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Chapter 9  

Needs and challenges

9.1	 Introduction

Chapters 1 to 8 of this report identify and assess 
the multiple contributions that biodiversity 
makes to food and agriculture, to the livelihoods 
of farmers, livestock keepers, fishers, fish farmers 
and forest dwellers, and to food security and 
nutrition. They document what is known about 
the status and trends of biodiversity for food and 
agriculture (BFA), the drivers of change affecting 
it, levels of adoption of management practices 
and strategies that promote its sustainable use 
and contribute to its conservation, and the state 
of policies, institutions and capacities related 
to its management. This final chapter draws 
together the various threads of the analysis to 
identify the main challenges to the sustainable 
management of BFA.1 

Securing and enhancing the multiple roles of 
BFA will require sustainable use and conservation 
of the ecosystems, species and genetic diversity 
that compose it. For this to happen, knowledge of 
the roles of biodiversity in the ecological processes 
that underpin food and agricultural production 
needs to be strengthened, and used to develop 
management strategies that protect, restore and 
enhance these processes across a range of scales. 
Establishing effective policy and outreach meas-
ures will be needed to support the uptake of 
management practices that sustainably use bio- 
diversity to promote food and livelihood security 
and resilience.

1	 Needs and challenges related to the sustainable use and 
conservation of plant, animal, forest and aquatic genetic 
resources are discussed in detail in the respective global 
assessments (FAO, 2010a, 2014a, 2015a, forthcoming). 

9.2	 Drivers of change

BFA is affected by a variety of interacting drivers 
of change: global effects, such as climate change 
and the operations of international markets, give 
rise to more immediate drivers such as land-use 
change, pollution, overuse of external inputs, 
overharvesting and the proliferation of invasive 
species. While there are many potential means 
of addressing immediate threats through the 
adoption of various sustainable management 
practices and the implementation of conserva-
tion measures, these may be neglected or over-
whelmed unless political will is found to address 
higher-level drivers. It is also essential to build on 
the opportunities that are emerging as a result 
of trends such as growing consumer demand for 
biodiversity-friendly products. 

At minimum, there is a need to: (i) better 
understand the effects of drivers of change on 
BFA and take urgent action to address those that 
are undermining the sustainability of food and 
agricultural production; (ii) improve the mon-
itoring of recognized threats to BFA, such as 
habitat destruction, pollution, inappropriate use 
of agricultural inputs, overharvesting, pests, dis-
eases and invasive alien species, and strengthen 
efforts to reduce them or mitigate their effects; 
(iii) promote the use of technologies and man-
agement practices that have positive effects 
on BFA and the supply of ecosystem services;  
(iv) implement policies that help to protect bio-
diversity from the effects of negative drivers 
and support its sustainable use; (v) remove or 
revise policies that have harmful effects; and 
(vi) promote the use of BFA in climate change 
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adaptation and mitigation, in disaster-risk reduc-
tion and in addressing other drivers that nega-
tively affect production systems and the supply 
of ecosystem services.

9.3	 Status and trends

Many key components of BFA at genetic, species 
and ecosystem levels are in decline. While the 
general declining trend – and hence the need 
for action – is clear, lack of data often constrains 
the planning and prioritization of effective reme-
dial measures.

The extent and nature of knowledge gaps 
vary across the components of BFA. In the case of 
domesticated species and those that are widely 
harvested from the wild, species inventories are 
largely complete and the range of within-species 
populations (breeds, varieties, etc.) is often also 
well documented, although to varying degrees 
across the regions of the world. In contrast, many 
associated-biodiversity species (species that live in 
and around production systems and provide reg-
ulating and supporting ecosystem services), par-
ticularly micro-organisms and invertebrates, have 
never been documented. 

Population trends are relatively well monitored 
for some taxonomic groups (e.g. vertebrates). For 
many others, however, knowledge is very limited, 
even at species level, and almost non-existent at 
within-species level. Moreover, where monitor-
ing programmes for associated biodiversity are 
in place, population data are often not linked 
to spatial data on the distribution of production 
systems and hence potential impacts on produc-
tion can be difficult to evaluate. In many cases, the 
contributions of specific components of BFA to the 
supply of ecosystem services are poorly understood.

There is an urgent need to improve the avail-
ability of data in all the above fields. Doing this 
will require, inter alia, improving methodolo-
gies for recording, storing and analysing data 
on changes in the abundance and distribution of 
species (including improving geographic informa-
tion system facilities) and increasing the supply of 

taxonomists with the skills needed to work with cur-
rently neglected taxonomic groups. Strengthening 
research, education and capacity-building pro-
grammes will be essential. Cooperation needs to 
be improved, including between the public sector 
and other stakeholders. In a number of countries, 
certain types of associated biodiversity are moni-
tored through citizen-science projects, and there 
may be potential to expand activities of this kind 
and introduce them more widely.

Effective monitoring requires systematic and 
long-term commitment. The roles and respon-
sibilities of key stakeholders need to be clearly 
defined. Where they do not currently exist, it may 
be necessary to establish national bodies to organ-
ize or oversee monitoring activities.

9.4	 Management

9.4.1	 State of use
A range of management practices and produc-
tion approaches that can potentially contribute 
to the conservation and sustainable use of BFA 
are increasingly being implemented around the 
world. Detailed information on trends in such 
practices is, however, often limited, as is detailed 
information on their impacts on BFA and the 
supply of ecosystem services. Uptake is constrained 
by a variety of factors.

Overall, one of the major constraints to the 
development, adoption and implementation of 
management practices and approaches that con-
tribute to the sustainable management of BFA is 
a lack of data on the characteristics of relevant 
ecosystems and limited understanding of eco- 
system functions and services, including specifi-
cally on the roles of different components of BFA. 
Action needs to be taken to address knowledge 
gaps of this kind. 

Many BFA-focused practices are relatively 
complex and require good understanding of the 
local ecosystem. They can be knowledge intensive, 
context specific and provide benefits only in the 
relatively long term. Many countries note major 
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challenges in up-scaling such practices and iden-
tify the need to promote them through capacity 
development and by strengthening incentives and 
policy frameworks.

Although circumstances vary greatly from 
country to country and across production systems, 
a number of broad priorities with widespread 
relevance can be identified. On the institutional 
side, policy and regulatory frameworks may need 
to be reviewed to assess whether they provide the 
necessary support to the introduction or upscal-
ing of more sustainable and biodiversity-friendly 
practices and to identify any ways in which they 
may operate as constraints. Fuller consultation 
between policy-makers and a range of stakehold-
ers, including producers, can potentially help to 
overcome disconnections between political and 
operational levels.

Where supportive frameworks are in place, 
any constraints to their implementation, includ-
ing financial constraints, need to be identified 
and addressed. Education and training on sus-
tainable management practices often need to 
be improved, both to increase skills and knowl-
edge at producer level and to increase the supply 
of trained and qualified technical and scientific 
personnel (both specialists and experts with cross- 
disciplinary knowledge). In some places, con-
straints related to weaknesses in transport and 
communications infrastructure will need to be 
addressed. Everywhere, efforts will be needed to 
increase knowledge of how effective particular 
practices and approaches are in promoting the 
sustainable use and conservation of BFA.

The following paragraphs describe key needs 
and challenges related to specific management 
practices and approaches. 

Ecosystem, landscape and seascape 
approaches
While available evidence suggests that there are 
positive trends in the adoption and implemen-
tation of ecosystem, landscape and seascape 
approaches in the context of food and agriculture, 
assessment of developments in this field is con-
strained by a lack of clarity regarding the nature 

of these approaches and the multitude of terms 
used to describe them. Efforts may be required to 
promote common understanding in this regard, as 
well as to increase and disseminate knowledge on 
the potential benefits of such approaches.

Developing effective integrated approaches 
requires research on: (i) the functional roles of 
various components of BFA in key ecosystem pro-
cesses within production systems and in wider 
landscapes or seascapes; and (ii) the effects that 
adopting such approaches have on components of 
BFA. The latter will require better surveying and 
monitoring in relevant ecosystems and the devel-
opment of appropriate indicators. 

Information on the application of ecosys-
tem, landscape and seascape approaches and 
other innovative strategies that may be bene-
ficial to BFA often fails to reach producers and 
other land or water users, or only does so after 
substantial delays. Priorities in this field there-
fore include better capturing and disseminating 
lessons-learned from the implementation of such 
approaches, including success stories.  

Ecosystem, landscape and seascape approaches 
require cross-sectoral thinking and collaboration. 
This creates significant challenges to their adop-
tion, given that institutional frameworks (poli-
cies, laws, organizational structures, etc.) are still 
very much compartmentalized and that there is a 
lack of holistic and multidisciplinary approaches 
both at policy level and at the level of practical 
implementation.  

Restoration practices
Restoration practices have acquired a prominent 
place on the global environmental agenda in 
recent decades. If well planned, they can provide 
simultaneous benefits for agricultural productiv-
ity, biodiversity conservation and the supply of 
ecosystem services. Among ecosystems of impor-
tance to food and agriculture, forests and grass-
lands, as well as of a range of freshwater, marine 
and coastal ecosystems, are widely recognized as 
priorities for restoration. Depending on the loca-
tion, key forest restoration activities are likely 
to include restoring connectivity between forest 
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fragments and restoring forest cover in areas that 
are important to the supply of hydrological and 
erosion-control ecosystem services. Where aquatic 
ecosystems are concerned, mangroves, seagrass 
beds, coral reefs, coastal sand dunes, lakeshores 
and riverbanks are among the key targets for res-
toration. Priorities will often include improving 
connectivity within and between aquatic eco- 
systems and enhancing significant habitats such as 
fish spawning sites. Attention will need to be paid 
to the threats posed by climate change.

Diversification and management practices 
at production level
The use of a number of diversification strategies 
in food and agricultural production systems seems 
to be increasing. Evidence indicates that agrofor-
estry is becoming more widespread in all regions 
of the world. Priorities in terms of strengthening 
the contributions of agroforestry to sustainable 
development include addressing problems in 
germplasm supply, improving the provision of 
marketing advice and developing a better under-
standing of gender-related implications. Home 
gardens are major reservoirs of BFA in many 
parts of the world. However, knowledge of the 
status and trends of these systems is limited. In 
the case of diversification in aquaculture, while 
traditional extensive diversified systems are 
tending to decline as a consequence of resource 
constraints, innovative polyculture approaches are 
creating opportunities to increase efficiency and 
tackle problems related to fish health and effluent 
discharge. Integrated crop–livestock systems 
remain widespread globally. There is need for 
research into how complementarities between 
crop and livestock production can be enhanced 
in the context of limited availability of land and 
other resources, including research into the signif-
icance of within-species genetic diversity. 

The use of many management practices 
believed to help promote the conservation of 
BFA, or that utilize BFA in a sustainable way, is 
reportedly increasing, as is awareness of the ben-
efits of such practices among consumers, produc-
ers, governments and international agencies. This 

appears to be the case, for example, for organic 
agriculture, low external input agriculture, man-
agement practices implemented with the aim 
of preserving and enhancing soil biodiversity, 
conservation agriculture, integrated plant nutri-
ent management, integrated pest management, 
pollination management and sustainable forest 
management practices. Nevertheless, the avail-
ability of global data on the levels of imple-
mentation of many of these practices remains 
limited, and knowledge of their impacts on BFA 
and the supply of ecosystem services needs to 
be improved.

Biodiversity-based and biodiversity-friendly 
management practices generally require detailed 
knowledge of local production systems and eco-
systems and are often relatively labour inten-
sive. Consequently, their implementation tends 
to require the active participation of producers 
and their organizations, as well as the presence 
of effective extension services. Management 
interventions often need to extend beyond farm 
boundaries into the broader landscape or sea-
scape. Attention needs to be paid to maintaining 
or restoring ecosystems that deliver services to 
food and agriculture and conserving the species 
and genetic diversity that will allow adaptation 
to changing conditions.  

The use of micro-organisms in food 
processing and agro-industrial processes
Micro-organisms make multiple contributions 
to food processing and agro-industrial pro-
cesses, and there is greater potential to expand 
these roles still further. Potential threats 
include the loss of knowledge associated with 
traditional food-processing practices that are 
in decline and the effects of climate change 
on microbial communities. Key tasks include 
improving frameworks for quality control of 
microbial products and for evaluating potential 
risks to human health or to the environment, 
improving registration policies for microbial 
products, improving education and awareness- 
raising, and strengthening research and conser-
vation networks.
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Rumen microbial diversity
Given their vital contributions to livestock produc-
tion and their role in the production of greenhouse 
gases, there is an urgent need to improve knowl-
edge of rumen micro-organisms and their func-
tions. Considerable progress has been made in this 
regard in recent years, but fundamental knowl-
edge gaps remain to be addressed. 

Genetic-improvement activities
Genetic-improvement programmes for domes-
ticated crops and livestock are well established 
globally, although many species and within-species 
populations are neglected. Programmes for trees 
and species used in aquaculture are becoming 
more widespread. Genetic-improvement activities 
for other components of BFA are generally uncom-
mon, with the exception of silkworms and honey 
bees. There could be benefits in extending domes-
tication and genetic-improvement activities to 
other invertebrate species that contribute to food 
and agriculture, including stingless bees, which 
have been found to be more effective pollinators 
than honey bees for certain crops, and insects that 
can be raised for human consumption or as animal 
feed. Activities of this kind are already under way 
in several countries. Efforts are also being made to 
develop methods for assisted evolution of climate 
resilience in corals.

9.4.2	 State of conservation
Methods and strategies for in situ (including 
on-farm and in other production systems) and ex 
situ conservation of BFA, in particular of associ-
ated biodiversity, need to be improved and infor-
mation on them made more widely available. 
Especially with respect to ex situ conservation, 
there are still technical barriers to the long-term 
conservation of some species. Overcoming these 
gaps and constraints will often require increased 
funding, better training of relevant personnel and 
better provision of technical resources. Where 
skills are concerned, improving capacity in the 
fields of taxonomy and systematics is a widespread 
priority. Conservation-related education, training 
and awareness-raising activities for stakeholders 

at all levels from producers to policy-makers 
need to be strengthened. Improving conservation 
methods and strategies for BFA and strengthen-
ing their implementation will also require a more 
interdisciplinary approach. As and where relevant, 
the contributions that traditional production prac-
tices and resource-management strategies associ-
ated with local or indigenous communities make 
to the conservation of BFA need to be given due 
recognition and built on, with the participation 
of the communities concerned. Maintenance and 
transfer of relevant traditional knowledge should 
be supported and facilitated.

While there will often be a need to target indi-
vidual species or populations that are at particular 
risk, components of BFA should not be considered 
in isolation from each other or from wider eco-
systems, landscapes and seascapes. Potential syn-
ergies need to be explored, whether in terms of 
management strategies at production-system or 
landscape level that create opportunities to diver-
sify more than one category of BFA or in terms of 
more efficient use of resources. Productive land-
scapes and seascapes need to include the habitat 
features necessary to support the associated- 
biodiversity species that underpin food and agri-
cultural production. Ensuring that this is the case 
will, in places, require the restoration of degraded 
habitats and maintaining or recreating wildlife 
corridors linking patches of habitat. Given their 
focus on integrated action across multiple scales 
and on accounting for the interests and concerns 
of a wide range of stakeholders, ecosystem, land-
scape or seascape approaches (see above) may 
provide useful frameworks.

Conservation measures for wild foods should 
also not be neglected. As with other components 
of BFA, conservation strategies need to be based 
on a sound understanding of the range of species 
involved, their distribution, characteristics, uses 
and risk status. Inventory and characterization 
efforts for this category of BFA generally need 
to be strengthened. Strategies need to be put in 
place that allow nutritional benefits to be realized 
in a sustainable way and threats such as overhar-
vesting to be identified and addressed. 
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9.5	 Policies, capacities 
	 and institutions

Cooperation
Ensuring the sustainable use of BFA requires 
improved collaboration among a range stake-
holders at local national and regional levels. 
Synergies between the food and agriculture and 
environmental sectors, in particular, need to be 
strengthened. Constraints to cooperation often 
relate to a lack of mechanisms for exchanging 
information among and between stakeholder 
groups or a lack of participatory decision-making 
processes. Mechanisms for involving small-scale 
producers, and women and youth in particular, in 
decision-making processes need to be improved. 
Greater cooperation between sectors provides 
opportunities to increase efficiency and can be a 
means of securing resources for BFA-related work. 
Training and awareness-raising on the organiza-
tion of collaborative initiatives is also needed.

Research
As discussed above, the sustainable manage-
ment of BFA, in particular associated biodiver-
sity, is constrained by numerous knowledge gaps. 
Research programmes need to be strengthened 
and the necessary research infrastructure put in 
place, including by addressing shortages of spe-
cialists in relevant fields. This in turn creates the 
need to strengthen educational curricula and 
improve training (see next subsection). All these 
measures will require adequate funding, as will 
improving the dissemination of research results. 
Strengthening research-related information systems, 
such as systems for monitoring the status and 
trends of components of biodiversity or for man-
aging relevant geographical data, is a widespread 
priority, both as a means of disseminating research 
outputs and as a means of making relevant infor-
mation available to researchers.

Research is also often constrained by a lack 
of coordination between research institutions 
or between researchers working in different 
disciplines or in different sectors (both within 

and beyond food and agriculture). Improving 
coordination and linkages between institutes 
nationally, and at regional and international 
levels, potentially provides opportunities both to 
strengthen interdisciplinary work and to allow 
more efficient use of resources and information. 
Links between research and practical manage-
ment at production-system level also need to be 
improved. This could involve, inter alia, improv-
ing researchers’ links to producers, extension ser-
vices and other relevant stakeholders, including 
by promoting greater participation throughout 
research-project cycles from planning to monitor-
ing, and integrating indicators of practical impact 
into evaluation mechanisms for research projects.

Education, training and awareness-raising
Education and training on the management of 
BFA at all levels need to be strengthened, as 
does awareness raising on the importance of BFA 
among a range of stakeholders, including policy- 
makers and the general public. Biodiversity-
related issues tend not to be well integrated 
into higher-education courses on food and agri-
culture or on other aspects of land use. Courses 
related to biodiversity conservation are often 
disconnected from those related to the use of 
biodiversity (i.e. on agriculture, forestry, fisheries, 
etc.), potentially leading to a lack of interdisci-
plinary skills among professionals. There is often 
also a need to improve the supply of graduates 
trained in specific fields such as taxonomy, eco-
nomic valuation and cryoconservation. Ongoing 
capacity development among professionals and 
technicians is also essential.

While training for producers on the sustainable 
use of BFA is often inadequate, countries report a 
variety of success stories in this regard (for example 
with farmer field schools) and there are likely to be 
opportunities to expand, adapt and build upon some 
of these. Constraints to the participation of women 
in BFA-related education need to be addressed, and 
relevant extension and training programmes need 
to be better tailored to women’s needs. 

