
 

DISCLAIMER  

The IPBES Global Assessment on Biodiversity and Ecosystem Services is composed of 

1) a Summary for Policymakers (SPM), approved by the IPBES Plenary at its 7th 

session in May 2019 in Paris, France (IPBES-7); and 2) a set of six Chapters, accepted 

by the IPBES Plenary.  

 

This document contains the draft Chapter 2.2 of the IPBES Global Assessment on 

Biodiversity and Ecosystem Services. Governments and all observers at IPBES-7 

had access to these draft chapters eight weeks prior to IPBES-7. Governments 

accepted the Chapters at IPBES-7 based on the understanding that revisions made to 

the SPM during the Plenary, as a result of the dialogue between Governments and 

scientists, would be reflected in the final Chapters. 

 

IPBES typically releases its Chapters publicly only in their final form, which implies a 

delay of several months post Plenary. However, in light of the high interest for the 

Chapters, IPBES is releasing the six Chapters early (31 May 2019) in a draft form. 

Authors of the reports are currently working to reflect all the changes made to the 

Summary for Policymakers during the Plenary to the Chapters, and to perform final 

copyediting.  

 

The final version of the Chapters will be posted later in 2019. 

 

 

 

 

 

 

 

 

The designations employed and the presentation of material on the maps used in the 

present report do not imply the expression of any opinion whatsoever on the part of the 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 

concerning the legal status of any country, territory, city or area or of its authorities, or 

concerning the delimitation of its frontiers or boundaries. These maps have been 

prepared for the sole purpose of facilitating the assessment of the broad 

biogeographical areas represented therein.  
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Executive Summary  

 

1. Humanity is now a dominant influence on nature worldwide (well established) {2.2.5, 

2.2.7}, with many impacts having accelerated rapidly in the 20th century (well established) 

{2.2.5.2}. Humanity has influenced nature significantly since prehistory, both positively (e.g., 

development of agrobiodiversity) and negatively (e.g., extinction of megafauna and flightless 

island birds) (well established) {2.2.4, 2.2.5.1}; but nature ï including species, their genes and 

populations, communities of interacting populations, ecological and evolutionary processes, and 

the landscapes and ecosystems in which they live ï is now declining rapidly and many facets of 

nature have already been much reduced (well established) {2.2.5}, supporting suggestions that 

Earth has entered the Anthropocene. 

 

2. Much of nature has already been lost, and what remains is continuing to decline 

{2.2.5.2}. Indicators of the extent and structural condition of ecosystems, of the composition of 

ecological communities, and of species populations overwhelmingly show net declines over 

recent decades; most of the exceptions are themselves symptoms of damage (e.g., the biomass of 

prey fish has increased, but this is because humanity has harvested most of the bigger fish that 

prey on them; and terrestrial vegetation biomass ï though still only around half its natural 

baseline level ï has increased slightly in recent decades, mainly because elevated CO2 slightly 

increases photosynthesis) (well established) {2.2.5.2.1, 2.2.5.2.3, 2.2.5.2.4}. Some declines have 

slowed (e.g., the extent of forests is reducing less quickly than in the 1990s) and some have even 

been reversed (e.g., area of tree cover is increasing), but others are accelerating (e.g., most 

species extinction risk has arisen since 1980). 

 

3. The degree of transformation of ecosystems from natural to human-dominated varies 

widely across terrestrial, inland-water and marine systems, and geographically within 

many systems {2.2.5.2.1, 2.2.7}. Over 40% of the worldôs land is now agricultural or urban, 

with ecosystem processes deliberately redirected from natural to anthropogenic pathways. 

Human drivers extend so widely beyond these areas that as little as 13% of the ocean and 

23% of the land is still classified as ñwildernessò ï and these areas tend to be remote and/or 

unproductive (e.g., tundra, oceanic gyres) (well established) {2.2.5.2.1}. The most accessible 

and hospitable biomes either have been almost totally modified by humans in most regions (e.g., 

Mediterranean forests and scrub, temperate forests) or show maximum levels of conversion to 

anthropogenic biomes or ñanthromesò (e.g., conversion of most temperate grassland to cultivated 

land and urban areas) (well established) {2.2.7.7}. Although the five freshwater and marine 

biomes cannot be settled and physically transformed in the same way as terrestrial biomes, they 

too range from unaltered to highly degraded (well established) {2.2.5.2.1, 2.2.7}. No global data 

exist on the extent of aquaculture and intensively-used coastlines, but sensitive coastal and near-

shore ecosystems ï such as coral reefs, mangroves and saltmarshes ï are already well below 

natural baseline levels and continuing to decline rapidly (established but incomplete) {2.2.5.2.1}. 

Such habitats provide important resources and protection for hundreds of millions of people. 
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4. Globally, the net rate of loss of forests that are not managed for timber or agricultural 

extraction has halved since the 1990s (established but incomplete), but declines continue in 

the tropics (well established); and intact forest landscapes ï large areas of forest or natural 

mosaic with no human-caused alteration or fragmentation detectable by satellites ï are still 

being lost from both high- and low-income countries (established but incomplete) {2.2.5.2.2}. 

Forests in temperate and high latitudes have been expanding through afforestation programmes 

or vegetation succession after land abandonment, but the often highly biodiverse tropical primary 

forests continue to dwindle in most regions (well established) {2.2.5.2.1, 2.2.7.2}.  The rate of 

loss of intact tropical forest landscapes has increased threefold in 10 years due to industrial 

logging, agricultural expansion, fire and mining (well established) {2.2.5.2.1}. Primary boreal 

and temperate forests are also increasingly degraded worldwide (well established) {2.2.7.3}. 

 

5. Hotspots of rare and endemic species have on average suffered more degradation of 

ecosystem structure and biotic integrity than other areas, despite their importance for 

global biodiversity (well established) {2.2.5.2, 2.2.7.15}. Across a range of taxonomic groups, 

7.3% of the land is particularly rich in species that are not found elsewhere. Indicators of 

ecosystem structure, community composition and species populations are ~ 20% lower in these 

óhotspotsô of rare and endemic species and are declining much faster (median = 74% faster), than 

across the world as a whole (established but incomplete) {2.2.5.2}. In the oceans, approximately 

half the live coral cover on coral reefs ï among the most species-rich habitats on earth ï has been 

lost since the 1870s, with accelerating losses in recent decades due to climate change 

exacerbating other drivers; live coral cover has declined by an average of 4% per decade since 

1990 (established but incomplete) {2.2.5.2.1}. 

 

6. Human actions threaten more species with global extinction now than ever before (well 

established) {2.2.5.2.4}: extrapolating from detailed óbottom-upô assessments of species in 

the best-studied taxonomic groups suggests that around a million animal and plant species 

are currently threatened, and that a third  of the total species extinction risk to date has 

arisen in the last 25 years (established but incomplete) {2.2.5.2.4}. Land/sea use change is the 

most common direct driver threatening assessed species, followed by (in descending order of 

prevalence) direct exploitation, pollution, invasive alien species and climate change (well 

established) {2.2.6}. The rate of species extinction is already at least tens to hundreds of times 

higher than it has averaged over the past 10 million years, and it is set to rise sharply still further 

unless drivers are reduced (well established) {2.2.5.2.4}. Available population trend records 

show widespread and rapid declines in speciesô distributions and population sizes (established 

but incomplete) {2.2.5.2.4}; these declines can both reduce the contributions species make to 

people and perturb local ecosystems with often unpredictable results. The prevalence of 

extinction risk in high-diversity insect groups is a key unknown, and knowledge of population 

trends is still very incomplete, especially for non-vertebrate species. 

 

7. A ótop-downô analysis of the number of species for which sufficient habitat remains 

suggests that as many as half a million terrestrial species of animal and plant may already 

be doomed to extinction because of habitat loss and deterioration that have already taken 
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place (established but incomplete) {2.2.5.2.4}. These ódead species walkingô come about 

because responses to drivers can take many years to play out (well established) {2.2.5.2.4}. 

Habitat restoration could save many of these species if done soon after the original loss or 

degradation of habitat. The estimate of half a million terrestrial species, including over 3,000 

vertebrate and 40,000 plant species, is produced by unprecedented integration of global 

environmental data with distributional information for over 400,000 terrestrial species of 

invertebrate, vertebrate and plant; although it is broadly consistent with the óbottom-upô estimate 

of a million threatened species across the terrestrial, freshwater and marine realms, it uses 

entirely separate data and analysis. 

 

8. Transformation of ecosystems to increasingly intensive human use has enabled a small 

fraction of species to greatly expand their distribution and increase in abundance. Invasive 

alien species can have devastating impacts on native species and ecosystems, particularly in 

areas with high endemism, disrupting the flow of natureôs contributions to people. Invasive alien 

species can have devastating impacts on native species and ecosystems disrupting the flow of 

NCPs, as well as economies and human health. Over 6000 plant species are known to be invasive 

somewhere in the world. The number of invasive alien species and the rate of introduction of 

new invasive alien species seems higher than ever before and with no signs of slowing 

(established but incomplete) {2.2.5.2.3}. 

