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Abstract
Many Indigenous communities around the world have been experiencing rapid and profound diet changes. This case report 
uses a Sustainability Science lens to understand the characteristics of diet change in Indigenous Gunas communities of 
Panama, as well as its drivers and sustainability impacts. We use primary information collected through interviews with 30 
experts and 232 household surveys in three Gunas islands  characterised by different levels of development, western influ-
ence, and cultural erosion. We observe a rapid westernization of diets that has been mainly driven by closer interaction with 
tourists and the Panamanian society, as well as broader development processes. However, this diet change has a series of 
intersecting sustainability impacts related to food security, health, and socio-cultural and environmental change. It is neces-
sary to understand the intersection of these phenomena when designing programs and interventions that seek to prevent or 
mitigate negative diet changes in Gunayala, and other  Indigenous contexts more broadly.

Keywords Diet transition · Diet westernization · Traditional values · Diet diversity · Food Consumption Score (FCS) · 
Indigenous community

Introduction

Many Indigenous communities around the world have devel-
oped lifestyles over generations that are in harmony with 
their ecosystems (Chanza and Musakwa 2021; Kuhnlein 
et al. 2013; Whitney et al. 2020). As a result, many of the 
social–ecological systems (SES) where Indigenous commu-
nities live are characterized by unique social and cultural 
practices (Parrotta et al. 2015; Reyes-García et al. 2019) 
that often manifest in the sustainable use of locally available 

resources that enable them to maintain close ties with nature 
(Gauvreau et al. 2017; Johnson et al. 2016).

Traditional diets are central elements of Indigenous 
SES as they invariably rely on the local ecosystems for the 
food ingredients and many of the food preparation practices 
(Browne et al. 2020; Milburn 2004; Sarkar et al. 2020; FAO 
2021a). For example, among hundreds of relevant exam-
ples globally, the traditional Nuxalk culture of the Pacific 
Northwest created unique diets consisting of local fish, 
berries or root vegetables, while Indigenous groups in the 
Ethiopian highlands rely on diets based on injera (a type of 
local bread following a unique preparation practices) and 
wot (a type of local sauce) (Kuhnlein and Receveur 1996). A 
growing interdisciplinary body of literature has recognized 
many of these traditional diets as healthier and more diverse 
and nutritious compared to the Western diets that are often 
consumed by more sedentary and market-integrated local 
communities (Dounias et al. 2007; Parrotta et al. 2015; 
Reyes-García et al. 2019). Furthermore, on many occa-
sions, these traditional diets tend to be better adapted to local 
environmental conditions and be more sustainable in their 
specific SES and Indigenous context (Finnis 2007; Sarkar 
et al. 2020; FAO 2021a). Studies have also suggested the 
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important role of Indigenous diets for ensuring food secu-
rity of large segments of population in different parts of the 
world (Sidiq et al. 2022; FAO 2021a). Beyond health and 
food security, diets are also central elements of Indigenous 
cultures, playing a key role in the transmission of Indigenous 
and local knowledge (ILK) and traditions associated with 
food production/harvesting and preparation (e.g., Ohmagari 
and Berkes 1997, The Global-Hub on Indigenous Peoples’ 
Food Systems 2021). Thus they contribute to sustainable 
SES management (Moller et al. 2009) and the creation of 
societal bonds and cohesion that are in turn essential for the 
maintenance of cultural identify (FAO 2021b).

However, over the last centuries, Indigenous groups 
around the world have come in closer contact with other 
societies, and more importantly have become more embed-
ded in the globalized capitalist economic system. This 
has often invariably caused changes in traditional lifestyles 
(Jacques and Jacques 2012; Phillips et al. 2014), eventually 
precipitating changes to the specific SES (Fixico 2013; Nab-
han 2016). This phenomenon has accelerated and intensified 
in the past decades through the stronger push to “modern-
ize” Indigenous communities in ways that do not necessarily 
reflect their needs and sensibilities, but adhere to broader 
notions of economic integration, growth, and development. 
This is usually through the development of infrastructure 
and better telecommunication networks, tourism-based 
economies, increased migration, and stronger national and 
international trade links, often reinforced by mass media and 
the internet (Gregory et al. 2020).

Diet change has been one of the most visible lifestyle 
changes in many Indigenous settings. Historical records have 
highlighted the very rapid diet change among Indigenous 
groups shortly after the commencement of communication 
with external societies (Johnson-Down and Egeland 2013; 
Sharma et al. 2013; Sheehy et al. 2013; Welch et al. 2021). 
For example, radical diet changes have been reported among 
the Inuit in the Arctic region, in Australian Aboriginal com-
munities, and in hunter-gatherer societies in many parts of 
the world, usually following their integration into the market 
economy (Rowley et al. 2000; Kuhnlein et al. 2004; Crit-
tenden and Schnorr 2017) or through processes of globali-
zation and food systems commodification (Popkin 2004; 
Valery et al. 2012; Powell et al. 2015; Rapinski et al. 2023).

As a result, the study of the characteristics, drivers, 
impacts, and responses of diet change in Indigenous set-
tings has attracted some traction in the past decades (Ege-
land et al. 2011; Huet et al. 2012; Sheehy et al. 2013; FAO 
2021a). Many of these contemporary studies have suggested 
that diet change in Indigenous settings is characterized by 
an increased reliance on processed food, as well as food 
with a high concentration of fat and refined hyper-processed 
carbohydrates (Sarkar et al. 2020). Indeed many studies 
have situated these diet changes in the broader concept of 

nutrition transition and diet westernization (e.g., Kuhnlein 
et al. 2004; Fernandez 2020).

However, such diet changes tend to vary substantially 
between contexts, having, for example, different drivers and 
impacts. In particular, scholars have identified a large variety 
of factors driving these diet changes including globaliza-
tion, climate change, industry and technology growth, land 
use changes, and other anthropogenic factors (Gómez et al. 
2013; Keleman Saxena et al. 2016; Winson 2014; Rowley 
et al. 2000; Kuhnlein et al. 2004). Similarly, diet changes in 
Indigenous contexts tend to be accompanied by very diverse 
negative sustainability impacts, such as, among others, (a) 
landscape, agrarian and livelihood transformation (Nira-
gira et al. 2021; Crittenden and Schnorr 2017), (b) loss of 
agro-diversity and dietary diversity (Conelly and Chaiken 
2000; Vogliano et al. 2021), (c) pollution from the packaging 
of processed food (He et al. 2018), (d) rise in obesity and 
non-communicable diseases (Johnson-Down and Egeland 
2013; Sharma et al. 2013; Sheehy et al. 2013; Rapinsky et al. 
2023), (e) increased food insecurity (Shafiee et al. 2022), (f) 
increased economic burden through reliance on purchased 
food (Gao & Erokhin 2020), and (g) loss of ILK and tradi-
tional values (Kuhnlein and Receveur 1996; Sarkar et al. 
2020), with subsequent effects on the broader culture and 
society (Dounias et al 2007).

However, most of these studies tend to focus on specific 
aspects of such diet changes, whether its characteristics 
(i.e., changes in types of food), drivers (i.e., what causes 
diet changes) or impacts (i.e., the outcomes of diet change). 
Few of such studies have tried to provide a comprehensive 
picture of how these elements emerge, intersect and interact. 
Furthermore, most studies have adopted a rather narrow lens 
when exploring the actual impacts of these diet changes, 
usually focusing on a subset of the different sustainability 
impacts.

The Gunas, are an Indigenous Amerindian group in Pan-
ama, which experiences many of the issues outlined above. 
On the one hand, their traditional diet is an integral part of 
their identity, and is centered around “dule” “masi” (“peo-
ple’s” “food”), a hearty meal based on coconut, plantain, 
and yam soup accompanied with smoked fish and a corn-
based fermented drink (Fortis 2015; Martínez Mauri 2019). 
On the other hand, Gunas societies are experiencing major 
changes through increased communication and engagement 
with external societies, whether from other parts of Panama 
or tourists from other parts of the world. This has been facili-
tated by the road connection of Gunayala (i.e., the Gunas 
region) with the mainland since the 1990s, as well as the 
surge of tourism as the main formal economic activity in the 
region (Martínez Mauri 2018). Collectively, these circum-
stances have started precipitating some major changes in the 
Gunas values and lifestyle. One of the more visible signs has 
been the change in diets, which has been facilitated by the 
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access to mass-consumer products (e.g., soft drinks) and the 
associated marketing campaigns (e.g., posters, store-front 
sponsorships). Changing diets have been associated with dif-
ferent socioeconomic and environmental impacts (Vaccaro 
et al. 2009). Interestingly, the Gunas are characterized by 
strong institutions and a large degree of autonomy compared 
to other indigenous groups in the Americas (Orbach 2004; 
Velásquez Runk et al. 2011). Arguably, the strong institu-
tions of the Gunas should have prevented many of these diet 
changes and negative impacts (Dam Lam and Gasparatos 
2023), as has also been suggested in other Indigenous con-
texts (Patankar et al. 2016; Tang and Tang 2010).

Considering the above the aim of this Case Report is to 
understand the diet change that Indigenous Guna commu-
nities are currently experiencing, as well as its drivers and 
sustainability impacts. In contrast to much of the fragmented 
literature outlined above, here we seek to push the knowl-
edge boundary on Indigenous diet change by providing a 
comprehensive picture of how diet change has unfolded (i.e., 
characteristics and drivers) and currently affects Indigenous 
communities and their environments (i.e., impacts). To 
achieve this, we adopt an interdisciplinary research approach 
drawing from Sustainability Science to comprehensively 
unravel how these elements emerge, intersect, and interact 
(see justification in Research Approach). Although inter-
disciplinary mixed-method approaches have been used to 
understand how Indigenous diet change unfolds in different 
contexts (Rapinski 2023; Kuhnlein et al. 2004), this is one 
of the few studies to employ a Sustainability Science lens. 
Beyond the general interest of the study on Indigenous diet 
changes, to the best of our knowledge this is the first study 
that comprehensively tracks these phenomena for the Gunas, 
a rather unique Indigenous group in terms of autonomy and 
institutions.

We start by outlining the study site and the data collec-
tion and analysis methods. Subsequently in the Results we 
present the characteristics of the study sample, and the type 
of diet change observed, as well as the drivers and impacts 
of diet change in Gunayala. Finally, the Discussion puts into 
perspective the main findings, and outlines some of the main 
implications and recommendations to prevent diet changes in 
Indigenous contexts and/or mitigate their negative outcomes.

Methods

Research approach

Sustainability Science can provide a useful lens to explore 
the characteristics, drivers, and impacts of diet change and 
food systems (Gasparatos 2020; Lindgren et al. 2018; Tate-
bayashi et al. 2019). Our reserch approach adopts the key 
principles of Sustainability Science (Kates 2011; Takeuchi 

and Komiyama 2006), namely (a) a problem-oriented 
approach, (b) an ability/approach to link social and ecologi-
cal systems, (c) an inter- and trans-disciplinary focus, and 
(d) an open mindset to include knowledge from different 
systems (e.g., formal scientific knowledge, expert opinion, 
local knowledge).

Regarding (a), we perceive diet change as a key develop-
ment challenge in the region with major ramifications for the 
future of the Gunas as it has been confirmed by preliminary 
work (Dam Lam and Gasparatos 2023). For this reason, we 
structured this paper around the policy-relevent questions of 
“what are the characteristics of diet change” (i.e., character-
istics of diet change), “why has it occurred” (i.e., drivers of 
diet change), and “what have been its outcomes” (i.e., sus-
tainability impacts of diet change). In Discussion, we outline 
some priority areas that can be targeted in order to prevent 
further diet change and mitigate any negative impacts in 
Gunayala, and other Indigenous contexts.

Regarding (b), we have perceived diet change as a multi-
dimensional phenomenon embedded in multiple ways in the 
broader SES of Gunayala. We perceive diet change as both 
an outcome of broader socioeconomic and political pro-
cesses, as well as a phenomenon interacting strongly with 
the natural environment and the cultural and socioeconomic 
structures of the Gunas. For this reason, we consider the 
multiple sustainability impacts of diet change in Gunayala.

Regarding (c) and (d), we capture and elicit the percep-
tions of different stakeholders, such as local Gunas com-
munities, local Indigenous leaders, and practitioners and 
policy-makers, both inside and outside Gunayala. It is 
essential to understand the perceptions of such a diverse set 
of stakeholders to unravel the key aspects of diet changes, 
considering their multi-dimensionality as outlined in the 
Introduction. Such stakeholders often have radically differ-
ent knowledge and understanding of these multi-dimensional 
phenomena through their personal experiences undergoing 
or observing such diet changes. Furthermore, we employ 
different analytical tools to elicit these perceptions, such 
as qualitative analysis of expert interviews and statistical 
analysis of household surveys. We deem all stakeholder per-
ceptions as credible, as we do not wish to treat any actor/
stakeholder as having priority over the others. This approach 
is well justified as we wish to capture the wealth of different 
perceptions rather than rank them. Similar multi-stakeholder 
approaches that elicit the plurality of stakeholder percep-
tions have been used to study food system sustainability in 
multiple other global contexts at different scales (Breeman 
et al. 2015; Meinhold and Darr 2021).