As well as organizing training activities, there 
is a need to improve access to information 
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(e.g. via publications and information systems) and 
create opportunities for stakeholders to interact 
and exchange knowledge and ideas. Improving 
the state of education and training will require 
addressing shortfalls in funding and improv-
ing cooperation and exchange of information 
between educational institutions and between 
them and other stakeholder groups.

Policy and legal frameworks
Appropriate legal and policy frameworks are 
essential to the effective management of BFA. 
However, they often remain underdeveloped or 
poorly implemented. Shortcomings of this kind 
can, for example, mean that it is difficult to ensure 
support for long-term activities such as monitoring. 
Such problems can partly be attributed to a lack of 
adequate coordination between the food and agri-
culture and nature conservation sectors and to a 
lack of awareness of the significance of BFA among 
policy-makers. Overcoming these constraints will 
require, in addition to awareness-raising efforts, 
greater involvement of multiple stakeholders in 
policy-development. Links between research and 
policy-making also often need to be improved. 

For policies to have an impact, the resources 
needed to implement them will need to be found. 

Where access and benefit-sharing (ABS) are con-
cerned, the main priorities that can be identified 
are capacity-building on the development and 
implementation of ABS measures, and improving 
coordination between ministries, agencies and 
stakeholders responsible for ABS in the various 
sectors of food and agriculture.

Valuation 
Valuation studies are widely regarded as a poten-
tial means of drawing attention to the important 
contributions that biodiversity and ecosystem ser-
vices make to human well-being and as a means 
of guiding the development of policies, research 
programmes and incentive schemes. There are, 
however, many gaps in terms of the coverage of 
such studies, for example with respect to microbial 
genetic resources and wild pollinators. Potential 
means of strengthening work in this field include 

fostering cross-sectoral and interinstitutional 
cooperation in valuation efforts, standardizing 
methodologies and tools, and mobilizing finan-
cial resources.

Incentives
Although incentive programmes supporting the 
sustainable management of BFA are becoming 
more widespread, such schemes are often isolated 
measures targeting the particular concerns of indi-
vidual public programmes, private-sector opera-
tions or civil-society initiatives, and in many cases 
are very localized. Evidence suggests that a coordi-
nated package of measures can create more impact 
in terms of improving outcomes for BFA. Other pri-
orities include better documenting and mapping 
existing schemes, taking a longer-term perspective 
in planning, and improving cross-sectoral coop-
eration and institutional collaboration so as to 
improve the coordination of multiple incentives.

9.6	 Towards a more diverse 
	 and sustainable future

BFA and the ecosystem services it supports are 
fundamental to efforts to increase the resilience, 
sustainability and productivity of food and agri-
cultural systems, sustain livelihoods and enhance 
food security and nutrition around the world. 
Yet, much of the planet’s BFA – ecosystems, 
species and within-species genetic diversity – is 
being eroded, often at an alarming rate. Urgent 
action and long-term commitment are needed, 
both to enhance the multiple contributions that 
BFA makes to sustainable development and to 
tackle the multiple threats currently driving its 
loss. This will require the involvement of stake-
holders at all levels, nationally and internation-
ally. Governments will need to take concrete steps 
to ensure their responsibilities in this field are 
fulfilled, particularly in light of the significance 
of BFA to efforts to meet the 2030 Sustainable 
Development Goals.

Positive global developments include, on the 
one hand, growing awareness internationally of 
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threats to the sustainability of food and agricul-
ture, including those related to the loss of biodi-
versity, and on the other, upward trends in levels 
of adoption of various management practices 
that potentially contribute to the conservation 
and sustainable use of BFA. These developments 
need to be built upon by the global community. 
Knowledge gaps need to be filled, cooperation 
strengthened, including cross-sectorally and 
internationally, and financial, human and techni-
cal resources mobilized. Effective legal and policy 
frameworks need to be put in place. 

The country-driven process of preparing The 
State of the World’s Biodiversity for Food and 

Agriculture has led to the identification of 
numerous gaps, needs and potential actions in 
the management of BFA. The next step is to take 
action. Over the years, the Commission on Genetic 
Resources for Food and Agriculture has overseen 
the development of global plans of action for 
genetic resources in the plant, animal and forest 
sectors. Implementation of these instruments 
needs to be stepped up. Consideration also needs 
to be given to how the international community 
can more effectively promote synergies in the 
management of all components of biodiversity, 
across these sectors and others, in the interests of 
a more sustainable food and agriculture.
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Pesquisa Agropecuária Brasileira, 46(10): 1139–1147.

Bommarco, R., Kleijn, D. & Potts, S.G. 2013. Ecological 

intensification: harnessing ecosystem services for 

food security. Trends in Ecology and Evolution,  

28(4): 230–238.

Borrini-Feyerabend, G., Dudley, N., Jaeger, T., Lassen, 

B., Pathak Broome, N., Phillips, A. & Sandwith, 

T. 2013. Governance of protected areas: from 

understanding to action. Gland, Switzerland, IUCN. 

Bosch, J. & Kemp, W.P. 2000. Developmental biology 

and rearing methods for Osmia bees used as crop 

pollinators. In M.J. Sommeijer & A. Ruijter, eds. 

Insect pollination in greenhouses, pp. 119–126. The 

Hague, CIP-DATA Koninklijke Bibliotheek.

Bosch, J. & Kemp, W.P. 2002. Developing and establishing 

bee species as crop pollinators: the example of Osmia 

spp. (Hymenoptera: Megachilidae) and fruit trees. 

Bulletin of Entomological Research, 92: 3–16.

Bosch, J. & Vicens, N. 2000. Pollinating efficacy of 

Osmia cornuta and Apis mellifera (Hymenoptera: 

Megachilidae, Apidae) on ‘Red Delicious’ apple. 

Environmental Entomology, 29(2): 235–240.

Bosch, J., Kemp, W.P. & Peterson, S.S. 2000. 

Management of Osmia lignaria (Hymenoptera: 

Megachilidae) populations for almond pollination: 

methods to advance bee emergence. Environmental 

Entomology, 29(5): 874–883.

Bosch, J., Kemp, W.P. & Trostle, G.E. 2006. Bee 

population returns and cherry yields in an orchard 

pollinated with Osmia lignaria (Hymenoptera: 

Megachilidae). Journal of Economic Entomology, 

99(2): 408–413.

Boserup, E. 1965. The conditions of agricultural growth: 

the economics of agrarian change under population 

pressure. London, Routledge.

Bottrell, D. & Schoenly, K. 2012. Resurrecting the ghost 

of green revolutions past: the brown planthopper 

as a recurring threat to high-yielding rice production 

in tropical Asia. Journal of Asia-Pacific Entomolgy, 

15(1): 122–140.

Boucher, J. & Friot, D. 2017. Primary microplastics 

in the oceans: a global evaluation of sources. 

Cambridge, UK, and Gland, Switzerland, IUCN.

Bouletreau, M. 1986. The genetic and coevolutionary 

interactions between parasitoids and their hosts. In 

J. Wagge & D. Greathead, eds. Insect parasitoids, 

pp. 169–200. London, Academic Press.

Boulton, A.J., Ekebom, J. & Gislason, G.M. 2016. 

Integrating ecosystem services into conservation 

strategies for freshwater and marine habitats: 

a review. Aquatic Conservation: Marine and 

Freshwater Ecosystems, 26: 963–985.

Bourke, R.M. & Harwood, T., eds. 2009. Food and 

agriculture in Papua New Guinea. Canberra, The 

Australian National University Press.



460 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Boyd, P.W. & Hutchins, D.A. 2012. Understanding the 

responses of ocean biota to a complex matrix of 

cumulative anthropogenic change. Marine Ecology 

Progress Series, 470: 125–135. 

Bradbear, N. 2009. Bees and their role in forest 

livelihoods – A guide to the services provided by 

bees and the sustainable harvesting, processing and 

marketing of their products. Rome, FAO. (available 

at http://www.fao.org/3/a-i0842e.pdf).

Brandt, M., Rasmussen, K., Hiernaux, P., Herrmann, 

S., Tucker, C.J., Tong, X., Tian, F. et al. 2018. 

Reduction of tree cover in West African woodlands 

and promotion in semi-arid farmlands. Nature 

Geoscience, 11: 328–333.

Bravington, M. V., Grewe, P.M. & Davies, C.R. 2016. 

Absolute abundance of southern bluefin tuna 

estimated by close-kin mark-recapture. Nature 

Communications, 7 : 13162.

Bravo de Guenni, L., Cardoso, M., Goldammer, J., 

Hurtt, G., Mata, L.J., Ebi, K. & Valdes, J. 2005. 

Regulation of natural hazards : floods and fires. In 

R. Hassan, R. Scholes & N. Ash, eds. Ecosystems and 

human well-being: current state and trends, Volume 

1, pp. 441–453. Washington, DC, Covelo and 

London, Island Press.

Briassoulis, D., Mistriotis, A. & Eleftherakis, D. 2007. 

Mechanical behaviour and properties of agricultural 

nets – Part I: Testing methods for agricultural nets. 

Polymer Testing, 26(6): 822–832.

Bricker, S.B., Getchis, T.L., Chadwick, C.B., Rose, 

C.M. & Rose, J.M. 2016. Integration of ecosystem-

based models into an existing interactive web-based 

tool for improved aquaculture decision-making. 

Aquaculture, 453: 135–146.

Briones, M.J.I. & Schmidt, O. 2017. Conventional 

tillage decreases the abundance and biomass of 

earthworms and alters their community structure 

in a global meta-analysis. Global Change Biology, 

23(10): 4396–4419.

Briske, D.D., ed. 2017. Rangeland systems. Processes, 

management and challenges. Cham, Switzerland, 

Springer.

British Ecological Society. 2016. Soil health: a 

response from the British Ecological Society to the 

Environmental Audit Committee. London. 

Broadhurst, L., Jones, T.A., Smith, F.S., North, T. & Guja, 

L. 2016. Maximizing seed resources for restoration in 

an uncertain future. BioScience, 66: 73–79.

Brodeur, J.C. & Vera Candioti, J. 2017. Impacts of 

agriculture and pesticides on amphibian terrestrial 

life stages: potential biomonitor/bioindicator species 

for the Pampa Region of Argentina. Ecotoxicology 

and genotoxicology: non-traditional terrestrial 

models, pp. 163–194. Cambridge, UK, Royal Society 

of Chemistry.

Brodeur, J.C., Poliserpi, M.B., D’Andrea, M.F. & 

Sánchez, M. 2014. Synergy between glyphosate- and 

cypermethrin-based pesticides during acute exposures 

in tadpoles of the common South American toad 

Rhinella arenarum. Chemosphere, 112: 70–76.

Broegaard, R.B., Rasmussen, L.V., Dawson, N., Mertz, 

O., Vongvisouk, T. & Grogan, K. 2017. Wild food 

collection and nutrition under commercial agriculture 

expansion in agriculture-forest landscapes. Forest 

Policy and Economics, 84: 92–101.

Brooker, R.W., Bennett, A.E., Cong, W.F., Daniell, T.J., 

George, T.S., Hallett, P.D., Hawes, C. et al. 2015. 

Improving intercropping: a synthesis of research 

in agronomy, plant physiology and ecology. New 

Phytologist, 206(1): 107–117.

Brookfield, H. 2002. Agricultural biodiversity at the 

landscape level. Expert review for the ELCI/UNEP 

BPSP initiative on: Managing Agricultural Resources 

for Biodiversity Conservation: A Guide to Best 

Practices. Montreal, Canada, Secretariat of the 

Convention on Biological Diversity.

Brown, M.J.F. & Paxton, R.J. 2009. The conservation of 

bees: a global perspective. Apidologie, 40(3): 410–416.

Bruijnzeel, L.A. 1990. Hydrology of moist tropical 

forests and effects of conversion: a state of 

knowledge review. Paris, UNESCO International 

Hydrological Humid Tropics Programme.

Brunori, G., Rossi, A. & Guidi, F. 2012. On the new 

social relations around and beyond food. Analysing 

consumers’ role and action in Gruppi di Acquisto 

Solidali (Solidarity Purchasing Groups). Sociologia 

Ruralis, 52(1).

Büchler, R., Costa, C., Hatjina, F., Andonov, S., 

Meixner, M.D., Le Conte, Y., Uzunov, A. et 

al. 2014. The influence of genetic origin and its 

interaction with environmental effects on the 



461the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

survival of Apis mellifera L. colonies in Europe. 

Journal of Apicultural Research, 53(2): 205–214.

Buchmann, C. 2009. Cuban home gardens and their 

role in social–ecological resilience. Human Ecology, 

37(6): 705.

Buckles, D., Triomphe, B. & Sain, G. 1998. Cover 

crops in hillside agriculture: farmer innovation with 

Mucuna. Ottawa, International Maize and Wheat 

Improvement Centre.

Buddemeier, R.W., Kleypas, J.A. & Aranson, R.B. 

2004. Coral reefs and global climate change. 

Potential contributions of climate change to stresses 

on coral reef ecosystems. Arlington, USA, Pew 

Center on Global Climate Change.

Bunce, R.G.H., Metzger, M.J., Jongman, R.H.G., Brandt, 

J., De Blust, G., Elena-Rossello, R., Groom, G.B. et 

al. 2008. A standardized procedure for surveillance 

and monitoring European habitats and provision of 

spatial data. Landscape Ecology, 23(1): 11–25.

Bunch, R. 1999. More productivity with fewer 

external inputs: Central American case studies of 

agroecological development and their broader 

implications. Environment, Development and 

Sustainability, 1(3): 219–233.

Bundy, A., Chuenpagdee, R., Boldt, J.L., de Fatima 

Borges, M., Camara, M.L., Coll, M., Diallo, I. 

et al. 2017. Strong fisheries management and 

governance positively impact ecosystem status. Fish 

and Fisheries, 18: 412–439.

Bunting, P., Rosenqvist, A., Lucas, R.M., Rebelo, 

L.-M., Hilarides, L., Thomas, N., Hardy, A. et 

al. 2018. The Global Mangrove Watch—a new 

2010 global baseline of mangrove extent. Remote 

Sensing, 10(10): 1669.

Burek, P., Satoh, Y., Fischer, G., Kahil, M.T., Scherzer, 

A., Tramberend, S., Nava, L.F. et al. 2016. Water 

futures and solution – fast track initiative (Final Report). 

IIASA Working Paper WP-16-006. Laxenburg, Austria, 

International Institute for Applied Systems Analysis.

Burke, L., Reyta, K., Spalding, M. & Perry, A. 2011. 

Reef at risk revisited. Washington, DC, World 

Resources Institute.

Burlingame, B., Charrondiere, R. & Mouille, B. 2009. 

Food composition is fundamental to the cross-cutting 

initiative on biodiversity for food and nutrition. Journal 

of Food Composition and Analysis, 22(5): 361–365.

Bush, M. 2018. Climate change adaptation in small island 

developing states. Oxford, UK, Wiley Blackwell.

Butchart, S.H.M., Collar, N.J., Stattersfield, A.J. & 

Bennun, L.A. 2010. Conservation of the world’s birds: 

the view from 2010. Foreword. In J. Del Hoyo, A. Elliott 

& D. Christie, eds. Handbook of the world’s birds. 

Volume 15, pp. 13–60. Barcelona, Spain, Lynx Edicions.

Butchart, S.H.M., Clarke, M., Smith, R.J., Sykes, R.E., 

Scharlemann, J.P.W., Harfoot, M., Buchanan, 

G.M. et al. 2015. Shortfalls and solutions for 

meeting national and global conservation area 

targets. Conservation Letters, 8(5): 329–337.

Butcher, K., Wick, A.F., Desutter, T., Chatterjee, A. & 

Harmon, J. 2016. Soil salinity: a threat to global food 

security. Agronomy Journal, 108(6): 2189–2210.

Buytaert, W., Célleri, R., De Bièvre, B., Cisneros, F., 

Wyseure, G., Deckers, J. & Hofstede, R. 2006. 

Human impact on the hydrology of the Andean 

páramos. Earth-Science Reviews, 79: 53–72.

Cabel, J.F. & Oelofse, M. 2012. An indicator framework 

for assessing agroecosystem resilience. Ecology and 

Society, 17(1): 1–18.

CABI (Centre for Agriculture and Bioscience 

International). 2018. Eichhornia crassipes. [Cited  

6 July 2018]. www.cabi.org/isc

Calderone, N.W. 2012. Insect pollinated crops,  

insect pollinators and US agriculture: trend analysis 

of aggregate data for the period 1992-2009.  

PLoS ONE, 7(5).

California Rice Commission. 2015. Wildlife. [Cited  

22 April 2018]. http://calrice.org/wildlife/

Calle, Z., Murgueito, E., Chará, J., Molina, C.H., 

Zuluaga, A.F. & Calle, A. 2013. A strategy for 

scaling-up intensive silvopastoral systems in Colombia. 

Journal of Sustainable Forestry, 32: 677–693.

Calvo, F.J., Knapp, M., van Houten, Y.M., 

Hoogerbrugge, H. & Belda, J.E. 2015. Amblyseius 

swirskii: what made this predatory mite such a 

successful biocontrol agent? Experimental and 

Applied Acarology, 65(4): 419–433.

Cameron, S.A., Lozier, J.D., Strange, J.P., Koch, J.B., 

Cordes, N., Solter, L.F. & Griswold, T.L. 2011. 

Recent widespread decline of some North American 

bumble bees: current status and causal factors. 

PNAS, 108: 662–667.



462 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Campbell-Platt, G. 1987. Fermented foods of the world 

– a dictionary and guide. London, Butterworths.

Cane, J.H. 2002. Pollinating bees (Hymenoptera: 

Apiformes) of U.S. alfalfa compared for rates of 

pod and seed set. Journal of Economic Entomology, 

95(1): 22–27.

Cane, J.H. 2008. A native ground-nesting bee (Nomia 

melanderi) sustainably managed to pollinate 

alfalfa across an intensively agricultural landscape. 

Apidologie, 39: 315–323.

Cannon, R.J.C. 1998. The implications of predicting 

climate change for insects pests in the UK, with 

emphasis on non-indigenous species. Global Change 

Biology, 4(7): 785–796.

Cardinale, B. 2011. Biodiversity improves water quality 

through niche partitioning. Nature, 472: 86–89.

Carney, D., ed. 1998. Sustainable rural livelihoods : what 

contribution can we make? London, Department for 

International Development.

Carney, D., Drinkwater, M., Rusinow, T., Neefjes, 

K., Wanmali, S. & Singh, N. 1999. Livelihoods 

approaches compared. A brief comparison of the 

livelihoods approaches of the UK Department for 

International Development (DFID), CARE, Oxfam 

and the United Nations Development Programme 

(UNDP). London, Department for International 

Development.

Carpenter, A.S.R., Caraco, N.F., Correll, D.L., 

Howarth, R.W., Sharpley, A.N. & Smith, V.H. 

1998. Nonpoint pollution of surface waters with 

phosphorus and nitrogen. Ecological Applications, 

8(3): 559–568.

