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Reclaiming island food systems for nutrition and planetary health 

 

Abstract: Dietary colonialism in Caribbean small islands has driven declines in nutrition 

and cardiometabolic disease risk, resulting from the marginalization of traditional food cultures 

and subsequent food import dependence. Shifts away from traditional food production also 

undermine environmental sustainability, with resulting climatic changes threatening island food 

system stability. In Puerto Rico, smallholder agriculture holds promise in serving as a 

cornerstone to re-localized food supplies, providing fresh foods in local communities’ informal 

economies while managing varying ecological and climatic constraints. Informed by these 

findings, the following work sought to 1) characterize nutrient availability and environmental 

impacts of current diets in Latin America and the Caribbean, 2) identify island-food-system-

specific dietary patterns and determine their associations with metabolic syndrome in Puerto 

Rico, and 3) narrate experiences in climate resilience among smallholder farmers to inform 

sustainable island food system re-localization. Findings pointed to the capacity of neo-

traditional, plant-sourced diets in Puerto Rico and similar island settings to minimize 

environmental harm, preserve food cultures, and augment cardiometabolic health. Neo-

traditional food systems leverage local landscapes and tight-knit social networks to make small-

scale agriculture nutritious, sustainable, and climate resilient. Multisectoral approaches are 

needed to reduce highly processed, unsustainable food supplies in small islands. Ultimately, 

these efforts must leverage collection action and local food cultures to reclaim a more equitable, 

sustainable, and community-owned food system. 



 
 

iv 
 

Table of Contents 

 

Title page …………………………………………………………………………………………………………………………. i 

Copyright ……………………………………………………………………………………………………………………….. ii 

Abstract …………………………………………………………………………………………………………………………. iii 

Table of Contents ……………………………………………………………………………………………………………. iv 

Dedication ………………………………………………………………………………………………………………………. v 

List of Figures ………………………………………………………………………………………………………………… vi 

List of Tables …………………………………………………………………………………………………………………. vii 

Introduction ……………………………………………………………………………………………………………………. 1 

Chapter One: An integrated assessment of environmental sustainability and nutrient availability 

in food consumption patterns of Latin America and the Caribbean ………………………………………. 3 

Chapter Two: The role of local foods in shaping dietary patterns and metabolic syndrome 

prevalence among adults in Puerto Rico ………………………………………………………………………….. 34 

Chapter Three: Narrating agricultural resilience after Hurricane María: How smallholder 

farmers in Puerto Rico leverage self-sufficiency and collaborative agency in a climate-vulnerable 

food system …………………………………………………………………………………………………………………… 59 

Conclusions …………………………………………………………………………………………………………………… 93 

Appendix ………………………………………………………………………………………………………………………. 94 

 

  



 
 

v 
 

 

 

 

 

 

 

For my mother, and her mother



 
 

vi 
 

List of Figures 

Figure 1.1 Food group distributions across regional food consumption patterns in Latin 

America and the Caribbean 

Figure 1.2 Proportion of food availability that is locally produced, not imported, across food 

groups in Latin America and the Caribbean 

Figure 1.3 Average environmental impacts per dietary A) energy, B) protein, C) fiber, D) iron, 

E) zinc, and F) vitamin A availability of food consumption patterns in Latin America and the 

Caribbean 

Figure 1.4 Composite scores for standardized environmental impacts per nutrient availability 

of food consumption patterns in Latin America and the Caribbean 

Figure 3.1 Map of 15 municipalities in Puerto Rico where 30 participating farms were located 

Figure 3.2 Illustrative model summarizing smallholder farmer’s perspectives of a climate 

resilient food system 

 

 

 

 



 
 

vii 
 

List of Tables 

Table 1.1 Representative foods in regional food consumption patterns of Latin America and the 

Caribbean 

Table 1.2 Environmental impacts of regional food consumption patterns in Latin America and 

the Caribbean 

Table 1.3 Environmental impacts per mass by food source in regional food consumption 

patterns of Latin America and the Caribbean 

Table 2.1 Demographics, behavioral characteristics, and metabolic syndrome component 

prevalence, by frequency of locally produced food purchasing among adults living in Puerto Rico 

Table 2.2 Factor loadings for neo-traditional, refined carbs, traditional, and industrialized 

dietary patterns among adults in Puerto Rico 

Table 2.3 Sociodemographic characteristics and dietary behavior by terciles of dietary patterns 

among adults living in Puerto Rico 

Table 2.4 Prevalence odds ratios and 95% confidence intervals for metabolic syndrome across 

terciles of dietary patterns among adults in Puerto Rico 

Table 2.5 Differences and standard errors in average metabolic syndrome components across 

terciles of dietary patterns among adults in Puerto Rico 

Table 3.1 Characteristics of farms and smallholder farmers surveyed about experiences during 

Hurricane María in Puerto Rico 

Table 3.2 Self-reported damages and service disruptions to farms after Hurricane María in 

Puerto Rico 

Table 3.3 Food product availability in 30 farms in Puerto Rico before and after Hurricane 

María   

Table 3.4 Climate resilient farming practices and their perceived benefits discussed by 

smallholder farmers in Puerto Rico  



 
 

viii 
 

Supplementary Table 1.1 Data sources for regional and global environmental impact 

estimates for regional food consumption patterns in Latin America and the Caribbean 

Supplementary Table 1.2 Environmental impacts per macronutrient availability in regional 

diets of Latin America and the Caribbean  

Supplementary Table 1.3 Environmental impacts per micronutrient availability in regional 

diets of Latin America and the Caribbean  

Supplementary Table 2.1 Food group composition for dietary intake among adults in Puerto 

Rico 

Supplementary Table 2.2 Distributions of age, sex, and locally produced food purchasing 

among adults in Puerto Rico with and without extreme energy intakes 

Supplementary Table 2.3 Prevalence odds ratios for metabolic syndrome, or differences in 

average metabolic syndrome components, for a one standard deviation increase in dietary 

pattern factor scores among adults in Puerto Rico  

Supplementary Table 3.1 Key for multi-tiered codebook development informed by the 

National Institute of Minority Health and Health Disparities research framework 

Supplementary Table 3.2 Saturated codebook from narrative interviews with smallholder 

farmers about their experiences after Hurricane María in Puerto Rico 

 

 

 
 
 



 
 

1 
 

Introduction 

Dietary colonialism in Caribbean small islands has driven declines in nutrition and 

cardiometabolic disease risk. The marginalization of traditional food cultures—historically by 

colonizing nations and, increasingly, by transnational corporations—has led to significant 

declines in local food production, subsistence fisheries, and home cooking. Subsequent food 

import dependence augments the availability of energy-dense and low-quality, highly processed 

foods. Today, island populations experience among the highest obesity and diabetes rates in the 

world, a disparate disease burden increasingly linked to destabilized local agri-food sectors. 

Shifts away from traditional food production and consumption patterns also undermine 

environmental sustainability, with increasingly animal-centric dietary preferences responsible 

for intensified greenhouse gas emissions, freshwater consumption, and land use change. 

Resulting climatic changes threaten food system stability in small islands, with highly imported 

food supply chains particularly vulnerable to hurricanes and other extreme weather events.  

Like other small islands, in Puerto Rico, the marginalization of local agriculture has 

resulted not only in reduced diet quality and rural impoverishment but also in periodic food 

insecurity during natural disasters. In contrast, smallholder farmers in Puerto Rico serve as 

cultural emblems of self-sufficient food production, providing fresh foods in local communities’ 

informal economies and leveraging traditional knowledge to manage varying ecological and 

climatic constraints. Informed by this body of research, the following work sought to 1) 

characterize nutrient availability and environmental impacts of current diets in Latin America 

and the Caribbean, 2) identify island-food-system-specific dietary patterns and determine their 

associations with metabolic syndrome in Puerto Rico, and 3) narrate experiences in climate 

resilience among smallholder farmers to inform sustainable island food system re-localization. 

Findings pointed to the capacity of neo-traditional, plant-sourced diets in small islands 

to simultaneously minimize environmental harm, preserve food cultures, and augment 

cardiometabolic health. Re-localized agricultural production and trade can support the 



 
 

2 
 

restoration of minimally-processed food consumption, a cornerstone of many traditional food 

customs in the Caribbean, by shifting away from industrial animal feed and livestock operations 

towards diversified production of directly edible roots, fruits, legumes, and vegetables. Neo-

traditional food systems leverage local landscapes and tight-knit social networks to make small-

scale agriculture sustainable and economically viable and include community food production 

practices such as artisanal fishing, agroforestry, and home gardens. Smallholder farmers also 

contribute to post-disaster food access and climate resilience. Practices such as crop 

diversification, seed banking, and soil conservation were identified as adaptive and place-based 

farm management strategies in a changing climate, shared in a narrative highlighting self-

sufficiency, community, and cultural heritage in Puerto Rico. Multisectoral approaches are 

needed to reduce highly processed, unsustainable dietary habits in small islands, including 

mitigating food import dependence and bolstering local food supply chains. Ultimately, these 

efforts must leverage collection action and local food cultures to reclaim a more equitable, 

sustainable, and community-owned food system. 
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Introduction 

Food systems are a major driver of environmental change, responsible for rapid 

deforestation, water scarcity, and an estimated 30-34% of global anthropogenic greenhouse gas 

emissions (GHGE), 80-86% of which are accounted for by agricultural production alone.1-3 

Altered weather patterns, land degradation, and other climate change risks, in turn, threaten 

food system stability.4-6 Current efforts to improve food sustainability target major nodes of 

natural resource use within locally-specific governance, cultural traditions, and health 

considerations.7 In Latin America and the Caribbean (LAC), rapid agricultural intensification 

has coincided with a paradoxical decline in food security and nutrition.15 Characterizing current 

food consumption patterns and their corresponding nutritional and environmental impacts may 

thus shed light on regional food system optimization for human and planetary health. 

Diets in LAC are diverse, historically sustained by a wealth of food cultures, traditional 

food production systems, and smallholder farming communities8. Globalization, however, has 

resulted in major shifts in both food production and consumption patterns. Dietary sources of 

energy, for example, have largely transitioned away from traditional cereals, fruits, and 

vegetables towards animal-sourced foods, sugar-sweetened beverages, and other highly 

processed foods.9-10 Industrial agriculture currently comprises 56% of agricultural land 

ownership, displacing subsistence farmers and contributing to rural impoverishment, 

agrochemical pollution, soil degradation, and biodiversity loss.8,11 The region has also seen a 

rapid rise in food insecurity (22.9 to 31.7% in a five-year period), defined as moderate or severe 

lack of access to safe and nutritious foods, as well as a triple burden of malnutrition, including 

hunger, obesity, and continued deficiencies of iron, zinc, and vitamin A.12-14  

Intensive monocultures and livestock operations in LAC currently account for a quarter 

of the world’s agriculture and fisheries exports,15 contributing to land use changes that drive 

deforestation in the Amazon Basin and other areas with high species richness.16-17 In 2017, the 

region led the world in total livestock emissions with almost 2,000 Mt CO2-eq (vs. 600 Mt CO2-
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eq in the US and Canada), 86% of which resulted from cattle production alone.18 Environmental 

changes, including water supply constraints (e.g., decreased runoff in northern Central America, 

saltwater intrusion in the Caribbean, and higher discharge seasonality in the Andes), have 

subsequent impacts on human health and agricultural production in the region.5  

Documenting life cycle impacts of food consumption in LAC can offer critical insights for 

how region-specific actors can optimize sustainability. Although life cycle assessments (LCA) of 

whole diets can capture the complete environmental impacts of food systems, most have only 

been carried out on individual foods, set system boundaries ‘at-farm-gate,’ and do not assess 

multiple environmental impact indicators, which can otherwise elucidate a more nuanced 

understanding of environmental harms.20-21 Extant dietary environmental impact assessments 

suggest major differences comparing plant vs. animal-sourced foods, including inefficient 

delivery of protein per environmental impact;19,22-24,89 however, many studies fail to specify the 

food items and weights used as representative of typical food consumption patterns, do not 

account for differences comparing local production and imported foods, and do not consider 

tradeoffs in nutritional content. Integrating nutrient availability into environment impact 

assessments is needed to prioritize the production of both nutrient-dense and sustainable foods. 

Mindful of these gaps, the current study aimed to 1) characterize the potential environmental 

impacts of regional food consumption patterns in LAC and 2) identify food groups that 

minimize impact while maintaining adequate nutrient availability in the diet. 

Materials and Methods 

Quantifying Regional Food Consumption Patterns and Nutrient Availability 

Apparent food consumption patterns for three LAC regions were defined using the Food 

and Agriculture Organization’s (FAO) 2017 New Food Balance Sheets.25 FAO Food Balance 

Sheets offer a comprehensive account of per capita food availability (kg/capita/year) in a 

region’s food supply, calculated as the total quantity of edible food locally produced or imported 

into all the countries within that region in a year, adjusted for stock changes and excluding 
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quantities exported, lost during storage and transportation, or used for non-food purposes (e.g., 

livestock feed, seed). Although using data on food availability may overestimate per capita food 

consumption, it appropriately captures food quantities that are produced, and that therefore 

have environmental impacts, but are wasted.21,90 Patterns were derived as weighted averages of 

country-specific food availability for three regions: 1) South America included data from 

Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Guyana, Paraguay, Peru, Suriname, 

Uruguay, and Venezuela; 2) Central America included Belize, Costa Rica, El Salvador, 

Guatemala, Honduras, Nicaragua, and Panama as well as Mexico; 3) the Caribbean region 

included Antigua and Barbuda, the Bahamas, Cuba, Dominica, the Dominican Republic, 

Grenada, Haiti, Jamaica, Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, and 

Trinidad and Tobago. 

Data on food items were captured in twelve prespecified food groups, including eight 

plant-sourced food groups (i.e., cereals, roots, fruits, vegetables, legumes and seeds, vegetable 

oils, sugar, coffee and tea) and four animal-sourced food groups (i.e., meat, dairy, eggs, and 

seafood). Due to limited country-specific LCA data for all foods, food items accounting for at 

least 80% of food availability by weight in each food group were then selected as representative 

of foods most often consumed in each region (Table 1.1), weighted by their corresponding 

proportion of availability within each food group and standardized to total average food 

availability (approximately 2,800 kcal/capita/day) to standardize comparisons across all three 

patterns. Ambiguity in any food item (i.e., crustaceans; demersal, freshwater, pelagic fish; and 

“other” fruits, pulses, sweeteners, and vegetables) was resolved via a literature search for typical 

consumption patterns in each region, mindful of local food cultures and agricultural production 

trends.26-29 Thus, each regional consumption pattern was equal in per capita mass quantity and 

composed of the same food groups, but with each food group potentially constituting a different 

proportion of the total pattern (Figure 1.1) and composed of food items typical of that region. 
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Table 1.1 Representative foods in regional food consumption patterns of Latin America and the 
Caribbean 1 

Food group 2 South America Central America Caribbean 
Cereals Wheat (0.44), rice 

(0.34), maize (0.23) 
Maize (0.77), wheat 
(0.23) 

Rice (0.60), wheat 
(0.40) 

Roots Potato (0.50), cassava 
(0.50) 

Potato Cassava (0.37), sweet 
potato (0.31), yam 
(0.19), potato (0.14) 

Fruits Banana (0.26), oranges 
(0.23), plantain (0.15),  
melons (0.08), avocado 
(0.08), papaya (0.08), 
pineapple (0.10) 

Oranges (0.33), 
melons (0.12), avocado 
(0.12), mango (0.12), 
banana (0.11), 
lemon/lime (0.10), 
pineapple (0.09) 

Plantain (0.31), banana 
(0.17), avocado (0.17), 
mango (0.17), papaya 
(0.17) 

Vegetables Tomato (0.33), lettuce 
(0.22), squash (0.22), 
carrot (0.22) 

Peppers (0.70), tomato 
(0.30) 

Lettuce (0.23), squash 
(0.23), spinach (0.23), 
tomato (0.32) 

Legumes & 
seeds 

Beans (0.56), coconut 
(0.37), tree nuts (0.07) 

Beans (0.74), 
groundnut (0.15), 
chickpea (0.11) 

Beans (0.38), coconut 
(0.37), pigeon pea 
(0.25) 

Vegetable oils Soybean (0.71), palm 
(0.29) 

Soybean (0.48), palm 
(0.39), canola (0.14) 

Soybean (0.67), palm 
(0.33) 

Coffee & tea Tea (0.51), coffee 
(0.49) 

Coffee Coffee 

Meat Poultry (0.56), beef 
(0.44) 

Poultry (0.53), pork 
(0.24), beef (0.23) 

Poultry (0.62), pork 
(0.24), beef (0.14) 

Seafood Trout (0.39), tuna 
(0.18), salmon (0.18), 
sea bass (0.13), whiting 
(0.13) 

Tuna (0.36), tilapia 
(0.34), shrimp (0.18), 
grouper (0.04), 
snapper (0.04), sharks 
(0.04) 

Tuna (0.26), mackerel 
(0.26), tilapia (0.18), 
cod (0.10), grouper 
(0.10), snapper (0.10) 

1 Data on individual food availability (kg/capita/year) obtained from the Food and Agriculture 
Organization’s 2017 New Food Balance Sheets. Foods accounting for at least 80% of availability within 
each food group and region selected as representative. Weight of foods within corresponding food groups 
in parentheses. Proportions may not add up to one due to rounding. 
2 Single item food groups included sugar, dairy, and eggs (not shown). Dairy was comprised of animal 
milk products only. 

 

For analyses involving dietary nutrient content, information on energy and protein 

availability within each food group and region was also obtained from the New Food Balance 

Sheets,25 standardized across the entire pattern to the average 2,800 kcal/capita/day and 79.5 g 

protein/capita/day, respectively. Dietary fiber, iron, zinc, and vitamin A availability was 

obtained from the Global Expanded Nutrient Supply model, an extension of FAO food balance 

data providing greater disaggregation of food types and greater coverage of nutrients,30 
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including nutrient content changes due to processing. These were also standardized to their 

averages (approximately 30 g fiber/capita/day, 15 mg iron/capita/day, 10.5 mg zinc/capita/day, 

and 1200 μg vitamin A/capita/day) to standardize comparisons. 

 

Figure 1.1 Food group distributions across regional food consumption 
patterns in Latin America and the Caribbean. 

 

Environmental Impact Assessment 

GHGE, agricultural land use, and total water consumption were assessed using 

previously published LCA as indicators of each food consumption pattern’s environmental 

impact. Data on all impact indicators were collected from a representative country or set of 
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countries within the region or, if unavailable, at the regional level to characterize impacts of 

local production, as well as global weighted averages to assess the relative impacts of food 

importation (Supplementary Table 1.1). FAO 2017 Food Balance data on the relative quantities 

of imported vs. locally produced food availability was then incorporated as weights for each food 

item (Figure 1.2).25 To limit uncertainty in estimation due to methodological differences, 

 
 
Figure 1.2 Proportion of food availability that is locally produced, not 
imported, across food groups in Latin America and the Caribbean. 

 

LCA studies were included if 1) the functional unit for all food items was defined as a kilogram of 

fresh produce or bone free meat and 2) system boundaries included agricultural production 

(“conventional” or “industrial”), processing, packaging, and transport. The consumption phase 
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of each product was not assessed, as a similar impact across food consumption scenarios at 

national aggregate levels was expected.31 Impact data for all animal-sourced foods included the 

environmental impacts of agricultural feed production, except for wild-caught seafood.  

GHGE data were extracted as carbon dioxide equivalents (kg CO2-eq/kg food)—a metric 

that translates the impact of various greenhouse gases, such as methane and nitrous oxide, into 

the corresponding mass quantity of carbon dioxide’s global warming potential—from LCA 

studies carried out within region-specific countries or at the regional level.32-43 For the 

Caribbean, where life cycle emissions data were limited, a detailed 2017 report of total GHGE for 

several food products in Jamaica was identified and combined with FAO production data to 

obtain estimates on a per mass unit basis.44-45 Unlike other data sources, which largely assumed 

conventional farming practices, this resource also incorporated information on the relative 

contributions of non-industrialized production to various local agricultural sectors. To estimate 

emissions for imported proportions of each food and, seldomly, where region-specific data were 

unavailable, data were obtained as summary values from an international review of over 360 

food-related LCA, capturing over 1700 estimated life cycle emission values on 168 unique food 

items.33 International LCA estimates for cassava,46 sweet potato, yams,47 sugar,48 and tea49 were 

obtained elsewhere. Emissions data for all seafood were obtained as averages from both wild-

caught fisheries and aquaculture, also at regional and global levels.33,50 For all estimates from 

studies carried out only at-farm-gate, average emissions for packaging (0.04 kg CO2-eq/kg food) 

and transport to a regional distribution center (0.09 kg CO2-eq/kg food) were added.33 For data 

on imported food, average emissions from maritime shipment, estimated from a report on 

major food staple imports to LAC (0.01 kg CO2-eq/kg food), were also included.51  

Agricultural land use (m2/kg food) was estimated using agricultural yield data for fresh 

produce at regional and global levels52 and from a systematic review of LCA data for animal 

products.53 Although regional land use estimates for livestock production were largely 
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unavailable, previous research demonstrates little difference between impact results obtained 

from non-regionalized and country-specific LCA models.54  

Regional and global estimates for freshwater consumption (m3/kg food) were obtained 

from published data derived from validated, grid-based dynamic water balance models, which 

account for geographic variation in production, local climatic and soil conditions, fertilizer use, 

and crop yields.55,56,88 Averages of available country-specific data from these models were used 

to obtain regional estimates. Total water consumption was reported here as the sum of green 

(rainwater), blue (surface and groundwater), and grey (pollutant dilution) water footprints. 

Land and water use estimates for all seafood were weighted to reflect current levels of harvest 

from aquaculture (53.1% globally, 20.6% in Central and South America, and 0.1% in the 

Caribbean).57 Wild-caught fisheries were assumed to have no contributions to land and water 

use; extracted data for aquaculture operations, in contrast, accounted for land and water 

requirements for vegetable feed production as well as pond water use.53,58,59 

Statistical Analyses 

Once region-specific estimates were obtained, averages and standard errors for 

environmental impacts per nutrient availability were calculated for each food group. Data on 

dietary fiber availability for animal-sourced food groups and on vitamin A availability for cereals 

were sparse and, as such, were removed from comparisons. Pairwise significance testing across 

food groups was carried out via linear mixed-effects modeling, with random intercepts to 

account for within-region correlations and Tukey adjustment for multiple comparisons, at an 

alpha level of 0.05. A composite score for each environmental impact indicator across food 

groups was also developed by averaging all standardized impacts per nutrient (mean = 0, 

standard deviation = 1). All statistical analyses were carried out in R version 4.0.2. 
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Results 

Whole Food Consumption Pattern Impacts 

GHGE per capita were highest for the food consumption pattern in the Caribbean 

(2,521.2 kg/year), followed by that of South America (527.6 kg/year lower) and Central America 

(717.9 kg/year lower) (Table 1.2). Meat contributed most to emissions across all food 

consumption patterns, accounting for almost three-quarters of the impact in South and Central 

America and more than one-quarter in the Caribbean. Dairy and cereals were the next largest 

contributors, except for a relatively large proportion of emissions from fruit availability in the 

Caribbean. Absolute emissions for fruit, sugar, and coffee and tea were also particularly high in 

the Caribbean, largely explaining the pattern’s top-ranking emissions. In contrast, the lowest 

relative contributors to GHGE across all patterns included legumes and seeds, vegetable oils, 

coffee and tea, roots, eggs, and seafood. 

