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This publication considers the mainstreaming of ecosystem services at both national and international
levels, with a focus on pollination services. Following work undertaken through the GEF/UNEP/FAO
Global Pollination Project, and through funding from the Norwegian Environment Agency, this
publication addresses the interface between science and policy as a contribution to the work of the
Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES).
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preface

Ecosystem services that sustain agricultural productivity, such as pollination and natural pest
control, are central to FAO’s strategic goal of “sustainable management and utilization of
natural resources, including land, water, air, climate and genetic resources for the benefit of
present and future generations”.
The role and importance of ecosystem services has risen to the attention of policymakers
globally, through the Millennium Ecosystem Assessment that was carried out several years
ago. In addition to being a much-researched scientific topic, ecosystem services have been
taken up in the focal areas of a number of international initiatives and fora, including the
Convention on Biological Diversity’s Aichi Biodiversity Targets, the current draft proposal
for Sustainable Development Goals and the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (lPBES).
Yet the divide between science, knowledge and policy is still wide; while ecosystem services
are recognised in policy documents and in the scientific literature, there is a lack of clear
and specific guidance on how their effective functioning can be supported through policy
measures. The knowledge of local communities on the importance of ecosystem services is
often profound and intimately tied up with their livelihoods and wellbeing, yet again the
interfaces with both policy and science are poorly articulated.
The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
(lPBES) is intended to strengthen the interface between the scientific community,
knowledge-holders and policymakers, and build capacity for and strengthen the use of
science and knowledge in policymaking. It has taken, as the focus of its early deliverables,
a “thematic assessment of pollinators, pollination and food production”. FAO, in its role as
coordinator and facilitator of the International Pollinator Initiative, has been working with
a large number of countries in assembling a stronger knowledge base on pollination services
and measures to conserve and sustainably use pollinators in sustainable agriculture. In one
specific focal area, FAO developed a protocol to identify and assess pollination deficits

vii

in crops. Through the support of the Global Environment Facility (GEF), the United Nations
Environment Programme (UNEP) and the Norwegian Environment Agency, partners in eleven
countries and indigenous communities in southern India have been trained and supported to
apply the protocol to pollinator-dependent crops. A global meta-analysis is emerging from
this endeavour, with strong indications that pollination deficits may exist in a wide variety of
farming systems across the world.
These scientific findings require action. At a workshop convened in Naro Moru, Kenya
(September 2013), researchers and policymakers from the eleven countries considered the range
and types of actions that can address pollination deficits, and developed an indicative set of
policy responses. FAO has subsequently worked with its partners and with the Berkeley Food
Institute to elaborate on the scope of these proposed policy responses, to safeguard ecosystem
services such as pollination that underpin resilient agricultural systems. It is our hope that this
document will be a first step to close the gap between science, knowledge-holders and both

© Gretchen LeBuhn

environmental and agricultural policy-makers.

Bee signs designed and built by students (Great Sunflower Project, Peralta Elementary School, Oakland California).
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Executive summary
||Biodiversity

and ecosystems are critical to human well-being and agricultural production, and

are under increasing threat.
||In

the last decade, the science on the valuation of ecosystem services has progressed rapidly

and numerous entities have developed best practices protocols in an effort to reverse the
trend of degradation. However, many governments still need to take steps to integrate these
efforts into decision and policy-making.
||Pollination

services, being relatively well understood, can serve as a case study to promote

a broader agenda for protecting ecosystem services. Pollination is typical of many ecosystem
services, which are “provided” by small and often inconspicuous organisms (e.g. natural
pest control, soil nutrient cycling) that have not received sufficient attention within policy
environments.
||Concerted efforts towards awareness raising and mainstreaming must take place. Mainstreaming

implies ensuring that the positive or negative impacts of policies on ecosystems and their
services are considered during both the policy design and the policy implementation phase,
as well as ensuring the existence of policies tailored to the promotion of ecosystem services.
||Researchers have outlined a useful model for mainstreaming ecosystem services based on socially

relevant, user-inspired research, stakeholder empowerment and adaptive management. While the
Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES) process forms part
of the overall assessment process, it should take into consideration the tools required by policymakers for successful planning and management. Importantly, mainstreaming is more likely to
succeed if users of ecosystem services are engaged early in the policy development process.
||Concrete

examples of targeted and effective approaches exist for conserving pollinator and

pollination services, and policy-makers should take these approaches into consideration.
||Key

thematic areas of successful approaches which decision-makers can support include:

llPollinator-friendly
llConservation
llValuation,

pesticide policies;

and enhancement of pollinator habitats;

incentives and payments for ecosystem services;

llParticipation,

knowledge-sharing, and empowerment of rural and indigenous peoples and

local communities;
llCollaborative
llPublic

research and outreach; and

awareness raising and knowledge sharing.

ix
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Top: Vegetable market, Mankessim, Ghana; below: leaf cutter bee approaching sun hemp flower, Turkana, Kenya.
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SECTION 1
Introduction

1.1	Ecosystems

are essential for human life

Ecosystems provide numerous physical goods such as food and timber that contribute to the
quality of life and constitute essential inputs to local and global economies. In addition to
these tangible goods, ecosystems provide less visible processes, such as water purification,
soil formation and pollination, that are also necessary to support human life but are less
likely to be acknowledged for their importance (MEA, 2005b). These goods and processes
obtained from ecosystems are known collectively as ecosystem services and are generally
categorized into four types depending on their function: provisioning, regulating, habitat,
and cultural and amenity services (TEEB, 2010). Box 1 provides an explanation of these
categories and offers additional examples.
Box 1

Summary of key definitions
An ecosystem, as defined in the Convention on Biological Diversity (CBD), is “a dynamic complex of
plant, animal and micro-organism communities and their non-living environment interacting as a
functional unit”.
Ecosystem services are “the benefits obtained from ecosystems” and are generally categorized as:
Provisioning services: the products derived from ecosystems (e.g. food, water, timber, fibre);
|| Regulating services: the benefits derived from ecosystem processes (e.g. regulation of climate,
floods, diseases, wastes, water quality, pollination, soil formation);
|| Habitat services: ecosystems provide habitats for plants and animals; certain services
(e.g. maintenance of genetic diversity, maintenance of life cycles of migratory species) depend on
the condition of the habitat; and
|| Cultural and amenity services: non-material benefits from ecosystems (e.g. recreation, aesthetic
enjoyment, spiritual fulfilment, scientific knowledge) (TEEB, 2010).
||
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Biological diversity, or biodiversity, is defined in the CBD as “the variability among living organisms from
all sources, including terrestrial, marine and other aquatic ecosystems and the ecological complexes of
which they are a part”.
Agricultural biodiversity, or agrobiodiversity, “includes all components of biological diversity of
relevance to food and agriculture, and all components of biological diversity that constitute agricultural
ecosystems” (CBD, COP decision V/5).
Agricultural extensification refers to the increase in areal extent of agriculture (Foley et al., 2011;
Power, 2010), whereas agricultural intensification indicates the increase in production on the same land
footprint (Foley et al., 2011; Diaz and Rosenberg, 2008; Tilman et al., 2002).
Agroecology is a broad term that involves “the application of ecological concepts and principles to the
design and management of sustainable agro-ecosystems” (Altieri, 1995). An agroecosystem is “a site
or integrated region of agricultural production – a farm, for example – understood as an ecosystem”
(Gliessman, 2006). Agroecology is not only a scientific discipline but also a practice with a guiding set of
principles and methods utilized by farmers, as well as a movement that seeks to rethink the interaction
of agriculture, people and the environment (Gliessman, 2006; Wezel et al., 2009).

Underpinning the concept of ecosystem services is the idea that the value of an ecosystem
is greater than the sum of its parts, and that certain benefits are the result of the interactions
of different components of the system. For example, healthy and highly functioning ecosystems
are often more resilient and can recover more quickly when faced with disturbances such as
flooding. Correspondingly, highly modified or simplified ecosystems, such as agricultural regions
experiencing extensive deforestation, are often prone to greater risk and severity of flooding
(Bradshaw et al., 2007). Thus, in addition to conserving tangible natural resources, attention
must be paid to the ecological processes that also provide essential services. Box 2 provides
further details of the interrelations between ecosystem services and agriculture.
Box 2

Ecosystem services and agriculture
Agriculture is the world’s largest managed ecosystem accounting for approximately 50 percent of the
terrestrial land surface (Foley et al., 2005). Agriculture not only relies on critical ecosystem services
such as pollination, pest control and soil fertility to produce provisioning services (e.g. food, fibre and
fuel), but can also contribute to regulating ecosystem services such as carbon sequestration and water
purification. Thus, ecosystem services flow both to and from agriculture (Figure 1).
In turn, agriculture affects and is affected by ecosystem “disservices”. For example, pests may invade
agricultural fields from nearby semi-natural habitats, constituting an ecosystem “disservice”. Agricultural
management practices may lead to ecosystem disservices both on the farm (e.g. use of pesticides that
harm pollinators) and off the farm (e.g. nitrate and phosphate pollution and the accumulation of toxic
pesticides). The latter impacts are also known as “negative externalities”, generally defined as negative
impacts on society that are not accounted for by the producer or consumer of the goods.
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The balance of services to disservices produced by agriculture depends on the way in which agricultural
lands are managed. Agroecological methods are sometimes considered to produce fewer provisioning
services (e.g. lower crop yield), but higher levels of regulating services (e.g. better water quality, soil
fertility) and fewer externalities (Foley et al., 2005). However, there is some evidence to suggest that
agroecological methods can produce similar or higher yields in certain cases, while still generating
multiple ecosystem goods and services (FAO, 2014; Midler et al., 2012; Pretty et al., 2006). Industrialized,
chemical-based agriculture often replaces ecosystem service inputs with external, purchased inputs such
as pesticides, fertilizers and managed honey bees. While such systems often produce high yields, they
produce few regulating services and many negative externalities (Foley et al., 2011; Kremen and Miles,
2012; Raudsepp-Hearne et al., 2010). Additional investment in developing agroecological methods,
which have historically been underfunded relative to conventional agriculture (Carlisle and Miles, 2013),
could potentially close yield gaps between agroecological and conventional agriculture.
The larger landscape in which agriculture is embedded produces ecosystem services and disservices that
affect agroecosystems. For example, nearby natural habitats can export both beneficial insects such
as natural enemies and pollinators onto crop fields, as well as pest organisms. In turn, agriculture
also affects the larger landscape. For example, agriculture that supports native pollinators might also
contribute pollinators to the reproduction of non-crop plants in adjacent natural habitats. Conversely,
agricultural waste products, such as nitrate and phosphate runoff or pesticides, can adversely affect the
health of surrounding landscapes and peoples (Kremen and Miles, 2012).

Figure 1

Flows of ecosystem services and disservices to and from agriculture
Supporting services:
Provisioning services:


Soil structure and fertility

Water provision

Genetic biodiversity

Regulating services:

Soil retention

Pollination

Dung burial

Natural control of plant pests

Food sources & habitat for 		
beneficial insects

Water purification

Atmospheric regulation


Food, fiber, and fuel

production

TO

TO

TO

FR

Agricultural
ecosystems

OM

FROM

FR

OM

Non-marketed services:
Water supply
Soil conservation
Climate change mitigation
Aesthetic landscapes
Wildlife habitat

Ecosystem dis-services:

Ecosystem dis-services:


Pest damage

Competition for water from


Habitat loss

Nutrient runoff

Pesticide poisoning of

other ecosystems


Competition for pollination

Feedback effect of dis-services from
agriculture to agricultural input
(e.g. removal of natural enemy habitat can
eneurage pest outbreaks)

non-target species

Source: Zhang et al., 2007.
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1.2 Pollination

is a keystone ecosystem service

Pollination, the process of moving pollen from the male anther to the female stigma within the
same flower or in another flower, is an example of a keystone ecosystem service that is critical
for agricultural productivity, as well as the promotion of broader diversity and ecosystems. The
process is sometimes also referred to as “pollination services” and for the purposes of this paper
the two terms are used interchangeably. Eighty-six percent of all flowering plant species require
an animal pollinator to reproduce (Ollerton, Winfree and Tarrant, 2011). About one-third of food
production depends on animal pollinators, and 75 percent of all fruits and vegetables increase
production when visited by animals (Klein et al., 2007). And yet, as is typical of many ecosystem
services that are provided by small and often inconspicuous organisms, pollination services
have not yet received adequate recognition within many policy environments. However, several
programmes and policies related to the conservation and promotion of pollinators have achieved
success. Thus, pollination services can serve as a case study for the promotion of ecosystem
services through public policy. Accordingly, this report outlines several key considerations for
mainstreaming and suggests specific policy responses to pollinator and pollination service
declines (Kremen and Miles, 2012; Lin, 2011; Thompson et al., 2011).
1.3 Biodiversity

is important for the provision of
ecosystem services

Biological diversity, or biodiversity, is a broad term that describes the variety of life on Earth –
from tiny microorganisms to plants and animals, and from genes to ecosystems. Diversity of life
is a critically important component of the healthy, functioning ecosystems upon which human
life and well-being depend (MEA, 2005a). In the context of farms and ranches, agricultural
biodiversity (or agrobiodiversity) refers to the diversity of life within the farming system, ranging
from soil microorganisms to the diversity of genetic resources, crops, insects and other species
that are needed for production. The term also includes diversity in surrounding landscapes and
ecosystems that influence agriculture (http://www.cbd.int/agro/whatis.shtml).
1.4 Global

declines in biodiversity and ecosystem services

Despite their importance to human well-being, biodiversity and ecosystem services face increasing
threats worldwide, with consequent negative impacts on human quality of life. The Millennium
Ecosystem Assessment, conducted in 2005, estimates that 60 percent of ecosystem services are
being degraded or not being regenerated quickly enough to meet demand. Pollination, the focus
of this report, was identified as an example of an ecosystem service whose capacity is currently
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being degraded due to the global decline in pollinator abundance (MEA, 2005b). Section 2.3
provides an explanation of current trends.
1.5 Negative

