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Preface
IRGC is an independent organisation whose purpose is to help the
understanding and management of emerging global risks that have impacts
on human health and safety, the environment, the economy and society at
large. IRGC’s work includes developing concepts of risk governance,
anticipating major risk issues and providing risk governance policy
recommendations for key decision makers.
Every IRGC project commences with the writing of a "concept note" to
describe the particular risk issue being addressed. This is the objective of
the following document, which is not intended to be a complete and in-depth
description of the risk of the loss of pollination services but, rather, provides
a brief summary of the most relevant and urgent issues in the field and a
preliminary identification of risk governance deficits. The document thus
seeks to inform and guide any future work by IRGC on the subject.

More information on this document can be obtained from Malin
Samuelsson, at malin.samuelsson@irgc.org.
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Introduction
Ecosystem services are benefits that people obtain from nature. The services
include provisioning services (such as food, air and water), regulating services
(such as air quality, climate and water regulation), cultural services (including
cultural identity, spiritual values and recreation and tourism) and supporting
services (for example, soil formation and photosynthesis). Ecosystem services
are being put at increasing risk from pressures exerted by both population
growth and increasing per capita consumption [Sachs, 2008]. Urbanisation,
deforestation, climate change, non-native invasive species, unsustainable
agricultural practices and over-fishing, among other factors, are modifying the
structure of ecosystems and disrupting their proper functioning.
One important ecosystem service is pollination (classified by the Millennium
Ecosystem Assessment (MEA) as a regulating service), which is fundamental
to the reproduction of flowering plants and essential for the production of about
one-third of the human diet [Klein et al., 2007]. It is one of the 15 ecosystem
services identified by the MEA as currently being under threat. Commonly
thought of as a free service, pollination nevertheless needs resources for its
proper functioning. Whilst some plants can reproduce asexually or rely on wind
or self-pollination, the majority of flowering plants require animal pollinators in
order to produce fruit and seeds.
There is mounting evidence of a global decline in pollinators that threatens the
reproductive cycle of many plants and may reduce the quality and quantity of
fruit and seeds, many of which are of nutritional and medicinal importance to
humans. Such evidence includes the finding that those plant species requiring
external pollination and reliant on declining pollinators have, themselves,
declined relative to other plant species. Such findings “strongly suggest a
causal connection between local extinctions of functionally linked plant and
pollinator species” [Biesmeijer et al., 2006].
Pollinators are at risk from numerous threats and this, in turn, threatens the
many benefits people and ecosystems derive from pollination services. The
quality and quantity of pollination has multiple implications for food security,
species and ecosystem conservation as well as nature and society’s resilience
to environmental changes such as climate change. As the UN Food and
Agriculture Organization (FAO) notes: “As the recognized drivers of pollinator
losses (changing land-use patterns, pesticide use, diseases, invasive species
and climate change) are themselves changing in intensity, the global
community is justified in taking note and determining the actions that will
conserve pollinators” [FAO, 2008a]. Identification of appropriate actions is
needed, especially given the uncertainty posed by gaps in both scientific
knowledge and effective policy interventions.
This concept note will provide background on pollination services, evaluate the
risks related to the loss of these services, and identify the relevant governance
deficits in this field.
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Why has IRGC decided to address risks related to pollination
issues?
IRGC is concerned that, in comparison with other ecosystem services such as
fresh water supplies, fishery provisioning services, and climate regulation
services, insufficient attention is being given to the risks associated with the
loss of pollination.
IRGC considers that, although pollination is a critical issue that is well
acknowledged within the scientific community, it appears to be neglected and
insufficiently appreciated by policymakers, industry (particularly the agricultural
sector) and the general public. As a result, IRGC believes that the threats to
pollination services and related risks are not adequately taken into account,
directly or indirectly, in policies and regulations that may affect pollinators and
their habitats.
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1. Background/definitions
What are ecosystem services?
An ecosystem is defined as a “dynamic set of living organisms (plants, animals
and micro-organisms) all interacting among themselves and with the
environment in which they live (soil, climate, water and light)” [Natural
Resources Canada, 2007]. Ecosystems vary dramatically in size. Thus, a dead
tree, just like a lake, can simultaneously be, and take part in, an ecosystem.
Each living component is interdependent upon numerous other species and
abiotic components of the system. “Due to complex relationships and
feedbacks among people, ecosystems, and the biosphere, human well-being is
inextricably linked to the optimal use and management of ecosystems. Humans
are an integral part of almost every ecosystem – not only as agents of change,
but as consumers of ecosystem goods and services that range from the
provisioning of food, fuel, fibre, and fresh water, to the regulation of processes
that affect air quality, climate, erosion control, and human diseases” [USDA,
2007a]. In this sense, ecosystem services can be considered as the benefits
that humans derive from ecosystems. These services are usually organised
into four distinct groups:
•
•
•
•

Provisioning services: the products obtained from ecosystems such as
food, fibre, fuel, genetic resources, pharmaceutical resources and fresh
water;
Regulating services: the benefits obtained from the regulation of ecosystem
processes that control climate, water and air quality, disease, pests, natural
hazards, and pollination;
Cultural services: the non-material benefits obtained from ecosystems
through spiritual enrichment, development of knowledge, reflection,
recreation, and aesthetic experience; and
Supporting services: the underlying processes that support all other
ecosystem services, such as soil formation, photosynthesis, nutrient
cycling, and water cycling [MEA, 2005].

