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INTRODUCTION

In 2019, the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) 
released a sprawling 1148-page global assessment report on the state of nature and its effects on people. 
Among the key takeaways in the report, IPBES stated: “Goals for conserving and sustainably using nature 
and achieving sustainability cannot be met by current trajectories, and goals for 2030 and beyond may only 
be achieved through transformative changes across economic, social, political, and technological factors.” 

The motivation for this series of reports, and the work of the Council on Strategic Risks’s  Ecological Security 
Program broadly, is to examine what happens to people and societies if these necessary transformative changes 
are slow or don’t transpire at all.i Assessing the relevant impacts to security is a critical facet of these reports.

These reports will focus on ecosystem functions rather than on particular organisms or species, with the 
specific functions assessed in this first report being pollination and seed dispersal. Unfortunately, the body 
of scientific evidence is often too sparse or uncertain to draw definitive conclusions about the state of 
many ecological processes and especially their probable impact on people, societies and security. Therefore, 
this report assumes that a significant decline in a particular ecosystem service - pollination and seed 
dispersal - has occurred and highlights high-impact ecological security implications caveated on that 
assumption. However, known and assessed trends are also discussed where possible.

THE FOOD SECURITY CHALLENGE

Food security is a critical component of human, national, and global security. The challenge of feeding the 
planet's anticipated 9 billion people by 2050 has geostrategic implications on local and international levels, 
especially as the effects of climate change begin to weigh more heavily on agricultural outputs, production 
zones, and food prices. In addition, stresses on food—and associated negative effects on economics, 
livelihoods, labor, and inequality—can contribute to violence, instability, and irregular migration.1

Unfortunately, global food security has been in decline for several years, arising from conflict,  climate 
extremes, economic downturns, and the increasing unaffordability of healthy diets. According to the UN’s 
Food and Agricultural Organization (FAO), the prevalence of moderate or severe food insecurity has risen 
globally since 2014.2 Although not the only factor, the COVID-19 pandemic helped drive the increase in 
food insecurity in 2020 equal to that of the previous five years combined. Populations in Asia, Africa, and, 
to a lesser extent, Latin America and the Caribbean, are most acutely affected by these trends.

i For more, see: “Ecological Security Program,” The Converging Risks Lab, an institute of the Council on Strategic Risks. 
Accessed at: https://councilonstrategicrisks.org/ecological-security-project/

http://www.councilonstrategicrisks.org
https://councilonstrategicrisks.org/ecological-security-project/
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FOOD SECURITY WILL BE FURTHER CHALLENGED BY ECOLOGICAL DISRUPTION

The alarming rise in food insecurity must be viewed in the context of ongoing ecological disruption. Human 
civilization has transformed the biosphere in unprecedented ways with implications for people and societies 
largely understudied. Forests, grasslands, wetlands, and other vital ecosystems have steadily degraded and 
been destroyed since the Industrial Revolution. Over 75 percent of the Earth's land surface has been altered, 
more than 85 percent of wetlands have been lost, and most of the oceans polluted.3 There has been an 
average decline of 68 percent in the abundance of vertebrates (of those that have been monitored) since 
1970, with some populations exhibiting even more extreme declines.45 More than a million plant and 
animal species are at risk of extinction in the near future.6 Insect populations are disappearing rapidly in 
some parts of the world, although the global picture is less clear.7 Marine and freshwater systems are also 
suffering significant damage. (See CSR's report The Security Threat That Binds Us for more information on 
global ecological disruption.)8

Empty shelves in a supermarket in Mexico. Supply chains have shown substantial vulnerability to disruptions, such 
as from extreme weather events and the COVID-19 pandemic, especially when accompanied by panic buying and 
product hoarding. EnEas DE Troya / Flickr

http://www.councilonstrategicrisks.org
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UNDERSTANDING RISKS TO SOCIETIES AND SECURITY THROUGH THE LENS OF 
ECOSYSTEM SERVICES

Though widespread ecological damage is evident to anyone paying attention to the news headlines, its impact 
on peoples and societies is both complex and severely underreported.  However, researchers developed 
the concept of ecosystem services several decades ago to catalog and quantify the benefits that natural 
ecosystems generate for society. In 1981, influential ecologists Ehrlich and Ehrlich argued that fighting 
biodiversity degradation was not just an ethical duty but was also essential for protecting the "indispensable 
free services" ecosystems provide to people.9 Ecological economists have strived to quantify the financial 
benefits of these ecosystem services, and many conservationists believe that revealing their monetary value 
should compel managers and policymakers to protect them. 

Over the last decade, there has been extensive and consequential research on ecosystem services. For example, 
leading scientists estimated in 1997 that a subset of 17 ecosystem services was worth 16 trillion to 54 trillion 
USD a year.10 The concept has significantly impacted recent environmental research and policy development 
despite the complexity and controversy of defining ecosystem services within an economic framework. The 
2005 Millennium Ecosystem Assessment analyzed the status and drivers of change in ecosystem services in 
the past and near future, concluding that research in the area was exceptionally urgent.11

In 2017, the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) 
introduced Nature’s Contribution to People (NCP) to augment the ecosystem services concept with a new 
formulation.12 In this framework, IPBES proposed NCPs not only to include prior work on ecosystem services 
but also to bring in so-called ecosystem disservices, the losses or detriments that people accrue from degradation 
of nature. Through this reorganization, IPBES created a more streamlined framework for categorizing 
ecosystem services, which had become increasingly complicated. CSR's Ecological Security Program employs 
this updated categorization (see Figure 1) but continues to use the common term "ecosystem services."

