might build on the principles of
lot quality assessment sampling (or spot-checking), using a sample of
quantitative information as a base for building qualitative information.
For example, in another research project on forest-based livelihoods
(Fischer etal.,, 2023), the first author has used surveys to select households
for “stratified” semi-structured interviews. This selection takes households
that represent the “tails” of a given variable of interest (high and low
values), and then approaches these households for follow-up interviews
to provide qualitative, contextual data about the conditions that lead to
the quantitatively measured outcomes.

Finally, it is also important to consider when and whether surveys
(and the quantitative data they provide) are the best approach for
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understanding the dynamic interactions between agrobiodiversity and
food security. Qualitative research can also be designed to approach
questions about, for example, the implications of agrobiodiversity loss
for households” nutritional choices. Qualitative inquiry can provide
information on, for example, what households do to substitute key
native crops with other foods when they are not available. Researching
these choices can help to identify likely food security strategies in the
event of agrobiodiversity disappearance (e.g., replacing one crop with
another, vs. replacing agrobiodiversity with processed food), and who
is most likely to implement them. This in turn may help to project the
larger implications of food-system change, and can help to inform
food and agricultural policy in this arena.

Capturing variety-level data via culinary
recalls

While the temporal patterning of agrobiodiversity availability and
consumption presents challenges to survey methods, household-level
surveys can nonetheless be valuable for assessing the role of locally
cultivated agrobiodiversity in overall dietary patterns. This is especially
so when methods differentiate among varieties that might be counted
as a single food in a standard nutritional recall (e.g., among the
different species and varieties of potato).

The survey data reported here did this by designing survey
questions to prompt respondents to report ingredients used to make
dishes, rather than prepared foods. This differs from a standard
nutritional recall at an individual level, which might ask someone
about how many plates of a given dish (e.g., sajta de papalisa) they ate,
and would then calculate nutrient content of that dish based on
reference values (typical values for that dish). However, the
preparation of “typical” dishes can vary widely, as can the presence/
absence of specific ingredients in those dishes, depending on cost,
availability, and the preparer’s preference. Hence a “culinary recall”
(asking about food prepared at an ingredient-by-ingredient level, and
adjusting caloric availability for the number of people eating at each
meal) may be a better approach for detailed assessments of variety-
level agrobiodiversity in the diet.

A culinary recall requires some prior knowledge on the part of the
survey designer. The culinary recall format used in the current project is
shared in Supplementary material. Notably, we did not ask for variety-
level data for all types of food reported—this would not have made sense
for foods reported outside of the region. Rather, we asked for variety-level
data for crops for which there was significant agrobiodiversity (potato,
oca, etc.).

This approach is not immune to error, and relies heavily on the
knowledge and training of survey enumerators. For example, in the
data reported here, mentions of generic “potato” (vs. specific varieties
of potato) were higher in the first-round surveys (N=180 mentions;
data not shown) than in the second (N=138 mentions; data not
shown). Since there is no such thing as a generic potato, this difference
likely reflects learning on the part of the survey takers, who became
better able to prompt respondents to describe and identify specific
potato varieties in the second (2014) round of the survey, as compared
to the first.

Training for enumerators introducing them to some of the most
commonly named varieties of locally prominent species might help to
reduce this error, as might reference materials showing images of
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varietal types that enumerators and survey respondents could use for
clarification. However, given the fact that agrobiodiversity is managed
dynamically in-situ (giving the possibility that new varieties might
emerge), and that varietal names may have variable relationships with
meaningful genetic diversity (Sadiki et al., 2007), surveys of this kind
may simply always need to assume some margin of error in measuring
varietal diversity.

Units of measurement for
agrobiodiversity-as-food

Survey research in this field has emphasized the use of dietary
diversity (developed from food-group scores) as a way to better
understand the contribution of agrobiodiversity to nutrition (High
Level Panel of Experts (HLPE), 2017). There are major advantages to
this approach, including ease of survey design and implementation,
and the extent to which dietary diversity helps connect nutrition to
biodiversity at the scale of larger managed and non-managed
ecological landscapes (Powell et al., 2015; High Level Panel of Experts
(HLPE), 2017; Gergel et al., 2020). However, like standard 24-h dietary
recalls, the methods used to calculate dietary diversity scores are not
likely to provide the degree of fine-grained detail that would allow for
differentiation among closely related species of crops, or at the
sub-species (e.g., variety or landrace) level. This may be a particularly
important lacunae for research in centers of origin and diversity of
major staple crops, like potatoes, rice, maize, or wheat.

For this reason, the research reported here used caloric
contribution of specific varieties to measure the relative contributions
of field crop diversity to household diets. Macronutrient reference
values for the majority of crop species are relatively widely available,
although a focus on calories may under-value the importance of the
micronutrient contributions of agrobiodiversity, especially in
low-carbohydrate (e.g., lower calorie) foods. Even so, this approach
allows for a rough comparison of the importance of, for example,
locally cultivated tubers in households’ overall diets.

Another approach to measuring the dietary contributions of
agrobiodiversity would be to compare micronutrient values of reported
crops and varieties. However, this approach poses challenges in a
comparative framework, because different crop species and varieties are
rich in different micronutrients. Finding a positive association between
dietary species richness and micronutrient adequacy, Lachat et al. (2018)
proposed dietary species richness as a measure of food biodiversity and
nutritional quality. However, this measure may still be too broad to
capture the importance of within-species diversity, especially for Andean
diets, which rely heavily on potatoes.