Ecosystems and their services provide the foundations for human life on Earth,
yet our activities are modifying and disturbing ecosystems, which are not
always capable of responding successfully to the demands we place upon
them. The speed at which natural ecosystems have been converted into
cultivated ones is accelerating rapidly: “more land was converted to cropland in
the 30 years after 1950 than in the 150 years between 1700 and 1850” [MEA,
2005].
Of the 24 ecosystem services assessed by the MEA, 15 are considered to be
seriously degraded [MEA, 2005]. The degradation of ecosystem services is
defined as “the persistent decrease in the capacity of an ecosystem to deliver
services” [MEA, 2005]. For instance, some ecosystems are losing some of their
capacity to absorb greenhouse gases or to recycle water. Thus, because
humans depend on ecosystem services to create a hospitable environment,
and because many ecosystem services are being degraded and are
irreplaceable, the quality of human life on Earth is itself threatened [Costanza et
al., 1987].
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What is pollination?
Pollination is the transfer of pollen grains from the male anther to the female
stigma of flowering plants and is critical to fruit and seed production [Ingram et
al., 1996]. The vast majority of plants rely on external vectors for pollination,
such as the wind or animal pollinators. As a key process in sexual reproduction
of flowering plants, pollination is crucial both to plant reproduction and to the
continued evolution of flowering plants. The role of insects in the reproduction
of plants was first formally discovered in the 18th century by Joseph Kölreuter
(1733-1806), a professor of natural history at the University of Karlsruhe,
Germany [National Research Council, 2007]. This knowledge was then
popularised by Charles Darwin half a century later, and the use of managed
pollinators to improve seed and fruit production has developed progressively
since then.
Most conifers, such as pine trees, and about 12% of the world’s flowering
plants are pollinated by the wind transporting their pollen [US Forest Service,
2008b]. Some of these wind-pollinated plants are major agricultural crops, such
as rice, wheat and maize [Ghazoul, 2007]. Other crops, however, especially
fruits and nuts, are reliant to differing degrees upon pollination by animals.
Some mammals, birds and reptiles act as pollinators, but the majority of
pollination is provided by insects such as flies, moths, butterflies, beetles and,
especially, bees. Wild bees can be extremely effective pollinators [Ricketts et
al., 2008] but agriculture increasingly relies upon managed colonies of
domesticated bees to ensure the pollination of many agricultural crops
[National Research Council, 2007]. The most common domesticated bee
species is the Eurasian Honeybee – Apis mellifera.
Over one-third of global food production comes from animal-pollinated crops
such as almond, melon, pumpkin, kiwifruit, cherimoya, papaya, sapodilla,
passion fruit, rowanberry, brazil nut, macadamia, cocoa, coffee and vanilla, and
is therefore dependent on pollinators [Klein et al., 2007].
Pollination is also essential for the production of many medicinal plants, such
as goldenseal (used for respiratory, immune system and gastrointestinal
diseases), sage (used for its astringent and antiseptic properties) and
dandelion (used for heartburn). Thus, pollination not only underpins many
traditional medicines but is also crucial to many modern pharmaceuticals since
up to 25% are derived from plant-based compounds [US Forest Service,
2008a].
The majority of flowering plants are pollinated by several pollinator species, but
some depend on a single species for pollination. For example, the Yucca plant
(a member of the Agavaceae group of plants) relies exclusively on a single
species of the yucca moth (Tegeticula maculate) for pollination. Such cases are
called obligate mutualisms.

9

Box 1 - Endangered Pollinators
The International Union for the Conservation of Nature (IUCN) Red List of
Threatened Species includes 41,415 species and 1,238 animal species are
listed under the United States Endangered Species Act [US Fish and Wildlife
Service, 2008c]. At least two bats and 13 bird species on the US list are
pollinators, but the number of listed pollinator insects remains unknown
[NAPPC, 2002-2005]. However, a list of pollinator insects prepared by the
American Xerces Society includes 59 endangered species of moths and
butterflies and 58 species of bees [Xerces Society, 2005]. In many countries,
up to a quarter of their known bee species may be listed on their endangered
species lists [FAO, 2008a].

Observed pollinator declines
There is evidence of a sizeable decrease in the population and range of many
pollinators such as bees, butterflies, moths, hummingbirds and bats. Some
farmers have already noticed significant declines in pollinator activity.
Californian almond growers are accustomed to paying beekeepers from all over
the US to place managed honeybee colonies in their orchards during the spring
blossom to guarantee effective pollination. However, in 2005, almond growers
in California were compelled to import domesticated bee colonies from
Australia to ensure that they met their production targets, because of the
devastation of the US bee colonies by the mite Varroa destructor [Holden,
2006]. The current global population of honeybees, which pollinate the majority
of pollinator-dependent crops, is suffering dramatic losses [Kluser et al., 2007].
The disappearance of many Apis mellifera honeybee colonies initially occurred
in the US, with 29% of 577 surveyed beekeepers across the country losing up
to three-quarters of their colonies in 2006 and 2007 [Stokstad, 2007]. In these
extreme cases, bees simply left their hives and never returned. This stillunexplained phenomenon, known as Colony Collapse Disorder (see Box 2) is
also occurring in Asia and Europe [Cornell University, 2007]. A report by the
French government [science.gouv.fr, 2008] quoted losses of 25% of hives in
Taiwan, Germany, Portugal, Switzerland and Greece. Significant declines are
also being observed in other bee species, such as the Himalayan cliff bee (Apis
laboriosa) and bumblebees (Bombus spp.).

Box 2 - Colony Collapse Disorder
Colony Collapse Disorder (CCD) is the name given to a phenomenon involving
the sudden disappearance of worker bees from honeybee colonies. There is
still significant uncertainty surrounding the likely factors that cause CCD but
most scientists agree that it is probably attributable to a mix of biotic and abiotic
factors.
Pathogens such as Varroa destructor mites, Nosema apis microsporidians and
Israel Acute Paralysis Virus all weaken bees, disrupt their immune systems and
are thought to be a major contributory factor of CCD. Pesticides have also been
linked to CCD, especially neonicotinoids such as imadacloprid, which has been
found in affected colonies.
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Stress is likely to be a factor and can be exacerbated by managed migration of
colonies, poor nutritional intake (perhaps through the feeding of sugar and
high-fructose corn syrup to overwintering colonies), and extreme weather such
as drought and heatwaves [USDA, 2007d]. There are also concerns about
possible links with genetically modified crops and electro-magnetic radiation,
although these are still considered to be speculative until further research can
produce scientific evidence.
Given the level of uncertainty of the causes of CCD and thus the difficulty of
developing appropriate mitigation practices, current governance approaches
are focusing on funding further research to clarify causal factors and possible
treatments.