Figure 1: Nature’s Contributions to People (NCP)ii

Eighteen Nature’s Contributions to People (NCP) as categorized by the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services (IPBES). This report focuses on implications stemming from 
declines in NCP2. 

ii All figures herein were created by the author for this report.

Nature’s Contributions to People (IPBES)

NCP1: Habitat Maintenance and Creation
NCP2: Pollination and Seed Dispersal
NCP3: Air Quality Regulation
NCP4: Climate Regulation
NCP5: Ocean Acidification Regulation
NCP6: Freshwater Quantity Regulation
NCP7: Freshwater Quality Regulation
NCP8: Soil Quality Regulation
NCP9: Regulation of Hazards and Extreme Events
  

NCP10: Regulation of Detrimental Organisms
NCP11: Sources of Energy
NCP12: Sources of Food and Feed
NCP13: Sources of Materials and Assistance
NCP14: Medicinal and Genetic Resources
NCP15: Learning and Inspiration
NCP16: Physical and Psychological Experiences
NCP17: Supporting Identities
NCP18: Maintenance of Options for the Future   

http://www.councilonstrategicrisks.org
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SOCIETAL AND SECURITY IMPLICATIONS 
OF DECLINES IN POLLINATION AND 

SEED DISPERSAL SERVICES

The following sections explore the risks that are likely to arise from declines in two plant-centered ecosystem 
services: pollination and seed dispersal. While IPBES bundles these services together as their Nature’s 
Contribution to People number 2 (NCP2) (see Figure 1), the processes and implications for people and 
societies are different enough to warrant separate analyses. Though pollination--and charismatic pollinators, 
such as bees--have received comparatively more scientific and media attention, both are critical ecosystem 
processes that undergird the way the planet operates. Each of the following sections describes the ecosystem 
service and its known or assessed risks and analyzes the impacts that are likely to transpire from a significant 
decline in that ecosystem service. 

Compared to pollination, seed dispersal declines have received far less attention in scientific, policy, and 
media realms. There is also far less information elucidating the negative effects on people and societies 
arising from declines in seed dispersal, even in the full IPBES report and its supplementary materials. That 
section’s comparative brevity reflects the difficulty of analyzing too few studies. The disparity should not 
be interpreted as meaning that seed dispersal declines are less consequential for people than declines in 
pollination, which is almost certainly untrue. Despite the need to explore both areas further, research on 
seed dispersal declines is particularly important.

http://www.councilonstrategicrisks.org
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INTRODUCTION TO POLLINATION 

Pollination is an ecological process fundamental to seed plant reproduction and hence underpins the 
integrity of essentially every terrestrial ecosystem.  Since pollen itself is immobile, it needs to be carried 
to other plants using biotic means, such as animals, or through abiotic mechanisms, such as the wind or, 
occasionally, water. Some plants can self-pollinate without the aid of external pollination agents, although 
this strategy leads to reduced genetic diversity and most such plants have built-in mechanisms to avoid it. 
There are four main modes of pollination.
 
BEES: Bees - wild and domesticated - are the most common and efficient animal pollinators. Pollination 
ecosystem services are strongly dependent on bees because only they deliberately gather pollen for offspring 
rather than incidentally transport it between plants. Although domesticated bees and beekeeping typically 
receive more media attention than their undomesticated counterparts, wild bees play an even more crucial 
role in and beyond agricultural systems.

NON-BEE ANIMALS: Non-bee animals typically accomplish pollination by visiting flowers for consumption 
of pollen, nectar, or both. Hoverflies, also called flower flies, are widely considered the second-most crucial 
pollinator after wild bees, and are found worldwide. Butterflies, moths, wasps, beetles, thrips, and vertebrates, 
such as bats, hummingbirds, lizards, and rodents, also pollinate. Approximately 87 percent of the world's 
flowering plants are animal-pollinated, which rises as high as 94 percent in the tropics.13 This fact alone 
demonstrates the potentially wide-ranging societal implications of increasing threats to animal pollinators.

WIND: About 12 percent of plants worldwide are wind-pollinated, including a wide range of trees, shrubs, 
grasses, and wildflowers. These plants include staple crops such as wheat, barley, rice, and corn, along with 
valuable trees such as pines, spruces, and firs. Wind-pollinated plants are more prevalent in temperate zones 
where animal pollinators are exposed to a more seasonally variable climate.1415 

A big black ant carrying pollen grains on its body. ajayTvm / shuTTErsTock

http://www.councilonstrategicrisks.org
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ARTIFICIAL POLLINATION: Artificial pollination by humans, such as hand pollination, is becoming more 
common, but it has significant drawbacks - it is labor-intensive, time-consuming, and has variable fertilization 
success rates. Pollen dusting, a technique that uses an aircraft or blower to spread large quantities of pollen 
in one pulse, is even more inefficient and costly. Managed honeybees are integral to many crops worldwide 
by ensuring pollination services, increasing yield, or both.