We should point out that although our study is interdis-
ciplinary, integrating notions, and concepts from different 
fields of the social (mainly) and natural sciences (secondar-
ily), it does not follow a strong notion of transdisciplinarity 
(e.g., co-design approaches to mitigate diet change impacts 
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or design interventions to foster sustainable diet transitions) 
(Schwarz et al 2021; Lang et al. 2012). Still the experts 
involved in this study did not simply provide the information 
reported in the Results, but informed practically all aspects 
of the research, from identifying the importance of under-
standing diet change (i.e., the actual problem) (see Dam Lam 
and Gasparatos 2023) to informing the methodology (e.g., 
island selection, types of western food items).

Study sites

The study identifies the characteristics of diet change in 
three communities of Gunayala (see Table 1). Gunayala is 
an autonomous region within Panama governed by Indig-
enous Guna people (Castillo 2005; Davis 2014; Martínez 
Mauri 2008). There are 49 Guna communities and most of 
them are located in islands near the coast. As mentioned in 
the Introduction, the Gunas have experienced major socio-
economic changes triggered by the increased connectivity 
with other societies that started in the 1980s and continued 
until the early 2000s with the introduction of better road 
access, as well as a booming tourism sector (Orbach 2004; 
Pereiro 2016).

In this study, we focus on three island communities that 
represent various stages of development and have experi-
enced different degrees of western influence and traditional 
value erosion (see Table 1). Between them, the three study 
islands provide a good cross section of the Gunas society. 
The islands were selected following expert interviews and 
consultations with Guna regional authorities. Figure S1 in 
the Supplementary Material illustrates the location of the 
three study islands.

Data collection and analysis

In this study, we used a combination of expert interviews 
and household surveys to elicit the different aspects of diet 

change in Gunayala. The characteristics of diet change and 
the proximate drivers were identified through household 
surveys in three Gunas islands (see “Household surveys”), 
while the underlying drivers and impacts were elicited 
through expert interviews (see “Expert interviews”).

Expert interviews

In particular, we conducted a total of 30 expert interviews 
between February–March 2018. The list of experts can be 
found in Table S2 in the Supplementary Material. Collec-
tively the interviewees represented actors from the main 
institutions relevant to Gunayala’s development, having a 
deep knowledge for the processes underlying Gunayala’s 
transition, including diet change. Consistent with the Sus-
tainability Science lens adopted in this study (see “Research 
approach”), the participants spanned different types of 
institutions (e.g., government, NGOS, religious and cul-
tural institutions, including representatives from the main 
regional and local Indigenous institutions.

Each interview lasted on average about 60 min. and was 
semi-structured with open-ended questions where respond-
ents were free to expand based on their perspective. All 
interviews were conducted in Spanish, apart from two inter-
views that were conducted in Gunagaya (Guna language). 
During these two interviews, an interpreter familiar with the 
research provided simultaneous translation. All interviews 
were digitally recorded and transcribed to facilitate the cod-
ing for the content analysis.

It should be noted that beyond indicating the underly-
ing drivers and impacts of diet change in Gunayala, the 
information collected from the expert interviews assisted 
the subsequent design of the household survey (including 
to identify some of the characteristics of the unfolding diet 
changes), definition of sampling groups (see below), and 
identification of suitable communities that would represent 
a reliable cross-sectional snapshot of Guna society and their 
diet changes.

Expert interviews were transcribed and manually coded 
for qualitative analysis in order to elicit the drivers and 
impacts of diet change in Gunayala. To ensure consistency, 
the coding was conducted manually solely by the corre-
sponding author using programming of custom functions 
and macros in Excel to keep track of similar references 
between interviews.

Household surveys

The characteristics of the diet change and the proximate 
drivers were elicited through household surveys in three 
Gunas islands. Based on the insights collected through 
expert interviews and preliminary site visits, we identified 
four study groups for the household survey. The study groups 

Table 1  Characteristics of the study islands

Population source (INEC 2010)

Gardi Sugdub Soledad Miria Nargana

Total population 927 896 1215
Adult population 563 459 690
Development level Medium Low High
Western influence/tra-

ditional value erosion
Medium Low High

Total sample size 90 98 82
 Young men 23 24 20
 Adult men 23 26 22
 Young women 21 24 20
 Adult women 23 24 20
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were divided based on age and sex. Given the accelerated 
western influence through the expansion of the tourism sec-
tor since the early 2000s, there seems to be a divide between 
younger Gunas (< 30 years old) that have lived mostly under 
the influence of tourism and adult Gunas (> 30 years old) 
that still preserve many traditional practices and knowledge. 
Moreover, women are often perceived as guardians of Guna 
culture through their cooking, dresses, and artisanal handi-
craft. On the other hand, men are responsible for working 
in agricultural fields and fishing (mainly older Gunas) and 
working in the tourism sector (mainly younger Gunas).

Household surveys elicited: (a) the general characteristics 
of the respondents (e.g., income/livelihoods, education), (b) 
dietary diversity currently and in the past, and (c) reasons 
for the observed diet change.

To understand the characteristics of diet change, we use 
a modified version of the Food Consumption Score (FCS), 
which is a metric of dietary diversity (World Food Pro-
gramme 2008) that has been used in many studies across the 
world as a metric of dietary quality (e.g., Miller et al. 2020). 
This modified FCS allowed us to analyze the diet changes 
across time and across food groups. Essentially, the FCS 
categorizes the food items consumed by households (both 
within and outside the household) into eight food groups, 
with each food group further classified into individual food 
items (World Food Programme 2008). In this study, we have 
retained the same food groups and weights proposed by the 
World Food Programme that has developed the FCS. How-
ever, to understand how diets have changed, we have intro-
duced two modifications. First, in order to capture the diet 
change between traditional and western diets, we defined 11 
food items to match the research goals and the preliminary 
observations from the expert interviews and preliminary 
site visits. In other words, expert interviews informed what 
food items within each food group are characteristic of a 
western diet. These food items essentially seek to identify 
the diet changes associated with switches from traditional 
food items to food items associated with westernized diets. 
This included traditional meat sources and imported meat 
sources, and traditional drinks and soft drinks consumption, 
among others (see Table 1, Supplementary Material for more 
details). Second, in order to capture diet change over time, 
each respondent completed two FCS modules, with the first 
asking their average weekly consumption of food groups 
prior to their diet change, and the second about their cur-
rent consumption. In tandem with the FCS methodology, 
in both these FCS surveys, respondents were asked to pro-
vide their average consumption of each food item per week 
(7 day period) for each of the 11 food items defined in this 
study. The survey was conducted in a period outside major 
festivities or harvest celebrations during which diet patters 
change. This was done to enable the capture of habitual 

dietary patterns. Enumerators were trained to capture all 
food consumed inside and outside the households.

In order to ensure a random sampling at each study island, 
we relied on remote sensing tools. In particular, we used 
QGIS version 3.4.4 to assign a random ID number to each 
structure at each study island (see Fig. S2, Supplementary 
Material). Next, we used the random function to select 
which ID numbers to survey for each of the four sampling 
groups. Overall, 232 surveys were conducted between March 
and April 2019 in the study islands. Surveys were collected 
through local enumerators in each island that were hired 
and trained locally to both prevent any concern regarding 
research motivations and generate trust among respondents 
and Indigenous local authorities.

The household surveys were analyzed through descrip-
tive and inferential statistics to characterize and identify 
statistical differences between sampling groups. All analy-
ses were conducted using SPSS Statistics version 26. When 
comparing more than two groups, we use one-way ANOVA 
with Bonferroni correction for the post hoc test. Welch’s 
ANOVA with Games–Howell post hoc test is used instead if 
the homogeneity of variance assumption was violated (i.e., 
income). For non-parametric data, we use the Kruskal–Wal-
lis and Bonferroni correction for post hoc test. The paired 
t test is used to analyze the FCS module pre- and post-diet 
change for each sampling group. A spider web graphic is 
used to provide a quick snapshot of the characteristics of diet 
change across all 11 food items (Bremer 2020), showing the 
frequency of consumption of each type of food item within 
a 7 day period.

Synthesis of findings

The linkages between the characteristics, drivers, and 
impacts of diet change identified through the expert inter-
views and household surveys are systematized using a 
causal loop diagram (CLD) graph. CLDs are tools drawn 
from system dynamics modeling that are often used to depict 
complex systems characterized by multiple interactions and 
feedback mechanisms, including in contexts of diet change 
(Ahmed et al. 2023). CLDs allow the representation of link-
ages between multiple variables in a system, identifying the 
polarity of these relationships (i.e., positive or negative), 
and the feedback loops that occur when two or more vari-
ables influence each other in a closed cycle (Sterman 2000). 
These feedback loops are considered to have a “reinforcing” 
behavior when the polarities of their relationships gener-
ate an effect in the same direction, creating “vicious” or 
“virtuous” cycles. Conversely, a loop is considered to have 
a “balancing” behavior if its polarities compensate or regu-
late each other (similar to the functioning of a thermostat), 
attempting to reach equilibrium (Sterman 2000; Meadows 
2009).
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For our study, the CLD is constructed by one of the co-
authors using the Vensim PLE Plus software. The loops are 
labeled with a letter “R” or “B” indicating whether they 
reflect a balancing or a reinforcing behavior (see paragraph 
above), followed by consecutive numbers. Subsequently, the 
graphs are validated by the entire research team to assure 
that the CLDs reflect the findings of the study adequately.

Permissions and ethical considerations

The Gunas enjoy very strong administrative and cultural 
institutions (Dam Lam and Gasparatos 2023), and a strong 
degree of autonomy compared to other Indigenous settings 
in the Americas (see “Introduction”). The study followed 
the ethical guidelines and data management procedures 
stipulated by the authors’ affiliated academic institution, 
received permission from appropriate Gunas authorities, 
and acknowledged throughout the process the free, prior, 
and informed consent (FPIC) established by the Declaration 
on the Rights of Indigenous People (United Nations 2007).

We received permission from Gunas institutions at the 
regional (Gunayala) and local (island) levels before engaging 
with research at the three local communities (i.e., household 
surveys, interviews with local experts). In particular, through 
a lengthy and iterative process with the Gunas Cultural Con-
gress (one of the highest regional Gunas institutions that 
is the body responsible for overseeing such activities), we 
explained the overall research and the methodological pro-
tocol aspects. This included the information expected to be 
collected and the mode of information collection. In accord-
ance with local beliefs and ethics, we made modifications to 
the protocol and had to adhere to specific rules such as not 
to interview underage children or to always ask permission 
to take photographs inside private property. The permission 
was granted through an iterative explanation and delibera-
tion process, which lasted for approximately one year. With-
out this process to ensure that our research complies with 
local sensibilities, it would not have been possible to receive 
the final permission document to enter Gunayala for research 
purposes.

Once written permission was obtained from the Gunas 
Cultural Congress at the regional level, we started official 
communication with local leaders explaining again the 
research aim, the type of data to be collected, and how the 
information will be collected and used. We received permis-
sion from each community Sagla, before being allowed to 
collect information in each of the three study islands.

During the actual data collection, we explained to each 
expert interviewee and survey participant the purpose of the 
research, we clarified that at any moment, the research par-
ticipants were free to stop engaging in the expert interviews 
and household surveys, and that any such decision will not 
have any adverse effects. We informed the household survey 

participants that the collected information (which contained 
private information) will be anonymised and will not be 
possible to be tracked. As the expert interviewees did not 
provide private or sensitive information, we received their 
consent to be identified by affiliation.

Finally, we need to also reflect on the positionality of the 
research team. Although the corresponding author is Pana-
manian, none of the authors are Guna or from any of the nine 
recognized Indigenous groups of Panama. Thus, the authors 
acknowledge the potential cultural biases and/or reflexivity 
shortfalls that might not capture properly the reality of Guna 
people's concerns (Kwame 2017). To minimize this risk, we 
implemented a mix-method research approach where inter-
views with a broad range of experts from the Guna commu-
nity informed the characteristics, drivers, mechanisms, and 
implications of the ongoing diet change among the Guna 
people. Furthermore, the study design and implementation 
were performed with the feedback and on-the-ground sup-
port of The University of Panama Indigenous People Office 
(OPINUP). The OPINUP is operated by Indigenous people 
with the main goal of reducing the gap between academia 
and the needs of Panama’s Indigenous groups. For these rea-
sons during this research, we (a) conducted all expert inter-
views within Gunayala with the presence of a Guna guide 
to help us navigate Guna customs, (b) employed local Guna 
enumerators to conduct household surveys, and (c) adopted 
multiple roles through a reflexivity process as outsiders, fel-
low Panamanian, and researchers to become recipients of the 
knowledge to be shared by the interviewees (Kwame 2017).

Acknowledgements, challenges and limitations

Despite the comprehensive focus of this study on the char-
acteristics, drivers, and impacts of diet change in Gunayala, 
we need to acknowledge that some of the methodological 
decisions have certain limitations and uncertainties that 
must be considered when using our results to understand diet 
changes in Gunayala and generalizing in other Indigenous 
contexts. These relate to the (a) selection of the of the diet 
diversity metric, (b) recollection period, (c) inability to dif-
ferentiate between the sources of food items, and (d) impact 
elicitation through respondent perceptions.