 

9. Human actions are driving widespread changes in organismal traits (well established) 

{2.2.5.2.5} and reductions in genetic diversity (established but incomplete) {2.2.5.2.6}. Many 

species are evolving rapidly as they adapt to human drivers of change, including some 

changes ï such as resistance to antibiotics and pesticides ï that pose serious risks for 

society (well established) {2.2.5.2.5, Box 2.5}, which evolutionary-aware policy decisions and 

strategies can mitigate (established but incomplete). Populations have lost about 1% of their 

genetic diversity per decade since the mid-19th century; wild populations whose habitats have 

been fragmented by land-use change have less genetic diversity than those elsewhere; and 

mammalian and amphibian genetic diversity is lower where human influence is greater 

(established but incomplete) {2.2.5.2.6}. Although the spread of agriculture led to the 

development of many races and varieties of farmed animals and plants, the modernization of 

agriculture has seen many of these go extinct: by 2016, 559 of the 6,190 domesticated breeds of 

mammals used for food and agriculture (over 9 per cent) had become extinct and at least 1,000 

more are threatened (established but incomplete) {2.2.5.2.6}. Case studies have demonstrated 

rapid trait changes in response to all main direct drivers and some clear examples of rapid 

evolution ï e.g., trophy-hunted bighorn sheep have evolved smaller horns ï and many species 

show rapid evolution in cities (well established) {2.2.5.2.5, Box 2.5}. Evolutionary-aware 

strategies can help to prevent undesirable evolution (e.g., of resistance to control measures in 

pests and diseases) and to promote desirable evolutionary outcomes (e.g., reduced reproduction 

of mosquitoes that transmit malaria) (established but incomplete) {Box 2.5}. 

 

10. The global loss of forests, rates of species extinction, and average losses of originally-

present biodiversity from terrestrial ecological communities all transgress proposed 
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precautionary óPlanetary Boundariesô (established but incomplete) {2.2.5.2.1, 2.2.5.2.3}. 

Transgressing these boundaries may risk tipping the Earth system out of the environmentally 

stable state it has been in throughout the history of civilisation, though debate about both the 

reality and position of the boundaries continues (inconclusive) {2.2.5.2.1, 2.2.5.2.3}. The loss of 

forests and tree cover (reduced to 68% and 54%, respectively, of their historical baselines) 

exceed the proposed Planetary Boundary for land-system change (i.e., no more than a 25% 

reduction in forests) (established but incomplete) {2.2.5.2.1}, below which the biosphereôs 

contribution to global climate regulation may become critically compromised (unresolved) 

{2.2.5.2.1}. The global rate of species extinction is already at least tens to hundreds of times 

higher than the average rate over the past 10 million years and is accelerating (established but 

incomplete) {2.2.5.2.4}, exceeding the proposed boundary and potentially impoverishing the 

biosphereôs capacity to adapt to possibly abrupt environmental change (unresolved) {2.2.5.2.4}. 

On average, terrestrial ecological communities worldwide have lost at least 20% of their 

originally-present biodiversity (established but incomplete) {2.2.5.2.3}, double the proposed safe 

limit beyond which the short-term healthy functioning of biomes may become compromised 

(inconclusive) {2.2.5.2.3}.  

 

11. Land-use change has had the largest relative negative impact on nature for  terrestrial 

and freshwater ecosystems, mainly through habitat loss and degradation; whereas in 

marine ecosystems, direct exploitation of organisms (mainly fishing) has had the largest 

relative impact, followed by land/sea-use change (well established) {2.2.6.2}. The multiple 

components of climate and atmospheric change (e.g., changing temperature, rainfall and 

atmospheric CO2 levels as well as ocean acidification) are already significant drivers of 

change in many aspects of nature but are not usually the most important drivers at present 

(well established) {2.2.6.2}. The relative impact attributable to each driver also varies markedly 

among components of nature, taxonomic groups, regions and biomes (established but 

incomplete) {2.2.6.2, 2.2.7}. For instance, species abundance is mostly affected by land-use 

change in the terrestrial and freshwater systems but by direct exploitation in the marine realm. 

Invasive alien species often have a strong impact on oceanic island assemblages worldwide (well 

established) {2.2.3.4.1, 2.2.5.2.3}, and invasive pathogens are implicated in the rapid declines of 

many amphibian species (well established) {2.2.5.2.3}. Coral reef bleaching is a direct 

consequence of ocean temperature increase (well established) {2.2.7.15}. Temperature increase 

is the main factor at high latitudes both on land and in the oceans {2.2.5.2.5, 2.2.7.3, 2.2.7.5, 

2.2.7.12, 2.2.7.15}. The drivers of change are all interconnected; as such they are compromising 

the Earthôs living systems as a whole to a degree unprecedented in human history. 

 

12. The worldôs major ecosystems vary in both the intensity of drivers they face and their 

ability to withstand them, with some close to potential collapse. The bleaching of shallow 

coral reefs during hotter and more frequent marine heat waves, coupled with intensifying fishing 

and intensification of coastline use, indicate a type of ecosystem whose thresholds of resilience 

are being exceeded (well established) {2.2.7.15}. In the Mediterranean forests, woodlands and 

scrub of many regions, wildfires are starting earlier in the year and increasing in number, 

coverage and severity which, coupled with their increasing human population due to 
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attractiveness for settlement and the associated expansion of urban and cultivated areas, may 

indicate a transformation at the biome scale (established but incomplete) {2.2.7.4}. 

 

13. Many practices of Indigenous Peoples and Local Communities conserve and 

sustainably manage, wild and domesticated biodiversity (well established) {2.2.4}. A high 

proportion of the worldôs terrestrial biodiversity lives in areas managed and/or held by 

Indigenous Peoples (well established) {2.2.4}, where ecosystems and ecological communities 

tend to be more intact and declining less rapidly than elsewhere (established but incomplete) 

{2.2.5.3.1}. Practices that contribute to biodiversity include co-production of highly diverse 

cultural landscapes that are very heterogeneous ecologically and often rich in both wild and 

domesticated species {2.2.4.1, 2.2.4.2, 2.2.4.3}; contributing to agrobiodiversity by selection, 

domestication and maintenance of wild races and varieties of plants and animals {2.2.4.4};  

traditional management practices that enhance natural resilience (e.g., by targeted burning) 

{2.2.4.5}; increasing landscape-scale net primary biomass production (e.g., by adaptive grazing 

and burning regimes) {2.2.4.6}; and protecting areas from external exploiters, e.g., slowing the 

spread of intensive monocrop agriculture in recognized Indigenous territories {2.2.4.7}. 

However, unsustainable practices are becoming increasingly common in some regions 

traditionally managed by these peoples and communities as lifestyles, values and external 

pressures change with globalization (well established) {2.2.4}. At least a quarter of the global 

land area is traditionally owned, managed1,  used or occupied by indigenous peoples. These areas 

include approximately 35 per cent of the area that is formally protected, and approximately 35 

per cent of all remaining terrestrial areas with very low human intervention (established but 

incomplete) {2.2.5.3.1}; all these figures would rise if other local communities were considered. 

For the global indicators that could be compared between these Indigenous lands and the world 

as a whole, nature has declined by 30% less, and has declined 30% more slowly in recent years, 

in the Indigenous lands (established but incomplete) { 2.2.5.3.1}. 

 

14. Indigenous Peoples and Local Communities report that the nature important to them is 

mostly declining: among the local indicators developed and used by indigenous peoples and 

local communities, 72 per cent show negative trends in nature that underpin local 

livelihoods and well-being (well established) {2.2.5.3.2}, which they mainly attribute to land-

use change and climate change; the relative importance of these drivers varies among 

regions and major ecosystem types (established but incomplete) {2.2.6.3}. Natural resource 

availability is generally decreasing; time needed or distance travelled to harvest resources is 

increasing; culturally salient species often have negative population trends; native newcomer 

species arrive as climate changes (e.g., southern species to arctic areas); new pests and invasive 

alien species colonize; natural habitats are lost, especially forests and grazing lands, while 

remnant ecosystems degrade and their productivity decreases; and the health condition and body 

size of wild animals decrease (established but incomplete) {2.2.5.3.2}. The drivers to which 

                                                 
1 These data sources define land management here as the process of determining the use, development and care of land resources 

in a manner that fulfils material and non-material cultural needs, including livelihood activities such as hunting, fishing, 

gathering, resource harvesting, pastoralism and small-scale agriculture and horticulture. 
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IPLCs most often attribute the mostly negative trends in nature (in decreasing order of 

prevalence and based on >300 indicators) were land-use change (e.g., tropical forest-monocrop 

conversions, expansion of settlements and discontinued traditional land-management practices); 

climatic changes, such as droughts and the increasingly unpredictable annual distribution of 

rainfall; arrival of new native and alien species; changing range of wild species; floods (as a 

combined effect of climate and land-use changes); and finally overexploitation of resources by 

outsiders and locals (e.g., logging and overgrazing) (established but incomplete) {2.2.6.3}. 