KNOWN OR ASSESSED RISKS TO POLLINATION

Pollination by animals is at risk primarily through the loss of populations or species of pollinators themselves, 
or the interference of animal-plant interactions caused by external forces, such as habitat degradation or 
climate change. Declines in wild insect pollinator populations have been documented in parts of Europe 
and North America, despite the paucity of robust global species-specific geographic datasets for pollinators.  
For example, a 2019 article estimated that Great Britain suffered declines of 21 to 30 percent of wild bees 
and 20 to 28 percent of hoverflies between 1980-2013.16 Similar declines in wild pollinators have been 
measured in North and South America, China, and Japan, suggesting that the phenomenon is global.17 To 
a lesser degree, about 17 percent of vertebrate pollinators, such as birds, are threatened with extinction.18

Domesticated pollinators, such as managed honeybees, show mixed trends. Significant declines have been 
recorded in honeybee colonies in North America and Europe while some countries, notably China and 
Argentina, have experienced hive increases.19 Considerable media coverage has been dedicated to colony 
collapse disorder, a still-mysterious phenomenon in which large numbers of worker bees abruptly disappear 
and abandon the queen. Pollinator declines probably arise from some combination of pressures such as habitat 
change, pesticide use, agricultural intensification, invasive species, parasitic disease, and climate change.20

Few studies exist that examine risks to wind pollination. However, a recent article suggests that some 
wind-pollinated trees and grasses may be vulnerable to altered terrestrial wind patterns brought on by 
climate change.21 A strong connection exists between the strength and direction of the wind and the genetic 
patterns of forests worldwide which, in turn, affects their vulnerability to future global change.22 The risks 
to wind pollination ecosystem services probably unfold over a considerably longer period of time than those 
associated with declining animal pollinators.

GLOBAL IMPACTS OF POLLINATOR DECLINE

Recent studies have assessed that the greatest risks from pollinator declines are inadequate pollen for plants, 
inconsistency of yields over time, food system resilience, and availability of wild fruit, with peoples in South 
America and Africa being most at risk.23 

An oft-cited study from 2009 suggested that declines in pollinators would have only modest impacts on 
people worldwide through depressions in global food production.24  For example, although about 75 percent 
of the world’s crops benefit from animal pollination, only about 10 percent are dependent on them. The 
authors further estimate that lost pollination services would result in gross production shortfalls of around 
5 and 8 percent in the developed and developing world, respectively.

http://www.councilonstrategicrisks.org
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Figure 2: Crops Ranked by Production and Associated Pollinator Dependence

The world’s top 30 crops with respect to production weight, averaged over the years 2016-2019. Agricultural 
output data was derived from UN Food and Agricultural Organization FAOSTAT 2021. The * tag means that 
FAOSTAT bundles several items that have varying degrees of pollinator-dependency. Pollinator dependence 
was derived from Silva (2021), supplementary materials. While at first these statistics seem to imply limited 
impacts would arise from pollinator declines, more disruption is elucidated through further analysis.

These statistics underestimated the seriousness of pollinator declines in several critical ways. First, a singular 
focus on the topmost crops in terms of global production obscures the importance of pollinators to 
nutritional security, health, and lifestyles. The developed world—and much of the developing world—has 
long moved past a diet solely composed of wind- and self-pollinated grains such as corn, wheat, and rice. 
Removing crops with little-to-no pollinator dependence from this list, as in Figure 3, reveals a different slate 
of foods—highlighting stimulants, such as coffee—that many people consider fundamental to their diet, 
lifestyle, and livelihood, and adding other popular crops with lower global production quantities.2526 Sharp 
declines in these foods, which many millions of people worldwide expect to be readily available, would 
almost certainly cause significant and perhaps severe consequences in the social, political, and economic 
realms. For example, reduced consumption of fruit and vegetables has long been connected to poor health 
and increased risk of noncommunicable diseases.
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Figure 3: Crops Ranked by Production with Significant Pollinator Dependence

The world’s top pollinator-dependent crops with respect to production weight, averaged over the years 2016-
2019, with those crops with little-or-no dependence on pollination removed. Agricultural output data was 
derived from UN Food and Agricultural Organization FAOSTAT 2021. The * tag means that FAOSTAT bundles 
several items that have varying degrees of pollinator-dependency. Pollinator dependence was derived from 
Silva (2021), supplementary materials.

Second, agricultural production is exceedingly heterogeneous around the world, implying that the effects 
will vary by region. Secondary, tertiary, or nonexistent crops in one country are often crucially important 
in another, and their aggregated production is dwarfed by cereals and rice. These statistics mask the acute 
disruption that would almost certainly be experienced by countries whose agricultural production is highly 
pollinator-dependent. 
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Fruit importers inspecting apples and pears at the Melbourne Fruit and Vegetable Wholesale Markets. 
applE anD pEar ausTralia lTD
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For example, Côte d’Ivoire is the top producer of cocoa beans worldwide, almost doubling the output of 
second-place Indonesia, but the crop is only the 79th most traded globally by weight. Similarly, kiwi fruit 
is New Zealand’s most important crop, but it ranks merely 84th globally. Figure 4 illustrates the geographic 
heterogeneity of vulnerability to pollinator declines for four relevant crops.2728 

Figure 4: Production by Nation of Select Pollinator-Dependent Crops 

Four pollinator-dependent crops and producing nations ranked with respect to weight (kilotons), averaged 
over the years 2016-2019.