For (a), the selection of the appropriate tool to capture 
dietary diversity (and more broadly food security) has cer-
tain trade-offs between the fitness for the purpose of the 
application (i.e., ability to recreate short- and long-term 
diets in this this study), acceptability in the literature, ease of 
comprehension by respondents and data collectors, and abil-
ity to enable accurate recollection (especially for longer peri-
ods) (FAO 2010; Carletto et al. 2013). When designing this 
study, we considered different alternatives, including some 
that can be more comprehensive, such as the HDDS (FAO 
2010), 24-h dietary recalls (Gibson and Ferguson 2008), 
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or the Food Frequency Questionnaire (FFQ). However, we 
ultimately decided to adopt and modify the FCS since it pro-
vided the best balance between the above considerations. In 
particular, for recent recollection periods, we consider that 
the 7 day period of the FCS is more appropriate compared to 
tools with 24 h recollection periods such the HDDS and the 
24-h dietary recalls, as this prevents potential risk of biases 
based on the day of the week the survey is conducted (e.g., 
day with unusual diets). Moreover, the FCS uses broad diet 
categories rather than listing all/individual food items con-
sumed in a given period such as 24-h dietary recalls or the 
FFQ. This arguably makes its modification easier to address 
the study objective of recalling household diets over long 
periods before the transition. In this sense, the selection of 
the FCS was a trade-off between comprehensiveness of food 
items and accuracy in the recollection of short- and long-
term diet patterns. Although we believe that the modified 
FCS was the best compromise to increase the accuracy of 
diet recollection in the short- and long-term, its selection 
(and some methodological decisions) causes certain omis-
sions and inaccuracies, and particularly the inability to con-
sider detailed micronutrient intake such as salt, which could 
lead to negative health implications.

For (b), due to the lack of accurate data about diet com-
position before the dietary transition, we had to resort to 
self-reported changes in food item consumption. This inserts 
certain uncertainties in pinpointing the timing of diet change 
and reporting the food items consumed (and their frequency) 
in the past. We acknowledge that while the major socioeco-
nomic changes in Gunayala started in the early 2000s due to 
the development of the main roads, increased migration of 
young Gunas, and expansion of the tourism sector (see “Intro-
duction”), not all households changed their diet at the same 
time. Therefore, in order to identify the diet change period, 
we first asked each respondent if they had perceived a change 
in their diet patterns in the past. If respondent noticed a diet 
change, we then proceed to ask how many years back this 
change occurred.1 For respondents that noticed a diet change, 
we use the self-reported reference year that they noticed this 
change to ask the past and current consumption of the dif-
ferent food items. For those respondents answering that they 
did not notice any diet change (see first section of “Results” 
for their number for each study group and island), we defined 
a 10-year recall period based on our expert interviews. We 
should note also that long recall periods might insert uncer-
tainties in the reporting of the consumption of different food 
items. To avoid to the extent possible such problems, we (a) 
asked only the frequency of consumption of the different food 
items rather than their actual quantity, and (b) set a maximum 
of 15 years of recall to reduce further the challenges of long 
recall periods. In this sense, the results should be perceived as 
a qualitative understanding of the main characteristics of diet 
change rather than an exact quantitative estimate. We resorted 

to this approach, as it was not possible to identify high quality 
individualized nutrition data to allow us to conduct a robust 
temporal analysis.

For (c), although it is important to understand the origin 
of food items when exploring diet changes in Indigenous 
contexts (e.g., farms, forests, marine areas, markets) (Jones 
2017), in this paper, we purposely avoided compounding the 
issues changing food item consumption and the origin of food 
items. Items in most food categories are obtained both from 
markets and local agroecosystems, but it is difficult to divide 
them in terms of origin accurately. While it might be possible 
to achieve this for a recent recollection period (e.g., 24 h or 
7 days before survey) with a different modification of the tool, 
it would have been particularly difficult to achieve it for the 
long-term recollections (i.e., before the diet shift). For this 
reason, and in order to meet study objectives, and avoid bur-
dening respondents and increasing response uncertainty, we 
opted to not capture the origin of food. Yet we do agree that 
this information would have offered a more nuanced picture 
of diet changes in Gunayala.

For (d), we acknowledge that our approach to assess the 
impacts of diet change through perceptions (rather than quan-
titative data for each individual impact) creates some uncer-
tainties. Again, this reflects the point made above about the 
general lack of available data due to the fact that the Gunas 
are quite understudied, with only a handful of studies explor-
ing environmental and socioeconomic change in Gunayala in 
the academic literature. In this sense again, the results of this 
analysis should be seen as qualitative evidence that points to 
the most prevalent impacts of diet change in Gunayala (and 
not necessarily the most severe) and a roadmap for identifying 
priority areas for robust future impact assessments.

Results

Sample characteristics

Table 2 contains the general characteristics of each study 
group. There is no statistically significant difference in 
income levels at Gardi Sugdub between sampling groups 
where some level of development has occurred (Table 2), 
with the tourism sector gradually becoming a key source 
of income and a driver for the development of healthcare 
and education facilities (Guna Cultural Congress, personal 
communication, February 16, 2018). Respondents in Sole-
dad Miria have the lowest income levels across all respec-
tive sampling groups in the other study sites, reflecting its 

1 Approximately 83% of the respondent noticed a diet change report-
ing the change occurring 8.7 (SD = 6.8) years in the past, though this 
varied by island and study group (see first sub-section of Results).
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status as the least developed community with the highest 
preservation of traditional practices (Soledad Miria Argar, 
personal communication, March 14, 2018). Conversely, 
study groups in Nargana consistently have  the highest 
incomes compared to their peer groups (Table 2). This 
reflects the fact that Nargana is the most developed study 
community, which has experienced the influence of west-
ern culture since colonial times, undergoing in the process 
the highest loss of traditional practices among Guna com-
munities (Nargana Sagla, personal communication, March 
13, 2018). The similar education level across all sampling 
groups and the earliest period of diet change reflects Nar-
gana's historical influence by modern societies (Table 2). 

Importantly, Table 2 also highlights the major differ-
ences in the onset of diet change between the different 
islands, across the spectrum of development and preser-
vation of traditional practices. Three out of the four study 
groups in Nargana (most developed island) have the earli-
est onset of diet change among their peer groups, while 
all four study groups in Soledad Miria (least developed 
island) have the latest onset of diet change (Table 2).

Adult women tend in most cases to have an earlier onset 
of diet change in each island, followed by adult men, young 
men, and then young women. This trend is observed consist-
ently both within individual islands, as well as in the aggre-
gate sample (Table 2). From our analysis, it is not clear why 
this happens, but it might reflect the gradual ease of finding 
ingredients for westernized diets in the Gunas islands over 
time and the fact that women are usually tasked for cook-
ing, while men spend prolonged periods of time in inland 
agricultural areas where access to non-traditional material 
is more challenging. However, we have to point to the very 
slight differences in the onset of diet change between adult 
women and adult men, which might just reflect the possibly 
better recollection of food items among adult women as they 
tend to be responsible for purchasing food (rather than tra-
ditional food that is mainly self-produced or collected from 
nature) and cooking it.

Characteristics of diet change in Gunayala

Results from the FCS module analysis suggest that dietary 
diversity within each study site remains relatively consistent 

Table 2  General characteristics per study group by study island

Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001. For detailed pairwise comparisons between groups see Table S3 in the Supplementary 
Material

Young men Adult men Young women Adult women Sig.

Gardi Sugdub
 n 23 23 21 23
 Age 24 52 23 48 0.000***
 Education (years) 12 9 12 8 0.032*
 Income (USD/month) 326 447 235 345 0.595
 Diet change (years) 11.6 (n = 18–78%) 10.9 (n = 17–74%) 7.1 (n = 18–86%) 12.3 (n = 17–74%) 0.002**

Soledad Miria
 n 24 26 24 24
 Age 23 53 24 48 0.000***
 Education (years) 9 3 7 1 0.000***
 Income (USD/month) 136 166 91 125 0.397
 Diet change (years) 4.7 (n = 24–100%) 6 (n = 25–96%) 3.8 (n = 22–92%) 5.4 (n = 23–96%) 0.017*

Nargana
 n 20 22 20 20
 Age 25 50 24 50 0.000***
 Education (years) 9 8 9 8 0.779
 Income (USD/month) 398 682 105 176 0.034*
 Diet change (years) 7.7 (n = 15–75%) 15.1 (n = 19–86%) 8.3 (n = 12–60%) 16.8 (n = 15–75%) 0.001**

All sites
 n 67 71 65 67
 Age 24 52 24 48 0.000***
 Education (years) 10 6 9 5 0.000***
 Income (USD/month) 279 417 142 216 0.008**
 Diet change (years) 7.6 (n = − 0%) 10.2 (n = − 0%) 6 (n = − 0%) 10.6 (n = − 0%) 0.000***
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between study groups, with no observed statistically sig-
nificant difference in FCS between groups in the ame island 
(Table 3). Before the onset of diet changes, we observe 
that FCS in Gardi Sugdub are higher across all sampling 
groups, followed by groups in Nargana and lastly by groups 
in Soledad Miria. Overall, when comparing aggregate scores 
between groups from all three islands, young and adult men 
(FCS = 65.2 and 64.2 respectively) had slightly higher die-
tary diversity when compared to young and adult women 
(FCS = 61.7 and 62.4 respectively) (Table 3).

Following the onset of diet change, we see large increases 
in dietary diversity in terms of FCS for all study groups 
across all islands. Although the differences are not statis-
tically significant for the post-diet change FCS between 
groups in each island, the FCS increases for each and every 
group over time. Indeed, when comparing the FCS before 
and after the diet change within the same sampling groups 
shows that in most cases, there is a statistically significant 
increase in the FCS (Table 4). The results show that overall, 
across all samples, the FCS increased by 18% going from 
an average FCS of 63.4 points (SD = 16.7) before the diet 
change to a FCS of 74.7 points (SD = 16.9) after the change. 
Soledad Miria has the highest FCS improvement with a 30% 
increase from an average FCS of 55.9 points (SD = 11.9) up 
to a FCS of 72.7 points (SD = 12.1). Moreover, the results in 
Soledad Miria show that this FCS improvement is observed 
across all sampling groups where there is a statistically 
significant increase in FCS after the diet change (Table 4). 
On the other end, the results for Gardi Sugdub show the 
lowest FCS improvement, with an overall 6% increase 
from a FCS of 70.4 points (SD = 16.1) to a FCS of 74.7 
points (SD = 16.4), with this increase being significant only 
among the male groups (Table 4). In Nargana, only in one 
of the sampling groups, there is a statistically significant 
increase in FCS, i.e., adult women increase from a FCS of 
65.2 points (SD = 20.6) to a FCS of 85.5 points (SD = 19.0) 
(31% increase). Interestingly, the FCS gap between study 

islands seems to have reduced following the onset of diet 
change, with groups in Soledad Miria reaching similar FCS 
levels with their peer groups in Gardi Sugdub and Nargana 
(Table 3).

When looking at the individual food items, both the expert 
interviews and the household surveys suggest major changes 
before and after the onset of diet change. Expert interviews 
suggest that before the diet change, families mostly prepared 
traditional meals with locally produced ingredients (e.g., 
dule masi) and drank traditional beverages prepared with 

Table 3  Past and present FCS 
for each sampling group by 
study island

Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001

Young men Adult men Young women Adult women Sig

n FCS n FCS n FCS n FCS

Past FCS
 Gardi Sugdub 23 69.7 23 71.0 21 69.6 23 71.2 0.981
 Soledad Miria 24 58.6 26 57.3 24 55.8 24 51.7 0.202
 Nargana 20 67.9 22 65.3 20 60.6 20 65.2 0.661
 All sites 67 65.2 71 64.2 65 61.7 67 62.4 0.609

Present FCS
 Gardi Sugdub 23 75.9 23 77.9 21 71.0 23 73.7 0.555
 Soledad Miria 24 72.9 26 73.0 24 73.6 24 71.3 0.924
 Nargana 20 76.1 22 74.2 20 73.0 20 85.5 0.250
 All sites 67 74.9 71 75.0 65 72.6 67 76.4 0.442

Table 4  Changes in FCS after diet change  within groups by study 
island

Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001

n Past FCS Present FCS Sig.

Gardi Sugdub
 Young men 23 69.7 75.9 0.016*
 Adult men 23 71.0 77.9 0.002**
 Young women 21 69.6 71.0 0.498
 Adult women 23 71.2 73.7 0.234

Soledad Miria
 Young men 24 58.6 72.9 0.000***
 Adult men 26 57.3 73.0 0.000***
 Young women 24 55.8 73.6 0.000***
 Adult women 24 51.7 71.3 0.000***

Nargana
 Young men 20 67.9 76.1 0.131
 Adult men 22 65.3 74.2 0.116
 Young women 20 60.6 73.0 0.059
 Adult women 20 65.2 85.5 0.000***

All sites
 Young men 67 65.2 74.9 0.000***
 Adult men 71 64.2 75.0 0.000***
 Young women 65 61.7 72.6 0.000***
 Adult women 67 62.4 76.4 0.000***
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maize and cacao (Ministry of Health Nutritionist Officer, 
personal communication, February 19, 2018). After the diet 
change, families are opting for imported dishes (e.g., burg-
ers, fries) and ready-to-make soft drinks and coffee, which 
increased their sugar intake compared to traditional food 
options (Ministry of Health Guna Cultural Officer, personal 
communication, February 19, 2018).