Per capita agricultural land use was highest for consumption patterns in South America 

(1,941.0 m2/year), followed by Central America (222.2 m2/year lower) and the Caribbean (435.9 

m2/year lower) (Table 1.2). Like GHGE, meat accounted for the largest proportion of land use 

across all three patterns (56.6, 42.1, and 32.2%, respectively) and, with dairy, can explain higher 

environmental burdens of the pattern in South America. Higher contributions of beef products 

in particular also account for the elevated impact. Cereals were the second largest contributor to 

land use across all three regional food consumption patterns. However, although cereals made 

up a large proportion of each pattern, accounting for up to one-fourth of all food availability in 

each region (Figure 1.1), attributable land use was roughly half that of meat (16.1 in South 

America, 22.7 in Central America, and 21.1% in the Caribbean). The lowest contributors to total 

land use across all patterns included sugar, seafood, coffee and tea, vegetables, and roots. 

Notable exceptions comparing regions included root production in the Caribbean, which 

accounted for 6.2% of total land use (vs. 1.9 in South America and 0.4% in Central America) in  
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Table 1.2 Environmental impacts of regional food consumption patterns in Latin America and the Caribbean 1,2 

 Greenhouse gas emissions 
(kg/capita/year) 

Agricultural land use 
(m2/capita/year) 

Water consumption 
(m3/capita/year) 

 South Central Caribbean South Central Caribbean South Central Caribbean 
Total 1993.6 1803.3 2521.2 1941.0 1718.8 1505.1 2060.8 1464.5 1503.1 
Plant-sourced 
Cereals 133.6  

(6.7%) 
102.8  
(5.7%) 

333.4  
(13.2%) 

312.5  
(16.1%) 

390.3 
(22.7%) 

317.9  
(21.1%) 

376.6  
(18.3%) 

426.2  
(29.1%) 

252.6  
(16.8%) 

Roots 21.1  
(1.1%) 

6.32  
(0.4%) 

151.1  
(6.0%) 

36.2  
(1.9%) 

6.51  
(0.4%) 

93.7  
(6.2%) 

42.1  
(2.0%) 

6.34  
(0.4%) 

75.0  
(5.0%) 

Fruits 62.0  
(3.1%) 

53.9  
(3.0%) 

600.8  
(23.8%) 

55.6  
(2.9%) 

59.7  
(3.5%) 

114.3  
(7.6%) 

91.0  
(4.4%) 

107.3  
(7.3%) 

392.9  
(26.1%) 

Vegetables 42.3  
(2.1%) 

37.8  
(2.1%) 

47.5  
(1.9%) 

21.9  
(1.1%) 

27.3  
(1.6%) 

58.4  
(3.9%) 

18.3  
(0.9%) 

27.3  
(1.9%) 

29.0  
(1.9%) 

Legumes & seeds 9.37  
(0.5%) 

11.6  
(0.6%) 

15.1  
(0.6%) 

98.2  
(5.1%) 

163.5  
(9.5%) 

193.4  
(12.8%) 

53.9  
(2.6%) 

94.9  
(6.5%) 

103.4  
(6.9%) 

Vegetable oils 12.8  
(0.6%) 

8.90  
(0.5%) 

10.1  
(0.4%) 

41.9  
(2.2%) 

46.1  
(2.7%) 

31.0  
(2.1%) 

35.4  
(1.7%) 

18.8  
(1.3%) 

23.0  
(1.5%) 

Sugar 9.55  
(0.5%) 

11.3  
(0.6%) 

193.0  
(7.7%) 

5.95  
(0.3%) 

6.35  
(0.4%) 

8.0  
(0.5%) 

8.26  
(0.4%) 

11.4  
(0.8%) 

13.1  
(0.9%) 

Coffee & tea 2.68  
(0.1%) 

0.65 
(0.04%) 

64.6  
(2.6%) 

23.7  
(1.2%) 

16.3  
(0.9%) 

58.2  
(3.9%) 

49.0  
(2.4%) 

18.2  
(1.2%) 

69.8  
(4.6%) 

Animal-sourced 
Meat 1457.5  

(73.1%) 
1265.4  
(70.2%) 

674.3  
(26.7%) 

1098.1  
(56.6%) 

723.5  
(42.1%) 

485.1  
(32.2%) 

1115.3  
(54.2%) 

491.7  
(33.6%) 

376.5  
(25.0%) 

Dairy 174.9  
(8.8%) 

178.7  
(9.9%) 

376.3  
(14.9%) 

186.1  
(9.6%) 

168.5  
(9.8%) 

96.9  
(6.4%) 

233.6  
(11.3%) 

182.3  
(12.4%) 

132.8  
(8.8%) 

Eggs 34.3  
(1.7%) 

64.9  
(3.6%) 

23.0  
(0.9%) 

49.6  
(2.6%) 

94.2  
(5.5%) 

33.6  
(2.2%) 

32.7  
(1.6%) 

75.0  
(5.1%) 

30.1  
(2.0%) 

Seafood 33.6  
(1.7%) 

61.0  
(3.4%) 

31.9  
(1.3%) 

11.3  
(0.6%) 

16.5  
(1.0%) 

14.7  
(1.0%) 

4.57  
(0.2%) 

7.87  
(0.5%) 

5.13  
(0.3%) 

1 Shown as impact of food group per capita per year. Percent of the total pattern’s impact in parentheses (i.e., each column sums to 100%). 
2 Environmental impacts estimated using life cycle assessments carried out at a country or regional level, to characterize impacts of local 
production, and as global averages, for food imports. Weights for proportion of food group that was imported vs. locally produced obtained from 
the Food and Agriculture Organization’s 2017 New Food Balance Sheets. Functional unit for all food items defined as a kilogram of fresh produce 
or bone free meat. System boundaries included agricultural production, processing, packaging, and transport. 
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the pattern, as well as coffee (3.9 vs. 1.2 and 0.9%, respectively). Higher levels of absolute land 

use for fruits, vegetables, legumes and seeds, and seafood in Central America and the Caribbean, 

as compared to South America, however, did not result in substantial increases to total land use 

in their consumption patterns. 

Per capita freshwater consumption followed similar patterns, with food consumption 

patterns in South America again having the highest impact (2060.8 m3/year), followed by 

comparable results in Central America (596.3 m3/year lower) and the Caribbean (557.7 m3/year 

lower). Meat production dominated the impacts of all three regional patterns (54.2, 33.6, and 

25.0%, respectively), followed by cereals, and dairy. The lowest contributors to total freshwater 

consumption across all patterns included seafood, sugar, vegetables, and vegetable oils. Fruit 

production in the Caribbean had a relatively large water footprint (26.1%), compared to 4.4% in 

South America (and 7.3% in Central America). Water consumption for coffee in the Caribbean 

was also relatively high. Production of legumes and seeds in South America, in contrast, was 

relatively water efficient, with about half the relative impact (2.6%) as Central America (6.5%) 

and the Caribbean (6.9%). Higher absolute impacts of fruits as well as legumes and seeds in 

Central America and the Caribbean, as compared to South America, however, did not drive 

substantial increases to the total water consumed in their food consumption patterns.  

On a per kilogram basis, plant-sourced foods contributed less to GHGE, agricultural land 

use, and water consumption compared to animal-sourced foods across all three food 

consumption patterns (Table 1.3). Local plant foods tended to have marginally lower 

environmental impacts than imported plant foods, except for higher average GHGE for locally-

produced plant foods in the Caribbean. Water consumption attributable to plant-sourced foods 

was comparable for local production and importation across all three regions. In contrast, local 

production of animal-sourced foods tended to have a larger environmental impact than 

imported animal foods, particularly in South America and the Caribbean; in Central America, 
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however, land use and water consumption for imported and locally-produced animal foods were 

comparable.  

Table 1.3 Environmental impacts per mass by food source in regional food consumption 
patterns of Latin America and the Caribbean 1,2  

 Greenhouse gas 
emissions  
(kg/kg food) 

Agricultural land use  
(m2/kg food) 

Water consumption  
(m3/kg food) 

Food 
Source 

South Central Carib-
bean 

South Central Carib-
bean 

South Central Carib-
bean 

Local 
plant 

0.67 0.51 3.16 1.37 1.48 1.42 1.60 1.61 1.88 

Imported 
plant 

0.99 0.59 1.47 1.88 2.06 2.40 1.46 1.54 1.73 

Local 
animal 

7.67 4.94 11.4 6.05 4.55 4.94 6.28 3.23 4.81 

Imported 
animal 

4.36 4.55 4.12 3.98 4.94 4.79 2.88 3.79 3.30 

1 Shown as total impact of plant or animal-sourced foods per kilogram of food. 
2 Environmental impacts estimated using life cycle assessments carried out at a country or regional level, 
to characterize impacts of local production, and as global averages, for proportion of food that was 
imported. 

 

Impacts Per Nutrient Availability 

Average GHGE per dietary energy availability were lowest for legumes and seeds, cereals, 

and roots (Figure 1.3A) (Supplementary Table 1.2). GHGE from meat were significantly higher 

than that of cereals, roots, fruits, vegetables, legumes and seeds, dairy, and eggs. Contributions 

from seafood were also significantly higher than that of cereals and legumes and seeds. Average 

land use per dietary energy availability from meat was significantly higher than that of all other 

food groups. Contributions from eggs were also higher than that of cereals, roots, fruits, 

vegetables, and seafood. Land use from dairy and legumes and seeds, with similar estimates, 

was also significantly higher than that of cereals and roots. Average water consumption per 

dietary energy availability was the highest for meat, compared to all other food groups. 

Contributions from eggs were also higher than that of roots and seafood. 

Lowest GHGE per protein availability included those of cereals as well as legumes and 

seeds, with the latter having significantly lower emissions than the high contributions of fruits in 
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Figure 1.3 Average environmental impacts per dietary A) energy, B) protein, C) fiber, D) iron, E) zinc, and F) vitamin A availability 
of food consumption patterns in Latin America and the Caribbean. Pairwise significance testing carried out via linear mixed-effects 
modeling, with random intercepts to account for within-region correlations and Tukey adjustment for multiple comparisons, at an 
alpha level of 0.05. * p < 0.05, ** p < 0.01, *** p < 0.001 
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this category (Figure 1.3B). Fruits and meat also had the highest levels of land use per protein 

availability, both significantly higher than that of cereals, dairy, and seafood; contributions from 

fruits were also significantly higher than that of roots, vegetables, legumes and seeds, and eggs. 

Seafood contributed the lowest amount to land use, significantly lower than that of roots. 

Additionally, fruits again demonstrated the highest levels of water consumption per protein 

availability, significantly higher than all other food groups. 

Among plant-sourced food groups, average GHGE per fiber availability were lowest for 

legumes and seeds, albeit not significantly different from other food groups (Figure 1.3C). In 

contrast, legumes and seeds as well as cereals contributed highly to land use per fiber 

availability, both significantly higher than that of roots and fruits; land use per fiber availability 

from cereals was also significantly higher than that of vegetables. Similarly, water consumption 

per fiber availability was high for cereals and fruits; however, no significant differences across 

food groups were detected.  

Average GHGE per iron availability were relatively low among all plant-sourced food 

groups and highest for dairy and meat (Figure 1.3D) (Supplementary Table 1.3). Similar trends 

were observed in terms of land use and water consumption. Land use per iron availability of 

dairy and meat was significantly higher than that of all other food groups. Dairy also had the 

highest levels of water consumption per iron availability, significantly higher than that of all 

other food groups except meat. 

Average environmental impacts per zinc availability were highest for fruits and meat 

(Figure 1.3E). Fruits, meat, and dairy demonstrated the highest GHGE, and legumes and seeds 

the lowest, albeit without significant difference across food groups detected. Land use per zinc 

availability of fruits and meat was significantly higher than that of cereals, roots, vegetables, 

legumes and seeds, and seafood. Fruits also had the highest levels of water consumption per zinc 

availability, significantly higher than that of all other food groups. 
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Average environmental impacts per vitamin A availability were notably low for roots, 

fruits, vegetables, dairy, and eggs (Figure 1.3F). Meat demonstrated the highest GHGE per 

vitamin A availability, significantly higher than that of roots, fruits, vegetables, legumes and 

seeds, dairy, and eggs. In contrast, both land use and water consumption per vitamin A 

availability was markedly high for legumes and seeds, significantly higher than that of roots, 

fruits, vegetables, dairy, eggs, and seafood. Land use contributions of legumes and seeds were 

also higher than that of meat. 

 

Figure 1.4 Composite scores for standardized environmental impacts per nutrient 
availability of food consumption patterns in Latin America and the Caribbean. Scores 
above the line indicate higher than average environmental impacts per nutrient 
availability, while those below indicate lower than average impact. 

 

Composite scores for all environmental impacts per nutrient availability were lowest for 

cereals, roots, and vegetables, each falling within the circle and, as such, indicating below 

average scores (Figure 1.4). Legumes and seeds as well as eggs also exhibited relatively low 
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GHGE per nutrient availability. In contrast, fruits, meat, and dairy demonstrated above average 

composite scores across all impact indicators.  

Discussion 

We estimated the GHGE, agricultural land use, and water consumption of apparent food 

consumption patterns in LAC using region-specific data on food availability and respective life 

cycle environmental impact assessments. Overall, findings suggest that plant-sourced food 

groups, both local and imported, contributed least to all three environmental impact indicators. 

Legumes and seeds stood out as having the lowest GHGE relative to almost all nutrient 

contributions; cereals, roots, and vegetables also demonstrated low impacts overall and per 

protein, iron, and zinc availability. These findings point to the capacity of several plant food 

groups in typical Latin American and Caribbean consumption patterns to minimize natural 

resource use and global warming potential without necessarily jeopardizing energy and 

micronutrient availability. Promoting the consumption of minimally-processed, plant-based 

diets may thus serve as an effective strategy to simultaneously promote nutritional and 

planetary health. Agricultural production, processing, and trade in the region must align with 

these objectives and provide fresh plant foods for local and direct human consumption. 

Reducing large-scale livestock operations and shifting fodder crops (e.g., wheat, soybean) 

toward edible foods may likewise contribute to food security, water, and forest conservation.60 

In contrast, animal-sourced food groups—and locally produced animal foods in 

particular—contributed most to all food consumption patterns’ environmental impacts, with 

meat and dairy most heavily implicated. Beef production in South America made up the highest 

proportions of GHGE, land use, and water consumption. The intensification of cattle and soy 

production in South America has been implicated in climate and land use changes, 

deforestation, and biodiversity loss,61 resulting in per capita GHGE double the world average 

(3.8 vs. 1.4 tonnes CO2-eq/capita).62 Across all regions, meat also demonstrated relatively high 

environmental impacts per dietary energy, protein, iron, zinc, and vitamin A availability. In 
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contrast, seafood demonstrated relatively low impacts on land use and water consumption. 

Reducing ruminant animal production is a well-known objective in promoting human and 

planetary health;63 these findings further suggest that replacing these with plant-sourced foods 

in the diet can significantly diminish environmental risk while maintaining dietary protein and 

other nutrient availability. Seafood may similarly be able to deliver animal-sourced protein with 

relatively low environmental risk; however, high levels of GHGE per iron, zinc, and vitamin A 

availability should be taken into consideration. Additionally, our study was unable to capture the 

effects of bottom trawling on sea floor habitat destruction58 nor the projected increase in 

terrestrial land and freshwater pressures from aquaculture feed production;59 thus, at an 

industrial scale, the food group’s sustainability potential remains unclear. 

The results of these analyses are consistent with literature placing traditional, plant-

based diets at the center of food security, chronic disease prevention, and environmental 

sustainability. While current animal-dominant diets contribute to climate change, land stress, 

and water scarcity in Latin America, particularly in Brazil and Mexico,64 traditional diets have 

long been plant dominant,65 deemed favorable for sustainability,66 and associated with lower 

adiposity in Latinx populations.67 Traditional agriculture and food production systems persist in 

the Latin American region and—with longstanding adaptations to local ecological conditions, 

limited agrochemical use, and high food crop biodiversity—can maximize food security, dietary 

diversity, and environmental conservation68 while also enhancing rural income generation, 

preserving cultural heritage, and strengthening food sovereignty in the region.69  

Results in the Caribbean highlight that, in an increasingly globalized food supply, 

international food trade may confer varying degrees of environmental risk. Agricultural 

productivity has severely diminished in the Caribbean, driven by trade policies disfavoring food 

production; infrastructural underinvestment in cold storage, processing, and food safety 

systems; and climate change vulnerabilities.70 Despite agricultural decline, GHGE in Caribbean 

small island-states are only increasing—largely due to deforestation, soil degradation, and other 
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reductions in carbon sequestration capacities.71 Importing non-native foods such as whole wheat 

products from high-yielding agricultural systems—with more temperate climatic conditions and 

land already converted for farming—may limit local ecosystem conversion and, as such, 

conserve relatively high levels of biodiversity in the Caribbean.72 However, extensive food import 

dependence can devastate rural livelihoods, increase the risk of climate-related food insecurity, 

and diminish diet quality.73,74 Instead, efforts to improve health and sustainability can focus on 

promoting consumption of nutritious, local foods with already low environmental impacts (e.g., 

vegetables, legumes and seeds, seafood); reducing production of non-nutritive, inefficient, and 

export-oriented plantation crops (e.g., sugar, coffee); and bolstering agricultural practices that 

can diminish environmental harms in fruit and root production. Efforts to increase food system-

wide infrastructural investments (e.g., roads, cold-storage chains, warehousing), for example, 

are needed to reduce postharvest fruit and vegetable loss, which can also improve local income 

generation and food security.75  

Given local complexities, solutions to human and planetary health must be intersectional 

and specific to regional cultures, politics, and ecologies. Promotion of organic food production, 

for example, is underway in the Caribbean; however, these systems are often export-oriented 

and incapable of reducing GHGE or improving biodiversity without a corresponding reduction 

in yield.76 Instead, agroecology has been increasingly implemented by local smallholders, 

interweaving localized food production within forests, backyard gardens, and other greenspaces. 

Along with protecting ecosystems and eliminating synthetic inputs, agroecology also stresses 

increasing autonomy for producers and distributors, shortening value chains, and strengthening 

rural development for food sovereignty and security. At the governmental level, current policies 

supporting agroecology have been adopted in Cuba, Brazil, El Salvador, and Nicaragua; 

sustainable agriculture has also garnered support in countries seeking to conserve water 

resources (e.g., Mexico, Chile) or promote ecotourism (e.g., Costa Rica).77 On the part of 

consumers, efforts to decolonize diets have focused on reclaiming ancestral and plant-based 
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food cultures, cooking, and production systems and shifting away from less healthy, colonially-

introduced products.78 These efforts align with environmental protection and chronic disease 

prevention.79 Importantly, with practices that conserve on-farm habitats, improve canopy-

related carbon sequestration, and preserve cultural traditions,80 research on agroecological 

systems will need to move past canonical indicators like emissions and land use to fully capture 

potential social, nutritional, and environmental benefits. 

Limitations in this study should be mentioned. Variations in food production systems for 

a given food (e.g., grass-fed vs. grain-fed) may alter both nutrient content and environmental 

impact, unaccounted for in these analyses. These and other inconsistencies in the methodology 

of LCA included in this study may introduce random error, particularly for GHGE estimates; if 

these differences vary by region, bias may be introduced. Maritime emissions were assumed to 

be constant across all imported food items, limiting the ability to assess differences in 

distribution, for example, of airfreighted products.1 GHGE estimates for these food groups may 

therefore be conservative. Agricultural land use estimates (which relied on data for a single year) 

may also be unstable, given annual variation in yield efficiency due to water availability, 

temperature changes, and other weather patterns. Impact estimates for the processing phase of 

some food items (e.g., wheat into flour) might be less precise than others, given limited data on 

food processing patterns at a regional scale; however, given that post-farm phases only account 

for approximately 2-11% of a diets’ life cycle impacts (vs. 61-75% from agricultural production),81 

the influence of imprecision is likely minimal. Impacts of the consumption phase, including food 

preparation and waste, are also small and assumed to be similar across food consumption 

patterns; as such, they were omitted from these analyses. Nonetheless, consumer food waste 

contributes to food insecurity, embodied natural resource waste, and landfill-related pollution 

and methane emissions.82-83 Finally, although common, use of Food Balance Sheets may result 

in imprecise characterization of food consumption, including underestimated intake of cereals 

and overestimation for sugar, roots, and fruit.84 
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Future research is needed to augment the resolution of LCA data within country or 

community-specific locales; consider secondary impacts such as soil fertility, biodiversity loss, 

and eutrophication; and assess links to local nutritional needs, ecosystem services, and cultural 

values (e.g., agroecology).85 Country-specific estimates for the GHGE of cereals, roots, vegetable 

oils, and sugar, as well as land use estimates for animal-sourced foods, are particularly lacking; 

given rapid agricultural intensification and habitat loss in the region, the environmental harms 

of these staple crops and livestock may be conservative and, as such, must be investigated within 

the particular land use change contexts of LAC. Finally, with temperatures projected to increase 

by up to 4.5 °C in LAC by 2100,5 investigation of climate adaptation strategies that synergize 

nutritional, environmental, and social benefits within traditional, local food production schemes 

will be crucial.86-87  
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Introduction 

 Dietary colonialism in small island regions in the Caribbean and Pacific has driven 

declines in population health and nutritional status, diet quality, and cardiometabolic disease 

risk.1 The marginalization of traditional food cultures—historically by colonizing nations and, 

increasingly, by transnational agri-food corporations—has led to significant declines in local 

food production, subsistence fisheries, and home cooking. High levels of food importation have 

resulted in the rapid modernization of island food supplies, with fast food and supermarket 

chain outlets augmenting the availability of red and processed meats, refined grains, and other 

low-quality, highly processed foods.2-3 Today, island populations experience among the highest 

obesity and diabetes prevalence observed anywhere in the world, a disparate disease burden 

increasingly linked to food import dependence and destabilized local agri-food sectors.4-6 In the 

Caribbean, high-quality, plant-based diets—characterized by fish and the home-based 

production of traditional fruits, vegetables, and tubers—are in decline, replaced by intake of 

processed meats, sweetened beverages, and refined grains.7 

In Puerto Rico (PR), an estimated 16.8% of adults aged 20-79 years have diabetes, the 

highest level observed in the United States (US) and the third highest age-adjusted prevalence 

among Caribbean islands.8 In urban areas of the island, nearly half of adults (42.9%) meet 

criteria for metabolic syndrome, driven largely by a high prevalence of elevated fasting blood 

glucose, abdominal obesity, and low high-density lipoprotein (HDL) cholesterol.9 Food import 

dependence of inexpensive, and now widely-accepted staples such as polished rice, beans, and 

dried codfish10 have displaced small, subsistence farmers from arable agricultural land.11 

Imported animal fats and vegetable oils12 also facilitated the adoption of fried foods (e.g., 

pastelillos) into typical diets, which, along with French fries and fried meats, have been 

associated with elevated fasting blood glucose.13 In the mid-twentieth century, a higher 

prevalence of obesity and nutritional deficiencies in urban populations was attributed to higher 

consumption of imported meats, energy-dense cereals, and lower intake of traditional starchy 
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vegetables as compared to rural diets.12 Today, over 85% of the entire island’s food environment 

is imported,14 supplying a modernized diet high in sugary beverages, sweets, and other 

processed foods15 that—along with low fiber, fruit, and vegetable intake—may contribute to 

adiposity among adults in PR.16   

Despite a heavily imported food supply, a small portion of some diets in PR are 

composed of traditional, locally-produced foods, including minimally processed plants and 

seafood.17 Smallholder farmers in PR cultivate plantains, legumes, roots, and other vegetables as 

well as a variety of fresh fruits (e.g., coconut, pineapple, oranges, peppers, avocado) in 

polycultures and other diverse farming systems; a small livestock industry also produces dairy, 

eggs, and poultry.18 Although micronutrient- and fiber-rich crops once constituted 59% of 

consumed food as recently as the 1950s in PR, policies encouraging industrialization and 

tourism have undermined the local agricultural sector,10 which increasingly contends with farm 

labor shortages, high production costs, and natural disasters.19 Despite these challenges, recent 

efforts to renew local food production have leveraged networks of social support in PR’s 

informal economy to support smallholder farmers’ livelihoods.20 Individuals in PR who 

intentionally purchase locally-produced foods often do so with these social, political, and 

environmental motivations in mind, preserving food cultures and seeking out sustainably-

produced fruits and vegetables as a decolonizing, ‘neo-traditional’ approach to food security.21-22 

Others, particularly older and low-income adults in rural communities, utilize fresh produce 

from home gardens and neighboring farms as part of traditional Puerto Rican cooking.13  

Despite the promise of a healthier, sustainable, and more autonomous food system, the 

ability for local food production to contribute to lower cardiometabolic disease risk in PR 

remains to be determined. A recent study among adults in PR found that those who 

intentionally purchase locally produced food had higher diet quality, consuming more dietary 

fiber, fruits, vegetables, and plant-based protein; a healthier dietary fat profile (e.g., lower 

saturated fat intake) and adequate magnesium intake were also observed.23 Although currently 
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scant in the literature, mechanisms linking nutrients from localized food production with 

cardiometabolic health are plausible and can be elucidated by the unique agricultural products 

and dietary patterns found in PR. Informed by these findings, the aims of this study were to 1) 

identify food-system-specific dietary patterns and 2) determine their associations with 

metabolic syndrome and its individual components among adults in PR.   