Compounding this challenge, research demonstrates that within a
species or variety there may be important intra-species variability in the
availability of specific micronutrients (King and Gershoff, 1987; George
et al,, 2002; Campos et al., 2006; de Haan et al., 2010, 2012; Gabriel et al,,
2014; Sudrez et al., 2014). For example, a study comparing Iron (Fe) and
Zinc (Zn) content in native Andean potato species found significant
differences in Zn content between species and varieties, and found that
while inter-species differences in Fe were not statistically significant, the
overall range of Fe content of samples varied by a factor of 6 (ranging from
2.3 to 14.5mg/kg). Critically, the authors point out, the varieties they
analyzed all had higher levels of these two important micronutrients than
levels reported in the more widely consumed papa Huaycha, suggesting
that there is scope for improving micronutrient adequacy in the Andes by
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promoting the consumption of local potato varieties (Gabriel et al.,, 2014).
Better understanding the extent to which the consumption of
micronutrient rich species and varieties of potatoes is already influencing
nutritional adequacy in households that consume, for example, purple or
yellow-fleshed potatoes vs. white-fleshed potatoes, is an important arena
for future research linking agrobiodiversity conservation in staple crops
to household diets.

Importance for agrobiodiversity
conservation

Data gathered via nutritional surveys does have the potential to
shed light on the relationships linking agrobiodiversity and FSN, but
such data does not automatically identify how or whether the
surrounding food system supports agrobiodiversity conservation. To
answer such questions, it is important to have additional information
about, for example, the history of plant breeding in the region; major
subsistence and market uses of key food crops; and how these crops
move from farm to market to table. For such analysis, differentiation
at the sub-species (varietal level) may be critical, especially in systems
where different varieties have different nutritional and economic
values, differing market outlets, and differing culinary uses.

The data on potato varieties presented here offer an example. To
understand diet as a driver of agrobiodiversity conservation in this
region of Bolivia, it is significant that formal improvement of potato
varieties has not led to a differentiation between “commodified” and
“non-commodified” seed in the same way as in other crops. Potato is
a vegetatively propagated crop, and farmers typically save their seed
tubers from year to year, although they may periodically refresh
propagative material (especially if viruses have been introduced). The
most widely cultivated variety in Colomi, Papa Huaycha, has not
undergone formal improvement, and while many other widely
cultivated varieties in the region have had some formal improvement,
and the line between “native” and “improved” varieties is not stark.

This contrasts with a crop like maize, where the choice to use
hybrid seed typically implies a commitment to re-purchasing seed
every year. For potatoes, the line between farmer-improved varieties
and varieties formally improved by crop breeders is much more fluid,
as is the line between own-produced seed tubers and “refreshed” seed
tubers. (Notably, a similar trend holds for maize in this high-altitude
region, where seed is primarily farmer-saved; in Bolivia, hybrid maize
is available only for lowland tropical cultivation conditions.)

Hence, for the more commonly consumed species of potato
(S. tuberosum Andigenum group, diploid and tetraploid cultivars, in
this site), small-scale agriculture for a combination of home and
market purposes integrates agrobiodiversity conservation with
nutrition, relying on annual seed selection by farmers and periodic
refreshment of seed. In contrast, for a crop like hybrid maize, high
reliance on formally improved varieties for food security may indicate
that farmer-derived varieties are being pushed out of the system due
to larger political-economic pressures. However, in the food system
described here, the reliance on a mixture of “native” and “native
improved” varieties can be interpreted to indicate a food system
that robustly supports agrobiodiversity conservation for the major
potato species (S. tuberosum Andigenum group, diploid and
tetraploid cultivars).

However, for less widely planted potato varieties and species
(e.g., S. juzepczukii in puna ecoregions, papa pureja in the Yungas,
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and some other less pest-resistant varieties of S. tuberosum
Andigenum group, diploid and tetraploid cultivars), biodiversity
conservation is more precarious. These varieties are, to some extent,
being out-competed for space in farmers’ fields by other potato
varieties, or other crops. This competition is attributable in some
part to changing climatic and market factors which make yields of
these varieties less reliable for farmers (c¢f. Keleman Saxena et al.,
2016a,b), thereby curtailing their utility as food security crops for
households. Even so, biodiversity conservation is dynamic, and it
may not be necessary for species or varietal diversity to be distributed
evenly across households for diversity to remain in the system. A few
farmers who are “custodians” of rare varieties may effectively
maintain and re-introduce seed to other farmers (even other
“custodians”), supporting the conservation of varieties which are
“minor” for day-to-day food security, but remain valued for their
cultural meanings or uses.

For these less widely planted crops, research and development
interventions may also be possible to help maintain agrobiodiversity in
the food system. For example, in the time since the research reported here
was conducted, Fundacion PROINPA (the local project partner) has
undertaken significant efforts to bolster the presence of tarwi in the food
system. Formal crop improvement work by PROINPA has resulted in 4
new varieties of tarwi, now registered in Bolivias National Registry of
Varieties (though their diffusion is still limited due to the lack of a formal
seed production system). In parallel, PROINPA has also promoted the
development of a small company, PANASERI* which processes tarwi
under high-standard sanitary conditions. This results in a commercial
tarwi product (mote de tarwi) which can be consumed with the husk on.
This is recommended because of the calcium and fiber content of the
husk. In the long-run, such developments have the potential to increase
both the supply of tarwi seed and market demand for the product within
an urbanizing context, bolstering agrobiodiversity-driven food security
in the Cochabamba food system.

Conclusion

This article considers the importance of understanding the spatial
and temporal patterning of local food availability and consumption in
order to better assess the role that agrobiodiversity plays in FSN in
high-agrobiodiversity regions. It also shows evidence that this
temporal patterning may relate to spatial patterns in consumption,
especially in food consumed away from home (e.g., tarwi). Both
spatial and temporal patterning of agrobiodiversity consumption, if
not accounted for in nutritional surveys, may limit the extent to which
important elements of agrobiodiversity are captured by standard
dietary recall methods.

These observations coincide with both past and current conversations
in the larger literature on agrobiodiversity conservation and smallholder
agriculture. In the early 2000s, Karl Zimmerer, a prominent scholar of
agrobiodiversity in the Andes, published an article with the title “Just
small potatoes (and ulluco)?” which examined the relationship between
seed size micro-variation in cultivated lands in the high-altitude Andes.
His mixed-methods data called into question the predominant narrative
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that larger tubers were “better” seed than small tubers, demonstrating
that farmers saw advantages and disadvantages to each, and that they
preferred to plant large tubers in areas that were more likely to
be drought-stressed, reserving smaller tubers for higher-altitude, less
stressed agricultural sites (Zimmerer, 2003). These data demonstrated
that farmers’ seed-saving practices were difficult to assess by a singular
size-based metric (e.g., small vs. large tubers), and rather responded
contextually to spatial variations in the agroecological environment.