The in-depth analysis of food group consumption within 
a seven-day period sheds even more light on the characteris-
tics of the diet change that Guna communities are experienc-
ing. On the one hand, the results show that the consumption 
of traditional meals, local bushmeat, and traditional drinks 
is declining in favor of western food-related food groups 
including imported meat and carbonated soft drinks. On 
the other hand, there has been a consistent increase in the 
consumption of all other food items, such as pulses, vegeta-
bles, fruits, dairy products, and other fats (Fig. 1), which 
tend to be associated with food purchases (see next section). 
This same pattern of an increased prevalence of westernized 
food options and the decline of traditional options can be 
observed across all sampling groups and study sites (see Fig. 
S3, Supplementary Material). Moreover, the results suggest 

that for every study group across all study sites, the decline 
of traditional food groups and the increase of westernized 
food options are in most cases statistically significant (see 
Table S4, Supplementary Material).

Drivers of diet changes in Gunayala

The household surveys and expert interviews point to the 
many factors driving diet change. From the perspective of 
the local communities, the difficulty or ease to find certain 
food items/ingredients underpins most of the different types 
of diet change (Fig. 2), while experts tend to point to more 
on the underlying drivers. For example, the decline in the 
consumption of traditional dishes is mostly linked to the 
reduced availability of traditional food ingredients, while the 
increased prevalence of westernized dishes is mostly linked 
to their easier accessibility (Fig. 2).

In more detail, according to the local communities, 
the lack of the availability and access to the local ingre-
dients (e.g., local varieties of cassava, yam, rice, maize) 
needed to prepare traditional dishes and drinks has become 
the main barrier to consume them (Fig. 2). According to 

Fig. 1  Changes in the frequency 
of weekly consumption of 
different food groups before 
and after the diet change. For 
a breakdown by sampling group 
and study island refer to Fig. S3 
(Supplementary Material)
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several experts, the underlying reason is that such local 
staple food crops are no longer produced by local com-
munities due to shifts to formal livelihood activities linked 
to tourism (Guna Cultural Congress, personal communica-
tion, February 16, 2018).

Furthermore, the declining production of these tra-
ditional food items due to the livelihood change essen-
tially means that purchasing these ingredients has become 
the only avenue for many Gunas households to prepare 
traditional dishes and drinks. However, this has in turn 
increased their cost, leading to the second reported barrier 
for traditional dishes/drinks, namely high prices (Fig. 2) 
“life is becoming increasingly more expensive [purchase 
food], and then, when have forgotten how to farm” (Sole-
dad Miria Argar, personal communication, March 14, 
2018).

Another reason for the decline of traditional dishes/
drinks revolves around the loss of cultural practices in 
Gunayala. For example, for most traditional dishes/drinks, 

respondents suggested that they do not know how to pre-
pare them, in turn favoring westernized meals for their 
ubiquitous accessibility and convenience (see also Figure 
S4, Supplementary Material). Several experts alluded to 
the fact that the loss of traditional knowledge has been 
the driver of diet change among the Gunas (Vice Ministry 
of Indigenous Affair, personal communication, February 
20, 2018).

It is interesting to note that the main drivers of diet 
change according to the community perspective (e.g., 
reduced availability and high prices of traditional ingre-
dients, convenience and lack of knowledge) are relatively 
consistent between study groups and islands (Figs. S4–5, 
Supplementary Material).

Sustainability impacts of diet changes in Gunayala

The expert interviews identified a series of highly interlinked 
socio-cultural, economic, and environmental sustainability 

Fig. 2  Drivers of diet changes 
according to the household sur-
vey. For a breakdown of drivers 
by group and study island refer 
to Figs. S4–S5 in the Supple-
mentary Material
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impacts due to the diet change in Gunayala. Below and in 
Table 5, we summarize the main sustainability impacts 
and the associated mechanisms. The causal loop diagram 
in Fig. 3 provides a detailed depiction of the linkages and 
main feedback loops between the characteristics, drivers, 
and impacts of diet change in Gunayala.

The most important social impact of diet change in 
Gunayala is the loss of ILK (Loops R1, R2, R3), which is a 
central element of the Guna society and culture, considering 
that it intersects with their close link to the SES (see “Intro-
duction” and “Research approach”). This is because food 
in Guna society goes beyond what is consumed, but rather 
represents a whole subsystem of the Gunas culture that is in 
a way central to the transfer of ILK between generations and 
provides opportunities to strengthen community ties within 
and between families.2 In other words, food is not simply a 
material, but has important cultural and social connotations. 
In more detail, the traditional Gunas food ingredients are 
obtained through agricultural activities in the mainland (e.g., 
staple indigenous crops and varieties, such as native yam, 
yuca, and otoe, see Introduction), fishing, and bushmeat 
hunting (e.g., lobster, deer). These agricultural, fishing, and 
hunting activities that provided the main ingredients for the 
traditional Gunas diet have historically also offered the main 
opportunities for Guna elders to share their history, beliefs, 
traditions, and ecosystem management techniques to their 
grandsons. The Gunas have relied for generations on this 
system to pass on their culture and ILK. For example, one of 
the local experts reminisced: “we used to have our own edu-
cation systems, but that has been lost. Before we used to take 
the kids for fishing, collect firewood, work the fields. There, 
the grandfather will teach them, guide them” (Gardi Sug-
dub local researcher, personal communication, March 12, 
2018). At the same time, these shared community-oriented 
agricultural, fishing, and hunting activities led by the local 
chiefs strengthened community ties and provided certain 
food items to conduct local festivities.3 However, with the 
increasing reliance on purchased food, much of this ILK is 
gradually declining (or even lost), as traditional food ingre-
dients (and their production/harvesting practices) have been 
replaced by convenience stores. This has major ramifications 
for social sustainability, as for example, according to one of 
the Indigenous leaders: “local chiefs have forgotten their 
role, 40 years back, local chiefs used to lead their communi-
ties to work the fields” (Guna Cultural Congress Secretary 
General, personal communication, February 16, 2018).

The second major social sustainability impact of diet 
change relates to food security. Here we find two opposing 
mechanisms in that diet change can have some positive and 
some negative impacts on food security. On the one hand, as 
outlined in above, dietary diversity has improved for practi-
cally each study group in each island, which implies certain 
benefits for food security. Furthermore, although past FCS 
tended to vary between islands, these scores seem to con-
verge currently between islands suggesting a certain diet 
homogenization (Tables 3, 4). However, we should point 
out that despite certain improvements in dietary diversity 
and elements of food security, these changes have not neces-
sarily led to more healthy eating habits (see next paragraph). 
On the other hand, this growing reliance on purchased food 
can catalyze food shortages when trade routes are disrupted 
(e.g., during periods of tropical storms) or for some house-
holds that rely on income from the tourism sector to buy 
food (see economic impacts below). Regarding the former, 
most Gunas islands are very densely populated and most 
shops have limited stocked provisions. These ever-increasing 
disruptions due to climate change cause food shortages for 
marketed items and pose significant risks for food security 
(which is compounded from the general decrease of self-pro-
duced items as explained above). In particular, the limited 
capacity of local stores to stockpile more than a few days of 
supplies leads sometimes to food shortages during weather 
disruptions (Gardi Sugdub Marine Biologist, personal com-
munication, March 12, 2018). This is further exacerbated 
by the loss of traditional coping mechanisms, such as the 
storage of family grown staple foods, such as yam, cassava, 
and corn, to outlast storms and disruption to food supplies 
(CONAMUIP, personal communication, February 24, 
2018). For example, one respondent mentioned that “during 
high tides, people cannot cross to the mainland to get food, 
but our grandfathers used to extract coconut oil, smoked 
fish, yuca, and they will store them on calabacínes [contain-
ers made out of dried out zucchini], and we will know there 
is always food in the house” (Vice Ministry of Indigenous 
Affair, personal communication, February 20, 2018).

The third major social sustainability impact of diet 
change relates to its health outcomes. Similar to food secu-
rity, we observe different mechanisms, some of which lead 
to positive and some to negative health outcomes. Although 
following the observed diet change, the consumption of cer-
tain food items, such as fruits and vegetables, has generally 
increased (see previous sub-section), the fact remains that 
the simultaneous consumption of many unhealthy food items 
(e.g., red meat, processed food, sugary beverages, oil) has 
also increased. Although the fast food meals and soft drinks 
represent an appetizing new option among young Gunas 
due to their low cost and easy preparation (see Fig. 2), they 
also have high sugar and fat content, which might increase 
the levels of obesity and the risks for non-communicable 

2 For a deeper explanation of the links between ILK and social cohe-
sion/ties in Gunas society refer to a Dam Lam and Gasparatos (2023).
3 For example, after harvesting community shared crops (e.g., maize, 
sugarcane) a four day celebration will follow with fermented tradi-
tional drinks made out of the harvest (Gardi Sugdub Marine Biolo-
gist, personal communication, March 12, 2018).
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diseases such as diabetes (Regional Head Ministry of Health, 
personal communication, February 19, 2018). However, the 
full scope of the health implications of these dietary changes 
is just starting to emerge. Health ministry officials are start-
ing to realize the need to conduct a comprehensive inves-
tigation of the health implications of diet change. As one 
respondent pointed out: “so much [the diet change], that now 
we have [in Gunayala] hypertension and diabetes, years ago 
we didn’t have that many, now we need to conduct preven-
tive health census, maybe then we will be able to realize the 
hidden cases, the asymptomatic, and know in reality how 
many there are” (Ministry of Health Nutritionist Officer, 
personal communication, February 19, 2018). At the same 
time, the switch from traditional beverages based on mix-
ing boiled water with locally produced crops (e.g., cacao, 
maize) to instant flavored mix drinks that do not necessarily 
use boiled water has removed the urgency of boiling water 
from freshwater sources (mainly rivers), leading to the high 
prevalence of some communicable diseases such as diarrhea 
(Regional Head Ministry of Health, personal communica-
tion, February 19, 2018).

Diet change has had a series of direct and indirect eco-
nomic impacts (Loop R4). On the one hand, diet change has 
created the pre-conditions and opportunities for income gen-
eration for some community members through small stores 
that sell food items and restaurants. Although the number of 
such establishments is relatively limited considering the gen-
erally small size and populations of individual islands (thus 
involving only a small number of families in each island), 
they can provide rather stable income, as they tend to cater 
to the local communities rather than tourists that are a more 
seasonal enterprise.

However, the more important economic impact of diet 
change is the increasing allocation of money to food pur-
chases, especially for younger Gunas (Loop R4). For many 
of the young Gunas, food purchases have become the main 
avenue for accessing food, due to their increasing engage-
ment in tourism-related economic activities rather than tra-
ditional agriculture and fishing activities,4 as “many young 
Gunas don’t want to work on the land anymore, they choose 
tourism as the source of income” (Gardi Sugdub Tour-
ism Leader, personal communication, March 12, 2018). 
However, for some community members, this income can 
be rather precarious, as one respondent put it aptly: “they 
think they can rely on the income produced from selling 
lobster, but when there is fishing ban, they have no money 
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4 In summary, this intersects with broader changes in the livelihoods 
of many Gunas (as well as of the broader economic system of Gunay-
ala), and particularly the switch from subsistence-based agriculture- 
and fishing-oriented livelihoods, to more formalized livelihoods rely-
ing on the expanding tourism sector. For a more detailed explanation 
of these phenomena refer to Dam Lam and Gasparatos (2022).
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to purchase food” (Vice Ministry of Indigenous Affair, per-
sonal communication, February 20, 2018). Interestingly, this 
implies certain trade-offs with food security for those Gunas 
that rely on income from selling lobsters in the tourism sec-
tor, as discussed above. Interestingly, these livelihood shifts 
have in turn put further pressures on Gunayala’s marine 
ecosystem, mediating some of the environmental impacts 
discussed below (see overexploitation).

The main environmental impact of diet change in Gunay-
ala relates to the pollution from the packaging of processed 
food, such as plastic wrapping of food items and bottles/cans 
of beverages. In many aspects, this is due to the fact that 
each island community in Gunayala essentially functions as 
a semi-autonomous entity and a closed system. While trash 
generation due to diet change has increased, waste manage-
ment in Gunayala still relies on each community’s/island’s 
capabilities. This poses a new environmental challenge 
that Gunas have not faced in the past and are struggling to 
tackle currently in the midst of the unfolding diet change. 
For example, according to one respondent “the Guna people 
are very aware of the challenges we are facing now, such as 
their trash handling. Before, our ancestors generated trash 
that came from the nature, and that trash should return to 
nature. For instance, when we eat fish, the leftover bones go 

back to the ocean where they belong, and where they disinte-
grate. However, now as technology has entered, things have 
changed. We have problems with the plastic. They should 
return where they were produced” (Ministry of Health 
Sanitation Officer, personal communication, February 19, 
2018). Currently, there is no effective waste management 
system in the Gunas islands to cope with the increase in 
food-related waste. For example, “there is so much trash that 
is impossible to recycle there. They don’t have the capacity, 
as the islands are too small without recycling processing 
plants. Most of the trash goes to the ocean. I am talking 
about beer aluminum cans that goes to the bottom of the 
ocean” (AECID Indigenous Development Director, personal 
communication, March 2, 2018). This lack of viable waste 
management options has had wider environmental implica-
tions. For example coastal mangroves have been used as 
dumping sites, which in turn have precipitated unintended 
health risks. As one respondent suggested “here the trash is 
dumped into the mangroves, and then when a river flood-
ing occurs, all that trash reached back here, and affects our 
health” (Gardi Sugdub Marine Biologist, personal commu-
nication, March 12, 2018).