impacts of ecosystem declines on agriculture,
food security and nutrition

The global trend towards biodiversity and ecosystem service loss is especially concerning with
regard to agriculture, since agricultural productivity is reliant upon a multitude of these ofteninvisible ecosystem services (Foley et al., 2005; Kremen and Miles, 2012; Zhang et al., 2007).
The degradation of ecosystem services necessary for agriculture, coupled with the likely increase
in demand for food and continual inequities in food systems with regard to land and food
distribution, could limit the world’s ability to move towards global food security and meet
nutritional requirements for the world’s population (Tomlinson, 2013).
1.6	Implications

and causes of ecosystem decline

The causes of ecosystem service decline vary depending on the individual service and by region,
but common drivers of ecosystem change include climate change, land conversion, pollution, overexploitation, and invasive species and disease (Nelson, 2005). Despite the reliance of agriculture
on ecosystem services, many agricultural and land management practices are contributing to
broader ecosystem service decline. For example, worldwide agricultural extensification (the
increase in areal extent of agriculture) has resulted in the conversion of forests and grasslands
to agricultural lands, reducing the land available for wildlife habitats including for pollinators
(Foley et al., 2011; Power, 2010). Furthermore, some forms of agricultural intensification (increase
in production for the same land footprint), have resulted in multiple negative externalities that
reduce biodiversity and ecosystem services. Specifically, highly simplified agricultural systems
(monocultures) that rely heavily on synthetic fertilizers and biocides (e.g. herbicides, fungicides
and insecticides) often result in externalities such as water pollution and marine dead zones,
pest and weed resistance, pesticide toxicity to animals and humans, and other human health
impacts (Diaz and Rosenberg, 2008; Foley et al., 2011; Tilman et al., 2002).
1.7 Moving

towards solutions –
countering or mitigating adverse trends

While many current agricultural practices contribute to ecosystem decline, agriculture itself can
form part of the solution by emphasizing agroecological methods. Agroecological methods are
knowledge and labour-intensive practices that increase productivity via biological, rather than
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chemical, mechanisms by understanding and manipulating the ecological processes within the
agroecosystem. Examples of agroecological techniques include use of cover crops, crop rotation
and crop-livestock mixtures. Through the optimization of natural processes, agroecological
farming can promote biodiversity and the regeneration of ecosystem services – both those
that provide benefits to society (e.g. carbon sequestration, improved water quality, aesthetic
landscapes, wildlife conservation) and those that enhance the productivity, resilience and
stability of farms (e.g. pollination, pest control, soil fertility, water storage) (Kremen and Miles,
2012; Zhang et al., 2007).
In the last decade, knowledge of agroecology and the value of ecosystem services has
progressed rapidly, yielding protocols for sustainable farming best practices that can be utilized
in a variety of farming environments and landscapes. However, many governments still need to
take steps to integrate these efforts into decision and policy-making. As indicated, this report
pays particular attention to the mainstreaming of pollination services (see Box 3).
Box 3

What is mainstreaming?
Mainstreaming ecosystem services “means ensuring that the positive or negative impacts of policies on
ecosystems and their services are considered during both the policy design and the policy implementation
phase”, as well as ensuring the existence of policies tailored to the promotion of ecosystem services
(Maes et al., 2013). The overarching goal of mainstreaming is to incorporate key concepts into planning
processes in all relevant sectors and ultimately to influence human behaviour (Cowling et al., 2008).

There are two major challenges to this effort. First, many of these services are effectively
invisible, thus, their value is underappreciated or unrecognized by governments and citizens.
Pollination, for example, is frequently taken for granted as a “free” service provided by nature
that will inevitably continue. Second, while ecosystem services doubtlessly provide tremendous
economic value to individuals, communities and nations, efforts to conserve or restore ecosystem
service levels may not show an economic return on investment for several years. For example, if
a farmer switches away from pesticides to biologically based pest-control mechanisms, they may
not see an increase in native pollinators for several years and thus, must continue to supplement
the pollination process with rented honey bees. The long-term nature of conservation and
restoration can pose challenges to both individuals in terms of behaviour modification, as well
as to policy-makers who want to see a regular return on investment to support the continuation
of restoration activities. The intent of this report is to provide strategies for mainstreaming
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pollination services and also to outline specific pollinator policy approaches in the hope that
these challenges may be overcome.
1.8 Agriculture

at a crossroads

It is an opportune time to move forward on mainstreaming ecosystem services at both
national and international levels. Major transformations are occurring and momentum in the
international dialogue around food and agriculture is increasing, with more attention being paid
to the importance of safeguarding ecosystem services and protecting biodiversity, including
for pollinators. Box 4 identifies key international sustainability efforts into which ecosystem
services (especially pollination services) could be incorporated. Policy measures are also needed
at the national and regional levels. Lessons can be derived from initial efforts to incorporate
pollinator protection and ecosystem services in agricultural and environmental policy efforts.
Box 4

International entry points for mainstreaming ecosystem services
These international plans and agreements, while in no way exhaustive, offer support for mainstreaming
ecosystem services such as pollination into national plans and laws related to these efforts.
Post-2015 Sustainable Development Agenda/Sustainable Development Goals: With the Millennium
Development Goals set to expire in 2015 several processes are underway to identify the objectives
and action items for the next international development agenda, with an increased emphasis on
sustainability (UN DESA). This agenda offers an excellent entry point for including the importance
of ecosystem service conservation. While not yet ratified or operational, there have been promising
movements in this direction. The United Nations working group charged with developing the specific
goals and metrics has recently released their proposed agenda, which included the following goal:
“Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests,
combat desertification, and halt and reverse land degradation and halt biodiversity loss” (Goal 15)
(UN Open Working Group SDG, 2014).
|| Convention on Biological Diversity, National Biodiversity Strategies and Action Plans (NBSAPs): These
plans are the main instrument for incorporating the goals of the Convention on Biological Diversity
at the national level and provide an opportunity to incorporate ecosystem services in a local and
contextualized manner. The Convention has developed a strategic plan for the period 2011–2020,
with 20 “ambitious but achievable” targets, known as the Aichi Biodiversity Targets. Target 14 is of
particular relevance: “By 2020, ecosystems that provide essential services, including services related
to water, and contribute to health, livelihoods and well-being, are restored and safeguarded, taking
into account the needs of women, indigenous and local communities, and the poor and vulnerable”.
While a majority of countries have submitted plans, very few have included activities focused on
pollination services (http://www.cbd.int/nbsap/).
|| Committee on World Food Security (CFS): Established in 1974, but reformed in 2009 to include a
wider group of stakeholders, the Committee on World Food Security serves as a forum to review
||
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policies related to food security (http://www.fao.org/cfs/cfs-home/cfs-about/it/). The Committee
has developed guideline documents in two policy areas, land tenure and responsible agricultural
investment, for United Nation member countries to put into practice. The implementation of these
guidelines offers opportunities to incorporate ecosystem services.

Voluntary Guidelines on Land Tenure: This voluntary agreement is intended to “provide guidance to
improve the governance of tenure of land, fisheries and forests with the overarching goal of achieving
food security”. These guidelines acknowledge that sustainable development and management of
natural resources is largely influenced by land ownership. Efforts to implement these guidelines
could take into account governance of ecosystem services, including pollination (CFS, 2012).

Responsible Agricultural Investment: This set of guidelines identifies principles for responsible
agricultural investments. It emphasizes the linkage between the viability of agricultural investments
and the health of ecosystems, and suggests taking a “holistic approach in terms of human, animal,
environmental and overall public health”. This document can serve as a resource for incorporating
ecosystem services into agricultural investments (CFS, 2014).
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SECTION 2
Background on pollinators
and pollination

2.1

What is pollination?

Pollination is the process of moving pollen from the male anthers to the female stigma
within the same flower or in another flower or individual plant. The transfer of pollen can
occur inanimately by gravity, wind and water or via living animals. Bees are thought to
be the most important pollinators in most environments, including agroecosystems, but
many other animals also provide pollination services, including birds, bats, flies, butterflies,
moths and beetles. The process of pollination occurs prior to fertilization, which produces
fruits, vegetables and seeds for food production, as well as the spread of a plant’s genetic
material, and thus is critical for agriculture (Buchmann and Nabhan, 1996). Box 5 explores
the distinction between wild and managed pollinators.
Box 5

Wild vs. managed pollinators
An important distinction must be made between wild and managed pollinators. Both wild and
managed pollinators can provide pollination services for agricultural crops. Globally, honey bees
(Apis mellifera) are the predominant pollinators managed for agricultural use. Honey bees have the
capacity to increase yield in the majority of animal pollinated crops (Klein et al., 2007). However,
native bees and other wild pollinators also contribute substantially to agricultural production, and
their significance worldwide has only been recently appreciated. Specifically, a new global study
found that crop yields respond more positively to increases in wild pollinator densities than to
increases in honey bee densities. While both honey bees and wild bees contribute to crop pollination,
honey bees, it is now known, cannot fully substitute for the positive yield effects attributed to wild
pollinators. Although a market has emerged to rent managed pollinators to farmers to pollinate large
monoculture crops under intensive production, many farmers around the world rely entirely on wild
pollinators (Garibaldi et al., 2013).
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Figure 2

Contribution of wild bees and honey bees to seed and fruit set, in a global analysis
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Relative visitation by honey bees and wild insects to flowers of 41 crop systems on six continents. Honey bees occur as domesticated colonies in
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Source: Garibaldi et al., 2013
(Reprinted with permission from AAAS)

2.2 Value

of pollination for the global food supply

As indicated previously, pollinators play an important role in sustaining global biodiversity.
Eighty-six percent of all flowering plants utilize animal-mediated pollination in order to
reproduce (Ollerton et al., 2011). Global trends in production show that the acreage of crops
requiring pollination is increasing (Aizen et al., 2008). The overall value of pollination services
globally is estimated to be approximately =C153 billion per year (Gallai et al., 2009).

10

Policy Analysis Paper: Mainstreaming of Biodiversity and Ecosystem Services With A Focus On Pollination

Additionally, pollination is a process vital to food security and ensuring the availability
of a diverse human diet. Seventy-five percent of the world’s major food crops, from cacao to
pumpkins, benefit from or are reliant on animal-mediated pollination. While these crops account
for only 35 percent of the world’s food production by volume (Klein et al., 2007), they provide
greater nutritional value in terms of micronutrient content. For example, 98 percent of the
available vitamin C, 55 percent of available folate and 70 percent of vitamin A comes from
animal-pollinated crop plants. In contrast, most staple crops such as rice and wheat are not
reliant on pollinators for reproduction. These crops may represent a larger share of global caloric
intake, but contain relatively few vitamins, minerals and other micronutrients important for
human health (Eilers et al., 2011).
2.3	Declines

in pollination services and implications

Honey bees (Apis mellifera), the most common managed pollinator, have experienced exacerbated
rates of colony losses across the Global North in recent years, from an average of 30 percent
in the United States to as high as 85 percent in the Middle East (Neumann and Carreck, 2010).
Less is known about wild pollinator populations due to limited and uncoordinated monitoring
systems, but even with imperfect data there are examples of decline and even extinction (Potts
et al., 2010). Bumble bees are the most studied group of native bees. Assessment in Europe has
shown that 24 percent of bumble bees are faced with extinction and an analysis of the status of
all North American bumble bee species, by the Xerces Society in conjunction with the continent’s
leading bumble bee scientists, shows that approximately one-third of all species face serious
threats to their conservation (Hatfield et al., in prep). For example, due to many local population
extinctions, the ranges of certain bumble bee (Bombus) species in the United States have
contracted by up to 87 percent, while relative abundance has declined by 96 percent (Cameron
et al., 2011). Furthermore, species losses and dominance by a smaller number of species have
been reported in both the Netherlands and the United Kingdom (Biesmeijer et al., 2006). A
recent study showed that three-quarters of UK butterflies showed a 10-year decrease in either
their distribution or population levels (Fox et al., 2007).
Further losses to pollination services would have serious and substantial economic impacts.
Declines in pollination may result in pollination deficits, which typically manifest as reduced
crop yields and/or deformed fruit (Klein et al., 2007). Depending on which crops are most
affected, these reductions may significantly impact human nutrition in terms of the availability
of many micronutrients (Chaplin-Kramer et al., 2014; Eilers et al., 2011). Finally, because of the
importance of pollination for conservation of biodiversity, losses of pollinators could affect the
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abundance and diversity of plant species, which in turn would impact the functionality of the
ecosystem and the provision of other ecosystem services (Kevan, 1991).
2.4 Multiple

threats require multiple approaches

The global declines in pollinator populations and diversity are thought to be the result of several
phenomena: habitat destruction, pesticides, diseases and parasites, invasive species and climate
change. It is also hypothesized that these individual drivers may combine to produce negative
synergistic effects (Potts et al., 2010). In the absence of a single explanation, multiple policy
approaches in a variety of sectors must be adopted to mitigate the declines. Chapter 3 identifies
some pre-policy considerations and suggested activities to create an enabling policy environment
for mainstreaming pollination services. Chapter 4 then outlines some of the thematic areas
surrounding successful approaches that take into account the causes of decline.
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SECTION 3
Policy development process

3.1	Suggested

prerequisite activities for mainstreaming

Research on best management practices and valuation of ecosystem services has increased
over the past decade, however the concept of ecosystem services is still not well understood
or recognized at the policy level in many regions of the world. While intended to provide
a more holistic description of the value and functions of ecosystems, policy-makers often
perceive the concept of ecosystem services in largely abstract terms. Thus, concerted and
targeted awareness-raising and mainstreaming efforts are essential for both policy-makers
and the broader public (Cowling et al., 2008).
One of the challenges to mainstreaming ecosystem services into public policy is that
conservation efforts must protect tangible species and resources, as well as less visible
ecosystem processes (Global Pollination Project, n.d.). Whereas species protection is often
well codified in laws and regulations, policies to support the ecological processes themselves
are less common. For example, certain types of species may enjoy legal protection, such as
endangered species (e.g. United States Endangered Species Act; International Convention on
Trade in Endangered Species) or migratory species (e.g. international treaties on migratory
birds), but such species are not always relevant to provision of specific ecosystem services.
The objective of this section is to provide considerations for incorporating the concept of
ecosystem services into decision-making.
Several actions prior to policy introduction can significantly improve the chances of successful
adoption. Table 1 outlines several important considerations identified by Cowling et al., and
provides pre-policy activities to facilitate the mainstreaming process (Cowling et al., 2008).
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Table 1

Key considerations and pre-policy activities to facilitate mainstreaming
Key considerations before beginning
mainstreaming

Pre-policy activities to facilitate
the mainstreaming process

Actors in all relevant sectors, including, those outside
Conduct outreach and education across government
of the environmental and natural resource sectors, must
agencies.
understand the importance and value of conserving
Identify messaging strategies that link ecosystem
ecosystem services.
services and environmental conservation to other
priority areas such as health, safety, the economy
or poverty reduction. Ascertain the elements of
importance to a particular policy-maker and tailor the
communication strategy accordingly, this increases
the likelihood of a receptive audience (Watson,
2005). For example, focusing on the importance of
pollination services for fruit and vegetable production
may prove a useful “hook” for policy-makers aiming
to increase fruit and vegetable intake to improve
nutrition and dietary health.
Increased awareness of ecosystem services does not
necessarily translate into behavioral changes and/or
action.