Carré, G., Roche, P., Chifflet, R., Morison, N., 

Bommarco, R., Harrison-Cripps, J., Krewenka, K. et 

al. 2009. Landscape context and habitat type as drivers 

of bee diversity in European annual crops. Agriculture, 

Ecosystems and Environment, 133(1–2): 40–47.

Carrizo, F., Smith, K.G. & Darwall, W.R.T. 2013. 

Progress towards a global assessment of the status 

of freshwater fishes (Pisces) for the IUCN Red List: 

application to conservation programmes in zoos and 

aquariums. International Zoo Yearbook, 47(1): 46–64.

Carrizo, S.F., Lengyel, S., Kapusi, F., Szabolcs, M., 

Kasperidus, H.D., Scholz, M., Markovic, D. et al. 

2017. Critical catchments for freshwater biodiversity 

conservation in Europe: identification, prioritisation 

and gap analysis. Journal of Applied Ecology, 54: 

1209–1218.

Carvalheiro, L.G., Seymour, C.L., Veldtman, R. 

& Nicolson, S.W. 2010. Pollination services 

decline with distance from natural habitat even in 

biodiversity-rich areas. Journal of Applied Ecology, 

47: 810–820.

Carvalheiro, L.G., Veldtman, R., Shenkute, A.G., 

Tesfay, G.B., Pirk, C.W.W., Donaldson, J.S. & 

Nicolson, S.W. 2011. Natural and within-farmland 

biodiversity enhances crop productivity. Ecology 

Letters, 14(3): 251–259.

Cattermoul, B., Brown, D. & Poulain, F., eds. 2014. 

Fisheries and aquaculture emergency response 

guidance. Rome, FAO. (available at http://www.fao.

org/3/a-i3432e.pdf).

Cauich, O., Quezada-Euán, J.J.G., Macias-Macias, 

J.O., Reyes-Oregel, V., Medina-Peralta, S. & 

Parra-Tabla, V. 2004. Behavior and pollination 

efficiency of Nannotrigona perilampoides 

(Hymenoptera Meliponini) on greenhouse tomatoes 

(Lycopersicon esculentum) in subtropical México. 

Journal of Economical Entomology, 97: 475–481.

Cavendish, W. 2000. Empirical regularities in 

the poverty-environment relationship of rural 

households: evidence from Zimbabwe. World 

Development, 28(11): 1979–2003.

Caveness, F.A. & Kurtz, W.B. 1993. Agroforestry 

adoption and risk perception by farmers in Sénégal. 

Agroforestry Systems, 21(1): 11–25.

CBD (Convention on Biological Diversity). 1992. 

Article 2. Use of terms. Montreal, Canada. (available 

at https://www.cbd.int/convention/text/default.shtml).

CBD. 2000a. COP 5 Decision V/6. Ecosystem approach. 

Fifth Meeting of the Conference of the Parties to the 

Convention on Biological Diversity, Nairobi, 15–26 

May 2000. UNEP/CBD/COP/5/23.

CBD. 2000b. COP 5 Decision V/5. Agricultural biological 

diversity: review of phase I of the programme 

of work and adoption of a multi-year work 

programme. Fifth Meeting of the Conference of the 

Parties to the Convention on Biological Diversity, 

Nairobi, 15–26 May 2000. UNEP/CBD/COP/5/23.

CBD. 2002. Alien species that threaten ecosystems, 

habitats or species. COP 6 Decision VI/23. Sixth 

Meeting of the Conference of the Parties to the 



463the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Convention on Biological Diversity, The Hague, 

Netherlands 7–19 April 2002.UNEP/CBD/COP/6/20.

CBD. 2006. COP 8 Decision VIII/23. Agricultural biodiversity. 

Eighth Meeting of the Conference of the Parties to 

the Convention on Biological Diversity, Curitiba, Brazil, 

20–31 March 2006. UNEP/CBD/COP/DEC/VIII/23.

CBD. 2007a. In-depth review of the application of the 

ecosystem approach. Subsidiary Body on Scientific, 

Technical and Technological Advice. Twelfth Meeting, 

Paris, 2–6 July 2007. UNEP/CBD/SBSTTA/12/2. 

(available at https://www.cbd.int/doc/meetings/sbstta/

sbstta-12/official/sbstta-12-02-en.pdf).

CBD. 2007b. In-depth review of the application of 

the ecosystem approach. Review of information 

in the third national reports. Subsidiary Body on 

Scientific, Technical and Technological Advice. 

Twelfth Meeting, Paris, 2–6 July 2007. UNEP/CBD/

SBSTTA/12/INF/1.

CBD. 2008a. COP 9 Decision IX/7. Ecosystem approach. 

Ninth Meeting of the Conference of the Parties to the 

Convention on Biological Diversity, Bonn, Germany, 

19–30 May 2008. UNEP/CBD/COP/DEC/IX/7.

CBD. 2008b. COP 9 Decision IX/6. Incentive measures 

(Article 11). Ninth Meeting of the Conference of the 

Parties to the Convention on Biological Diversity, Bonn, 

Germany, 19–30 May 2008. UNEP/CBD/COP/DEC/IX/6.

CBD. 2010a. The Strategic Plan for Biodiversity 2011-2020 

and the Aichi Biodiversity Targets. Conference of 

the Parties to the Convention on Biological Diversity. 

Tenth Meeting of the Conference of the Parties to the 

Convention on Biological Diversity, Nagoya, Japan, 

18–29 October 2010. UNEP/CBD/COP/DEC/X/2.

CBD. 2010b. COP 10 Decision X/31. Protected areas. 

Tenth Meeting of the Conference of the Parties to 

the Convention on Biological Diversity, Nagoya, 

Japan, 18–29 October 2010. UNEP/CBD/COP/

DEC/X/31. (available at https://www.cbd.int/doc/

decisions/cop-10/cop-10-dec-31-en.pdf).

CBD. 2016a. The Cancun Declaration on Mainstreaming 

the Conservation and Sustainable Use of 

Biodiversity for Well-Being. Thirteenth Meeting of 

the Conference of the Parties to the Convention 

on Biological Diversity, Cancun, Mexico, 4−17 

December 2016. UNEP/CBD/COP/13/24.

CBD. 2016b. Updated assessment of progress towards 

Aichi Biodiversity Targets 5 and 15. Conference of 

the Parties to the Convention on Biological Diversity. 

Thirteenth Meeting of the Conference of the Parties 

to the Convention on Biological Diversity, Cancun, 

Mexico, 4–17 December 2016. UNEP/CBD/COP/ 

13/INF/12.

CBD. 2016c. COP 13 Decision XIII/3. Strategic actions to 

enhance the implementation of the Strategic Plan 

for Biodiversity 2011-2020 and the achievement of 

the Aichi Biodiversity Targets, including with respect 

to mainstreaming and the integration of biodiversity 

within and across sectors. Thirteenth Meeting of 

the Conference of the Parties to the Convention on 

Biological Diversity, Cancun, Mexico, 4–17 December 

2016. CBD/COP/DEC/XIII/3. 

CBD. 2018. Analysis of information contained in the 

interim national reports and information published 

in the access and benefit-sharing clearing house. 

Subsidiary Body on Implementation, Second Meeting, 

Montreal, Canada, 9–13 July 2018. CBD/SBI/2/INF/3. 

(available at https://www.cbd.int/doc/c/767b/a3b0/

e4934613a1a3fd1116b1c89a/sbi-02-inf-03-en.pdf).

CBS, PBL & WUR. 2016. Compendium voor de 

leefomgeving. The Hague, Netherlands, Centraal 

Bureau voor de Statistiek, The Hague, Netherlands, 

Plambureau voor de Leefomgeving, and Wageningen, 

Netherlands, Wageningen University & Research.

CBD Secretariat. 2006. Global Biodiversity Outlook 2. 

Montreal, Canada. 

CBD Secretariat. 2007. An exploration of tools and 

methodologies for valuation of biodiversity and 

biodiversity resources and functions. Technical Series 

No. 28. Montreal, Canada. 

CBD Secretariat. 2009. Scientific synthesis of the 

impacts of ocean acidification on marine biodiversity. 

Technical Series No. 46. Montreal, Canada. 

CBD Secretariat. 2010. Global Biodiversity Outlook 3. 

Montreal, Canada. 

CBD Secretariat. 2014a. Global Biodiversity Outlook 4. 

Montreal, Canada.

CBD Secretariat. 2014b. Resourcing the Aichi Biodiversity 

Targets: an assessment of benefits, investments and 

resource needs for implementing the Strategic Plan 

for Biodiversity 2011-2020. Second Report of the 

High-Level Panel on Global Assessment of Resources 

for Implementing the Strategic Plan for Biodiversity 

2011-2020. Montreal, Canada. 



464 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Cesar, H.J.S., Burke, L. & Pet-Soede, L. 2003. The 

economics of worldwide coral reef degradation. 

Arnhem, Netherlands, Cesar Environmental Consulting, 

and Zeist, Netherlands, WWF-Netherlands.

Ceulemans, T., Stevens, C.J., Duchateau, L., 

Jacquemyn, H., Gowing, D.J.G., Merckx, R., 

Wallace, H. et al. 2014. Soil phosphorus constrains 

biodiversity across European grasslands. Global 

Change Biology, 20(12): 3814–3822.

Cezar, R.M., Vezzani, F.M., Schwiderke, D.K., Gaiad, 

S., Brown, G.G., Sícoli Seoane, C.E. & Maranhão 

Froufe, L.C. 2015. Soil biological properties in 

multistrata successional agroforestry systems and in 

natural regeneration. Agroforestry Systems,  

89(6): 1035–1047.

CGIAR. 2016. Climate-smart agriculture guide. [Cited  

14 May 2018]. https://csa.guide/

Chabi-Olaye, A., Nolte, C., Schulthess, F. & 

Borgemeister, C. 2007. Short-term effects of 

cover crops on stem borers and maize yield in the 

humid forest of southern Cameroon. In A. Bationo, 

B. Waswa, J. Kihara & J. Kimetu, eds. Advances in 

integrated soil fertility management in sub-Saharan 

Africa: challenges and opportunities, pp. 195–200. 

Dordrecht, Netherlands, Springer.

Chae, Y. & An, Y.J. 2018. Current research trends on 

plastic pollution and ecological impacts on the soil 

ecosystem: a review. Environmental Pollution,  

240: 387–395.

Chagnon, M., Kreutzweiser, D., Mitchell, E.A.D., 

Morrissey, C.A., Noome, D.A. & Van Der Sluijs, J.P. 

2015. Risks of large-scale use of systemic insecticides 

to ecosystem functioning and services. Environmental 

Science and Pollution Research, 22(1): 119–134.

Chakravarti, L.J., Beltran, V.H. & van Oppen, M.J.H. 

2017. Rapid thermal adaptation in photosymbionts 

of reef-building corals. Global Change Biology, 23: 

4675–4688.

Chama, L. & Siachoono, S. 2015. Effectiveness of birds, 

butterflies, dragonflies, damselflies and invertebrates 

as indicators of freshwater ecological integrity. 

Geophysical Research, 17: 2015EGUGA..1713383C.

Chambers, R. & Conway, G. 1991. Sustainable rural 

livelihoods: practical concepts for the 21st century. 

IDS Discussion Paper, 296. Brighton, UK, Institute of 

Development Studies.

Chambers, P.A., Lacoul, P., Murphy, K.J. & Thomaz, 

S.M. 2008. Global diversity of aquatic macrophytes 

in freshwater. Hydrobiologia, 595(1): 9–26.

Chan, W.Y., Peplow, L.M., Menendez, P., Hoffmann, 

A.A. & van Oppen, M.J.H. 2018. Interspecific 

hybridization provides novel opportunities for coral 

reef restoration. Frontiers in Marine Science, 5(May): 

article 160. 

Chandler, D., Bailey, A.S., Tatchell, G.M., Davidson, 

G., Greaves, J. & Grant, W.P. 2011. The 

development, regulation and use of biopesticides 

for integrated pest management. Philosophical 

Transactions of the Royal Society B: Biological 

Sciences, 366(1573): 1987–1998.

Chandler, M., See, L., Copas, K., Bonde, A.M.Z., 

López, B.C., Danielsen, F., Legind, J.K. et al. 

2017. Contribution of citizen science towards 

international biodiversity monitoring. Biological 

Conservation, 213: 280–294.

Chapman, A.D. 2009. Numbers of living species in 

Australia and the world. 2nd edition. Canberra, 

Australian Biological Resources Study.

Chará, J., Reyes, E., Peri, P., Otte, J., Arce, E. & 

Schneider, F. 2018. Silvopastoral systems and their 

contribution to improved resource use and sustainable 

development goals: evidence from Latin America. 

Cali, Colombia, Centre for Research on Sustainable 

Agriculture (CIPAV), agri benchmark and FAO. 

Charles, A., Westlund, L., Bartley, D.M., Fletcher, 

W.J., Garcia, S., Govan, H. & Sanders, J. 2016. 

Fishing livelihoods as key to marine protected areas: 

insights from the World Parks Congress. Aquatic 

Conservation: Marine and Freshwater Ecosystems, 

26(February): 165–184.

Chatzipavlidis, I., Kefalogianni, I., Venieraki, A. 

& Holzapfel, W. 2013. Status and trends of the 

conservation and sustainable use of microorganisms 

in agroindustrial processes. Commission on Genetic 

Resource for Food and Agriculture. Background 

Study Paper No. 64. Rome, FAO. (available at http://

www.fao.org/docrep/meeting/028/mg339e.pdf).

Chavan, S.B., Keerthika, A., Dhyani, S.K., Handa, 

A.K., Newaj, R. & Rajarajan, K. 2015. National 

Agroforestry Policy in India: a low hanging fruit. 

Current Science, 108(10): 1826–1834.

http://adsabs.harvard.edu/abs/2015EGUGA..1713383C


465the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Chazdon, R.L., Brancalion, P.H., Laestadius, L., 

Bennett-Curry, A., Buckingham, K., Kumar, 

C., Moll-Rocek, J., Vieira, I.C.G. & Wilson, S.J. 

2016. When is a forest a forest? Forest concepts 

and definitions in the era of forest and landscape 

restoration. Ambio, 45: 538–550.

Chee, Y. 2004. An ecological perspective on the 

valuation of ecosystem services. Biological 

Conservation, 120(4): 549–565.

Chen, H. & Yada, R. 2011. Nanotechnologies in 

agriculture: new tools for sustainable development. 

Trends in Food Science & Technology, 22(11): 

585–594.

Chen, R., Ye, C., Cai, Y., Xing, X. & Chen, Q. 2014. The 

impact of rural out-migration on land use transition 

in China: past, present and trend. Land Use Policy, 

40: 101–110.

Chen, S., Wang, W., Xu, W., Wang, Y., Wan, H., Chen, 

D., Tang, Z. et al. 2018. Plant diversity enhances 

productivity and soil carbon storage. Proceedings 

of the National Academy of Sciences of the United 

States of America, 115(16): 4027–4032.  

Chin, A., Lison De Loma, T., Reytar, K., Planes, S., 

Gerhardt, K., Clua, E., Burke, L. & Wilkinson, 

C. 2011. Status of coral reefs of the Pacific and 

outlook: 2011. Global Coral Reef Monitoring 

Network. Publishers Global Coral Reef Monitoring 

Network. 260 P. (available at https://www.icriforum.

org/sites/default/files/Pacific-Coral-Reefs-2011.pdf).

Chopin, T. & Robinson, S.M.C. 2004. Defining the 

appropriate regulatory and policy framework 

for the development of integrated multi-trophic 

aquaculture practices: introduction to the workshop 

and positioning of the issues. Bulletin-Aquaculture 

Association of Canada, 104(3): 4–10.

Chopin, T., Buschmann, A.H., Halling, C., Troell, 

M., Kautsky, N., Neori, A., Kraemer, G.P. et al. 

2001. Integrating seaweeds into marine aquaculture 

systems: a key toward sustainability. Journal of 

Phycology, 37(6): 975-986.

Chornesky, E.A., Bartuska, A.M., Aplet, G.H., Britton, 

K.O., Cummings-Carlson, J., Davis, F.W., Eskow, 

J. et al. 2005. Science priorities for reducing the 

threat of invasive species to sustainable forestry. 

Bioscience, 55(4): 335–348.

Christenhusz, M.J.M. & Byng, J.W. 2016. The number 

of known plants species in the world and its annual 

increase. Phytotaxa, 261(3): 201–217. 

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.

Chytrý, M., Maskell, L.C., Pino, J., Pyšek, P., Vilà, M., 

Font, X. & Smart, S.M. 2008. Habitat invasions 

by alien plants: a quantitative comparison among 

Mediterranean, subcontinental and oceanic regions of 

Europe. Journal of Applied Ecology, 45(2): 448–458.

Cilas, C., Goebel, F.R., Babin, R. & Avelino, J. 2016. 

Tropical crop pests and diseases in a climate change 

setting – A few examples. In E. Torquebiau, ed. 

Climate change and agriculture worldwide, pp. 

73–82. Dordrecht, Netherlands, Springer.

Civitello, D.J., Cohen, J., Fatima, H., Halstead, N.T., 

Liriano, J., McMahon, T.A., Ortega, C.N. et al. 

2015. Biodiversity inhibits parasites: broad evidence 

for the dilution effect. Proceedings of the National 

Academy of Sciences, 112(28): 8667–8671.

Clapperton, M.J., Chan, K.Y. & Larney, F.J. 2007. 

Managing the soil habitat for enhanced biological 

fertility. In L.K. Abbott & D.V Murphy, eds. Soil 

biological fertility. A key to sustainable land use in 

agriculture, pp. 203–224. Dordrecht, Netherlands, 

Springer Netherlands.

Cleveland, D.A., Phares, N., Nightingale, K.D., 

Weatherby, R.L., Radis, W., Ballard, J., 

Campagna, M. et al. 2017. The potential for urban 

household vegetable gardens to reduce greenhouse 

gas emissions. Landscape and Urban Planning, 157: 

365–374.

Cline, H. 2005. Sacramento Vallely rice growers winter 

flood, ducks keep coming. [Cited 22 April 2018]. 

http://www.westernfarmpress.com/sacramento-

vallely-rice-growers-winter-flood-ducks-keep-coming

Coad, L., Fa, J.E., Van Vliet, N., Abernethy, K., 

Santamaria, C., Wilkie, D., Cawthorn, D. & Nasi, 

R. 2017. Towards a sustainable, participatory and 

inclusive wild meat sector. Draft Technical Report. 

Twenty-first meeting of the Subsidiary Body on 

Scientific, Technical and Technological Advice. 

Montreal, Canada, 11–14 December 2017.  

UNEP/CBD/SBSTTA/21/INF/6. 