Third, a focus on global crop production by tonnage ignores the nearly certain economic damage that would 
result from pollinator declines to nations around the world, beyond the nations immediately vulnerable to 
pollinator decline. Some crops are more valuable in the international marketplace, and those are often more 
dependent on pollinator ecosystem services. In most cases, a more relevant metric would be the value of 
agricultural production, which the UN’s Food and Agricultural Organization (FAO) obtains by multiplying 
gross production by local output prices. Figure 5 demonstrates that ranking by production value rather than 
production tonnage reveals  a global shift in pollinator importance, although the effect is not large (when 
visually compared to Figure 2).

Côte d’Ivoire
Indonesia
Ghana
Cameroon
Ecuador
Brazil
Peru
Colombia
Dominican Republic
Mexico

2501
1094

642
486
443
344
240
202
200

56

1
2
3
4
5
6
7
8
9

10

Production
(mean kt 2016-2020)

Cocoa Beans
(Global Rank 79)

Brazil
Vietnam
Colombia
Indonesia
Honduras
India
Peru
Ethiopia
Nicaragua
China

6368
2737
1653
1198
977
734
565
502
325
292

1
2
3
4
5
6
7
8
9

10

Production
(mean kt 2016-2020)

Coffee Beans
(Global Rank 64)

United States
Iran
Australia
Spain
Turkey
China
Tunisia
Italy
Greece
Algeria

9491
997
710
442
275
153
126
124
106

92

1
2
3
4
5
6
7
8
9

10

Production
(mean kt 2016-2020)

Almonds
(Global Rank 89)

Italy
New Zealand
Chile
Iran
Japan
Greece
United States
France
Portugal
Turkey

756
638
184
172
107

58
55
51
43
41

1
2
3
4
5
6
7
8
9

10

Production
(mean kt 2016-2020)

Kiwi Fruit
(Global Rank 84)

http://www.councilonstrategicrisks.org


     
www.councilonstrategicrisks.org 13

Figure 5: Crops Ranked by Production Value and Associated Pollinator Dependence

The world’s top pollinator-dependent crops with respect to agricultural production value, averaged over the 
years 2016-2019. Agricultural production value data was derived from UN Food and Agricultural Organization 
FAOSTAT 2021. The * tag means that FAOSTAT bundles several items that have varying degrees of pollinator-
dependency. Pollinator dependence was derived from Silva (2021), supplementary materials.

The vulnerability of individual countries is a critical consideration when assessing the implications of 
pollinator declines.  Following the method outlined in Silva,29 combining crop production data with 
estimates of pollinator dependence can lead to such assessments. Unlike Silva, however, this report employs 
the FAO’s agricultural production values rather than production tonnage. 

According to this analysis, Côte d’Ivoire, a West African nation that has experienced civil unrest as recently 
as 2020, is the country most dependent on pollinators (primarily from the production of cocoa beans, 
coffee, mangos, kola nuts, avocados, pumpkins, and cucumbers). New Zealand (kiwi fruit, fresh vegetables, 
apples, avocados, pumpkins, blueberries), Samoa (coconuts, taro, mangos, avocados), New Caledonia (fresh 
vegetables, coconuts, mangos, taro, watermelons, coffee), and Antigua and Barbuda (cantaloupes, eggplants, 
pumpkins, pumpkins, fresh vegetables) round up the five most pollinator-dependent countries. The top 
twenty such countries are shown in Figure 6.
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Figure 6: Countries Most Vulnerable to Pollinator Declines

The twenty countries most vulnerable to pollinator declines, as measured as the percentage of agricultural 
production values dependent on pollination (averaged over the years 2016-2019). Agricultural production 
value data was derived from UN Food and Agricultural Organization FAOSTAT 2021. Pollinator dependence 
was derived from Silva (2021), supplementary materials.

However, Figure 6 captures only the vulnerabilities of individual nations to pollinator declines. As implied 
previously, the interdependence of global food markets virtually guarantees that the effects of pollinator 
decline experienced by a particular country would not be constrained to national borders and would 
be propagated internationally. 

In a 2021 article, researchers proposed the concept of virtual pollination to measure the degree to which 
a given country imports and exports pollinator-dependent crops that were grown elsewhere.30 Using the 
authors’ online virtual pollination tool, the top 2000 virtual pollination trading pairs by tonnage (and 
normalized) are best illustrated using a circular chord diagram (Figure 7). 

Most countries are simultaneously virtual pollination importers and exporters. For example, the United States 
imports pollinator-dependent crops from Mexico and, to a lesser extent, other countries like Guatemala, 
Chile, and Canada. At the same time, the United States also exports virtual pollination to China, Mexico, 
Canada, Japan, Taiwan, Indonesia, and other countries.
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A key feature of Figure 7 is that it offers insights into how changes in pollinators in one country could affect 
its trading partners. For example, pollinator declines in New Zealand would have ripple effects for Japan, 
among others. Similarly, declines in Brazil would have large consequences for China, its greatest importer of 
pollinator-dependent foods. It is likely that significant pollinator declines in the United States would have 
the greatest impact on the tonnage of pollinator-dependent crops traded globally, and that impact would 
decrease somewhat as one moves clockwise around the diagram.