The second and more indirect environmental impact of 
diet change is associated with the overexploitation of certain 

Fig. 3  Causal loop diagram of the drivers and impacts of diet change in Gunayala
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marine species (Loop R5), such as lobsters and spider crab, 
which have high economic value for the tourism sector, 
decreasing their availability and access to Guna households 
(Gardi Sugdub Marine Biologist, personal communica-
tion, March 12, 2018) (see above). A respondent suggested 
that “tourism has increased tenfold at least. The mounting 
pressure in Gunayala has also increased significantly and 
has serious consequences in their way of life. They have 
exhausted their lobster to satisfy the demand” (AECID 
Indigenous Development Director, personal communica-
tion, March 2, 2018). In a sense, the Gunas have essentially 
traded the availability of traditional marine resources to gain 
access to western food items via the booming tourism sector.

Surprisingly, despite the switch to a more westernized 
diet that contains more meat (Fig. 1), the respondents did not 
allude to forest degradation for meat production. Although 
the forest located on Gunayala’s mainland has traditionally 
played a minor role in their diet beyond providing occasional 
bushmeat,5 it remained unaffected by the socioeconomic 
changes: “cattle raising is forbidden in Gunayala, because 
we believe that it destroys [the grasslands], and requires a 
lot of space, because the Gunas have a belief of mother earth 
and protecting the resources” (Vice Ministry of Indigenous 
Affair, personal communication, February 20, 2018).

Discussion

Associating observed diet change in Gunalaya 
with trends in other Indigenous contexts

Some of the characteristics, drivers and impacts of diet 
change in Gunayala reflect trends observed in other Indig-
enous contexts. Although it is possible to identify some 
convergences and divergences in some of these trends, it 
is not always possible to establish direct comparisons with 
other Indigenous contexts due to the differences in the aims, 
objectives and methods of the underlying studies.

When looking at the characteristics and drivers of diet 
change in Gunayala, it can be argued that it has been more 
of a by-product of broader development processes rather 
than a purposeful and concerted effort to improve Gunas 
food security. In particular, although diet change has resulted 
in improved dietary diversity as evidenced by the increase 
in FCS consistently across study groups and islands (these 
changes are in most cases statistically significant, Tables 3, 

4), the past FCS were adequate across all groups regardless 
of gender, age group, or level of development (despite some 
differences between islands) (Table 3). In fact, the Gunas 
largely enjoyed a stable and readily available local selec-
tion of staple food crops, fish, and wild food, before gain-
ing access to a new and wider variety of food groups (i.e., 
western dishes, processed food) (Nargana Sagla, personal 
communication, March 13, 2018). This reflects studies in 
other Indigenous contexts that have found both that (a) local 
diets can be rather diverse and meet the food security and 
nutritional requirements of local communities (Iannotti and 
Lesorogol 2014, Iragamo 2016) and (b) diet changes are not 
necessarily the outcomes of coordinated actions to improve 
the food security of local communities, but rather an off-
shoot of (often unchecked) development processes (Beaum-
ier and Ford 2010; Duhaime et al. 2002; Sarkar et al. 2020; 
Valery et al. 2012; Powell et al. 2015).

Here it is important to note the actual characteristics of 
diet change, which again show some similarities and diver-
gences with other Indigenous communities. On the one 
hand, the increased intake of sugar, fats, soft drinks, and 
coffee is consistent with other case studies (Sharma et al., 
2010, Port Lourenço et al. 2008). However, the overall diet is 
less skewed toward starchy staple foods and leafy vegetables 
compared to other Indigenous communities (Reyes-García 
et al. 2019), possibly achieving a better balance among the 
different food groups by increasing the intake of protein and 
dairy products.

Yet despite these generally positive effects on diet diver-
sity, we need to point out that the new diet is not necessar-
ily healthy or less vulnerable to disruption. For example, 
increases in dietary diversity are not necessarily healthy 
(e.g., Parrotta et al. 2015; Kuhnlein and Receveur 1996, 
2004), with this dual outcome of diet change on the one hand 
improving food security, but on the other hand having nega-
tive public health outcomes observed in other Indigenous 
contexts (Mishra et al. 2017; Sharma et al. 2013; Yuen 2015; 
Rapinski et al. 2023). Although currently there are no con-
clusive studies about the possibly negative health outcomes 
of the observed diet changes in Gunayala, some of the newly 
introduced food groups have been directly associated with 
diabetes, obesity and other non-communicable diseases that 
have been reaching epic status among Indigenous people in 
other parts of the world (e.g., Valery et al. 2012, van Vliet 
et al. 2015).

Beyond the changes in food items, an important dimen-
sion of diet change in Indigenous areas also entails the 
changes to the origin of the food (Galvin et  al. 2015, 
Lourenco et al. 2008). In Gunayala, there is a marked shift 
in the origin of food, from seascapes and inland agricultural 
areas (less from forest) to shops in populated islands. These 
shifts in food origin (and essentially in the food production 

5 The forest rather plays a role of the community pharmacy, provid-
ing the bulk of the medicinal plants to the community healers “the 
forest has a deep cultural root for us, we believe the trees are our 
brothers, like a great chief used to tell us, the forest is our pharmacy, 
from there we get our medicine” (Guna Cultural Congress, personal 
communication, February 16, 2018).
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and harvesting process), have a series of socioeconomic and 
cultural implications as unpacked below.

First, reliance on purchased food items might create vul-
nerabilities in access to food, and essentially some aspects of 
food security. In particular, the new western-influenced food 
system increases the availability of (and improves the access 
to) some food items through small convenience stores. This 
new market system is governed by supply and demand, and 
essentially dictates the access that households have to any 
given type of food item that is a marked departure from 
the traditional food system where communal food produc-
tion/harvesting and sharing was the dominating social norm 
(see below) (Vice Ministry of Indigenous Affair, personal 
communication, February 20, 2018). Similar observations 
have been made in other Indigenous contexts (Finnis 2007; 
Sheehy et al. 2013). More importantly, reliance on purchased 
food items might increase food access vulnerability to live-
lihood disruptions and/or price increases, as for example 
evidenced during the COVID-19 pandemic (Stanger-
McLaughlin et al. 2022; Ghosh-Jerath et al. 2022). Simi-
larly natural hazards such as storms (that are exacerbated 
by climate change) have been compromising on occasions 
the access of Gunas to imported food through disruptions of 
food value chains, something that has been observed in other 
Indigenous contexts (FAO 2021b, Zavaleta-Cortijo 2020).

Second, the increasing reliance on purchased food 
rather than food traditionally produced in the inland farms 
has arguably affected social cohesion to some degree via 
the highly interlinked changes in food production and loss 
of ILK (Dam Lam and Gasparatos 2023). The traditional 
community-based food cropping and fishing systems of the 
Gunas have relied on the fact that all participating house-
holds shared equal responsibility for food stocks and the 
equal availability and access to stable stocks of food across 
the community, which arguably has changed with increased 
reliance on markets for food. Similar effects of diet change 
on social cohesion via the transformation of traditional food 
systems have been observed in other Indigenous communi-
ties (Kuhnlein et al. 2013; Sylvester et al. 2016). An equally 
important route to social cohesion loss is via the erosion of 
ILK again through the transformation of community-based 
food cropping and fishing systems, which were essential for 
the transmission of ILK through engagement in communal 
activities (partly due to diet change and partly due to liveli-
hood shifts) (Dam Lam and Gasparatos 2023). The erosion 
of ILK and traditional values has also been linked to diet 
change in other Indigenous contexts (Gartaula et al. 2020; 
Mihiranie et al. 2020).

Finally, the changes in the origin of the food have had 
some interesting intersections with the natural landscape. 
On the one hand, they did not seem to have affected the for-
est, as there was no significant reported forest conversion to 
grassland over time for meat production due to the Gunas 

beliefs. The reported decline in the amount of bushmeat 
consumed over time (Fig. 1), mainly due to increasing scar-
city (Fig. 2), is not due to overexploitation or loss of habitat 
from forest conversion, but due to the increasing reluctance 
of younger generations to engage in such hunting activities 
(see also Dam Lam and Gasparatos 2023). Conversely diet 
change intersected with livelihood transformation to have a 
more pronounced effect on the coastal environment. Here 
the increased harvesting of lobster has created some signs 
of overexploitation, and general degradation of the seascape 
(Dam Lam and Gasparatos 2023). However, here the inter-
esting aspect is that this lobster is not consumed so much 
within Gunas, but is used to receive income to buy food from 
the retail market.

Delineating intersecting drivers and impacts 
through a sustainability science lens

Elucidating the characteristics, drivers, and impacts of the 
diet change in Gunayala through a Sustainability Science 
lens allows us to unpack the intricate linkages between 
Indigenous food systems and their broader social-ecolog-
ical context. Our results indicate that the traditional food 
system in Guna links to practically all domains of sustain-
ability (i.e., social, economic, and environmental) through 
changes in food preference, the processes of food produc-
tion, harvesting, and preparation, the origin of food, and the 
embedded culture and values. In this sense, the diet change 
arguably affects the physical, mental, emotional, spiritual, 
cultural, and social wellbeing of the Guna communities and 
their ecological performance in the long run. The inextrica-
ble linkages between the food system, Indigenous people, 
and their environment have been identified for various previ-
ous studies, for instance tracking the importance of Indig-
enous food in environmental and cultural integrity (Kuhnlein 
et al. 2013), social support and networks (Sarkar et al. 2020), 
conservation of ILK (Egeland et al. 2009), and human rights, 
identity, and heritage (Damman et al. 2013).

An important observation is that the drivers and impacts 
of the diet change intersect and interact strongly with each 
other in often complex ways characterized by multiple feed-
backs between them. For instance, the loss of traditional 
practices and values due to development processes is one of 
the main drivers of diet change in Gunayala. This leads to 
changes in the characteristics of the diet toward more west-
ern-based meals and less traditional dishes and ingredients. 
This diet change causes the further erosion of ILK and the 
cultural values associated with the food system (i.e., impact), 
in turn further intensifying the loss of traditional food prac-
tices (i.e., driver). The increased reliance of the Gunas on 
tourism for income generation (i.e., driver) has another rein-
forcing effect of their diet change, which contributes to the 
overharvesting of marine species used in traditional diets 
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(i.e., impact) to generate tourism income for purchasing food 
items (i.e., characteristic). Interestingly, such feedbacks are 
not only visible between the impacts and the drivers, but also 
between different types of impacts, for example economic 
changes can trigger an enormous shift in the socio-cultural 
system and vice versa.

Such complex linkages between the types, drivers, and 
impacts of diet change have been identified in different stud-
ies in the Global South beyond Indigenous contexts (Morgan 
and Fanzo 2020). Yet, we should point out that in the context 
of Indigenous communities these feedbacks are exception-
ally difficult to predict and comprehend considering our 
limited understanding of their very unique relations with 
nature (FAO 2021a). Such complex human–nature relation-
ships in the Indigenous food system have been widely stud-
ied in the literature (Kuhnlein and Damman 2008; Mazac 
and Tuomisto 2020; Turner and Turner 2008). However 
the often-reciprocal and multi-directional feedback loops 
within the food system, although recognized in studies on 
Indigenous food insecurity mitigation and adaptation (Lugo-
Morin 2020), have been limitedly extrapolated and incor-
porated in policy-making processes. This study strengthens 
the argument proposed in a large number of recent works 
on Indigenous traditional food systems (Ford 2009; Guyot 
et al. 2006; Kuhnlein et al. 2013) and brings attention to the 
importance of these feedback loops in designing appropriate 
interventions for ensuring the food security of Indigenous 
communities.

Policy implications and ways forward

Positioning our findings from Gunayala within a broader 
Indigenous context, we observe both divergence and con-
vergence in diet change patterns compared to other indig-
enous contexts (Rowley et al. 2000; Kuhnlein et al. 2004; 
Crittenden and Schnorr 2017; Powell et  al. 2015) (see 
above). However, beyond the nutritional dimensions of this 
diet change, our research explored critically the underlying 
drivers and unfolding impacts, contributing empirical find-
ings to the current knowledge at this interface. One con-
ceptual implication of this research is that in Indigenous 
contexts where food production and consumption systems 
are interlinked with the local culture, the landscape and 
practically every facet of society, we need to move beyond 
narrow discussions of health and nutrition impacts toward a 
broader social–ecological system perspective of how the diet 
changes unfold (FAO 2021a). To achieve this, we employed 
a Sustainability Science lens that helped explore in-depth the 
pathways linking the drivers of the diet change, the actual 
changes and their impacts in a holistic manner (see previous 
section).