466 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

 Cochrane, K., De Young, C., Soto, D. & Bahri, T., 

eds. 2009. Climate change implications for fisheries 

and aquaculture. Overview of current scientific 

knowledge. FAO Fisheries and Aquaculture Technical 

Paper No. 530. Rome, FAO. (available at http://www.

fao.org/docrep/012/i0994e/i0994e00.htm).

Cock, M.J.W., van Lanteren, J.C., Brodeur, J., Barrat, 

B.I.P., Bigler, F., Blockmans, K., Cônsoli, A., Haas, 

F., Mason, P.G. & Parra, J.R.P. 2009. The use and 

exchange of biological control agents for food and 

agriculture. Commission on Genetic Resources for 

Food and Agriculture. Background Study Paper No. 

47. Rome, FAO. (available at http://www.fao.org/

tempref/docrep/fao/meeting/017/ak569e.pdf).

Cock, M.J.W., Biesmeijer, J.C., Cannon, R.J.C., Gerard, 

P.J., Gillespie, D., Jiménez, J.J., Lavelle, P.M. & 

Raina, S.K. 2011. Climate change and invertebrate 

genetic resources for food and agriculture: 

state of knowledge, risks and opportunities. 

Commission on Genetic Resources for Food and 

Agriculure. Background Study Paper No. 54. Rome, 

FAO. (available at http://www.fao.org/docrep/

meeting/022/mb390e.pdf).

Cock, M.J.W., Biesmeijer, J.C., Cannon, R.J.C., Gerard, 

P.J., Gillespie, D., Jimeez, J.J., Lavelle, P.M. & 

Raina, S.K. 2012. The positive contribution of 

invertebrates to sustainable agriculture and food 

security. CAB Reviews, 7(043): 1–27.

Coe, R., Sinclair, F. & Barrios, E. 2014. Scaling up 

agroforestry requires research “in” rather than “for” 

development. Current Opinion in Environmental 

Sustainability, 6(1): 73–77.

Coe, R., Hughes, K., Sola, P. & Sinclair, F. 2017. 

Planned comparisons demystified. ICRAF Working 

Paper No. 263. Nairobi, ICRAF.

Cole, L., Bradford, M.A., Shaw, P.J.A. & Bardgett, R.D. 

2006. The abundance, richness and functional role of 

soil meso- and macrofauna in temperate grassland-A 

case study. Applied Soil Ecology, 33(2): 186–198.

Coles, R.G., McKenzie, L.J., Rasheed, M.A., Mellors, 

J.E., Taylor, H., Dew, K., McKenna, S., Sankey, 

T.L., Carter, A.B. & Grech, A. 2007. Status and 

trends of seagrass habitats in the Great Barrier Reef 

World Heritage Area. Cairns, Australia, Department 

of Primary Industries and Fisheries.

Colfer, C.J.P., Catacutan, D., Naz, F. & Pottinger, 

A.J. 2016. Gender in agroforestry [Special Issue]. 

International Forestry Review on Gender in 

Agroforestry, 17(4).

Colfer, C.J.P., Sheil, D. & Kishi, M. 2006. Forests 

and human health: assessing the evidence. CIFOR 

Occasional Paper No. 45. Bogor, Indonesia, Center 

for International Forestry Research.

Colla, S.R., Otterstatter, M.C., Gegear, R.J. & Thomson, 

J.D. 2006. Plight of the bumble bee: pathogen spillover 

from commercial to wild populations. Biological 

Conservation, 129(4): 461–467.

Collen, B., Böhm, M., Kemp, R. & Baillie, J.E.M. 

2012. Spineless: status and trends of the world’s 

invertebrates. London, Zoological Society of London.

Comité Asesor Nacional sobre Especies Invasoras. 

2010. Estrategia nacional sobre especies invasoras 

en México, prevención, control y erradicación. 

Mexico City, Comisión Nacional para el 

Conocimiento y Uso de la Biodiversidad, Comisión 

Nacional de Áreas Protegidas, Secretaría de Medio 

Ambiente y Recursos Naturales.

Committee on the Peaceful Uses of Outer Space. 2015. 

Space technologies for monitoring and protecting 

biodiversity and ecosystems. A proposed new thematic 

priority for the United Nations Programme on Space 

Applications. Committee on the Peaceful Uses of Outer 

Space. Fifty-eighth Session, Vienna, Austria,  

10–19 June 2015. A/AC.105/2015/CRP.10.

Compant, S., Clément, C. & Sessitsch, A. 2010. 

Plant growth-promoting bacteria in the rhizo-and 

endosphere of plants: their role, colonization, 

mechanisms involved and prospects for utilization. 

Soil Biology and Biochemistry, 42: 669–678.

Concenço, G., Marques, R.F., Santos, S.A., Correia, 

I.V.T., Palharini, W.G., Alves, M.S., Melo, T.S., 

Xavier, L.B. & Linhares, L.T. 2015. Integration crop-

livestock: is it efficient in suppressing troublesome 

weeds? A case study. African Journal of Agricultural 

Research, 10(16): 1882–1890.

Conde, D.A., Flesness, N., Colchero, F., Jones, O.R. & 

Scheuerlein, A. 2011. An emerging role of zoos to 

conserve biodiversity. Science, 331(6023): 1390–1391.

Coomes, O.T., Barham, B.L. & Takasaki, Y. 2004. 

Targeting conservation-development initiatives in 

tropical forests: insights from analyses of rain forest 



467the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

use and economic reliance among Amazonian 

peasants. Ecological Economics, 51(1–2): 47–64.

Cordillot, F. & Klaus, G. 2011. Threatened species in 

Switzerland. Red List Synthesis Report, Status 2010. 

Bern, Federal Office for the Environment.

Cornelius, J.P. & Miccolis, A. 2018. Can market-based 

agroforestry germplasm supply systems meet the 

needs of forest landscape restoration? New Forests: 

49(4): 457–469.

Cortopassi-Laurino, M., Imperatriz-Fonseca, V.L., 

Roubik, W., Dollin, A., Heard, T., Aguilar, I., 

Venturieri, G.C., Eardley, C. & Nogueira-Neto, 

P. 2006. Global meliponiculture: challenges and 

opportunities. Apidologie, 37: 275–292.

Costanza, R., D’Arge, R., De Groot, R., Farber, S., 

Grasso, M., Hannon, B., Limburg, K. et al. 1997. 

The value of the world’s ecosystem services and 

natural capital. Nature, 387(6630): 253–260.

Costanza, R., de Groot, R., Sutton, P., van der Ploeg, 

S., Anderson, S.J., Kubiszewski, I., Farber, S. & 

Turner, R.K. 2014. Changes in the global value of 

ecosystem services. Global Environmental Change, 

26(1): 152–158.

Costanzo, A. & Bàrberi, P. 2013. Functional 

agrobiodiversity and agroecosystem services in 

sustainable wheat production. A review. Agronomy 

for Sustainable Development, 34(2): 327–348.

Cotta, J.N. 2017. Revisiting Bora fallow agroforestry 

in the Peruvian Amazon: enriching ethnobotanical 

appraisals of non-timber products through 

household income quantification. Agroforestry 

Systems, 9(1): 17–36.

Coulibaly-Lingani, P., Tigabu, M., Savadogo, P., 

Oden, P.C. & Ouadba, J.M. 2009. Determinants of 

access to forest products in southern Burkina Faso. 

Forest Policy and Economics, 11(7): 516–524.

Crane, E. 1983. The archaeology of beekeeping. Ithaca, 

USA, Cornell University Press.

Crane, E. 1999. The world history of beekeeping and 

honey hunting. London, Duckworth.

Creamer, R.E., Hannula, S.E., Leeuwen, J.P.V., Stone, 

D., Rutgers, M., Schmelz, R.M., de Ruiter, P.C. 

et al. 2016. Ecological network analysis reveals 

the inter-connection between soil biodiversity and 

ecosystem function as affected by land use across 

Europe. Applied Soil Ecology, 97: 112–124.

Creevey, C.J., Kelly, W.J., Henderson, G. & Leahy,  

S.C. 2014. Determining the culturability of 

the rumen bacterial microbiome. Microbial 

Biotechnology, 7: 467–479.

Cronk, Q. & Ojeda, I. 2008. Bird-pollinated flowers in 

an evolutionary and molecular context. Journal of 

Experimental Botany, 59(5): 715–727.

Croxall, J.P., Prince, P.A., Rothery, P. & Wood, A.G. 

1998. Population changes in albatrosses at South 

Georgia. In G. Robertson & R. Gales, eds. Albatross 

biology and conservation, pp. 69–83. Chipping 

Norton, Australia, Surrey Beatty & Sons.

Crush, J. 2014. Approaching food security in cities of 

the global south. In S. Parnell & S. Oldfield, eds. The 

Routledge handbook on cities of the global south, 

pp. 543–555. London, Taylor and Francis.

Cunningham, S.A., Attwood, S.J., Bawa, K.S., 

Benton, T.G., Broadhurst, L.M., Didham, R.K., 

McIntyre, S. et al. 2013. To close the yield-gap 

while saving biodiversity will require multiple locally 

relevant strategies. Agriculture, Ecosystems and 

Environment, 173: 20–27.

Cuttelod, A., Seddon, M. & Neubert, E. 2011. 

European Red List of non-marine molluscs. 

Luxembourg, European Commission, Publications 

Office of the European Union.

Dabbadie, L. 1996. Étude de la viabilité d’une pisciculture 

rurale à faible niveau d’intrant dans le Centre-Ouest 

de la Côte d’Ivoire : approche du réseau trophique. 

University Pierre et Marie Curie - Paris VI.

Dabbadie, L. & Mikolasek, O. 2015. Aquaculture 

systems & farming systems: inside, outside or side-by-

side? The 5th International Symposium for Farming 

Systems Design “Multi-functional farming systems in 

a changing world”, 7–10 September 2015, Le Corum 

Conference Center, Montpellier, France.

Dalgaard, T., Hutchings, N.J. & Porter, J.R. 2003. 

Agroecology, scaling and interdisciplinarity. 

Agriculture, Ecosystems & Environment, 100: 39–51.

Damgaard, C., Strandberg, B., Dupont, Y., 

Holmstrup, M. & Krogh, P.H. 2016. The effect of 

glyphosate and nitrogen on plant communities and 

the soil fauna in terrestrial biotopes at field margins. 

Pesticide Research No. 163. Copenhagen, The 

Danish Environmental Protection Agency.



468 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Damjanovic, K., Blackall, L.L., Webster, N.S. & van 

Oppen, M.J.H. 2017. The contribution of microbial 

biotechnology to mitigating coral reef degradation. 

Microbial Biotechnology, 10: 1236–1243.

Daniels, S., Witters, N., Beliën, T., Vrancken, K., 

Vangronsveld, J. & Van Passel, S. 2017. Monetary 

valuation of natural predators for biological pest 

control in pear production. Ecological Economics, 

134: 160–173.

Darnhofer, I. 2014. Resilience and why it matters for 

farm management. European Review of Agricultural 

Economics, 41(3): 461–484.

Darnhofer, I., Bellon, S., Dedieu, B. & Milestad, R. 

2010. Adaptiveness to enhance the sustainability of 

farming systems: a review. Agronomy for Sustainable 

Development, 30(3): 545–555.

Daru, B.H., Yessoufou, K., Mankga, L.T. & Davies, 

T.J. 2013. A global trend towards the loss of 

evolutionarily unique species in mangrove 

ecosystems. PLoS ONE, 8(6): e66686.

Darwall, W.R.T., Smith, K.G., Allen, D.J., Holland, 

R.A., Harrison, I.J. & Brooks, E.G.E. 2011. The 

diversity of life in African freshwaters: under 

water, under threat. An analysis of the status and 

distribution of freshwater species throughout 

mainland Africa. Cambridge, UK, and Gland, 

Switzerland, IUCN.

Dastager, S.G. 2009. Aroma compounds. In P. Singh 

nee’ Nigam & A. Pandey, eds. Biotechnology for 

agroindustrial residues utilisation, pp. 105–127. 

Dordrecht, Netherlands, Springer & Business Media B.V.

Davidson, N.C. 2014. How much wetland has the world 

lost? Long-term and recent trends in global wetland 

area. Marine and Freshwater Research, 65(10): 

934–941.

Davidson, N.C. & Finlayson, C.M. 2018. Extent, 

regional distribution and changes in area of different 

classes of wetland. Marine and Freshwater Research, 

69(10): 1525–1533.

Davies, J., Niamir-Fuller, M., Kerven, C., Bauer, K., 

Steinfeld, H., Mooney, H.A., Schneider, F. & 

Neville, L.E. 2010. Extensive livestock production 

in transition: the future of sustainable pastoralism. 

Livestock in a changing landscape, Volume 1: 

Drivers, consequences and responses, pp. 285–308. 

Washington, DC, Island Press.

Davies, J., Poulsen, L., Schulte-Herbrüggen, B., 

Mackinnon, K., Crawhall, N., Henwood, W.D., 

Dudley, N., Smith, J. & Gudka, M. 2012. Conserving 

dryland biodiversity. Nairobi, Drylands Initiative, IUCN.

Davis, J.R. 2006. How can the poor benefit from 

the growing markets for high value agricultural 

products? Chatham, UK, Natural Resources 

Institute. (available at http://www.fao.org/docs/eims/

upload/210971/global_issues_paper.pdf).

Davis, A.S., Hill, J.D., Chase, C.A., Johanns, A.M. & 

Liebman, M. 2012. Increasing cropping system 

diversity balances productivity, profitability and 

environmental health. PLoS ONE, 7(10): 1–8.

Dawson, I.K., Carsan, S., Franzel, S., Kindt, R., 

Graudal, L., Orwa, C. & Jamnadass, R. 2014. 

Agroforestry , livestock , fodder production and 

climate change adaptation and mitigation in East 

Africa: issues and options. ICRAF Working Paper No. 

178. Nairobi, The World Agroforestry Centre.

Dawson, I.K., Attwood, S.J., Park, S.E., Jamnadass, 

R., Powell, W., Sunderland, T., Kindt, R. et 

al. 2018a. Contributions of biodiversity to the 

sustainable intensification of food production. 

Thematic study prepared for The State of the World’s 

Biodiversity for Food and Agriculture. Rome.

Dawson, I.K., Hendre, P., Powell, W., Sila, D., 

McMullin, S., Revoredo-Giha, C., Odeny, D.A. 

et al. 2018b. Supporting human nutrition in Africa 

through the integration of new and orphan crops into 

food systems: placing the work of the African Orphan 

Crops Consortium in context. ICRAF Working Paper 

No. 276. Nairobi, World Agroforestry Centre.

de Boer, I.J.M., Cederberg, C., Eady, S., Gollnow, 

S., Kristensen, T., Macleod, M., Meul, M. et 

al. 2011. Greenhouse gas mitigation in animal 

production: towards an integrated life cycle 

sustainability assessment. Current Opinion in 

Environmental Sustainability, 3(5): 423–431.

De Clercq, P., Mason, P.G. & Babendreier, D. 2011. 

Benefits and risks of exotic biological control agents. 

BioControl, 56(4): 681–698. 

DEFRA (Department for Environment, Food & Rural 

Affairs). 2014. The National Pollinator Strategy: for 

bees and other pollinators in England. Bristol, UK. 

DEFRA. 2017. Wild bird populations in the UK, 1970 to 

2016. York, UK. 



469the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Degrande, A., Tchoundjeu, Z., Kwidja, A. & Fongang 

Fouepe, G. 2015. Rural resource centres: a 

community approach to extension. GFRAS Good 

Practice Notes for Extension and Advisory Services. 

Lindan, Switzerland, GFRAS.

De Groot, M. 2014. The natural way forward. 

Government vision 2014. The Hague, Netherlands, 

Ministry of Economic Affairs.

Delaplane, K.S. & Mayer, D.R. 2000. Crop pollination 

by bees. Wallingford, UK, CABI.

Del Monaco, C., Narciso, S., Frank, A., Gimenez, E. & 

Bustillos, F. 2010. Evaluación de las comunidades 

de corales y peces de algunos arrecifes de la isla 

La Tortuga y cayos adyacentes, Venezuela. Boletin 

del Centro de Investigaciones Biológicas, 44(3): 

353–376.

den Herder, M., Burgess, P., Mosquera-Losada, M.R., 

Herzog, F., Hartel, T., Upson, M., Viholainen, 

I. & Rosati, A. 2015. Preliminary stratification 

and quantification of agroforestry in Europe. 

Milestone Report 1.1 for EU FP7 AGFORWARD 

Research Project (613520). 55 pp. (available at 

https://agforward.eu/index.php/en/preliminary-

stratification-and-quantification-of-agroforestry-

in-europe.html?file=files/agforward/documents/

M1_Stratification of agroforestry.pdf).

Department of Standards Malaysia. 2017. Kelulut 

(Stingless bee) honey – Specification. Malaysian 

Standard MS 2683:2017. Selangor Darul Ehsan, 

Malaysia, Department of Standards Malaysia.

De Souza Machado, A.A., Lau, C.W., Till, J., Kloas, 

W., Lehmann, A., Becker, R. & Rillig, M.C. 2018. 

Impacts of microplastics on the soil biophysical 

environment. Environmental Science & Technology, 

52(17): 9656–9665.

De Sy, V., Herold, M., Achard, F., Beuchle, R., Clevers, 

J.G.P.W., Lindquist, E. & Verchot, L. 2015. Land 

use patterns and related carbon losses following 

deforestation in South America. Environmental 

Research Letters, 10(12).

Devendra, C. & Ibrahim, M. 2004. Silvopastoral systems 

as a strategy for diversification and productivity 

enhancement from livestock in the tropics. In C.L. 

Mannet, M. Ramirez, M. Ibrahim, C. Sandoval & J. Ku, 

eds. The importace of silvopastoral systems in rural 

livelihoods to provide ecosystem services. Second 

International Symposium of Silvopastoral Systems, 

Universidad Autónoma de Yucatán, Mérida. pp. 8–22.

de Vries, F.T. & Bardgett, R.D. 2012. Plant–microbial 

linkages and ecosystem nitrogen retention: lessons 

for sustainable agriculture. Frontiers in Ecology and 

the Environment, 10(8): 425–432.

de Vries, S.M.G., Alan, M., Bozzano, M., Burianek, V., 

Collin, E., Cottrell, J., Ivankovic, M. et al. 2015. 

Pan-European strategy for genetic conservation of 

forest trees and establishment of a core network 

of dynamic conservation units. Bonn, Germany, 

European Forest Genetic Resources Programme 

(EUFORGEN), and Rome, Bioversity International.

DGEC (Director General of Estate Crops). 2012. 

Commodities data. Jakarta, Director General 

of Estate Crops, Department of Agriculture, 

Government of Indonesia.

D’Hose, T., Molendijk, L., Vooren, L. Van, van den 

Berg, W., Hoek, H., Runia, W., van Evert, F. et al. 

2018. Responses of soil biota to non-inversion tillage 

and organic amendments: an analysis on European 

multiyear field experiments. Pedobiologia, 66: 18–28.