Many mammal and bird pollinators are also declining. On a global scale “at
least 45 species of bats, 36 species of non-flying mammals, 26 species of
hummingbirds, 7 species of sunbirds and 70 species of passerine birds – all of
which are known to pollinate plants” are endangered [FAO, 2008a]. The lesser
long-nosed bat, which lives in the desert scrub region of Mexico and the SouthWestern US, is one example of an endangered mammal pollinator; these bats
act as important pollinators for night-blooming plants such as agave cacti [US
Fish and Wildlife Service, 2008].

2. Risks related to the loss of pollination services
Risks posed to pollination
•

Environmental risks: human activities threatening pollination
services

Pollinators are facing a multitude of threats, many of which derive from
urbanisation and agriculture.
Loss of habitat: Urbanisation, agricultural intensification and a shift to largescale monocultures reduce nesting sites and food resources for pollinators, and
lead to fragmentation and the loss of natural habitats. A consequence of habitat
destruction and fragmentation is the isolation of pollinators, which has the effect
of reducing population sizes and eroding their genetic pools, as well as
increasing genetic drift between isolated populations [Zayed and Packer, 2005].
Wild pollinator diversity and crop visitation rates diminish with increasing
isolation from their natural habitats [Ricketts et al., 2008].
Fragmentation also threatens migratory species, as is the case with the Rufous
Hummingbird (Selasphorus rufus). This hummingbird migrates from Mexico to
Alaska and facilitates plant gene flows over considerable distances [Center for
Sonoran Desert Studies, 2007]. Its population is steadily declining and the bird
is now on the Red List of Threatened Species of the IUCN. At smaller scales,
fragmentation has been shown to reduce the abundance of pollinators as well
as the seed set in many species of flowering plants [Donaldson et al., 2002].
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Agricultural chemicals: The use of pesticides reduces pollinator populations
directly through poisoning, and also contaminates their principal food supplies
resulting in early death, behavioural changes and reduced mobility [Boulter et
al., 2006]. Herbicides affect pollinators indirectly by eliminating non-crop flora,
which support pollinators. Whilst many monoculture crops are wind-pollinated,
such as grasses, others require insect pollination for seed production, such as
rapeseed and alfalfa. Monocultures that are not wind-pollinated often require
the provision of managed insect pollinators [Bradbear, 2003].
Invasive species: Another threat to pollinators comes from the deliberate or
accidental introduction of non-native pollinator species [Enserink, 1999]. The
introduction of new species can induce competition for food and nesting sites
with native species. For instance, European honeybees have been imported
from Eurasia into almost every other continent and have reduced the
populations of many native pollinators [Buchmann, S. L. 1996]. In Latin
America, African honeybees were accidentally released in 1957 and have
hybridised with feral European honeybees. The new “africanized” subspecies is
aggressive and is spreading north into the US. In New Zealand, introduced
Apis mellifera are the primary pollinators of introduced invasive weeds and so
reinforce the process of colonisation by invasive plants [Goulson, 2003].
Moreover, imported pollinators are often vectors for parasites and diseases that
can then spread to native populations of pollinators which may lack any
resistance to introduced pathogens. For example, bumblebees imported in
1998 to the US for greenhouse pollination brought with them parasites which
quickly infected native wild bees, such as Bombus occidentalis, driving some
colonies into decline [Thorp and Shepherd, 2005].
The global spread and introduction into the US of the varroa mite in the 1980s
is also known to have increased the mortality of honeybees [Cox-Foster et al.,
2007].
•

Climate risks: disruption of pollination timing

The timing of pollination is determined by climatic cues such as temperature
and water availability [Cleland, E. E. et al., 2007]. Many pollinators also
synchronise their life cycles with climatic cues, and this phenological response
of plants and pollinators needs to remain broadly synchronised for many plantpollinator relationships to remain viable.
Climate change is altering the phenological response of plants and some
pollinators may be unable to alter their life cycles in synchronisation with
altered pollination timing. Kudo et al. (2004) show that, since 1998, plants have
been flowering much earlier in alpine environments whilst the time of
emergence of pollinators has not necessarily changed, thereby disrupting
pollination.
Climate change also shifts the latitudinal and altitudinal climate ‘envelope’ of
species. Some species are more mobile or adaptable to change and so the
composition of plant and pollinator assemblages is likely to change in many
locations. For example, species in the tropics appear to be living at or near their
thermal optimum and further warming may cause some species to migrate to
cooler areas, or die out [Deutsch et al., 2008].
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•

Conclusion

Whilst there has been a documented decline in the population and range of
numerous species of pollinators, controversy remains over the level of
concomitant threat to pollination services. In some plant-pollinator relationships,
loss of specific pollinators will result in local extinction of mutualistic plants.
However, most plants are pollinated by a diverse community of pollinators, and
assessing the risk to pollination services from declines in individual species
remains extremely complex, and in most cases, inadequately understood. Most
of the recent declines in pollinators are part of a global pattern of loss of
biodiversity that is being observed at local, national and regional scales, the
main drivers of which are loss of natural habitat, disruption from invasive
species and pollution.
Some scientists argue that pollination services are relatively robust and resilient
in many ecosystems and agricultural scenarios, and that investments in the
conservation of pollinator habitats for some agricultural crops may be
misplaced, especially where pollination is highly managed and thus decoupled
from wild pollinators [Ghazoul, 2005]. Others argue that current declines of
pollinators threaten crop productivity, biodiversity and rural livelihoods [SteffanDewenter et al., 2005].
What is clear is that as an ecosystem service, pollination is extremely difficult to
replace. Bernard Vaissière, a specialist on pollination at the French National
Institute for Agricultural Research (INRA), believes that attempts to develop
substitute solutions through technological methods are not, to date, satisfactory
[Contre Info, 2007]. Some crops, for instance tomatoes and courgettes
(zucchini, squash), can produce fruit with hormone spraying. However, these
techniques cannot be used for every plant species and results can be inefficient
in terms of both quantity and quality, not to mention economics.