Utilize behavioural change strategies such as social
marketing, defined as “the theory and practice of
marketing an idea, cause, or behavior” (Kotler, 1971,
2011). Common in the health sector, this practice
is based on identifying the internal and external
barriers to behaviour change and strategizing specific
ways to overcome these identified barriers (Cowling
et al., 2008). For example, to reduce pesticide use
among farmers, this approach would identify common
barriers (e.g. lack of knowledge of alternatives) and
tailor strategies accordingly (e.g. provide extension
materials and services for technical support).

New policy initiatives require human resources,
institutional capacity, and funding for successful
development and implementation.

Identify the people and organizations with the
interest and expertise to ensure progress on new
policy development. Determine the nature of skills,
knowledge or resource gaps and establish how they
may be bridged (API, 2007).
Plan for and ensure adequate funding and institutional
capacity for future policy implementation.

Because ecosystem services operate at many different
spatial and temporal scales, the policy response
must take into account the corresponding levels of
government. Therefore, coordination among agencies is
of particular importance. While pollination is managed
primarily at the local level, higher-level policies at the
regional, national and international levels can also
have a major impact.

Explore the creation of new organizations and/
or agencies or develop funding, human resource
capacities, training and institutional support within
existing agencies to help manage communication,
implementation and information across sectors and
levels of government. Take advantage of existing
capacities where possible for implementation.
Conduct a survey of existing formal laws (statutes,
codes, etc.) and informal policies (proclamations,
resolutions, etc.) at federal, state and local levels.
Catalogue all relevant provisions that may impact
the specific ecosystem service and identify potential
conflicts between different laws. For example, Brazil
(Jorge Da Cunha, 2010) and Canada (Tang et al., 2010)
performed surveys to catalogue regulations supportive
and harmful to pollinators and identified additional
regulations that could effectively include pollinators.
Source: adapted from Cowling et al., 2008.
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It is very important to engage with key stakeholders to discuss and identify challenges and
possible solutions related to pollinator losses and associated ecosystem service declines. Main
stakeholders with strong interests and insights will include farmers (and other land users),
representatives from non-government and government organizations, researchers and even food
businesses in the supply chain. A consultation process and/or participatory dialogue inclusive
of multiple stakeholders is essential to understand and address different perspectives and needs,
and will confer many benefits to policy implementation (e.g. higher-quality decisions, greater
legitimacy of decisions, increased compliance) (Menzel and Teng, 2009). This kind of discussion
can also introduce stakeholders to potential policy ideas, based on information from other
regions or countries, and discuss possible implications. Engaging farmers in these processes
is particularly important, as they are likely to be impacted directly by potential laws, policies,
incentives and so on.
3.2 The

process of mainstreaming

Policy is developed through social processes, yet much of ecosystem services research does not
acknowledge that this process is often non-linear and subject to political realities and the whims
of public discourse. Noting this void, Cowling et al. (2008) outlined a pragmatic and user-centred
model for mainstreaming ecosystem services, which emphasizes these realities and is based on:
(i) socially relevant, user-inspired research; (ii) stakeholder empowerment; and (iii) adaptive
management. They identify three phases to successful mainstreaming that are explained below:
assessment, planning and management.

Assessment phase
The assessment phase involves a systematic process to collect social, biophysical and economic
information about one or more ecosystem service useful for the development of future policy.
The social assessment identifies the “owners and beneficiaries of ecological functions” and also
the possible markets, incentives and barriers to policy implementation. This step focuses on the
“needs, values, norms, and behaviours or individuals, institutions, and organizations in the study
area. In other words, it provides an understanding of how an area works in socioeconomic terms
and why” (Cowling et al., 2008). The biophysical assessment identifies the types and locations
of the ecosystem services and operationally how various system components work together.
Where possible, biophysical assessments can be used in the context of future scenarios to project
how ecosystem services will change (Nelson et al., 2009). The valuation assessment evaluates
economic benefits of the ecosystem service to help managers and policy-makers assess tradeoffs
from competing land uses (Cowling et al., 2008).
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Planning phase
This phase establishes a strategy with concrete and clear objectives and actions based on the
assessments, as well a plan for implementation. It is not uncommon for the data or modelling
to drive the process in a way that is disconnected from the needs of local users. It is therefore
important that user needs are taken into account in a realistic manner, and that education and
outreach programmes about alternatives accompany regulations on pesticides or other policies
(Menzel and Teng, 2009). For example, eliminating pesticides entirely might produce the greatest
gains to pollinator populations, but may be unreasonable in the short term for local farmers and
land users.
Scenario planning can be a useful technique and one that has been used successfully by the
Millennium Ecosystem Assessment initiative. “Providing compelling, positive alternatives to the
status quo, scenarios can harness stakeholders’ energies for strategy development and, thereby,
overcome their sense of helplessness about the future” (Cowling et al., 2008).

Management phase
The overarching goal of the management phase is to coordinate activities that safeguard
ecosystem services and to ensure that the actions taken benefit the identified beneficiaries
(Cowling et al., 2008). In the pollinator context, because the actions necessary to conserve
and manage pollinators are not fully understood, management strategies must be adaptive as
knowledge is generated (FAO, 2008). Additionally, funding for educational programmes and
extension may be needed to provide necessary advice and support to growers who are not
accustomed to new regulations, for example, on pesticide use. Similarly, education and outreach
may be needed to encourage adoption of alternatives (e.g. on Integrated Pest Management
methods), or to enable farmers to understand and utilize incentive policies for conservation
practices (e.g. habitat conservation).
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SECTION 4
Key thematic areas and
policy options

The following six thematic policy areas provide a primer on some of the major considerations
and policies for pollinator conservation and protection. The process of identifying these
thematic areas has been through a broad, international consultation, facilitated by the
Food and Agriculture Organization of the United Nations (FAO) through its Global Action on
Pollination Services for Sustainable Agriculture (www.internationalpollinatorsinitiative.org).
A set of researchers from 11 countries and a network of indigenous people’s organizations
applied a protocol to assess the extent to which crop systems may be suffering from pollination
deficits (Vaissiere, Freitas and Gemmill-Herren, 2011). Preliminary analysis of this large,
collaborative dataset indicated that a 100 percent increase in the level of pollination service
(which is biologically quite realistic through management practices) results in an increase
in yields of 24 percent (Vaissiere, Freitas and Gemmill-Herren, 2011). The meta-analysis of
results is ongoing, and will be submitted for publication in early 2015 (Garibaldi, pers. com.)
A workshop convened in Naro Moro, Kenya, in September 2013 of researchers and policymakers from the 11 countries considered the possible policy responses to these results, as an
input to the anticipated IPBES assessment. A conceptual framework developed by the EU STEP
(Status and Trends of European Pollinators) project provided a starting point for a general
discussion on how the collaboration could organize and articulate policy responses. The list
of policy responses developed has formed the basis for the key thematic areas addressed here.
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Thematic area 1

Pollinator-friendly pesticides policies
Pesticides (insecticides, herbicides, fungicides) may have negative impacts on pollinators either
directly or indirectly. Direct effects of insecticides can include both lethal and sub-lethal effects.
Sub-lethal effects negatively impact individuals or colonies of pollinators without inducing
outright mortality, such as behavioural changes that impair the ability to navigate or forage for
floral resources. Herbicides indirectly impact pollinators through the elimination of plants used
for foraging and nesting materials (Potts et al., 2010). Fungicides may also produce indirect and/
or sub-lethal effects on honey bees (Biddinger et al., 2013; Petis et al., 2013;).
One class of insecticides, neonicotinoids, is increasingly implicated in pollinator declines and
mass bee kills. This systemic type of insecticide is often applied via seed coatings or soil drenches.
Because these compounds are long lasting, water-soluble and are expressed throughout the
tissues of the plants to which they are applied, pollinators may be exposed to these pesticides
through the pollens and nectar they collect (Goulson, 2013; Hopwood et al., 2012).
Policies to mitigate pesticide risks to pollinators may take hard (regulatory) or soft approaches
(voluntary; or through education and training).

Pollinator risk assessment
A first step in addressing pollination concerns with respect to pesticides is to have in place
an adequate pollinator risk assessment procedure, as an integral part of pesticide registration
within a country. Traditionally, pesticide impacts on honey bees are a fairly standard part of
risk assessment, but have not been consistently applied. Many questions remain around the
extent to which honey bees are representative of all pollinators, and should be used as a
sufficient indicator (FAO, 2013; Fisher and Moriarty, 2011). This constitutes a policy choice
requiring governments and the private sector to commit resources: the pesticide industry
will need to conduct more comprehensive studies including impacts on wild pollinators, and
governments for their part will need to assign staff and resources to undertake risk assessment.
Case study

	Assessing the risk of pesticides to wild bees – Brazil, Kenya and the
Netherlands

Recognizing the importance of wild bees and that most pesticide regulation schemes do not
consider their exposure to pesticides, FAO and partners developed a tool to better understand
the pesticide exposure of key crop pollinators (honey bees and wild bees) through the
development of risk profiles for cropping systems in three countries: Brazil, Kenya and the
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Netherlands. A risk-profiling approach is useful when a comprehensive risk assessment is
not available. These profiles first identify focal crops and the specific species that provide
pollination and then identify a list of main factors thought to influence pesticide risk
(e.g. periods in the growing season when pesticides are applied to the crop). In each of
the three countries, these profiles were developed in consultation with crop and pollination
experts, through published and unpublished literature, and available pesticide use data.
While a profile is generally unable to explicitly quantify risk like a traditional risk assessment
and generally offers only a qualitative estimate of exposure, it helps to identify data and
knowledge gaps and can be valuable for use in discussion with researchers, regulators, farmers
and other land managers (FAO, 2013).

Regulatory options
An important further step is to strengthen the regulatory options for the reduction of pesticide
risks to pollinators. This entails, in part, imposing and enforcing restrictions on usage for
those pesticides that pose serious risks to pollinators. At present, new pesticides are often
tested for toxicity on honey bees only. A more thorough risk assessment is needed that also
includes impacts on native pollinators, as noted above.
Regulatory options also entail labelling to advise applicators of risks and mitigation measures,
mandatory information exchange between beekeepers and farmers or pesticide applicators, and
the possibility for registration refusal or temporary moratoriums (see case study below).
Labels should contain information about toxicity to bees and other pollinators, and risk
mitigation suggestions (e.g. details of when to avoid application should be avoided, such as
when pollinators are visibly present). Warnings and mitigation strategies should be written
in clear language easily understandable by a variety of audiences, and should assume no
technical knowledge.
Case study

Bans on pesticides

The following government entities have intentionally banned or restricted neonicotinoids
through either through legislative or legal action.
• European Union: In December of 2013, the European Commission, the executive body
of the European Union, enacted a proposal calling for restrictions on three neonicotinoid
pesticides (clothianidin, imidacloprid and thiametoxam). For at least two years,
applications of the restricted pesticides are prohibited on plants attractive to bees and
usage is restricted to professionals (EU, 2013).
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• City of Eugene, Oregon, United States: The City of Eugene in the State of Oregon is the
first city in the United States to ban the use of neonicotinoid pesticides on municipal lands.
Additionally, the city has required all departments to adopt an alternative management
plan (i.e. integrated pest management plans) (Eugene Parks and Open Space, 2014).
• Prince Edward County, Ontario, Canada: Prince Edward County in Ontario, Canada is the
first Canadian municipality to temporarily ban neonicotinoids on municipal lands and has
called for the Canadian federal government to follow suit (Prince Edward, 2014).
• State of Yucatán, Mexico: In August of 2014, a judge overturned a permit issued to a
private company that allowed for the planting of genetically modified soybean seeds
coated with neonicotinoids, based on scientific evidence illustrating that the soy seeds
posed a threat to bees and honey production (Lakhani, 2014).
Another alternative is to restrict the usage of certain pesticides. The vast majority of
pesticides are designated for general use. As such, employees at farms, nurseries and other
businesses can often apply these pesticides at their place of employment without obtaining
a pesticide applicators license. Highly toxic products should be designated for restricted use,
which requires applicators to undergo training, take a test, and obtain a permit to legally
apply certain pesticides.