 

15. Whereas scientific observations on the status of nature have for centuries been valued, 

systematically recorded, retained and synthesized in scientific outputs, Indigenous and 

Local Knowledge of nature has been largely disregarded, is still being lost, and has rarely 

been synthesised (well established) {2.2.2.2}.  The synthesis of trends in nature observed by 

Indigenous Peoples and Local Communities has been hindered by the lack of regional and global 

institutions that would gather, aggregate and synthesize local data into regional and global 

summaries (well established) {2.2.2.2, Box 2.6}, but such efforts are emerging. Many of the 

aspects of nature monitored by Indigenous Peoples and Local Communities are reasonably 

compatible with indicators used by natural scientists but tend to be more local in scale and more 

directly connected to elements of nature that underpin natureôs contributions to people (well 

established) {Box 2.6}, highlighting the importance of recording and synthesising them. The 

spread of modern lifestyles and technologies into many Indigenous and other local communities 

may threaten the current diversity of conceptualizations of nature and of ways of learning about 

and from it, as well as resource management practices that could ensure sustainable human-

nature relations (well established) {2.2.2; 2.2.4}.   
 

16. This global assessment has been able to make use of much more, better, more 

comprehensive and more representative information than was available even a decade ago 

(well established) {2.2.1}. Though uncertainties and gaps in knowledge remain, there can be 

no doubt that nature is continuing to decline globally (well established) {2.2.5, 2.2.7} in 

response to direct human-caused drivers (well-established) {2.2.6}. Some of the most 

important knowledge gaps are: global syntheses of Indigenous Local Knowledge about the status 

and trends in nature; quantitative syntheses of the status and trends of parasites, insects, 

microorganisms, and biodiversity in soil, benthic and freshwater environments, and of the 

implications for ecosystem functions; quantitative syntheses of human effects on ecosystem 

processes involving interactions among species, e.g., pollination; quantitative global overviews 

of many vital ecosystem functions; syntheses of how human impacts affect organismal traits and 

genetic composition; and a more comprehensive understanding of how human-caused changes to 

one Essential Biodiversity Variable class (e.g., ecosystem structure) ramify through to the others 

(e.g., community composition) and to natureôs contributions to people. 
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2.2.1 Introduction  

The definition of 'Nature' used in this assessment encompasses all the living components of the 

natural world. Within the context of western science, it includes biodiversity, ecosystems (both 

structure and functioning), evolution, the biosphere, humankindôs shared evolutionary heritage, 

and biocultural diversity (Diaz et al. 2015). Within the context of other knowledge systems, such 

as those of Indigenous Peoples and Local Communities (IPLCs), Nature includes categories such 

as Mother Earth and systems of life, and it is often viewed as inextricably linked to humans, 

rather than as a separate entity (Diaz et al. 2015). IPBESôs mandate includes bringing together 

evidence from diverse knowledge systems, including indigenous and local knowledge, and 

respecting diverse worldviews. Section 2.2.2 explores the diversity of worldviews and of ways in 

which Nature is conceptualised and outlines how they are changing. 

 

Nature shows enormous geographic variation, at both large and small spatial scales. Associated 

with the range of spatial scales, there are also a broad array of institutions and governance of 

nature, varying from local communities through to international (Figure 2.1), which all mediate 

both how nature contributes to people and how people affect the state of nature (Duraiappah et 

al., 2014; Brondizio et al., 2009; Chapter 2.3; Chapter 2.1). At the broadest geographic scale, 

nature can be described according to different units of analysis (defined in Chapter 1) ï from 

coniferous and temperate forests to tropical and sub-tropical savannas to coastal areas and deep 

oceans. However, within each of these units, there is variation among regions, landscapes and 

habitats (both terrestrial and marine) and at all levels of diversity. Section 2.2.3 tackles this 

complexity, organising natureôs many dimensions into six classes ï ecosystem structure, 

ecosystem function, community composition, species populations, organismal traits and genetic 

composition (Pereira et al. 2013) ï and outlines how the global patterns of each today still 

largely reflects the action of natural evolutionary and ecological processes through earthôs 

history (Whittaker et al., 2001; Willig et al., 2003; Ricklefs, 2004; Rex and Etter, 2010; Bowen 

et al., 2013; Pinheiro et al., 2017). Illustrative examples mostly highlight aspects of nature that 

underpin some of its most critical material, non-material and regulating contributions to people.  

 

Humanity has been reshaping patterns in nature for many millennia (Lyons et al 2016;). Many 

IPLCs view themselves as partners in a reciprocal process of nurturing and co-production, rather 

than as extrinsic drivers of change (see Chapter 1). Section 2.2.4 describes the land- and sea-

management practices and processes through which IPLCs have co-produced and maintained 

nature and continue to do so over much of the world. At least a quarter of the global land area is 

traditionally owned, managed2,  used or occupied by indigenous peoples (up to 60-80% if local 

communities are also considered). These areas include approximately 35 per cent of the area that 

is formally protected, and approximately 35 per cent of all remaining terrestrial areas with very 

low human intervention (Garnett et al. 2018). 

 

                                                 
2 These data sources define land management here as the process of determining the use, development and care of land resources 

in a manner that fulfils material and non-material cultural needs, including livelihood activities such as hunting, fishing, 

gathering, resource harvesting, pastoralism and small-scale agriculture and horticulture. 
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Whether viewed as an extrinsic driver or an intrinsic part of nature, humanityôs actions now 

increasingly overprint the global patterns that natural processes have produced, at all scales 

(Figure 2.1). Section 2.2.5 considers human-caused trends in nature alongside current status. 

Because many anthropogenic drivers of change have intensified greatly since the mid-20th 

century (Chapter 2.1, Steffen et al. 2015a), the discussion of trends focuses on changes since 

1970, but also briefly describes earlier positive and negative effects. As well as many science-

based indicators, this section includes the first global synthesis of local trend indicators observed 

by IPLCs. Section 2.2.6 synthesises which of the main direct drivers ï land/sea-use change, 

direct exploitation, climate change, pollution and invasive alien species (see Chapter 2.1) have 

had the greatest relative impact on nature in recent decades as judged by analysis of global 

indicators and the perceptions of IPLCs of the drivers behind the local changes they observe. 

 

This subchapterôs mostly global focus is balanced by brief accounts of the status, trends and 

drivers of change in nature within each unit of analysis (section 2.2.7), and by also highlighting 

three other categories of landscape that add to global nature and natureôs contributions to people 

(NCP) disproportionately to their geographic extent: insular systems, areas particularly rich in 

endemic species, and hotspots of agrobiodiversity (section 2.2.3.4). The contribution of 

agrobiodiversity to people is obvious; but nature contributes to people in a myriad of ways, from 

local-scale flows of material and non-material benefits to households and communities, to 

global-scale regulation of the climate (Figure 2.1); Chapter 2.3 synthesises these contributions 

and how the trends in nature are changing them. 

 

Synthesising and mapping variations in the state of nature across the globe and over time has 

been greatly facilitated by major recent advances in remote observation of biodiversity and 

ecosystems, in modelling and in informatics. For example, remote-sensing technologies can now 

provide data on ecosystem structure and function ï and increasingly on abundance and 

distribution of biodiversity ï across wide areas, with high spatial and temporal resolution 

(Petorelli et al. 2015), though deriving estimates of global biodiversity change from remotely-

sensed data is not yet straightforward (Rocchini et al. 2015). Recording of Indigenous and local 

knowledge (Lundquist and Harhash 2016) can also add relevant information over smaller scales. 

In addition, advances in species delimitation, identification and discovery have been facilitated 

by new DNA technologies (e.g., Kress et al. 2015) and this in conjunction with data aggregators 

and repositories, such as GBIF (www.gbif.org), OBIS (www.iobis.org) and Genbank (Benson et 

al. 2013), make hundreds of millions of species occurrence records and gene sequences freely 

available. Ever-improving metadata mean that such data  - despite still providing very uneven 

coverage taxonomically, geographically, temporally and ecologically (Akcakaya et al. 2016, 

Hortal et al. 2015) ï can increasingly be put to a wide range of uses. This expanded biodiversity 

informatics landscape is increasingly well connected (Bingham et al. 2017), facilitating the 

synthesis of raw observations by new analytical interfaces (e.g., Ratnasingham & Hebert 2007, 

Jetz et al. 2012, www.iobis.org).  

 

A growth in multi-institution collaboration has also resulted in the expansion of networks 

collecting parallel data, often in many countries (e.g., Kattge et al. 2011, Anderson-Teixeira et al. 

http://www.gbif.org/
https://doi.org/10.1016/j.ecolecon.2017.02.005
https://doi.org/10.1051/nss
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2015), while the establishment of the Biodiversity Indicators Partnership and GEO BON has 

helped to coordinate biodiversity observations, modelling and indicators (Mace & Baillie 2007; 

Scholes et al. 2008; Pereira et al. 2013). The development and widespread adoption of meta-

analyses and systematic reviews ï facilitated by bibliographic databases, online publishing and 

the growth of open data ï has helped researchers to synthesise previously disparate evidence 

(e.g., Root et al. 2003; Gibson et al. 2011). Synthesis of Indigenous and local knowledge on 

status and trends of nature unfortunately still lags much behind scientific synthesis, though much 

progress is underway in documenting local observations of trends and aggregating these to 

global scale (see e.g., Forest Peoples Program et al. 2016), and co-producing knowledge from 

ILK and science. 