Risks posed by the failure of pollination services
•

Environmental risks: depletion of biodiversity

Any decline in pollination services could lead to cascading effects on
ecosystems and an overall loss of biodiversity and ecosystem services (such
as agricultural production). Mutualistic relationships are most directly affected
since the loss of individual pollinator species will lead to the extinction of any
co-dependent plant species (and vice-versa). A research study conducted in
Britain and the Netherlands, under the European project Assessing Large-scale
environmental Risks for biodiversity with tested Method (ALARM), has shown
that specialist pollinators and the obligate outcrossed plants that they pollinate
decline in tandem [Biesmeijer et al., 2006].
Ecosystems possess some robustness to the loss of individual species since
multiple pollinators can pollinate most plants, each with somewhat different
effectiveness or responses to environmental change. However, the loss of
particular pollinator species and the impoverishment of pollinator diversity
diminish the resilience of ecosystems to change, which are subsequently less
able to provide services to humans [FAO, 2008a]. Many pollinators are also
important food sources for higher animals, so their loss may threaten birds,
bats and other small mammals. As individual species are lost from an
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ecosystem, the functional redundancy that diverse ecosystems generally
display is reduced and resilience to change also tends to decline.
This loss of functional redundancy of ecosystems is complex, but ecosystems
seem to be resilient to major disruptions up to certain thresholds, beyond which
irreversible vegetation “phase-shifts” can occur. To date, most research has
focused on fire and deforestation as major driving factors [Barlow & Peres,
2008]. Major gaps remain in our understanding of how the loss of pollinators
might precipitate a similar shift in vegetation communities. Natural hazard
protection is also put at risk as altered vegetation cover may change river flow
regimes, alter vulnerability to fire and reduce natural flood protection.

• Climate risks: disrupting the CO2 and water cycles
The interaction between climate and vegetative cover is an important element
of carbon and water cycles [Denman et al., 2007]. Thus, a modification in
density or diversity of the vegetative cover could have an impact on climate
change, especially in regions such as the Amazonian interior, where rainfall is
generated in large part by vegetation cover.
Loss of the pollination process could also have an impact on climate change
through the disruption of the water cycle. Since tropical forests mitigate
warming through evaporative cooling [Bonan, 2008], a diminishing vegetative
cover could mean less evaporative cooling, which could, in turn, modify surface
temperatures.
However, studies have not yet been conducted to measure the extent to which
ecosystem services provided by plants are increased by animal-mediated
pollination [Kremen et al., 2007] and the interactions between ecosystems and
the atmosphere are complex. The impact of climate change on pollination
services therefore remains highly speculative, but seems likely to vary across
ecosystems.

• Social and economic risks: threats to food security, rural
development and industry
Food Security: Large-scale loss of pollination services would affect important
components of food security since 80% of the world’s crop plants rely on
animal pollination [Klein et al., 2007]. In addition to fruit and vegetable
production, the supply of meat and milk may also suffer from the lack of
pollinators, since many fodder crops such as alfalfa and clover are largely
reliant on insect pollination [Voeller et al., 2007]. Oil seeds such as canola are
important inputs for animal feeds and have been found to be less productive
when numbers of honeybees decline [Klein et al., 2007].
Currently, the loss of pollination services is not perceived to be a major threat
to global food security. The main cereal crops, such as rice, maize and wheat,
are not directly affected by loss of pollinators [Ghazoul, 2007]. However,
failures in the pollination process may ultimately threaten food security in
regions where cereals are not a significant part of the human diet. Food
diversity may decline considerably and any switch in human diet, especially if
certain fruits and vegetables become scarcer, may have repercussions on
health. For instance, foods pollinated by animals supply a large proportion of
essential micronutrients such as vitamin C [National Research Council, 2007].
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Rural Livelihoods: Any deterioration of pollination services will also have an
impact on the livelihoods of many rural communities. For instance, in the event
of drought, some poor communities of northern Mexico rely on the batpollinated fruit of columnar cacti, an important source of water, sugar and other
nutrients [Medellin, 2004]. Quite simply, “poor people, with restricted access to
resources, and lower integration into the cash economy, are less able to
substitute human and physical capital, and have less purchasing power, and
are therefore particularly, and most directly, dependent on ecosystem services”
[Ash et al., 2007, p.11]. Such reliance upon ecosystem services makes the
poorest more vulnerable to any change in those services. Thus, a functioning
pollination process is life-threateningly important to the rural poor, who rely on
animal-pollinated food crops and medicines for their subsistence.
The economic value of pollination services is difficult to assess with precision
because the contribution of wild pollinators is often poorly understood and
extremely difficult to quantify. The total economic value of pollination worldwide
has recently been estimated at US$ 224 billion, representing 9.5% of the value
of world agricultural food production in 2005 [Gallai et al., 2008]. Pollinatordependent crops – fruits, vegetables, edible oils, nuts and spices – are
generally "high-value" crops: a ton of the crop categories that do not depend on
insect pollination averages US$ 221 in value while those that are pollinatordependent are worth US$ 1,112 per ton. These high-value horticultural crops
are serving as important sources of income for many poor farmers in
developing countries, and allow smallholders to maintain profitable livelihoods
on smaller farms typical of developing countries. Thus, a decline in pollination
services could have an adverse impact on both the food industry and the rural
poor. Additionally, for 75% of food crops, a deficit in pollination services
reduces fruit quality and/or quantity [Klein et al., 2007]. The majority of
agriculture is, therefore, potentially affected by pollinator scarcity. Beekeepers
are already experiencing losses of 30 to 90% of their hives in the US [USDA,
2008]. For consumers, commodities that are affected by a pollinator deficit may
suffer because the commodity becomes less available and therefore costs
more [Kevan et al., 2001].
Industry: A decline in pollination services would be detrimental to the
pharmaceutical industry, as about 25% of modern medicines were developed
from plants [Ngandwe, 2006]. Other industries, such as the floral and perfume
industries, would also be affected. The perfume industry, for example, uses
spices or flowers, such as vanilla orchids and cardamom, that depend on
pollination [McGregor, 1976]. Both the availability and market prices of such
spices would be affected by the loss of pollination services.
The bioenergy sector is also at risk since bees help pollinate crops such as
sunflower, soy, rapeseed and safflower [Klein et al., 2007] which are all used in
biofuel production.
Yet, perhaps even more importantly, loss of pollinators is likely to contribute to
loss of some plant species, and accompanying losses of potentially valuable
compounds for future biochemical advances for pharmaceuticals and a host of
other industrial applications. With fewer than 2% of plants having been
thoroughly tested for potential medicinal compounds, there is huge untapped
potential resource that is at risk before it is even discovered. The loss of this
“option value” is a significant risk.
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3. Current regulatory and governance context
Governmental regulations relevant to pollination exist at different levels:
international, national, and local. Some refer specifically to pollination; others
do not.