Figure 7: Pollinator Vulnerability Propagates Through Virtual Pollination Network
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Circular data graph created with Circos at http://circos.ca. 
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While Figure 7 clearly illustrates the global connectedness of pollinator ecosystem services, its normalized 
data obscures the large differences between nations with respect to quantities of virtual pollination trade. 
Using unnormalized values from the same dataset, Figure 8 shows substantial differences in virtual pollination 
outflow for some important exporting countries. According to this analysis, pollinator declines arising in 
Argentina would primarily affect China, declines in Indonesia would propagate substantially into India, and 
declines in Mexico would have profound consequences for the United States. This chart also illuminates the 
prominent virtual pollination contribution that Côte d’Ivoire, the world’s largest cocoa producer, provides 
not only to the United States but to its allies the Netherlands, Belgium, Germany, France, Italy, and the 
United Kingdom.

Figure 8: Top Virtual Pollination Importers from Select Exporters

Top ten virtual pollination importers by tonnage from select virtual pollination exporters. Data drawn from 
online virtual pollination tool at https://virtual-pollination-trade.shinyapps.io/virtual-biotic-pollination-flow/. 
Circular data visualization created with Circos at http://circos.ca.

Exporters

Exporters
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Similarly, Figure 9 shows substantial differences in virtual pollination inflow between several countries. 
The heavy U.S. dependence on Mexico for imported virtual pollinated services argues for elevated scrutiny 
of pollinator declines in that country. On the other hand, France, Germany, and the United Kingdom are 
comparatively more diversified and would likely be more resilient to shocks propagated by local pollinator 
declines. Also notable is the comparative importance of Brazil’s virtual pollination for all plotted countries. 

Figure 9: Top Virtual Pollination Importers to Select Exporters

Top ten virtual pollination exporters by tonnage to select virtual pollination importers. Data drawn from online 
virtual pollination tool at https://virtual-pollination-trade.shinyapps.io/virtual-biotic-pollination-flow/. Circular 
data visualization created with Circos at http://circos.ca.
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SOCIETAL AND SECURITY IMPLICATIONS OF 
POLLINATION DECLINES

The following sections examine three classes of negative impacts that pollinator declines would likely have on 
people and societies worldwide: impacts on food security and health; impacts on economics and livelihoods; 
and impacts on political and social stability.  These sections illustrate some important ways in which declines 
in this ecosystem service affect security, but they are not an exhaustive survey of all the potential direct and 
second- and higher-order impacts. Importantly, people would experience these stresses concurrently, and 
the compound nature of their impacts is itself an important factor in assessing the harm that would likely 
arise from pollinator declines.

IMPACTS ON FOOD SECURITY AND HEALTH

Clearly, pollination is critical to food security and, hence, declines in pollination services are likely to be 
highly disruptive to people already undernourished given the difficulty of meeting even present needs. At 
first glance, an estimated 5 to 8 percent drop in global production resulting from the unlikely extinction of 
all animal pollinators might seem to have a negligible impact. However, any change in agricultural output is 
of grave concern because global food security trends are already headed in the wrong direction.31 

Further expansion of agricultural land is likely to be needed to offset production shortfalls. If this were to 
occur through habitat conversion, which is highly likely, additional burdens would be placed on animal 
pollinators. Researchers have also found that over the past 50 years, yields of crops with greater pollinator 
dependence have increased at a slower rate and have become more volatile due to pollinator decline.32

U.S. Government Provides $100 Million to Improve Food Security in Madagascar. usaiD / malala ramarohETra
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Food security cannot be achieved by merely consuming the necessary kilocalories per day, and a diet consisting largely 
of cereals and grains is considered one of low quality and poor nutritional value. Despite their comparatively lower 
percentage of global agricultural production, fruits and vegetables—many of which are pollinator-dependent—
are just as critical to food security and should not be viewed as luxury foods for the developed world. Indeed, 
researchers have shown that global food production is increasingly dependent on pollinator-dependent crops.33

Many micronutrients, including vitamins A and C, calcium, fluoride, and folic acid, are found in pollinator-
dependent crops. There is a geographical overlap between nutritional dependency on pollination and 
malnutrition of these nutrients.34 For example, Vitamin A deficient regions are estimated to be three times 
more reliant on pollinator-dependent crops for plant-based vitamin A. This could lead to a substantial rise 
in preventable diseases, such as coronary heart disease, potentially leading to over a million additional deaths 
per year and drastically decreased quality of life.35

IMPACTS ON ECONOMICS AND LIVELIHOODS

As shown above, several of the world's most significant cash crops benefit from animal pollination in yield 
or quality and are major export products in both developing countries (e.g., coffee and cocoa) and developed 
countries (e.g., almonds). These crops provide employment and income for millions of people. One-third of the 
world's economically active workforce is employed by agriculture and is particularly important to the world's 
poorest rural communities, 70 percent of which rely on agriculture for their main income and employment. 

Major disruption to pollination services would likely have global implications with a few countries or regions 
taking on the brunt of economic losses. Figure 10 ranks countries by the percentage of people employed in 
the agricultural sector, for all nations and those particularly dependent on pollinators for crop production. As 
disaggregated data for employment directly tied to pollinator-dependent crops is not available, the rankings 
shown in the second table are probably only approximate measures of the actual dependency. 