More recent literature examining the role of non-cultivated
biodiversity in FSN (Gergel et al., 2020) makes a similar argument at
alarger scale. The authors note that different forest types—that is, not
only primary forest, but also disturbed secondary forest, edge habitats,
agroforestry, and others—can make important contributions to diets.
They argue that understanding land cover complexity, or the
distribution of these types in relationship to forest users’ needs, uses,
and access, is critical to assessing the role of wild biodiversity in
FSN. Such observations suggest that understanding the interlinkages
between agrobiodiversity and FSN requires these relationships to
be spatially contextualized.

The present article contributes to scholarly conversations about
the methodologies needed to measure the nutritional contribution of
“small potatoes,” or other native, traditional, and/or locally produced
crops, emphasizing the importance of not only spatial context, but
also temporal patterning. This is important because farmers conserve,
and consume, locally produced, agrobiodiverse foods for reasons
which go beyond nutritional input; they are also important
esthetically (Weaver et al., 2019), and for reasons of cultural
memory and food sovereignty (Nazarea, 2006). Hence, policy
recommendations derived from studies whose methods do not to
account for temporal and spatial patterning of agrobiodiversity
consumption risk downplaying the importance of locally produced
crop species and varieties. Researchers can better align their work
with intersectionality-based approaches (Hankivsky et al., 2014) by
adopting mixed-methods approaches which will allow them to better
target the timing of survey-based research, and to assess what
can—and cannot—be measured in the time-frames adopted for
nutritional recalls.

Data availability statement

The datasets presented in this article are not readily available
because generalized data re-use statements for human subjects
research were only required for data collection starting in 2017. As
the IRB approval for this project was solicited and granted in 2012,
the data was collected with the assumption that it would be held in
confidence by the research team and not used for future purposes not
in keeping with the initial research questions. Inquiries about the data
should be directed to alderkeleman-saxena@nau.edu.

Ethics statement

The studies involving human participants were reviewed and
approved by the Yale University Human Subjects Committee.
Written informed consent for participation was not required for
this study in accordance with the national legislation and the
institutional requirements.

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1000735
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
http://www.panaseri.com
mailto:alder.keleman-saxena@nau.edu

Keleman Saxena et al.

Author contributions

AKS had primary responsibility for research conceptualization,
data collection, data analysis, and writing. XCF advised research
design, facilitated data collection, and contributed to interpretation of
results. DH advised and oversaw research design, data collection, and
data analysis, and contributed to the conceptualization and writing of
the manuscript. All authors contributed to the article and approved
the submitted version.

Funding

This project was supported by the National Science Foundation
(DDIG in Geography; #1131153), the Yale-NYBG Cullman Fellowship,
the Yale McMillan Center International Dissertation Research
Fellowship, the Wilbur G. Downs Fellowship, the Yale Tropical
Resources Institute, the Yale Program in Agrarian Studies, the Yale
Institute for Biospheric Studies, and the PEO Scholar Award. In Bolivia,
institutional support for this research was provided by Fundacién
PROINPA, World Vision—Colomi Branch, and the Universidad Mayor
de San Simon's Instituto de Investigaciones Biomédicas (IIBISMED).

References

Anderzén, J., Guzmén Luna, A., Luna-Gonziélez, D. V., Merrill, S. C., Caswell, M.,
Meéndez, V. E., et al. (2020). Effects of on-farm diversification strategies on smallholder
coffee farmer food security and income sufficiency in Chiapas, Mexico. J. Rural Stud. 77,
33-46. doi: 10.1016/j.jrurstud.2020.04.001

Barrett, C. B. (2010). Measuring food insecurity. Science 327, 825-828. doi: 10.1126/
science.1182768

Berti, P. R. (2015). Relationship between production diversity and dietary diversity
depends on how number of foods is counted. Proc. Natl. Acad. Sci. U. S. A. 112:E5656.
doi: 10.1073/pnas.1517006112

Berti, P. R., and Jones, A. D. (2013). “Biodiversity’s contribution to dietary diversity:
magnitude, meaning, and measurement” in Diversifying food and diets: using agricultural
biodiversity to improve nutrition and health. eds. ]. Fanzo, D. Hunter, T. Borelli and F.
Mattei (London: Routledge), 186-206.

Caballero, B., and Popkin, B. M. (2002). “Introduction” in The nutrition transition. eds.
B. Caballero and B. M. Popkin (New York, NY: Elsevier), 1-6.

Cadima Fuentes, X. (2006). “Tubérculos” in Botdnica econémica de los Andes Centrales.
eds. M. Moraes Ramirez, B. Ollgaard, L. P. Kvist, F. Borchsenius and H. Balslev (La Paz:
Universidad Mayor de San Andrés), 347-369.

Campos, D., Noratto, G., Chirinos, R., Arbizu, C., Roca, W, and Cisneros-Zevallos, L.
(2006). Antioxidant capacity and secondary metabolites in four species of Andean tuber
crops: native potato (Solanum sp.), mashua (Tropaeolum tuberosum Ruiz & Pavén), Oca
(Oxalis tuberosa Molina) and ulluco (Ullucus tuberosus Caldas). J. Sci. Food Agric. 86,
1481-1488. doi: 10.1002/jsfa.2529

Castillo, J. A., and Plata, G. (2016). The expansion of brown rot disease throughout
Bolivia: possible role of climate change. Can. J. Microbiol. 62, 442-448. doi: 10.1139/
¢jm-2015-0665

Coa, R, and Ochoa, L. (2009). Bolivia: Encuesta Nacional de Demografia y Salud.
Ministerio de Salud y Deportes y Instituto Nacional de Estadistica. La Paz, Bolivia.