At the international level
The International Initiative for the Conservation and Sustainable Use of
Pollinators was established in 2002 at the fifth meeting of the Conference of the
Parties to the United Nations Convention on Biological Diversity. This Initiative
is built around four distinct goals:
• “Monitor pollinator decline, its causes and its impact on pollination services;
• Address the lack of taxonomic information on pollinators;
• Assess the economic value of pollination and the economic impact of the
decline of pollination services; and
• Promote the conservation and the restoration and sustainable use of
pollinator diversity in agriculture and related ecosystems” [Convention on
Biological Diversity, 2008].
The Initiative is facilitated and coordinated by the FAO.

The Conservation and Management of Pollinators for Sustainable Agriculture
through an Ecosystem Approach is a five-year project launched by the Global
Environment Facility (GEF) in 2008 and implemented through the United
Nations Environment Programme (UNEP) and coordinated by the FAO. The
project aims to show how pollination services can be conserved and
sustainably used in agriculture, through a set of targeted cropping systems in
seven countries with a wide diversity of ecological zones and farming patterns.
Through the development and testing of good agricultural practices, built on an
extended knowledge base, capacities will be built and awareness raised to
promote wise management of animal pollinators. A set of tools, methodologies,
strategies and best management practices will be created, which can then be
applied to pollinator conservation efforts in relevant agroecosystems globally.
Project outcomes will be:
• “An integrated and accessible knowledge base for the management of wild
pollination services, for farmers, land managers and policy makers;
• Enhanced conservation and sustainable use of pollinators for sustainable
agriculture;
• Increased capacity for conservation and sustainable use of pollinators by
farmers and land managers; and
• Mainstreaming of pollinator conservation and sustainable use” [Global
Environment Facility, 2007].
The Convention on Environmental Impact Assessment in a Transboundary
Context (Espoo Convention) was adopted in 1991 and came into force in 1997
[UNECE, 1991]. The Convention provides an international framework (limited in
its geographical scope mostly to European countries, Russia, Canada and the
US) for the use of environmental impact assessments, particularly when an
activity under the jurisdiction of one Party may have effects on the environment
in the jurisdiction of another Party [UNECE, 1991]. The Kiev Protocol to the
Espoo Convention establishes procedures for a strategic environmental
assessment of a programme of projects [UNECE, 2003]. However, neither the
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Espoo Convention nor the Kiev Protocol refers specifically to pollination or
pollinators.

European Union
The Environmental Impact Assessment (EIA) Directive was introduced in 1985
[Europa, 2008c]. This Directive aims to avoid pollution by identifying and
assessing the possible environmental impacts of a public or private project
before authorising its implementation. Construction work and other
interventions in the natural surroundings are considered as projects that fall
within the scope of the Directive [EUR-Lex, 1985]. More specifically, the EIA
Directive identifies the need to assess the effects of a project on:
• “Human beings, fauna and flora;
• Soil, water, air, climate and the landscape;
• The interaction between the factors mentioned in the first and second
indents; and
• Material assets and the cultural heritage.”
The Environmental Liability Directive, based on the “polluter pays principle”,
was adopted on 30 April 2004 and came into force on 30 April 2007 [Europa,
2006]. It seeks to ensure that, in the future, environmental damage in the
European Union (EU) is prevented or remedied and that those who cause it are
held responsible. Environmental damage includes damage to natural habitats,
animals and plants, water resources, as well as contamination of land that
causes significant harm to human health [FSN, 2007].
The EU-funded ALARM project aims to assess the changes of biodiversity and
the impact of its loss in Europe. Among other risks posed to biodiversity, it
considers the loss of pollinators. The four main goals of the project’s Pollinator
Module are to:
• “Quantify distribution shifts in key pollinator groups across Europe;
• Measure the biodiversity and economic risks associated with the loss of
pollination services in agricultural and natural systems through the
development of standardised tools and protocols;
• Determine the relative individual and combined importance of drivers of
pollinator loss (land use, climate change, environmental chemicals,
invasive and socio-economic factors); and
• Develop predictive models for pollinator loss and consequent risks”
[ALARM, 2003].
The Habitats Directive establishes a European ecological network of protected
sites: Natura 2000. The purpose of the Directive is to protect biodiversity by
conserving natural habitats and wild flora and fauna at suitable scales. Other
activities include “monitoring and surveillance, reintroduction of native species,
introduction of non-native species, research and education” [Europa, 2008b].
The Directive establishes clear targets for nature and biodiversity protection,
and is implemented within the framework of the UN Convention on Biological
Diversity [EuropaWorld, 2006].
The Wild Birds Directive was launched in 1979 and aims to protect and
conserve wild bird species living within the European territory of member
states, in the long-term [Europa, 2008a]. European Member States must
conserve, maintain and restore the biotopes and habitats of wild birds by:
• “Creating protection zones;
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•
•
•