Here we need to point out  that these interrelations 
between the drivers and impacts of diet change discussed 
above have not been unnoticed within Gunas society. In the 
past few years, the Guna authorities have been actively try-
ing to preserve their traditional food system (including the 
traditional diet and food production systems), as a means 
of reversing some of these changes. Toward that end one 
of the respondents pointed out that “we need to cherish our 
native crops, for instance, we don’t see [people farming] any 
more in Gunayala the sweet potato” (Guna Cultural Con-
gress Production Director, personal communication, Febru-
ary 16, 2018). For example, a regional program has sought 
to recover local food production, and has been designed and 
pursued as a top priority in the region. According to one 
respondent, “local food production has declined; therefore, 
we created a special commission to assist local communi-
ties” (Guna Cultural Congress, personal communication, 
February 16, 2018). Furthermore, while other programs 
have tried to address the escalating trash collection prob-
lems in Gunas islands (partly due to food packaging), the 
remote location of Gunayala and the dispersion of communi-
ties across dozens of islands have created many challenges 
for the long-term management of the drivers or impacts of 
diet change. For example, according to a respondent “at one 
point, we tried to organize in some communities trash col-
lection centers, but we couldn’t find a way to make it work 
[…], the first issue there is to send the trash from the islands 
to a location in the coast and then send a truck there every 
day” (Ministry of Health Regional Director, personal com-
munication, February 19, 2018).

In this context of mitigation efforts, our research find-
ings have some major implications for policy and practice in 
Gunayala, and Indigenous food systems more broadly. First, 
they point to the very integrated nature of the drivers and 
impacts of diet change, and second to the often bidirectional 
nature of these relations.

First, policies, programs and related interventions 
(including nutrition interventions) should seek to build 
upon, leverage or at least not disrupt the ties between 
Indigenous communities, their natural environment and 
traditional food systems. As has become clear from our 
case study, the current diet change driven by a multitude of 
processes is likely to have negative health, socio-cultural 
and environmental outcomes in the long-term (Fig. 3). 
A possible way forward would be to engage and offer 
opportunities to Indigenous people to play a leading role 
in preserving their local food system through integrating 
ILK with modern scientific knowledge and technology. 
A potential pathway to achieve this integration is by co-
designing school curriculum tailored to Gunas’ needs. 
Practical hands-on classes targeting young Gunas can 
help preserve traditional farming methods, indigenous 
crops, and traditional food insecurity coping strategies. 
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As outlined above, ILK and traditional practices permeate 
practically every stage of the food system starting from 
food production/harvesting, to food preparation, consump-
tion, and the long-term management of food-related natu-
ral resources. In this sense, the traditional food system 
cannot be effectively preserved if these ties to the environ-
ment are severed. Strengthening these ties (or even recon-
necting eroded ties) would, however, require concerted 
effort between sectors directly and indirectly linked to the 
food system.

Second, when designing such programs and interven-
tions, we emphasize the importance of understanding the 
multi-directional feedback loops permeating the Indigenous 
food system, and utilizing them to reinforce positive soci-
etal and behavioral change in relation to diets. For instance, 
by leveraging certain positive feedback loops between 
the preservation of ILK (a major policy priority of Gunas 
authorities) and behavioral change toward traditional foods, 
it might assist the active design of interventions aiming to 
influence diet-related behavior in the broader population. 
Similarly, understanding negative feedback loops (e.g., the 
link between tourism, income generation, overexploitation 
of traditional food items, and food purchases) could assist 
in balancing the negative consequences. We need to point 
out that many of these feedback loops are already happening 
without our recognition. Thus, we argue that being aware of 
these feedback loops and knowing how the system operates 
(as well as its sensitive points) can leverage the success of 
related programs and interventions. Yet, despite the pos-
sible advantages of incorporating these feedback loops in 
decision-making processes, there have been few studies in 
the current literature in the food sector in general (and in the 
Indigenous context in particular). This could be an important 
future research direction to ensure sustainable food systems 
and food security in Indigenous contexts.

Beyond Gunalaya, our research findings have some 
broader implications for other Indigenous contexts expe-
riencing rapid and profound diet change and food system 
transformation. First, if anything, Fig. 3 suggests the com-
plex interlinkage between different and simultaneously 
unfolding types of diet change, through equally diverse driv-
ers and with equally diverse impacts. Although each Indig-
enous food system is likely to experience different transfor-
mations and dietary change, the fact remains that these entail 
highly interconnected processes, with intimate links to the 
values, cultural dimensions, and characteristics of the SES 
(FAO 2021a). This implies the need for systemic approaches 
to understand, prevent and/or curb the negative impacts of 
diet change. Second, by engaging closely with ILK holders, 
this exercise shows very well how it is possible to integrate 
their insights when exploring how diet changes unfold. The 
ability to obtain such deep insights further supports the calls 
made to be more holistic in engaging Indigenous people in 

policy discussions for food systems sustainability globally 
(The Global-Hub on Indigenous Peoples’ Food Systems 
2021).

Conclusion

This Case Report unraveled the characteristics, drivers, and 
impacts of diet change in Gunayala (Panama) through a Sus-
tainability Science lens. We combined insights from national 
and local experts engaged in different ways in development 
processes in Gunayala, as well as household surveys from 
three islands characterised by different levels of develop-
ment and preservation of traditional values. Although we 
relied on the recollection of household respondents to iden-
tify diet changes, there seems to be a clear trend toward 
diet westernization across all gender/age groups and focus 
islands. Although this diet change seems to have resulted 
in greater dietary diversity (as a proxy of food security), 
experts overwhelmingly suggested that this comes with a 
series of negative health, socio-cultural, and environmental 
outcomes.

However, there is significant intersection between the 
different drivers and impacts of diet change. This includes 
interrelated processes of livelihood changes due to the grow-
ing reliance on tourism, changes in traditional agrarian/fish-
ing/hunting practices, overexploitation of certain traditional 
food items for commercial use in the tourism sector, reliance 
on purchased food items, and the erosion of ILK, traditional 
values and social cohesion. We argue that it is important 
to adopt inter- and trans-disciplinary research approaches 
anchored on Sustainability Science to understand such diet 
changes (and their multiple interconnected processes), if we 
are to develop effective and sustainable interventions to pre-
vent diet changes or mitigate their impacts in Gunayala, and 
Indigenous areas more broadly.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11625- 023- 01325-0.

Acknowledgements The authors acknowledge the support of the Japan 
Society for the Promotion of Science (JSPS) for a Grant-In-Aid for 
Young Scientists (A) (17H05037). We acknowledge that his article 
presents a partial and situated understanding of Guna food systems, and 
for this reason, we do not claim to speak on behalf of the Guna people.

References

Ahmed A, Lozano D, Alatinga KA, Gasparatos A (2023) From Amp-
esie to French Fries: Systematising the characteristics, drivers 
and impacts of diet change in rapidly urbanising Accra. Sustain 
Sci. https:// doi. org/ 10. 1007/ s11625- 022- 01195-y. (in Press)

https://doi.org/10.1007/s11625-023-01325-0
https://doi.org/10.1007/s11625-022-01195-y


 Sustainability Science

1 3

Beaumier MC, Ford JD (2010) Food insecurity among Inuit women 
exacerbated by socio-economic stresses and climate change. Can 
J Public Heal 101:196–201

Breeman G, Dijkman J, Termeer C (2015) Enhancing food security 
through a multi-stakeholder process: the global agenda for sus-
tainable livestock. Food Secur 7:425–435. https:// doi. org/ 10. 
1007/ s12571- 015- 0430-4

Bremer N (2020) Radar chart design [WWW Document]. URL www. 
visua lcinn amon. com

Browne J, Lock M, Walker T, Egan M, Backholer K (2020) Effects 
of food policy actions on Indigenous Peoples’ nutrition-related 
outcomes: a systematic review. BMJ Glob Heal 5:e002442. 
https:// doi. org/ 10. 1136/ bmjgh- 2020- 002442

Carletto C, Zezza A, Banerjee R (2013) Towards better measurement 
of household food security: harmonizing indicators and the 
role of household surveys. Glob Food Sec 2:30–40

Castillo BD (2005) La Autonomía Indígena En Kuna Yala Frente Al 
Impacto De La Globalización: Un Análisis De Los Retos Del 
Autogobierno Indígena. Universidad de Costa Rica

Chanza N, Musakwa W (2021) Indigenous practices of ecosystem 
management in a changing climate: prospects for ecosystem-
based adaptation. Environ Sci Policy 126:142–151. https:// doi. 
org/ 10. 1016/j. envsci. 2021. 10. 005

Conelly WT, Chaiken MS (2000) Intensive farming, agro-diversity, 
and food security under conditions of extreme population pres-
sure in western Kenya. Hum Ecol 28:19–51

Crittenden AN, Schnorr SL (2017) Current views on hunter-gath-
erer nutrition and the evolution of the human diet. Am J Phys 
Anthropol 162:84–109. https:// doi. org/ 10. 1002/ ajpa. 23148

Dam Lam R, Gasparatos A (2023) Unpacking modernization, devel-
opment, and sustainability in indigenous Gunas communities 
of Panama. People Nat. https:// doi. org/ 10. 1002/ pan3. 10452

Damman S, Kuhnlein HV, Erasmus B et al (2013) Human rights 
implications of Indigenous Peoples’ food systems and policy 
recommendations. Indig peoples’ food Syst well-being Interv 
policies Heal Communities. FAO, Roma, pp 257–278

Davis E (2014) Diagnóstico de la Población Indígena de Panamá. 
Panama

Dounias E, Selzner A, Koizumi M, Levang P (2007) From sago to 
rice, from forest to town: the consequences of sedentarization 
for the nutritional ecology of Punan Former Hunter-Gatherers 
of Borneo. Food Nutr Bull 28:S294–S302

Duhaime G, Chabot M, Gaudreault M (2002) Food consumption 
patterns and socioeconomic factors among the inuit of Nuna-
vik. Ecol Food Nutr 41:91–118. https:// doi. org/ 10. 1080/ 03670 
24021 4491

Egeland GM, Charbonneau-Roberts G, Kuluguqtuq J, Kilabuk J, 
Okalik L, Soueida R, Kuhnlein HV, Others (2009) Back to 
the future: using traditional food and knowledge to promote 
a healthy future among Inuit. In: Indig. Peoples’ Food Syst, 
pp 9–22

Egeland GM, Johnson-Down L, Cao ZR, Sheikh N, Weiler H (2011) 
Food insecurity and nutrition transition combine to affect nutri-
ent intakes in Canadian Arctic Communities. J Nutr 141:1746–
1753. https:// doi. org/ 10. 3945/ jn. 111. 139006

FAO (2010) Guidelines for measuring household and individual dietary 
diversity. Food and Agriculture Organisation, Rome

FAO (2021a) The White/Wiphala paper on Indigenous peoples’ food 
systems. Food and Agriculture Organization, Rome

FAO (2021b) Indigenous Peoples’ food systems: Insights on sustain-
ability and resilience in the front line of climate change. Food 
and Agriculture Organization, Rome

Fernández C (2020) Nutrition transition and health outcomes among 
indigenous populations of Chile. Curr Dev Nutr 4:nzaa070. 
https:// doi. org/ 10. 1093/ cdn/ nzaa0 70

Finnis E (2007) The political ecology of dietary transitions: chang-
ing production and consumption patterns in the Kolli Hills 
India. Agric Hum Values 24:343–353. https:// doi. org/ 10. 1007/ 
s10460- 007- 9070-4

Fixico D (2013) The American Indian mind in a linear world: Ameri-
can Indian studies and traditional knowledge. Routledge

Ford JD (2009) Vulnerability of Inuit food systems to food insecurity 
as a consequence of climate change: a case study from Iglo-
olik. Nunavut Reg Environ Chang 9:83–100. https:// doi. org/ 
10. 1007/ s10113- 008- 0060-x

Fortis P (2015) Smoking tobacco and swinging the Chicha: on dif-
ferent modes of sociality among Guna ('Kuna’) People. The 
master plant. Routledge, pp 199–214

Galvin KA, Beeton TA, Boone RB, BurnSilver SB (2015) Nutri-
tional status of maasai pastoralists under change. Hum 
Ecol Interdiscip J 43(3):411–424. https:// doi. org/ 10. 1007/ 
s10745- 015- 9749-x

Gao T, Erokhin V (2020) Capturing a complexity of nutritional, envi-
ronmental, and economic impacts on selected health param-
eters in the Russian High North. Sustainability 12(5):2151. 
https:// doi. org/ 10. 3390/ su120 5215

Gartaula H, Patel K, Shukla S, Devkota R (2020) Indigenous knowl-
edge of traditional foods and food literacy among youth: 
Insights from rural Nepal. J Rural Stud 73:77–86. https:// doi. 
org/ 10. 1016/j. jrurs tud. 2019. 12. 001

Gasparatos A (2020) Dietary transitions and sustainability: current 
patterns and future trajectories. Sustain Sci 15:1557–1559. 
https:// doi. org/ 10. 1007/ s11625- 020- 00828-4