de Haan, S., Burgos, G., Arcos, J., Ccanto, R., Scurrah, M., Salas, E., et al. (2010).
Traditional processing of black and white Chufio in the Peruvian Andes: regional
variants and effect on the mineral content of native potato cultivars. Econ. Bot. 64,
217-234. doi: 10.1007/s12231-010-9128-x

de Haan, S., Burgos, G., Ccanto, R., Arcos, J., Scurrah, M., Salas, E., et al. (2012). Effect
of production environment, genotype and process on the mineral content of native bitter
potato cultivars converted into white chufio: effect of production environment, genotype
and process on mineral content in white chufio. J. Sci. Food Agric. 92, 2098-2105. doi:
10.1002/jsfa.5589

Ekesa, B., Walingo, M., and Abukutsa-Onyango, M. (2009). Influence of agricultural
biodiversity on dietary diversity of preschool children in Matungu division, western
Kenya. Afr. J. Food Agric. Nutr. Dev. 8, 390-404. doi: 10.4314/ajfand.v8i4.19200

Erhardt, J. A. (2007). Nutrisurvey. Stuttgart, Germany: University of Hohenheim.

Frontiers in Sustainable Food Systems

10.3389/fsufs.2023.1000735

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fsufs.2023.1000735/
full#supplementary-material

Fischer, H., Saxena, A., Saxena, A. K., Dutta, A., and Jantz, P. (2023). Creating evidence
for forest based resilience during Covid-19. SLU.SE. Available at: https://www.slu.se/en/
departments/urban-rural-development/research/rural-development/finished-projects/

forest-based-resilience/ (Accessed May 20, 2023).

Food and Agriculture Organization of the United Nations. (1999). Sustaining the
multiple functions of agricultural biodiversity (background paper no. 1, cultivating our
futures). FAO/Netherlands Conference on “The multifunctional character of agriculture
and land,” Maastricht.

Food Fortification Initiative. (n.d.). Americas: region profile [WWW Document]. Food
fortification initiative enhancing grains healthier lives. Available at: https://www.
flinetwork.org/americas (Accessed July 21, 2022).

Gabriel, J., Botello, R., Casazola, J. L., Vera, R., Rodriguez, F, and Angulo, A.
(2014). Revalorizacion de las papas nativas de Bolivia (Solanum tuberosum L.) como
fuente de hierro y zinc. J. Selva Andina Res. Soc. 5, 3-12. doi: 10.36610/j.
jsars.2014.050100003

George, M. S, Lu, G., and Zhou, W. (2002). Genotypic variation for potassium uptake
and utilization efficiency in sweet potato (Ipomoea batatas L.). Field Crops Res. 77, 7-15.
doi: 10.1016/S0378-4290(02)00043-6

Gergel, S. E., Powell, B., Baudron, E, Wood, S. L. R., Rhemtulla, J. M., Kennedy, G.,
etal. (2020). Conceptual links between landscape diversity and diet diversity: a roadmap
for transdisciplinary research. Bioscience 70, 563-575. doi: 10.1093/biosci/biaa048

Gibson, R. S. (2022). Principles of nutritional assessment. 3rd Edn. Oxford, UK: Oxford
University Press.

Gitagia, M. W., Ramkat, R. C., Mituki, D. M., Termote, C., Covic, N., and
Cheserek, M. J. (2019). Determinants of dietary diversity among women of reproductive
age in two different agro-ecological zones of Rongai Sub-County, Nakuru, Kenya. Food
Nutr. Res. 63. doi: 10.29219/fnr.v63.1553

Gregory, P. ], Johnson, S. N., Newton, A. C., and Ingram, J. S. I. (2009). Integrating
pests and pathogens into the climate change/food security debate. J. Exp. Bot. 60,
2827-2838. doi: 10.1093/jxb/erp080

Hankivsky, O., Grace, D., Hunting, G., Giesbrecht, M., Fridkin, A., Rudrum, S., et al.
(2014). An intersectionality-based policy analysis framework: critical reflections on a
methodology for advancing equity. Int. J. Equity Health 13:119. doi: 10.1186/
$12939-014-0119-x

High Level Panel of Experts (HLPE) (2017). Sustainable Forestry for Food Security and
Nutrition. HLPE Report #11. Rome, Italy: FAO Committee on World Food Security
(CFS).

Ickowitz, A., Powell, B., Salim, M. A., and Sunderland, T. C. H. (2014). Dietary quality and
tree cover in Africa. Glob. Environ. Change 24, 287-294. doi: 10.1016/j.gloenvcha.2013.12.001

Instituto Nacional de Estadistica Bolivia (2017). Encuesta de Demografia y Salud
EDSA-2016. Instituto Nacional de Estadistica Bolivia, La Paz, Bolivia.

209 frontiersin.org


https://doi.org/10.3389/fsufs.2023.1000735
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fsufs.2023.1000735/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsufs.2023.1000735/full#supplementary-material
https://doi.org/10.1016/j.jrurstud.2020.04.001
https://doi.org/10.1126/science.1182768
https://doi.org/10.1126/science.1182768
https://doi.org/10.1073/pnas.1517006112
https://doi.org/10.1002/jsfa.2529
https://doi.org/10.1139/cjm-2015-0665
https://doi.org/10.1139/cjm-2015-0665
https://doi.org/10.1007/s12231-010-9128-x
https://doi.org/10.1002/jsfa.5589
https://doi.org/10.4314/ajfand.v8i4.19200
https://www.slu.se/en/departments/urban-rural-development/research/rural-development/finished-projects/forest-based-resilience/
https://www.slu.se/en/departments/urban-rural-development/research/rural-development/finished-projects/forest-based-resilience/
https://www.slu.se/en/departments/urban-rural-development/research/rural-development/finished-projects/forest-based-resilience/
https://www.ffinetwork.org/americas
https://www.ffinetwork.org/americas
https://doi.org/10.36610/j.jsars.2014.050100003
https://doi.org/10.36610/j.jsars.2014.050100003
https://doi.org/10.1016/S0378-4290(02)00043-6
https://doi.org/10.1093/biosci/biaa048
https://doi.org/10.29219/fnr.v63.1553
https://doi.org/10.1093/jxb/erp080
https://doi.org/10.1186/s12939-014-0119-x
https://doi.org/10.1186/s12939-014-0119-x
https://doi.org/10.1016/j.gloenvcha.2013.12.001

Keleman Saxena et al.