Figure 10: Share of Working Population Employed in Agriculture

Countries ranked by share of the working population employed in agriculture for a) all countries and b) countries that 
are particularly dependent on pollinators for crop production. Data were derived from UN Food and Agricultural 
Organization FAOSTAT 2021. Pollinator dependence was derived from Silva (2021), supplementary materials.
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IMPACTS ON POLITICAL OR SOCIAL STABILITY

In addition to compounding pressures on food, economics, employment, and health, pollination shortfalls 
would almost certainly worsen local trends in poverty and inequality—these trends fuel heightened grievance 
of citizens towards their governments. Further, pollination declines are likely to trigger price shocks in some 
locally essential commodities, if not globally. 

Stresses on food access, food prices, employment, and increased dissatisfaction with ruling elites are well-
documented drivers of state fragility.36 Therefore, a significant decline in pollination services would likely 
undermine political or social stability, especially in those regions where people are highly dependent on pollinators.

Security analysts typically assess that nations with substantial political or social stability are better positioned 
to withstand or compensate for near-term perturbations or shocks, such as those that may arise from 
localized pollinator declines. However, the ongoing COVID-19 pandemic illustrates the severe challenges 
that even so-called “stable” nations, including those in Europe and the United States, can face from some 
forms of disruption—especially when coupled with disinformation. Hence, the axiomatic assumption that 
some countries are less prone to destabilization because of positive economic, social, and political indicators 
is probably worthy of interrogation and future research.   

On the other hand, some countries with existing state fragility or high dependence on pollinators—and especially 
both—are probably more likely to suffer instability from deficits in pollination ecosystem services. To investigate 
this relationship more fully, Figure 11 plots, for each country whose data was available, the normalized pollinator 
dependence against state fragility (taken from the Fund for Peace’s Fragile States Index 2021).37  

Arizona National Guard service members prepared and delivered boxes of groceries to area residents at 
a food bank in Casa Grande, Arizona during the COVID-19 pandemic. arizona naTional GuarD
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Figure 11: Pollinator Dependence and State Fragility

Scatter plot of pollinator dependence versus state fragility. Pollinator dependence data drawn from Silva 
(2021), supplementary materials, renormalized to 100 scale. State fragility drawn from Fund for Peace State 
Fragility Index, 2021.

Countries lying in the upper right quadrant would presumably be at higher risk to experience state fragility 
arising from deficits in animal pollination. Côte d’Ivoire, the world’s leading exporter of cocoa and a major 
source of coffee, has experienced substantial social unrest and political turmoil since 2020.  Malaysia is 
comparatively more stable, but its deep dependence on pollinator-dependent fruits and vegetables could 
undermine that condition in the event of substantial pollinator declines. Similar arguments can be made for 
Papua New Guinea, Honduras, and Guinea-Bissau.
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INTRODUCTION TO SEED DISPERSAL

Seed dispersal is the movement, spreading, or transportation of seeds away from their parent plants and, like 
pollination, is a key ecosystem function that anchors terrestrial ecosystems (as well as some freshwater and 
marine environments). As plants are immobile, they depend on other entities, such as animals and wind, to 
disperse their seeds. Distributing seeds across distance reduces competition of new plants with their parents 
and siblings for sunlight and other resources, increases the likelihood that plants find new environments, 
and reduces their exposure to pathogens and pests - an important element for the resilience of human food 
systems and forest integrity. Since seeds are viable for several years or more, seed dispersal also occurs over 
time with most of the same benefits.

The main mechanism of propagation and migration of most tree species is seed dispersal through the 
consumption of fruits by vertebrates, primarily birds and mammals. For example, 90 percent of woody 
plant species in tropical forests and over 60 percent in temperate forests depend on animal seed dispersal.38 

KNOWN OR ASSESSED RISKS TO SEED DISPERSAL  

The major drivers of biodiversity loss—habitat change and fragmentation, overharvesting, invasive species, 
and climate change—also directly and substantially impair most elements of seed dispersal. For example, large 
fruit-eating animals, such as elephants and primates, are vulnerable to poaching, which has cascading negative 
consequences for trees through the impairment of seed dispersal. Defaunation—the large-scale eradication 
of animals—of these species in tropical forests has been projected to render losses between 2 and 6 percent 

Toucan eating a pear. yEnyu shih / shuTTErsTock
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on average, with some scenarios causing almost 40 percent of forest loss.39 Over 25 percent of vertebrate seed 
disperser species are threatened globally, according to International Union for Conservation of Nature (IUCN) 
estimates, but the magnitude of seed dispersal declines is almost certainly underestimated since abundance 
reductions and local extinctions are not captured in this figure.40 Furthermore, since landscape influences 
the distance traveled by seeds, regardless of dispersal mechanism, any substantial habitat disturbance, such as 
forest conversion or fragmentation, is likely to have widespread effects on seed dispersal patterns.