Gauvreau A, Lepofsky D, Rutherford M, Reid M (2017) “Everything 
revolves around the herring”: the Heiltsuk–herringrelation-
ship through time. Ecol Soc 22(2):10. https:// doi. org/ 10. 5751/ 
ES- 09201- 220210

Ghosh-Jerath S, Kapoor R, Dhasmana A, Singh A, Downs S, Ahmed 
S (2022) Effect of COVID-19 pandemic on food systems and 
determinants of resilience in indigenous communities of 
Jharkhand State, India: a serial cross-sectional study. Front 
Sustain Food Syst. 6:724321. https:// doi. org/ 10. 3389/ fsufs. 
2022. 724321

Gibson RS, Ferguson EL (2008) An interactive 24-hour recall for 
assessing the adequacy of iron and zinc intakes in developing 
countries. International Food Policy Research Institute (IFPRI), 
Washington

Gómez MI, Barrett CB, Raney T, Pinstrup-Andersen P, Meerman J, 
Croppenstedt A, Carisma B, Thompson B (2013) Post-green 
revolution food systems and the triple burden of malnutrition. 
Food Policy 42:129–138. https:// doi. org/ 10. 1016/j. foodp ol. 2013. 
06. 009

Gregory R, Halteman P, Kaechele N, Kotaska J, Satterfield T (2020) 
Compensating Indigenous social and cultural losses: a commu-
nity-based multiple-attribute approach. Ecol Soc 25:art4. https:// 
doi. org/ 10. 5751/ ES- 12038- 250404

Guyot M, Dickson C, Paci C, Furgal C, Chan HM (2006) Local obser-
vations of climate change and impacts on traditional food secu-
rity in two northern Aboriginal communities. Int J Circumpolar 
Health 65:403–415. https:// doi. org/ 10. 3402/ ijch. v65i5. 18135

He P, Baiocchi G, Hubacek K, Feng K, Yu Y (2018) The environmental 
impacts of rapidly changing diets and their nutritional quality in 
China. Nat Sustain 1:122–127

Huet C, Rosol R, Egeland GM (2012) The prevalence of food insecu-
rity is high and the diet quality poor in Inuit communities. J Nutr 
142:541–547. https:// doi. org/ 10. 3945/ jn. 111. 149278

Iannotti L, Lesorogol C (2014) Dietary intakes and micronutrient 
adequacy related to the changing livelihoods of two pastoralist 
communities in Samburu Kenya. Curr Anthropol 55(4):475–482

https://doi.org/10.1007/s12571-015-0430-4
https://doi.org/10.1007/s12571-015-0430-4
http://www.visualcinnamon.com
http://www.visualcinnamon.com
https://doi.org/10.1136/bmjgh-2020-002442
https://doi.org/10.1016/j.envsci.2021.10.005
https://doi.org/10.1016/j.envsci.2021.10.005
https://doi.org/10.1002/ajpa.23148
https://doi.org/10.1002/pan3.10452
https://doi.org/10.1080/03670240214491
https://doi.org/10.1080/03670240214491
https://doi.org/10.3945/jn.111.139006
https://doi.org/10.1093/cdn/nzaa070
https://doi.org/10.1007/s10460-007-9070-4
https://doi.org/10.1007/s10460-007-9070-4
https://doi.org/10.1007/s10113-008-0060-x
https://doi.org/10.1007/s10113-008-0060-x
https://doi.org/10.1007/s10745-015-9749-x
https://doi.org/10.1007/s10745-015-9749-x
https://doi.org/10.3390/su1205215
https://doi.org/10.1016/j.jrurstud.2019.12.001
https://doi.org/10.1016/j.jrurstud.2019.12.001
https://doi.org/10.1007/s11625-020-00828-4
https://doi.org/10.5751/ES-09201-220210
https://doi.org/10.5751/ES-09201-220210
https://doi.org/10.3389/fsufs.2022.724321
https://doi.org/10.3389/fsufs.2022.724321
https://doi.org/10.1016/j.foodpol.2013.06.009
https://doi.org/10.1016/j.foodpol.2013.06.009
https://doi.org/10.5751/ES-12038-250404
https://doi.org/10.5751/ES-12038-250404
https://doi.org/10.3402/ijch.v65i5.18135
https://doi.org/10.3945/jn.111.149278


Sustainability Science 

1 3

Ingaramo RA (2016) Obesity, diabetes, and other cardiovascular risk 
factors in native populations of South America. Curr Hyper-
tens Rep 18(1):9. https:// doi. org/ 10. 1007/ s11906- 015- 0613-6. 
(PMID: 26780771)

Instituto Nacional de Estadística y Censo (INEC) (2010) Población 
Indigena. Censo 2010. Panama

Jacques P, Jacques J (2012) Monocropping cultures into ruin: the loss 
of food varieties and cultural diversity. Sustainability 4:2970–
2997. https:// doi. org/ 10. 3390/ su411 2970

Johnson-Down LM, Egeland GM (2013) How is nutrition transition 
affecting dietary adequacy in Eeyouch (Cree) adults of Northern 
Quebec, Canada? Appl Physiol Nutr Metab 38:300–305. https:// 
doi. org/ 10. 1139/ apnm- 2012- 0167

Johnson JT, Howitt R, Cajete G et al (2016) Weaving Indigenous and 
sustainability sciences to diversify our methods. Sustain Sci 
11:1–11. https:// doi. org/ 10. 1007/ s11625- 015- 0349-x

Jones AD (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(10):769–782. 
https:// doi. org/ 10. 1093/ nutrit/ nux040

Kates RW (2011) What kind of a science is sustainability science? 
Proc Natl Acad Sci 108:19449–19450. https:// doi. org/ 10. 1073/ 
pnas. 11160 97108

Keleman Saxena A, Cadima Fuentes X, Gonzales Herbas R, Hum-
phries DL (2016) 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 
Heal. https:// doi. org/ 10. 3389/ fpubh. 2016. 00020

Kuhnlein HV, Damman S (2008) Considering indicators of biodiver-
sity for food security of indigenous peoples. Indic. Relev. In: 
Indig. Peoples A Resour. Book. Tebtebba Found. Baguio City, 
pp 337–350

Kuhnlein HV, Receveur O (1996) Dietary change and traditional food 
systems of indigenous peoples. Annu Rev Nutr 16:417–442. 
https:// doi. org/ 10. 1146/ annur ev. nu. 16. 070196. 002221

Kuhnlein HV, Receveur O, Soueida R, Egeland GM (2004) Arctic 
indigenous peoples experience the nutrition transition with 
changing dietary patterns and obesity. J Nutr 134(6):1447–1453

Kuhnlein HV, Erasmus B, Spigelski D, Burlingame B et al (2013) 
Indigenous peoples’ food systems and well-being: interventions 
and policies for healthy communities. Food and agriculture 
Organization of the United Nations (FAO), Roma

Kwame A (2017) Reflexivity and the insider/outsider discourse in 
indigenous research: my personal experiences. AlterNative 
13:218–225

Lang DJ, Wiek A, Bergmann M, Stauffacher M, Martens P, Moll P, 
Thomas CJ (2012) Transdisciplinary research in sustainabil-
ity science: practice, principles, and challenges. Sustain Sci 
7(1):25–43

Lindgren E, Harris F, Dangour AD, Gasparatos A, Hiramatsu M, 
Javadi F, Loken B, Murakami T, Scheelbeek P, Haines A (2018) 
Sustainable food systems—a health perspective. Sustain Sci 
13:1505–1517. https:// doi. org/ 10. 1007/ s11625- 018- 0586-x

Lourenço AE, Santos RV, Orellana JD, Coimbra CE Jr (2008) Nutrition 
transition in Amazonia: obesity and socioeconomic change in 
the Suruí Indians from Brazil. Am J Hum Biol 20(5):564–571. 
https:// doi. org/ 10. 1002/ ajhb. 20781. (PMID: 18442078)

Lugo-Morin D (2020) Indigenous communities and their food systems: 
a contribution to the current debate. J Ethn Food 7:6. https:// doi. 
org/ 10. 1186/ s42779- 019- 0043-1

Martínez Mauri M (2008) De sociedades a ONGs. Mediación Cultural 
y Organización Política en Kuna Yala (Panamá), Barcelona

Martínez Mauri M (2018) Por qué pagar por entrar a Gunayala? Movi-
lidad turística, soberanía y pueblos indígenas en Panamá. Norois. 
https:// doi. org/ 10. 4000/ norois. 6609

Martínez Mauri M (2019) What makes the Gunas dules? Reflections 
on the interiority and the physicality of people, humans, and 
nonhumans. J Lat Am Caribb Anthropol 24:52–69. https:// doi. 
org/ 10. 1111/ jlca. 12310

Mazac R, Tuomisto HL (2020) The post-anthropocene diet: navigating 
future diets for sustainable food systems. Sustainability 12:2355. 
https:// doi. org/ 10. 3390/ su120 62355

Meadows DH (2009) Thinking in systems : a primer. Earthscan, Lon-
don; Sterling

Meinhold K, Darr D (2021) Using a multi-stakeholder approach 
to increase value for traditional agroforestry systems: the 
case of baobab (Adansonia digitata L.) in Kilifi Kenya. 
Agrofor Syst 95:1343–1358. https:// doi. org/ 10. 1007/ 
s10457- 020- 00562-x

Mihiranie S, Jayasinghe JK, Jayasinghe CVL, Wanasundara JPD (2020) 
Indigenous and traditional foods of Sri Lanka. J Ethn Foods 7:42. 
https:// doi. org/ 10. 1186/ s42779- 020- 00075-z

Miller V, Webb P, Micha R, Mozaffarian D (2020) Defining diet qual-
ity: a synthesis of dietary quality metrics and theirvalidity for the 
double burden of malnutrition. Lancet Planetary Health 4:e352–
e370. https:// doi. org/ 10. 1016/ S2542- 5196(20) 30162-5

Milburn MP (2004) Indigenous nutrition: using traditional food 
knowledge to solve contemporary health problems. Am Indian 
Q 28:411–434. https:// doi. org/ 10. 1353/ aiq. 2004. 0104

Mishra LK, Walker-Swaney J, Sarkar D, Shetty K (2017) Bioactive 
vegetables integrated into ethnic “Three Sisters Crops” garden 
targeting foods for type 2 diabetes-associated health disparities of 
American Indian communities. J Ethn Foods 4:163–171. https:// 
doi. org/ 10. 1016/j. jef. 2017. 08. 007

Moller H, Kitson JC, Downs TM (2009) Knowing by doing: learn-
ing for sustainable muttonbird harvesting. New Zeal J Zool 
36(3):243–258. https:// doi. org/ 10. 1080/ 03014 22090 95101 
53

Morgan AE, Fanzo J (2020) Nutrition transition and climate risks 
in Nigeria: moving towards food systems policy coherence. 
Curr Environ Heal Rep 7:392–403. https:// doi. org/ 10. 1007/ 
s40572- 020- 00292-3

Nabhan GP (2016) Enduring seeds: native American agriculture and 
wild plant conservation. University of Arizona Press

Niragira S, D’Haese M, Buysse J, Van Orshoven J, Ndimubandi 
J (2021) Historical changes in the traditional agrarian sys-
tems of Burundi: endogenous drive to survive from food 
insecurity. GeoJournal 86:865–884. https:// doi. org/ 10. 1007/ 
s10708- 019- 10102-5

Ohmagari K, Berkes F (1997) Transmission of indigenous knowledge 
and bush skills among the western James Bay Cree women of 
subarctic Canada. Hum Ecol, 25(2), 197–222. http:// www. jstor. 
org/ stable/ 46032 36

Orbach A (2004) “Ir al Otro” The process of sustainable tourism devel-
opment in Ukupseni, Kuna Yala

Parrotta JA, Dey de Pryck J, Darko Obiri B, Padoch C, Powell B, Sand-
brook C et al. (2015) The historical, environmental and socio-
economic context of forests and tree-based Systems for Food 
Security and Nutrition. In Vira B, Wildburger C, Mansourian S 
(eds) Forests, trees and landscapes for food security and nutri-
tion. A global assessment report (Vol 3). IUFRO World Series, 
pp. 51–86

Patankar V, D’Souza E, Alcoverro T, Arthur R (2016) For traditional 
island communities in the Nicobar archipelago, complete no-go 
areas are the most effective form of marine management. Ocean 
Coast Manag 133:53–63. https:// doi. org/ 10. 1016/j. oceco aman. 
2016. 09. 003