Jones, A. D. (2017). Critical review of the emerging research evidence on agricultural
biodiversity, diet diversity, and nutritional status in low- and middle-income countries.
Nutr. Rev. 75, 769-782. doi: 10.1093/nutrit/nux040

Jones, A. D. (2014). The production diversity of subsistence farms in the Bolivian
Andes is associated with the quality of child feeding practices as measured by a validated
summary feeding index. Public Health Nutr. 18, 329-342. doi: 10.1017/
$1368980014000123

Jones, A. D., Creed-Kanashiro, H., Zimmerer, K. S., de Haan, S., Carrasco, M.,
Meza, K, et al. (2018). Farm-level agricultural biodiversity in the Peruvian Andes is
associated with greater odds of women achieving a minimally diverse and micronutrient
adequate diet. J. Nutr. 148, 1625-1637. doi: 10.1093/jn/nxy166

Jones, A. D., Shrinivas, A., and Bezner-Kerr, R. (2014). Farm production diversity is
associated with greater household dietary diversity in Malawi: findings from nationally
representative data. Food Policy 46, 1-12. doi: 10.1016/j.foodpol.2014.02.001

Keleman Saxena, A. (2017). Out of the field and into the kitchen: agrobiodiversity, food
security, and food culture in Cochabamba, Bolivia (doctoral dissertation). Yale University,
New Haven, CT.

Keleman Saxena, A., Cadima Fuentes, X., Gonzales Herbas, R., and Humphries, D. L.
(2016a). Indigenous food systems and climate change: impacts of climatic shifts on the
production and processing of native and traditional crops in the Bolivian Andes. Front.
Public Health 4:20. doi: 10.3389/fpubh.2016.00020

Keleman Saxena, A., Cadima Fuentes, X., Illanes Velarde, D., and Humpbhries, D.
(2016b). Consumption of native and traditional crops in Bolivia varies along an
ecoregional gradient. FASEB J. 30:891.12. doi: 10.1096/fasebj.30.1_supplement.891.12

Keleman Saxena, A., Sampso, D., Cely Santos, M., Limeberry, V., Luna Gonzilez, D. V.,
Montenegro de Wit, M., et al. How Agrobiodiversity Nourishes: Mapping causal webs
that generate agrobiodiversity, food security, food sovereignty, and nutrition. Manuscript
submitted for publication.

King, S. R., and Gershoff, S. N. (1987). Nutritional evaluation of three underexploited
andean tubers:Oxalis tuberosa (Oxalidaceae), Ullucus tuberosus (Basellaceae), Andtropaeolum
tuberosum (Tropaeolaceae). Econ. Bot. 41, 503-511. doi: 10.1007/BF02908144

Lachat, C., Raneri, J. E., Smith, K. W, Kolsteren, P., Van Damme, P,, Verzelen, K., et al.
(2018). Dietary species richness as a measure of food biodiversity and nutritional quality
of diets. Proc. Natl. Acad. Sci. U. S. A. 115, 127-132. doi: 10.1073/pnas.1709194115

Larson, B., Harris, O., and Tandeter, E. (Eds.) (1995). Ethnicity, markets, and migration
in the Andes: at the crossroads of history and anthropology. Duke University Press,
Durham.

Larson, B. (1998). Cochabamba, 1550-1900: Colonialism and agrarian transformation
in Bolivia. Durham, NC: Duke University Press.

Lourme-Ruiz, A., Dury, S., and Martin-Prével, Y. (2021). Linkages between dietary
diversity and indicators of agricultural biodiversity in Burkina Faso. Food Secur. 13,
329-349. doi: 10.1007/s12571-020-01137-5

Luna-Gonzélez, D. V., and Serensen, M. (2018). Higher agrobiodiversity is associated with
improved dietary diversity, but not child anthropometric status, of Mayan Achi people of
Guatemala. Public Health Nutr. 21,2128-2141. doi: 10.1017/51368980018000617

Lynn, L. (n.d.) Fried Bread (Bunuelo) Recipe [WWW Document]. https://www.food.
com/recipe/fried-bread-bunuelo-307915 (Accessed May 3, 2023).

Meadows, D. H. (1999). Leverage points: places to intervene in a system. The
Sustainability Institute, Hartland, VT.

M’Kaibi, E. K., Steyn, N. P, Ochola, S. A., and Du Plessis, L. (2017). The relationship
between agricultural biodiversity, dietary diversity, household food security, and
stunting of children in rural Kenya. Food Sci. Nutr. 5, 243-254. doi: 10.1002/fsn3.387

Murra, J. V. (1985). “El archipelago vertical’ revisited” in Andean ecology and
civilization. eds. S. Masuda, I. Shimada and C. Morris (Tokyo, Japan: University of Tokyo
Press), 3-13.

Nazarea, V. D. (2006). Local knowledge and memory in biodiversity conservation.
Annu. Rev. Anthropol. 35, 317-335. doi: 10.1146/annurev.anthro.35.081705.123252

Neito, C., C., Estrella, E. J. (2011). La Agrobiodiversidad en los Ecosistemas de
Paramo: Una primera aproximacion a su situacion actual. in P. Mena Vasconez, A.
Castillo, S. Flores, R. Hofstede, C. Josse and B. Lasso, S., G. Medina, N. Ochoa and D.

Ortiz (Eds.), Pdramo: paisaje estudiado, habitado, manejado e institucionalizado.
ECOBONA, Quito, 41-62.