Policy in support of alternative approaches
For restrictions or bans to be successful, however, restrictions should be combined with policy
measures that support alternatives to toxic pesticides. Government policies that explicitly
allocate resources to the research needed to identify viable alternatives and that promote
Integrated Pest Management and Integrated Vector Management are critical to the success
of these measures. Integrated Pest Management (IPM) is “an ecosystem approach to crop
production and protection that combines different management strategies and practices to
grow healthy crops and minimize the use of pesticides” (FAO). IPM strategies rely first on
promoting natural enemies of crop pests through habitat manipulation, and only utilize
pesticides as a last resort once a threshold of pest pressure has been reached.
If such policy support is in place to promote these approaches, this will lead to education
and training programmes offering instruction on practices that require no or reduced pesticide
use. Education and training around appropriate pesticide application practices can also
play a significant role in ensuring safety for both humans and pollinators alike. Relatively
low-cost trainings can be an important entry point for other sustainable land management
practices and can target a variety of audiences (e.g. farmer field schools, garden clubs and
community groups).
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Case study

	Pollination in apple orchards in the Hindu-Kush Himalayan Region –
Nepal

Apples are an important crop in the Hindu-Kush Himalayan region and are highly pollinatordependent. In recent years, producers have faced a variety of negative effects on production
from bad weather to pollination deficits. In response, the Government of Nepal requested
assistance from FAO to address pollination management for improved apple production. In
April 2014, a training workshop was held, focusing on identifying the key apple pollinators,
their contributions to yield, their nesting and foraging preferences, and farming methods for
encouraging or conserving them near apple fields, including integrated pest management to
reduce pesticide use. In addition to the technical training, discussion was also held on balancing
pest management practices and pollination conservation, and promoting these practices among
farmers in the region (Sheffield et al., 2014).
Figure 3

© Nadine Azzu

Nepal workshop on pollination in apple orchards, April 2014
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Box 6

Pollinator-friendly pesticide policies – actionable items
Conduct thorough risk assessments on new pesticides for impacts on both managed and native
pollinators.
|| Restrict or ban highly toxic persistent systemic insecticides. Where this is unfeasible at the national
level, subregional and local governments may be able to implement bans more locally, increasing
pressure for national action.
|| Incorporate pollinator impact into pesticide permitting or licensing processes.
|| Require pesticide labels to include clear warning language about impacts on pollinators. Support
integrated pest management through research and extension programmes.
|| Enact agricultural policies that promote agricultural methods which reduce pesticide use and adopt
IPM strategies as alternatives, such as incentive programmes.
|| Invest in research to determine the impacts of pesticides on pollinators.
|| Ensure farmers, land managers and beekeepers have access to training in appropriate pesticide
application, including alternatives such as integrated pest management.
|| Assess and mitigate risks to pollinators on a crop-pollinator-specific basis.
||

Thematic area 2

Conservation and enhancement of pollinator habitats
Both the intensification and extensification of agriculture over the last few decades have resulted
in the loss or degradation of pollinator habitats and food sources within agricultural landscapes.
The conservation of existing habitats and the rehabilitation of new habitats are therefore crucial
to preserving pollinators and providing pollination services to crops.
Conservation and enhancement of habitat can occur through several policy mechanisms at a
variety of scales. Generally speaking, the policy tools available are monetary or non-monetary
incentives for habitat enhancement, penalties for activities harmful to pollinator habitats such as
use of certain pesticides, or mandatory conservation set-asides. Ideally, all of these tools should
be accompanied by outreach and education/training to ensure the highest rate of adoption and
compliance. Accordingly, agricultural extension services and other outreach actors should utilize
information about pollinators for a variety of audiences (e.g. farmers, public land managers,
gardeners). Where known pollinator population declines have occurred, invoking endangered
species laws or International Union for Conservation of Nature (IUCN) Assessments may provide
a vehicle to promote habitat conservation important for individual species.
Each of these available policy options can operate at large or small spatial scales targeting
either large landowners or individual homeowners depending on the desired outcome. Many
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efforts focus on rural landowners, but this should not be at the exclusion of urban landowners.
This point is particularly important given the consideration that many pollinators follow migratory
patterns requiring connected “stepping stones” (Buchmann and Nabhan, 1996). Gardeners in
cities and metropolitan areas can thus play a special role by selecting pollinator-friendly plants
in their gardens to create these pathways.
Whereas many of the above programmes are geared for private landowners, public lands also
represent an important opportunity for pollinator conservation enhancement with the advantage
that these lands are already under government control. Parks, roadsides, rights-of-way and other
public lands are prime places to plant pollinator-friendly plants and provide for nesting sites
(see Wojcik, 2013).
Case study

Xerces/NRCS agricultural pollinator programme – United States

This effort was started in 2006 as a pilot project in Yolo County California in partnership
with farmers, the University of California-Berkeley, the Xerces Society, Audubon Society and
the Center for Land-Based Learning. The Xerces Society has since expanded the programme
to all 50 states and various territories. This nationwide collaboration offers practical advice
and technical support on habitat restoration and management for pollinators. Since its
inception, the programme has worked with farmers and the Natural Resource Conservation
Service, a division of the US Department of Agriculture (NRCS), to implement over 165 000
acres of wildflower-rich pollinator habitat. It has trained over 38 000 farmers, gardeners,
conservationists, government agency staff, educators and land managers to create, manage
and protect pollinator habitats. The programme has also successfully collaborated with
dozens of farmers to create pollinator habitat demonstration sites across the United States.
Project partners work with farmers across the United States to develop whole-farm pollination
conservation and restoration plans outlining activities such as the planting of hedgerows with
native, flowering plants and managing on-farm practices such as tillage and pesticide use.
The current partnership is funded through a cost-share agreement between the Xerces
Society and the NRCS. This public-private partnership has leveraged over US$4 million from
Xerces members, private foundations and corporate donors to provide above and beyond the
required 1:1 match requirement of the federal agency. This funding sustains several joint
Xerces-NRCS staff biologist positions, who actively assist farmers seeking to enrol in financial
assistance programmes offered by the NRCS. Such financial assistance programmes help to
offset the cost of installing habitat features such as hedgerows and are a critical link in
incentivizing the adoption of conservation efforts by farmers who may not have the financial
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Figure 4

© Brianna Borders

Pollinator habitat created and seeded by Xerces Society staff at Headwaters Farm in
Oregon, USA

ability to otherwise carry out these efforts. By bringing specialized knowledge on pollinator
conservation to the NRCS, the programme has increased the agency’s capacity to offer more
support to farmers. Consequently, the agency has responded by investing more funds in
pollinator-specific projects across the country, in some cases investing millions of dollars
more to support farm projects, resulting in the creation of increasing areas of pollinator
habitat across the country.
Accompanying scientific studies demonstrate that these hedgerows and other practices
are effective at conserving pollinator communities and enhancing pollinator abundance and
diversity (Morandin and Kremen, 2013), including rarer and more specialized species (Kremen
and M’Gonigle in review; M’Gonigle et al., in revision). Moreover, some studies also show that
habitat enhancements can provide increased pollination services to adjacent crops (Blaauw
and Isaacs, 2014). Today, this type of ongoing research remains crucial to the success of
the work undertaken by Xerces. Consequently, active partnerships with researchers at the
University of California, Penn State University, Rutgers University, Michigan State University
and the University of Minnesota remain vital to fine-tuning the recommendations provided
daily by Xerces to farmers and NRCS staff.
Where government may be unable to provide education or financial incentives for on-farm
activities, or support research activities, these sorts of partnerships can help to defray costs
and still provide a comprehensive approach to pollinator habitat restoration and conservation
and enhancement.
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Case study

Urban Pollinators Project – United Kingdom

Increasing urbanization in many areas can result in reductions in pollinator habitat, but
urban areas can also represent an untapped opportunity for promoting pollinators. The UK
Urban Pollinators Project, a partnership with the University of Bristol, the University of
Reading, the University of Leeds and the University of Edinburgh, looks at how urban areas
can help support pollinators. The project also partners with local organizations to plant
pollinator-friendly plants in parks, playing fields and school grounds. More than 10 hectares
of flower meadows were planted at the site of the London 2012 Olympics to increase foraging
resources (Urban Pollinators Project).
Figure 5

© Katherine Baldock

An experimental perennial flower meadow sown at Horfield Common in Bristol, UK as
part of the Urban Pollinators Project led by the University of Bristol, UK

Box 7

Conservation and enhancement of pollinator habitats – actionable Items
Promote pollinator habitat conservation through financial or other incentives for beneficial on-farm
activities, penalties for harmful activities and/or mandatory habitat set-asides. Accompany these
policies and programmes with outreach and education.
|| Ensure pollinators are included in agricultural advice tailored for a variety of audiences (e.g. farmers,
land managers, gardeners) including urban landholders.
|| Utilize protected species laws and IUCN assessment status to protect pollinators, as appropriate.
|| Utilize pollinator-friendly plants in public areas (parks, roadsides, public lands, along power lines).
|| Coordinate with the appropriate local entities (transportation, parks and recreation, agriculture,
natural resource management agencies).
||
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Thematic area 3

Valuation, incentives and payments for ecosystem services
To solidify the often-invisible or time-delayed linkages between ecosystem services and
agriculture, there has been increased interest globally in producing economic valuations of
many ecosystem services, so as to convey effectively to policy-makers the importance of the
services and benefits they provide (TEEB, 2014). The goal of these valuations is to translate the
information into market-based mechanisms or policies to promote conservation.
One approach receiving increasing attention is Payments for Ecosystem Services (PES)
schemes. This topic is well covered in the literature and many resources and step-by-step
guides for implementing a PES programme already exist. This section therefore provides
a simple introduction to the concept (see Smith et al., 2013; Wunder, 2005 for further
information). A PES scheme is generally an arrangement whereby “the beneficiaries, or users,
of ecosystem services provide payments to the stewards, or providers, of ecosystem services”
(Smith et al., 2013). These payments are geared to increase the attractiveness of certain
conservation activities when an alternative land use may be more economically beneficial to
the land manager (Engel, Pagiola and Wunder, 2008). The duration of these contracts vary,
but as with other conservation efforts, longer terms are generally more ideal for achieving the
target ecosystem service levels.
PES programmes may be funded through public funds, private funds or a combination of both.
The payments must be of a sufficient size to motivate behaviour and/or, at a minimum, allow
farmers and landowners to recoup the cost of their time, materials and potential forgone income
that would have resulted from alternative land uses. Additionally, to ensure measurable gains
in pollination services, the PES programmes must operate at a spatial and temporal scale that
is likely to achieve the desired level of pollination. In other words, if only a few landholders
engage in a PES programme, the efforts may result in internal (private) benefits, but may not
be sufficient to obtain broader pollinator population gains constituting a public benefit. Since
payments can represent a substantial cost, a critique of the PES model is that a dedicated and
consistent funding stream must be available. Another concern is the limited nature of outreach
efforts and consequent lack of engagement with small or poor landholders. Setting specific farm
size limits and performing targeted outreach efforts at poor producers may help to address this
issue (Wunder, 2005).
Where PES schemes are not feasible, one strategy is to convey the non-monetized benefits
gained through preservation of ecosystem services to land managers through outreach and
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education. In some cases, activities can yield increases in economic returns to crop harvest, and
this can act as sufficient incentive for farmers and land managers (see the Uzbekistan case study
below). For example, conserving pollinator habitat around cropland may also provide protection
for wildlife, preserve populations of beneficial insects that control pests, and improve soil and
water quality, among other benefits (Wratten et al., 2012). Additionally, where payment schemes
for ecosystem services do not exist, it may be possible to “bundle” services with those for which
there is the possibility of payment, such as combining pollination and pest control services with
water quality, for which markets often exist (Wunder and Wertz-Kanounnikoff, 2009).
At present, there are apparently no PES schemes in existence that focus primarily on securing,
monitoring and paying for a desired level of pollination services. The following case studies,
therefore, do not follow strictly the traditional PES model. Instead, these schemes provide some
up-front costs for pollination conservation efforts, rather than an ongoing annual payment, to
secure a desired level of pollination services. That said, many PES programmes that promote
broader sustainable agriculture efforts and provide annual performance payments, may also
produce beneficial effects for pollinators. Direct actions that benefit pollinators include the
planting of pollinator-friendly plants, conserving natural elements and landscape features, and
maintaining set-aside strips with native plants, among others. Some indirect actions include
reducing pesticide use and supporting organic practices, crop rotation, diversified farming
systems and integrated pest management (Kennedy et al., 2013; Vakrou, 2010).
Case study

Farming with Alternative Pollinators (FAP) – Uzbekistan

The International Center for Agricultural Research in the Dry Areas (ICARDA) is conducting
a project in Uzbekistan to introduce the practice of Farming with Alternative Pollinators.
Focusing on cucumber (Regional Program, 2013), the project works with smallholders to
enhance wild pollinator habitat using low-cost materials, and then assesses the resulting
economic gains and impacts on pollinator biodiversity. “FAP includes detailed manuals with
calculated income for different agro-ecosystems and different main crops. The increased
farmers’ income is part of the technology package, as an incentive for farmers to become
local champions for ecosystem resilience.” Preliminary results show indicators of improved
ecosystem services (higher pollinator species diversity) and additional net income gain for
farmers, compared to the control sites that did not use FAP practices. Initial assessments
indicate that the test sites produced higher numbers of cucumbers and received a higher
price per kg due to significantly better cucumber quality (Christmann and Aw-Hassan, 2012).
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Case study

	Integrated Crop Pollination Project – United States

The Integrated Crop Pollination (ICP) project is a collaborative effort between several
research institutions, non-profit organizations and farmers that aims to integrate “habitat
enhancement for wild bees, farm management practices to support bees, and use of diverse
managed bee species into farm systems” (ICP, 2014). For example, the project found that
wildflower plantings next to blueberry fields increased the presence of wild bees, which had
a positive impact on crop yields (Isaacs, pers. comm., 2014). As with the Farming with
Alternative Pollinators programme, the up-front costs of habitat enhancement were funded
– in this case by the US Department of Agriculture Specialty Crops Research Initiative (ICP
“Objectives”). By the fourth year of the study, the increase in yields was sufficient to pay the
costs of the wildflower habitat enhancements and produce a profit (Blaauw and Isaacs, 2014).
Figure 6