Maintaining the habitats;
Restoring destroyed biotopes; (and)
Creating biotopes” [Europa, 2008a].

The Plant Protection Products Directive of 15 July 1991 regulates the sale of
pesticides and herbicides by implementing “uniform rules on the evaluation,
authorization, placing on the market and control within the EU of plant
protection products and the active substances they contain” [Europa, 2007].
The Directive aims to ensure that marketed products do not pose a threat to
human, animal and environmental health.
The Common Agricultural Policy (CAP) was launched in 1962 and now has two
pillars: the market and income policy and the sustainable development of rural
areas. Some of the agri-environmental measures of the CAP are:
• “Environmentally favourable extensification of farming;
• Management of low-intensity pasture systems;
• Integrated farm management and organic agriculture;
• Preservation of landscape and historical features such as hedgerows,
ditches and woods; (and)
• Conservation of high-value habitats and their associated biodiversity”
[European Commission, 2003].

United States of America
The CCD Action Plan (July 2007) has been established by the United States
Department for Agriculture (USDA) to deal with Colony Collapse Disorder
(CCD) of honeybees [USDA, 2007d]. The action plan has four main
components:
• “Survey and data collection needs;
• Analysis of samples to determine the prevalence of various pests and
pathogens, exposure to pesticides, or other unusual factors;
• Controlled experiments to carefully analyze the potential causes of CCD;
and
• Developing new methods to improve the general health of bees to reduce
their susceptibility to CCD and other disorders” [USDA, 2007c].
The Ecological Goods and Services Working Group is made up of Cooperative
State Research, Education, and Extension Service (CSREES) national
program staff [USDA, 2007a]. Its goals are to:
• “Identify a research, education, and extension agenda for ecological goods
and services within CSREES;
• Coordinate agency efforts in the development and implementation of
government-wide initiatives to incorporate ecological goods and services
into science and policy; (and)
• Form a partnership with land managers, stakeholders and policymakers to
improve the sustainability and stewardship of working lands” [USDA,
2007a].
National Research Initiative – Managed Ecosystems
The several objectives of the Managed Ecosystems Program are to:
• “Protect and enhance the natural resource base and environment through
the appropriate use and management of ecological systems;
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•
•

Enhance economic opportunities by increasing productivity and ecosystem
services; and
Improve the quality of life in rural America through improved environmental
quality” [USDA, 2007b].

Mexico
The Mexican government has amended its federal wildlife laws in order to
support the preservation of bats. Bats are essential for the pollination of
agaves, used for the production of alcoholic beverages such as tequila and
pulque [FAO, 2008a]. Caves and crevices, which are the bats’ natural habitats,
are now considered as protected areas.

France
The French initiative Charte “L’abeille, sentinelle de l’environnement” was
launched by the Union Nationale de l’Apiculture Française in 2005. The charter
alerts, informs and sensitises territorial communities, corporations and the
public. The goals are:
• To fight against the use of pesticides with unknown effects;
• To preserve honey bees in France and in other parts of the world;
• To protect plant biodiversity;
• To promote a sustainable agriculture;
• To preserve the link between human and nature; and
• To inform the public [UNAF, 2007].

Problems with current regulations
Current regulations reveal several deficits on how the risks posed to pollination
services are addressed. The main deficit is that most regulations are not
specific to pollination. In the opinion of IRGC, pollination and pollination
services are insufficiently understood or recognised as important, so they
cannot be fully taken into account by implication alone.
More specifically, the EU Habitats Directive has some deficits. It lacks a clearlydefined target for how much land needs to be included in the Natura 2000
network to protect key species and ecosystem services. Moreover, it does not
effectively use the opportunity provided by Natura 2000 to build an ecologically
representative network at the continental scale through collaboration between
European countries. Thus, site coverage and selection often represent social,
political and economic factors, to some detriment for ecological concerns.
The 1991 Plant Protection Products Directive concerning the placing of
pesticides and herbicides on the market does not contain norms for the
chemical industry that might be relevant to pollinators [Moreigne, 2006].
Assessment of pesticides before approval seems to be insufficient, as
illustrated by the controversy surrounding neonicotinoids (systemic pesticides)
suspected of having increased the mortality of honeybees in France in the
1990s through their assimilation into plant pollen and nectar [Dupont, 2005;
Quiret, 2008]. The use of pesticides seems to receive insufficient guidance and
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regulation, so they are often overused or applied carelessly, and may reach
unintended areas that harm pollinators [Kevan et al., 1997].
Because pollinators easily cross national boundaries, their management and
protection need to be reflected in an international approach to governance. In
this respect, the US is not a Party to the UN Convention on Biological Diversity
although it has publicly stated its commitment to the Convention’s objectives
[Burnam, 2002]. Also, most countries currently implement their own invasive
species mitigation policies but, due to the mobility of such species, a more
coherent and integrated approach is required.
Furthermore, few economic incentives reward positive contributions,
particularly by groups such as farmers whose husbandry techniques are so
influential on the biodiversity of rural agricultural landscapes [FAO, 2008a].
Also, IRGC is concerned that most policy initiatives seem to be directed more
towards research and sensitisation rather than encouraging specific actions.