Methods 

Study Population 

 Data were obtained from the Puerto Rico Observational Study of Psychosocial, 

Environmental, and Chronic disease Trends (PROSPECT), an island-wide population cohort of 

adults (30-75 years) in PR during 2019-2021. Complete methodology for data collection is 

reported elsewhere.24 In brief, participants were recruited using multistage, probabilistic 

sampling strategy as well as community approaches. Eligibility criteria included being 30-75 

years of age; living in PR for at least the previous 12 months, and not planning to move away 

from the island within the next 3 years; not institutionalized and living in a stable dwelling for at 

least the previous 2 months; and being able to answer questions without assistance at the time 

of enrollment. Data collection for various psychosocial factors, dietary intake, metabolic 

biomarkers, and medical records occurred at several partner clinic sites with trained, bilingual 

research assistants (RA) following centralized protocols. Interviews were conducted in English 

or Spanish at the participant’s preference. All participants provided written informed consent. 

The Institutional Review Board at Harvard T.H. Chan School of Public Health, University of 

Massachusetts-Lowell, Northeastern University, and Ponce Health Sciences University 

approved this study. 

Measures 

Local Food Purchasing The tendency to purchase local foods was captured as part of a 

questionnaire which assessed dietary behaviors and attitudes. Participants were asked, thinking 

about their usual habits in the past year: ‘How often do you purposely purchase foods from PR 



 
 

38 
 

(like fruits, vegetables, meat and other products that are produced on the island rather than 

being imported)?’ and had the following response options: ‘rarely/never,’ ‘sometimes,’ ‘many 

times,’ and ‘all the time.’ Participants were also able to specify which locally-produced food 

groups (i.e., fruits, vegetables, meat, seafood) they were more likely to purchase. 

 Dietary Intake Self-reported usual dietary intake in the past 12 months was captured by 

trained interviewers using a semi-quantitative food frequency questionnaire (FFQ) adapted 

from the National Cancer Institute-Block FFQ by including culturally-relevant foods and portion 

sizes that were major contributors to energy and nutrient intake for this population25 and 

validated for a Puerto Rican population living on the island.26 The electronically-captured data 

from the FFQ was linked to the Minnesota Nutrient Data System (version 5.0_35) for food and 

nutrient analyses. Nutrient values in corresponded only to those derived from dietary intake and 

did not include supplement use. Individual food items from the FFQ were grouped where 

appropriate (Supplementary Table 2.1). Food group and nutrient intakes were square root 

transformed to improve normality27 and adjusted for energy intake within levels of age (with 

categories 30-50, 51-60, 61-70, and 71-75 years) and sex using the residuals method. 

 Outcome Measures Individual physiological components of metabolic syndrome were 

assessed via RA-administered anthropometric measures, fasting blood samples, and a medical 

history examination.24 Waist circumference was measured twice (or three times if the first two 

measurements differed by a predefined margin), with participants’ feet close together and arms 

at side, and averaged for analysis. The average of three blood pressure measurements, taken at 

rest at the beginning, midpoint, and end of data collection with an electronic 

sphygmomanometer, was also used. Fasting blood samples were obtained by a licensed nurse 

via venipuncture and refrigerated or frozen before processing for plasma triglycerides, HDL, and 

blood glucose. Harmonized criteria28 were used to classify individuals with metabolic syndrome 

if they had ≥3 of the following conditions: waist circumference ≥40in in men or ≥35in in 

women; fasting glucose ≥100mg/dL or use of glucose-lowering medication; elevated blood 
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pressure (systolic ≥130 or diastolic ≥85mmHg) or use of anti-hypertensive medication; 

hypertriglyceridemia (plasma triglycerides ≥150mg/dL) or use of triglyceride-lowering 

medication; and/or low HDL cholesterol (<40 mg/dL in men or <50mg/dL in women). 

 Covariate Assessment Plausible sociodemographic confounding factors for the 

association between derived dietary patterns and metabolic syndrome included age, sex, 

ethnicity, educational attainment, household income, rural residency, and use of PR’s Nutrition 

Assistance Program (PAN). These data were self-reported as part of a questionnaire assessing 

demographic and socioeconomic characteristics. Behavioral factors were also measured and 

controlled for as confounders, including self-reported history of smoking, classified as current, 

former, or never smoker, and physical activity, assessed using a modified Paffenbarger 

questionnaire of the Harvard Alumni Activity Survey29 previously used in a Puerto Rican 

cohort30 and with scores defined as <30 sedentary physical activity, 30 to <40 light activity, and 

≥40 moderate/vigorous activity. 

Statistical Analysis  

 At the time of analysis, there were 1018 participants recruited into the study. Statistical 

analysis included participants who completed both the FFQ and sociodemographic 

questionnaires (n=989 out of 1018), excluding 11 participants with extreme energy intakes >3 

standard deviations (SD) from the mean for a new n=978. Excluded individuals had a similar 

age distribution to those with reasonable energy intakes but were less often female (36.4 vs. 

72.1% in the included sample) (Supplementary Table 2.2). Means (SD) or percentages of all 

covariates were calculated. Differences across frequency of local food purchasing were detected 

using F tests for continuous variables and χ2 tests for categorical variables.  

 Partial least squares regression (PLS) was employed to identify dietary pattern factor 

scores as linear combinations of food groups using residual fiber, saturated fat, and magnesium 

intake as response variables. Food groups were standardized for comparability and, as such, 

assumed to have predictive importance on the dietary patterns proportional to their variability. 
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PLS balances the objectives of summarizing variability in both food groups and intermediary 

nutrients, allowing for simultaneous exploration of novel and hypothesized diet-disease 

relationships in populations with diverse dietary behavior.31 Extracted dietary patterns were 

uncorrelated, facilitating data reduction and interpretability. Nutrient responses were chosen 

based on previous evidence linking cardiometabolic-related diet quality with a nutrition 

transition away from locally-produced fruits, vegetables, and fiber towards animal-based fats 

and processed foods in PR13,23 as well as plausible biological mechanisms. Dietary fiber—most 

often found naturally in legumes, green bananas, and roots as resistant starch32—improves 

insulin sensitivity33-34 and has been associated with glucose homeostasis.35 Replacement of 

saturated with unsaturated fats in the diet likely reduces cardiometabolic risk36 and is associated 

with diets low in animal meat and processed foods. Magnesium intake—typically derived from 

legumes, nuts, whole grains, leafy greens, and avocados—may prevent insulin resistance37 and 

has been associated with lower risk of type 2 diabetes.38 

 Dietary patterns extracted using PLS maximized the explained variance in both 

nutrient response variables and food groups. Factor retainment was informed by percentages 

explained of response variable variation as well as factor interpretability.39 Empirical dietary 

pattern analysis was chosen over a priori approaches (e.g., diet quality scores) to limit 

researcher-imposed criteria and reveal achievable, self-determined diets and their potential 

associations with cardiometabolic health. For all retained factors, factor loadings—the 

correlations of each food group with the given dietary pattern—were presented. Continuous 

factor scores were then categorized into terciles, with differences across terciles detected for 

confounding covariates, frequency of local food purchasing, and related dietary behavior.  

 Metabolic syndrome, as a binary outcome, and its continuous components were 

regressed on terciles of dietary patterns using multivariate generalized linear models (logistic 

and traditional linear regression, respectively), with full adjustment for sociodemographic and 

behavioral covariates. Use of terciles facilitated comparisons across “low,” “medium,” and “high” 
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dietary pattern intakes; as complementary analyses, regressions with continuous factor scores 

were also explored (Supplementary Table 2.3). Due to residual non-normality and 

heteroscedasticity for regressions involving fasting glucose and triglycerides, robust empirical 

variance estimators were used. Missingness in covariates and outcome measures was assumed 

missing at random and handled using multiple imputation by chained equations, specifying 50 

imputed datasets and a 100-iteration burn-in period. Logistic regression models for categorical 

variables (i.e., metabolic syndrome, educational attainment, household income, rural residency, 

use of PAN food assistance, physical activity, smoking status) and predictive mean matching for 

continuous variables (i.e., metabolic syndrome components) were fitted conditional on all other 

variables containing missingness as well as age, sex, and ethnicity.  

 Statistical significance was determined a priori at an α of 0.05. All statistical analyses 

were conducted in SAS version 9.4 (SAS Institute Inc.; Cary, NC). 

Results 

Dietary Patterns 

 Most participants were female (72.1%), Puerto Rican (93.4%), attained at least some 

college education (72.6%), and had a household income less than $20,000 (56.7%) (Table 2.1). 

About half of participants (51.9%) were classified with metabolic syndrome, most having high 

waist circumference (77.0%) and elevated blood pressure (61.9%). Individuals who always 

purchased locally produced food, on average, tended to be older (p = 0.0004) and engaged in 

moderate levels of physical activity (p = 0.0002) than those who seldom purchased local foods. 

Those who always purchased locally also consumed more dietary fiber (26.7 vs. 24.9 g/day; p = 

0.0014) than those who seldom did so. There were no apparent associations relating local food 

purchasing and metabolic syndrome prevalence nor its components.  

 Four dietary pattern factors were extracted, together explaining 83.2% of the variance 

in dietary fiber, 53.9% in saturated fat, and 72.3% in magnesium. Emphasizing factor loadings 

greater than |0.15| (i.e., food groups having the strongest correlations with the given dietary 
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Table 2.1 Demographics, behavioral characteristics, and metabolic syndrome component 
prevalence, by frequency of locally produced food purchasing among adults living in Puerto Rico 

 Local food purchasing a   
 
Characteristic b 

Seldom 
(n=330) 

Often 
(n=272) 

Always 
(n=360) 

 
P c 

All 
(n=978) 

Age, years 53.1 (11.1) 52.8 (10.8) 55.8 (10.8) 0.0004* 54.0 (11.0) 
Female 71.5 74.3 71.4 0.68 72.1 
Puerto Rican ethnicity 95.2 93.4 91.7 0.19 93.4 
Educational attainment    0.10  

No schooling or ≤8th grade 5.2 3.0 7.2  5.2 
9th–12th grade/GED 21.3 18.5 24.5  22.2 

Some college/Bachelor’s 53.5 58.3 48.8  53.0 
≥Some graduate school 20.1 20.3 19.5  19.6 

Household income    0.24  
$0-20,000 58.8 51.1 58.1  56.7 

$20,001-40,000 27.7 33.5 26.1  28.5 
>$40,000 13.5 15.4 15.9  14.7 

Rural area of residence 21.8 27.9 29.5 0.06 26.3 
Physical activity    0.0002*  

Sedentary/light 72.0 73.2 59.3  67.9 
Moderate 17.3 20.1 30.7  22.8 
Vigorous 10.8 6.7 10.0  9.3 

Smoking status    0.29  
Never 66.0 70.6 69.4  68.2 

Former 22.2 15.4 19.2  19.4 
Current 11.9 14.0 11.4  12.3 

Use of PAN food assistance d 52.3 48.1 57.2 0.08 53.3 
Dietary fiber, g/day e 24.9 (7.3) 26.6 (8.1) 26.7 (6.8) 0.0014* 26.1 (7.4) 
Saturated fat, g/day e 41.2 (9.7) 40.4 (9.9) 40.2 (8.7) 0.30 40.5 (9.4) 
Magnesium, mg/day e 419.4 (92.4) 432.2 (97.9) 433.1 (84.1) 0.10 428.6 (91.4) 

Metabolic syndrome f 51.7 50.8 52.2 0.94 51.9 
High waist circumference f 74.0 75.5 79.9 0.18 77.0 
Elevated fasting glucose f 36.1 41.7 38.4 0.37 38.6 
Elevated blood pressure f 61.7 60.3 62.2 0.88 61.9 
Hypertriglyceridemia f 29.0 26.8 31.4 0.46 29.2 
Low HDL cholesterol f 47.0 47.6 44.7 0.75 46.4 

a Defined as how often individuals purposely purchase foods from Puerto Rico (like fruits, vegetables, meat, and other 
products that are produced on the island rather than being imported). 
b Values presented as % or mean (SD).  
c Statistical significance for differences between categories of local food purchasing frequency determined using  χ2 or 
F tests and set at α = 0.05 (noted by *).  
d Defined as any member of the household currently receiving benefits from the Nutritional Assistance Program 
(PAN). 
e Nutrient intake values correspond to dietary intake only (without supplements use). Mean values and standard 
deviations for all nutrients were square-root-transformed due to skewed distributions and adjusted for age, sex and 
energy intake using the residuals method. 
f Metabolic syndrome components defined using harmonized criteria: waist circumference ≥40in in men or ≥35in in 
women; fasting glucose ≥100mg/dL or use of glucose-lowering medication; elevated blood pressure (systolic ≥130 or 
diastolic ≥85mmHg) or use of anti-hypertensive medication; hypertriglyceridemia (plasma triglycerides ≥150mg/dL) 
or use of triglyceride-lowering medication; and/or low HDL cholesterol (<40 mg/dL in men or <50mg/dL in women). 
Participants met criteria for metabolic syndrome if they had ≥3 of the given conditions. 
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pattern) and mindful of current behavioral and food system trends in PR, the dietary patterns 

were described as neo-traditional, refined carbs, traditional, and industrialized (Table 2.2). The 

neo-traditional pattern was characterized by consumption of all fresh and processed fruits, 

Table 2.2 Factor loadings for neo-traditional, refined carbs, traditional, and industrialized 
dietary patterns among adults in Puerto Rico a 

 Neo-traditional: 
Local plants and 
seafood 

Refined carbs: 
Rice and 
sugary drinks 

Traditional: 
Beans and 
coffee 

Industrialized: 
Meat and fast 
foods 

Fruit juices -0.06 0.22 -0.16 -0.19 
Sweetened beverages -0.12 0.17 -0.22 -0.01 
Coffee 0.05 -0.23 0.33 -0.27 
Processed vegetable fats -0.05 -0.18 0.21 0.15 
Vegetable oils 0.06 0.01 -0.20 -0.02 
Herbs and spices 0.26 -0.19 -0.12 0.19 
Dairy -0.04 -0.31 0.22 -0.06 
Low-fat dairy 0.09 0.05 0.08 -0.47 
Eggs 0.0003 -0.34 0.005 -0.01 
Temperate fruits 0.27 -0.11 -0.29 0.07 
Citrus fruits 0.20 -0.25 -0.20 0.16 
Tropical fruits 0.22 -0.13 -0.19 0.12 
Processed fruits 0.26 -0.10 -0.27 0.01 
Refined grains -0.01 0.15 0.15 -0.06 
Whole grains 0.27 0.04 0.18 -0.18 
Legumes 0.25 0.27 0.38 0.18 
Soy products 0.18 -0.02 0.14 -0.20 
Poultry 0.05 -0.08 -0.01 0.14 
Processed meat -0.17 -0.22 0.06 0.15 
Red meat -0.08 -0.15 0.16 0.23 
Fast foods -0.24 -0.01 0.19 0.19 
Pasta dishes -0.03 0.08 0.10 0.19 
Rice dishes -0.02 0.40 0.14 0.08 
Nuts 0.23 -0.20 -0.05 -0.22 
Potatoes 0.08 0.11 0.14 0.28 
Tropical roots 0.20 0.10 0.08 0.23 
Salty snacks -0.11 -0.02 0.04 0.05 
Seafood 0.17 -0.11 -0.07 0.03 
Sweeteners 0.01 -0.12 0.25 -0.22 
Sweets -0.13 -0.01 -0.07 0.08 
Temperate vegetables 0.31 -0.03 -0.10 0.12 
Leafy greens 0.30 -0.22 -0.05 0.05 
Tropical vegetables 0.24 -0.08 -0.05 0.15 

a Factor loadings ≥|0.15| emphasized in bold text. 
 
 

herbs and spices, whole grains, legumes, soy products, tropical roots, leafy greens, all vegetables, 

and seafood; strong inverse correlations with processed meats and fast foods were also found. 
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Table 2.3 Sociodemographic characteristics and dietary behavior by terciles of dietary patterns among adults living in Puerto Rico 
 Neo-traditional: Local 

plants and seafood 
 Refined carbs: Rice and 

sugary drinks 
 Traditional: Beans and 

coffee 
 Industrialized: Meat and 

fast foods 
 

Characteristic a T1 T2 T3 P b T1 T2 T3 P b T1 T2 T3 P b T1 T2 T3 P b 

Age, years 53.3 
(11.0) 

53.8 
(11.2) 

54.9 
(10.8) 

0.14 53.5 
(10.8) 

54.7 
(11.0) 

53.8 
(11.1) 

0.38 53.7 
(11.3) 

54.2 
(10.6) 

54.1 
(11.0) 

0.86 54.6 
(10.8) 

53.1 
(11.1) 

54.4 
(11.0) 

0.16 

Female 70.3 74.5 71.5 0.45 71.2 73.9 71.2 0.66 72.7 70.9 72.7 0.83 73.3 71.5 71.5 0.83 
Puerto Rican ethnicity 94.8 94.8 90.5 0.040* 94.2 91.1 94.8 0.13 91.4 94.2 94.5 0.22 93.9 93.9 92.3 0.66 
Educational attainment    0.09    0.0033*    0.18    0.53 
No schooling or ≤8th grade 29.4 21.6 49.0  19.6 27.5 52.9  35.3 27.5 37.3  41.2 37.3 21.6  

9th–12th grade/GED 37.5 32.4 30.1  25.5 37.5 37.0  38.4 33.3 28.4  32.4 34.3 33.3  
Some college/Bachelor’s 34.0 33.5 32.5  35.8 32.3 31.9  29.6 34.4 36.0  34.4 32.3 33.3  
≥Some graduate school 27.8 36.7 35.6  38.2 33.5 28.3  37.2 31.4 31.4  29.8 33.5 36.7  

Household income    0.63    <0.0001*    0.90    0.09 
$0-20,000 34.9 33.0 32.1  27.8 31.2 41.0  34.5 32.5 33.0  35.1 32.3 32.7  

$20,001-40,000 31.0 34.7 34.3  36.9 38.8 24.4  31.7 34.7 33.6  34.7 31.7 33.6  
>$40,000 29.3 33.6 37.1  47.1 31.4 21.4  31.4 35.7 32.9  23.6 41.4 35.0  

Rural area of residence 28.4 36.2 35.4 0.14 38.5 28.8 32.7 0.07 28.4 39.7 31.9 0.028* 31.5 37.0 31.5 0.36 

Local food purchasing    <0.0001*    0.05    0.88    0.021* 
Seldom 42.1 32.7 25.2  30.9 31.8 37.3  32.1 35.2 32.7  38.8 32.7 28.5  

Often 32.4 30.9 36.8  36.8 29.8 33.5  33.8 31.6 34.6  33.8 34.2 32.0  
Always 26.4 35.6 38.1  33.6 38.1 28.3  34.7 32.2 33.1  28.3 32.8 38.9  

     Local fruits 30.7 34.7 34.7 0.018* 33.4 35.2 31.4 0.06 33.2 33.0 33.8 0.87 31.0 33.8 35.2 0.027* 
     Local vegetables 30.2 33.9 35.9 0.0010* 34.2 33.4 32.4 0.51 32.6 34.2 33.2 0.56 30.6 34.1 35.3 0.0070* 
     Local meats 33.3 34.7 32.0 0.38 33.6 34.9 31.5 0.23 34.3 32.6 33.1 0.71 30.2 33.9 35.9 0.015* 
     Local seafood 29.7 36.5 33.9 0.049* 34.5 34.3 31.2 0.42 31.7 31.2 37.1 0.06 29.7 34.1 36.3 0.06 
Use of PAN food assistance c 34.1 34.3 31.7 0.62 30.7 32.9 36.4 0.09 34.8 33.1 32.1 0.64 32.5 31.1 36.4 0.16 
Dietary fiber, g/day d 20.6 

(4.9) 
25.5 
(5.1) 

32.1 
(6.9) 

<0.0001* 24.6 
(7.0) 

25.6 
(6.1) 

28.1 
(8.4) 

<0.0001* 23.6 
(7.1) 

25.8 
(6.6) 

28.9 
(7.4) 

<0.0001* 25.0 
(7.2) 

25.1 
(6.9) 

28.2 
(7.6) 

<0.0001* 

Saturated fat, g/day d 42.9 
(9.3) 

40.9 
(9.1) 

37.7 
(8.9) 

<0.0001* 47.2 
(9.4) 

39.9 
(6.3) 

34.4 
(7.3) 

<0.0001* 38.8 
(10.3) 

41.0 
(8.9) 

41.8 
(8.6) 

0.0001* 40.1 
(10.2) 

40.4 
(8.9) 

41.1 
(9.0) 

0.37 

Magnesium, mg/day d 362.5 
(60.1) 

422.4 
(64.2) 

500.7 
(87.9) 

<0.0001* 432.1 
(93.6) 

428.4 
(87.3) 

425.
2 
(93.3
) 

0.63 403.4 
(93.4) 

429.1 
(83.9) 

453.2 
(90.0) 

<0.0001* 463.7 
(100.4) 

413.2 
(80.4) 

408.7 
(81.7) 

<0.0001* 

a Values presented as % or mean (SD).  
b Statistical significance for differences across terciles of dietary patterns determined using  χ2 or F tests and set at α=0.05 (noted by *). 
c Defined as any member of the household currently receiving benefits from the Nutritional Assistance Program (PAN). 
d Nutrient intake values correspond to dietary intake only (without supplements use). Mean values and standard deviations for all nutrients were square-root-transformed due 
to skewed distributions and adjusted for age, sex and energy intake using the residuals method. 
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Individuals in the highest tercile of the neo-traditional pattern were more likely to always 

(38.1%) or often (36.8%) purchase locally produced food compared to those in the lowest tercile, 

who most often seldom did so (42.1%; p < 0.0001); those in the highest tercile of consumption 

were specifically more likely to consume more locally produced fruits (p = 0.018), vegetables (p 

= 0.0010), and seafood (p = 0.049) than those in the lowest tercile (Table 2.3). 