Diallo, A. 1998. Integrated farming: a new approach 

in Basse Casamanche, Senegal. In J.A. Mathias, 

A.T. Charles & B.T. Hu, eds. Integrated fish farming. 

Proceedings of Workshop on Integrated Fish 

Farming, 11-15 October 1994, Wuxi, Jiangsu 

Province, P.R. China, pp. 257–264. Boca Raton,  

USA, CRC Press.

Diaz, S., Quetier, F., Caceres, D.M., Trainor, S.F., 

Perez-Harguindeguy, N., Bret-Harte, M.S., 

Finegan, B., Pena-Claros, M. & Poorter, L. 2011. 

Linking functional diversity and social actor strategies 

in a framework for interdisciplinary analysis of 

nature’s benefits to society. Proceedings of the 

National Academy of Sciences, 108(3): 895–902.

Di Bella, C.E., Jacobo, E., Golluscio, R.A. & 

Rodríguez, A.M. 2014. Effect of cattle grazing on 

soil salinity and vegetation composition along an 

elevation gradient in a temperate coastal salt marsh 

of Samborombón Bay (Argentina). Wetlands Ecology 

and Management, 22(1): 1–13.

Di Falco, S. & Chavas, J.P. 2009. On crop biodiversity, 

risk exposure, and food security in the highlands 

of Ethiopia. American Journal of Agricultural 

Economics, 91(3): 599–611.



470 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Dijkstra, J., Oenema, O. & Bannink, A. 2011. Dietary 

strategies to reducing N excretion from cattle: 

implications for methane emissions. Current Opinion 

in Environmental Sustainability, 3(5): 414–422.

Dixon, G.B., Davies, S.W., Aglyamova, G.A., Meyer, 

E., Bay, L.K. & Matz, M. V. 2015. Genomic 

determinants of coral heat tolerance across latitudes. 

Science, 348: 1460–1462.

Dolan, C. & Humphrey, J. 2000. Governance and trade 

in fresh vegetables: the impact of UK supermarkets 

on the African horticulture industry. Journal of 

Development Studies, 37(2).

Dominik, C., Seppelt, R., Horgan, F.G., Marquez, 

L., Settele, J. & Václavík, T. 2017. Regional-scale 

effects override the influence of fine-scale  

landscape heterogeneity on rice arthropod 

communities. Agriculture Ecosystems and 

Environment, 246: 269–278.

Donald, P.F., Green, R.E. & Heath, M.F. 2001. 

Agricultural intensification and the collapse of 

Europe’s farmland bird populations. Proceedings of 

the Royal Society B: Biological Sciences, 268: 25–29.

Donald, P.F., Sanderson, F.J., Burfield, I.J. & van 

Bommel, F.P.J. 2006. Further evidence of continent-

wide impacts of agricultural intensification on 

European farmland birds, 1990–2000. Agriculture 

Ecosystems and Environment, 116: 189–196.

Donato, D.C., Kauffman, J.B., Murdiyarso, D., 

Kurnianto, S., Stidham, M. & Kanninen, M. 2011b. 

Mangroves among the most carbon-rich forests in the 

tropics. Nature Geoscience, 4(5): 293–297. 

Donovan, J., Blare, T. & Poole, N. 2017. Stuck in a rut: 

emerging cocoa cooperatives in Peru and the factors 

that influence their performance. International Journal 

of Agricultural Sustainability, 15(2): 169–184.

Döring, T.F., Annicchiarico, P., Clarke, S., Haigh, 

Z., Jones, H.E., Pearce, H., Snape, J., Zhan, J. 

& Wolfe, M.S. 2015. Comparative analysis of 

performance and stability among composite cross 

populations, variety mixtures and pure lines of 

winter wheat in organic and conventional cropping 

systems. Field Crops Research, 183: 235–245.

dos Santos, H.F., Duarte, G.A.S., Da Costa Rachid, 

C.T., Moreira Chaloub, R., Calderon, E.N., De 

Barros Marangoni, L.F., Bianchini, A. et al. 2015. 

Impact of oil spills on coral reefs can be reduced by 

bioremediation using probiotic microbiota. Scientific 

Reports, 5: 18268.

Doswald, N. & Estrella, M. 2015. Promoting 

ecosystems for disaster risk reduction and climate 

change adaptation: opportunities for integration. 

Discussion Paper UN Environment. Geneva, 

Switzerland, UN Environment Post-conflict and 

Disaster Management Branch.

Dreisigacker, S., Kishii, M., Lage, J. & Warburton, M. 

2008. Use of synthetic hexaploid wheat to increase 

diversity for CIMMYT bread wheat improvement. 

Australian Journal of Agricultural Research, 59(5): 

413–420.

Duarte, C.M. 2017. Reviews and syntheses: hidden 

forests, the role of vegetated coastal habitats in the 

ocean carbon budget, Biogeosciences, 14: 301–310.

Duarte, C.M., Marbà, N. & Holmer, M. 2007. Rapid 

domestication of marine species. Science, 316: 

382–383.

Duarte, C.M., Borum, J., Short, F.T. & Walker, D.I. 2008. 

Seagrass ecosystems: their global status and prospects. 

In N. Polunin, ed. Aquatic ecosystems, pp. 281–306. 

Cambridge, UK, Cambridge University Press.

Dubinsky, Z. & Stambler, N., eds. 2011. Coral reefs: 

and ecosystem in transition. Dordrecht, Netherlands, 

Springer.

Dudgeon, D. 2012. Threats to freshwater biodiversity 

globally and in the Indo-Burma biodiversity hotspot. 

In D.J. Allen, K.G. Smith & W.R.T. Darwall, eds. The 

Status and distribution of freshwater biodiversity in 

Indo-Burma, pp. 1–28. Cambridge, UK, and Gland, 

Switzerland, IUCN.

Dudley, N., ed. 2008. Guidelines for applying Protected 

Area Management Categories. Gland, Switzerland, 

IUCN.

Dudley, N. & Maginnis, S. 2018. Stepwise approach to 

increasing ecological complexity in forest landscape 

restoration. Ecological Restoration, 36(3): 174–176.

Dudley, N. & Stolton, S. 2003. Running pure: the 

importance of forest protected areas to drinking 

water. Gland, Switzerland, World Bank/WWF Alliance 

for Forest Conservation and Sustainable Use.

Dudley, N., MacKinnon, K. & Stolton, S. 2014. The 

role of protected areas in supplying ten critical 

ecosystem services in drylands: a review. Biodiversity, 

15(2–3): 178–184.



471the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Dudley, N., Ali, N., Kettunen, M. & MacKinnon, 

K. 2017. Editorial essay: protected areas and the 

sustainable development goals. Parks, 23(2): 9–12. 

Duhan, J.S., Kumar, R., Kumar, N., Kaur, P., Nehra, 

K. & Duhan, S. 2017. Nanotechnology: the new 

perspective in precision agriculture. Biotechnology 

Reports, 15(May): 11–23.

Duis, K. & Coors, A. 2016. Microplastics in the aquatic 

and terrestrial environment: sources (with a specific 

focus on personal care products), fate and effects. 

Environmental Sciences Europe, 28(1): 2. 

Dulloo, M.E., Rege, J.E.O., Ramirez, M., Drucker, 

A.G., Padulosi, S., Maxted, N., Sthapit, B. et 

al. 2017. Conserving agricultural biodiversity 

for use in sustainable food systems. In Bioversity 

International, ed. Mainstreaming agrobiodiversity 

in sustainable food systems: scientific foundations 

for an Agrobiodiversity Index, pp. 103–140. Rome, 

Bioversity International.

Dulvy, N.K., Rogers, S.I., Jennings, S., Stelzenmüller, 

V., Dye, S.R. & Skjoldal, H.R. 2008. Climate 

change and deepening of the North Sea fish 

assemblage: a biotic indicator of warming seas. 

Journal of Applied Ecology, 45: 1029–1039.

Dumanski, J., Peiretti, R., Benetis, J., McGarry, D. & 

Pieri, C. 2006. The paradigm of conservation tillage. 

Proceedings of World Association of Soil and Water 

Conservation, P1: 58–64.

Dumont, A.M., Vanloqueren, G., Stassart, P.M. & 

Baret, P. V. 2016. Clarifying the socioeconomic 

dimensions of agroecology: between principles 

and practices. Agroecology and Sustainable Food 

Systems, 40(1): 24–47.

Dunham, R.A. 2011. Aquaculture and fisheries 

biotechnology: genetic approaches. Wallingford, 

UK, CABI.

Duru, M., Fares, M. & Therond, O. 2014. A conceptual 

framework for thinking now (and organising 

tomorrow) the agroecological transition at the level 

of the territory. Cahiers Agricultures, 23(2): 84–95.

Duru, M., Therond, O., Martin, G., Martin-Clouaire, 

R., Magne, M.A., Justes, E., Journet, E.P. et 

al. 2015. How to implement biodiversity-based 

agriculture to enhance ecosystem services: a review. 

Agronomy for Sustainable Development, 35(4): 

1259–1281.

Duval, A., Mijatovic, D. & Hodgkin, T. 2018. The 

contribution of biodiversity for food and agriculture 

to resilience of production systems to environmental 

change and uncertainty. Thematic study prepared 

for The State of the World’s Biodiversity for Food 

and Agriculture. Rome, FAO.

Dwyer, J.T. 2012. Dietary standards and guidelines: 

similarities and differences among countries.  

In J.W. Erdman, I.A. Macdonald & S.H. Zeisel, eds. 

Present knowledge in nutrition. 10th Edition,  

pp. 1110–1134. Hoboken, USA, Wiley-Blackwell.

Dykstra, D.P. 2002. Reduced impact logging: concepts 

and issues. In T. Enters, P.B. Durst, G.B. Applegate, 

P.C.S. Kho & G. Man, eds. Applying reduced impact 

logging to advance sustainable forest management. 

Bangkok, FAO Regional Office for Asia and the 

Pacific. (available at http://www.fao.org/docrep/005/

ac805e/ac805e04.htm).

Dykstra, D.P. & Heinrich, R. 1996. FAO model code of 

forest harvesting practice. Rome, FAO. 85 pp.

Eadie, J.M. 1962. Inter-relationships between certain 

rumen ciliate protozoa. Journal of General 

Microbiology, 29: 579–588.

EASAC (European Academies Science Advisory 

Council). 2015. Ecosystem services, agriculture 

and neonicotinoids. EASAC Policy Report 26. Halle, 

Germany, German National Academy of Sciences.

EBCC (European Bird Census Council). 2018 What is 

Pan-European Common Bird Monitoring Scheme? 

[Cited 30 April 2018]. http://www.ebcc.info/pan-

european-common-bird-monitoring-scheme-pecbms/

Eckard, S., Ansari, M., Bacher, S., Butt, T., Enkerli, J. 

& Grabenweger, G. 2014. Virulence of in vivo and 

in vitro produced conidia of Metarhizium brunneum 

strains for control of wireworms. Crop Protection, 

64: 137–142.

Edwards, P. 1980. A review of recycling organic wastes 

into fish, with emphasis on the Tropics. Aquaculture, 

21(3): 261–279.

Edwards, P. 2015. Aquaculture environment 

interactions: past, present and likely future trends. 

Aquaculture, 447: 2–14.

Edwards, P., Little, D. & Demaine, H. 2002. Rural 

aquaculture. Wallingford, UK, CABI.

Edwards, D.P., Hodgson, J.A., Hamer, K.C., Mitchell, 

S.L., Ahmad, A.H., Cornell, S.J. & Wilcove, D.S. 



472 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

2010. Wildlife-friendly oil palm plantations fail to 

protect biodiversity effectively. Conservation Letters, 

3(4): 236–242. 

Edwards, D.P., Woodcock, P., Edwards, F.A., Larsen, 

T.H., Hsu, W.W., Benedick, S. & Wilcove, D.S. 

2012. Reduced-impact logging and biodiversity 

conservation: a case study from Borneo. Ecological 

Applications, 22(2): 561–571.

Edwards, J.E., Forster, R.J., Callaghan, T.M., 

Dollhofer, V., Dagar, S.S., Cheng, Y., Chang, J. et 

al. 2017. PCR and omics based techniques to study 

the diversity, ecology and biology of anaerobic fungi: 

insights, challenges and opportunities. Frontiers in 

Microbiology, 25(8): 1657.

EEA (European Environment Agency). 2015a. 

Ecosystem services in the EU – Ecosystem services 

still degrading. [Cited 21 March 2018]. https://www.

eea.europa.eu/themes/biodiversity/where-we-stand/

ecosystem-services-in-the-eu

EEA. 2016. Agriculture – Organic farming. [Cited 26 

April 2018]. https://www.eea.europa.eu/soer-2015/

countries-comparison/agriculture

Egan, J.F. & Mortensen, D.A. 2012. Quantifying vapor 

drift of dicamba herbicides applied to soybean. 

Environmental Toxicology and Chemistry, 31(5): 

1023–1031.

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. 

Eisler, M.C., Lee, M.R.F., Tarlton, J.F. & Martin, 

G.B. 2014. Steps to sustainable livestock. Nature, 

507(7490): 32–34.

Ejlertsen, M., Poole, J. & Marshall, K. 2012. Traditional 

breeding objectives and practices of goat, sheep and 

cattle smallholders in The Gambia and implications 

in relation to the design of breeding interventions. 

Tropical Animal Health and Production, 45(1): 

219–229.

El-Kassaby, Y., Cappa, E.P., Liewlaksaneeyanawin, C., 

Klápš, J. & Lstiburek, M. 2011. Breeding without 

breeding: is a complete pedigree necessary for 

efficient breeding? PLoS ONE, 6(10): e25737.

Elliott, J., Firbank, L.G., Drake, B., Cao, Y. & Gooday, 

R. 2013. Exploring the concept of sustainable 

intensification. Land Use Policy Group. (available at 

https://www.nature.scot/sites/default/files/2017-06/

A931058.pdf).

Elmqvist, T., Folke, C., Nystrom, M., Peterson, G., 

Bengtsson, J., Walker, B. & Norberg, J. 2003. 

Response diversity, ecosystem change, and resilience. 

Frontiers in Ecology and the Environment, 1(9): 

488–494.

Elmqvist, T., Fragkias, M., Goodness, J., Güneralp, B., 

Marcotullio, P.J., McDonald, R.I., Parnell, S. et al. 

eds. 2013. Urbanization, biodiversity and ecosystem 

services: challenges and opportunities. A global 

assessment. Dordrecht, Netherlands, Springer.

El Nagar, G. 2007. Efficiency of African catfish Clarias 

gariepinus in controlling unwanted reproduction 

of Nile tilapia Oreochromis niloticus in low input 

production system. Egyptian Journal of Aquatic 

Biology and Fisheries, 11(3): 105–113.

Epple, C., García Rangel, S., Jenkins, M. & Guth, 

M. 2016. Managing ecosystems in the context 

of climate change mitigation: a review of current 

knowledge and recommendations to support 

ecosystem-based mitigation actions that look 

beyond terrestrial forests. CBD Technical Series 

No.86. Montreal, Canada, Secretariat of the 

Convention on Biological Diversity.

Eriksson, G., Namkoong, G. & Roberds, J.H. 1993. 

Dynamic gene conservation for uncertain futures. 

Forest Ecology and Management, 62(1–4): 15–37.

Erickson, D.J., Sulzberger, B., Zepp, R.G. & Austin, A.T. 

2015. Effects of stratospheric ozone depletion, solar 

UV radiation, and climate change on biogeochemical 

cycling: Interactions and feedbacks. Photochemical 

and Photobiological Sciences, 10(2): 261–279.

Esser, K.B., Sæthre, M.G., Pradhananga, N. & Ojha, 

H. 2012. Midterm review of the National Integrated 

Pest Management Programme in Nepal, Phase 

II. Noragric Report No. 67. Aas, Department of 

International Environment and Development Studies, 

Noragric, Norwegian University of Life Sciences.

European Commission. 2015. The state of nature in 

the EU – Reporting under the EU Habitats and Birds 

Directives 2007-2012. Luxembourg: Office for Offi-

cial Publications of the European Union. (available at 

http://ec.europa.eu/environment/nature/pdf/state_

of_nature_en.pdf).

http://ec.europa.eu/environment/nature/pdf/state_of_nature_en.pdf
http://ec.europa.eu/environment/nature/pdf/state_of_nature_en.pdf


473the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Eurostat. 2011. Data requirements, availability and gaps 

in agri-environment indicators (AEIs) in Europe. 

Luxembourg, Publication office of the European Union.

Eurostat. 2016. Agri-environmental indicator – 

specialisation. [Cited 20 November 2018]. https://

ec.europa.eu/eurostat/statistics-explained/index.php/

Agri-environmental_indicator_-_specialisation

Eurostat. 2018. Agri-environmental indicators. 

[Cited 26 April 2018]. http://ec.europa.eu/

eurostat/statistics-explained/index.php/Agri-

environmental%7B_%7Dindicators

Evans, B.R. 1999. Edible nut trees in Solomon Islands: 

a variety collection of Canarium, Terminalia and 

Barringtonia. ACIAR Technical Report No. 44. 

Canberra, Australian Centre for International 

Agricultural Research.

Evenson, R.E. & Gollin, D. 2003. Assessing the impact 

of the Green Revolution, 1960 to 2000. Science, 

300: 758–762.

Ewald, J.A., Wheatley, C.J., Aebischer, N.J., Moreby, 

S.J., Duffield, S.J., Crick, H.Q.P. & Morecroft, M.B. 

2015. Influences of extreme weather, climate and 

pesticide use on invertebrates in cereal fields over 42 

years. Global Change Biology, 21(11): 3931–3950.

Ezcurra, E., Aburto, O. & Rosenzweig, L. 2009. Los 

riñones del mundo: porqué debemos proteger 

los manglares de México. Investigación ambiental 

ciencia y política pública, 1(2): 202–206.

Fabre, P., Guérin, G. & Bouquet, P.M. 2010. The 

management of natural areas by pastoralism – a 

French Mediterranean example: the Merinos 

D’Arles in transhumance. Paper presented at the 

Eighth World Merino Conference, 3–5 May 2010, 

Rambouillet, France. 

Falk, D.A., Knapp, E.E. & Guerrant, E.O. 2001. An 

introduction to restoration genetics. Washington, 

DC, Society for Ecological Restoration.

FAO. 1993. Forest Resources Assessment 1990: 

tropical countries. FAO Forestry Paper 112. Rome. 

(available at http://www.fao.org/docrep/007/t0830e/

t0830e00.htm).

FAO. 1995a. Code of Conduct for Responsible  

Fisheries. Rome. (available at http://www.fao.org/3/ 

a-v9878e.pdf).

FAO. 1995b. Improving nutrition through home 

gardening – A training package for preparing field 

workers in Southeast Asia. Rome. (available at http://

www.fao.org/docrep/v5290e/v5290e00.htm).

FAO. 1996a. Rome Declaration on World Food Security. 