© Jason Gibbs

Integrated Crop Pollination Project; Bombus impatiens on blueberry

Box 8

Valuation, incentives and payments for ecosystem services – actionable items
Incentivize conservation and sustainable agricultural practices through payments for ecosystem
services, or initial investments or cost-share arrangements to cover up-front costs.
|| If PES schemes already exist, consider modifying requested practices to make them beneficial to
pollinators.
|| If payments are not possible, consider bundling pollinator-friendly practices with those for which
there is the possibility of payment.
|| Provide outreach and education to farmers and landowners, emphasizing benefits other beneficial
effects to pollinator promotion activities.
||
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Thematic area 4

Participation, knowledge-sharing and empowerment of
rural and indigenous peoples and local communities
Rural and indigenous people often possess important knowledge related to pollinators and
agricultural and land management practices that promote biodiversity. Local stewards of the
land and beekeepers are often aware of important trends in biodiversity and pollinator health,
even if they may be unaware of the underlying science. And yet, many places lack mechanisms
by which this knowledge and expertise can be documented and shared with scientists and
policy-makers. In addition, as much of pollination management occurs at the local level, it is
important to ensure local voices are included in discussions of national or regional policy that
influence pollinators. Existing government networks and working groups related to agriculture,
environment and ecosystem management must therefore include representation from local, rural
and indigenous people.
It may also be helpful to develop a working group comprising government, science and
community members that is inclusive of rural and indigenous communities, and explicitly
created to translate evolving science into explicit policy recommendations. A stakeholder
analysis process can help to identify the groups to be included. These working groups allow for
two-way information sharing and can become an important channel for involving stakeholders
in research and action via a participatory process. Various forms of technology, including the
internet and mobile phone applications, can also help to empower local groups to collect data
or connect individuals.
In many regions, apiculture or beekeeping, is an industry on the decline. As global efforts
intensify to empower and include women and indigenous farmers, any efforts to promote
beekeeping should reach out to these groups.
Case study

	Indigenous Pollinators Network

The Indigenous Pollinators Network is a project of the Indigenous Partnership for
Agrobiodiversity and Food Sovereignty that seeks to provide a platform for scientists and
indigenous people to share their ideas and best practices around pollination. The Network
has organized workshops attended by experts, local practitioners and indigenous knowledge
holders, where participants shared information on local practices and learned about the
status of pollinators more broadly. In 2013, the Network undertook a review of the complex
knowledge systems on pollination of local indigenous communities. In the Nilgiri Biosphere
Reserve in southern India, the community decided that they would want to contribute
equally on the scientific side as on the traditional knowledge side, and asked to be trained in
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the application of scientific protocols to detect pollination deficits. Coffee (Coffea arabica)
was identified as an important crop for local indigenous communities of Kotagiri, in the
Nilgiris District of Tamil Nadu. Round-table discussions were held with the community, the
research team and external members from, for example the Slow Food community. During
these discussions, the interests and concerns of the local indigenous communities concerning
coffee pollinators and production, in addition to the protection of traditional knowledge, were
affirmed. Future plans for the network include local awareness-raising activities, mapping
indigenous communities knowledge management and policy advocacy (Gakii, 2013).
Figure 7

© Robert Leo

Lakhsmi, Irula tribal girl, daughter of Sivaraj of Samaigudar village

Case study

Women’s beekeeping groups – Kenya

In 2009, the Kenyan Ministry of Agriculture, Livestock and Fisheries in partnership with World
Neighbors, a development organization, began working with farmers to introduce beekeeping
as a way to diversify livelihoods. Women were provided with new beehives and received training
and technical support from Ministry of Agriculture extension workers (Atakos and Recha,
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2013). Women’s groups formed to support and empower each other and the number of groups
increased from five to 15 over four years. Average honey yields doubled from about 5 kg per
beehive/year to 10 kg and above (Macoloo et al., 2013). Some groups split earnings among the
group or reinvest them into group functions. In addition to the economic benefits from honey
production, neighbouring farmers have also experienced improved yields with their mango trees
(Atakos and Recha, 2013). This case study offers an example of a government programme that
not only promotes pollination services, but also reduces poverty and empowers rural women.
Case study

	The Great Sunflower Project – United States

While not specifically a policy approach, the Great Sunflower Project offers a novel example
of the use of a web-based platform to empower ordinary citizens to collect data about
plants and pollinator interactions and pollinator abundance. The project began in 2008 with
volunteers asked to plant sunflowers in their backyard and collect data about pollinator
visits. The project has since expanded and opened its data collection to pollinators on all
plants in all settings. It now constitutes the largest body of bee data in North America. Webbased technology is versatile and this form of data collection method could be relatively
easily created or sponsored by government agencies or public higher education institutions
to aid where data gaps exist (Great Sunflower Project).
Figure 8

© Gretchen LeBuhn

Lemon queen sunflower grown at Peralta Elementary School in Oakland, California
for their Great Sunflower Project bee counts
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Box 9

Participation, knowledge and empowerment of rural and indigenous people and local
communities – actionable items
Ensure that existing networks and working groups related to agriculture, environment and ecosystem
management include representation from local, rural and indigenous people.
|| Conduct a stakeholder analysis to help identify individuals and groups with a stake in pollination
management, making sure to include rural and indigenous groups, women and urban citizens.
|| Set up a stakeholder-science information-sharing venue.
|| Utilize technology to empower local citizens to contribute to pollination management.
|| Consider apiculture promotion in agricultural sector policies.
||

Thematic area 5

SupportING collaborative research and outreach
While the level of research and data about pollinators has increased, further investment is
needed to fill knowledge gaps. As ecosystem services involve many natural processes and are
embedded in socio-ecological systems, collaborative research, especially partnerships between
farmers and scientists, is needed to understand ecosystems, their response to alternative forms
of management, the precise mechanisms by which they contribute to human well-being, and how
these benefits can be incentivized given socio-economic and political realities. Farmers and land
managers are unlikely to manage for pollination alone. Its linkages, synergies and trade-offs with
other ecosystem services need to be documented.
Regional knowledge about local pollinators varies, however research into the following broad
thematic areas would help support pollination efforts:
||pollinator

status and trends;

||plant-pollinator

interaction, so as to understand specific habitat requirements for individual

pollinators;
||how

specific agroecosystem management practices influence tradeoffs and synergies among

pollination services and other ecosystem services, and the economic costs and benefits of
these approaches;
||biologically

based organic approaches and other pest control options not harmful to beneficial

insects;
||perceptions
||regulatory

and attitudes regarding different agroecosystem management practices;

and market opportunities and constraints for promoting ecosystem services within

agroecosystems;
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||continued

analysis of the synergistic causes of pollinator decline and the strategies most

effective in preventing or slowing the causes; and
||assessments

of existing policies in terms of their effectiveness.

Coordination of information is also important. Available research is often scattered and not
accessible to farmers and policy-makers. Science-stakeholder groups can help to centralize and
disseminate important findings.
In addition to coordination, a crucial component to supporting research on pollinators is
strengthening the human resources necessary to identify pollinators and engage in pollination
research and extension on farms. There is a need for increased investment in higher education
and training programmes for agronomists, agroecologists, taxonomists, entomologists, ecological
economists and other scientists whose expertise is critical for the study of pollination. While
“citizen scientists” and other volunteers can perform some functions such as monitoring and
data collection, there will always be a need for trained taxonomists and pollination researchers.
Building farmer-to-farmer training capacities could also be useful in this context, using the
farmer field school approach.

Citizen science
National and international efforts have called for increased monitoring of pollinator abundance
over time. Using citizen scientists and volunteers to collect data for use in conservation is
one cost-effective approach to augment researcher efforts. Research evaluating the quality of
citizen scientist data on pollinators suggests that, with modest training, citizen scientists and
volunteers can collect useful data about pollinators (Kremen, Ullman and Thorp, 2011). The
previously mentioned Great Sunflower Project constitutes a good example of laypeople collecting
data about pollinators in their gardens or on hikes and walks.

Pollination deficit protocols for farmers and land managers
FAO has developed a protocol for use at the farm scale by individual farmers to: “(i) detect
and assess pollination deficits in field situations in a standard and statistically testable way;
and (ii) draw management conclusions from the proposed experiment for possible action to
eliminate or at least reduce these deficits. It can also be used simply to assess pollinator density
and diversity on a focal crop for comparison purposes among different sites.” This protocol is
currently being used in several countries and offers another example of monitoring by nonscientists (Vaissiere, Freitas and Gemmill-Herren, 2011).
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Case study

	Efforts at training taxonomists and parataxonomists

In many regions of the world, insufficient numbers of new taxonomists are being trained. A
number of countries have advanced efforts to strengthen these human resources.
• Brazil: the International Pollination Course, a two-week field course held annually on
pollination biology, has been conducted in Brazil, Costa Rica, Mexico and the United
States. Students and researchers in a variety of disciplines come together to learn about
pollinator conservation (Projeto Polinizadores do Brasil).
• Kenya: the National Museums of Kenya have created a Pollination Ecology and Bee
Taxonomy Centre, through which they offer parataxonomy courses (National Museums of
Kenya, 2014). A parataxonomist is a layperson trained by a qualified taxonomist in sorting
and identification of specimens (generally to a higher taxonomic level such as family or
genus) within a certain taxonomic group.
Figure 9

© Sara Manetto

Parataxonomy training in Kenya, September 2013
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Box 10

Support collaborative research and outreach – actionable items
Identify gaps in knowledge surrounding pollination services and invest in research, research
coordination and the creation of regional clearinghouses.
|| Strengthen human resources around pollination management through the training of new scientists,
citizen scientists and parataxonomists.
|| Establish citizen science monitoring programmes, where appropriate.
|| Encourage farmers to utilize pollination deficit protocols such as that developed by FAO.
||

Thematic area 6

Public awareness raising and knowledge sharing
As with many public policy initiatives, public outreach and raising awareness are key components in
building momentum for change. In recent years, films, articles in newspapers and magazines, and
workshops have placed pollinators in the public spotlight and interest is growing. It is imperative
that advocates and researchers harness this interest and continue to increase citizen knowledge
about these charismatic creatures, extending beyond honey bees to include wild pollinators.
Stakeholder coalitions and other environmental, food and agricultural networks can be useful
vehicles for coordination and promotion of both media activities and lobbying efforts. Setting
up a government-science-community working group with the goal of translating evolving science
into explicit policy recommendations on a regular and frequent basis could be utilized for these
activities. Additionally, efforts should be made to identify and include other possible allies
beyond the expected conservation groups, such as public health and nutrition groups.
When presenting information about pollination services, advocates should consider linking
them to causes other people and groups care about (e.g. poverty reduction or human health).
Additionally, it is worthwhile exploring creative ways to present pollinator issues through traditional
and new media (e.g. blogs, Facebook, Twitter). The Whole Foods marketing campaign described
below uses photographs in a creative way to showcase the importance of pollination services.
Case study

Ghana Pollination Project

The Ghana Pollination Project, a network of pollinator researchers and advocates, has held
seminars with policy-makers and journalists to raise awareness on biodiversity, pollinator
conservation and pollinator importance to the Ghanaian economy and food security. These
seminars, as well as other research and promotional activities, have been broadcast through
various news outlets and have helped to raise awareness in the broader public about the
importance of pollinators (Ghana News Agency, 2014; Government of Ghana, 2012).
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Case study

	North American Pollinator Protection Campaign (NAPPC)

The North American Pollinator Protection Campaign is a collaboration of more than 120
partner organizations whose goal is to raise awareness, promote conservation and collect
scientific research on pollinator protection (NAAPC “About Us”). Other notable activities
include: hosting an annual conference, promoting a National Academy of Science panel
focused on pollination, providing lobbying efforts for national agriculture legislation such as
the US Farm Bill, working with government agencies to establish a National Pollinator Week
and developing a pollinator stamp. NAPPC uses creative outreach strategies, such as events
for policy-makers in which all food items are labelled to indicate dependence on pollinators
(coffee, chocolate, fruits, etc.) (NAAPC “Accomplishments”).
Case study

	The Xerces Society and the Whole Foods “Share the Buzz” campaign

To raise public awareness about pollinators, the Whole Foods Market chain, a high-end grocery
chain in the United States, implemented the “Share the Buzz” campaign at hundreds of stores
across the country. These stores provided educational messages to hundreds of thousands of
consumers. One store also temporarily removed all produce that comes from plants requiring
pollinators (237 of 453 products or 52 percent of the produce department). The company
partnered with the Xerces Society conservation non-profit for this effort, making a donation
to the organization and also presenting customers with ways they as individuals can help
conserve pollinators. The campaign used images effectively to show the impact of pollinators
on a typical produce department, and thus to strongly emphasize the human diet dependence
on pollinators. The story received wide coverage across the United States (Whole Foods
Market, 2013). Another media event organized with the Whole Foods company focused on the
importance of pollinators for dairy items (Whole Foods Market, 2014).
Case study

	Dudu Diaries blog and Our Friends the Pollinators book
by Dino Martins – Kenya

Dudu Diaries is an “insect diary” blog (accessible via http://dududiaries.wildlifedirect.org/)
authored by entomologist Dr. Dino Martins containing colourful pictures and descriptions
of insects primarily from Kenya. Many posts focus on pollination and pollinators. Readers
pose questions and send pictures of insects they wish to identify. Additionally, Martins has
recently published a book, Our Friends the Pollinators: A Handbook of Pollinator Diversity and
Conservation, which is available for free download from his blog. Focused on East Africa,
the book offers colourful, close-up photographs and descriptions of both pollinators and the
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plants they pollinate. It is written for non-science audiences to “inspire excitement about
pollinators, and make the link with food and people’s livelihoods” and “help to shape a strong
grassroots movement that works for the protection of habitats, better farming practices, and
the restoring of pollination services” (Martins, 2014).
Figure 10

© Dino Martins

Raising public awareness through reader-friendly material

Box 11

Public awareness raising and knowledge sharing – actionable items
Set up a working group within the country comprising members from the relevant stakeholder groups
with the goal of translating evolving science into explicit policy recommendations on a regular and
frequent basis.
|| Conduct a stakeholder analysis to identify other possible allies beyond the expected conservation
groups.
|| Link environmental conservation to other causes people care about, such as poverty reduction or
human health.
|| Explore creative ways to present pollinator issues through new and traditional media.
||
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Other policy responses
In addition to the preceding six thematic areas, the following pollinator policies are also
important.