 

These developments in observation, aggregation, collaboration, modelling and synthesis mean 

that this global assessment has been able to draw on much better and more integrated 

information than was possible even only a decade ago. 

 

 

 
Figure 2.1 ï The hierarchical scales of nature, society and governance. This figure has many 

parallels with the IPBES conceptual framework (see Chapter 1), but emphasises how the 

multiple scales of governance influence both natureôs contributions to people (arrows passing 

through the box labelled óEcosystem services & other goods and services) and societal feedbacks 

onto natureôs systems. Figure from Duraiappah et al. (2014) 
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2.2.2 Diverse conceptualizations of nature and pluralistic knowledge systems 

 

Nature is conceptualised differently by people having different relationships with it, including 

farmers, herders, fishers, hunter-gatherers, other Indigenous and local communities, urban 

communities, practitioners (such as hydro- and forest engineers), natural scientists, social 

scientists and artists. Different conceptualizations of nature lead to different types of experiential 

learnings and knowledge systems. Within historical times some knowledge systems such as 

ñscientific knowledgeò, have gained a universal acknowledgement, while other knowledge 

systems such as ñIndigenous knowledgeò have been less well appreciated and valued, especially 

in terms of the information they provide on nature both locally and at larger scales.  

 

2.2.2.1 Indigenous Peoplesô and Local Communitiesô conceptualizations and knowledges 

of nature 

 

There are many different ways that societies consider nature. There are those which consider 

humans as an element of nature. In contrast, others consider humans as starkly different from 

nature beyond the obvious biological commonalities with, and dependence on, the rest of the 

living world. Here we use the term ôconceptualizations of natureô to refer to views and 

perspectives on nature by different societies, which establish meanings to the links between 

humans and elements of nature, and form principles or ontologies that guide interactions with 

nature (Foucault 1966, Ellen 1996, Atran et al. 2002). Anthropological studies comparing many 

societies across the world have classified the large diversity of situations met into  general 

models, based on the degree of continuity or separation between nature and people. Most 

societies that recognise a continuity between humans and nature conceptualize elements of 

nature as agents with an interiority, intentions or an attractivity (e.g. plants) that facilitates 

interactions between humans and non-human (Descola 2005, Graham 2006, Ellen 2006). Models 

showing strong linkages between humans and non-humans are for instance animism and 

totemism (Descola 2005, Sahlins 2014) . Analogism, a widespread conception of nature widely 

studied and typical of some Asian societies and in Europe differentiates humans and non-humans 

although they share some properties from microcosms (cells) to macrocosms (planets) and are 

made of similar elements (wind, water, fire etc.). Within such conceptualizations humans are 

able to find in nature many signs that guide a large set of practices, including health, food, 

agriculture (e.g. Friedberg 2007, Zimmerman 2011). Naturalism ï the principle that theoretically 

characterizes modern western societies and western science ï emerged with philosophers such as 

Descartes and emergence of modernity - conceives natural as an external element, starkly 

different from humans, an object of experimentation using analytical approaches for better 

productivity or control (Foucault 1966).  

 

Such principles continue to influence people's attitudes to environmental and sustainability issues 

today. While science is therefore supposed to be neutral, Ellen (1996), shows that scientific 

disciplines have their own ways of conceiving the environment that serve the interest of 

particular groups, whether they belong to the conservation movement, have linkages to 

industries, churches, political parties, academics, Indigenous People, or governments. Thus, even 

https://www.epa.gov/wetlands#hau4.1.013_bib6
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science and modernity establish intricate links between nature and culture and the naturalist 

approach is rarely void of cultural worldviews. 

 

The IPBES Conceptual Framework puts a strong emphasis on reflecting that different societies, 

and different individuals within societies, have different views on desirable relationships with 

nature, the material versus the spiritual domain, and the present versus the past or future (Díaz et 

al. 2015, 2018, see also Chapter 1, section 1.3.1).  

 

Indigenous and local knowledge systems are the knowledge of Indigenous Peoples and Local 

Communities who mostly live within natural and rural environments and make a living through ï 

and define their cultural identity upon ï an intimate relationship with nature, land and sea 

(Warren et al. 1995, Douglas et al. 1999, Sanga and Ortalli 2003, Garnett et al 2018). Indigenous 

knowledge systems differ from science in many ways, viewing nature holistically i.e. as said 

above linking all elements of nature to people in ways that enables continuities either through 

considering the inner self of non-humans (animism and totemism) or through common properties 

(analogism), all of which are linked to the social and decision-making spheres (Descola and 

Palsson 1996, Ellen 2002, Motte-Florac et al. 2012, Tengö et al. 2017, see more in Chapter 1). 

Building upon similar overall principles linking humans to nature, local knowledge systems are 

locally rooted, tested and culturally transmitted (Molnár and Berkes 2018). Many of these local 

knowledge systems vary depending on socio-cultural and religious background and also the 

degree of integration in modern lifestyles, a situation also encountered among Indigenous 

groups. For example, European small-scale multi-generational farmers, herders and fishers, and 

some foresters and hydro-engineers using and managing the same natural resource for 

generations may have strong connections to their local nature and a deep understanding of local 

ecological processes and may feel themselves as part of nature (Whiteman & Cooper 2000, Kis 

et al. 2017, Babai et al. 2014).  

2.2.2.2 Collaboration between knowledge systems, changing conceptualizations 

Conceptualizations of nature and related knowledge and practices are not static. They may 

change considerably over time at different temporal scales. Knowledge co-production between 

knowledge systems, interdisciplinary cooperation and modern lifestyles may accelerate change, 

and may foster or threaten conceptualizations and knowledge that ensure sustainable human-

nature relations and consequently status and trends in nature.  

 

Conceptualizations of nature may change in relation to levels of collaboration between 

knowledge systems and/ or between scientific disciplines. Although disciplinary approaches in 

natural or social sciences (e.g., between functional and evolutionary ecology, sociology and 

economics) are often still dominant, the trends towards collaborative, inter- and transdisciplinary 

and participatory research with stakeholders on nature and human-nature relations are now 

opening new options for learning. This may help develop new concepts of interactions between 

nature and humans that foster social-ecological systems and resilience thinking (Berkes et al. 

2000), relational thinking (Chan et al. 2016), deep ecology (Naess 1973), the revisiting of the 

religious linkage to nature through portraying the ideas of Saint Francis of Assissi (Francis 2015) 
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or the pluralistic IPBES concept of natureôs contributions to people (D²az et al. 2018). Within 

conservation biology, views on the relationship between people and nature have continued to 

change over recent decades: Nature for itself, Nature despite people, Nature for people, and 

People and nature (Mace 2014). Some conservation biologists integrate Indigenous and local 

knowledge to help develop new concepts and practical actions for better conservation (Ghimire 

et al. 2008, Molnár et al. 2016). In ethnobiology, a discipline dedicated to study human-nature 

relations, there is a shift from more academic research objectives to more practical approaches 

including working together with Indigenous Peoples and Local Communities to co-develop 

sustainable management practices (Berkes 2004, Hamilton and Hamilton 2006, Newing 2011, 

Barrios et al. 2012). 

 

Box 2.1. Conceptualizations of nature ï examples 

Conceptualisations of nature ï whether Indigenous, scientific, laic, practitioner or 

something else ï have a fundamental impact on our behaviour, relations to nature and 

thus on our impact on nature. Examples in this box aim to present some contrasting 

conceptualizations of nature. 

 

 

 
In Indigenous conceptualizations of nature 

people often argue: óAll is Oneô, óAll is 

connectedô. April White, a Haida Indigenous 

artist from British Columbia created a series 

of prints to help negotiations of Haida 

fishery management with the government. 

These prints feature a herring-consuming 

predator (e.g. a whale) inside of a herring, a 

way reflecting the nurturing role the fish 

plays for so many organisms at all levels of 

the ecosystem. She argues that art possesses 

a unique storytelling power that science can 

stand from benefit from, ñArt has a voice 

where a scientist might not.ò (Vogl, 2017). 

The romantic idyllic view of nature 

emphasizes purity of nature, laws of 

nature, and harmony. This view had a 

huge impact on the notion of óbalance 

of natureô (cf. also Carlsonôs Silent 

Spring), and the development of some 

wilderness-oriented protected area 

management philosophies (source: 

Károly Telepy, Rocky landscape, 

1870, @KOGART) 
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Global processes include different contrasting tendencies such as commodification of nature, 

urbanization, spread of modern lifestyles, green movements, respect for the rights of Mother 

Nature (such as allocating personhood status to rivers), and wider acknowledgment of local 

space-based knowledge systems linked to complexity of socio-ecological systems. These 

tendencies are likely to change human-nature relations and our conceptualizations of nature. In 

addition, hybridization of scientific and Indigenous and local knowledge of nature is accelerating 

all over the world and changing our values regarding nature. 

 

Although Indigenous and local knowledge (ILK) is locally-based, it is increasingly being shared 

between holder groups through local to global networks (e.g. Forest Peoples Programme et al. 