Since animal seed dispersal is the mechanism by which plants migrate to more favorable conditions — an 
attribute that can be highly beneficial for human societies dependent on the resilience of said plants — seed 
dispersal declines would critically undermine the ability of plants to adapt to climate change. A recent study 
estimates that defaunation patterns to date have already suppressed the ability of these plants to disperse 
seeds by about 60 percent, with another 15 percent projected globally.41 

Moreover, climate change will almost certainly affect wind patterns, plant morphology (physical structure), 
and seasonal interactions between plants and seed dispersers. Unfortunately, little information is available 
on these relationships. However, climate change is happening at a much faster pace than the ability of most 
plants and animals to adapt through evolution, so climate change is likely to have an overall negative effect 
on these aspects of seed dispersal.

These trends have prompted some scientists to point to “evidence of a growing, global, seed dispersal crisis” 
that has been obscured by the long lifespan of perennial plants.4243 If true–and there is a growing body of 
evidence that supports this–then significant and possibly severe consequences are likely to follow for people, 
societies, states, and international security.

GLOBAL IMPACTS OF SEED DISPERSAL DECLINES

Scientific assessments of the effects of seed dispersal decline on people have been scarce, but some general 
conclusions are clear from a review of existing analysis. First, reductions in animal seed dispersal are almost 
certain to have long-term negative impacts on forest integrity. Tropical forests would suffer such effects 
particularly acutely since animal seed dispersal accounts for the reproduction of an estimated 90 percent of 
tropical trees, shrubs, and vines. In turn, this undermines the provision of food, energy, shelter, and many 
nonmaterial services that forests provide to human security. 

More broadly, regulation of climate, air quality, soil quality, and many other of the Earth’s large-scale ecosystem 
services depend critically on the health of tropical forests. Therefore, declines in seed dispersal are likely to 
have large and wide-ranging downstream effects on people and societies worldwide propagated through these 
systems. Moreover, by primarily contributing to biodiversity loss of plants and secondarily to that of other 
organisms that depend on them, dispersal declines would profoundly impact most other ecosystem services in 
Figure 1. For example, the provisioning of food, fiber, and energy and the ability to withstand environmental 
disturbances, such as droughts and wildfires, are all ecosystem services highly dependent on plant biodiversity.

Seed dispersal declines would also likely hinder forest restoration, an ambitious nature-based solution that 
governments worldwide hope to deploy to address climate change. However, most forest regeneration occurs 
passively through the dispersal of seeds by animals or the wind rather than by people planting trees, which 
is labor-intensive and more costly.44 Moreover, fewer seed dispersers suppresses the diversity of regenerating 
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trees, often leading to a lack of large-seeded, tall, and high wood density plants that are disproportionately 
important for carbon storage.45 Hence, as more seed dispersal decline occurs, especially in the tropics, the 
size of the carbon sink shrinks. Put simply, seed dispersal declines are likely to limit the potential of tropical 
forest restoration to address climate change.46

Temperate forests, including those in the western United States, are also likely to suffer from seed dispersal 
disturbances. In particular, the ability of a forest to recover after fire damage is impaired by changing wind 
patterns and altered animal behavior.47 This constraint is emerging as wildfires are projected to increase in 
prevalence and severity from climate change.48

Seed dispersal is also a crucial component of plants’ ability to escape the pests and pathogens that target 
virtually every tree species on Earth. Therefore, a decline in this ecosystem service would pose an additional—
and substantial—threat to tree and forest health. Already, fungal and other microbial pathogens have driven a 
global rise in tree epidemics, such as Sudden Oak Death, which has killed millions of trees in California and 
Oregon, as well as Ash Dieback, which threatens to wipe out the majority of ash trees throughout Europe.49 
Tree diseases are also common in tropical forests, such as the disease Rapid'Ōhi'a Death that has devastated 
tens of thousands of acres of 'Ōhi'a trees in the Hawaiian Islands.50

However, the rate at which risks to trees, vegetation, and other plants might unfold from seed dispersal 
declines is a significant source of uncertainty. As an estimate, a substantial effect may become apparent 
after many cycles of a given plant's fruiting period have passed, which is typically around two to seven 
years. Negative impacts on people would be greatly amplified if seed dispersal declines significantly impaired 
the ability of trees and forests to migrate to offset the accelerating pressures arising from climate change, 
environmental stress, pathogens, and pests.

Road through a forest of dead trees. Forest dieback in the Harz National Park, Germany. lEonhansEnphoTo / shuTTErsTock
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SOCIETAL AND SECURITY IMPLICATIONS OF 
SEED DISPERSAL DECLINES
Beyond the global consequences outlined above, which are potentially enormous, some localized impacts on 
security are also likely.  The following sections—which are illustrative rather than exhaustive—examine the 
impacts on: food security and health; economics and livelihoods; and political and social instability. As with 
pollination declines, people and societies would almost certainly experience these stresses as compounded, 
rather than, isolated impacts on security.

IMPACTS ON FOOD SECURITY AND HEALTH

Declines in seed dispersal are more likely to affect people through wild plants rather than those important in 
agricultural production. Consequently, risks to food security would primarily arise in those people dependent 
on the outputs of forests, especially in the tropics. Reductions in important fruit and micronutrients are 
likely to follow a decline in production, as well as other foods, such as meat, that indirectly depend on the 
ecological integrity of forests.