Regulations surrounding movements of managed pollinators
Pests and disease have been cited as contributing to pollinator decline and can spread through
the movement of honey bee or bumble bee hives for agricultural purposes. New Zealand has
had some success in managing the spread of parasites and disease through prohibiting the
movement of hives between the North and South island (Eardley et al., 2006). This regulatory
approach may be difficult to enforce within a country.

“Bee friendly” consumer product certification
Consumer product certification is one way to raise awareness and allow consumers to choose
products from farmers who utilize “bee friendly” agricultural practices. At present, there is no true
third party to certify pollinator efforts. In Canada and the United States, Partners for Sustainable
Pollination manages a self-certification process that has certified almost 250 farmers in 34 states
and six provinces (Partners for Sustainable Pollination). The Xerces Society also uses a similar
approach to let gardeners self-certify through their Bring Back the Pollinator Pledge. Thousands
of people have taken this pledge to date (http://www.xerces.org/bringbackthepollinators).
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SECTION 5
Emerging issues relevant
for ecosystem services –
policies related to
sustainable agriculture

Many policy efforts that aim to increase the sustainability of agricultural practices, while
not focused specifically on pollinators, stand to provide indirect benefits. In contrast, other
emerging issues in agriculture may induce negative effects towards pollinators. While not
meant to be exhaustive, the following section identifies such policies and themes.
5.1	Innovations

in sustainable agriculture policies that
positively impact pollinators

Policies calling for the regional adoption of organic farming practices
Governments across the world are involved in efforts to increase adoption of organic farming
practices, but in many regions conventional farming still dominates. The country of Bhutan
offers an exception to this trend and has recently announced the ambitious goal to switch
to fully organic food production over the next decade through an incremental step-by-step
and product-by-product approach (Confino, 2014). As the first country in the world to make
this bold transition to more ecological farming, the process by which it makes the switch will
provide an excellent future case study for mainstreaming and will potentially offer valuable
lessons learned for other regions wishing to make a similar conversion.
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Many organic farming practices confer benefits to pollinators (e.g. reduced use of pesticides,
enhanced floral resources) and thus, the promotion of organics is useful as a strategy for pollinator
conservation. Scientific studies show that organic farming enhances the diversity and abundance
of pollinator species, particularly when it is broadly adopted in the landscape (Gabriel et al.,
2010; Holzschuh, Steffan-Dewenter and Tscharntke, 2008). However, some common organic
practices can still harm pollinators. For example, some farmers use tillage as a weed control
technique. This may be problematic for pollinators whose nests are underground (Mader, 2010).
Thus, policies incentivizing organic farming, as well as education and training surrounding its
practices, should include specific pollinator management information including how to mitigate
harm to pollinators. The Xerces Society has created and published education materials that deal
with this issue (see www.xerces.org/pollinator-conservation/organic-farms).

Policies incentivizing diversification of farm products
The United States Department of Agriculture recently introduced the Whole-Farm Revenue
Protection policy, which allows farmers to insure all crops on their farms at once, as opposed to
insuring them crop-by-crop. The lack of specific insurance programmes for fruit and vegetables in
the past has been a disincentive for growers to diversify beyond commodity crops. This new way
of insuring crops offers farmers enhanced flexibility and provides a greater incentive to diversify
cropping systems within farming regions (USDA, 2014). There is evidence to suggest that
increased floral diversity achieved through diversified farming can improve pollination services
(Kennedy et al., 2013). Policies incentivizing greater diversification of crops complement other
efforts to conserve or enhance pollinator habitats, such as the planting of hedgerows (Kearns,
Inouye and Waser, 1998).

Policies promoting local and organic food
An alternative means of promoting sustainable agriculture policies is through demand-side
channels such as food procurement policies. The City of Malmo, Sweden, has adopted a policy
requiring all food served or ordered by the city to be climate friendly, organic and ethically
certified (where appropriate) by 2020. Schools, health care organizations and public hospitality
agencies are expected to adhere to this policy. Since municipalities tend not to have great
influence on national agriculture policies, emphasizing sustainability in food purchasing can
be an indirect way to support ecological farming practices that benefit pollinators and other
ecosystem services (City of Malmo Sweden).
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SECTION 6
CONCLUSION
Ecosystems support human life and provide important inputs to the global economy through
both goods and services. And yet, despite their importance, many ecosystem services across
the world are being degraded more rapidly then they can be renewed, and are not adequately
recognized and protected within many policy environments. Policy measures are needed
to promote the restoration and conservation of healthy, functioning ecosystems that can
produce services such as water purification, soil formation and pollination services.
Pollination offers one example of an ecosystem service in decline where effective policy
responses exist that fit conditions at a variety of scales – local, regional, national and
international. Because there are multiple causes contributing to the decline of pollinators,
multiple and complementary efforts are needed – from bans and regulations on pesticide
use to incentives for sustainable agriculture practices promoting pollinator communities.
By mainstreaming pollination services into public policy, governments can act now to stem
future pollination declines that could significantly impact agriculture and the economy,
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human nutrition and the conservation of biodiversity.

Wild bee (Nomia sp.) visiting an eggplant flower, Kenya.
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Giant Asian honey bee on mustard in Chitwan, Nepal.

42

Policy Analysis Paper: Mainstreaming of Biodiversity and Ecosystem Services With A Focus On Pollination

References
API. 2007. Plan of action of the African Pollinator Initiative. Rome, FAO African Pollinator
Initiative.
Aizen, M.A., Garibaldi, L.A., Cunningham S.A. & Klein, A.M. 2008. Long-term global trends
in crop yield and production reveal no current pollination shortage but increasing pollinator
dependency. Curr Biol., 18(20): 1572–1575.
Altieri, M.A. 1995. Agroecology: The science of sustainable agriculture. Boulder, CO,
Westview Press.
Atakos, V. & Recha, J. 2013. Beekeeping can help women farmers manage climate risks. GGIAR
(available at http://ccafs.cgiar.org/beekeeping-can-help-women-farmers-manage-climaterisks#.U5_hLpSwJIc).
Biddinger, D.J., Robertson, J.L., Mullin, C., Frazier, J., Ashcraft, S.A., Rajotte, E.G., Joshi,
N.K. & Vaughn, M. 2013. Comparative toxicities and synergism of apple orchard pesticides
to Apis mellifera (L.) and Osmia cornifrons (Radoszkowski). PLoS One, 8(9): e72587.
Biesmeijer, J.C., Roberts, S.P.M., Reemer, M., Ohlemuller, R., Edwards, M., Peeters, T.,
Schaffers, A.P., Potts, S.G., Kleukers, R., Thomas, C.D., Settele, J., & Kunin, W.E. 2006.
Parallel declines in pollinators and insect-pollinated plants in Britain and the Netherlands.
Science, 313(5785): 351–354.
Blaauw, B.R. & Isaacs, R. 2014. Flower plantings increase wild bee abundance and the
pollination services provided to a pollination-dependent crop. Journal of Applied Ecology,
51: 890–898.
Bradshaw, C.J., Sodhi, N.S., Peh, K.S. & Brook, W. 2007. Global evidence that deforestation
amplifies flood risk and severity in the developing world. Global Change Biology,
13: 2739–2395.
Buchmann, S.L. & Nabhan, G.P. 1996. The forgotten pollinators. Washington, DC, Island Press.
Cameron, S.A., Lozier, J.D., Strange, J.P., Koch, J.B., Cordes, N., Solter, L.F. & Griswold, T.L.
2011. Patterns of widespread decline in North American bumble bees. PNAS, 108: 662–667.
Carlisle, L. & Miles, A. 2013 Closing the knowledge gap: How the USDA could tap the potential
of biologically diversified farming systems. Journal of Agriculture, Food Systems, and
Community Development, 3(4), 219–225.
CBD. National biodiversity strategies and action plans (NBSAPs). Convention on Biological
Diversity (available at www.cbd.int/nbsap/).
CBD. What is agricultural biodiversity? Convention on Biological Diversity (available at www.
cbd.int/agro/whatis.shtml).
Chaplin-Kramer, R., Domback, E., Gerber, J., Knuth, K.A., Mueller, N.D., Mueller, M., Ziv, G.
& Klein, A.M. 2014. Global malnutrition overlaps with pollinator-dependent micronutrient
production. Proc. R. Soc. B. 281: 20141799.

43

references

Christmann, S. & Aw-Hassan, A.A. 2012. Farming with alternative pollinators (FAP) – an
overlooked win-win strategy for climate change adaptation. Agriculture, Ecosystems &
Environment, 161: 161–164.
City of Malmo, Sweden. Policy for sustainable development and food: The City of Malmo. Malmo,
The City of Malmo.
CFS. About CFS. Rome, FAO, Committee on World Food Security (available at www.fao.org/cfs/
cfs-home/cfs-about/en/).
CFS. 2012. Voluntary guidelines on the responsible governance of tenure of land, fisheries and
forests in the context of national food security. Rome, FAO, Committee on World Food Security.
CFS. 2014. Principles for responsible investment in agriculture and food systems. Rome, FAO,
Committee on World Food Security.
Confino, J. 2014. Bhutan could be world’s first wholly organic nation within a decade. The
Guardian (available at www.theguardian.com/sustainable-business/bhutan-organic-nationgross-national-happiness-programme).
Cowling, R.M., Egoh, B., Knight, A.T., O’Farrell, P.J., Reyers, B., Rouget, M., Roux, D.J.,
Welz, A. & Wilhelm-Rechman, A. 2008. An operational model for mainstreaming ecosystem
services for implementation. PNAS, 105(28): 9483–9488.
Diaz, R.J. & Rosenberg, R. 2008. Spreading dead zones and consequences for marine ecosystems.
Science, 321(5891): 926–929.
Eardley, C., Roth, D., Clarke, J., Buchmann, S. & Gemmill, B. 2006. Pollinators and pollination:
A resource book for policy and practice. Rome, FAO, African Pollinator Initiative.
Eilers, E. J., Kremen, C., Greenleaf, S.S., Garber, A.K. & Klein, A.M. 2011. Contribution of
pollinator-mediated crops to nutrients in the human food supply. PLoS ONE, 6(6): e21363.
Engel, S., Pagiola, S. & Wunder, S. 2008. Designing payments for environmental services in
theory and practice: An overview of the issues. Ecological Economics, 65(4): 663–674.
Eugene Parks and Open Space. 2014. Eugene takes a formal stand against harmful neonicotinoids.
Eugene, OR (available at www.eugene-or.gov/ArchiveCenter/ViewFile/Item/3016).
EU. 2013. Regulation (EU) No. 485/2013. Brussels, European Union.
Foley, J., Defries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter, S.R., Chapin, F.S., Coe,
M.T., Daily, G.C., Gibbs, H.K., Helkowski, J.H., Holloway, T., Howard, E.A., Kucharik,
C.J., Monfreda, C., Patz, J.A., Prentice, I.C., Ramankutty, N. & Snyder, P.K. 2005. Global
consequences of land use. Science, 309(5734): 570–574.
Foley, J., Ramankutty, N., Brauman, K.A., Cassidy, E.S., Gerber, J.S., Johnston, M., Mueller,
N.D., O’Connell, C., Ray, D.K., West, P.C., Balzer, C., Bennett, E.M., Carpenter, R., Hill,
J., Monfreda, C., Polasky, S., Rockstrom, J. Sheehan, J., Siebert, S., Tilman, D. & Zaks,
D.P.M. 2011. Solutions for a cultivated planet. Nature, 478(7369): 337–342.
FAO. AGP – Integrated Pest Management. Rome, FAO (available at www.fao.org/agriculture/
crops/thematic-sitemap/theme/pests/ipm/en/).
FAO. 2008. Rapid assessment of pollinators’ status: A contribution to the international initiative
for the conservation and sustainable use of pollinators. Rome.