4. Risk governance deficits
Several elements impede the effective governance of risks related to the loss of
pollination services.

Uncertainty of the science
Current understanding of pollinators, plant-pollinator relationships and threats
to pollinators is beset by a number of knowledge deficits, including:
•
•
•
•
•
•
•
•
•

The relationship between plants, pollinators and ecosystems;
The capacity and importance of wild pollinators;
The impacts of pollination disruptions on plant reproduction;
The knock-on effects induced by species extinctions;
The requirements of wild pollinators;
The trends in pollinator populations;
The impacts on pollinators of climate change;
The causes of Colony Collapse Disorder; and
The effects of pesticides and other chemicals on pollinators.

Lack of adequate
environmental costs

economic

schemes

to

internalise

Evaluating the benefits that are provided by most ecosystem services, such as
pollination, is a difficult task because such benefits are often perceived as
public goods that are not captured by conventional, market-based economic
instruments [Balmford et al., 2002]. The most obvious value is from
provisioning services, such as the production of timber or the collection of
plants and animals for food [Edwards et al., 1998]. However, the most
challenging ecosystem services to incorporate into the marketplace are
regulating, cultural and supporting services. This is because they “clearly
underpin human welfare and a range of economic activities, but they can also
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be extremely difficult to measure and link to specific providers or beneficiaries
and are highly variable across sites” [Hanson et al., 2008].
Pollination, which is often regarded as a free public good, represents only
indirect uses for people and does not draw immediate attention [Edwards et al.,
1998]. Pollination services are also difficult to measure because fruit and seed
production varies dramatically in response to many biotic and abiotic factors
such as weather, water, or soil [National Research Council, 2007]. Thus, the
economic value of pollination often becomes apparent only after the services
are lost. Current efforts to internalise environmental costs are centred on
setting up economic incentives broadly called Payments for Environmental
Services (PES). PES is a mechanism whereby landowners receive
compensation for the ecosystem services their land provides to the general
public [Redondo-Brenes et al., 2006]. Examples of successful PES projects at
local and regional scales include the Nestlé Waters project to mitigate the risk
of nitrate contamination of mineral water aquifers caused by agricultural
intensification in the Vosges mountains of France [Perrot-Maître, 2006], and, in
Costa Rica, a project whereby downstream customers of water utilities
subsidise re-vegetation and good watershed management practices carried out
by upstream land owners [Redondo-Brenes et el., 2006].

Absent or inadequate land-use policies
Land-use policies that allocate suitable habitat for pollinators and protect
pollinator habitats such as woodland, hedgerows and windbreaks (used as
foraging and nesting sites) may be insufficient or inadequate.
For example, the EU introduced financial incentives for “set aside” in 1992.
However, the focus was on reducing agricultural surpluses and compensating
farmers for reduced production. Wildlife benefits were clearly secondary in
importance and no assistance was provided in planning set aside to maximise
benefits to wildlife in general, or pollinators in particular. This is just one
example of a wider problem of lack of planning of agricultural landscapes that
balance production with biodiversity. Scientific understanding of biodiversity
increasingly points to the need for landscape-scale efforts to provide connected
habitats to maintain minimum viable populations of species.
Sustainable practices which assure the retention of habitats able to support
wild pollinators are needed. Practices such as protecting nesting sites and
planting species-rich hedgerows around farms are carried out in order to
protect and conserve pollinators [FAO, 2008b], but are still too few and are
seldom planned specifically with pollinators in mind. At larger scales,
agricultural approaches such as ecoagriculture could offer methodologies for
balancing biodiversity conservation, agricultural production and rural livelihoods
at landscape scales [Milder et al., 2008].

Inadequate stakeholder participation and consultation
At present, many relevant stakeholders are not adequately involved in decisionmaking. Beekeepers are rarely consulted for input into decisions on local
developments that may affect pollinators, nor is their detailed knowledge
sought on what is actually happening to the bee populations. This is especially
important where evidence of new or uncertain risks to pollinators is emerging,
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as is the case with many of the factors that are suspected of contributing to
CCD (see Box 2).
Conflicting views between stakeholders may also hinder efforts to improve the
governance of risks related to the loss of pollination services. For example, the
chemical and biotechnology industries and beekeepers may have diverging
interests. Pesticides and herbicides are suspected of having a negative impact
on managed honeybees, potentially causing important financial losses to
beekeepers [Boulter et al., 2006].
Farmers have both the local knowledge of pollinator habitats as well as the
means to manage those habitats, so their contributions are especially valuable.
In addition, there is an important deficit in public knowledge and awareness, in
terms of understanding both the pollination process and the importance of
pollinators to society. In many cases, diverging views may be the result of poor
communication.

Difficulty of medium- to long-term planning
A short time horizon leads to discounting the future [Edwards et al., 1998]. This
short-term perspective is widespread, mostly due to market forces, and often
takes precedence over the preservation of the environment, which requires a
longer-term outlook. More specifically, market forces often give higher
incentives to the destruction of natural habitat to maximise production, without
taking a holistic view of longer term needs.
The problem is accentuated by poverty, which often compels people to
compromise the long-term sustainability of their livelihoods in order to meet
short-term basic needs. Also, the agricultural industry does not always
recognise the trade-off between increased acreage and reduced biodiversity
and this is reinforced by the belief that biodiversity and productivity are
increasingly decoupled thanks to the use of energy and resource intensive
modern technologies.