Frontiers in Sustainable Food Systems

210

10.3389/fsufs.2023.1000735

Powell, B., Bezner Kerr, R., Young, S. L., and Johns, T. (2017). The determinants of
dietary diversity and nutrition: ethnonutrition knowledge of local people in the east
Usambara Mountains, Tanzania. J. Ethnobiol. Ethnomedicine 13:23. doi: 10.1186/
513002-017-0150-2

Powell, B., Hall, J., and Johns, T. (2011). Forest cover, use and dietary intake in the east
Usambara Mountains, Tanzania. Int. For. Rev. 13, 305-317. doi:
10.1505/146554811798293944

Powell, B., Thilsted, S. H., Ickowitz, A., Termote, C., Sunderland, T., and Herforth, A.
(2015). Improving diets with wild and cultivated biodiversity from across the landscape.
Food Secur. 7, 535-554. doi: 10.1007/s12571-015-0466-5

Remans, R., Wood, S. A., Saha, N., Anderman, T. L., and DeFries, R. S. (2014).
Measuring nutritional diversity of national food supplies. Glob. Food Secur. 3, 174-182.
doi: 10.1016/j.gfs.2014.07.001

Saaka, M., Osman, S. M., and Hoeschle-Zeledon, I. (2017). Relationship between
agricultural biodiversity and dietary diversity of children aged 6-36 months in rural
areas of northern  Ghana.  Food  Nutr.  Res. 61:1391668.  doi:
10.1080/16546628.2017.1391668

Sadiki, M., Jarvis, D. I, Rijal, D., Bajracharya, J., Hue, N. N., Camacho Villa, T. C,, et al.
(2007). “Variety names: an entry point to crop genetic diversity and distribution in
agroecosystems?” in Managing biodiversity in agricultural ecosystems. eds. D. L. Jarvis, C.
Padoch and H. D. Cooper (New York, NY: Columbia University Press), 34-76.

Sauer, K. O. (1969). Seeds, spades, hearths, and herds: the domestication of animals and
foodstuffs. MIT Press, Cambridge, MA.

Scurrah, M., Creed-Kanashiro, H., de Haan, S., Olivera, E., Ccanto, R.,
Carrasco, M., et al. (2013). Rich in agrobiodiversity but poor in nutrition: food
security in communities of Chopcca, Huancavelica, Pert. Annals of nutrition and
metabolism: paralleled Symposia. Presented at the 20th International Congress of
Nutrition, Granada.

Scurrah, M., de Haan, S., Olivera, E., Ccanto, R. C., Creed-Kanashiro, H., Carrasco, M.,
etal. (2011). Ricos en agrobiodiversidad, pero pobres en nutricion: desafios de la mejora
de la seguridad alimentaria en comunidades de Chopcca, Huancavelica [Peru]. Peru: El
Problema Agrario En Debate SEPIA XIV: Dinamicas Territoriales, Seguridad
Alimentaria, Desafios Ambientales, Mesa Regional: Piura. Seminario Permanente de
Investigacion Agraria (SEPIA). Lima, 362-407.

Skarbe, K. (2014). The cooked is the kept: factors shaping the maintenance of agro-
biodiversity in the Andes. Hum. Ecol. 42, 711-726. doi: 10.1007/s10745-014-9685-1

Suérez, S., Ale, N., Trabucco, J., and Sanabria, O. (2014). Polifenoles, micronutrientes
minerales y potencial antioxidante de papas nativas. Rev. Soc. Quim. Perii 80, 108-114.
doi: 10.37761/rsqp.v80i2.155

Tejada Campos, T. N. (2008). EI cultivo de trigo en la sierra norte del Perii: Triticum
aestivum L. y Triticum durum L., Estacién Experimental Agraria Baiios del Inca, Instituto
Nacional de Innovacién Agraria. Cajamarca.

Vavilov, N. (1926). Studies on the origin of cultivated plants. Institute of Applied Botany
and Plant Improvement, Leningrad.

Weaver, L. J., Tadess, Y., Stevenson, E. G. J., and Hadley, C. (2019). “I want variety!”:
dietary variety as aesthetic pursuit, social signal, and nutritional vehicle in Brazil and
Ethiopia. Hum. Organ. 78, 122-132. doi: 10.17730/0018-7259.78.2.122

Zhang, W., Gowdy, J., Bassi, A. M., Santamaria, M., deClerck, E, Adegboyega, A., et al.
(2018). “Systems thinking: an approach for understanding *eco-agri-food systems,” in
TEEB for Agriculture & Food: Scientific and Economic Foundations. ed. The Economics
of Ecosystems and Biodiversity (TEEB) (Geneva, Switzerland: UN Environment), 17-55.

Zimmerer, K. S. (2003). Just small potatoes (and ulluco)? The use of seed-size variation
in “native commercialized” agriculture and agrobiodiversity conservation among
Peruvian farmers. Agric. Hum. Values 20, 107-123. doi: 10.1023/A:1024097008693

Zimmerer, K. S. (1998). The ecogeography of Andean potatoes. Bioscience 48,
445-454. doi: 10.2307/1313242

Zimmerer, K. S. (1996). Changing fortunes: biodiversity and peasant livelihood in the
Peruvian Andes, California studies in critical human geography. University of California
Press, Berkeley, CA.