 The refined carbs pattern was characterized by high intake of fruit juices and 

sweetened beverages, refined grains, legumes, and rice dishes as well as low consumption of 

coffee, processed vegetable fats, herbs and spices, dairy, eggs, citrus fruits, red and processed 

meats, nuts, and leafy greens (Table 2.2). Over half (52.9%) of individuals in the highest tercile 

of consumption had obtained the lowest levels of education (i.e., no schooling or ≤ 8th grade), 

compared to just 19.6% in the lowest tercile (p = 0.0033) (Table 2.3). High intake of the refined 

carbs pattern was also significantly associated with low average household income (p < 0.0001), 

with 41.0% of individuals in the highest tercile making $0-20,000 annually, compared to just 

27.8% in the lowest. Top consumers were less likely to live in rural areas (p = 0.07) and more 

likely to seldom purchase locally produced food (p = 0.05).   

 The traditional dietary pattern was most correlated with high intake of legumes, coffee, 

dairy, sweeteners, vegetable fats, refined and whole grains, red meat, and fast foods; it was also 

strongly associated with low intake of fruit juices, sweetened beverages, vegetable oils, and all 

fruits (Table 2.2). Individuals in the highest tercile of consumption for the traditional pattern 

more often lived in rural areas (31.9%) compared to those in the lowest tercile (28.4%; p = 

0.028) (Table 2.3). There were no significant associations between overall local food purchasing 

and the traditional pattern (p = 0.88), although greater frequency of local seafood purchasing 

was observed at the highest tercile of intake (p = 0.06).  

 The industrialized pattern was most strongly correlated with high intake of red and 

processed meats, fast foods, pasta dishes, potatoes, tropical roots, vegetable fats, herbs and 

spices, citrus fruits, tropical vegetables, and legumes (Table 2.2). High consumption was also 
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characterized by low intake of low-fat dairy, fruit juices, coffee, sweeteners, whole grains, soy 

products, and nuts. Local food purchasing behavior was significantly associated with this 

pattern (p = 0.021), with those in the highest tercile more likely to always purchase locally 

(38.9%) than those in the lowest tercile (28.3%) (Table 2.3). They were specifically more likely 

to purchase local fruits (p = 0.027), vegetables (p = 0.0070), and meats (p = 0.015). No strong 

correlations between poultry, sweets, or salty snacks and any of the dietary patterns were found, 

reflective of invariably high consumption of these food groups across the study population.  

Associations of Derived Dietary Patterns and Metabolic Syndrome  

 Individuals in the highest tercile of the neo-traditional dietary pattern had a prevalence 

odds of 0.69 (95% confidence interval (CI): 0.49, 0.97) times of having metabolic syndrome, 

compared to individuals in the lowest tercile (p = 0.035), with full adjustment for 

sociodemographic and behavioral factors (Table 2.4). In contrast, fully-adjusted models for the 

refined carbs and industrialized dietary patterns suggested higher odds, albeit nonsignificant, of 

metabolic syndrome, having prevalence odds ratios of 1.17 (95% CI: 0.82, 1.65; p = 0.39) and 

1.34 (95% CI: 0.95, 1.89; p = 0.09), respectively. There was no apparent association between 

metabolic syndrome and the traditional dietary pattern (p = 0.88). 

Table 2.4 Prevalence odds ratios and 95% confidence intervals for metabolic syndrome across 
terciles of dietary patterns among adults in Puerto Rico a 

 Tercile of factor scores 
Dietary pattern T1 T2 P b T3 P b 
Neo-traditional: Local 
plants and seafood 

1.0 0.93 (0.66, 1.30) 0.67 0.69 (0.49, 0.97) 0.035* 

Refined carbs: Rice and 
sugary drinks 

1.0 1.01 (0.72, 1.42) 0.95 1.17 (0.82, 1.65) 0.39 

Traditional: Beans and 
coffee 

1.0 1.10 (0.78, 1.55) 0.57 1.03 (0.73, 1.44) 0.88 

Industrialized: Meat and 
fast foods 

1.0 0.99 (0.71, 1.39) 0.95 1.34 (0.95, 1.89) 0.09 

a Adjusted for age, sex, ethnicity, educational attainment, household income, rural residency, use of PAN 
food assistance, physical activity, and smoking status. 
b Statistical significance for difference of odds ratio from first tercile set at α = 0.05 (noted by *). 
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 Individuals in the second and third tercile of neo-traditional consumption had 0.8- and 

1.6-inch lower average waist circumference than those in the lowest tercile, respectively (p = 

0.0021) (Table 2.5). In contrast, higher consumption of the industrialized dietary pattern was  

Table 2.5 Differences and standard errors in average metabolic syndrome components across 
terciles of dietary patterns among adults in Puerto Rico a 

 Tercile of factor scores 
Component T1 T2 vs. T1 P b T3 vs. T1 P b 
Neo-traditional: Local plants and seafood  
Waist circumference, inches 40.2 (1.2) -0.8 (0.5) 0.11 -1.6 (0.5) 0.0021* 
Fasting glucose, mg/dL 98.1 (8.4) +3.1 (3.7) 0.39 +0.4 (3.3) 0.91 
Systolic blood pressure, mmHg 121.3 (3.1) -1.4 (1.4) 0.32 -1.6 (1.4) 0.25 
Diastolic blood pressure, mmHg 82.7 (1.9) -1.0 (0.9) 0.23 -0.9 (0.8) 0.31 
Triglycerides, mg/dL 92.5 (13.5) -0.8 (5.9) 0.89 +2.9 (6.7) 0.66 
HDL cholesterol, mg/dL 49.9 (2.3) +0.2 (1.0) 0.81 +1.6 (1.0) 0.12 
Refined carbs: Rice and sugary drinks  
Waist circumference, inches 39.6 (1.2) -0.4 (0.5) 0.41 -0.2 (0.5) 0.70 
Fasting glucose, mg/dL 96.2 (8.4) +3.5 (3.2) 0.28 +3.0 (3.3) 0.36 
Systolic blood pressure, mmHg 118.7 (3.2) +0.8 (1.4) 0.56 +2.1 (1.4) 0.13 
Diastolic blood pressure, mmHg 81.6 (2.0) +0.5 (0.9) 0.54 +0.5 (0.9) 0.59 
Triglycerides, mg/dL 88.9 (13.3) +3.8 (6.2) 0.55 +5.9 (6.3) 0.35 
HDL cholesterol, mg/dL 50.9 (2.4) -0.7 (1.0) 0.50 -0.1 (1.0) 0.92 
Traditional: Beans and coffee  
Waist circumference, inches 39.1 (1.2) +0.8 (0.5) 0.11 +0.1 (0.5) 0.79 
Fasting glucose, mg/dL 100.7 (9.3) +2.2 (3.7) 0.56 -5.6 (3.2) 0.08 
Systolic blood pressure, mmHg 120.3 (3.1) +0.04 (1.4) 0.98 -0.01 (1.3) 0.99 
Diastolic blood pressure, mmHg 82.1 (1.9) +0.2 (0.8) 0.79 -0.2 (0.8) 0.78 
Triglycerides, mg/dL 92.5 (12.4) +5.6 (6.5) 0.39 -0.8 (6.2) 0.90 
HDL cholesterol, mg/dL 50.8 (2.3) -0.3 (1.0) 0.74 -0.2 (1.0) 0.86 
Industrialized: Meat and fast foods  
Waist circumference, inches 38.8 (1.1) +1.0 (0.5) 0.039* +1.3 (0.5) 0.0096* 
Fasting glucose, mg/dL 97.6 (8.8) +1.7 (2.9) 0.56 +8.3 (3.5) 0.019* 
Systolic blood pressure, mmHg 119.4 (3.0) +1.4 (1.4) 0.30 +3.1 (1.4) 0.022* 
Diastolic blood pressure, mmHg 81.5 (1.9) +1.0 (0.8) 0.25 +1.3 (0.8) 0.12 
Triglycerides, mg/dL 96.5 (12.6) -6.1 (5.6) 0.28 -1.5 (6.5) 0.82 
HDL cholesterol, mg/dL 51.1 (2.3) -0.7 (1.0) 0.48 -1.5 (1.0) 0.14 

a Adjusted for age, sex, ethnicity, educational attainment, household income, rural residency, use of PAN 
food assistance, physical activity, and smoking status. 
b Statistical significance for difference from first tercile set at α = 0.05 (noted by *). 

 

associated with poor health outcomes. As compared to the lowest tercile, individuals in the 

second and third tercile of consumption for the industrialized pattern had higher average waist 

circumference (1.0 and 1.3 inches higher) (p = 0.0096), fasting glucose (1.7 and 8.3 mg/dL 

higher) (p = 0.019), systolic blood pressure (1.4 and 3.1 mmHg higher) (p = 0.022), and diastolic 
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blood pressure (1.0 and 1.3 mmHg higher) (p = 0.12), respectively.  No significant associations 

between metabolic syndrome components and the traditional or the refined carbs dietary 

pattern were detected.  

Discussion 

 The results of this analysis provide important insights into the existing range of dietary 

patterns held by adults living in PR, an island whose food system is characterized by a distinct 

confluence of local agri-food production and external food dependence. A lower frequency of 

local food purchasing in PR’s heavily imported food system manifested as a refined carbs dietary 

pattern in this study, associated with lower levels of household income, educational attainment, 

and rural residency. Like in other impoverished urban settings,40 this diet was low in dietary 

diversity and largely composed of inexpensive and readily absorbed carbohydrates, including 

white rice, sugary beverages, and refined grains. Although nonsignificant, higher odds of 

metabolic syndrome at higher levels of consumption was found, a trend that would align with 

similar research documenting low dietary diversity and higher body mass index among 

individuals with low socioeconomic conditions in Latin America.41 Limited purchasing power in 

urban environments in PR may hinder access to high quality plant- and animal-sourced proteins 

as well as locally produced fruits and vegetables, explaining these individuals’ heavy reliance on 

low-priced, low-quality carbohydrates. 

 Like other nutrition transitions in the Caribbean7—which have presented as a 

confluence of traditional, transitioning, and modern diets in the population—an industrialized 

dietary pattern was also detected among adults in PR, characterized by red meat and other 

highly processed foods, including processed meats, fast foods, pasta dishes, and potatoes. 

Adherence to this industrialized diet had significant detrimental associations with the 

components of metabolic syndrome, including higher waist circumference, fasting glucose, and 

blood pressure. Importantly, unhealthy dietary components in this pattern coexisted with a 

persistent purchase of locally produced fruits, vegetables, and meat. This finding breaks from 
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canonical, binary characterizations of dietary ‘Westernization’ in globalized food supplies, which 

are typically described as a complete abandonment of traditional dietary practices in favor of the 

more commercialized, affluent habits of the US and other modern economies.42 Instead, adults 

in PR experiencing dietary modernization may still seek local fruit and vegetable intake; these 

healthful dietary components, however, may not be enough to overcome the pervasive harms of 

fast and ultra-processed foods.43 This suggests that imported food supplies with heavily 

marketed, cheap, and hyperpalatable processed foods overpower healthful food purchasing 

decisions; counteracting this imbalance would require both purposeful measures to facilitate 

local food purchasing as well as targeted regulation to limit the harms of food importation.44  

 The persistence of traditional diets, and emergence of a neo-traditional dietary pattern, 

in this population suggests that healthful, locally produced food consumption may be an 

emerging possibility. The traditional pattern, more often found among participants living in 

rural areas, was composed of a mixture of healthful (e.g., legumes, whole grains) and 

unhealthful (e.g., sweeteners, red meat, fast foods) components; due to mixed dietary quality, no 

apparent associations with metabolic syndrome were detected. Traditional diets have long been 

identified as contributing to food security, nutrient density, and dietary diversity in rural 

households throughout Latin America and the Caribbean.12,45 Compared to more 

commercialized urban food environments, rural food systems are composed of shorter supply 

chains, traditional retailers (e.g., small shops, street vendors), and access to a diverse set of 

subsistence agri-foods.46 Legumes, including several varieties of traditional beans, distinguished 

the traditional dietary pattern in this study, serving as major sources of fiber, having the 

potential to act as a sustainable plant protein alternative,47 and offering plausible benefits to 

glucose response even when consumed with rice.48 Coffee, typically taken with dairy milk and 

sugar, also largely defined this diet. Commonly consumed both at breakfast and in midday in 

PR, coffee intake seemed to displace other sweetened beverages in the pattern (e.g., fruit juices, 

carbonated drinks), demonstrating a reasonable likelihood of decreasing metabolic risk.49 
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Despite plausible benefits to the diet, the traditional pattern was also characterized by high 

consumption of vegetable fats (likely through home frying) and fast foods, reflecting the 

penetrative and long-established influence of imported dietary behavior in even remote parts of 

the island.  

  Associated with frequent local food purchasing, neo-traditional diets among adults in 

PR were composed of high intakes of fruits, vegetables, herbs, legumes, tropical roots, leafy 

greens, and seafood; less traditional, but nonetheless healthful, aspects of the diet also included 

whole grain and soy product consumption. With low levels of processed meat and fast foods and 

inverse associations with metabolic syndrome and its components, the neo-traditional pattern 

holds promise in playing simultaneous roles, supporting local food economies and augmenting 

cardiometabolic health. Neo-traditional food systems leverage local landscapes and tight-knit 

social networks to make small-scale local agriculture sustainable and economically viable.50 

Community food production, including artisanal fishing, food forests (i.e., low-maintenance, 

backyard agroforestry systems composed of herbs, fruit trees, yams, and other vegetables), and 

home gardens can also be employed and, in light of current demographic trends, adapted to 

urban environments.51-52 Efforts to incorporate plant-based meat and milk alternatives into 

Latinx diets for chronic disease prevention and management are also underway,53-54 reflective of 

an approach that marries established traditions with innovative foodways.   

 Limitations of this study should be mentioned. As a cross-sectional sample, temporality 

of associations between dietary patterns and metabolic syndrome cannot be determined; thus, 

biases related to reverse causation (in which diagnosis of cardiometabolic diseases influences 

dietary behavior) are possible. By using biological markers for metabolic dysregulation, 

however, the potential impacts of medical recommendations are limited while also leveraging 

high predictive value for diabetes and cardiovascular disease.55 Low statistical power also 

limited research conclusions. Prospective follow-up and a larger sample size will be needed in 

future studies to overcome these drawbacks. Finally, as a subjective measure, frequency of local 



 
 

51 
 

food purchasing may be subject to non-differential misclassification, which would impact the 

ability to appropriately describe empirical dietary patterns within the context of the Puerto 

Rican food system. Other aspects of dietary pattern analysis are also prone to relatively 

subjective decision-making, including food grouping, factor labeling and categorization, and 

choice of nutrient response variables. Despite these limitations, previous derivation of dietary 

patterns among Puerto Rican adults residing in the mainland US corroborates at least 

industrialized “meat and French fries,” “traditional (rice, beans, and oils),” and refined carbs 

“sweets and sugary beverages” patterns.56-57 Detection of a neo-traditional pattern on the island 

associated with local food purchasing, however, is novel and must be corroborated.  

 Dietary patterns in PR and similar island developing states are products of converging 

traditional and neo-colonial aspects of food systems. Although the social, economic, and 

environmental advantages of  a more localized, self-determined food supply in small islands 

have been investigated in-depth,58 direct health benefits of locally supplied dietary patterns are 

understudied.52 This research provides an initial impetus for considering local food production 

and neo-traditional diets in PR as integral not only in augmenting dietary quality and adequate 

nutrient intake23 but also in having reasonable potential to promote cardiometabolic health. In 

addition, our findings demonstrate the deleterious metabolic effects of food import dependence 

on diets via red meat, fast foods, and ultra-processed food consumption in both industrialized 

and traditional dietary patterns; they also highlight the mediating role of poor socioeconomic 

conditions in shaping this transition, creating a diet low in protein and micronutrient sources 

and high in inexpensive processed carbohydrates. Given increasing calls for food sovereignty in 

global health and climate action,59 neo-traditional diets in PR can serve as a model for the 

promotion of more autonomous, nutrition-sensitive, and sustainable food systems around the 

world and a culturally-appropriate strategy to decrease cardiometabolic burden in the island. 
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Introduction 

Global environmental changes are a major threat to food system stability, driven, in part, 

by an increased occurrence of extreme weather events, loss of agrobiodiversity, and adverse 

weather pattern shifts.1,2 Food security in small islands may be disproportionately affected by 

climate change, with local food sources increasingly threatened by seed shortages, coastal 

flooding, and ocean acidification3 as well as increases in the frequency and intensity of natural 

disasters.4 In the Caribbean, smallholder farmers and other low-income food producers also face 

major resource constraints that can limit adaptation to a volatile climate, including fragmented 

food and resource distribution systems, farm labor shortages, and high restart-up costs.5 

Puerto Rico, a United States (US) territory, has a diminished agricultural sector, making 

up just 0.68% of its Gross Domestic Product6 and mostly composed of smallholder farmers in 

the island’s interior mountainous region, with 83% of farms in Puerto Rico having less than 50 

cuerdas (about one acre) and 53% generating less than $5,000 in earnings per farm per year.7  

Although small-scale local food production in a largely agrarian society once supplied the 

majority of food consumed on the island, 20th century governmental policies favoring 

industrialization, tourism, and reliance on federal food assistance programs destabilized the 

local food sector.8 Regulatory maritime restrictions, including US cabotage laws, have also 

dampened the competitiveness of local agribusiness due to the high costs of importing raw 

materials and exporting manufactured food.9 As a result, more than 85% of Puerto Rico’s food 

supply is imported, contributing to poor diet quality and competing with local smallholder 

farmers. Coupled with diminished local food intake, food importation in small islands increases 

energy and processed food availability (e.g., sugary beverages, canned meats, sweets, and salty 

snacks) and has been associated with obesity and chronic disease risk.10 

Food import dependence also exacerbates food insecurity after natural disasters and in 

an increasingly climate-vulnerable global food supply.5 Puerto Rico relies heavily on a single 

port of entry and less than a handful of maritime companies for food transport, exacerbating 
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disaster vulnerability and increasing imported food product prices. Locally, hurricanes and 

other extreme weather events can severely disrupt food importation and distribution systems, 

including port shutdowns, road and highway impasses, and energy and communication system 

outages. Without internal food sources, regional ports must resume full operations within 1-2 

weeks after a natural disaster to avoid severe food supply depletion and potential malnutrition.5 

Shocks to global food supply chains—including market, political, and climatic instability—can 

also have ripple effects back on the island, with imported fresh fruit and vegetable availability 

particularly susceptible to external market and regulatory disruptions.9  

Against this backdrop, climate resilient, self-reliant food systems are of increasing 

sociocultural and public health interest in island settings, with local food sources serving to 

bolster post-disaster food security and diet quality. In Puerto Rico, small-scale farming, fishing, 

and home gardening have long contributed to localized social networks of exchange, providing 

fresh produce and staple foods among family and community members that seldom enter the 

formal economy. The island has ample fertile yet uncultivated land, with 471,215 acres (21% of 

Puerto Rico’s total land mass) suitable for agriculture and ecological resources to augment 

agricultural productivity11 and has seen increases in hydroponic fruit and vegetable production.7 

Local food production has also supplied the majority of locally consumed green bananas, 

plantains, squash, and peppers12 and currently contributes to higher intake of fruits, vegetables, 

dietary fiber, and plant-based protein.13 Food autonomy and agroecology are also of increasing 

interest on the island, with local food production serving as a cultural emblem of self-

sufficiency, rural quality of life, and environmental sustainability in the face of continuing global 

environmental change.14-15 However, whether smallholder farming can effectively act as a 

platform for collective action in the food system and in the face of unfavorable trade policies, 

climate change, and food insecurity remains to be determined. 

Hurricanes and other natural disasters are typical in Caribbean ecosystems, and the 

occurrence of these high-intensity weather events will likely continue to increase,4 highlighting 
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the urgency to identify and address challenges and opportunities for agricultural resiliency 

among local farmers. Hurricane María tested the strengths and climate vulnerabilities of Puerto 

Rico’s food system. Making landfall as a Category 4 hurricane in September of 2017, the 

hurricane devastated an estimated 80% of the island’s crop value, with plantains, bananas, and 

coffee crops as well as livestock production among the most strongly affected.16 Inadequate 

federal responses also led to significant delays in addressing food and water shortages, 

particularly in remote rural areas,17 while emergency aid increased access to processed foods 

high in sodium, saturated fats, and added sugars.18 In an island-wide survey, food insecurity was 

shown to increase acutely among farmers, with 59.1% reporting difficulties in obtaining food the 

month after the hurricane.19 Although two-thirds of participants reported that they had 

prepared for Hurricane María, a smaller percentage utilized climate resilient agricultural 

management practices such as crop diversification (19.6%) and rotation (21.2%). Less is known 

about how other, less formal knowledge systems and community support networks impacted 

food access and agricultural recovery.  