44

Policy Analysis Paper: Mainstreaming of Biodiversity and Ecosystem Services With A Focus On Pollination

FAO. 2013. Aspects determining the risk of pesticides to wild bees: Risk profiles for focal crops on
three continents. Rome.
FAO. 2014. The multiple goods and services of Asian rice production systems. Rome (available at
www.fao.org/3/a-i3605e.pdf).
Fisher, D. & Moriarty, T. 2011. Pesticide risk assessment for pollinators: summary of a setac
pellston workshop. 15–21 January 2011. Pensacola, Florida, USA, Society for Environmental
Toxicology and Chemistry (SETAC)
Fox, R. Warren, M.S., Asher, J., Brereton, T.M. & Roy, D.B. 2007. The state of Britain’s butterflies
2007. Wareham, Dorset, Butterfly Conservation and the Centre for Ecology and Hydrology.
Gabriel, D., Carver, S.J., Durham, H., Kunin, W.E., Palmer, R.C., Sait, N., Stagl, S. & Benton.
T.G. 2010. Scale matters: The impact of organic farming on biodiversity at different spatial
scales. Ecol. Lett., 13(7): 858–869.
Gakii, M. 2013. Indigenous Pollinators Network workshop, 25–26 September, Nairobi, Kenya.
FAO report.
Gallai, N., Salles, J., Settele, J. & Vaissiere, B.E. 2009. Economic valuation of the vulnerability
of world agriculture confronted with pollinator decline. Ecological Economics, 68(3): 810–821.
Garibaldi, L.A., Steffan-Dewenter, I., Winfree, R., Aizen, M.A., Bommarco, R., Cunningham,
S.A., Kremen, C., Carvalheiro, L.G., Harder, L.D., Afik, O., Bartomeus, I., Benjamin, F.,
Boreux, V., Cariveau, D., Chacoff, N.P., Dudenhöffer, J.H., Freitas, B.M., Ghazoul, J.,
Greenleaf, S., Hipólito, J., Holzschuh, A., Howlett, B., Isaacs, R., Javorek, S.K., Kennedy,
C.M., Krewenka, K.M., Krishnan, S., Mandelik, Y., Mayfield, M.M., Motzke, I., Munyuli, T.,
Nault, B.A., Otieno, M., Petersen, J., Pisanty, G., Potts, S.G., Rader, R., Ricketts, T.H.,
Rundlöf, M., Seymour, C.L., Schüepp, C., Szentgyörgyi, H., Taki, H., Tscharntke, T., Vergara,
C.H., Viana, B.F., Wanger, T.C., Westphal, C., Williams, N. & Klein, A.M. 2013. Wild pollinators
enhance fruit set of crops regardless of honey bee abundance. Science, 339(6127): 1608–1611.
Ghana News Agency. 2014. Conserve biodiversity to facilitate national food security. Ghana Spy
(available at www.spyghana.com/conserve-biodiversity-to-facilitate-national-food-security/).
Gliessman, S.R. 2006. Agroecology: The ecology of sustainable food systems. Baton Rouge,
CRC Press.
Global Pollination Project. Conservation and management of pollinators for sustainable
agriculture through an ecosystem approach: Project prospectus. Rome, FAO (available at
www.worldagroforestry.org/treesandmarkets/hvc07_meet/other_materials/gloabl%20
partnership%20pollinators%20fao.pdf). No date.
Goulson, D. 2013. Review: An overview of the environmental risks posed by neonicotinoid
insecticides. J. Appl. Ecol., 50(4): 977–987.
Government of Ghana. 2012. Global Pollination Project – Ghana (GPP-Ghana) holds 2nd
national seminar (available at www.ghana.gov.gh/index.php/2012-02-08-08-32-47/generalnews/5282-global-pollination-project-ghana-gpp-ghana-holds-2nd-national-seminar).
Great Sunflower Project. About (available at www.greatsunflower.org/node/1000010).
Hatfield, R.G. et al. In preparation. IUCN assessments for North American Bombus spp. For the
North American IUCN Bumble Bee Specialist Group. Portland, OR, Xerces Society for Invertebrate
Conservation.

45

references

Holzschuh, A., Steffan-Dewenter, I. & Tscharntke,T. 2008. Agricultural landscapes with organic
crops support higher pollinator diversity. Oikos, 117(3): 354–361.
Hopwood, J., Vaughan, M., Shepherd, M., Biddinger, D., Mader, E., Hoffman Black, S. &
Mazzacano, C. 2012. Are neonicotinoids killing bees? A review of research into the effects
of neonicotinoid insecticides on bees, with recommendations for action. Portland, OR,
Xerces Society for Invertebrate Conservation (available at www.xerces.org/wp-content/
uploads/2012/03/Are-Neonicotinoids-Killing-Bees_Xerces-Society1.pdf).
Integrated Crop Pollination Project. 2014. Objectives. East Lansing, MI (available at
www.icpbees.org/).
Jorge Da Cunha, H. 2010. Brazil: Relevant policies, gap analysis, and scoping study. FAO report.
Kearns, C.A., Inouye, D.W. & Waser, N.M. 1998. Endangered mutualisms : The conservation of
plant-pollinator interactions. Annual Review of Ecology and Systematics, 29: 83–112.
Kennedy, C.M., Lonsdorf, E., Neel, M.C., Williams, N.M., Ricketts, T.H., Winfree, R.,
Bommarco, R., Brittain, C., Burley, A.L., Cariveau, D., Carvalheiro, L.G., Chacoff, N.P.,
Cunningham, S.A., Danforth, B.N., Dudenhöffer, J.H., Elle, E., Gaines, H.R., Garibaldi,
L.A., Gratton, C., Holzschuh, A., Isaacs, R., Javorek, S.K., Jha, S., Klein, A.M., Krewenka,
K., Mandelik, Y., Mayfield, M.M., Morandin, L., Neame, L.A., Otieno, M., Park, M.,
Potts, S.G., Rundlöf, M., Saez, A., Steffan-Dewenter, I., Taki, H., Viana, B.F., Westphal,
C., Wilson, J.K., Greenleaf, S.S. & Kremen, C. 2013. A global quantitative synthesis
of local and landscape effects on wild bee pollinators in agroecosystems. Ecol. Lett.,
16(5): 584–599.
Kevan, P.G. 1991. Pollination: Keystone process in sustainable global productivity. Paper
presented at the Acta Horticulturea 6th International Symposium on Pollination, Tilburg, the
Netherlands.
Klein, A.M., Vaissiere, B.E., Cane, J.H., Steffan-Dewenter, I., Cunningham, S.A., Kremen, C.
& Tscharntke, T. 2007. Importance of pollinators in changing landscapes for world crops.
Proc. R. Soc. B., 274: 303–313.
Kotler, P. 2011. Reinventing marketing to manage the environmental imperative. Journal of
Marketing, 75(4): 132–135.
Kotler, P. 1971. Marketing: An approach to planned social change, Journal of Marketing,
35(3): 3–12.
Kremen, C. & M’Gonigle, L.K. In review. Restoration in intensively managed agricultural
landscapes supports more specialized and less mobile species, Journal of Applied Ecology.
Kremen, C. & Miles, A. 2012. Ecosystem services in biologically diversified versus conventional
farming systems: Benefits, externalities, and trade-offs. Ecology and Society, 17(4): 40.
Kremen, C., Ullman, K.S. & Thorp, R.W. 2011. Evaluating the quality of citizen-scientist data
on pollinator communities. Conservation Biology, 25(3): 607–617.
Lakhani, N. 2014. Sweet victory for Mexico beekeepers as Monsanto loses GM permit. The
Guardian (available at www.theguardian.com/global-development/poverty-matters/2014/
aug/08/sweet-victory-beekeepers-monsanto-gm-soybeans).
Lin, B.B. 2011. Resilience in agriculture through crop diversification: Adaptive management for
environmental change. BioScience, 61(3): 189–193.

46

Policy Analysis Paper: Mainstreaming of Biodiversity and Ecosystem Services With A Focus On Pollination

Macoloo, C., Recha, J., Radeny, M. & Kinyangi, J. 2013. Empowering a local community to address
climate risks and food insecurity in Lower Nyando, Kenya. Paper presented at conference “A
New Dialogue: Putting People at the Heart of Global Development”, 15–16 April 2013, Dublin.
Mader, E. 2010. Organic farming for bees: Conservation of native crop pollinators in organic
farming systems. Portland, OR, Xerces Society for Invertebrate Conservation.
Maes, J., Hauck, J., Paracchini, M.L., Ratamäki, O., Hutchins, M., Termansen, M., Furman, E.,
Perez-Soba, M., Braat, L.C. & Bidoglio, G. 2013. 2013. Mainstreaming ecosystem services
into EU policy. Curr. Opin. Environ. Sustain., 5(1): 128–134.
Martins, D.J. Dudu diaries (available at http://dududiaries.wildlifedirect.org/).
Martins, D.J. 2014. Our friends the pollinators: A handbook of pollinator diversity and conservation
in East Africa. Nairobi, Nature Kenya — the East Africa Natural History Society National
Museums of Kenya.
Menzel, S. & Teng, J. 2009. Ecosystem services as a stakeholder-driven concept for conservation
science. Conservation Biology, 24(3): 907–909.
M’Gonigle, L.K. Ponisio, L.C., Cutler & Kremen, C. In revision. Habitat restoration promotes
pollinator persistence and colonization in intensively managed agriculture. Ecological
Applications.
Midler, J.C., Garbach, K., DeClerck, F.A.J. & Montenegro, M. 2012. An assessment of the multifunctionality of agroecological intensification. Ithaca, NY, EcoAgriculture Partners.
MEA. 2005a. Ecosystems and human well-being: Biodiversity synthesis. Millennium Ecosystem
Assessment. Washington, DC, World Resources Institute.
MEA. 2005b. Ecosystems and human well-being: Synthesis. Millennium Ecosystem Assessment.
Washington, DC, World Resources Institute.
Morandin, L.A. & Kremen, C. 2013. Hedgerow restoration promotes pollinator populations and
exports native bees to adjacent fields. Ecological Applications, 23(4): 829–839.
National Museums of Kenya. 2014. Centre for Bee Biology and Pollination Ecology. Webpage.
Nairobi (available at www.museums.or.ke/content/view/153/116/).
Nelson, G.C. 2005. Drivers of ecosystem change: Summary chapter. In: Ecosystems and human
well-being: Current state and trends. Washington, DC, World Resources Institute.
Nelson, E., Mendoza, G., Regetz, J., Polasky, S., Tallis, H., Cameron, D.R., Chan, K.M.A., Daily,
G., Goldstein, J., Kareiva, P., Lonsdorf, E., Naidoo, R., Ricketts, T.H. & Shaw, M.R. 2009.
Modeling multiple ecosystem services, biodiversity conservation, commodity production, and
tradeoffs at landscape scales. Frontiers in Ecology and the Environment, 7: 4–11.
Neumann, P. & Carreck, N.L. 2010. Honey bee colony losses. Journal of Apicultural Research.
49(1): 1–6.
North American Pollinator Protection Campaign (NAPPC). About us (available at http://
pollinator.org/nappc/aboutus.htm).
North American Pollinator Protection Campaign (NAPPC). Accomplishments (available at
http://pollinator.org/nappc/accomplishments.htm).
Ollerton, J., Winfree, R. & Tarrant, S. 2011. How many flowering plants are pollinated by
animals? Oikos, 120: 321–326.

47

references

Organisation for Economic Co-operation and Development (OECD). Managing pesticide risk to
insect pollinators (available at www.oecd.org/chemicalsafety/risk-mitigation-pollinators/).
Partners for Sustainable Pollination. Bee friendly farmer certification (available at http://
pfspbees.org/bee-friendly-farming/certification).
Pettis, J.S., Lichtenberg, E.M., Andree, M., Stitzinger, J., Rose, R. & vanEngelsdorp. D. 2013.
Crop pollination exposes honey bees to pesticides which alters their susceptibility to the gut
pathogen Nosema ceranae. PLoS One, 8(7): e70182.
Potts, S.G., Biesmeijer, J.C., Kremen, C., Neumann, P., Schweiger, O. & Kunin, W.E. 2010.
Global pollinator declines: Trends, impacts and drivers. Trends in Ecology & Evolution, 25(6):
345–353.
Power, A. 2010. Ecosystem services and agriculture: Tradeoffs and synergies. Phil. Trans. R. Soc.
B., 365(1554): 2959–2971.
Pretty, J.N., Noble, A.D., Bossio, D., Dixon, J., Hine, R.E., Penning de Vries, F.W.T. & Morison,
J.I.L. 2006. Resource-conserving agriculture increases yields in developing countries.
Environmental Science & Technology, 40: 1114–1119.
Prince Edward, Corporation of the County of. 2014. Minutes of meeting, 27 May 2014.
Picton, ON.
Projeto Polinizadores do Brasil. Internacional Pollination Course (available at www.
polinizadoresdobrasil.org.br/index.php/en/curso-polinizacao).
Raudsepp-Hearne, C., Peterson, G.D., Tengö, M., Bennett, E.M., Holland, T., Benessiah, K.,
MacDonald, G.K. & Pfeifer, L. 2010. Untangling the environmentalist’s paradox: Why is
human well-being increasing as ecosystem services degrade? Bioscience, 60(8): 576–589.
Regional Program for Sustainable Agricultural Development in Central Asia and the Caucasus.
2013.New climate change adaptation project in Uzbekistan focuses on pollinators (available
at http://cac-program.org/news/detail/344).
Sheffield, C.S., Ngo, H. & Azzu, N. 2014. Report of the workshop on natural pollination services
for agricultural production in apple orchards in the Hindu-Kush Himalayan region. FAO report.
Smith, S., Rowcroft, P., Everard, M., Couldrick, L., Reed, M., Rogers, H., Quick, T., Eves, C. &
White, C. 2013. Payments for ecosystem services: A best practices guide London, DEFRA.
Tang, J., Wice, J., Thomas, V.G. & Kevan, P.G. 2010. Assessment of Canadian federal and
provincial legislation to conserve native and managed pollinators. International Journal of
Biodiversity Science & Management, 3(1): 46–55.
TEEB. 2010. The economics of ecosystems and biodiversity (TEEB) ecological and economic
foundations. Geneva, TEEB (available at www.teebweb.org).
TEEB. 2014. The economics of ecosystems and biodiversity (TEEB) for agriculture & food: Concept
note. Geneva, TEEB (available at www.teebweb.org).
Thompson, I.D., Okabe, K., Tylianakis, J.M., Kumar, P., Brockerhoff, E.G. Schellhorn, N.A.,
Parrotta, J.A. & Nasi, R. 2011. Forest biodiversity and the delivery of ecosystem goods and
services: Translating science into policy. BioScience, 61(12): 972–981.
Tilman, D., Cassman, K.G., Matson, P., Naylor, R. & Polasky, S. 2002. Agricultural sustainability
and intensive production practices. Nature, 418(6898): 671–677.