Zimmerer, K. S., de Haan, S., Jones, A. D., Creed-Kanashiro, H., Tello, M., Amaya, E. P,
et al. (2020). Indigenous smallholder struggles in Peru: nutrition security,
Agrobiodiversity, and food sovereignty amid transforming global systems and climate
change. J. Lat. Am. Geogr. 19, 74-111. doi: 10.1353/1ag.2020.0072

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1000735
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1093/nutrit/nux040
https://doi.org/10.1017/S1368980014000123
https://doi.org/10.1017/S1368980014000123
https://doi.org/10.1093/jn/nxy166
https://doi.org/10.1016/j.foodpol.2014.02.001
https://doi.org/10.3389/fpubh.2016.00020
https://doi.org/10.1096/fasebj.30.1_supplement.891.12
https://doi.org/10.1007/BF02908144
https://doi.org/10.1073/pnas.1709194115
https://doi.org/10.1007/s12571-020-01137-5
https://doi.org/10.1017/S1368980018000617
https://www.food.com/recipe/fried-bread-bunuelo-307915
https://www.food.com/recipe/fried-bread-bunuelo-307915
https://doi.org/10.1002/fsn3.387
https://doi.org/10.1146/annurev.anthro.35.081705.123252
https://doi.org/10.1186/s13002-017-0150-2
https://doi.org/10.1186/s13002-017-0150-2
https://doi.org/10.1505/146554811798293944
https://doi.org/10.1007/s12571-015-0466-5
https://doi.org/10.1016/j.gfs.2014.07.001
https://doi.org/10.1080/16546628.2017.1391668
https://doi.org/10.1007/s10745-014-9685-1
https://doi.org/10.37761/rsqp.v80i2.155
https://doi.org/10.17730/0018-7259.78.2.122
https://doi.org/10.1023/A:1024097008693
https://doi.org/10.2307/1313242
https://doi.org/10.1353/lag.2020.0072

Frontiers In
Sustainable Food Systems

Exploring sustainable solutions to global food
security

Aligned with the UN Sustainable Development
Goals, this journal explores the intersection

of food systems, science and practice of
sustainability including its environmental,
economic and social justice dimensions.

Discover the latest
Research Topics

ers
Frontiers in

Sustainable Food Systems

Frontiers

Avenue du Tribunal-Fédéral 34
1005 Lausanne, Switzerland
frontiersin.org

Contact us

+41(0)21 510 17 00
frontiersin.org/about/contact

&® frontiers | Research Topics



https://www.frontiersin.org/journals/sustainable-food-systems/research-topics

	Cover

	FRONTIERS EBOOK COPYRIGHT STATEMENT

	Food, nature & wellness: Dueling epistemologies

	Table of contents

	Editorial: Food, nature & wellness: dueling epistemologies
	Introduction
	Mindfulness practices for wellness and sustainability 
	Potential role of different knowledge frameworks 
	Methodologies for assessing components of the agricultural system
	Importance of policy in enhancing food system sustainability 
	Conclusions: avoiding pitfalls in new ways forward
	Author contributions
	Funding
	Conflict of interest
	Publisher's note

	Practice Matters: Pro-environmental Motivations and Diet-Related Impact Vary With Meditation Experience
	Introduction
	Background
	Research Gaps in Mindfulness and Sustainability
	Can Mindfulness Promote Sustainable Diets?

	Theoretical Framework
	Study Aim and Hypotheses

	Materials and Methods
	Questionnaire Development
	Psychometric Scales
	Mindfulness Practice
	Diet-Related Environmental Impact: GHG, Land Occupation, Water Use

	Questionnaire Distribution
	General Data Analysis Strategy

	Results
	Sample Description
	H1: The Three Practitioner Levels Show Differences in Their Levels of Mindfulness, Subjective Happiness and Connectedness With Nature
	H2: Group Differences Manifest as a Shift in the Quality of Motivation Toward the Environment Which Becomes More Integrated and Less Amotivated
	H3: The Level of Self-Reported Environmental Behaviors Differs Between the Groups, With Advanced Meditators Showing the Lowest Environmental Impact
	H4: CWN and Integrated Motivation Toward the Environment Mediate the Relationship Between Mindful Compassion Practice and Environmental Behavior

	Discussion
	Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References

	``Health in'' and ``Health of'' Social-Ecological Systems: A Practical Framework for the Management of Healthy and Resilient Agricultural and Natural Ecosystems
	Introduction
	Methods
	Social-Ecological System Health: Framing Health in Nature and Society
	A Transdisciplinary Context-Dependent Definition of SESH
	SESH Operational Framework
	SESH Framework in Practice
	Participatory Methods for SESH Process

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References

	Conceptualizing Responsibility in Food Research and Innovation to Promote Healthy and Sustainable Food Systems
	Introduction
	Conceptualizations of Responsibility in Food System Governance Literature
	Defining Responsibility

	Methodology
	Empirical Application: the Examples of Research and Innovation
	Hybrid Potato Breeding (HPB) Project
	Cultured Meat (CM) Project
	Weight Acceptance (WA) Project

	Participants
	Procedure and the Interview Schedule
	Analyzing Data

	Results
	Accountability
	Impact
	Reflexivity
	Responsiveness

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References

	Policies, Multi-Stakeholder Approaches and Home-Grown School Feeding Programs for Improving Quality, Equity and Sustainability of School Meals in Northern Tanzania
	Introduction
	Methods
	Literature Review
	Informal Interviews
	Study Sites
	Data Analysis
	Ethical Considerations
	Study Limitations and Risks

	Results
	Policy Environment
	Characterization of School Meal Programs in Meru and Babati Districts
	Contributions and Food Purchases for School Feeding Programs
	Access to School Meals
	Quality of School Meals in Tanzania
	School Gardens and Other Agricultural Activities at the Schools
	Nutritional Aspects of School Meals in the Study Area
	Challenges Analyzed Through a New Conceptual Framework
	Coordination Related Challenges
	Challenges Related to Operational Modalities
	Poor Contributions From Parents
	Challenges Related to Access, Dietary Diversity and Nutrition of Meals

	Experiences From HGSF Projects in Tanzania

	Suggested Improvements for School Feeding Programs in Public Schools
	Policy Implications
	Home Grown School Feeding
	Influencing Knowledge, Attitudes, and Practices Toward Healthy Eating
	Stakeholder Engagement
	Improving the Quality of Meals
	Limitations of the HGSF Model for Tanzania

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References

	Telephone Survey Versus Panel Survey Samples Assessing Knowledge, Attitudes and Behavior Regarding Animal Welfare in the Red Meat Industry in Australia
	Introduction
	Materials and Methods
	Development and Structure of Questionnaire
	Participant Recruitment and Collection of Data
	Statistical Analysis