Documenting the local expertise of smallholder farmers in reestablishing food 

production can offer insight into already built-in climate resilience in Puerto Rico and, 

moreover, can contextualize these practices in their broader cultural, political, and ecological 

environments.20 Identifying collective strategies undertaken by rural farming communities to 

promote food self-reliance can also serve to decolonize post-disaster resiliency efforts in Puerto 

Rico, which can otherwise ignore the agency, collective power, and resource networks individual 

actors and communities rely on during recovery.21 Thus, “decolonizing” the Puerto Rican food 

system captures approaches that not only resist structural barriers to food security (e.g., 

inequitable trade policies) but also seek to reclaim and revitalize traditional, autonomous, and 

eco-centric food production.22 Through a combination of quantitative measures and narrative 

recall, this mixed methods study aimed to 1) identify experiences in food access, community 

support, and agricultural recovery among smallholder farmers after Hurricane María and 2) 
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reveal underlying socioecological knowledge systems that can contribute to a more culturally-

informed and climate resilient food system in Puerto Rico. 

Methods 

Study Design and Recruitment  

This study was designed as a concurrent transformative mixed methods study consisting 

of a quantitative questionnaire and narrative interviews within the same sample, an approach 

chosen to aid identifying opportunities to initiate social change, empowerment, and advocacy.23 

The study was conducted using a nonprobability multi-stage sampling approach with the goal of 

recruiting agricultural workers residing in Puerto Rico. First, purposive sampling was employed 

to 1) select individuals with key insights in the research areas of interest and 2) facilitate 

intensive case study in their cultural and agricultural expertise.24 Recruitment was carried out at 

community sites purposefully selected based on rural location or direct involvement with 

farmers, including a partner non-profit agricultural organization as well as community farmers’ 

markets. Second, snowball sampling was used by asking participants to recommended other 

agricultural workers in the population, with whom study information was shared.24 Recruitment 

strategies were designed to attract general interest and a diverse range of perspectives. For 

example, the wording of study information was generalized (e.g., “to document experiences 

among farmers after Hurricane María”) to limit self-selection bias. Interested individuals 

contacted the study and were screened for eligibility: 1) had lived in Puerto Rico during 

Hurricane María and at least six months afterwards, 2) aged 21 years or older, and 3) able to 

answer questions without assistance. A total of 41 individuals contacted the study and were 

screened as eligible, of which 7 later declined participation and another 4 were unable to be 

recontacted. Thirty eligible individuals were scheduled for a two-hour interview at an office or 

other private location in one of the community partner sites or at the participant’s 

establishment; all attended as scheduled. Participants received a small ($25) monetary 

incentive, refreshments, and reimbursement for transportation expenses, if requested. This 
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study was approved by the Institutional Review Board of Harvard TH Chan School of Public 

Health and Ponce Health Sciences University (Protocols IRB19-0034 and 1903007592, 

respectively). All participants provided written informed consent. 

Quantitative Questionnaires 

The day of the interview, a trained, bilingual research assistant administered a 

quantitative questionnaire to assess participant’s sociodemographic characteristics, hurricane-

related risks, and food product inventory before and after the hurricane. Questions on farm 

characteristics (e.g., production type, extent) were also included and adapted from information 

collected in the USDA NASS Census of Agriculture,25 with open-ended components added to 

accommodate non-standard responses specific to small-scale agriculture in Puerto Rico. This 

questionnaire served to systematically gauge important participant and farm characteristics 

from all participants that might otherwise be missed or not quantified in the qualitative 

narrative interview. These data were stored using the electronic data capture tool ‘Research 

Electronic Data Capture’ (REDCap).26 Descriptive statistics were calculated, including means 

and standard deviations (SD) for continuous variables and frequencies for categorical variables. 

Narrative Interview 

Qualitative narrative interviews were moderated by a trained English- and Spanish-

speaking research assistant. The narrative interview was audio recorded to ensure the accuracy 

and completeness of gathered information. A moderator’s guide was developed in Spanish with 

input from the research team to openly ask about the participant’s recalls of experiences after 

Hurricane María regarding resource access, social support, emotional responses, and future 

agricultural development (e.g., “Tell me about your experience finding the resources to restart 

operations again after Hurricane María”). Specific concepts (i.e., “How did you get those 

resources?” “Who helped you?”) were probed by the moderator when not offered by the 

participant to elicit further information.  
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Narrative interviewing was selected over other types of interviews (e.g., structured or 

semi-structured) due to its focus on the participant’s storytelling, gathering information not as 

disjoint observations, but as an integrated collection of perceived events and feelings 

experienced after the hurricane.27 For example, participants could choose to contextualize 

personal experiences of agricultural disaster recovery within broader social, cultural, or political 

circumstances and constraints; thus, through an uncomplicated storytelling process, this quasi-

ethnographic approach was able to preserve interrelated and complex perspectives smallholder 

farmers may have of the entire food system in Puerto Rico. Additionally, by capturing sequences 

of events, the specific achievable and purposeful actions taken by participants could be 

documented to inform more relevant, holistic, and community-owned program design in 

response to a disaster.28 Finally, narrative interviewing limited pre-defined theories and 

assumptions and facilitated capturing information inductively. 

Upon asking open-ended questions, participants were allowed to take control of the 

pace, content, and direction of the interview within the specified queries, without interruption. 

At the end of the interview, the interviewer summarized and confirmed the participant’s 

recounted narrative, while minimizing researcher-imposed interpretations. During the 

interview, interviewers took note of the participant’s body language, expressions, mood, and 

ability to understand and respond to questions. Transcripts were prepared verbatim from the 

audio-recordings in the original language of the interview, mainly Spanish, and were validated 

for content, syntax, and fidelity to the local vernacular by comparing the transcript to the 

original recording and revising at least twice by three research assistants. 

Interpretive thematic analysis was carried out without translation to preserve the 

meaning and sociocultural context of the text.29 In analyzing the transcripts, participants’ 

narratives served as the basis in identifying the latent interpretive frameworks underlying 

common experiences and meaning-making processes.30 Bilingual members of the research team 

familiarized themselves, reviewed, and delineated information in each validated transcript as 
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codes, and similar codes within and across transcripts were identified and merged under the 

same code. Coding synchronously and inductively informed codebook development, including 

the specification of code descriptions, inclusion, and exclusion criteria. Codebook development 

was also informed by the National Institute of Minority Health and Health Disparities research 

framework,31 adapted for this study by considering multiple health determinants across 

sociocultural, economic, political, and ecological domains. Additionally, by assessing how codes 

could be classified across individual, community, and societal levels of influence, this framework 

aided in informing actionable, multi-tiered recommendations. Domains were used to organize 

sets of similar codes inductively in the codebook. Codes and domains were continually refined 

(e.g., added, separated) based on codebook performance against transcripts during coding, and 

transcripts were iteratively recoded based on the updated codebook until saturation was 

reached.32  Intercoder reliability for a random subset of the interview transcripts (n = 7) was 

assessed using Cohen’s kappa coefficient and percent agreement to evaluate coding consistency 

and ensure unambiguous and mutually exclusive codes.33  

Themes were developed as descriptive and analytic central organizing concepts, 

informed by coherent clusters of codes to identify salient patterns.30 Searching for themes 

involved cutting across identified codes and domains to capture overarching relationships 

between concepts and meaning-making processes. Thematic development was also informed by 

research questions of interest, emphasizing solutions to food access, community support, and 

agricultural recovery through the lens of socioecological knowledge systems. Deidentified 

quotations from various participants serve as examples for each theme in the findings, 

translated into English with an emphasis on preserving literal source equivalence where 

possible29 and denoted by participant number. All analyses were carried out in NVivo v12.34  
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Figure 3.1 Map of 15 municipalities in Puerto Rico where 30 participating farms were located. 
Location of farms are shown in light gray for municipalities with 1-2 farms represented, and in 
dark gray for municipalities with 3-8 farms represented. Most were located in central 
mountainous municipalities of Puerto Rico, where smallholder farmers typically produce food 
for both market and personal consumption, support rural communities, and face similar land 
and resource constraints. 
 

Findings 

Farmer Characteristics and Hurricane-Related Descriptive Statistics 

Farmers were surveyed from 15 municipalities in the central mountain range of Puerto 

Rico, with most located in the central and western areas of the island (Figure 3.1). Based on the 

quantitative questionnaire, most participants were Puerto Rican (96.7%), lived in a rural area 

(96.7%), and were the primary owner of the farm or agricultural establishment (83.3%) (Table 

3.1). Balanced representation was obtained in terms of sex (56.7% male), age (mean (SD) = 47.2 

(14.3)), production extent (i.e., 50.0% commercial vs. 43.3% subsistence), and annual farm 

revenue (36.7% making less than $10,000 annually vs. 36.7% making at least $40,000). Most 

farmers reported using governmental (68.0%) and non-governmental assistance (63.2%). Most 

farms produced land-based crops (76.7%) while a smaller proportion were involved in animal 
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(23.3%) or hydroponic (13.3%) production. To sell their products, many of the farms surveyed 

relied on intermediaries such as distributors or processing plants (50.0%) and supermarkets 

(23.3%) in the local food supply chain. However, a diversity of direct-to-consumer sale strategies 

were also observed, including farmers’ markets or roadside vending (40.0%) as well as sales to 

restaurants (33.3%) and individuals (23.3%). 

Table 3.1 Characteristics of farms and smallholder farmers surveyed 
about experiences during Hurricane María in Puerto Rico 

Participant characteristics a All (n = 30)  
Age, years  47.2 (14.3); 27.0 – 76.0 

Male 17 (56.7%) 
Puerto Rican ethnicity 29 (96.7%) 
Rural area of residence 29 (96.7%) 
Owner b 25 (83.3%) 
Farm characteristics c 

Production type  
Land-based crop 23 (76.7%) 

Animal or mixed (crop and animal) 7 (23.3%) 
Hydroponics 4 (13.3%) 

Other d 4 (13.3%) 
Production extent  

Commercial 15 (50.0%) 
Subsistence 13 (43.3%) 

Major product purchasers   
Supermarkets 7 (23.3%) 

Distributors and/or processing plants  15 (50.0%) 
Restaurants  10 (33.3%) 

Farmers’ markets and/or roadside 
vendors 

12 (40.0%) 

Individuals 7 (23.3%) 
Average annual revenue  

$0 – 9,999 11 (36.7%) 
$10,000 – 39,000  7 (23.3%) 

>$40,000 11 (36.7%) 
Use of governmental aid 17 (68.0%) 
Use of non-governmental aid 12 (63.2%) 

a Data shown as n (%) except for age, which is shown as mean (SD); range of 
minimum to maximum. 
b Others include supervisors, managers, and spouse of owner. 

c Sums may exceed or not add up to 100% due to multiple or not applicable 
responses, respectively. 

d Includes greenhouses, agroecology, and ecotourism. 
 

Hurricane María resulted in significant destruction in surveyed farms, with all 

participants reporting losses of crops or animals and many citing damaged infrastructure 
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(70.0%) and machinery (53.3%) (Table 3.2). With Puerto Rico’s agricultural sector already 

burdened by significant labor shortages,5 approximately one third of participants (36.7%) also 

had farm laborers move to the mainland US in the months following the hurricane. 

Approximately two thirds (60.0%) had no farm products available for immediate sale after the 

hurricane, and the majority lacked resources and were unable to produce food for longer than a 

year. One fifth of surveyed farmers continued to lack farm resources (e.g., seeds, fertilizer) 

(20.0%) and were unable to produce food (23.3%) at the time of the interview, nearly two years 

after the hurricane. Communication services on farms were inoperative for approximately one 

month after the hurricane and electric utilities, for more than six months. Despite these 

hardships, examples of self-sufficiency in the hurricane’s aftermath point to the possibility of 

amplifying locally resilient natural disaster recovery. For example, although water shortages  

Table 3.2 Self-reported damages and service disruptions to farms after 
Hurricane María in Puerto Rico 

Damage a All (n = 30) 

Crops and/or animals 30 (100.0%) 

Buildings and infrastructure 21 (70.0%) 

Machinery and other equipment 16 (53.3%) 

Permanent island abandonment of farm laborers 11 (36.7%) 

No product immediately available after hurricane 18 (60.0%) 

Service losses, days  
Electricity 210 (150 – 270) 

Communication 30 (29 – 113) 
Drinking water 0 (0 – 7) 

Without farming resources, days 365 (120 – 540) 
Currently b 6 (20.0%) 

Unable to produce food, days 365 (154-540) 
Currently b 7 (23.3%) 

a Data shown as n (%) or median (25th – 75th). 
b Defined as still being without farming resources and/or unable to produce 
food at the time of interview (> 630 days). 

 

were widespread and government-led repairs to the electric grid were delayed, most surveyed 

farmers never lost access to potable water due to private or community-managed wells and 

natural springs. Farmers with generators and self-maintained, renewable energy sources such as 

solar panels were also able to promptly restore electricity . 
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Table 3.3 Food product availability in 30 farms in Puerto Rico before and after 
Hurricane María   

 
Product (count of 
farms) a 

Immediately 
available after 
the hurricane, % 

Post-hurricane change in availability b 

Unchanged, % Lost, % Added, % 

Starchy fruits and roots     
Plantain (21) 38.1 71.4 23.8 4.7 

Green banana (19) 10.5 68.4 21.1 10.5 
Yautía d (14) 21.4 42.9 42.9 14.3  
Ñame d (12) 33.3 58.3 41.7 0.0 

Pumpkin (8) 12.5 37.5 37.5 25.0 
Malanga d (7) 14.3 57.1 28.6 14.3 

Apio d (6) 16.7 50.0 16.7 33.3 
Coffee (10) 20.0 60.0 40.0 0.0 
Cacao (4)  0.0 25.0 0.0 75.0 
Vegetables     

Chili pepper (12) 0.0 83.3 8.3 8.3 
Beans (7) 0.0 14.3 42.9 42.9 

Pepper (5) 0.0 20.0 40.0 40.0 
Lettuce (5) 0.0 20.0 40.0 40.0 

Tropical fruits     
Lemon (9) 0.0 11.1 44.4 44.4 

Passion fruit (8) 12.5  75.0 0.0 25.0 
Papaya (7) 0.0 57.1 0.0 42.9 
Orange (5) 0.0  40.0 60.0 0.0 

Cilantro (7) 0.0 28.6 28.6 42.9 
Others c,d Cassava, sweet potato, corn, avocado, eggplant, tomato, cabbage, 

broccoli, pineapple, acerola, guanábana, mango, starfruit, 
grapefruit, tamarind, culantro, ginger, oregano, eggs, cheese 

a Includes all food products under production or available for sale currently, before, and/or 
immediately after the hurricane.  
b Refers to change in food product availability related to the hurricane among participants who 
reported the respective product. ‘Unchanged’ denotes proportion of farms who had products 
before Hurricane María and at the time of interview (> 630 days after the hurricane). ‘Lost’ refers 
to proportion of farms who had products before the hurricane but did not have them at the time 
of interview. ‘Added’ denotes proportion of farms who did not have products before the hurricane 
but had them at the time of interview.  
c Includes roots, vegetables, fruits, herbs, and animal products reported by less than 5 out of 30 
participants. 
d Yautía and malanga are traditional terms for two different species of taro roots; ñame, for a 
species of yam; apio, for a species similar to celery root; acerola, for a species similar to cherry; 
and guanabana, for soursop 

 

A variety of food products were produced in surveyed farms, with 38 unique items 

reported, including starchy fruits, root crops, coffee, vegetables, tropical fruits, herbs, and 

animal products (Table 3.3). The most reported crops produced were plantain (70.0%), green 

banana (63.3%), and yautía (i.e., a species of taro root) (46.7%). The ability to reestablish farm 
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products after the natural disaster varied substantially, largely relating to crop cycle length, seed 

access, and plant structure. Most farmers were able and chose to continue producing plantain, 

green banana, ñame (i.e., a yam), malanga (i.e., a species of taro root), apio (i.e., a species 

similar to celery root), chili pepper, passion fruit, and papaya after the hurricane. In contrast, 

high proportions of permanent food product loss were observed for orange and lemon, trees 

requiring several years to bear fruit, as well as coffee, which relied on government-regulated 

seed banks.21 Some farmers took opportunities to add new food products to their farms after the 

hurricane, including cacao in farms previously producing coffee as well as lettuce and cilantro in 

newly established hydroponic greenhouses. Although most participants had no farm products 

immediately available for sale, many recounted supplementing their diets with their crops and 

sharing them with family and local community members as fresh alternatives to the otherwise 

limited selection of processed foods available in supermarkets and aid packages. Apart from 

being readily available and having longstanding uses in traditional cuisine, these fruits and 

vegetables could also be a significant source of essential micronutrients and dietary fiber.13,35-37  

Themes 

The saturated codebook consisted of 35 codes, organized under four domains: 1) 

personal and community food access, 2) farm recovery, 3) psychosocial experiences, and 4) 

agricultural resilience (Supplementary Tables 3.1 and 3.2). Metrics for intercoder reliability 

suggested substantial agreement, with Cohen’s kappa = 0.77 and percent agreement = 98.9%. 

Four major themes arose from the clustering of codes across several domains and were 

identified as follows: 1) socioecological identity, 2) self-sufficiency, 3) community and cultural 

heritage, and 4) collaborative agency. 

Socioecological Identity The theme of socioecological identity captured how the 

participants’ sense of self was largely rooted in the farms and natural ecology around them. 

Participants were often overwhelmed with emotion during the narrative interview—unable to 

speak, in tears, or with raised goosebumps—when recounting their experiences first entering 
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their land immediately after the hurricane.  Initial feelings of homelessness and helplessness 

upon seeing a lifeless landscape were pervasive across narratives, with a personal sense of 

control lost in the aftermath of the hurricane. 

 
“You could see all the mountains brown, as if they had burned. That was the state of 
Puerto Rico, and we would go to see the farm like that, completely on the ground, 
completely burned. Nothing, you had to stay and do nothing.” (7)  
 
“The feeling around you became inhospitable because in the absence of trees, the 
atmosphere becomes heavy.” (27)  
 

Farms were similarly described as vulnerable entities, and losses in the natural 

environment after the hurricane often mapped onto farmers’ own sentiments about losing a part 

of themselves—their passion, sustenance, and years of physical and economic efforts.  

 
“It was difficult to see a green nature so beautiful and so powerful reduced to nothing.” 
(6)  
 
“Why the hell did I put myself into this, of developing the land, if this is so vulnerable? I 
cried a bunch because more than seeing it as a business, I am passionate about this.” (16) 
 
“[It was as] if your worst nightmare was a reality. The farm is what sustains us and what 
you work for, and you have no tools to stop or save anything. You just have to let it 
happen.” (17) 
 
“To see your own sacrifice, that of the laborers, and that everything is gone. I went to bed 
with everything, and I woke up with nothing.” (20)  
 

Due to a personal identification within their socioecological systems, the natural 

environment’s destruction took an apparent toll on their emotional health, trauma that was 

sometimes still present at the time of the interview almost two years after the hurricane.  

 
“A lot of anxiety, more sadness—sadness to see the land destroyed.” (25) 
  
“All the economic investment, all the physical labor was gone in a few hours. But all of 
that, you can recover—but the emotional aspect, no.” (10)  
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Although a source of stress after the hurricane, farms were also often referred to as 

extensions of their families, capable of harboring the same feelings of strength, happiness, and 

spirituality more often associated with emotional wellbeing.  

 
“It is a fruit. It is something that depends on you, that you feed. It becomes a part of you. 
And the satisfaction, maybe, [is] not so much monetary, more so spiritual. It is a peace.” 
(13)  
 
“Agriculture is a thing that is equal to a child. One enjoys it, one enjoys it. One makes it a 
part of one’s own family, of seeing her grow, of seeing her give birth, of seeing her give 
that product.” (22)  

 

Positive emotions arising from their socioecological identities mirrored reflections on the 

resilience that many participants expressed is needed in agriculture, after a natural disaster and 

otherwise. Just as the natural environment is complex and variable, with periods of scarcity and 

abundance, so too must farmers be able to have patience, persevere, and adapt to 

unpredictability.  

 
“In agriculture, you have to be very positive. That is a characteristic of the farmer 
because here, the most that you are going to have are constant and consecutive situations 
that are difficult: droughts, rain, low prices, illnesses, government. It is a complexity that 
nature herself gives us, but what we have left is to learn to work with her [nature] 
because she will always be there.” (14)  
 
“One must wait. One must sow, one must sow. And if a wind knocks it down, one must 
wait again fourteen months more. That is the basis of us, farmers.” (22) 
 
“Well, I thought that agriculture does not need a roof. I needed it, but agriculture does 
not. So, I lifted my spirits myself, ‘To plant, it has been said!’” (6)  

 

Self-Sufficiency Along with their perceived place in the natural environment, the theme 

of self-sufficiency surfaced as an essential facet of farmers’ socioecological identities during the 

narrative interview. Participants largely expressed pride in their capacity as farmers to work 

laboriously in their fields and provide essential nourishment for themselves, their families, and 

their community. Agriculture was discussed as fundamental to the local food supply and food 
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security, perspectives that were also often rooted in sentiments towards farming as integral to 

cultural and national identity. 

 
“To be a farmer, one must be born for this. One must work their entire life to know what 
daily bread is.” (12) 
 
“A pueblo [community] without agriculture is a pueblo without food. A pueblo without 
food is a pueblo dead of hunger.” (20)  
 

Perspectives from mothers and caretakers also highlighted the benefits of farming as an 

autonomous source of income, simultaneously enabling them to remain in the household with 

children, aging parents, or family members with chronic health conditions. These benefits were 

especially pronounced for greenhouse and hydroponic production, which—although relying 

heavily on initial economic and infrastructural investments—were generally less labor-intensive, 

climatically controlled, and more frequently harvestable.  