48

Policy Analysis Paper: Mainstreaming of Biodiversity and Ecosystem Services With A Focus On Pollination

Tomlinson, I. 2013. Doubling food production to feed the 9 billion: A critical perspective on a
key discourse of food security in the UK. Food Security, 29: 81–90.
UN DESA. Sustainable development goals. New York, NY, United Nations Department of Economic
and Social Affairs (available at http://sustainabledevelopment.un.org/?menu=1300).
UN Open Working Group SDG. 2014. Proposal of the Open Working Group for Sustainable
Development Goals. New York, NY, United Nations Open Working Group on the Sustainable
Development Goals.
USDA. 2014. New pilot program offers coverage for fruits and vegetables, organic and diversified
farms. News Release No. 0100.14. Washington, DC, US Department of Agriculture (available
at www.usda.gov/wps/portal/usda/usdahome?contentid=2014/05/0100.xml)
Urban Pollinators Project. Webpage (available at www.bristol.ac.uk/biology/research/
ecological/community/pollinators).
Vaissiere, B.E., Freitas, B.M. & Gemmill-Herren, B. 2011. Protocol to detect and assess
pollination deficits in crops: A handbook for its use. Rome, FAO.
Vakrou, A. 2010. Payments for ecosystem services: Experiences in the EU. Presentation at the OECD
Expert Workshop on Enhancing the Cost-Effectiveness of Payments for Ecosystem Services, Paris.
Watson, R. 2005. Turning science into policy: Challenges and experiences from the sciencepolicy interface. Philos. Trans. R. Soc. B., 360(1454): 471–477.
Wezel, A., Bellon, S., Doré, T., Francis, C., Vallod, D. & David, C. 2009. Agroecology as a science,
a movement and a practice: A review. Agronomy for Sustainable Development, 29: 503–515.
Whole Foods Market. 2013. This is what your grocery store looks like without bees (available at
http://media.wholefoodsmarket.com/news/bees).
Whole Foods Market. 2014. Give bees a chance—the dairy aisle needs pollinators, too
(available at http://media.wholefoodsmarket.com/news/give-bees-a-chance-the-dairy-aisleneeds-pollinators-too).
Wojcik, V.A. 2013. Pollinator protection and right-of-way management go hand-in-hand: Three
case studies of local approaches to habitat improvement for pollinators. Paper presented
at the 2013 ISA conference (available at http://www.isa-arbor.com/events/conference/
proceedings/2013/Wojcik_%20Extended%20Abstract_IVM%20and%20pollinator%20
habtitat%20development.pdf).
Wratten, S.D., Gillespie, M., Decourtye, A., Mader, E. & Desneux, N. 2012. Pollinator habitat
enhancement: Benefits to other ecosystem services. Agriculture, Ecosystems & Environment,
159: 112–122.
Wunder, S. 2005. Payments for environmental services: Some nuts and bolts. Bogor, Center for
International Forestry Research.
Wunder, S. & Wertz-Kanounnikoff, K. 2009. Payments for ecosystem services: A new way of
conserving biodiversity in forests. J. Sustain. For., 28(3): 576–596.
Xerces Society Bring back the pollinators. Portland, OR (available at www.xerces.org/
bringbackthepollinators/).
Zhang, W., Ricketts, T.H., Kremen, C., Carney, K. & Swinton, S.M. 2007. Ecosystem services
and dis-services to agriculture. Ecol. Econ., 64(2): 253–260.

49

CON T RI B U T OR CON T A C T IN F OR M A T ION

CONTRIBUTOR
CONTACT INFORMATION
Vanina Antunes

Project Manager
Fundo Brasiliero para a Biodiversidade (FUNBIO)
Rua Voluntários da Pátria, 286/ 5º andar, Botafogo
Rio de Janeiro/RJ, Brazil - 22270-014
Tel: +55 21 2123-5332
Cell: + 55 21 8144-8800
Email: vanina.antunes@funbio.org.br

Nadine Azzu

Global Pollination Project Manager
Food and Agriculture Organization of the
United Nations
Viale delle Terme di Caracalla
Rome, 00153, Italy
Tel: +39 0657056795
Email: Nadine.Azzu@fao.org

Inga E. Bruteig

Research Director
Norwegian Institute for Nature Research (NINA)
Postal address: PO Box 5685
Sluppen, NO-7485 Trondheim, Norway
(Delivery/Visiting address: Høgskoleringen 9,
7034 Trondheim, Norway)
Tel: +47 73 80 14 00
Cell: +47 936 58 999  
Email: Inga.Bruteig@nina.no

Damayanti Buchori

Institut Pertanian Bogor (IPB),
Bogor Agricultural University.
Jl. Raya Darmaga Kampus IPB Darmaga Bogor
16680
West Java, Indonesia
Tel: +62-251-8425980
Cell: +62-8111-99778
Email: dami@indo.net.id

50

John Donaldson

Chief Director: Biodiversity Research, Information &
Monitoring
South African National Biodiversity Institute
(SANBI)
Private Bag X7, Claremont,
7735, Cape Town, South Africa
Tel: +27 21 799 8771
Email: J.Donaldson@sanbi.org.za

P.P. Dhyani

Director & National Coordinator GPP-India
G.B. Pant Institute of Himalayan Environment
& Development
Kosi-Katarmal, Almora 263 643, Uttarakhand, India
Tel: + 91-5962 - 241015/241041
Mob: + 91 - 9412092189
E-Mail: psdir@gbpihed.nic.in;
ppdhyani@gbpihed.nic.in

Lucas Garibaldi

Professor (UNRN); Researcher (CONICET)
Universidad Nacional de Río Negro (UNRN)
Mitre 630, CP 8400, San Carlos de Bariloche,
Río Negro, Argentina
Tel: +542944525911
Cell: +54-9-294-4506631
Email: lgaribaldi@unrn.edu.ar

Barbara Gemmill-Herren

Programme Officer, Sustainable Agriculture
Focal Point, International Pollinator Initiative
Food and Agriculture Organization of the
United Nations
Viale delle Terme di Caracalla
Rome, 00153, Italy
Tel: +39 06570569838
Email: Barbara.Herren@fao.org

Policy Analysis Paper: Mainstreaming of Biodiversity and Ecosystem Services With A Focus On Pollination

Arthur Getz

Cardiff University
School of Planning and Geography
Sustainable Places Research Institute
Glamorgan Building
King Edward VII Avenue
Cardiff CF10 3WA
Wales, UK
Tel: +44 746749 6708
Email: getzae@gmail.com;
getzaa@cardiff.ac.uk

Muo Kasina

Senior Principal Research Officer/ Entomologist
Entomology and Biotechnology
Kenya Agricultural Research Institute-NARL
P.O. Box 14733-Westlands
00800 Nairobi
Tel: +254202672975
Cell: +254-723 375984; 738 199 323
Email: kasina.j@gmail.com

Wanja Kinuthia
Benjamin Graub

Programme Analyst
Food and Agriculture Organization of the United
Nations
Viale dele Terme di Caracalla
Rome, 00153, Italy
Tel: +39 0657054608
Email: Benjamin.Graub@fao.org

Maria Goss

University of Zimbabwe
Faculty of Agriculture
Department of Crop Science
Box MP 167
Mount Pleasant
Harare, Zimbabwe
Tel (work): +2634-303211 ext 15589
Mobile: +263778039890
Email: mmgoss@yahoo.com

Javed Iqbal

Director (Technical)
Pakistan Agricultural Research Council
P.O Box 1031
Sector G 5-1
Islamabad Pakistan
Tel: + 92-3335163247; + 92-51-90762517
Email: linkjaved@gmail.com

National Coordinator, Kenya Pollination Project
National Museums of Kenya
Museum Hill Road, Museum Hill
P.O. BOX 40658
00100 Nairobi, Kenya
General Tel: +254 (0) 20 - 374 2161/4 or
374 2131/4
Email: eafrinet@africaonline.co.ke

Claire Kremen

Professor and Faculty Co-Director
Berkeley Food Institute
Environmental Sciences Policy and Management
130 Mulford Hall
University of California
Berkeley, CA 94720-3114
Email: ckremen@gmail.com

Peter Kwapong

Professor of Entomology (Pollination and Bee
Ecology); Director of the International Stingless
Bee Centre (ISBC)
Department of Entomology and Wildlife
College of Agriculture and Natural Sciences
School of Biological Sciences
University of Cape Coast
Cape Coast, Ghana
Cell. +233 20 9764697
Email: pkwapong@yahoo.com
pkwapong@ucc.edu.gh
isbcstinglessbeesgh@gmail.com

51

CON T RI B U T OR CON T A C T IN F OR M A T ION

Sara Manetto

Programme Officer
Indigenous Partnership for Agrobiodiversity and
Food Sovereignty
Bioversity International
Via dei Tre Denari 472/a
00057 Maccarese, Rome, Italy
Tel: +39 066118281
Email: s.manetto@cgiar.org

Christopher Odhiambo

Project Manager
Kenya Pollination Project
National Museums of Kenya
P.O. BOX 40658, 00100
Nairobi
Kenya
General Tel: +254 (0) 20 - 374 2161/4 or
374 2131/4
Email: codhiambo@mpala.org;
codhiambo@museums.or.ke

Dino Martins

Chair, Insect Committee of Nature Kenya;
Research Associate, Museum of Comparative
Zoology - Harvard University and Smithsonian
Institution; Academic Field Director, Turkana Basin
Institute & Research Assistant Professor, Stony
Brook University
Email: dinomartins@naturekenya.org;
dino.martins@gmail.com;
dino@turkanabasin.org

Gideon Nyamasio

University of Nairobi
Chiromo Campus
Box 30197,
00100 Kenya
Email: gnyamsayo@gmail.com

Desterio Ondieki Nyamongo

Senior Principal Research Officer and National
Coordinator; Biodiversity Conservation Research
Programme; (Currently Ag. Director, Genetic
Resources Research Institute)
Kenya Agriculture and Livestock Research
Organization
National Genebank of Kenya
P.O. Box 30148 00100
Nairobi Kenya
Tel: +254 20 2519701/ +254 725 234249
Email: desterio.nyamongo@kalro.org;
dnyamongo@yahoo.co.uk

52

Daniela América Suarez de Oliveira

Project Manager (Ecosystem Conservation)
Department of Biodiversity Conservation
Secretariat of Biodiversity and Forests
Brazilian Ministry of the Environment
Tel: (+55) 61-2028-2194
Email: daniela.oliveira@mma.gov.br

Erasmus Henaku Owusu

Senior Lecturer, Conservation Biology
(Member, National Biodiversity Committee)
Department of Animal Biology & Conservation
Science
P. O. Box LG 67
University of Ghana
Legon-Accra
Ghana
Email: erasmus67@yahoo.com

Bidya Pandey

Senior Agriculture Officer; Section Chief, Gender
Equity and Social Inclusion Section
Food Security and Environment Division
National Project Coordinator’s Office(Global
Pollination Project-Nepal)
Ministry of Agricultural Development
Singh Durbar, Kathmandu Nepal
Email: bidyapandey2004@yahoo.com

Policy Analysis Paper: Mainstreaming of Biodiversity and Ecosystem Services With A Focus On Pollination

Carol Poole

Project Coordinator: pollination and other
ecosystem services projects
South African National Biodiversity Institute
(SANBI)
Private Bag X7, Claremont, 7735, Cape Town,
South Africa
Tel: +27 21 799 8652
Email: C.Poole@sanbi.org.za

Terra Rose

University of California, Berkeley
Berkeley, CA 94720-3114
Email: terrarose@berkeley.edu

David W. Roubik

Senior Scientist
Smithsonian Tropical Research Institute
9100 PANAMA CITY (Republic of Panama)
Washington DC 20521-9100
Tel: +1507-212-8109
Email: ROUBIKD@si.edu

Elizabeth Waghchoure

Director
Honeybee Research Institute
NARC, Islamabad
Tel: +92 (51) 9255023; +92 (51) 9255026
Email: elizabethwcamphor@yahoo.co.uk

Lusike Wasilwa

Horticulture and Industrial Crops
Kenya Agricultural & Livestock Research
Organization
P. O. Box 57811-00200
Tel: +254 - 20 – 4183301 – 20
Direct line: +254– 20 - 4183323
Fax: +254 – 20- 4183344
Cell: +254– 733-971-245, +254– 726-551-561
Email: lwasilwa@gmail.com;
lusike.wasilwa@kalro.org

Phrang Roy

Coordinator
Indigenous Partnership for Agrobiodiversity and
Food Sovereignty
Bioversity International
Via dei Tre Denari 472/a
00057 Maccarese, Rome, Italy
Tel: + 39 3311488762 (It); + 91 8575016289 (In)
Email: phrangroy@gmail.com

L. Ann Thrupp

Berkeley Food Institute
University of California
Berkeley, CA 94720-3114
Email: athrupp@berkeley.edu

53

Global Action on

Pollination Services
for

Sustainable Agriculture

Food and Agriculture Organization of
the United Nations
Viale delle Terme di Caracalla,
00153 Rome, Italy

P o l i c y A n a ly s i s Pap e r : M a i n s t r e am i n g o f B i o d i v e r s i t y a n d E c o sy s t e m S e r v i c e s W i t h A F o c u s O n P o l l i n at i o n

This publication addresses the need to strengthen the interface between the scientific
community, knowledge-holders and policymakers, and build capacity for and strengthen
the use of science and knowledge in policymaking on the topic of ecosystem services.
With respect to the ecosystem service of pollination, FAO developed a protocol to
identify and assess pollination deficits in crops – resulting in a global meta-analysis,
with data from eleven countries. Results emerging from this endeavour give strong
indication that pollination deficits may exist in a wide variety of farming systems
across the world. As a response to this science, researchers and policymakers from the
eleven countries considered the range and types of actions that can address pollination
deficits, and developed an indicative set of policy responses. This publication is a result
of this work, which considers the mainstreaming of ecosystem services at both national
and international levels, with a focus on pollination services.

www.fao.org/agriculture/crops/agp-home
e-mail: GlobalAction-Pollination@fao.org

Extension of Knowledge Base
Adaptive Management
C a pa c i t y b u i l d i n g
M a i n s t r e am i n g

Policy Analysis Paper:
Mainstreaming of
Biodiversity and
Ecosystem Services With
A Focus On Pollination

ISBN 978-92-5-108666-7

7 8 9 2 5 1

0 8 6 6 6 7
I4242E/1/02.16

FAO

9

po llin atio n ser v ices FOR SUSTA INA BLE AGRICULTURe