(available at http://www.fao.org/docrep/003/

w3613e/w3613e00.HTM).

FAO. 1996b. Precautionary approach to capture fisheries 

and species introductions. FAO Technical Guidelines 

for Responsible Fisheries. Rome. (available at http://

www.fao.org/3/a-w3592e.pdf).

FAO. 1997. The State of the World’s Plant Genetic 

Resources for Food and Agriculture. Rome. (available 

at http://www.fao.org/3/a-w7324e.pdf).

FAO. 1998. Guidelines for the management of tropical 

forests. Rome. (available at http://www.fao.org/

docrep/w8212e/w8212e00.HTM).

FAO. 1999a. The global strategy for the management of 

farm animal genetic resources: executive brief. Rome. 

FAO. 1999b. Women: users, preservers and managers of 

agrobiodiversity. Rome. (available at http://www.fao.

org/docrep/x0171e/x0171e03.htm).

FAO. 2000. World watch list for domestic animal 

diversity. B.D. Scherf, ed. Rome. (available at http://

www.fao.org/docrep/009/x8750e/x8750e00.htm).

FAO. 2003a. Biological management of soil ecosystems 

for sustainable agriculture. Report of the 

International Technical Workshop organized by 

EMBRAPA-Soybean and FAO, Londrina, Brazil, 24–27 

June 2002. Rome. (available at http://www.fao.org/

docrep/006/y4810e/y4810e00.htm).

FAO. 2003b. Status and trends in mangrove area extent 

worldwide. M.L. Wilkie & S. Fortuna, eds. Forest 

Resources Assessment Working Paper No. 63. Forest 

Resources Division. Rome, FAO Internal document. 

(available at http://www.fao.org/docrep/007/j1533e/

J1533E00.htm).

FAO. 2003c. Cross-sectoral policy impacts between 

forestry and other sectors. Forestry Paper No. 142. 

Rome. (available at http://www.fao.org/docrep/006/

Y4653E/y4653e00.htm).

FAO. 2003d. The ecosystem approach to fisheries. Issues, 

terminology, principles, institutional foundations, 

implementation and outlook. FAO Fisheries Technical 

Paper No. 443. Rome. (available at http://www.fao.

org/3/a-y4773e.pdf).

FAO. 2003e. Fisheries management. 2. The ecosystem 

approach to fisheries. FAO Technical Guidelines for 



474 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Responsible Fisheries 4. Suppl. 2. Rome. (available at 

http://www.fao.org/3/a-y4470e.pdf).

FAO. 2005a. Grasslands of the world. J.M. Suttie, S.G. 

Reynolds & C. Batello, eds. Rome. (available at http://

www.fao.org/docrep/008/y8344e/y8344e00.htm).

FAO. 2005b. Putting into practice the ecosystem approach 

to fisheries. Rome. (available at https://www.cbd.

int/doc/meetings/mar/cbwsoi-seasi-01/other/cbwsoi-

seasi-01-putting-into-practice-eaf-en.pdf).

FAO. 2006a. Food security. Policy Brief No. 2. Rome. 

(available at http://www.fao.org/fileadmin/templates/

faoitaly/documents/pdf/).

FAO. 2006b. Livestock’s long shadow – Environmental 

issues and options. Rome. (available at http://www.

fao.org/docrep/010/a0701e/a0701e00.HTM). 

FAO. 2007a. The State of the World’s Animal Genetic 

Resources for Food and Agriculture. B. Richkowsky 

& D. Pilling, eds. Rome. (available at http://www.fao.

org/3/a-a1260e.pdf).

FAO. 2007b. The Global Plan of Action for Animal Genetic 

Resources and the Interlaken Declaration. Rome. 

(available at http://www.fao.org/3/a-a1404e.pdf).

FAO. 2007c. Report of the Eleventh Regular Session of 

the Commission on Genetic Resources for Food and 

Agriculture. Rome, 11–15 June 2007.  

CGRFA-11/07/Report. (available at http://www.fao.

org/tempref/docrep/fao/meeting/014/k0385e.pdf).

FAO. 2007d. Forests and water. Unasylva No. 229,  

Vol. 58. Rome. (available at ftp://ftp.fao.org/docrep/

fao/010/a1598e/a1598e00.pdf).

FAO. 2007e. The world’s mangroves 1980-2005. FAO 

Forestry Paper No. 153. Rome. (available at http://

www.fao.org/docrep/010/a1427e/a1427e00.htm).

FAO. 2007f. The ecosystem approach applied to food 

and agriculture: status and needs. Commission 

on Genetic Resources for Food and Agriculture. 

Eleventh Regular Session, Rome, 11–15 June 2007. 

CGRFA-11/07/15.4 Rev.1. (available at http:// 

www.fao.org/tempref/docrep/fao/meeting/014/

j9731e.pdf).

FAO. 2008a. Rapid assessment of pollinators’ status: a 

contribution to the international initiative for the 

conservation and sustainable use of pollinators. 

Rome. (available at http://www.fao.org/uploads/

media/raps%7B_%7D2.pdf).

FAO. 2008b. Expert Consultation on Nutrition Indicators 

for Biodiversity: 1. Food Composition. Rome. 

(available at http://www.fao.org/3/a-a1582e.pdf).

FAO. 2009a. The State of Food and Agriculture. 

Livestock in the balance. Rome. (available at http://

www.fao.org/docrep/012/i0680e/i0680e.pdf).

FAO. 2009b. Declaration of the World Summit on 

Food Security. World Summit on Food Security, 

Rome, 16–18 November 2009. WSFS 2009/2. 

(available at http://www.fao.org/tempref/docrep/fao/

Meeting/018/k6050e.pdf).

FAO. 2009c. The use and exchange of animal genetic 

resources for food and agriculture. Commission 

on Genetic Resources for Food and Agriculture. 

Background Study Paper No. 43. Rome. (available 

at http://www.fao.org/tempref/docrep/fao/

meeting/017/ak222e.pdf).

FAO. 2010a. The Second Report on the State of the 

World’s Plant Genetic Resources for Food and 

Agriculture. Rome. (available at http://www.fao.org/

docrep/013/i1500e/i1500e.pdf).

FAO. 2010b. Developing effective forest policy. FAO 

Forestry Paper No. 161. Rome. (available at http://

www.fao.org/docrep/013/am007e/am007e00.pdf).

FAO. 2010c. Global Forest Resources Assessment 2010. 

Main Report. FAO Forestry Paper No. 163, Rome. 

(available at http://www.fao.org/docrep/013/i1757e/

i1757e.pdf).

FAO. 2010d. Aquaculture development. 4. Ecosystem 

approach to aquaculture. FAO Technical Guidelines for 

Responsible Fisheries 5. Suppl. 4. Rome. (available at 

http://www.fao.org/docrep/013/i1750e/i1750e00.htm).

FAO. 2010e. An international consultation on integrated 

crop-livestock systems for development. The way 

forward for sustainable production. Integrated Crop 

Management Vol. 13-2010. Rome. (available at http://

www.fao.org/fileadmin/templates/agphome/images/

iclsd/documents/crop_livestock_proceedings.pdf).

FAO. 2011a. The state of the world’s land and water 

resources for food and agriculture. Managing systems 

at risk. Rome, FAO, and London, Earthscan. (available 

at http://www.fao.org/docrep/017/i1688e/i1688e.pdf).

FAO. 2011b. Second Global Plan of Action for Plant 

Genetic Resources for Food and Agriculture. Rome. 

(available at http://www.fao.org/docrep/015/i2624e/

i2624e00.pdf).



475the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

FAO. 2011c. Save and grow. A policymakers guide to the 

sustainable intensification of smallholder agriculture. 

Rome. (available at http://www.fao.org/docrep/014/

i1951e/i1951e.pdf).

FAO. 2011d. Expert Consultation on Nutrition Indicators 

for Biodiversity: 2. Food Consumption. Rome. 

(available at http://www.fao.org/docrep/014/i1951e/

i1951e.pdf).

FAO. 2011e. The State of Food and Agriculture 2010-11. 

Women in agriculture: closing the gender gap for 

development. Rome. (available at http://www.fao.

org/docrep/013/i2050e/i2050e.pdf).

FAO. 2011f. Surveying and monitoring of animal genetic 

resources. FAO Animal Production and Health 

Guidelines. No. 7. Rome. (available at http://www.

fao.org/docrep/014/ba0055e/ba0055e00.pdf).

FAO. 2012a. Invisible guardians: women manage 

livestock diversity. FAO Animal Production and 

Health Paper No. 174. Rome. (available at http://

www.fao.org/docrep/016/i3018e/i3018e00.pdf).

FAO. 2012b. The State of World Fisheries and 

Aquaculture. Rome. (available at http://www.fao.

org/3/a-i2727e.pdf).

FAO. 2012c. FRA 2015. Terms and definitions. Forest 

Resources Assessment Working Paper No. 180. 

Rome. (available at http://www.fao.org/docrep/017/

ap862e/ap862e00.pdf).

FAO. 2012d. Phenotypic characterization of animal 

genetic resources. FAO Animal Production and 

Health Guidelines No. 11. Rome. (available at http://

www.fao.org/docrep/015/i2686e/i2686e00.pdf).

FAO. 2012e. Cryoconservation of animal genetic 

resources. FAO Animal Production and Health 

Guidelines No. 12. Rome. (available at http://www.

fao.org/docrep/016/i3017e/i3017e00.pdf).

FAO. 2013a. Report of the Fourteenth Regular Session 

of the Commission on Genetic Resources for Food 

and Agriculture. Commission on Genetic Resources 

for Food and Agriculture. Rome, 15–19 April 2013. 

CGRFA-14/13/Report. (available at http://www.fao.

org/docrep/meeting/028/mg538e.pdf).

FAO. 2013b. Guidelines for the preparation of the 

Country Reports for The State of the World’s 

Biodiversity for Food and Agriculture. Rome. 

(available at http://www.fao.org/3/a-as644e.pdf).

FAO. 2013c. Our priorities: the FAO Strategic Objectives. 

Rome. (available at http://www.fao.org/docrep/018/

mi317e/mi317e.pdf).

FAO. 2013d. Climate-smart agriculture sourcebook. 

Rome. (available at http://www.fao.org/docrep/018/

i3325e/i3325e.pdf).

FAO. 2013e. Resilient livelihoods: disaster reduction 

for food and nutrition security. Rome. (available at 

http://www.fao.org/3/a-i3270e.pdf).

FAO. 2013f. Review of key issues on biodiversity and 

nutrition. Commission on Genetic Resources for Food 

and Agriculture. Fourteenth Regular Session, Rome, 

15–19 April 2013. CGRFA-14/13/8. (available at http://

www.fao.org/docrep/meeting/027/mf917e.pdf).

FAO. 2013g. In vivo conservation of animal genetic 

resources. FAO Animal Production and Health 

Guidelines. No. 14. Rome. (available at http://www.

fao.org/docrep/018/i3327e/i3327e.pdf).

FAO. 2013h. Policy support guidelines for the promotion 

of sustainable production intensification and 

ecosystem services. Integrated Crop Management 

Vol. 19-2013. Rome. (available at http://www.fao.

org/ag/ca/ca-publications/icm19.pdf).

FAO. 2014a. The State of the World’s Forest Genetic 

Resources. Rome. (available at http://www.fao.

org/3/a-i3825e.pdf).

FAO. 2014b. Global Plan of Action for the Conservation, 

Sustainable Use and Development of Forest Genetic 

Resources. Rome. (available at http://www.fao.

org/3/a-i3849e.pdf).

FAO. 2014c. Ecosystem services by livestock species and 

breeds, with special consideration to the contribution 

of small-scale livestock keepers and pastoralists. I. 

Hoffmann, T. From & D. Boerma, eds. Commission 

on Genetic Resources for Food and Agriculture. 

Background Study Paper No. 66 Rev. 1. Rome. 

(available at http://www.fao.org/3/a-at598e.pdf).

FAO. 2014d. State of the World’s Forests: Enhancing 

the socioeconomic benefits from forests. Rome. 

(available at http://www.fao.org/3/a-i3710e.pdf).

FAO. 2014e. FAO Global Land Cover (GLC-SHARE) Beta-

Release 1.0 Database. J. Latham, R. Cumani, I. Rosati 

& M. Bloise, eds. Rome. (available at http://www.fao.

org/uploads/media/glc-share-doc.pdf).

FAO. 2014f. Genebank standards for plant genetic 

resources for food and agriculture. Revised edition. 



476 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Rome. (available at http://www.fao.org/3/ 

a-i3704e.pdf).

FAO. 2014g. Synthesis progress report on the 

implementation of the global plan of action for 

animal genetic resources – 2014. Commission on 

Genetic Resource for Food and Agriculture. Fifteenth 

Regular Session, Rome, 19–23 January 2015. 

CGRFA-15/15/Inf.19. Rome. (available at http://

www.fao.org/3/a-mm282e.pdf).

FAO. 2014h. Protected areas, people and food security. 

A FAO contribution to World Park Congress, Sydney, 

12–19 November 2014. Rome. (available at http://

www.fao.org/3/a-i4198e.pdf).

FAO. 2015a. The Second Report on the State of World’s 

Animal Genetic Resources for Food and Agriculture. 

B.D. Scherf & D. Pilling, eds. Rome. (available at 

http://www.fao.org/3/a-i4787e.pdf).

FAO. 2015b. Coping with climate change – the roles of 

genetic resources for food and agriculture. Rome. 

(available at http://www.fao.org/3/a-i3866e.pdf).

FAO. 2015c. The State of Food Insecurity in the World. 

Meeting the 2015 international hunger targets: 

taking stock of uneven progress. Rome. (available at 

http://www.fao.org/3/a-i4646e.pdf).

FAO. 2015d. Global Forest Resources Assessments – 

Maps and figures. [online]. Rome. http://www.fao.

org/forest-resources-assessment/current-assessment/

maps-and-figures/en/

FAO. 2015e. Revised World Soil Charter. Rome. (available 

at http://www.fao.org/3/a-i4965e.pdf).

FAO. 2015f. Guidelines for developing a National Strategy 

for Plant Genetic Resources for Food and Agriculture. 

Rome. (available at http://www.fao.org/3/a-i4917e.pdf).

FAO. 2015g. Voluntary Guidelines to Support the 

Integration of Genetic Diversity into National Climate 

Change Adaptation Planning. Rome. (available at 

http://www.fao.org/3/a-i4940e.pdf).

FAO. 2016a. Fisheries in the drylands of sub-Saharan 

Africa – “Fish come with the rains”. Building resilience 

for fisheries-dependent livelihoods to enhance food 

security and nutrition in the drylands. J. Kolding, P. 

van Zwieten, F. Marttin & F. Poulain, eds. Fisheries and 

Aquaculture Circular No. 1118. Rome, FAO. (available 

at http://www.fao.org/3/a-i5616e.pdf).

FAO. 2016b. Sustainable intensification of aquaculture 

in the Asia-Pacific region. W. Miao & K.K. Lal, eds. 

Bangkok. (available at http://www.fao.org/3/a-

i5362e.pdf).

FAO. 2016c. Regional strategy and action plan for 

sustainable intensification of aquaculture in the Asia-

Pacific region. Bangkok. (available at http://www.

fao.org/3/a-i5466e.pdf).

FAO. 2016d. Voluntary Guidelines for Mainstreaming 

Biodiversity into Policies, Programmes and National 

and Regional Plans of Action on Nutrition. Rome. 

(available at http://www.fao.org/3/a-i5248e.pdf).

FAO. 2016e. State of the World’s Forests 2016. 

Forests and agriculture: land-use challenges and 

opportunities. Rome. (available at http://www.fao.

org/3/a-i5588e.pdf).

FAO. 2016f. The contributions of livestock species and 

breeds to ecosystem services. Rome. (available at 

http://www.fao.org/3/a-i6482e.pdf).

FAO. 2016g. Global Forest Resources Assessment 2015. 

How are the world’s forests changing? Second 

edition. Rome. (available at http://www.fao.org/3/a-

i4793e.pdf).

FAO. 2016h. Report of the 32nd Session of the 

Committee on Fisheries (Rome, 11-15 July 2016). 

Committee on Fisheries. Fortieth Session, Rome, 

3–8 July 2017. C 2017/23. (available at http://www.

fao.org/3/a-mr484e.pdf).

FAO. 2016i. CountryStat. [Cited 24 November 2016]. 

Rome. http://countrystat.org/home.aspx?c=FOR

FAO. 2016j. AQUASTAT Main Database. [Cited  

23 October 2018]. Rome. http://www.fao.org/nr/

water/aquastat/data/query/index.html?lang=en%0A; 

http://www.fao.org/nr/aquastat

FAO. 2016k. The State of World Fisheries and 

Aquaculture. Contributing to food security and 

nutrition for all. Rome. (available at http://www.fao.

org/3/a-i5555e.pdf).

FAO. 2016l. Save and Grow in practice: maize, rice, wheat 

– A guide to sustainable cereal production. Rome. 

(available at http://www.fao.org/3/a-i4009e.pdf).

FAO. 2016m. Assessment of the implementation of 

the Second Global Plan of Action for Plant Genetic 

Resources for Food and Agriculture 2012–2014. 

Commission on Genetic Resources for Food and 

Agriculture. Sixteenth Regular Session, Rome,  

30 January–03 February 2017. CGRFA-16/17/Inf.17.2. 

Rome. (available at http://www.fao.org/3/a-mr796e.pdf).



477the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

FAO. 2016n. Report of the Expert Workshop on 

Incorporating Genetic Diversity and Indicators into 

Statistics and Monitoring of Farmed Aquatic Species 

and their Wild Relatives. Rome, 4–6 April 2016. 

Fisheries and Aquaculture Report No. 1173. Rome. 

(available at http://www.fao.org/3/a-i6373e.pdf).

FAO. 2016o. Meeting our goals: FAO’s programme for 

gender equality in agriculture and rural development. 

Rome. (available at http://www.fao.org/3/a-i6618e.pdf).

FAO. 2016p. Farmer field school guidance document: 

planning for quality programmes. Rome. (available 

at http://www.fao.org/3/a-i5296e.pdf).

FAO. 2016q. ABS Elements. Elements to facilitate 

domestic implementation of access and benefit-

sharing for different subsectors of genetic resources 

for food and agriculture. Rome. (available at http://

www.fao.org/3/a-i5033e.pdf).

FAO. 2017a. FAO’s work on climate change. United 

Nations Climate Change Conference 2017. Rome. 

(available at http://www.fao.org/3/a-i8037e.pdf).

FAO. 2017b. FAO and the SDGs. Indicators: 

measuring up to the 2030 Agenda for Sustainable 

Development. Rome. (available at http://www.fao.

org/3/a-i6919e.pdf).

FAO. 2017c. Climate-smart agriculture sourcebook. 

[Cited 10 March 2018]. Rome. http://www.fao.org/

climate-smart-agriculture-sourcebook/en/

FAO. 2017d. Strategic work of FAO to increase the 

resilience of livelihoods. Rome. (available at http://

www.fao.org/3/a-i6463e.pdf).