Pereiro X (2016) A review of Indigenous tourism in Latin Amer-
ica: reflections on an anthropological study of Guna tourism 

https://doi.org/10.1007/s11906-015-0613-6
https://doi.org/10.3390/su4112970
https://doi.org/10.1139/apnm-2012-0167
https://doi.org/10.1139/apnm-2012-0167
https://doi.org/10.1007/s11625-015-0349-x
https://doi.org/10.1093/nutrit/nux040
https://doi.org/10.1073/pnas.1116097108
https://doi.org/10.1073/pnas.1116097108
https://doi.org/10.3389/fpubh.2016.00020
https://doi.org/10.1146/annurev.nu.16.070196.002221
https://doi.org/10.1007/s11625-018-0586-x
https://doi.org/10.1002/ajhb.20781
https://doi.org/10.1186/s42779-019-0043-1
https://doi.org/10.1186/s42779-019-0043-1
https://doi.org/10.4000/norois.6609
https://doi.org/10.1111/jlca.12310
https://doi.org/10.1111/jlca.12310
https://doi.org/10.3390/su12062355
https://doi.org/10.1007/s10457-020-00562-x
https://doi.org/10.1007/s10457-020-00562-x
https://doi.org/10.1186/s42779-020-00075-z
https://doi.org/10.1016/S2542-5196(20)30162-5
https://doi.org/10.1353/aiq.2004.0104
https://doi.org/10.1016/j.jef.2017.08.007
https://doi.org/10.1016/j.jef.2017.08.007
https://doi.org/10.1080/03014220909510153
https://doi.org/10.1080/03014220909510153
https://doi.org/10.1007/s40572-020-00292-3
https://doi.org/10.1007/s40572-020-00292-3
https://doi.org/10.1007/s10708-019-10102-5
https://doi.org/10.1007/s10708-019-10102-5
http://www.jstor.org/stable/4603236
http://www.jstor.org/stable/4603236
https://doi.org/10.1016/j.ocecoaman.2016.09.003
https://doi.org/10.1016/j.ocecoaman.2016.09.003


 Sustainability Science

1 3

(Panama). J Sustain Tour 24:1121–1138. https:// doi. org/ 10. 1080/ 
09669 582. 2016. 11899 24

Phillips KM, Pehrsson PR, Agnew WW, Scheett AJ, Follett JR, Lukaski 
HC, Patterson KY (2014) Nutrient composition of selected tra-
ditional United States Northern Plains Native American plant 
foods. J Food Compos Anal 34:136–152. https:// doi. org/ 10. 
1016/j. jfca. 2014. 02. 010

Popkin B (2004) The nutrition transition: an overview of world patterns 
of change. Nutr Rev 62:S140–S143

Port Lourenço AE, Ventura Santos R, Orellana JDY, Coimbra CEA 
(2008) Nutrition transition in Amazonia: obesity and socioeco-
nomic change in the Suruí Indians from Brazil. Am J Hum Biol 
20:564–571. https:// doi. org/ 10. 1002/ ajhb. 20781

Powell B, Thilsted S, Ickowitz A, Termote C, Sunderland T, Herforth 
A (2015) Improving diets with wild and cultivated biodiversity 
from across the landscape. Food Secur 7:1–20

Rapinski M, Raymond R, Davy D, Herrmann T, Bedell JP, Ka A, 
Odonne G et al (2023) Local food systems under global influ-
ence: the case of food, health and environment in five socio-
ecosystems. Sustainability 15:2376

Reyes-García V, Powell B, Díaz-Reviriego I, Fernández-Llamazares 
Á, Gallois S, Gueze M (2019) Dietary transitions among three 
contemporary hunter-gatherers across the tropics. Food Secur 
11:109–122. https:// doi. org/ 10. 1007/ s12571- 018- 0882-4

Rowley KG, Gault A, McDermott R, Knight S, McLeay T, O’Dea K 
(2000) Reduced prevalence of impaired glucose tolerance and no 
change in prevalence of diabetes despite increasing BMI among 
aboriginal people from a group of remote homeland communi-
ties. Diabetes Care 23(7):898–904

Sarkar D, Walker-Swaney J, Shetty K (2020) Food diversity and 
indigenous food systems to combat diet-linked chronic dis-
eases. Curr Dev Nutr 4:3–11. https:// doi. org/ 10. 1093/ cdn/ 
nzz099

Schwarz G, Vanni F, Miller D (2021) The role of transdisciplinary 
research in the transformation of food systems. Agric Econ 9:35. 
https:// doi. org/ 10. 1186/ s40100- 021- 00207-2

Shafiee M, Keshavarz P, Lane G, Pahwa P, Szafron M, Jennings D, 
Vatanparast H (2022) Food security status of indigenous peo-
ples in Canada according to the 4 pillars of food security: a 
scoping review. Adv Nutr. https:// doi. org/ 10. 1093/ advan ces/ 
nmac0 81

Sharma S, Cao X, Roache C, Buchan A, Reid R, Gittelsohn J (2010) 
Assessing dietary intake in a population undergoing a rapid tran-
sition in diet and lifestyle: the Arctic Inuit in Nunavut Canada. 
Br J Nutr 103:749–759. https:// doi. org/ 10. 1017/ S0007 11450 
99922 24

Sharma S, Hopping BN, Roache C, Sheehy T (2013) Nutrient intakes, 
major food sources and dietary inadequacies of Inuit adults living 
in three remote communities in Nunavut Canada. J Hum Nutr 
Diet 26:578–586. https:// doi. org/ 10. 1111/ jhn. 12091

Sheehy T, Roache C, Sharma S (2013) Eating habits of a population 
undergoing a rapid dietary transition: portion sizes of tradi-
tional and non-traditional foods and beverages consumed by 
Inuit adults in Nunavut Canada. Nutr J 12:70. https:// doi. org/ 10. 
1186/ 1475- 2891- 12- 70

Sidiq FF, Coles D, Hubbard C et al (2022) The role of traditional diets 
in promoting food security for indigenous peoples in low- and 
middle-income countries: a systematic review. IOP Conf Ser 
Earth Environ Sci 978(1):012001. https:// doi. org/ 10. 1088/ 1755- 
1315/ 978/1/ 012001

Stanger-McLaughlin T, Martini S, Henchy G, Jacobs K, Parker E, Seg-
rest V (2022) Reimagining hunger responses in times of crisis: 
insights from case examples and a survey of native communities’ 
food access during COVID-19. Native American Agriculture 

Fund, Food Research and Action Center, and Indigenous Food 
and Agriculture Initiative, Washington

Sterman JD (2000) Business dynamics—systems thinking and mod-
eling for a complex world. McGraw Hill Inc

Sylvester O, Segura A, Davidson-Hunt I (2016) The protection of forest 
biodiversity can conflict with food access for indigenous people. 
Conserv Soc 14:279. https:// doi. org/ 10. 4103/ 0972- 4923. 191157

Takeuchi K, Komiyama H (2006) Sustainability science: building 
a new discipline. Sustain Sci 1:1–6. https:// doi. org/ 10. 1007/ 
s11625- 006- 0007-4

Tang C-P, Tang S-Y (2010) Institutional adaptation and community-
based conservation of natural resources: the cases of the Tao 
and Atayal in Taiwan. Hum Ecol 38:101–111. https:// doi. org/ 
10. 1007/ s10745- 009- 9292-8

Tatebayashi K, Kamiyama C, Matsui T, Saito O, Machimura T (2019) 
Accounting shadow benefits of non-market food through food-
sharing networks on Hachijo Island Japan. Sustain Sci 14:469–
486. https:// doi. org/ 10. 1007/ s11625- 018- 0580-3

The Global-Hub on Indigenous Peoples’ Food Systems (2021) Rethink-
ing hierarchies of evidence for sustainable food systems. Nat 
Food 2:843–845

Turner NJ, Turner KL (2008) “Where our women used to get the food”: 
cumulative effects and loss of ethnobotanical knowledge and 
practice; case study from coastal British Columbia. This paper 
was submitted for the Special Issue on Ethnobotany, inspired by 
the Ethnobotany Symposium orga. Botany 86:103–115. https:// 
doi. org/ 10. 1139/ B07- 020

United Nations (2007) United Nations Declaration on the Rights of 
Indigenous Peoples. New York

Vaccaro I, Zanotti LC, Sepez J (2009) Commons and markets: 
opportunities for development of local sustainability. Env 
Polit 18:522–538. https:// doi. org/ 10. 1080/ 09644 01090 30073 
93

Valery PC, Ibiebele T, Harris M, Green AC, Cotterill A, Moloney A, 
Sinha AK, Garvey G (2012) Diet, physical activity and obesity 
in school-aged indigenous youths in Northern Australia. J Obes 
2012:893508

van Vliet N et al (2015) From fish and bushmeat to chicken nuggets: the 
nutrition transition in a continuum from rural tourban settings in 
the Colombian Amazon region. Ethnobio Conserv 4:6

Velásquez Runk J, Martínez Mauri M, Quintero Sánchez B, Sarsaneda 
del Cid J (2011) Pueblos indígenas en Panamá: Una Bibliografía, 
Primera ed. ed. Panama.

Vogliano C, Raneri JE, Coad J et al (2021) Dietary agrobiodiversity for 
improved nutrition and health outcomes within a transitioning indig-
enous Solomon Island food system. Food Sec 13:819–847. https:// 
doi. org/ 10. 1007/ s12571- 021- 01167-7

Welch JR, Ferreira AA, Souza MCD, Coimbra CEA (2021) Food 
Profiles of Indigenous Households in Brazil: results of the First 
National Survey of Indigenous Peoples’ Health and Nutrition. 
Ecol Food Nutr 60:4–24. https:// doi. org/ 10. 1080/ 03670 244. 2020. 
17811 05

Whitney CK, Frid A, Edgar BK, Walkus J, Siwallace P, Siwallace 
IL, Ban NC (2020) Like the plains people losing the buffalo”: 
perceptions of climate change impacts, fisheries management, 
and adaptation actions by Indigenous peoples in coastal British 
Columbia, Canada. Ecol Soc 25:art33. https:// doi. org/ 10. 5751/ 
ES- 12027- 250433

Winson A (2014) The industrial diet: the degradation of food and the 
struggle for healthy eating. NYU Press

World Food Programme (2008) Calculation and use of the food con-
sumption score in food security analysis. Rome

https://doi.org/10.1080/09669582.2016.1189924
https://doi.org/10.1080/09669582.2016.1189924
https://doi.org/10.1016/j.jfca.2014.02.010
https://doi.org/10.1016/j.jfca.2014.02.010
https://doi.org/10.1002/ajhb.20781
https://doi.org/10.1007/s12571-018-0882-4
https://doi.org/10.1093/cdn/nzz099
https://doi.org/10.1093/cdn/nzz099
https://doi.org/10.1186/s40100-021-00207-2
https://doi.org/10.1093/advances/nmac081
https://doi.org/10.1093/advances/nmac081
https://doi.org/10.1017/S0007114509992224
https://doi.org/10.1017/S0007114509992224
https://doi.org/10.1111/jhn.12091
https://doi.org/10.1186/1475-2891-12-70
https://doi.org/10.1186/1475-2891-12-70
https://doi.org/10.1088/1755-1315/978/1/012001
https://doi.org/10.1088/1755-1315/978/1/012001
https://doi.org/10.4103/0972-4923.191157
https://doi.org/10.1007/s11625-006-0007-4
https://doi.org/10.1007/s11625-006-0007-4
https://doi.org/10.1007/s10745-009-9292-8
https://doi.org/10.1007/s10745-009-9292-8
https://doi.org/10.1007/s11625-018-0580-3
https://doi.org/10.1139/B07-020
https://doi.org/10.1139/B07-020
https://doi.org/10.1080/09644010903007393
https://doi.org/10.1080/09644010903007393
https://doi.org/10.1007/s12571-021-01167-7
https://doi.org/10.1007/s12571-021-01167-7
https://doi.org/10.1080/03670244.2020.1781105
https://doi.org/10.1080/03670244.2020.1781105
https://doi.org/10.5751/ES-12027-250433
https://doi.org/10.5751/ES-12027-250433


Sustainability Science 

1 3

Yuen L (2015) Gestational diabetes mellitus: challenges for different 
ethnic groups. World J Diabetes 6:1024. https:// doi. org/ 10. 4239/ 
wjd. v6. i8. 1024

Zavaleta-Cortijo C, Ford JD, Arotoma-Rojas I, Lwasa S, Lancha-
Rucoba G, García PJ, Miranda JJ, Namanya DB, New M, Wright 
CJ, Berrang-Ford L, Indigenous Health Adaptation to Climate 
Change Research Team, Harper SL (2020) Climate change and 
COVID-19: reinforcing Indigenous food systems. Lancet Planet 
Health. 4(9):e381–e382. https:// doi. org/ 10. 1016/ S2542- 5196(20) 
30173-X

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.4239/wjd.v6.i8.1024
https://doi.org/10.4239/wjd.v6.i8.1024
https://doi.org/10.1016/S2542-5196(20)30173-X
https://doi.org/10.1016/S2542-5196(20)30173-X

	Diet change and sustainability in Indigenous areas: characteristics, drivers, and impacts of diet change in Gunayala, Panama
	Abstract
	Introduction
	Methods
	Research approach
	Study sites
	Data collection and analysis
	Expert interviews
	Household surveys
	Synthesis of findings

	Permissions and ethical considerations
	Acknowledgements, challenges and limitations

	Results
	Sample characteristics
	Characteristics of diet change in Gunayala
	Drivers of diet changes in Gunayala
	Sustainability impacts of diet changes in Gunayala

	Discussion
	Associating observed diet change in Gunalaya with trends in other Indigenous contexts
	Delineating intersecting drivers and impacts through a sustainability science lens
	Policy implications and ways forward

	Conclusion
	Anchor 23
	Acknowledgements 
	References