5. Recommendations
IRGC recommends that the following measures be considered to address the
governance deficits of pollination services:
Reduce knowledge gaps
•
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Increase funding for research, especially multidisciplinary research, in
order to better understand the plant-pollinator relationship, natural and
man-made threats to pollinators and pollination services, and the
environmental, social and economic consequences of their loss. Such
research should have the objective of creating a body of knowledge able
to guide policymakers in establishing a regulatory framework that will
protect wild pollinators and their habitats. It should also provide the basis
for voluntary initiatives by industry and the general public;

•

Establish at the earliest opportunity the monetary and non-monetary
values of the benefits of pollination services at multiple scales;

•

Increase funding for research into pollinator pathogens; and

•

Better assessment of agricultural chemicals for their impact on pollinators,
before approval for use.

Governance practices
•

Provide farmers with advice and incentives to adopt sustainable
agricultural practices. This would initially be through implementing more
effective and robust land-use policies (set-aside land within and around
cultivated areas, such as hedgerows and windbreaks) [Ingram et al., 1996]
but should also, in the longer term, be part of an integrated progression
towards sustainable agricultural practices that are sufficient to ensure
long-term global food security. Such incentives could be based on
emerging PES approaches;

•

Encourage the restoration and preservation of endangered habitats and
species, reintroduce native plants and pollinators where absent, and better
manage invasive species such as exotic pollinators imported to support
pollination of agricultural crops;

•

Establish liability regimes, such as the one established by the EU’s
Environmental Liability Directive, to penalise those whose actions cause
damage to vital habitats; and

•

Impose a system of certification for traded pollinators to ensure that they
are disease-free, in order to reduce the spread of pathogens.

Improve stakeholder participation and communication
•

Initiate a closer level of communication between scientists and
policymakers. This could be done through the establishment of national
roundtables on pollination that communicate closely with the International
Initiative for the Conservation and Sustainable Use of Pollinators;

•

Because ecosystems do not follow political boundaries, international
collaboration is needed between policymakers to assess the continuity and
health of migratory corridors [Ingram et al., 1996];

•

Information exchange and collaboration is needed between policymakers
and the agricultural and agribusiness sectors, who are best placed to act at
the local level to implement protection policies for pollination services;

•

Policymakers should work with the agrochemical industry, in order align the
needs of this sector with those of pollination services; and

•

Raise public awareness by launching campaigns to provide general
information about the pollination process and pollinators’ role, to promote
good practices that are implementable at the local level, such as gardening
using native flowering plants, reducing the use of pesticides and
herbicides, and leaving parts of gardens untouched and unmown.
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Conclusions
This concept note provides a general overview of pollination as an ecosystem
service, of the risks to pollination – particularly the risk of the loss of animal
pollinators – and of the risks and issues associated with its potential decline.
Failure of pollination services can have additional indirect and potentially
harmful consequences. The risks of the loss of pollination services are
complex, multi-dimensional and uncertain and they involve a wide range of
stakeholders.
The loss of pollinators has been scientifically observed but no firm evidence
demonstrates a general decline in pollination services. When a decline in
pollination has been observed, the link to the loss of pollinators is not always
obvious. In the short term, a potential loss of pollination services mainly
concerns the agricultural sector and there is a particular need to assess and
internalise the economic value of these services in prices paid for agricultural
commodities. In the long term, the main risks generated by failures in the
pollination process are a wider depletion of biodiversity and the resultant
reduction in the resilience of ecosystems; here, the most important questions
concern how the current loss of biodiversity is linked to the disruption of
pollination services.
The high degree of uncertainty regarding the risks related to pollination
services implies the need for continued research to improve the scientific
understanding of pollination processes. Additional measures include improving
interactions between scientists, policymakers, farmers, industry and the public;
designing regulatory frameworks that account for pollination services in the
absence of scientific certainty; and encouraging multi-stakeholder participation
in the governance process. On this last point, the involvement of industry and
of groups such as farmers who are responsible for land-use decisions at the
local level is especially important.
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Appendix
Organisations working on pollination and related issues
•
•

•

•
•

•
•
•

•
•
•
•
•

•
•
•

•
•
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Bat Conservation International: North American Pollinator Protection Campaign
partner. www.sdp.gov/sdp/initiative/c22350.htm).
BirdLife International: the BirdLife International partnership forms the leading
authority on the status of birds, their habitats and the issues and problems affecting
bird life.
ESA: Ecological Society of America have developed a pollination toolkit which
provides clear advice on the state of pollination and possible actions to protect
pollinators.
EU: European Union.
FAO: Food and Agriculture Organization of the United Nations, the FAO Global
Action on Pollination Services for Sustainable Agriculture provides guidance to
member countries and relevant tools to use and conserve pollination services that
sustain agroecosystem functions.
GEF: Global Environment Facility.
INRA: Institut National de la Recherche Agronomique (France).
International Initiative for the Conservation and Sustainable Use of Pollinators:
th
Established by the 5 Conference of Parties to the Convention on Biological
Diversity.
IUCN: International Union for Conservation of Nature.
NAPPC: North American Pollinator Protection Campaign, working to protect the
pollinators of the North American Continent.
Pennsylvania State University: Colony Collapse Disorder Working Group.
The US National Academies: Advisers to the Nation on Science, Engineering, and
Medicine (USA).
UNCBD: United Nations Convention on Biological Diversity is the major international
treaty aimed at preserving the diversity of life on Earth. In 2002, the CDB established
the International Initiative for the Conservation and Sustainable Use of Pollinators
(facilitated and coordinated by FAO).
UNEP: United Nations Environment Programme.
USDA: United States Department for Agriculture, CCD Action Plan, action plan for
dealing with colony collapse disorder of honey bees.
WBCSD: World Business Council for Sustainable Development, “Guidelines for
Identifying Business Risks and Opportunities Arising from Ecosystem Change”,
March 2008.
WWF: World Wild Fund for Nature aims to stop the degradation of the planet’s
natural environment.
Xerces Society: An environmental organisation which launched a Pollinator
Conservation Program.
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