FAO. 2017e. The future of food and agriculture – Trends 

and challenges. Rome. (available at http://www.fao.

org/3/a-i6583e.pdf).

FAO. 2017f. Strategic work of FAO for sustainable food 

and agriculture. Rome. (available at http://www.fao.

org/3/a-i6488e.pdf).

FAO. 2017g. Nutrition-sensitive agriculture and food 

systems in practice. Options for intervention. Rome. 

(available at http://www.fao.org/3/a-i7848e.pdf).

FAO. 2017h. FAO/INFOODS Food Composition Database 

for Biodiversity Version 4.0 – BioFoodComp4.0. Rome. 

(available at http://www.fao.org/3/a-i7364e.pdf).

FAO. 2017i. The State of Food and Agriculture 2017. 

Leveraging food systems for inclusive rurall 

transformation. Rome. (available at http://www.fao.

org/3/a-I7658e.pdf).

FAO. 2017j. FAOSTAT. [Cited 6 September 2017]. Rome. 

http://www.fao.org/faostat/en/

FAO. 2017k. Keeping an eye on SDG 15. Rome. 

(available at http://www.fao.org/3/a-i7334e.pdf).

FAO. 2017l. Voluntary Guidelines for Sustainable Soil 

Management. Rome. (available at http://www.fao.

org/3/a-bl813e.pdf).

FAO. 2017m. Soil organic carbon: the hidden potential. 

Rome. (available at http://www.fao.org/3/a-i6937e.pdf).

FAO. 2017n. Genome-based biotechnologies in 

aquaculture. Thematic Background Study No. 3. Sub-

Committee on Aquaculture. Ninth Session, Rome, 

24–27 October 2017. COFI:AQ/IX/2017/SBD.5. 

Rome. (available at http://www.fao.org/cofi/46055-

0e1ecdb708ffdf3609b3c2aa4dc46bc8a.pdf).

FAO. 2017o. Voluntary Guidelines for the Conservation 

and Sustainable Use of Crop Wild Relatives and Wild 

Food Plants. Rome. (available at http://www.fao.

org/3/a-i7788e.pdf).

FAO. 2017p. Big roles, little powers: the reality of 

women in agriculture in ECOWAS region. Rome. 

(available at http://www.fao.org/3/a-i7005e.pdf).

FAO. 2017q. National seed policy takes root. [Cited 4 

March 2018]. Rome. http://www.fao.org/laos/news/

detail-events/en/c/1039592/

FAO. 2018a. The State of World Fisheries and Aquaculture 

2018 – Meeting the sustainable development goals. 

Rome. (available at http://www.fao.org/3/i9540en/

I9540EN.pdf).

FAO. 2018b. The State of the World’s Forests 2018 – 

Forest pathways to sustainable development. Rome. 

(available at http://www.fao.org/state-of-forests/en/).

FAO. 2018c. Globally Important Agricultural Heritage 

Systems (GIAHS). Combining agricultural biodiversity, 

resilient ecosystems, traditional farming practices 

and cultural identity. Rome. (available at http://www.

fao.org/3/i9187en/I9187EN.pdf).

FAO. 2018d. Resilience. [Cited 28 November 2016]. 

Rome. http://www.fao.org/emergencies/how-we-

work/resilience/en/

FAO. 2018e. The impact of disasters and crises on 

agriculture and food security. Rome. (available at 

http://www.fao.org/3/I8656EN/i8656en.pdf).

FAO. 2018f. Nitrogen inputs to agricultural soils from 

livestock manure. New statistics. Integrated Crop 



478 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Management Vol. 24. Rome. (available at http://

www.fao.org/3/i8153en/I8153EN.pdf).

FAO. 2018g. Status and trends of animal genetic 

resources. CGRFA/WG-AnGR-10/18/Inf.3. Rome. 

(available at http://www.fao.org/3/CA0121EN/

ca0121en.pdf).

FAO. 2018h. Fishery and aquaculture statistics.  

FishstatJ – Global production by production source 

1950–2016. Rome.

FAO. 2018i. FAO’s global action on pollination services 

for sustainable agriculture. [Cited 13 March 2018]. 

Rome. http://www.fao.org/pollination/en/

FAO. 2018j. Global Forest Resources Assessment 2020. 

Terms and definitions. Rome. (available at http://

www.fao.org/3/I8661EN/i8661en.pdf).

FAO. 2018k. Progress in the implementation of the Code 

of Conduct for Responsible Fisheries and related 

instruments. Committee on Fisheries. Thirty-third 

Session, Rome, 9–13 July 2018. COFI/2018/Inf.7. 

Rome. (available at http://www.fao.org/3/MX233EN/

mx233en.pdf).

FAO. 2018l. The 10 elements of agroecology. Guiding 

the transition to sustainable food and agricultural 

systems. Rome. (available at http://www.fao.org/3/

I9037EN/i9037en.pdf).

FAO. 2018m. Land-use planning. [Cited 10 May 2018]. 

Rome. http://www.fao.org/sustainable-forest-

management/toolbox/modules/land-use-planning/

basic-knowledge/en/

FAO. 2018n. Global Livestock Environmental Assessment 

Model (GLEAM). [Cited 23 September 2018]. Rome. 

http://www.fao.org/gleam/en.

FAO. 2018o. Livestock and agroecology – How they can 

support the transition towards sustainable food and 

agriculture. Rome (available at http://www.fao.org/3/

I8926EN/i8926en.pdf).

FAO. 2018p. Agri-environmental statistics. Taking 

the pulse of the planet, one country at a time!  

[Cited 22 April 2018]. Rome. http://www.fao.org/

economic/ess/environment/en/

FAO. 2018q. What is Integrated Plant Nutrient 

Management? [Cited 4 December 2018]. Plant 

Production and Protection Division. Rome. http://www.

fao.org/agriculture/crops/thematic-sitemap/theme/spi/

scpi-home/managing-ecosystems/integrated-plant-

nutrient-management/ipnm-what/en/

FAO. 2018r. Regulating services. [online]. Rome. http://

www.fao.org/ecosystem-services-biodiversity/

background/regulating-services/en/

FAO. 2018s. SDG Indicator 2.5.1 – Conservation of 

genetic resources for food and agriculture. [online]. 

Rome. http://www.fao.org/sustainable-development-

goals/indicators/251/en/

FAO. 2018t. WIEWS – World Information and Early 

Warning System on Plant Genetic Resources for 

Food and Agriculture. [online]. Rome. http://www.

fao.org/wiews/en/

FAO. 2018u. Globally Important Agricultural Heritage 

Systems (GIAHS).  [Cited 22 April 2018]. Rome. 

http://www.fao.org/giahs/en/

FAO. 2018v. Incentives for ecosystem services. [Cited  

5 April 2018]. Rome. http://www.fao.org/in-action/

incentives-for-ecosystem-services/en/

FAO. 2019. Biodiversity for food and agriculture and 

ecosystem services. Thematic study prepared for the 

SoW-BFA. Rome.

FAO. forthcoming. The State of the World’s Aquatic 

Genetic Resources for Food and Agriculture. Rome.

FAO & Bioversity International. 2017. Guidelines on 

assessing biodiverse foods in dietary intake surveys. 

Rome, FAO. (available at http://www.fao.org/3/a-

i6717e.pdf).

FAO & FHI 360. 2016. Minimum dietary diversity for 

women: a guide for measurement. Rome, FAO. 

(available at http://www.fao.org/3/a-i5486e.pdf).

FAO & CBD. 2016. Mainstreaming ecosystem services 

and biodiversity into agricultural production and 

management in East Africa. Practical issues for 

consideration in National Biodiversity Strategies and 

Action Plans to minimize the use of agrochemicals. 

Technical guidance document. Rome, FAO. (available 

at http://www.fao.org/3/a-i5603e.pdf).

FAO, CBD, SPREP & SPC. 2016. Mainstreaming 

ecosystem servi ces and biodiversity into agricultural 

production and management in the Pacific Islands. 

Technical guidance document. Rome, FAO. (available 

at http://www.fao.org/3/a-i6505e.pdf).

FAO, DFSC & IPGRI. 2001. Forest genetic resources 

conservation and management. Vol. 2: In managed 

natural forests and protected areas (in situ). Rome, 

International Plant Genetic Resources Institute (IPGRI). 

(available at http://www.bioversityinternational.org/



479the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

fileadmin/_migrated/uploads/tx_news/Forest_genetic_

resources_conservation_and_management__In_

managed_natural_forests_and_protected_areas__in_

situ___Vol._2_775.pdf).

FAO, FLD & IPGRI. 2004a. Forest genetic resources 

conservation and management. Vol. 3: In plantations 

and genebanks (ex situ). Rome, IPGRI. (available at 

http://www.bioversityinternational.org/fileadmin/user_

upload/online_library/publications/pdfs/1053.pdf).

FAO, FLD & IPGRI. 2004b. Forest genetic resources 

conservation and management. Vol. 1: Overview, 

concepts and some systematic approaches. 

Rome, International Plant Genetic Resources 

Institute (IPGRI). (available at http://www.

bioversityinternational.org/fileadmin/_migrated/

uploads/tx_news/Forest_genetic_resources_

conservation_and_management__overview__

concepts_and_some_systematic_approaches__

Vol._1_1018.pdf).

FAO & IAEA. 2016. Supporting biological control of 

stable flies (Stomoxys calcitrans, L) through the use 

of parasitoids reproduced on fruit flies. Insect & Pest 

Control Newsletter No. 87. Vienna. (available at http://

www-naweb.iaea.org/nafa/ipc/public/IPC-NL-87.pdf).

FAO, IIRR & WorldFish Center. 2001. Integrated 

agriculture-aquaculture. A primer. FAO Fisheries 

Technical Paper. No. 407. Rome. (available at http://

www.fao.org/docrep/005/Y1187E/y1187e00.HTM).

FAO & INRA. 2016. Innovative markets for sustainable 

agriculture. A. Loconto, A.S. Poisot & P. 

Santacoloma, eds. Rome, FAO. (available at http://

www.fao.org/3/a-i5907e.pdf).

FAO & INRA. 2018. Constructing markets for agroecology: 

An analysis of diverse options for marketing products 

from agroecology. A. Loconto, A. Jimenez & E. 

Vandecandelaere, eds. Rome, FAO. (available at http://

www.fao.org/3/i8605en/I8605EN.pdf).

FAO & ITPS. 2015. Status of the World’s Soil Resources 

(SWSR) – Main Report. Rome, FAO and ITPS. 

(available at http://www.fao.org/3/a-i5199e.pdf).

FAO & IWMI. 2018. More people, more food, worse 

water? a global review of water pollution from 

agriculture. J. Mateo-Sagasta, S.M. Zadeh & H. 

Turral, eds. Rome, FAO, and Colombo, International 

Water Management Institute on behalf of the 

Research Program on Water Land and Ecosystems 

of the CGIAR. (available at http://www.fao.org/3/

ca0146en/CA0146EN.pdf).

FAO & PAR. 2011. Biodiversity for food and agriculture. 

Contributing to food security and sustainability in a 

changing world. Outcomes of an expert workshop 

held by FAO and Platform on Agrobiodiversity 

Research. Rome, 14–16 April 2010. Rome, FAO. 

(available at http://www.fao.org/3/a-i1980e.pdf).

FAO & SINER-GI. 2010. Linking people, places and 

products. A guide for promoting quality linked to 

geographical origin and sustainable geographical 

indications. Second edition. E. Vandecandelaere, F. 

Arfini, G. Belletti & A. Marescotti, eds. Rome, FAO. 

(available at http://www.fao.org/docrep/013/i1760e/

i1760e00.pdf).

FAO & The National Forest Programme Facility. 

2006. Understanding national forest programmes. 

Rome, FAO. (available at http://www.fao.org/

tempref/docrep/fao/012/a0826e/a0826e00.pdf).

FAO & UNISDR. 2017. Lineamientos y 

recomendaciones para la implementación del 

Marco de Sendai para la Reducción del Riesgo 

de Desastres en el Sector Agrícola y Seguridad 

Alimentaria y Nutricional. América Latina y el 

Caribe. Santiago de Chile, FAO.

FAO & WHO. 1999. Guidelines for the production, 

processing, labelling and marketing of organically 

produced foods. Rome, FAO. (available at www.fao.

org/input/download/standards/360/cxg_032e.pdf).

FAO & WHO. 2002. Guidelines for the evaluation of 

probiotics in food. London, Canada. (available at 

https://www.who.int/foodsafety/fs_management/en/

probiotic_guidelines.pdf).

FAO & WHO. 2014a. Conference Outcome Document: 

Rome Declaration on Nutrition. Second International 

Conference on Nutrition, Rome, 19–21 November 

2014. ICN2 2014/2. (available at http://www.fao.

org/3/a-ml542e.pdf).

FAO & WHO. 2014b. Framework for action. Report of 

the Joint FAO/WHO Second International Conference 

on Nutrition, Rome, 19–21 November 2014. ICN2 

2014/3 Corr. 1. (available at http://www.fao.org/3/a-

mm215e.pdf).

FAO & WHO. 2014c. The International Code of Conduct 

on Pesticide Management. Rome, FAO. (available at 

http://www.fao.org/fileadmin/templates/agphome/



480 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

documents/Pests%7B_%7DPesticides/Code/

CODE%7B_%7D2014Sep%7B_%7DENG.pdf).

FAO, IFAD, UNICEF, WFP & WHO. 2018. The State 

of Food Security and Nutrition in the World 2018. 

Building climate resilience for food security and 

nutrition. Rome, FAO. (available at http://www.fao.

org/3/I9553EN/i9553en.pdf).

Faruque, G., Sarwer, R.H., Karim, M., Phillips, M., 

Collis, W.J., Belton, B. & Kassam, L. 2017. 

The evolution of aquatic agricultural systems in 

Southwest Bangladesh in response to salinity and 

other drivers of change. International Journal of 

Agricultural Sustainability, 15(2): 185–207. 

Federal Office for the Environment of Switzerland. 

2018. Prairies et pâturages secs. [Cited 30 April 

2018]. https://www.bafu.admin.ch/bafu/fr/home/

themes/biodiversite/info-specialistes/mesures-de-

conservation-de-la-biodiversite/infrastructure-

ecologique/biotopes-d_importance-nationale/

prairies-et-paturages-secs.html

Ferrario, F., Beck, M.W., Storlazzi, C., Micheli, F., 

Shepard, C. & Airoldi, L. 2014. The effectiveness of 

coral reefs for coastal hazard risk reduction. Nature 

Communications, 5(3794): 1–9.

Ferrel, J.K. 2005. Controlling flags of convenience: one 

measure to stop overfishing of collapsing fish stocks. 

Environmental Law, 35(2): 323–390.

FiBL (Forschungsinstitut für Biologischen Landbau). 

2016. Organic agriculture promotes biodiversity. 

[Cited 26 April 2018]. http://www.fibl.org/en/

themes/biodiversity.html 

Finckh, M.R., Gacek, E.S., Goyeau, H., Lannou, C., 

Merz, U., Mundt, C.C., Munk, L. et al. 2000. Cereal 

variety and species mixtures in practice, with emphasis 

on disease resistance. Agronomie, 20(7): 813–837.

Finke, D.L. & Denno, R.F. 2004. Predator diversity 

dampens trophic cascades. Nature, 429(6990): 

407–410.

Finlayson, R. 2017. ASEAN calls for agroforestry 

guidelines. [Cited 23 April 2018]. http://blog.

worldagroforestry.org/index.php/2017/07/11/asean-

calls-agroforestry-guidelines/

Fisher, M.C., Henk, D.A., Briggs, C.J., Brownstein, 

J.S., Madoff, L.C., McCraw, S.L. & Gurr, S.J. 

2012. Emerging fungal threats to animal, plant and 

ecosystem health. Nature, 484(7393): 186–194.

Fletcher, W.J. & Bianchi, G. 2014. The FAO-EAF toolbox: 

making the ecosystem approach accessible to all 

fisheries. Ocean & Coastal Management, 90: 20–26.

Fletcher, W.J., Kearney, R.E., Wise, B.S. & Nash, W.J. 

2015. Large-scale expansion of no-take closures 

within the Great Barrier Reef has not enhanced 

fishery production. Ecological Society of America, 

25(5): 1187–1196.

Fogarty, N.D. 2012. Caribbean acroporid coral hybrids 

are viable across life history stages. Marine Ecology 

Progress Series, 446: 145–159.

Foley, J.A., DeFries, R., Asner, G.P., Barford, C., 

Bonan, G., Carpenter, S.R., Chapin, F.S. et al. 

2005. Global consequences of land use. Science, 

309(5734): 570–574.

Foley, J.A., Ramankutty, N., Brauman, K.A., Cassidy, 

E.S., Gerber, J.S., Johnston, M., Mueller, N.D. et 

al. 2011. Solutions for a cultivated planet. Nature, 

478(7369): 337–342.

Folke, C., Carpenter, S., Walker, B., Scheffer, M., 

Elmqvist, T., Gunderson, L. & Holling, C.S. 

2004. Regime shifts, resilience, and biodiversity in 

ecosystem management. Annual Review of Ecology, 

Evolution, and Systematics, 35(1): 557–581.

Folke, C., Carpenter, S.R., Walker, B., Scheffer, 

M., Chapin, T. & Rockström, J. 2010. Resilience 

thinking: integrating resilience, adaptability and 

transformability. Ecology and Society, 15(4): 20–28.

Fontaine, C.M., De Vreese, R., Jacquemin, I., Marek, 

A., Mortelmans, D., Dendoncker, N., François, 

L.M., Van Herzle, A. & Devillet, G. 2013. Valuation 

of terrestrial ecosystem services in a multifunctional 

peri-urban space (The VOTES project). Final Report. 

Brussels, Belgian Science Policy.

Fonte, S.J., Vanek, S.J., Oyarzun, P., Parsa, 

S., Quintero, C.D., Rao, I.M. & Lavelle, P. 

2012. Chapter 4: Pathways to agroecological 

intensification of soil fertility management by 

smallholder farmers in the Andean Highlands. 

Advances in Agronomy, 116: 125–184.