Moreover, many studies have shown that wild fruits possess various bioactivities and health benefits, such 
as antioxidant, anti-inflammatory, antimicrobial, and anticancer activity. Therefore, wild fruits that have 
the potential to be developed into functional foods or pharmaceuticals to prevent and treat several chronic 
diseases are at higher risk.51

By contributing to forest degradation, seed dispersal declines could also increase the incidence of 
human infectious diseases and even future pandemics. In recent years, forest health has been recognized 
as a buffer against the emergence of new infectious diseases by preventing drastic changes in the 
abundance and distribution of both reservoirs and hosts, and reducing contact between humans, 
livestock, and wildlife.52

IMPACTS ON ECONOMICS AND LIVELIHOODS

Roughly a third of the world’s population has a close dependence on forests and forest products, according 
to the UN.53 Almost 65 percent of these people are located in the tropics, and over 70 percent lived in 
countries classified as low middle income by the World Bank.54 In developing countries, wood harvesting 
is vital both for household use and for sale, with an estimated 880 million people spending time collecting 
fuelwood or making charcoal.55 Declines in seed dispersal would likely cause greater disruptions to those 
people in these regions and socioeconomic conditions.
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Declining forests produce less timber. Therefore, the formal timber industry, which employs more than 
13.2 million people worldwide, would almost certainly be adversely affected by significant declines in seed 
dispersal.56 Moreover fruit, nuts, medicinal plants, resins, and bark, as well as other non-timber forest 
products from tropical ecosystems, are becoming increasingly economically important—particularly as 
governments, development agencies, and conservationists promote these products over unsustainable timber. 

IMPACTS ON POLITICAL OR SOCIAL STABILITY

Seed dispersal declines would almost certainly contribute to political and social instability in some regions, 
the crucial factor being how rapidly forests would decline as a result. This is because forest ecosystem 
services are central to human security, such as food, energy, economic, and health security, and all would 
be undermined concurrently. An important contributing factor is the tendency of some governments to 
neglect or deprioritize forested areas and the people dependent upon them, particularly ethnic minorities 
and Indigenous people. In such cases, these populations tend to have low loyalty and high grievances 
towards government authorities. 

Violent conflict is already well-known in forested regions worldwide. Currently, there are violent conflicts 
in Brazil, Colombia, Côte d’Ivoire, Democratic Republic of the Congo, India, Indonesia, Liberia, Mexico, 
Myanmar, Nepal, the Philippines, Sierra Leone, Solomon Islands, Sudan, Thailand, Uganda, and Ukraine. 
57In the past twenty years, violent conflicts have also occurred in forested regions of Angola, Burundi, 
Cambodia, Central African Republic, Guatemala, Mozambique, Nicaragua, Peru, Republic of Congo, 
Rwanda, and Suriname.58 

As discussed with pollination declines, security analysis often assumes that nations with substantial political 
or social stability are predisposed to withstand perturbances or shocks, such as those from forest declines, 
but this assumption demands more scrutiny and research in the aftermath of the COVID-19 pandemic. 
Some countries with existing state fragility or a high dependence on forests, particularly both, are probably 
at greater risk of instability from such deficits. Unfortunately, there are no easily available data sources that 
track the dependence of people on either seed dispersal services nor forests themselves. 

However, a 2020 scientific article provided estimates of the number and the geographical distribution of 
“forest-proximate people,” who are defined as people who live in and around forests, typically within 5 
kilometers.59 As the authors point out, forest proximity is related to but not equivalent to forest dependency. 
Forest proximity is likely to generally track with forest dependency, however. Figure 12 plots, for each 
country whose data was available, forest proximity, as measured as a percentage of the population that is 
within five kilometers of a forest, against state fragility (taken from the Fund for Peace’s Fragile States Index 
2021).60 Tropical and nontropical forests are disaggregated to illustrate the deeper dependence of tropical 
forests on animal seed dispersal declines.
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Figure 12: Forest Proximity and State Fragility

Scatter plot of forest proximity, measured as percentage of population within 5 km of forest, versus state 
fragility. Nations whose forests are primarily tropical or nontropical are coded in red and white respectively. 
Forest proximity and forest categorization data drawn from Newton (2020), supplementary material. State 
fragility drawn from Fund for Peace State Fragility Index, 2021. Forest proximity is assumed to generally track 
with forest dependency, for which no data is available.

Countries in the upper right quadrant of Figure 12 would presumably be at higher risk to experience state 
fragility arising from forest degradation and, by extension, from seed dispersal declines. Laos, Liberia, Papua 
New Guinea, Sierra Leone, the Solomon Islands, and Timor-Leste are all countries with large percentages of 
their population proximate to, and to some degree dependent upon, tropical forests with high to moderately-
high levels of state fragility. Of the most fragile states, forest declines may play the largest factor to instability 
in the Democratic Republic of Congo and the Central African Republic, two nations already experiencing 
political and social turmoil.
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CONCLUSION

People and societies are deeply intertwined with the provisions provided by the plant kingdom, which is 
in turn undermined by declines in pollination and seed dispersal. Declines in crop yields, forest integrity, 
and fruit production will almost certainly have wide-ranging adverse effects on food, health, economics, 
labor, and political and social stability at global and regional scales. In the coming decades, as the drivers 
of ecological disruption accelerate, it is increasingly likely that unanticipated consequences will arise from 
disruptions to the natural world. It is evident that the societal consequences of declining pollination and seed 
dispersal services are greatly under-studied scientifically, and are certainly underappreciated by policymakers 
as well.
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