2016, ICCA Consortium: www.iccaconsortium.org) and by social media.  

 

People living in urban settings also have diverse and changing conceptualizations of nature 

depending on their ethnic and family history, education, religion, and their everyday experiences 

with urban and non-urban nature and modern technology (Loughland et al. 2003, Coyle 2005). 

 

Scientific observations on the state of nature from a scientific perspective have for centuries been 

valued, systematically recorded, retained in the accumulating scientific literature and 

synthesised. In contrast, much Indigenous and local knowledge has not been recorded in a 

systematic fashion and thus much knowledge has been lost (see more in Chapter 3 and 6). This 

 

 

 

Perspectives matter. Those who experienced 

this view of our Earth often argue for a shift 

in their perspective: "You also notice how 

the atmosphere looks and how fragile it 

looks," astronaut Scott Kelly said. "It makes 

you more of an environmentalist after 

spending so much time looking down at our 

planet." 

(https://www.1045thefox.com/newsy/watchi

ng-earth-from-space-can-change-your-

outlook-on-life). (Earthrise from the moon 

during Apollo 8, NASA) 

Precision agriculture is becoming one 

of the dominant views about arable 

areas in our modern era. It aims to 

provide enough food for humanity 

with a very high level of 

anthropogenic assets, dominating 

natural processes with high-tech. This 

conceptualization also changes 

considerably our relations to the 

nature we manage (source: 

https://www.innovationtoronto.com/2

016/09/precision-agriculture/). 

http://onlinelibrary.wiley.com/doi/10.1111/izy.12020/abstract
http://www.iobis.org/
https://www.innovationtoronto.com/2016/09/precision-agriculture/
https://www.innovationtoronto.com/2016/09/precision-agriculture/
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means that records and synthesis lag far behind natural science, so there are very few resources 

on the status and trends of nature as observed by Indigenous Peoples and Local Communities 

with global coverage (Posey 1999, Forest Peoples Programme et al. 2016). Because of this 

imbalance, although most of the evidence in this chapter came from the context of natural 

sciences, a special effort has been made to also accommodate Indigenous and local knowledge 

on nature. 

2.2.3 Overview of Nature 

2.2.3.1 Essential Biodiversity Variables 

Given the complexity of unit and scale when considering nature, a global system of harmonized 

observations has been proposed for the study, reporting, and management of biodiversity change 

(Pereira et al., 2013). These have been termed óEssential Biodiversity Variablesô (EBV) (see 

http://geobon.org/essential-biodiversity-variables/classes/) (Figure 2..2). Below we describe what 

is known about the current global distribution of nature using this framework, giving examples 

of the current knowledge on those aspects of the variables that are particularly important in terms 

of NCP. We then go onto discuss the contribution of Indigenous People and Local Communities 

to the co-production and maintenance of nature, particularly genetic, species and ecosystem 

diversity. This is followed by a discussion on the status and trends in nature based on these EBVs 

with particular emphasis on the past 50 years - trends that have resulted in the current state of 

nature. 

  

https://doi.org/http:/dx.doi.org/10.5751/ES-08378-210213
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A. Ecosystem structure: Units of analysis

 

B. Ecosystem function: Net primary 

production

 
C: Community composition: Scaled 

numbers of species across selected 

animal and plant taxa 

 

D: Species populations: Median 

geographic range size of bird species 

 

 

E: Species traits: Median body mass of 

terrestrial mammalian species 

 

F: Genetic composition: Genetic diversity 

within mammalian and amphibian 

species 

 
 

Figure 2.2. Maps of the current distribution of key aspects of nature as measured using the key 

metrics described in the Essential Biodiversity Variables framework. A: Ecosystem structure ï 

Extent of natural and anthropogenic units of analysis considered in this assessment. B: 

Ecosystem function ï Net primary production (Zhao and Running 2010; Behrenfeld et al. 

1997). C: Community composition ï Relative numbers of species per 0.5-degree grid cell, 

averaged across terrestrial amphibians, reptiles, mammals (IUCN spatial data) and vascular 

plants (Kreft et al., 2007), freshwater species (data from Collen et al., 2014) and marine species 

(data from Selig et al., 2014). D: Species populations ï Median geographic range size of bird 
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species (Orme et al. 2006). E: Species traits ï median body mass of mammalian species (Santini 

et al. 2017). F: Genetic composition ï Average genetic diversity within mammalian and 

amphibian species within each grid cell (Miraldo et al. 2016).  

2.2.3.2 Ecosystem structure 

At the global scale, the terrestrial realm can be demarcated according a pattern of ecosystem 

structure (Units of Analysis) (Fig 2.2.a) where different dominant species cause the ecosystems 

to differ in structural complexity (e.g., tropical rainforest vs tundra or deserts) and the natural 

resources they can provide to people. Sometimes referred to as óbiomesô (Olson, 2001) and (for 

anthropogenic units) óanthromesô (Ellis & Ramankutty 2008), the current observed units of 

structural complexity across the globe occur as result of processes that span millions of years and 

primarily reflect a combination of water-energy dynamics, geology and tectonic activity (Willis 

& McElwain, 2013). Demarcation of marine biomes according to ecosystem structure is an 

ongoing task - new habitats are still being discovered (Costello et al. 2010; Snelgrove et al. 2016) 

- but here too, long-term environmental and geological processes determine structure: e.g., 

warm-water shallow coral reefs can grow only within a narrow environmental envelope 

(Kennedy et al. 2013).  

 

An understanding of global ecosystem structure is particularly important in determination of 

variations in photosynthetic biomass. These variations in biomass in turn have many effects on 

multiple aspects of NCP, from the type and quantity of material and non-material benefits 

available to local people, to global regulation of climates through carbon sequestration and the 

water cycle (Pan et al. 2011; 2013). Total photosynthetic biomass in the ocean is less than 1 % of 

that on land (totals of 3 PgC for marine vs 450-650 PgC on land), and this amount is mostly 

regulated by nutrient availability, light availability and temperature (IPCC AR5, 2013). 

2.2.3.3 Ecosystem function 

This term is used to describe functions provided by the stocks of materials in an ecosystem (e.g. 

carbon, water, minerals, and nutrients) and the flows of energy through them. The functioning of 

an ecosystem is therefore reliant upon a complex array of abiotic and biotic factors and 

underpinned by many of the variables of nature described below. When considering global 

ecosystem functions that are important to people, two of the most fundamental are net primary 

production (NPP) and carbon sequestration.  

 

Net primary production (NPP) represents the uptake of CO2 by plants during photosynthesis 

minus the amount of CO2 that is lost during respiration. Its importance is that it provides the 

main source of food for non-photosynthetic organisms in any ecosystem ï including humans. 

NPP therefore underpins many critical aspects of natureôs contribution to people (Imhoff et al. 

2004). Worldwide, humanity now appropriates 24% of terrestrial NPP, with over 50% being 

appropriated across many of the intensively farmed regions (Haberl et al. 2007). NPP shows very 

large spatial variation (Figure 2.2b). Terrestrial NPP varies from < 100 gC/m2/year (in polar and 

desert regions) to 1500 gC/m2/year in the humid tropics (Zak et al. 2007) (see also Table 2.6A), 

in response to levels of sunlight, temperature, water availability, CO2, nutrient availability and 
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the type of vegetation (Nemani et al. 2003).  In the oceans, NPP is largely determined by nutrient 

availability (e.g. Howarth 1988; Michael et al. 2009), varying from undetectably low in nutrient-

poor gyres to 500 gC/m2/year in the coastal shelves and upwelling regions.  

 

Carbon sequestration is another critically important global ecosystem function provided by 

nature. This represents the difference between CO2 uptake by photosynthesis and release by 

respiration, decomposition, river export and anthropogenic processes such as harvesting and 

biomass burning. At present about 60% of the atmospheric CO2 emitted into the atmosphere by 

fossil fuel emission each year (9.4 PgC / year in 2008-2017) is sequestered by natureôs carbon 

sink in land (3.2 PgC /year in 2008-2017) and in the oceans (2.4 PgC / year in 2008-2017) (Le 

Quere et al., 2018), providing a vital role in regulating the Earthôs climate.  

 

Spatial and temporal patterns in carbon sinks and sources are very heterogeneous. Forest 

ecosystems (e.g. tropical and boreal forests) on average are carbon sinks due to CO2 fertilization, 

climate change, and recovery from historical land use changes (Pan et al., 2011; Kondo et al. in 

2018). Between 2000 and 2007, the global forest carbon sink is estimated to have removed 2.4 

billion tonnes of carbon per year from the atmosphere (Pan et al., 2011). Much of this was stored 

in tropical forests (0.8 billion tonnes per year), followed by temperate forests (0.8 billion tonnes 

per year) and boreal forests (0.5 billion tonnes per year). Soils are also an important component 

of terrestrial carbon sinks. For example, 50-70% of the carbon in boreal forests is stored in the 

soils, particularly in roots and root-associated fungi (Clemmensen et al., 2013). Furthermore, 

some regions, such as tropical forests and peatlands (e.g. Baccini et al. 2017) are vulnerable to 

becoming large CO2 emitters when there is a change in their structure and resulting function 

(e.g. due to land-use change). 