Forestry Commission. 2018. Chalara dieback of ash 

(Hymenoscyphus fraxineus). [Cited 17 May 2018]. 

https://www.forestry.gov.uk/ashdieback

Forman, R.T.T. 1995. Land mosaics: the ecology of 

landscapes and regions. Cambridge, UK, Cambridge 

University Press.

https://www.bafu.admin.ch/bafu/fr/home/themes/biodiversite/info-specialistes/mesures-de-conservation-de-la-biodiversite/infrastructure-ecologique/biotopes-d_importance-nationale/prairies-et-paturages-secs.html
https://www.bafu.admin.ch/bafu/fr/home/themes/biodiversite/info-specialistes/mesures-de-conservation-de-la-biodiversite/infrastructure-ecologique/biotopes-d_importance-nationale/prairies-et-paturages-secs.html
https://www.bafu.admin.ch/bafu/fr/home/themes/biodiversite/info-specialistes/mesures-de-conservation-de-la-biodiversite/infrastructure-ecologique/biotopes-d_importance-nationale/prairies-et-paturages-secs.html
https://www.bafu.admin.ch/bafu/fr/home/themes/biodiversite/info-specialistes/mesures-de-conservation-de-la-biodiversite/infrastructure-ecologique/biotopes-d_importance-nationale/prairies-et-paturages-secs.html
https://www.bafu.admin.ch/bafu/fr/home/themes/biodiversite/info-specialistes/mesures-de-conservation-de-la-biodiversite/infrastructure-ecologique/biotopes-d_importance-nationale/prairies-et-paturages-secs.html
http://www.fibl.org/en/themes/biodiversity.html
http://www.fibl.org/en/themes/biodiversity.html


481the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Fornara, D.A. & Tilman, D. 2008. Plant functional 

composition influences rates of soil carbon and 

nitrogen accumulation. Journal of Ecology, 96(2): 

314–322.

Forrest, J.R.K., Thorp, R.W., Kremen, C. & Williams, 

N.M. 2015. Contrasting patterns in species and 

functional-trait diversity of bees in an agricultural 

landscape. Journal of Applied Ecology, 52(3): 706–715.

Foundjem-Tita, D., Tchoundjeu, Z., Speelman, S., 

D’Haese, M., Degrande, A., Asaah, E., van 

Huylenbroeck, G., van Damme, P. & Ndoye, 

O. 2013. Policy and legal frameworks governing 

trees: incentives or disincentives for smallholder 

tree planting decisions in Cameroon? Small-scale 

Forestry, 12(3): 489–505.

Fourqurean, J.W., Duarte, C.M., Kennedy, H., Marbà, 

N., Holmer, M., Mateo, M.A., Apostolaki, E.T. et 

al. 2012. Seagrass ecosystem as a globally significant 

carbon stock. Nature Geoscience, 5: 505–509.

Francis, C., Lieblein, G., Gliessman, S., Breland, T.A., 

Creamer, N., Harwood, R., Salomonsson, L. et 

al. 2003. Agroecology: the ecology of food systems. 

Journal of Sustainable Agriculture, 22(3): 99–118.

Franzel, S., Coe, R., Cooper, P., Place, F. & Scherr, 

S.J. 2001. Assessing the adoption potential of 

agroforestry practices in sub-Saharan Africa. 

Agricultural Systems, 69(1–2): 37–62.

Free, J.B. 1993. Insect pollination of crops. London, 

Academic Press.

Freitas, B.M. & Paxton, R.J. 1998. A comparison of two 

pollinators: the introduced honey bee Apis mellifera 

and an indigenous bee Centris tarsata on cashew 

Anacardium occidentale in its native range of NE 

Brazil. Journal of Applied Ecology, 35(1): 109–121.

Friberg, N., Angelopoulos, N.V., Buijse, A.D., Cowx, 

I.G., Kail, J., Moe, T.F., Moir, H., O’Hare, M.T., 

Verdonschot, P.F.M. & Wolter, C. 2016. Effective 

river restoration in the 21st century: from trial and 

error to novel evidence-based approaches. Advances 

in Ecological Research, 55: 535–611.

Frison, E.A., Cherfas, J. & Hodgkin, T. 2011. 

Agricultural biodiversity is essential for a sustainable 

improvement in food and nutrition security. 

Sustainability, 3(1): 238–253.

FSC. 2018. Forest Stewardship Council. [Cited  

23 April 2018]. https://ic.fsc.org/en

Fuller, D.Q. 2007. Contrasting patterns in crop 

domestication and domestication rates: recent 

archaeobotanical insights from the Old World. 

Annals of Botany, 100: 903–924.

Fürst, M.A., McMahon, D.P., Osborne, J.L., Paxton, 

R.J. & Brown, M.J.F. 2014. Disease associations 

between honeybees and bumblebees as a threat to 

wild pollinators. Nature, 506: 364–366.

Gaba, S., Gabriel, E., Chadœuf, J., Bonneu, F. & 

Bretagnolle, V. 2016. Herbicides do not ensure for 

higher wheat yield, but eliminate rare plant species. 

Scientific Reports, 6: 30112. 

Gabriel, D., Sait, S.M., Kunin, W.E. & Benton, T.G. 

2013. Food production vs. biodiversity: comparing 

organic and conventional agriculture. Journal of 

Applied Ecology, 50(2): 355–364.

Gadgil, M., Berkes, F. & Folke, C. 1993. Indigenous 

knowledge for biodiversity conservation. Ambio, 

22(2–3): 151–156.

Galhena, D.H., Freed, R. & Maredia, K.M. 2013. 

Home gardens: a promising approach to enhance 

household food security and wellbeing. Agriculture 

& Food Security, 2(8).

Gallai, N., Salles, J.M., Settele, J. & Vaissière, B.E. 

2009. Economic valuation of the vulnerability of 

world agriculture confronted with pollinator decline. 

Ecological Economics, 68(3): 810–821.

Galloway, J.N., Townsend, A.R., Erisman, J.W., 

Bekunda, M., Cai, Z., Freney, J.R. & Sutton, M.A. 

2008. Transformation of the nitrogen cycle: recent 

trends, questions, and potential solutions. Science, 

320(5878): 889–892.

Galluzzi, G., Eyzaguirre, P. & Negri, V. 2009. 

Uncovering European home gardens: their human 

and biological features and potential contribution 

to the conservation of agro-biodiversity. In A. Bailey, 

P. Eyzaguirre & L. Maggioni, eds. Crop genetic 

resources in European home gardens: Proceedings 

of a Workshop, 3-4 October 2007, Ljubljana, 

Slovenia, pp. 8–17. Rome, Bioversity International.

Galluzzi, G., Eyzaguirre, P. & Negri, V. 2010. Home 

gardens: neglected hotspots of agro-biodiversity 

and cultural diversity. Biodiversity and Conservation, 

19(13): 3635–3654.

Gardi, C., Montanarella, L., Arrouays, D., Bispo, A., 

Lemanceau, P., Jolivet, C., Mulder, C. et al. 2009. 



482 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Soil biodiversity monitoring in Europe: ongoing 

activities and challenges. European Journal of Soil 

Science, 60: 807–819.

Garibaldi, L.A., Carvalheiro, L.G., Leonhardt, S.D., 

Aizen, M.A., Blaauw, B.R., Isaacs, R., Kuhlmann, 

M. et al. 2014. From research to action: enhancing 

crop yield through wild pollinators. Frontiers in 

Ecology and the Environment, 12(8): 439–447.

Garibaldi, L.A., Steffan-Dewenter, I., Kremen, C., 

Morales, J.M., Bommarco, R., Cunningham, 

S.A., Carvalheiro, L.G. et al. 2011. Stability of 

pollination services decreases with isolation from 

natural areas despite honey bee visits. Ecology 

Letters, 14(10): 1062–1072.

Garibaldi, L.A., Steffan-Dewenter, I., Winfree, R., 

Aizen, M.A., Bommarco, R., Cunningham, 

S.A., Kremen, C. et al. 2013. Wild pollinators 

enhance fruit set of crops regardless of honey bee 

abundance. Science, 340(6127): 1608–1611.

Garibaldi, L.A., Carvalheiro, L.G., Vaissière, B.E., 

Gemmill-Herren, B., Hipólito, J., Freitas, B.M., 

Ngo, H.T. et al. 2016. Mutually beneficial pollinator 

diversity and crop yield outcomes in small and large 

farms. Science, 351(6271): 388–391.

Garnett, T., Appleby, M.C., Balmford, A., Bateman, 

I.J., Benton, T.G., Bloomer, P., Burlingame, B. et 

al. 2013. Sustainable intensification in agriculture: 

premises and policies. Science, 341(6141): 33–34.

Garrity, D.P., Akinnifesi, F.K., Ajayi, O.C., 

Weldesemayat, S.G., Mowo, J.G., Kalinganire, 

A., Larwanou, M. & Bayala, J. 2010. Evergreen 

agriculture: a robust approach to sustainable food 

security in Africa. Food Security, 2: 197–214.

Gaston, K. & Spicer, J. 2004. Does biodiversity matter? In 

K. Gaston & J. Spicer, eds. Biodiversity: an introduction, 

pp. 91–107. Malden, USA, Blackwell Publishing.

Gaupp-Berghausen, M., Hofer, M., Rewald, B. & 

Zaller, J.G. 2015. Glyphosate-based herbicides 

reduce the activity and reproduction of earthworms 

and lead to increased soil nutrient concentrations. 

Scientific Reports, 5: 12886.

GEAS (UN Environment Global Alert Service). 2013. 

Mangrove forest cover fading fast. Environmental 

Development, 8: 105–112. (available at https://

na.unep.net/geas/archive/pdfs/GEAS_Aug2013_

Mangroves.pdf).

Geburek, T. & Müller, F. 2005. How can silvicultural 

management contribute to genetic conservation? 

In T. Geburek & J. Turok, eds. Conservation and 

management of forest genetic mesources in Europe, 

pp. 651–669. Zvolen, Slovakia, Arbora Publishers.

GEF (Global Environment Facility). 2016. Pacific R2R - 

Ridge to Reef - Home. [Cited 29 June 2018]. https://

www.pacific-r2r.org/

Geiger, F., Bengtsson, J., Berendse, F., Weisser, W.W., 

Emmerson, M., Morales, M.B., Ceryngier, P. et 

al. 2010. Persistent negative effects of pesticides 

on biodiversity and biological control potential on 

European farmland. Basic and Applied Ecology, 

11(2): 97–105.

Geldmann, J., Coad, L., Barnes, M., Craigie, I.D., 

Hockings, M., Knights, K., Leverington, F. et 

al. 2015. Changes in protected area management 

effectiveness over time: a global analysis. Biological 

Conservation, 191: 692–699.

GEO BON Secretariat. 2016. Global Wetlands 

Observing System (GWOS). [Cited 21 March 2018]. 

http://geobon.org/global-wetlands-observing-

system-gwos/

Gerber, P.J., Steinfeld, H., Henderson, B., Mottet, 

A., Opio, C., Dijkman, J., Falcucci, A. & Tempio, 

G. 2013. Tackling climate change through livestock 

– A global assessment of emissions and mitigation 

opportunities. Rome, FAO. (available at http://www.

fao.org/3/a-i3437e.pdf).

Giannini, T., Boff, S., Cordeiro, G., Cartolano Jr., E., 

Veiga, A., Imperatriz-Fonseca, V. & Saraiva, A.M. 

2015. Crop pollinators in Brazil: a review of reported 

interactions. Apidologie, 46: 209–223.

Gibbs, H.K. & Salmon, J.M. 2015. Mapping the world’s 

degraded lands. Applied Geography, 57: 12–21.

Giller, K.E. Andersson, J.A., Corbeels, M., Kirkegaard, 

J., Mortensen, D., Erenstein, O. & Vanlauwe, B. 

2015. Beyond conservation agriculture. Frontiers in 

Plant Science, 6: 870.

Gilman, R.T., Fabina, N.S., Abbott, K.C. & Rafferty, 

N.E. 2012. Evolution of plant-pollinator mutualisms 

in response to climate change. Evolutionary 

Applications, 5(1): 2–16.

Giraffa, G. & Carminati, D. 2008. Molecular techniques 

in food fermentation: principles and applications. In 

L. Cocolin & D. Ercolini, eds. Molecular techiques in 

https://na.unep.net/geas/archive/pdfs/GEAS_Aug2013_Mangroves.pdf
https://na.unep.net/geas/archive/pdfs/GEAS_Aug2013_Mangroves.pdf
https://na.unep.net/geas/archive/pdfs/GEAS_Aug2013_Mangroves.pdf


483the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

the microbial ecology of fermented foods, pp. 1–30. 

New York, Springer Science & Business Media.

Gjedrem, T., Robinson, N. & Rye, M. 2012. The 

importance of selective breeding in aquaculture to 

meet future demands for animal protein: a review. 

Aquaculture, 350: 117–129.

Gleick, P.H., Singh, A. & Shi, H. 2001. Emerging threats 

to the world’s freshwater resources. Oakland, 

USA, Pacific Institute for Studies in Development, 

Environment, and Security.

Gliessman, S. 1997. Agroecology: ecological processes in 

sustainable agriculture. Boca Raton, USA, CRC Press.

Gliessman, S. 2015. Agroecology – the ecology of 

sustainable food systems. Boca Raton, USA, CRC Press.

Global Greenhouse Gas Reference Network. 2017. 

What is the Global Greenhouse Gas Reference 

Network? [Cited 22 March 2018]. https://www.esrl.

noaa.gov/gmd/about/contacts.html

Global Panel. 2017. Urban diets and nutrition: trends, 

challenges and opportunities for policy action. Policy 

Brief No. 9. London, UK, Global Panel on Agriculture 

and Food Systems for Nutrition.

Global Partnership on Forest Landscape Restoration. 

2018. The Bonn challenge – Commitments. [Cited 

29 May 2018]. http://www.bonnchallenge.org/

commitments

GMSA. 2017. About the Global Marine Species 

Assessment (GMSA). [Cited 21 March 2018]. https://

sites.wp.odu.edu/GMSA/about/

GOA-ON. 2016. Global Ocean Acidification Observing 

Network. [Cited 21 March 2018]. http://www.goa-

on.org/home.php

Godde, C.M., Garnett, T., Thornton, P.K., Ash, A.J. & 

Herrero, M. 2018. Grazing systems expansion and 

intensification: drivers, dynamics, and trade-offs. 

Global Food Security, 16: 93–105.

Godfray, H.C.J. 1994. Parasitoids: behavioral and 

evolutionary ecology. Princeton, USA, Princeton 

University Press.

Godfray, H.C.J. 2015. The debate over sustainable 

intensification. Food Security, 7(2): 199–208.

Goettsch, B., Durán, A.P. & Gaston, K.J. 2018. Global 

gap analysis of cactus species and priority sites 

for their conservation. Conservation Biology, doi: 

10.1111/cobi.13196. 

Goka, K., Okabe, K. & Yoneda, M. 2006. Worldwide 

migration of parasitic mites as a result of bumblebee 

commercialization. Population Ecology, 48(4): 285–291.

Golden, C.D., Fernald, L.C.H., Brashares, J.S., 

Rasolofoniaina, B.J.R. & Kremen, C. 2011. 

Benefits of wildlife consumption to child nutrition in 

a biodiversity hotspot. Proceedings of the National 

Academy of Sciences, 108(49): 19653–19656.

Gómez, M.I. & Ricketts, K.D. 2013. Food value chain 

transformations in developing countries: selected 

hypotheses on nutritional implications. Food Policy, 

42: 139–150.

Gómez-Baggethun, E. & Ruiz-Pérez, M. 2011. 

Economic valuation and the commodification of 

ecosystem services. Progress in Physical Geography, 

35(5): 613–628.

Gonzalez Fischer, C. & Garnett, T. 2016. Plates, 

pyramids, planet. Developments in national healthy 

and sustainable dietary guidelines: a state of play 

assessment. Rome, FAO, and Oxford, UK, Food 

Climate Research Network. (available at http://www.

fao.org/3/a-i5640e.pdf).

González-Acereto, J.A., Quezada-Euán, J.J.G. & 

Medina-Medina, L.A. 2006. New perspectives for 

stingless beekeeping in the Yucatán: results of an 

integral program to rescue and promote the activity. 

Journal of Apicultural Research, 45(4): 234–239.

González-Sánchez, E.J., Moreno-García, M., Kassam, 

A., Holgado-Cabrera, A., Triviño-Tarradas, 

P., Carbonell-Bojollo, R., Pisante, M., Veroz-

González., O. & Basch, G. 2017. Conservation 

agriculture: making climate change mitigation 

and adaptation real in Europe. Brussels, European 

Conservation Agriculture Federation (ECAF).

Goodman, D., DuPuis, M. & Goodman, M. 2012. 

Alternative food networks. New York, USA, Routledge.

Gould, D. 2007. Training Guide 4.0 for small farmers’ 

organizations “Developing and Implementing 

Internal Control Systems with Focus on Fair Trade 

Environmental Standards”. Bonn, Germany, Fairtrade 

Labelling Organizations International.

Goulson, D. 2003. Effects of introduced bees on native 

ecosystems. Annual Review of Ecology Evolution and 

Systematics, 34: 1–26.



484 the state OF THE WORLD'S b iodiversit y FOr FOOD AND AGRICULTURE

Goulson, D. 2013. An overview of the environmental 

risks posed by neonicotinoid insecticides. Journal of 

Applied Ecology, 50: 977–987.

Government of Ethiopia. 2015. Ethiopia’s National 

Biodiversity Strategy and Action Plan 2015–2020. 

Addis Ababa, Ethiopian Biodiversity Institute.

Government of India. 2017. Indian State of Forest 

Report (ISFR)-2017, Volume 17, 2016-17. Forest 

Survey of India. New Delhi. 

Government of Switzerland. 2012. Swiss Biodiversity 

Strategy. Bern, Federal Office for the Environment 

FOEN.

Graham, E., Grandy, S. & Thelen, M. 2009. Manure 

effects on soil organisms and soil quality. Emerging 

Issues in Animal Agriculture. East Lansing, USA, 

Michigan State University.

Grau, H.R. & Aide, M. 2008. Globalization and land-use 

transitions in Latin America. Ecology and Society, 

13(2): 16–27.

Graudal, L. & Lillesø, J.P.B. 2007. Experiences and 

future prospects for tree seed supply in agricultural 

development support: based on lessons learnt 

in Danida supported programmes 1965–2005. 

Copenaghen, Ministry of Foreign Affairs of Denmark.

Graves, A., Matthews, R. & Waldie, K. 2004. 

Low external input technologies for livelihood 

improvement in subsistence agriculture. Advances in 

Agronomy, 82: 473–555.

Gray, C.L. & Bilsborrow, R.E. 2014. Consequences of 

out-migration for land use in rural Ecuador. Land Use 

Policy, 36: 182–191.

Green, E.P. & Short, F.T. 2003. World atlas of 

seagrasses. Los Angeles, USA, University of 

California Press.

Gregory, N.G. 1995. The role of shelterbelts in 

protecting livestock: a review. New Zealand Journal 

of Agricultural Research, 38(4): 423–450.

Gregory, R.D. & van Strien, A. 2010. Wild bird 

indicators: using composite population trends 

of birds as measures of environmental health. 

Ornithological Science, 9(1): 3–22.

Gregory, R.D., van Strien, A., Vorisek, P., Gmelig 

Meyling, A.W., Noble, D.G., Foppen, R.P.B. & 

Gibbons, D.W. 2005. Developing indicators for 

European birds. Philosophical Transactions of the Royal 

Society B: Biological Sciences, 360(1454): 269–288.
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