	Results
	Differences Between CATI and PANEL Samples: Demographics
	Differences Between CATI and PANEL Samples: Composite Variables and Behavioral Variables
	Comparing CATI and PANEL Samples: Relationships Between Attitudes, Knowledge and Community Behavior
	Comparing CATI and PANEL Samples: Relationships Between Attitudes and Red Meat Consumption

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References

	UN Food Systems Summit 2021: Dismantling Democracy and Resetting Corporate Control of Food Systems
	Introduction
	Global Food Summits and the Architecture of Global Food Governance
	Early Global Food Governance Tensions: Establishing the FAO
	Fragmenting Food Governance: The 1974 Conference and Formation of the CFS
	Neoliberal Transformations: Free Trade Agreements and the 1996 Summit
	The Food Sovereignty Countermovement: Agrarian Crisis and CFS Reform
	Public Food Governance Endangered: The 2008 FAO Conference
	Contention With Market-Based Food Governance

	The Formation and Structure of the un Food Systems Summit
	Structure of the Summit and Recruitment of Participants
	Inclusivity and the Multistakeholder Model of the Summit
	Conflicts of Interest and Corporate Influence in the UNFSS

	Conclusions
	Author Contributions
	Acknowledgments
	References

	A Qualitative Analysis of the Commercial Broiler System, and the Links to Consumers' Nutrition and Health, and to Environmental Sustainability: A South African Case Study
	Introduction
	Methods
	Data Collection
	Data Analysis

	Results
	Dominance of Integrated and Large-Scale Producers in a Dichotomous System
	Local Producers and Importers Fight for Their Market Share
	Unlevel Playing Field for Importers and Local Producers; Winners, and Losers
	Tension Between Government, Local Producers, and Importers; A Search for Agreement
	Provision of Affordable Broiler-Product Options for Consumers
	Food Safety Standards and Surveillance Lack Consistency and Capacity, in a Population With a High Proportion of Individuals Vulnerable to Foodborne Disease
	Food Safety: A Lower Priority Than Price for Consumers
	The Industry Is Vulnerable to Climate Change Through the Impacts of Droughts on the Feed Sector, Water Quality, and Avian Influenza Risk
	The Industry's Impact on the Environment Is of Less Concern to Them Than the Impact of the Environment on the Industry
	Policy Environment Is Rich, but Poor in Governance, Integration, and Implementation

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References

	The Paths to Connectedness: A Review of the Antecedents of Connectedness to Nature
	Introduction
	Definitions of Connectedness to Nature

	Literature Review
	Method

	Findings
	Situational Contexts That Influence Connectedness
	Experiences With Nature
	Actual Contact With Nature
	Characteristics of the Situation. 
	Childhood Contact With Nature. 
	Mediated Contact With Nature
	Pictures and Videos as Contact With Nature. 
	Virtual Reality as Contact With Nature. 
	Summary and Critique of Research on Contact With Nature
	Activities
	Activities as More Than Contact With Nature
	Activities Without Contact With Nature
	Meditation. 
	Reflection. 
	Psychedelics. 
	Summary and Critique of Research on Activities
	Individual Differences That Influence Connectedness
	Demographics
	Age
	Gender
	Other
	Personality
	Worldviews
	Common Worldviews and Connectedness
	Self-Transcendent Worldviews and Connectedness
	Summary and Critique of Research on Individual Differences
	Psychological States That Influence Connectedness
	Mindfulness
	Summary and Critique of Research on Mindfulness
	Psychological States Related to the Self
	Negative Impacts of the Self on Connectedness
	Positive Influences of the Self on Connectedness
	Summary and Critique of Research on Psychological States Related to the Self
	Affect and Motivation
	Summary and Critique of Research on Affect

	Discussion
	Broader Critiques of The Literature
	Specific Future Directions
	Nuances of the Mindfulness–Connectedness Relationship
	Other Areas in Need of Nuance
	Nuances of the Contact–Connectedness Relationship
	Nuances of the Self-Awareness–Connectedness Relationship
	Nuances of the Affect–Connectedness Relationship
	Cultural Contexts
	Preliminary Theoretical Considerations

	Conclusion
	Author Contributions
	References

	Public Policies for Agricultural Diversification: Implications for Gender Equity
	Introduction
	Women's Empowerment
	Public Procurement and Sustainable Development
	The National School Feeding Program (PNAE)

	Materials and Methods
	Study Area
	Data Collection
	Women's Empowerment
	Agrobiodiversity
	Agroecological Practices


	Analyses
	Institutional Demand for Diversified Food Products and Women's Empowerment
	Women's Empowerment, Agrobiodiversity, and Agroecological Practices
	The Role of Social Movements
	Qualitative Analysis

	Results
	Institutional Demand for Diversified Food Products and Women's Empowerment
	Women's Empowerment, Agrobiodiversity, and Agroecological Practices
	The Role of Social Movements

	Discussion
	Policy Implications

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References

	University Wellness Program—A Pedagogic Innovation to Nudge Wellness and Sustainability Among Students
	Introduction
	Anthropocentricity and the Human Wellbeing Challenge
	Universities-Mini Societies

	University Wellness Program
	Genesis of UWP
	Mental Wellbeing
	Wellness and Sustainability
	Learning Life-Skills

	UWP- Why a ``Wellness'' and Not ``Health'' Program?

	Pedagogical Format
	Buy-In From Stakeholders
	Define Objectives
	Design Cross-Curricular Projects Linked to Curriculum
	Plan, Train, Implement, Monitor, Evaluate, and Improve
	Plan
	Train

	Monitoring and Evaluation
	UWP Project/Activity Criteria

	Initial Experience
	Mini Project #1: UWP Launch
	Mini Project #2: Identification of Student Issues

	Discussion
	Challenges Faced

	Conclusion
	Data Availability Statement
	Author Contributions
	Acknowledgments
	References

	Learning from the past to deal with the future: Using different knowledges to ensure food security in the Tsá Tué biosphere reserve (Northwest Territories, Canada)
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