 
“The greenhouse, what I like most is that I can do it myself alone. Sometimes, it is very 
difficult to find someone to help you, including paying them. [But] this is what I want to 
do, and it is easy for me. I have the girls that can be there, or they can stay here in the 
house.” (5)  
 
“That is an advantage of entering into hydroponics. You can work it during the day, at 
night, rains, thunders, lightnings, because that does not get wet. You can even put young 
people and women to work it as well. Normal agriculture requires more labor.” (14)  
 

Recounted experiences after Hurricane María highlighted the desire of local farmers to 

build more self-sufficient farming operations, minimizing dependence on external aid for both 

food and agricultural resources in the aftermath of a natural disaster. Participants recalled 

relying on their own crops as a fresher, healthier, and more reliable food source than processed 

foods available in food aid packages or at intermittently stocked supermarkets. Solar panels, 

wells or natural springs, and a diversity of food crops were pointed to as possible efforts to more 

efficiently reestablish personal and community food and water access after a storm, among 

other climate resilient farming strategies (Table 3.4). 
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Table 3.4 Climate resilient farming practices and their perceived benefits discussed by smallholder farmers in Puerto Rico  
Practice Description and examples Perceived benefits  
Crop 
diversification 

Increase variety of food crops cultivated on 
farm and lag planting times 

Access greater diversity of starchy roots, fruits, and vegetables for personal 
and/or local community consumption; effectively recover crops that quickly 
mature while others take longer to reestablish (e.g., coffee); obtain more 
frequent and consistent income throughout the year 

Soil 
conservation 
strategies  

Implement practices such as contour plowing, 
drainage water management, and use of cover 
crops  

Promotes soil health, minimizes soil erosion, and diminishes the risk of 
landslides after a natural disaster 

Seed banking Create seed banks in individual farms and/or 
with local farmers; invest in onsite greenhouses  

Amplifies and localizes seed access after a natural disaster; reduces risk of 
seed shortages; decentralizes seed management and decreases government 
dependence 

Farm laborer action 
plan 

Prepare action plan with farm laborers in the case of 
a natural disaster occurrence 

Can harvest surviving product before spoilage in field; recover remaining plants 
and seeds to minimize reliance on entirely new planting cycle; and increase 
likelihood of retaining farm laborers 

Hurricane  
farm preparedness  

Prepare crops and farm structures by pruning 
trees and shrubs; reinforcing greenhouse tubing 
with concrete (and cutting plastic covers 
immediately before a disaster) and maintaining 
vehicles/gasoline stores up-to-date 

Minimizes wind and water damage to crops and built infrastructure; retains 
local transportation capacity for resource access during gasoline shortages 
or road closures 

Household 
food 
preparedness 

Prepare for food shortages by establishing 2-
week stores of nonperishable foods; installing 
solar panels for refrigeration and cooking 
appliances; accessing wells or natural springs; 
learning food safety practices of farm crop 
consumption 

Minimizes dependence on supermarket access, restaurants, or food aid 
packages for food and water during a food supply chain breakdown; 
increases self-sufficient access to electricity  

Collaborative 
smallholder 
farmer 
networks 

Amass agricultural and economic resources for 
economies of scale  

Can interexchange farm resources such as seeds, fertilizers, small equipment 
at low or no cost; coinvest value-added production strategies (e.g., banana 
flour); coinvest in expensive or otherwise inaccessible farm machinery; and 
efficiently coordinate work of farm laborer 

Engage in training and information sharing  Can communicate information on governmental and non-governmental 
financial assistance, agricultural training, and other resources as well as best 
practices for novel or unregulated practices (e.g., hydroponics, agroecology) 

Bolster direct-to-consumer marketing and sale 
strategies via informal farmer-to-farmer 
agreements 

Can organize local farmers’ markets; own or connect with local food 
vendors; engage in informal agreements with commercial farmers to bring 
products to market; participate in agrotourism routes; share resources for 
bulk delivery to community members, supermarkets, restaurants, and urban 
centers; coinvest in shared shipping containers for export markets; and set 
food product prices more resistant to supply and demand as well as extreme 
weather events 

Prepare for and respond in community to 
natural disasters 

Can maintain collaborative seed banks; establish community action plans 
after a disaster (e.g., reestablish road access, identify community centers for 
distribution of food and other basic necessities); and create networks of 
socioemotional support 
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“My dad would tell me his stories, and that is why I always have planted products 
underground, a little bit of yautía. I plant apio. I plant malanga, a little bit, to have 
something in case a storm passes.” (3)  
 
“We are looking for alternatives to diversify our products. We have to find alternatives so 
that we are harvesting weekly and so that that becomes monthly payments for us 
farmers.” (11)  
 
“[The hurricane] has its good part and its bad part. Its bad part obviously because no one 
wants to live in fear. But it also taught me that I must prepare myself for everything. I do 
not want to depend anymore on external factors to continue my normal life. And now, 
while I can, I put everything in solar energy, I make a well, drinking water, recycle 
everything I can, compost. Everything that I can reuse, sow, and have a diversity of 
plants.” (24) 

 

Discussed efforts to create a more secure and self-sufficient food system extended to the 

participants’ sociopolitical realities, intersecting with cultural desires to diminish dependence 

on governmental assistance. Although some farmers recognized the importance of some current 

or proposed agricultural policies—including farmers’ markets for beneficiaries of the Nutritional 

Assistance Program, financial support for farm laborers’ wages, incentives for sustainable 

practices, and food import restrictions—most felt that access to government resources was 

highly inequitable and ineffective. Seed access among coffee growers, for example, was severely 

delayed after the hurricane due to government mismanagement, inspiring a few participants to 

collaborate with local organizations to create community-based seed banks. Participants with 

more commercialized production also recounted difficulties in accessing resources due to 

delayed claims for governmental agricultural insurance, while small, subsistent farmers did not 

have the financial capacity to obtain coverage to begin with. Some farmers pointed to 

government aid in agriculture as entrenched in longstanding colonial histories on the island and 

perceived subsistence farming as an act of political resistance and self-reliance. Most 

participants agreed that interventions should be offered not to reinforce government 

dependence and control but, instead, should only exist to facilitate farmers helping themselves 

and their communities.  
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“We started a project of a coffee greenhouse to be able to supply coffee to farmers, using 
seeds or grains that we collected immediately after the hurricane. Because we knew that 
the government was not going to have coffee seedlings.” (23)  
 
“[We have to] secure our food because I did not know what hunger truly was until [after 
the hurricane]. We must remove our dependence of importing so much here, and that 
they help us. First, I help myself and then after. Because, that way, I can help others.” 
(24)  

 

Perceived needs to promote self-sufficiency also revolved around reducing food import 

dependence; investing in innovative strategies such as agrotourism; and leveraging sociocultural 

support, solidarity, and pride in agriculture to promote the local food economy.  

 
“I think that more value has been given [to local agriculture] now. More 
conscientiousness was created after being with that dependence on what was outside 
coming in. I have seen more support.” (16)  
 
“A chinchorreo [food kiosk-hopping] of farms where the people take advantage—they go 
and buy fresh products, products of the nation. You promote an economy of solidarity, of 
each of us helping the other.” (27)   

 

Community and Cultural Heritage Although working of their own accord, the majority 

of participants placed self-reliance in agriculture within a broader sociocultural context. Farms 

and agricultural knowledge were often handed down generationally, and many participants 

expressed loyalty to a heritage of providing for family, farm laborers, and other community 

members. For some participants, familial and cultural heritage was a major motivator to work in 

agriculture and restart operations after the hurricane.  

 
“This farm has been in my family for a hundred and four years. These people have been 
working with our families for generations, so I feel a sense of responsibility.” (17) 
 
“There are few young people in this country that believe in agriculture. One of the 
cultural things that, as I understand it, was horrible when we grew up was that they 
would tell me, ‘Study so that you will not have to be under the sun. Study so that you do 
not have to work in agriculture.’ And when I finished studying, I see that agriculture was 
one of those things that should [have] never be[en] abandoned.” (18)  
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Others, however, had older family members so emotionally shaken after the disaster that 

they did not wish to return to their fields. Being unable to support their communities after 

Hurricane María was particularly painful for a few participants, a stress experience that 

persisted to the time of the interview. 

 
“The farm was run by my dad and me, although he became demoralized a lot after that 
and left me the reigns of the farm because he did not want to continue anymore.” (16)  
 
“The hurricane passed, and you cannot give yourself the job even of crying because 
someone has to be strong. In this house, that is me, and I am strong for my parents [and] 
my laborers. And you telling everyone that everything is okay, that everything is going to 
recover. And you go to bed and try to close your eyes, and you cannot. For months, to be 
in that condition, one reaches a moment at which, physically, one becomes drained and, 
mentally. I got to a point that I sat down one day and cried and cried and, still, there are 
times like that. But I must do it because I must be the ‘support’ for my family. But who is 
my support?” (10)  

 

The perceived inability to help those in need, along with insufficient social support for 

their own wellbeing, were major determinants of long-lasting negative emotionality after the 

hurricane. In contrast, many participants expressed a positive perspective shift towards 

empathy and gratitude upon observing communities coming together to aid those with greater 

needs than their own. Farmers coming together to amass resources—including establishing road 

access, sharing food crops with the community, and lending each other farm resources—was a 

source of spiritual wellbeing, resilience, and sociocultural pride after the hurricane.  

 
“The thing is, I cannot tell you that I had emotions because it was like, ‘Let us go to my 
[farm], let us go to the other, let us go to the other.’ I went with the brigades to open 
paths where the government had not been able to reach. I saw so many things worse next 
to me that I did not have time to stop myself and say, ‘Wait, how am I feeling?’ I think 
that what Puerto Ricans did—a lot of resilience to keep moving forward and, within 
everything, I am grateful.” (19)  
 
“There was a coming together spiritually among the people themselves to share what 
little there was because, for example, the farmers, well, a family member would come, we 
would give them, if we had a little bunch of green bananas, we would give it to them. I 
would say that that was most important—the spiritual strength to be able to help each 
other.” (3)  
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“Among the bad that occurred in the hurricane, what surprised me was how we would 
help others. It was something brutál [incredible] because I had never seen a union of 
community, of pueblo. And we, me as a farmer and two or three farmers and neighbors 
that had different types of businesses, we united and we were able to bring food to other 
pueblos, other people.” (20)  

 

The ability to provide food for the community was an important facet of their identities 

as farmers. Agroecology—apart from its direct benefits to the environmental sustainability of 

farming operations—was identified as an exemplary agricultural movement taking hold in 

Puerto Rico that could more equitably address health and food insecurity compared to other 

formally regulated and expensive foods. 

 
“What happens with organic agriculture is that, not that it is not good, but it is elitist. 
The common person does not have access to buy those products. Agroecology [has] a 
different meaning, without any type of regulation.” (27)  

 

Collaborative Agency The ability for smallholder farmers to informally collaborate with 

and for themselves, their families, and their communities—a capacity intimately tied with 

perceived self-sufficiency, sociocultural heritage, and psychosocial wellbeing—was consistently 

discussed as an ideal that ought to be strived for in the local agricultural sector. Socioecological 

metaphors, linked to their physical identities as farmers, evoked images of a natural and 

inherent desire to work with the land and each other to serve the community after the hurricane. 

 
“After the hurricane, you saw people suffering in front of you, and one [feels] like one has 
no arms, one has no legs. What do I do? One cannot do anything. I was born to give. If I 
do not do that, for me, life is useless.” (22)  
 
“The earth never keeps anything. It always gives something.” (4)  
 
“We must organize, I would say, by community or by area in case something happens. 
How will we work? Because, maybe, I have a chainsaw, you have gasoline—let us use 
them. Uniting in a group is easier.” (10)  
 

Beyond the context of a natural disaster, coming together to create informal alliances 

and amass physical, economic, and dietary resources was identified as an important strategy to 
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expand agency in an agricultural sector otherwise characterized by limited assets, reliance on 

government aid, and competition from heavy food import dependence. Importantly, 

participants expressed that the sociopolitical and economic benefits of collaboration between 

farmers should be informal, minimally regulated, and counterbalanced with the preservation of 

individual identity and financial interests. 

 
“I think that what we should do is all help each other, [so] that there is more. Not help 
from outside, but instead, our own.” (4)  
 
“[The collaboration] is not stipulated. Simply, that is how we behave. We need to educate 
ourselves as modern farmers and create alliances. Truly, help is help. And among all of 
us, we can succeed in Puerto Rico. If we would apply ourselves and row in one same 
direction, without trying to put obstacles on the colleague, we would definitely plant 
everything that is left.” (18)  
 

Throughout the interviews, participants provided recommendations for climate resilient 

farming practices and how to establish informal smallholder farmer networks, along with 

specific examples of their perceived benefits (Table 3.4). Climate resilient practices included 

crop diversification, soil conservation, establishing seed banks, creating actions plans with farm 

laborers, hurricane preparedness, and household food preparation. To facilitate some of these 

practices, many participants expressed the desire of establishing collaborative smallholder 

farmer networks within a local community or region. These networks, for example, could 

exchange seeds, fertilizers, and small farm equipment; coinvest in value-added production as 

well as expensive or otherwise inaccessible machinery; and coordinate with and distribute 

increasingly limited farm laborers between farms. Farmers could also communicate information 

on available assistance and resources as well as share best practices for novel or unregulated 

agricultural methods, including hydroponics and agroecology. Additionally, through farmers’ 

markets, agrotourism routes, shared shipping containers, or bulk delivery to community 

members, supermarkets, restaurants, and urban centers, farming collaboratives may more 

effectively engage in direct-to-consumer marketing and sales, diffusing time and monetary 
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expenses amongst each other and decrease intermediary costs. Farmers could also collaborate to 

set prices for locally produced agricultural products, which can vary considerably in Puerto Rico 

due to the competitive pricing of imported foods as well as unfavorable weather events. Finally, 

collaborative natural disaster preparedness, such as shared seed banks and community action 

plans, could more efficiently mobilize resources in farming communities after a future extreme 

weather event.  

Together, the themes captured during the interviews demonstrated the wealth of 

socioecological knowledge farmers possessed as they coped with, adapted to, and leveraged their 

social and natural resources to recover after Hurricane María; these findings informed the 

development of an illustrative model of a climate resilient food system in Puerto Rico (Figure 

3.2). Despite a largely fragmented and underdeveloped agricultural sector, surveyed smallholder 

farmers consistently expressed the desire to capacitate food autonomy in local communities by 

providing locally sourced staple foods, reducing food import dependence, and incorporating 

environmentally sustainable practices. More than just a set of practical considerations, however, 

these sentiments overwhelmingly placed agriculture at the center of cultural and collective 

wellbeing. With multigenerational expertise serving as intermediaries between their unique 

social and natural environments, smallholder farmers consistently expressed pride in 

contributing to and preserving a community and agricultural heritage rooted in self-sufficiency 

and implicit mutual aid.38 As a concept capturing the tendency to place one’s sense of self in the 

natural environment, efforts to preserve socioecological identity and related cultural values may 

also lend themselves well to the promotion of sustainable agricultural development, landscape 

conservation, and rural quality of life. Finally, by emphasizing mechanisms of social support, 

this model highlights how collaborative agency can be leveraged in farming communities 

pursuing food sovereignty, recognizing strengths already present and ingrained in Puerto Rican 

sociocultural systems. With food security amid climate change as an ultimate goal, 
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understanding agricultural practices within their socioecological contexts will be important in 

moving toward locally-informed community action and climate resilience. 

 

Figure 3.2 Illustrative model summarizing smallholder farmer’s perspectives of a climate 
resilient food system. Natural disasters, import dependence, and other disturbances can have 
adverse consequences in a climate vulnerable food system. Serving as longstanding 
intermediaries between their communities and natural environments, smallholder farmers seek 
to leverage traditions of social support and adaptive agricultural practices to bolster food access, 
recovery, and resilience. This local expertise, described here as socioecological knowledge, can 
inform the promotion of a healthier, sustainable, and more self-determined food system.  
 

Recommendations 

Beyond a source of economic output, local agriculture is deeply imbedded in the social, 

cultural, and ecological fabric of Puerto Rico. Incorporating the sentiments and cultural 

expertise of smallholder farmers will be crucial in promoting a locally relevant and resilient 

island food system. Bolstering agriculture in rural Puerto Rican communities will rely on locally 

informed solutions and, according to surveyed farmers, can include climate resilient farming 

practices and informal, collaborative smallholder farmer networks. Traditional expertise on 

agroecological techniques such as contour plowing and agroforestry systems, for example, can 

contribute to climate resilience by improving soil quality, preserving local biodiversity, and 
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diminishing the risk of erosion.39 According to surveyed farmers, crop diversification can also 

diffuse natural disaster risk by providing products that can be harvested in months such as 

plantain and chili pepper—or in weeks such as hydroponic lettuce and cilantro—while tree and 

shrub crops like coffee take longer to reestablish. Diversifying food crops can have additional 

benefits to farm and food security, including contributing to more consistent year-round income 

and increasing local access to a variety of traditional fruits and vegetables.40-41 Ensuring that 

these natural sources of food and potable water are safe to consume (e.g., filtration systems, 

food safety practices) should also accompany efforts to bolster rural food autonomy. 

In these fragile and resource-limited island environments, collaboration will be 

increasingly necessary to bolster a community-led local food system.42 Smallholder farmer 

networks, for example, can more equitably share information on climate resilient management 

systems, best practices for hydroponic or agroecological production, and government aid. 

Collaboration among farmers can also amass physical and economic resources43 to collectively 

invest in expensive farm equipment, bulk delivery, or value-added production, efforts that may 

contribute to gains in rural livelihoods. Cooperative direct-to-consumer sales such as local 

farmers’ markets can shorten otherwise fragile distribution systems, lower intermediary costs, 

and leverage community interest in a self-reliant food supply.44 In collaborating to mitigate 

natural disaster risk, smallholder farmers can also choose to establish locally managed seed 

banks in order to reduce delays in start-up and decrease dependence on government aid.21 

Developing farm laborer action plans for future natural disasters may also aid in quickly 

harvesting surviving food crops and increase the likelihood of retaining farm laborers who may 

otherwise leave the island or look for other employment. Finally, within larger neighborhoods 

and kin networks, farmers can participate in the development of community action plans to 

facilitate recovery, including strategies to preserve, distribute, and cook surviving food crops 

immediately after a natural disaster. Strengthening communal ties may also bolster emotional 

support, especially when needed to preserve mental health after a natural disaster.45  
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Despite farmers having and relying on a wealth of socioecological expertise, individual 

action alone may not suffice to overcome the broader structural constraints in Puerto Rico’s 

economic and political systems. Institutions, infrastructure (e.g., transportation, housing and 

utilities, communication systems), and political context are important drivers of adaptation and 

recovery in disaster-prone agricultural systems.46 After Hurricane María, farmers in Puerto Rico 

most often cited government bureaucracy and insufficient support; delayed insurance 

payments; and lack of electricity, machinery, water, and accessible roads as major obstacles.47 

Island-wide governance within the agricultural sector must address these deficits and, beyond 

that, move towards policies that support farmer autonomy and agency. Instead of current 

production-oriented incentives (e.g., subsidies for agrochemicals, crop insurance programs)—

which may provide small, short-term financial aid but have, ultimately and historically, 

distorted rural economic development—government policy must aim to reduce propensities 

towards dependence and make way for social movements that uphold sovereign, culturally 

regenerative, and ecologically sustainable local food economies.48  

Evidence from Puerto Rico and other small islands have identified similar practical and 

cultural considerations in promoting local food production. In Jamaica, for example, efforts to 

promote household and national food security have looked to small-scale subsistence farming, 

with an emphasis on leveraging adaptive local knowledge and reducing food import 

dependence.49 Identified strategies to capacitate local farmers have included diversifying field 

crops; maximizing traditional local food use; reducing food waste via post-harvest storage, 

marketing, and distribution systems; recognizing the role of and empowering women in 

agriculture; increasing community and household agro-processing; and utilizing organic and 

agroecological practices. In the Pacific, ethnobiological knowledge around indigenous 

agricultural practices—including agroforestry, fishing, and polyculture—is both intimately tied 

to social traditions and highly adaptive to extreme weather disturbances; many of these climate 

resilient systems are still used in modern food production.50 Backyard farming in Puerto Rico’s 
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informal economy bolsters a community-led food sector sustained, not by external factors, but 

instead by extended community and kin networks.14 Other research after Hurricane María 

points to agroecology as the backbone of agricultural recovery, rural solidarity, and political 

will.51 Smallholder farmers’ ability to successfully leverage natural (e.g., biodiversity, ecosystem 

services) and social resources (e.g., informal-horizontal networks, social mobilization, collective 

action, trust, reciprocity, exchange) will serve as a key determinant of adaptive capacity in this 

climate vulnerable food system.47 

Limitations of Study 

This study is bolstered by several strengths, including a mixed methods approach which 

captured detailed quantitative data on smallholder farming characteristics, hurricane-related 

damages, and food product availability in an underserved, climate vulnerable food system. 

These findings were complemented by rich qualitative data offering a nuanced understanding of 

agricultural resilience and recovery in Puerto Rico. Some limitations, however, should be noted. 

Demographic characteristics of our sample contrast data from the 2018 Census of Agriculture in 

Puerto Rico, which documented 89.3% male, a mean of 59.2 years of age, and 22.0% making at 

least $40,000.25 Self-selection bias in this nonprobability sample may also limit generalizability. 

Finally, although a diverse range of perspectives, including those of female and younger farmers, 

were represented, qualitative analyses within economic and sociodemographic categories were 

not included due to small strata-specific sample sizes. 

Conclusions 

Natural disasters linked to climate change, including hurricanes, droughts, and coastal 

flooding, will continue to impact food systems in Puerto Rico and small island settings around 

the world. Historical declines in agricultural productivity, particularly in the rural mountainous 

region of Puerto Rico, and resulting food import dependence has contributed to a local food 

supply that is highly processed, vulnerable to climate change, and misaligned with a cultural 

heritage rooted in locally grown self-reliance and collective wellbeing. Nonetheless, the 
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fortification of small-scale local food production has been identified as an important aim in 

promoting healthy, ecologically sustainable, and equitable food systems.52 Amid severe 

disruptions in agricultural production after Hurricane María, narrative interviews with 

smallholder farmers in Puerto Rico indeed demonstrated a deep-rooted desire to foster a more 

collaborative, self-determined, and climate resilient food system. Our findings suggest that the 

reinvigoration of local agriculture may hold promise in promoting food security, preserving 

cultural traditions, and serving as the foundation for sociopolitical autonomy in Puerto Rico. 

Importantly, efforts to promote climate resilience will need to leverage smallholder farmers’ 

socioecological expertise—including self-sufficiency and collaborative agency—to ensure a more 

equitable, sustainable, and community-owned food system. 
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Conclusions 

Solutions to human and planetary health in small islands, in Latin America and the 

Caribbean and elsewhere, must honor and leverage the local cultures and ecologies in which 

they are situated. In a neo-traditional food system, small-scale food producers implement 

decolonizing agricultural approaches—interweaving localized food production within forests, 

backyards, and other greenspaces—to protect ecosystems, increase food autonomy, and 

strengthen rural development. In Puerto Rico, where decades of unfavorable policies have 

debilitated local agriculture, infrastructural investment in roads, cold-storage chains, and value-

added production are needed to shorten food supplies, reduce postharvest food loss, and 

improve farm income generation. Traditional expertise in contour plowing, crop diversification, 

and seed banking can also contribute to climate resilience and food security on the island. 