 

In the ocean, CO2 is exchanged with the atmosphere primarily by air-sea exchange based on 

inorganic carbon chemistry. Ocean general circulation, and marine biological processes also 

affects CO2 exchange with atmosphere. The CO2 in the ocean is exported effectively to the deep 

ocean via the biological pump. Therefore, ocean NPP is one of the most essential factors to 

determine ocean CO2 sequestration. 

2.2.3.4 Community composition  

The term ecological community is used to describe an assemblage of plants, animals and other 

organisms that are interacting in a unique habitat where their structure, composition and 

distribution are determined by environmental factors such as soil type, altitude and temperature 

and water availability. At a global scale there is high variation in the distribution and diversity of 

different communities, with changes occurring across latitudinal and altitudinal gradients in both 

terrestrial and ocean environments. Probably one of the most well-known global trends in 

community composition is the latitudinal gradient in diversity on land, with the highest number 

of species per unit area at the equator and the lowest at the Poles (e.g. mammals, birds, reptiles, 

amphibians, and vascular plants) (for a review see Willig et al., 2003). Species interactions also 

appear to be stronger in the tropics (Schemske et al., 2009). However, some groups show 

departures from this trend, for example bees and aphids (Kindleman et al., 2007). 
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In marine environments, many groups also show a trend of decreasing species richness from the 

equator to the poles (e.g. fish, tunicates, crustaceans, mollusks, brachiopods, corals, 

foraminiferans; and see Tittensor et al. 2010), but specific groups or habitats can substantially 

deviate from this trend (for a review see Willig and Presley, 2018). For example, baleen whales 

have their highest diversity at southern subpolar and temperate latitudes (Kaschner et al. 2011). 

Biodiversity at the sea-floor has a maximum at or close to continental margins in areas of high 

carbon flux (Menot et al., 2010; Wooley et al., 2016). 

 

Box 2.2. Global patterns in composition of marine diatoms (algae) 

 

Marine plankton communities, including diatoms contribute around 20% of global primary 

productivity and are hugely significant in biogeochemical cycles and functioning of aquatic food 

webs (Armbrust et al., 2009). Until recently little had been known about variations in the 

diversity and abundance of these communities across the global oceans. A recent global study of 

diatoms (Malviya et al., 2016) demonstrated that although most species were found at all sites, 

10 genera accounted for more than 92% of the samples indicating the dominance of a few types 

in the worldôs oceans. Overall the highest abundance of diatoms was found in regions of high 

productivity (upwelling zones) and the high latitude Southern Oceans.  

 
Global abundance of diatom (Bacillariophyta) species obtained from OBIS datasets [April 2018] 

each square is coloured according to the abundance of diatoms species observed in the area of 

100 sqkm) (from Malviya et al., 2016). 
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In addition to these global patterns of diversity and abundance in community composition, there 

are also a number of well-defined communities of plants and animals associated with 

geographical isolation (insular systems), endemism (biodiversity hotspots), and diversity of 

species of plants, crops and microorganisms useful to people (agrobiodiversity hotspots). These 

areas are home to a disproportionately high proportion of the world's species, including for 

example the Eastern Arc mountains of Africa (Burgess et al., 2007) and Pacific seamounts 

(Richer de Forges et al. 2000); the narrow distributions of most of these species makes them 

intrinsically more susceptible to drivers of change. Many of these areas typically constitute only 

a small fraction of a biome or IPBES terrestrial and aquatic Unit of Analysis, raising the risk that 

their status, trends and projected futures may not be clearly reflected in assessments of nature at 

those large scales.  

 

A description of each will be briefly discussed in turn. 

2.2.3.4.1 Insular systems 

 

An insular environment or "island" is any area of habitat suitable for a specific ecosystem that is 

surrounded by an expanse of unsuitable habitat. Examples of insular systems include mountain 

tops, lakes, sea-mounts, enclosed seas, and isolated islands or reefs. These systems have several 

important properties that set them apart from non-insular systems and thus dictate their specific 

consideration in this assessment. 

 

Biotas in insular environments are often depauperate relative to biotas in similar but well-

connected environments ï because relatively few individuals of relatively few species arrive 

from across the surrounding unsuitable habitat (Vuilleumier 1970; Brown and Kodric-Brown 

1977). This limited colonization results in many ñempty nichesò into which the few colonizing 

species can diversify, leading to a high proportion of endemic species (e.g. Australia, Keast 

1968; Galapagos, Johnson and Raven 1973; Madagascar, Wilmé et al. 2006; mountain tops, 

Steinbauer et al. 2016). The result can be a collection of unique species with little or no 

taxonomic equivalent on the mainland, such as flightless cormorants and marine iguanas in 

Galapagos or honeycreepers and silverswords in Hawaiôi. The limited colonization of islands can 

also lead to ñenemy release,ò where the few colonists lose their defenses against former 

competitors, parasites, or predators, including humans. The resulting ñevolutionary naµvet®ò 

renders many taxa in insular systems especially susceptible to exploitation by humans and to the 

spread of invasive species ï especially predators and diseases (Sih et al. 2010). Examples of the 

resulting biological catastrophes include the whole-sale extinction of birds after the arrival of 

humans in New Zealand (Bunce et al. 2005, Bunce et al. 2009), the arrival of avian malaria in 

Hawaii (Warner 1968), and the arrival of brown tree snakes in Guam (Savidge 1987). 

 

Many of these problems facing insular taxa are compounded when the insular habitats are very 

small and isolated, including tiny remote Pacific islands, alpine lakes, and dessert oases. In 

addition to exacerbation of these general problems of insularity, especially small insular systems 

often have a narrow range of environmental conditions to which local organisms are precisely 

adapted, along with very limited genetic variability. As a result, changing environmental 

conditions (e.g., climate warming or invasive alien species) that eliminate suitable habitat can be 
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hard to mitigate through movement or adaptive responses (e.g. Corlett and Westcott 2013; 

Courchamp et al. 2014; Vergés et al. 2014). Particularly obvious in this respect is the shrinking 

habitat of cool-climate organisms existing on mountain-top sky islands surround by unsuitable 

warm conditions. Finally, the small population sizes typical of species living in small insular 

habitats can lead to genetic drift and inbreeding that greatly reduce genetic variation in some 

situations. As insular taxa are often very local, rare, unique, and vulnerable, active and specific 

conservation efforts are critical. On the one hand, it is particularly important to limit biological 

invasions, as the effects for insular taxa are often severe and irreversible. On the other hand, 

insular taxa can often benefit from efforts to increase population sizes through habitat 

preservation and restoration, and to increase connectivity among isolated populations of a given 

species.  

 

2.2.3.4.2 Hotspots of endemism and rarity 

ñBiodiversity hotspotò was a term originally proposed to describe communities of terrestrial 

plants and animals that contained a high concentration of endemic species yet had lost more than 

70% of their original cover due to land-use change (Myers et al. 2000; Mittermeier et al., 2004; 

2011). There are now 35 terrestrial hotspots that cover only 17.3% of the Earthôs terrestrial 

surface, characterized by both exceptional biodiversity and considerable habitat loss (Marchese, 

2015).  

 

In the oceans, the concept of hotspots of endemism is less clear since a high potential for species 

dispersal and only a few efficient large-scale barriers hamper the development and maintenance 

of endemism hotspots. However, there are important exceptions from this rule and some hotspots 

in species richness and endemism exist. For example, the warm-water shallow coral reefs 

provide the habitat for estimated 8 x 105-2 x 106 species (Knowlton et al. 2010, Costello 2015) 

especially in the Indopacific region. They are, together with Indo-Pacific sea-mounts, vents and 

seeps, deep cold coral reefs, shelves around New Caledonia, New Zealand, Australia and the 

Southern Ocean (Ramírez-Llodra 2010, Kaiser et al. 2011), not only hotspots in species richness 

and functional biodiversity but also in endemism due to spatial isolation from other habitats or 

differences in environmental conditions. Marine range rarity is most obvious in Indo-Pacific 

coastal regions and off Mesoamerica (Roberts et al., 2002; Selig et al. 2014). Also, the deep-sea 

is rich in species and habitats (Knowlton et al. 2010), home to a conservatively estimated 5 x 105 

macrofaunal species (Snelgrove and Smith, 2002).  