On the part of consumers, decolonizing diets involves reclaiming ancestral and plant-

sourced food cultures, cooking, and production systems and shifting away from less healthy, 

colonially-introduced products. In Puerto Rico, neo-traditional diets demonstrate inverse 

associations with metabolic syndrome and are composed of locally-produced fruits, vegetables, 

herbs, legumes, tropical roots, leafy greens, and seafood; whole grains and plant-based meat and 

milk alternatives in the diet also marry established traditions with innovative foodways. Seeking 

out local foods at farmers’ markets, locally-owned food retailers, and within informal exchange 

networks reflects longstanding cultural values in mutual aid and can bolster a more community-

owned, solidarity economy. To support collective action, island-wide governance must address 

broader structural constraints, including inequitable aid and bureaucratic mismanagement, and 

move towards policies that reinforce community autonomy and agency; reduce food import 

dependence; and make way for social movements that uphold sovereign, culturally regenerative, 

and ecologically sustainable local food economies. Together, these efforts can serve as a model 

for reclaiming island food supplies for the sake of human and planetary health.  
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Appendix 

Supplementary Table 1.1 Data sources for regional and global environmental impact estimates for regional food consumption 
patterns in Latin America and the Caribbean 1,2 

Food group South America Central America Caribbean Global 

 Greenhouse 
gas 
emissions 

Agricultural 
land use 

Water 
consumption 

Greenhouse 
gas emissions 

Agricultural 
land use 

Water 
consumption 

Greenhouse 
gas 
emissions 

Agricultural 
land use 

Water 
consumption 

Greenhouse 
gas 
emissions 

Agricultural 
land use 

Water 
consumption 

Cereals Vásquez-
Rowe 2017 
(PER, global) 

FAO 2019 
(ARG, BOL, 
BRA, CHL, 
COL, ECU, 
GUY, PRY, 
PER, SUR, 
URY, VEN) 

Mekonnen 
2011 (ARG, 
BOL, BRA, 
CHL, COL, 
ECU, PRY, 
PER, URY, 
VEN) 

Clune 2017 
(global) 

FAO 2019 
(BLZ, CRI, 
GTM, HND, 
MEX, NIC, 
PAN, SLV) 

Mekonnen 
2011 (BLZ, 
CRI, GTM, 
HND, MEX, 
NIC, PAN, 
SLV) 

FAO 2019 
(PRI) 

FAO 2019 
(ATG, BHS, 
CUB, DOM, 
DMA, GRD, 
HTI, JAM, 
KNA, LCA, 
TTO, VCT) 

Mekonnen 
2011 (CUB, 
HTI, JAM, 
TTO) 

Clune 2017 
(global) 

FAO 2019 
(global) 

Chapagain 
2011, 
Mekonnen 
2010 (global) 

Roots Vásquez-
Rowe 2017 
(global) 

FAO 2019 
(ARG, BOL, 
BRA, CHL, 
COL, ECU, 
GUY, PRY, 
PER, SUR, 
URY, VEN) 

Mekonnen 
2011 (ARG, 
BOL, BRA, 
CHL, COL, 
ECU, PRY, 
PER, URY, 
VEN) 

Clune 2017 
(global) 

FAO 2019 
(BLZ, CRI, 
GTM, HND, 
MEX, NIC, 
PAN, SLV) 

Mekonnen 
2011 (BLZ, 
CRI, GTM, 
HND, MEX, 
NIC, PAN, 
SLV) 

Josling 2017 
(JAM) 

FAO 2019 
(ATG, BHS, 
CUB, DOM, 
DMA, GRD, 
HTI, JAM, 
KNA, LCA, 
TTO, VCT) 

Mekonnen 
2011 (CUB, 
DOM, DMA, 
GLP,  GRD, 
HTI,  JAM, 
PRI, TTO) 

Clune 2017 
(global); 
Flores 2016 
(PHL); 
Numjunchar
oen 2015 
(THA);  

FAO 2019 
(global) 

Mekonnen 
2010, 
Mekonnen 
2011 (global) 

Fruits Clune 2017 
(ECU, CRI); 
Vásquez-
Rowe 2017 
(PER) 

FAO 2019 
(ARG, BOL, 
BRA, CHL, 
COL, ECU, 
GUY, PRY, 
PER, SUR, 
URY, VEN) 

Mekonnen 
2011 (ARG, 
BOL, BRA, 
CHL, COL, 
ECU, PRY, 
PER, URY, 
VEN) 

Bell 2020 
(USA); Clune 
2017 (CRI);  
NMG 2010 
(MEX); 
Svanes 2013 
(CRI); Vieira 
2020 (MEX) 

FAO 2019 
(BLZ, CRI, 
GTM, HND, 
MEX, NIC, 
PAN, SLV) 

Mekonnen 
2011 (BLZ, 
CRI, GTM, 
HND, MEX, 
NIC, PAN, 
SLV) 

Josling 2017 
(JAM) 

FAO 2019 
(ATG, BHS, 
CUB, DOM, 
DMA, GRD, 
HTI, JAM, 
KNA, LCA, 
TTO, VCT) 

Mekonnen 
2011 (CUB, 
DOM, DMA, 
GLP,  GRD, 
HTI,  JAM, 
PRI, TTO) 

Clune 2017 
(global) 

FAO 2019 
(global) 

Mekonnen 
2011 (global) 

Vegetables Vásquez-
Rowe 2017 
(PER, global) 

FAO 2019 
(ARG, BOL, 
BRA, CHL, 
COL, ECU, 
GUY, PRY, 
PER, SUR, 
URY, VEN) 

Mekonnen 
2011 (ARG, 
BOL, BRA, 
CHL, COL, 
ECU, PRY, 
PER, URY, 
VEN) 

Pratt 2019 
(MEX) 

FAO 2019 
(BLZ, CRI, 
GTM, HND, 
MEX, NIC, 
PAN, SLV) 

Mekonnen 
2011 (BLZ, 
CRI, GTM, 
HND, MEX, 
NIC, PAN, 
SLV) 

Josling 2017 
(JAM) 

FAO 2019 
(ATG, BHS, 
CUB, DOM, 
DMA, GRD, 
HTI, JAM, 
KNA, LCA, 
TTO, VCT) 

Mekonnen 
2011 (CUB, 
DOM, DMA, 
GLP,  GRD, 
HTI,  JAM, 
PRI, TTO) 

Clune 2017 
(global) 

FAO 2019 
(global)  

Mekonnen 
2011 (global) 

Legumes & 
seeds 

Clune 2017 
(BRA) 

FAO 2019 
(ARG, BOL, 
BRA, CHL, 
COL, ECU, 
GUY, PRY, 
PER, SUR, 
URY, VEN) 

Mekonnen 
2011 (ARG, 
BRA, CHL, 
PER) 

Clune 2017 
(global) 

FAO 2019 
(BLZ, CRI, 
GTM, HND, 
MEX, NIC, 
PAN, SLV) 

Mekonnen 
2011 (BLZ, 
CRI, GTM, 
HND, MEX, 
NIC, PAN, 
SLV) 

Josling 2017 
(JAM) 

FAO 2019 
(ATG, BHS, 
CUB, DOM, 
DMA, GRD, 
HTI, JAM, 
KNA, LCA, 
TTO, VCT) 

Mekonnen 
2011 (CUB, 
DOM, DMA, 
GLP,  GRD, 
HTI,  JAM, 
PRI, TTO)  

Clune 2017 
(global) 

FAO 2019 
(global) 

Mekonnen 
2011 (global) 

Vegetable 
oils 

Clune 2017 
(global) 

FAO 2019 
(ARG, BOL, 
BRA, CHL, 
COL, ECU, 
GUY, PRY, 
PER, SUR, 
URY, VEN) 

Mekonnen 
2011 (ARG, 
BOL, BRA, 
COL, ECU, 
PRY, PER, 
URY, VEN) 

Clune 2019 
(global); 
Sacayón 2018 
(GTM) 

FAO 2019 
(BLZ, CRI, 
GTM, HND, 
MEX, NIC, 
PAN, SLV) 

Mekonnen 
2011 (BLZ, 
CRI, GTM, 
HND, MEX, 
NIC, PAN, 
SLV) 

Clune 2017 
(global) 

FAO 2019 
(ATG, BHS, 
CUB, DOM, 
DMA, GRD, 
HTI, JAM, 
KNA, LCA, 
TTO, VCT) 

Mekonnen 
2011 (DOM) 

Clune 2017 
(global) 

FAO 2019 
(global) 

Mekonnen 
2010, 
Mekonnen 
2011 (global) 

Sugar Soheili-Fard 
2014 (IRN); 
Vetter 2017 
(IND) 

FAO 2019 
(ARG, BOL, 
BRA, CHL, 
COL, ECU, 
GUY, PRY, 
PER, SUR, 
URY, VEN) 

Mekonnen 
2011 (ARG, 
BOL, BRA, 
COL, ECU, 
PRY, PER, 
URY, VEN) 

Soheili-Fard 
2014 (IRN); 
Vetter 2017 
(IND) 

FAO 2019 
(BLZ, CRI, 
GTM, HND, 
MEX, NIC, 
PAN, SLV) 

Mekonnen 
2011 (BLZ, 
CRI, GTM, 
HND, MEX, 
NIC, PAN, 
SLV) 

Josling 2017 
(JAM) 

FAO 2019 
(ATG, BHS, 
CUB, DOM, 
DMA, GRD, 
HTI, JAM, 
KNA, LCA, 
TTO, VCT) 

Mekonnen 
2011 (CUB, 
DOM, DMA, 
GLP,  GRD, 
HTI,  JAM, 
TTO) 

Soheili-Fard 
2014 (IRN); 
Vetter 2017 
(IND) 

FAO 2019 
(global) 

Mekonnen 
2011 (global) 
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Supplementary Table 1.1 (Continued) 
Coffee & tea Noponen 

2012 (CRI, 
NIC) 

FAO 2019 
(ARG, BOL, 
BRA, CHL, 
COL, ECU, 
GUY, PRY, 
PER, SUR, 
URY, VEN) 

Mekonnen 
2011 (BOL, 
BRA, COL, 
ECU, PRY, 
PER, VEN) 

Noponen 2012 
(CRI, NIC) 

FAO 2019 
(BLZ, CRI, 
GTM, HND, 
MEX, NIC, 
PAN, SLV) 

Mekonnen 
2011 (BLZ, 
CRI, GTM, 
HND, MEX, 
NIC, PAN, 
SLV) 

Josling 2017 
(JAM) 

FAO 2019 
(ATG, BHS, 
CUB, DOM, 
DMA, GRD, 
HTI, JAM, 
KNA, LCA, 
TTO, VCT) 

Mekonnen 
2011 (CUB, 
DOM, DMA, 
GLP, HTI,  
JAM, PRI, 
TTO) 

Noponen 
2012 (CRI, 
NIC) 

FAO 2019 
(global) 

Mekonnen 
2011 (global) 

Meat Clune 2017 
(ARG, BRA, 
COL, URY) 

Nijdam 2012 
(global) 

Mekonnen 
2011 (ARG, 
BOL, BRA, 
CHL, COL, 
ECU, PRY, 
PER, URY, 
VEN) 

Clune 2017 
(regional) 

Nijdam 2012 
(global) 

Mekonnen 
2011 (BLZ, 
CRI, GTM, 
HND, MEX, 
NIC, PAN, 
SLV) 

Clune 2017 
(regional) 

Nijdam 2012 
(global) 

Mekonnen 
2011 (CUB, 
DOM,  DMA, 
GLP, GRD, 
HTI, JAM, 
TTO) 

Clune 2017 
(global) 

Nijdam 
2012 
(global) 

Mekonnen 
2010 (global) 

Dairy Clune 2017 
(ARG, BRA, 
CHL) 

Nijdam 2012 
(global) 

Mekonnen 
2011 (ARG, 
BOL, BRA, 
CHL, COL, 
ECU, PRY, 
PER, URY, 
VEN) 
 

Clune 2017 
(MEX) 

Nijdam 2012 
(global) 

Mekonnen 
2011 (BLZ, 
CRI, GTM, 
HND, MEX, 
NIC, PAN, 
SLV) 

Josling 2017 
(JAM) 

Nijdam 2012 
(global) 

Mekonnen 
2011 (CUB, 
DOM,  DMA, 
GLP, GRD, 
HTI, JAM, 
TTO) 

Clune 2017 
(global) 

Nijdam 
2012 
(global) 

Mekonnen 
2010 (global) 

Eggs Clune 2017 
(regional) 

Nijdam 2012 
(global) 

Mekonnen 
2011 (ARG, 
BOL, BRA, 
CHL, COL, 
ECU, PRY, 
PER, URY, 
VEN) 

Clune 2017 
(regional) 

Nijdam 2012 
(global) 

Mekonnen 
2011 (BLZ, 
CRI, GTM, 
HND, MEX, 
NIC, PAN, 
SLV) 

Clune 2017 
(regional) 

Nijdam 2012 
(global) 

Mekonnen 
2011 (CUB, 
DOM,  DMA, 
GLP, GRD, 
HTI, JAM, 
TTO) 

Clune 2017 
(global)  

Nijdam 
2012 
(global) 

Mekonnen 
2010 (global) 

Seafood Clune 2017, 
MacLeod 
2020 
(regional) 

Mungkung 
2007, 
Nijdam 2012 
(global) 

Pahlow 2015 
(global) 

Clune 2017 
(regional, 
global) 

Mungkung 
2007, 
Nijdam 2012 
(global) 

Pahlow 2015 
(global) 

Clune 2017 
(regional, 
global) 

Mungkung 
2007, 
Nijdam 2012 
(global) 

Pahlow 2015 
(global) 

Clune 2017 
(global) 

Mungkung 
2007, 
Nijdam 
2012 
(global) 

Pahlow 2015 
(global) 

1 Countries represented in each data source are shown in parentheses using ISO 3166-1 alpha-3 codes, as follows: for South America, ARG 
(Argentina), BOL (Bolivia), BRA (Brazil), CHL (Chile), COL (Colombia), ECU (Ecuador), GUY (Guyana), PRY (Paraguay), PER (Peru), SUR 
(Suriname), URY (Uruguay), and VEN (Venezuela); for Central America, BLZ (Belize), CRI (Costa Rica), GTM (Guatemala), HND (Honduras), 
MEX (Mexico), NIC (Nicaragua), PAN (Panama), and SLV (El Salvador); and for the Caribbean, ATG (Antigua and Barbuda), BHS (the Bahamas), 
CUB (Cuba), DOM (the Dominican Republic), DMA (Dominica), GRD (Grenada), HTI (Haiti), JAM (Jamaica), KNA (Kitts and Nevis), LCA (Saint 
Lucia), TTO (Trinidad and Tobago), and VCT (Saint Vincent and the Grenadines). Where country-specific data were unavailable, regional or global 
estimates were used. 
 
Supplementary Table 1.2 Environmental impacts per macronutrient availability in regional diets of Latin America and the 
Caribbean 1,2 

 Greenhouse gas emissions (kg/nutrient) Agricultural land use (m2/nutrient) Water consumption (m3/nutrient) 
 South Central Caribbean Average South Central Caribbean Average South Central Caribbean Average 
Dietary energy 

Cereals 0.38 0.23 0.89 0.50 0.89 0.87 0.84 0.87 1.08 0.95 0.67 0.90 
Roots 0.43 0.56 2.09 1.03 0.74 0.58 1.30 0.87 0.86 0.56 1.04 0.82 
Fruits 1.32 1.45 6.51 3.09 1.19 1.61 1.24 1.35 1.94 2.89 4.26 3.03 

Vegetables 2.93 2.23 2.61 2.59 1.52 1.61 3.21 2.11 1.27 1.45 1.59 1.44 
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Supplementary Table 1.2 (Continued) 
Legumes & seeds 0.19 0.22 0.22 0.21 2.02 3.15 2.83 2.67 1.11 1.83 1.51 1.48 

Meat 10.4 11.9 8.15 10.2 7.86 6.81 5.86 6.84 7.99 4.63 4.55 5.72 
Dairy 2.42 3.20 8.06 4.56 2.58 3.02 2.08 2.56 3.24 3.27 2.84 3.12 
Eggs 2.56 3.06 2.89 2.84 3.71 4.44 4.21 4.12 2.44 3.54 3.78 3.25 

Seafood 5.31 7.20 4.67 5.73 1.79 1.94 2.15 1.96 0.72 0.93 0.75 0.80 
Protein 

Cereals 16.5 9.14 33.2 19.6 38.5 34.7 31.7 34.9 46.4 37.9 25.2 36.5 
Roots 26.7 33.3 166.0 75.3 45.9 34.3 102.9 61.0 53.4 33.4 82.4 56.4 
Fruits 123.9 103.7 547.5 258.4 111.2 114.8 104.2 110.1 181.9 206.3 358.0 248.7 

Vegetables 75.5 54.7 54.2 61.5 39.1 39.5 66.7 48.4 32.8 35.7 33.1 33.8 
Legumes & seeds 3.39 4.24 3.69 3.77 35.6 59.7 47.2 47.5 19.5 34.6 25.2 26.5 

Meat 144.7 173.1 95.6 137.8 109.1 99.0 68.8 92.3 110.8 67.3 53.4 77.1 
Dairy 46.3 54.5 133.7 78.1 49.2 51.4 34.4 45.0 61.8 55.6 47.2 54.9 
Eggs 34.6 40.8 33.2 36.2 50.1 59.2 48.4 52.6 33.0 47.1 43.5 41.2 

Seafood 35.8 47.7 27.4 37.0 12.0 12.9 12.6 12.5 4.87 6.15 4.40 5.14 
Fiber 

Cereals 34.0 17.6 118.7 56.7 79.5 66.7 113.1 86.4 95.9 72.8 89.9 86.2 
Roots 15.6 22.1 94.1 43.9 26.9 22.7 58.3 36.0 31.2 22.1 46.7 33.4 
Fruits 27.7 32.1 225.2 95.0 24.8 35.6 42.9 34.4 40.6 63.9 147.3 83.9 

Vegetables 37.6 61.9 42.2 47.2 19.4 44.7 51.9 38.7 16.3 40.3 25.8 27.5 
Legumes & seeds 4.63 4.88 6.55 5.35 48.5 68.8 83.8 67.0 26.6 39.9 44.8 37.1 

1 Shown as impact of food group per megacalorie, kilogram of protein, and kilogram of fiber, respectively. 
2 Data on dietary energy and protein availability obtained from the Food and Agriculture Organization’s (FAO) 2017 New Food Balance Sheets. 
Dietary fiber availability obtained from the Global Expanded Nutrient Supply model, an extension of FAO food balance data. 
 
Supplementary Table 1.3 Environmental impacts per micronutrient availability in regional diets of Latin America and the 
Caribbean 1,2 

 Greenhouse gas emissions (kg/nutrient) Agricultural land use (m2/nutrient) Water consumption (m3/nutrient) 
 South Central Caribbean Average South Central Caribbean Average South Central Caribbean Average 
Iron 

Cereals 61.6 39.7 224.9 108.7 144.1 150.6 214.4 169.7 173.6 164.5 170.4 169.5 
Roots 42.4 38.8 201.8 94.3 72.7 39.9 125.1 79.3 84.6 38.9 100.1 74.5 
Fruits 136.5 126.8 1195.9 486.4 122.5 140.4 227.6 163.5 200.3 252.2 782.0 411.5 

Vegetables 98.2 113.7 92.0 101.3 50.9 82.1 113.2 82.1 42.6 74.1 56.2 57.6 
Legumes & seeds 16.0 12.4 15.2 14.5 167.7 174.4 193.9 178.7 92.1 101.2 103.6 99.0 

Meat 1695.0 1881.7 702.9 1426.5 1277.1 1075.9 505.7 952.9 1297.0 731.2 392.5 806.9 
Dairy 659.2 1042.7 5887.1 2529.7 701.5 983.5 1516.1 1067.0 880.7 1063.9 2076.8 1340.5 
Eggs 214.5 430.7 266.2 303.8 310.5 624.8 387.6 441.0 204.5 497.2 347.9 349.9 

Seafood 440.3 1136.6 232.5 603.2 148.2 307.1 107.0 187.4 59.9 146.6 37.3 81.3 
Zinc 

Cereals 87.8 56.4 278.8 141.0 205.4 214.1 265.8 228.4 247.5 233.7 211.2 230.8 
Roots 120.0 110.9 761.4 331.0 206.2 114.2 472.0 264.1 239.8 111.3 377.8 242.9 
Fruits 896.9 964.2 4652.0 2171.0 805.0 1067.5 885.2 919.2 1316.3 1918.1 3041.7 2092.1 
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Supplementary Table 1.3 (Continued) 
Vegetables 346.2 432.5 239.4 339.4 179.3 312.5 294.6 262.1 150.3 281.9 146.2 192.8 

Legumes & seeds 31.1 21.3 26.1 26.2 325.7 299.9 333.8 319.8 178.9 174.0 178.5 177.1 
Meat 1428.2 1641.5 604.6 1224.7 1076.0 938.6 434.9 816.5 1092.9 637.8 337.6 689.4 

Dairy 410.7 597.2 1934.4 980.8 437.0 563.3 498.2 499.5 548.7 609.3 682.4 613.5 
Eggs 344.6 607.2 329.1 427.0 498.9 880.9 479.2 619.7 328.6 701.0 430.2 486.6 

Seafood 523.3 1130.2 269.5 641.0 176.1 305.4 124.0 201.8 71.2 145.8 43.3 86.7 
Vitamin A 

Roots 4.04 17.1 8.58 9.91 6.94 17.6 5.32 9.96 8.07 17.2 4.26 9.83 
Fruits 2.66 2.84 23.3 9.61 2.39 3.15 4.44 3.32 3.91 5.65 15.3 8.27 

Vegetables 0.95 1.16 0.70 0.93 0.49 0.84 0.86 0.73 0.41 0.75 0.43 0.53 
Legumes & seeds 16.5 58.3 52.2 42.3 173.1 820.8 668.1 554.0 95.1 476.4 357.1 309.6 

Meat 277.9 322.6 88.3 229.6 209.4 184.5 63.5 152.5 212.7 125.4 49.3 129.1 
Dairy 4.22 7.58 18.3 10.0 4.50 7.15 4.70 5.45 5.64 7.73 6.44 6.60 
Eggs 2.75 5.92 3.16 3.94 3.98 8.59 4.60 5.73 2.62 6.84 4.13 4.53 

Seafood 60.1 238.1 10.8 103.0 20.2 64.4 4.96 29.8 8.17 30.7 1.73 13.5 
1 Shown as impact of food group per gram of iron, gram of zinc, and milligram of vitamin A, respectively. 
2 Data on dietary iron, zinc, and vitamin A availability obtained from the Global Expanded Nutrient Supply model, an extension of the Food and 
Agriculture Organization’s food balance data. 
 