 

Marine phylogenetic uniqueness is most obvious in vent and seep communities since not only 

single species but also larger older groups of related species (such as families) only occur in such 

habitats (Van Dover et al. 2018). Some of the unique macroorganisms such as the Riftia-

tubeworms and vesicomyd clams depend on a symbiosis with chemosynthetic bacteria as well as 

archaea. Most of these marine systems need special attention because they are increasingly 

impacted by the exploitation of natural and mineral resources by human activities. In addition, 

such ecosystems are especially vulnerable due to the rarity of species in the sense of small 

distribution ranges and their narrow tolerance windows as a result of a strong adaptation to their 

environment conditions 
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Determining the distribution of most vulnerable species (i.e. those rare species with a small range 

distribution and/or ecological tolerance) is also an issue for terrestrial plants and animals. In the 

hotspots approach described above, which based on total richness of endemics, there tends to be 

an over-representation of wide-ranging species and some of the rarest and most threatened 

species that are range-restricted are not highlighted. It can therefore be a poor indicator of the 

most effective areas for targeted species conservation (Margules and Pressey 2000, Jetz and 

Rahbek 2002, Orme et al. 2005). An alternative approach is to use a measure such as range-size 

rarity (also called ñendemism richnessò, or ñweighted endemismò) (Williams et al. 1996, Crisp et 

al. 2001, Kier and Barthlott 2001). In this approach range-size rarity is given as the count of 

species present in a region, weighted by their respective range proportion inside the region 

(Moilanen 2007, Pollock et al. 2017, Veach et al. 2017). Using this approach to determine a set 

of global centres of endemism richness for vascular plants, terrestrial vertebrates, freshwater 

fishes and select marine taxa, indicates that harmonised centres of rarity cover 7.3% of the land 

surface and 5% of the marine surface (Figure 2.4; for a full description of methodology and 

details of taxa analysed see Supplementary Material). Some of the indicators of nature reported 

below are sufficiently spatially resolved to allow their global status and trends to be compared to 

the status and trends within these  

 

 
 

Figure 2.3: Harmonized centres of rarity, representing 7.3% of the land surface and 5% of the 

marine surface (see Supplementary Materials). Also indicated are the spatial extent of 
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Conservation Internationalôs Biodiversity Hotspots demonstrating large regions where the two 

measures do not overlap.  

2.2.3.4.3 Hotspots of agrobiodiversity 

Agrobiodiversity is the defined as ñthe variety and variability of animals, plants and micro-

organisms that are used directly or indirectly for food and agriculture, including crops, livestock, 

forestry and fisheries. It comprises the diversity of genetic resources (varieties, breeds) and 

species used for food, fodder, fibre, fuel and pharmaceuticals. It also includes the diversity of 

non-harvested species that support production (soil micro-organisms, predators, pollinators), and 

those in the wider environment that support agro-ecosystems (agricultural, pastoral, forest and 

aquatic) as well as the diversity of the agro-ecosystems.ò (CBD, 2000). Agrobiodiversity is 

therefore a vital component of healthy diverse diets and of sustainable systems that provide 

multiple benefits to people (Biodiversity International, 2017).   

 

Globally a very large number of crop and domestic animal species, landraces, breeds and 

varieties, together with their wild relatives, contribute to food security (Gepts et al. 2012; Dulloo 

et al., 2014; Jacobsen et al., 2015). Yet most human food comes from a relatively small number 

of plants and animals.  Of the Earthôs estimated 400,000 plant species, two-thirds of which are 

thought to be edible, humans only eat approximately 200 species globally (Warren, 2015), and 

just four crops (wheat, rice, maize and potato) account for more than 60% of global food energy 

intake by humans (FAO 2015a). The primary regions of diversity of major agricultural crops are 

mostly tropical or subtropical (Figure 2.5; Khoury et al. 2016), though many of these crops are 

grown well beyond their areas of origin and maximum diversity; on average, over two thirds of 

nationsô food supplies come from such óforeignô crops (Khoury et al. 2016). The location and 

conservation of hotspots of diversity of landraces, breeds and varieties therefore play a critical 

role in proving a gene pool and variety of traits that may provide resilience against climate 

change, pests and pathogens (Jacobsen et al., 2015). One branch of agrobiodiversity that has long 

been recognised in this respect are crop wild relatives (CWR) (Vavilov, 1926). CWRs are the 

ancestral species or other close evolutionary relatives from which present-day crops evolved, and 

they are essential to maintaining a pool of genetic variation underpinning our current crops. 

Their conservation is particularly important given that current crops have heavily depleted gene 

pools resulting from complex domestication processes, human selection and diffusions of crops 

and domestic animals, and ongoing diversification (Harlan, 1971, Zohary et al 2012, Vigne et 

al.2012, Willcox 2013, Larson & Fuller 2014, Ellis 2018, Stépanoff and Vigne 2018).  

 

Vavilov (1926) originally recognised eight centres of crop domestication containing high 

numbers of CWRs. More recent mapping work (e.g. Vincent et al., 2013; Castañeda-Alvarez et 

al. 2016) suggests that there are many more regions where CWR occur and although the current 

richness hotspots align with traditionally recognised centres of crop diversity, other regions such 

as central and western Europe, the eastern USA, south-eastern Africa and northern Australia also 

contain high concentrations of richness of CWRs (Figure 2.6). 
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Figure 2.4 Number of crop wild relative species currently known and their global distribution 

(redrawn from Castañeda-Álvarez et al. 2016) 

 

However, not all crop domestication and diversification has taken place near the areas of CWRôs 

origins (Harlan 1971). New genomic tools and morphometric analyses are suggesting that many 

crops may have multi-local areas of origin (e.g. olive, wheat; (Terral and Arnold-Simard 1996, 

Willcox 2013) with early diffusions at a wide scale beyond the areas of origin of CWR (Figure 

2.7) (see also Amazonian examples in Box 2.3). The same is also true in animal domestication, 

where complex evolutionary and ecological processes along with human selection have shaped 

the diversity and distribution of domestic animals (Larson and Fuller 2014; Larson et al., 2014) 

with the current distributions being much wider than original centres of origin. 
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Figure 2.5 Origins and primary regions of diversity of agricultural crops. Source: Khoury et al. 

2016 CIAT http://rspb.royalsocietypublishing.org/content/283/1832/20160792 
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Another large component of agrobiodiversity underpins other material and non-material benefits 

(fodder, fuel, fibres etc.) (SOTWP, 2016; Diazgranados et al, 2018); for example, there are at 

least 28,000 plant species that are currently recorded as being of medicinal use (Alkin et al., 

2017). Analysis of the distribution of these categories of plants indicates that the vast majority of 

them have overlapping and distinctive global ranges (see chapter 3; Figure 2.6) (Diazgranados et 

al., 2018; Alkin et al., 2018), yet some of the highest concentrations of medicinal plant species 

appear to occur in regions outside of formally designated biodiversity hotspots 

 

 
 

Fig 2.6 Mean medicinal plant species (per 2 ̄grid cell) in each natural unit of analysis 

(Diazgranados et al., 2018; Alkin et al., 2018). Also indicated are Conservation Internationalôs 

Biodiversity hotspots. Acknowledgement and Source of map: Samuel Pironon et al., Department 

of Biodiversity Informatics and Spatial Analysis, Kew, Royal Botanic Gardens.  

2.2.3.5 Species populations 

A measure of the abundance and distribution of a speciesô population is an important facet of 

nature to determine because this can significantly influence the level of ecosystem service 

provision (Luck et al., 2003). For example, in agricultural landscapes where populations of local 

native vegetation provide important foraging and nesting habitats for pollinators, a distance of 

<2km between populations can mean that some fields are too far from nests to receive pollinator 

visits thus significantly reducing pollination services (Luck et al., 2003; Nogues et al., 2015). It 

is also an important measure to understand because species with naturally small ranges and 

populations tend to be more vulnerable to extinction, and the fact that a species, before going 
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extinct, goes through a strong reduction in population size; and because sometimes range is often 

used as a measure of extinction risk (see section 2.2.4). 

 

The great majority of animal and plant species have small geographic distributions, many being 

found only across a very small proportion of the world's surface (e.g., Figure 2.2d; Orme et al. 

2006). Species also differ in the population density (numbers per unit area or volume). This can 

be because of ecological and life history factors such as fecundity, trophic level and body size. 

For example, larger species tend to be less abundant locally, regionally and globally (White et al. 

2007). Population sizes of all species can also fluctuate naturally over time and space in response 

to natural changes in the abiotic environment and species interactions (e.g., Inchausti and Halley 

2001; Chisholm et al. 2014): as a general rule, species' abundance will tend to be higher at places 

and times with more resources and fewer natural enemies. This is particularly true on the deep-

sea floor where abundances tend to be low even though species richness is high (Ramirez-Llodra 

et al. 2010). 

2.2.3.6 Organismal traits  

Traits refer to the structural, chemical and physiological characteristics of plants and animals 

(e.g., body size, clutch size, plant height, wood density, leaf size or nutrient content, rooting-

depth) that are related to the uptake, use and allocation of resources. Global variations in traits 

reflect the combined influence of abiotic (climate, geology, soils) and biotic variables (Figure 

2.2e; Simard et al. 2011) and can often mediate the relationship between organisms and their 

environment, thus dictating the resilience of biodiversity to environmental change (Willis et al., 

2017). Many traits show consistent patterns of within-species geographic variation; for example, 

most mammalian and avian species show larger body size in cooler regions (Meiri and Dayan 

2003; Olsen et al. 2009). Similarly, leaf area and plant height become reduced in cooler regions. 

An understanding of traits is important for both biodiversity conservation and determining NCP.  