Supplementary Table 2.1 Food group composition for dietary intake among adults in Puerto Rico a 

Food group Food items 
Fruit juices orange, grapefruit, prune, tomato, grape, apple, pineapple, fruit blends, lemonade, cranberry cocktail, 

nectars (guava, peach, pear, mango) 
Sweetened beverages colas, sports and protein drinks, malt beverages, iced and hot teas, hot chocolate, flavored drink mixes 
Coffee unsweetened and pre-sweetened coffees 
Processed vegetable 
fats 

salad dressings, margarines, mayonnaise, shortening 

Vegetable oils olive, canola, corn, soybean, cottonseed 
Herbs and spices basil, cilantro, dried seasoning, garlic, onions 
Dairy milk, butter, cheeses, cream cheese, sour cream, yogurts, creamers 
Low-fat dairy low-fat milk, cheeses, cream cheese, sour cream, yogurts, creamers 
Eggs hard-cooked, fried, scrambled, omelet, egg salad 
Temperate fruits apple, pear, peach, nectarine, apricot, plum, grape, kiwi, prune, cantaloupe, honeydew, watermelon, 

cherry, strawberry, blueberry, raspberry, olives 
Citrus fruits oranges, grapefruits, lemon, lime 
Tropical fruits banana, avocado, papaya, mango, pineapple 
Processed fruits canned fruits (pear, apricot, peach, plum), apple sauce, dried fruits (apricot, raisin, coconut), fruits in 

syrup, cranberry sauce 
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Supplementary Table 2.1 (Continued) 

Refined grains cream of wheat, breads, bagels, tortillas, sugary breakfast cereals 
Whole grains granolas, oatmeal, brown rice, breads, tortillas (corn, whole wheat), popcorns, breakfast cereals 
Legumes beans (string, lima, pinto, white, black, kidney, baked, refried), peas, soups (bean, pea, lentil, chili) 
Soy products tofu, soy burger, soy milk 
Poultry chicken and turkey (ground, stews, roasted, pan-fried, fried, soups) 
Processed meat hams, sausages, hot dogs, bacon, beef jerky 
Red meat steak, brisket, ribs, roasts, beef and pork (fried, ground in hamburgers, meatloaf, turnovers, burritos, 

tacos), stews and soups, lamb, offal 
Fast foods pizzas, burgers, sandwiches (chicken, fish, egg biscuit), French fries, ice cream shakes, onion rings, 

dumplings 
Pasta dishes with sauces (tomato, pesto, cream, clam, butter, oil), meats (beef, pork, turkey), lasagnas, noodles, pasta 

salads 
Rice dishes white rice, with beans, meats (beef, pork, chicken, shrimp) 
Nuts walnut, almond, pecan, cashew, pistachio, sunflower seeds, soy nuts, peanuts, peanut butter 
Potatoes potatoes (mashed, scalloped, baked, boiled, fried, hashed, salad) 
Tropical roots sweet potatoes, cassava, yautia, yams (tamale, pasteles) 
Salty snacks chips (potato, corn, tortilla), crackers, rice cake, pretzels  
Seafood crab, scallop, lobster, shrimp, clams, salmon, tuna, codfish, sardines, haddock, cod (fresh, broiled, canned, 

salad, chowders, fried) 
Sweeteners sugar, honey, syrup, cream powders, dipping sauces 
Sweets candies, frozen desserts (ice creams, sherbet, popsicles, sorbet), puddings, custard, cakes, pies, cookies, 

brownie, breakfasts pastries (muffins, tarts, pancakes, waffle, French toast), jellies 
Temperate 
vegetables 

Mushrooms, winter and summer squash, celery, brussels sprouts, broccoli, cauliflower, carrots, beet, 
radish, turnip 

Leafy greens lettuce (iceberg, romaine, green leaf), spinach, greens (turnip, mustard, collard), cabbages, sauerkraut 
Tropical vegetables tomatoes, peppers (green, red, yellow, hot), plantains (green, yellow), green banana, eggplant, okra, 

cucumber 
a Water and supplements excluded from all analyses. Alcohol and condiments excluded after energy and nutrient intakes were calculated. 
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Supplementary Table 2.2 Distributions of age, sex, and locally produced food purchasing among 
adults in Puerto Rico with and without extreme energy intakes 

 Extreme energy intake a   
 
Characteristic b 

Yes 
(n=11) 

No 
(n=978) 

 
P c 

All 
(n=989) 

Age, years 47.5 (11.0) 54.0 (11.0) 0.07 53.9 (11.0) 
Female 36.4 72.1 0.015* 71.7 
Local food purchasing   0.16  

Seldom 63.6 34.3  34.6 
Often 18.2 28.3  28.2 

Always 18.2 37.4  37.2 
Energy intake, kcal/day 20595.6 (11401.7) 3226.1 (1664.5) <0.0001* 3419.3 (2716.1) 

a Defined as energy intake >3 SD from the mean. 
b Values presented as % or mean (SD).  
c Statistical significance for differences between categories of extreme energy intake determined 
using Fisher’s exact or Wilcoxon rank sum tests and set at α = 0.05 (noted by *).  
 
Supplementary Table 2.3 Prevalence odds ratios for metabolic syndrome, or differences in average 
metabolic syndrome components, for a one standard deviation increase in dietary pattern factor scores 
among adults in Puerto Rico a 

Dietary pattern Prevalence odds ratio (95% CI)  
or difference (SE) 

P b 

Neo-traditional: Local plants and seafood 0.89 (0.76, 1.01) 0.07 
Waist circumference, inches -0.6 (0.2) 0.0063* 

Fasting glucose, mg/dL +0.8 (1.3) 0.53 
Systolic blood pressure, mmHg -0.3 (0.6) 0.59 

Diastolic blood pressure, mmHg -0.4 (0.3) 0.26 
Triglycerides, mg/dL +1.2 (2.8) 0.65 

HDL cholesterol, mg/dL +0.6 (0.4) 0.14 
Refined carbs: Rice and sugary drinks 1.04 (0.89, 1.18) 0.61 

Waist circumference, inches -0.1 (0.2) 0.76 
Fasting glucose, mg/dL +1.2 (1.2) 0.31 

Systolic blood pressure, mmHg +0.4 (0.6) 0.47 
Diastolic blood pressure, mmHg -0.1 (0.4) 0.73 

Triglycerides, mg/dL +4.7 (2.6) 0.07 
HDL cholesterol, mg/dL -0.2 (0.4) 0.65 
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Supplementary Table 2.3 (Continued) 

Traditional: Beans and coffee 1.00 (0.87, 1.14) 0.95 
Waist circumference, inches -0.05 (0.2) 0.82 

Fasting glucose, mg/dL -2.1 (1.4) 0.12 
Systolic blood pressure, mmHg -0.2 (0.6) 0.70 

Diastolic blood pressure, mmHg -0.1 (0.3) 0.79 
Triglycerides, mg/dL -0.1 (2.6) 0.97 

HDL cholesterol, mg/dL +0.02 (0.4) 0.95 
Industrialized: Meat and fast foods 1.12 (0.97, 1.28) 0.12 

Waist circumference, inches +0.4 (0.2) 0.035* 
Fasting glucose, mg/dL +2.5 (1.4) 0.07 

Systolic blood pressure, mmHg +1.1 (0.6) 0.048* 
Diastolic blood pressure, mmHg +0.4 (0.4) 0.26 

Triglycerides, mg/dL -1.2 (2.6) 0.63 
HDL cholesterol, mg/dL -0.7 (0.4) 0.10 

a Adjusted for age, sex, ethnicity, educational attainment, household income, rural residency, use of PAN food 
assistance, physical activity, and smoking status. 
b Statistical significance for difference from first tercile set at α = 0.05 (noted by *). 
 
Supplementary Table 3.1 Key for multi-tiered codebook development 
informed by the National Institute of Minority Health and Health Disparities 
research framework 

 
Domains of Influence 

Levels of Influence 

Individual Community Societal 

Physical & Mental Health 
   

Economic, Political, & Built Environment 
   

Sociocultural Environment 
   

Socioecological Systems 
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Supplementary Table 3.2 Saturated codebook from narrative interviews with smallholder farmers about their experiences after 
Hurricane María in Puerto Rico 

No. Code Description/Inclusions Example Exclusions 

1 Personal and 
community food 
access 

   

1.1 Personal and familial 
dietary shifts after 
storm 

   

1.1a Personal crop 
consumption 

Access and dietary reliance on food 
crops from the farm 

“Comimos de lo mismo que se cultiva en la finca—guineo, plátano. De 
todo lo que cultivamos.” (4)  

 

1.1b Processed food 
consumption 

Intake of canned meat, snacks, and 
other processed foods 

“No había muchas cosas frescas. Tenías que comerte lo que había—
mucho pan, mucha jamonilla, salchicha, arroz, pasta.” (5) 

1.1c 

1.1c Stored food, utilities, 
and grocery store access 

Access to stored food, local grocery 
stores, utilities (e.g., refrigeration 
capacities, kitchen appliances), and 
other food-related resources 

“El supermercado no estaba preparado con una planta, no estaba 
abriendo.” (23)  

1.1b 

1.1d Perceived health effects Perceptions of health effects 
associated with dietary shifts  

“Yo sufría de inflamación en el intestino porque lo que podíamos comer 
eran muchos productos enlatados.” (8)  
 
“Tú no puedes coger un guineo del piso porque están los ratones y trae 
la leptospirosis.” (11) 

 

1.2 Food aid from 
government and non-
governmental 
organizations 

Receipt of food and other essential 
items from government or non-
governmental organizations 

“Después de que se fueron abriendo las rutas, nos traían agua y cositas 
así, para comer y eso, nos daban. Tenían linternas y cosas y baterías.” 
(1)  

 

1.3 Familial/community 
support 

   

1.3a Community aid in 
resource acquisition 

Giving and receiving aid from local 
family and community members in 
accessing basic necessities, including 
food and water 

“Juntaron todas las compras que tenían e hicieron una comida, una 
cocina para todo el mundo comer de ahí. Todo el mundo trajo lo que 
tenía, lo pusieron, y todo el mundo cocinaba, por lo menos las primeras 
tres o cuatro semanas.” (27) 

2.4 
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Supplementary Table 3.2 (Continued) 

1.3b Remittance aid Mail-based aid from family members 
or other individuals outside of Puerto 
Rico in food and farm resource 
access  

“De los Estados Unidos, [mis hijas] me mandaban cositas enlatadas, 
habichuelas; me mandaban salchichas, tuna.” (4)  

 

1.4 Water access  Access to natural water sources, 
utilities, bottled water, etc. 

“Tenemos agua de lluvia; tenemos agua de manantial que fluye por 
gravedad. Tenemos agua de pozo que necesita energía, pero ahora 
tenemos el sistema solar.” (30) 

 

1.5 Farm damage impacts 
on local food supply 
chain 

Impact of agricultural strains on 
import reliance, local restaurants, 
local food vendors, etc. 

“Hay varios restaurantes que venden comida criolla—mofongo, 
plátanos, guineos—y al principio, tuvieron que eliminar eso del menú.” 
(7)  

 

2 Recovery in la finca 
   

2.1 Animal and crop-
specific resilience 

Strengths and challenges of particular 
food crop, animals, production 
methods, etc. in recovery and natural 
disaster resilience 

“La parcha como es flexible, logré volver a levantar el ‘trellis.’ Gracias a 
Dios, sobrevivieron todas.” (24)   

4.6 

2.2 Resource acquisition 
   

2.2a Experiences in abriendo 
camino 

Experiences in abriendo camino, e.g., 
road access, community efforts, 
chainsaws, land clearance 

“Yo estuve un año sin poder llegar a parte del terreno por los árboles 
que cayeron allí.” (15)  
 
“Lo primero era despejar los caminos. Se limpiaron las carreteras, pero 
fue por la iniciativa de la misma gente de las comunidades.” (27)  

 

2.2b Farm damage and 
resource recovery 

Detailing farm damages and 
experiences in accessing fertilizer, 
tools, and other equipment for 
recovery 

“Todos los ranchos que había en la finca donde nosotros guardábamos 
el abono, todo eso se destruyó. Dentro de esos ranchos, estaban las 
máquinas que nosotros utilizamos para regar herbicida, abono, otro tipo 
de pesticida para evitar las infecciones en las plantas; todo eso voló. Y se 
destruyó, muchas de ellas ni aparecieron… machetes, lazadas, también, 
muchas de ellas desaparecieron.” (18) 

1.3b, 1.5, 
2.1, 2.2a, 
2.2c, 2.2d, 
2.3, 2.4  

2.2c Experiences with and of 
mano de obra 

Strengths and challenges of acquiring 
and using mano de obra during 
recovery, including their own 
experiences after storm 

“Como no había forma de trabajar en la agricultura porque nadie iba a 
empezar inmediatamente, mucha gente se fue a trabajar en 
construcción y cambiaron de trabajo… Está pagando, subieron el 
mínimo a quince dólares, así que para recuperar toda esa gente que 
antes trabajaba en la agricultura va a ser complicado.” (26) 

1.3a 
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Supplementary Table 3.2 (Continued) 

2.2d Greenhouses and seed 
access 

Seed acquisition, including timing, 
personal supplies, governmental 
control, and shortages, as a 
determinant of farm recovery  

“No teníamos semillas para volver a sembrar porque los viveros de café, 
que en Puerto Rico es el gobierno el que los maneja, no tenía.” (23)  
 
“Si no trabajas las tierras, las semillas que tienes, las vas perdiendo.” 
(14)  

 

2.3 Financial recovery 
   

2.3a Agricultural insurance Strengths and challenges of having 
and claiming farm insurance, 
including difference between small- 
and large-scale farmers 

“Fue un proceso tedioso… Según nos visitaran y aprobaran, eso era lo 
que nos iban a pagar, lo asegurado, pero si no lo veían, no lo iban hacer. 
Estábamos en contra de eso. Se nos va a perder el producto, pero si lo 
cosechamos o lo tocamos, no, no los va a pagar el seguro.” (2)  

 

2.3b Aid from government 
and non-governmental 
organizations 

Strengths and challenges of obtaining 
farm resources and monetary aid 
from government and non-
governmental organization 

“Trate de buscar ayuda. Fui a las agencias federales, fui a agencias 
estatales, llené solicitudes. Los resultados fueron mixtos, lentos… Una 
se tardó un año, otra todavía no he recibido respuesta… Las ayudas 
locales me dieron alguna ayuda para ‘trimmer’ y podadora y cierra. Pero 
ayuda como para la tubería que necesitaba, no había. Cosas más 
grandes, eso no lo había.” (25)  

4.8 

2.3c Personal financial 
strains 

Impact of disaster on farm profit and 
other household income sources; 
access to savings after storm; and 
other personal financial 
responsibilities during recovery 

“Si tú no tenías dinero, tampoco, para una emergencia como esa, tú no 
ibas a usarlo para eso. Tú no sabes cuando te iba a llegar la luz, cuándo 
te iba a llegar el agua. Tu no podías invertir el dinero o pagar 
empleados.” (21)  

 

2.4 Community and 
farmer-to-farmer 
assistance 

Physical, monetary, and farm 
resource-related support from family, 
neighbors, and other farmers in the 
local community  

“Alianza con agricultores pero era más bien para ahogar las penas y 
movernos a sitios donde daban las asistencias.” (16) 
 
“Sí yo tenía muchas semillas de plátano, él me daba semillas de 
plátanos, y yo le daba semillas de otros. Eso fue algo nuevo, un 
préstamo de semillas. Si necesitaba abrir los caminos y tuvieron la 
maquinaria, llegaban a la finca y nos daban la mano, entre los más 
cerca.” (21)  

1.3a, 2.2c 

3 Psychosocial 
experiences 

   

3.1 Emotionality 
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Supplementary Table 3.2 (Continued) 

3.1a Reaction to finca after 
storm 

Emotional and psychological reaction 
to damages on land and natural 
environment 

“Era difícil ver una naturaleza verde tan hermosa y tan poderosa hecha 
a nada.” (6)  
 
“Subir a la finca y ver que todos los esfuerzos que tú has hecho de los 
pasados tres años, se te fueron en unas horas es duro. Toda la inversión 
económica, todo el trabajo físico se fue en unas horas. Pero todo eso, tú 
lo puedes recuperar. Pero el aspecto emocional, no.” (10) 

 

3.1b Ongoing stress Continued negative emotionality and 
stress reactions to experiences after 
storm  

“Realmente, frustrante y uno se quiere ir, pero, nada, cansado y 
desalentado… para mi es difícil hablar del huracán porque el huracán a 
mí me cambió la vida drásticamente. Me cambio de vivir mis últimos 
veinte años de vida.” (9)  

 

3.2 Socioemotional 
interactions 

   

3.2a Familial stress and 
recovery 

Socioemotional experiences with and 
of other family members after storm  

“La finca la lleva mi papá y yo. Él se desmoralizo mucho después de eso, 
y me dejó las riendas de la finca porque él no quiso seguir más.” (16) 
 
“El invernadero, lo más que me gusta es que lo puedo hacer yo sola. 
Esto es lo que quiero hacer, es fácil para mí, y tengo las nenas que 
pueden estar ahí o pueden estar aquí en la casa.” (5)  

2.4 

3.2b Empathy and 
perspective shifts  

Empathy towards community distress 
and associated broadening, shifts of 
perspective from personal 
experiences 

“Yo veía cómo estaban mis trabajadores, y yo me sentía bien afortunada. 
Cuando veía como ellos estaban, se me quitaba ese ‘self-pity’ bastante 
rapidito.” (17)  

 

3.3 Socioecological agency Feelings and perspectives on personal 
identity and resilience in farm and 
community; socioecological agency, 
including the choice to continue para 
adelante after the storm 

 “Es un fruto, es algo que depende de ti, que tú lo alimentas. Se 
convierte en parte tuya.” (13) 
 
“Para ser agricultor, hay que nacer para esto. Hay que trabajar toda la 
vida para uno saber lo que es pan de cada día.” (12)  
 
“Bueno, pensé que la agricultura no necesita techo. Yo lo necesitaba, 
pero la agricultura no. Así que me levante el ánimo yo misma, ‘¡A 
sembrar se ha dicho!’” (6) 
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Supplementary Table 3.2 (Continued) 

3.4 Self-
sufficiency 

Personal and agricultural 
perspectives on dependence, 
external aid, and self-sufficiency 

“Yo creo que se le ha dado más valor ahora. Se creó más 
conciencia luego de estar con esa dependencia de lo que había de 
afuera para acá. He visto más respaldo.” (16)  

“T, también me enseñó que me tengo que preparar para todo. Yo 
no quiero depender más de factores externos para continuar mi 
vida normal.” (24)  

 

3.5 Spiritual 
wellbeing  

Spiritual experiences, strengths, 
and challenges after storm 

“Ahí había un acercamiento espiritual entre las mismas personas 
para compartir lo poquito que había.” (3)  

 

3.6 Experiences 
del genero 

Strengths and challenges of being 
a woman in agriculture  

“La colaboración que hay entre la mujer—ser más practica de lo 
que hace, lo que dice, en sus compromisos—yo creo que hace la 
diferencia.” (6)  
 
“No te dan credibilidad, ni te dan posición. Tiene uno que 
ganárselo uno mismo.” (16)  

 

4 Agricultural 
resilience 

   

4.1 Familial, 
cultural, and 
national 
heritage 

Perspectives on continuing family 
business and/or Puerto Rican 
agricultural traditions 

“Toda mi familia es agrícola. Desde mi bisabuelo, abuelo, padre, 
tío y aunque yo estudié en la universidad e hice otra profesión, 
nunca me quité de la agricultura.” (14) 
 
“Un pueblo sin agricultura es un pueblo sin comida. Un pueblo 
sin comida es un pueblo muerto de hambre.” (20) 

 

4.2 Crop 
diversification 

Current or planned efforts to 
diversify crop production 

“Nosotros estamos buscando alternativas de diversificar los 
productos. Porque el café, la china que es una vez al año la 
cosecha, no nos da recursos suficientes para sobrevivir durante 
el año. Tenemos que buscar alternativas de que se esté 
cosechando semanalmente y que eso se convierta en 
mensualidades… el guineo, el plátano, la yautía, malanga, frutos 
menores como ají, pimientos.” (11) 
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Supplementary Table 3.2 (Continued) 

4.3 Value-added 
production 
and 
consumer 
marketing 

Current or planned efforts to 
invest in value-added products 
and/or direct-to-consumer 
marketing strategies 

“Tratar de romper un poco el eslabón de la cadena para que 
nosotros tener un poco más de beneficio, y ellos puedan 
consumir unos productos más frescos.” (27)  
 
“La harina se puede usar como ‘food replacement’ de la leche… 
tenemos un producto que no es perecedero, con un poquito de 
agua lo diluyes y te haces una sopita de guineo o hasta una 
batida de guineo.” (11)  

 

4.4 Hydroponic
s  

Current or planned efforts to use 
hydroponic production strategies, 
strengths and challenges 

“Esa es una ventaja de entrar a hidroponía porque tú puedes 
trabajarlo de día, de noche, llueve, truene, relampaguee… qué 
puedo producir y mantenerme en los mercados sin tener 
muchas más manos de obra.” (14)  
 
“La hidroponía es mucho más fácil porque tu estas un poco más 
cómodo. Los cultivos se dan mucho más rápido, puedes 
cosechar el recao, el cilantrillo, invertir a 28 días. En tierra se 
puede coger dos meses… Tu controlas todo lo que está adentro: 
el agua, el abono, y todo.” (21) 

 

4.5 Farmer-to-
farmer 
cooperation 

Strengths and challenges of 
business relations with other 
farmers  

“Todos nos ayudamos. No necesariamente yo tengo que tener 
una yunta de bueyes para arar un terreno porque el otro 
agricultor lo tiene y me lo presta sin cobro. Si un agricultor tiene 
vendido plátano y su guagua no le funciona, pero yo tengo un 
camión más grande, simplemente se lo prestó. Usa mi camión y 
logra vender su mercancía, y luego me lo devuelve, sin costo 
alguno. Por eso es que lo llamó una alianza, pero no está 
estipulado, simplemente, es que así es que nos comportamos.” 
(18)  

 

4.6 Natural 
disaster 
preparednes
s 

Current or planned strategies to 
make farming strategies (e.g., 
planting, pruning, structural 
reinforcement) resilient to future 
natural disasters 

“Ciertas plantas que ayudan con los derrumbes, y por ahí 
empezamos.” (25)  
 
“Guardar las semillas nosotros mismos, podemos hacer bancos 
de semillas en nuestras casas.” (23) 
 
“Los pilares del vivero, no está hueco el tubo por dentro, está 
lleno de cemento.” (13)  

2.1 
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Supplementary Table 3.2 (Continued) 

4.7 Agroecology 
and 
agrotourism 

Current or planned efforts to 
incorporate agroecology and 
agrotourism, including 
environmentally sustainable 
practices 

“Están sacando de la orgánica, porque lo orgánico está 
certificado y regulado… la agricultura ecológica [tiene] un 
significado diferente, sin un tipo de regulación. No veo justo una 
agricultura orgánica que no esté accesible a la gente común y 
corriente.” (27) 

 

4.8 Government
al policies 

  
2.3b 

4.8a Accessibility 
of 
government 
aid 

Perspectives on the need, 
equitability, and accessibility of 
current or proposed governmental 
aid (e.g., training, seed access, and 
monetary incentives) 

“Yo sé que hay muchas ayudas por ahí pero, a veces, uno ni se 
entera. La gente lo sabe, y no te lo dicen. Promover eso más, y 
repartir las ayudas a todo el mundo… que todo sea equitativo 
para todo el mundo.” (5)  

 

4.8b Policies and 
agricultural 
programs 

Perspectives on governmental 
agricultural policies and programs 

“Yo creo que los Mercados Agrícolas es lo básico aquí en 
agricultura. Sí eliminan los mercados agrícolas, tú eliminas el 
60% de los agricultores… aunque sé que es lo mejor que tiene el 
Departamento de Agricultura, falta mejorar. Yo soy de aquí, 
porque me tienen que mandar a [otra parte de la isla] a 
trabajar?” (14)  

 

 