 

First, traits directly affect the ability or otherwise of plants and animals to respond to 

environmental perturbations including land-use change, climate change, pests and pathogens and 

this in turn directly affects their conservation potential. When a community of organisms faces a 

particular driver of change, its responses will be therefore strongly mediated by the set of traits in 

the community and how variation in those traits is distributed within and among species and 

populations (e.g., Suding et al. 2008, Diaz et al. 2013, Hevia et al. 2017). For example, in a 

global assessment on plant traits (Willis et al., 2017), species with a less dense wood and shorter 

roots were less able to withstand intervals of drought than those possessing these traits.  The 

same is also true for animals. In a recent study on global terrestrial mammals, for example, those 

species not possessing traits adapted to burrowing and/or requiring a specialised diet were less 

resilient to climate change (Pacifici et al., 2017). There are also similar studies of traits of marine 

organisms to again indicate that certain traits provide greater resilience to environmental change 

(Costello et al. 2015).  

 

Second, organismal traits provide a critical link to biological functions that underpin the delivery 

of many important societal benefits (Diaz et al., 2006; De Bello 2010; Lavorel 2013). These 
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include food and timber (quality and yield), pollination services, carbon sequestration, and soil 

nutrient quality and retention (De Bello et al., 2010). Understanding variation in traits which 

enable resource security and supply particularly in the face of environmental change will become 

increasingly important in the future (Willis et al., 2018). Yet despite their importance, still very 

little is known about the global distribution of traits in most taxonomic groups; e.g., a recent 

estimate suggested that only 2% of documented terrestrial plant species have associated trait 

measurements (Jetz et al., 2016). 

2.2.3.7 Genetic composition  

Diversity in genotypes within and between species ultimately underpins variation among plants 

and animals, wild and domesticated, and thus provides the essential building blocks that 

underpin NCP. A diverse gene pool is also critical to provide resilience to disease, climate 

change and other environmental perturbations both in wild and domesticated populations. 

Understanding the diversity and distribution of global genetic resources is therefore of critical 

importance and has been identified as one of the most essential biodiversity variables to monitor 

in order to understand the health of the planet (Steffen et al., 2017). 

 

Factors responsible for global patterns of genetic diversity are complex and are the result of 

evolutionary and ecological processes occurring across multiple timescales (Schulter and Parnell, 

2017). However, some generalised patterns are apparent in animals. For example, a recent study 

that examined genetic diversity within 4600 mammalian and amphibian species at a global scale, 

demonstrated a broad latitudinal gradient with higher values in the tropical Andes and Amazonia 

(Figure 2.2f; Miraldo et al. 2016). Other regions with high genetic diversity include the 

subtropical parts of South Africa for mammals and the eastern coast of Japan for amphibians. In 

temperate regions, western North America contains high level of genetic diversity, coinciding 

with high levels of mammalian species richness. In another recent study, examining genetic 

diversity of 76 animal species with global distributions, species traits related to parental 

investment and reproductive rates were also found to significantly influence genetic diversity ï 

short-lived generalist species with high reproductive rates tend to have much higher levels of 

genetic diversity. Thus slow-living specialists have a much lower genetic diversity and are 

possibly therefore more vulnerable to environmental perturbations (Romiguier et al., 2014).  

 

A global understanding of patterns of genetic diversity in other groups (e.g. plants, marine 

organisms) is largely lacking although there are many excellent regional-scale studies indicating 

complex patterns resulting from processes occurring over millions of years (for a review see 

Schulter and Parnell 2017) and gene pools associated with crop wild relatives (see above).  

 

Policy decisions can be tailored to enhancing adaptive evolution of species that are beneficial 

(e.g. keystone species or species with important benefits to people) and reducing the adaptive 

evolution of species that are detrimental (e.g. pests, pathogens, weeds). This topic is discussed in 

Box 2.6 (Rapid evolution) in Section 2.2.5.2.5.  
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2.2.4 Contribution of Indigenous Peoples and Local Communities to the co-production 

and maintenance of nature  

Indigenous Peoples and Local Communities (IPLCs), whose customary land encompasses 

approximately 50-80% of the global land area (Pearce 2016 but see problems of mapping in 

Chapter 1), often consider humans as an element of nature, with reciprocal exchanges between 

humans and non-humans that lead to nurturing and co-production.  

 

It is important to emphasize that what has often been traditionally seen from a scientific or 

romantic perspective as untouched nature or wilderness is often the product of long-term use by 

IPLCs (e.g. the Kayapo cultural forests, Posey 1985, Willis and Birks 2006, Fairhead and Leach 

1996). As wilderness areas cover an estimated 23% of land and are core to nature conservation 

(Watson et al. 2016), a careful re-examination of cases based on long-term paleoecological and 

human historical records may help to overcome this controversy.  

 

Although global studies that compare the status of biodiversity inside versus outside IPLC areas 

are not yet available, a large fraction of terrestrial óbiodiversityô ï perhaps up to 80% (Sobrevilla, 

2008) are found on IPLC land (Gorenflo et al. 2012, Garnett et al. 2018). Whilst this figure 

remains an estimate until there is a more complete documentation of areas managed and/or held 

by IPLCs (through efforts such as the Global Registry of ICCAs) and increased inclusion of 

diverse governance types in the World Database on Protected Areas (Corrigan et al. 2016). 

However, such a high estimate is not unrealistic, given that at least a quarter of the global land 

area is traditionally owned, managed,  used or occupied by indigenous peoples, including 

approximately 35 per cent of the area that is formally protected and approximately 35 per cent of 

all remaining terrestrial areas with very low human intervention (Garnett et al. 2018, see also 

Landmark.org and Chapter 1); and assuming that most rural populations pursuing small-scale 

non-industrial agriculture and forest management belong to ólocal communitiesô adapted to local 

conditions.  

 

It has also been noted many times that global patterns of biological diversity and cultural 

diversity seem not to be independent. However, while the overlap between cultural (e.g. 

linguistic) and biological diversity at the global scale is undeniable (Maffi 2001, Stepp et al. 

2004), likely reasons for co-occurrence of linguistic and biological diversity are complex and 

less well known (Moore et al. 2002). Co-occurrences may be due, for example, by the longevity 

of local occupation, isolation caused by terrain, and specific (e.g. tribal) social structures and 

appear to vary among localities. Nevertheless, strong geographic concordance argues for some 

form of functional connection (Gorenflo et al. 2012); this is something that requires further 

biocultural explorations (see section 6.xx for more details) (Gavin et al. 2015). 

 

There are many cases in the world where IPLCs ócontributeô to nature by co-producing genetic 

diversity, species and ecosystem diversity through óaccompanyingô natural processes with 

anthropogenic assets (knowledge, practices, technology) (Posey 1999, Berkes 2012, Forest 

Peoples Programme et al. 2016). IPLCs often manage inland and coastal areas based on 

https://eur03.safelinks.protection.outlook.com/?url=http%3A%2F%2FLandmark.org&data=02%7C01%7Chien.ngo%40ipbes.net%7Cb6fb01f541074a5d9e1e08d6e5eedfca%7Cb3e5db5e2944483799f57488ace54319%7C0%7C0%7C636949211460001274&sdata=QPIUL6ZxGavVP8J%2FuO86arEENdkoyY6ACqvzexXB4Vs%3D&reserved=0
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culturally specific values and worldviews, applying principles and indicators like health of the 

land, caring for the country, and reciprocal responsibility with the goal of promoting ecosystem 

health, respect and integrity (Posey 1999, Berkes 2012, Lyver et al. 2017). However, 

unsustainable Indigenous practices are becoming increasingly common, e.g., the óemptyô, ósilentô 

forests (cf. Redford 1991) and pasture degradation (see also 2.2.5.1-2-3 and chapter 3xx and 

4xx). Changes in these areas are also often driven by changes in land management by 

governments and corporations (White et al. 2012), and the proportion of areas still managed by 

IPLCs and/or according to Indigenous and local concepts is decreasing (Borras et al. 2011). 

Case studies below show where the nature that contributes to people has been co-produced by 

local people. 

2.2.4.1 Co-production of cultural landscapes with high ecosystem heterogeneity 

High-diversity cultural landscapes (Agnoletti 2006) and Socio-Ecological Production 

Landscapes and Seascapes (SEPLS, satoyama-initiative.org), which often comprise a complex 

mosaic of forested areas, wet, irrigated and dry places, and coastal habitats, can provide a 

richness of food, fodder, timber, medicinal plants to local communities. Such landscapes have a 

long history of human-nature co-production. For example, the Mediterranean pasture or crop and 

oak agro-sylvopastoral systems (known as Dehesa in Spain, Montado in Portugal), olive and fig 

agro-sylvopastoral systems, holm oak-truffle woods, chestnut rural forests, and Argan 

agroecosystems are a number of human-nature co-production systems that are known to host a 

rich open habitat flora with diverse ecotones and a high level of landscape heterogeneity (Garcia-

Tejero et al., 2016; Lopez-Sanchez et al., 2016, Michon 2011; Aumeeruddy-Thomas et al., 2012, 

2016). 

2.2.4.2 Development of species-rich semi-natural ecosystems of wild species 

In cultural landscapes where people have actively changed the local disturbance regime, species-

rich habitats can develop. Some of these ecosystems, made up of wild native species, became 

local óhotspotsô of diversity. These include for example, the European hay meadows (see Box 2.4 

below) which have replaced many broad-leaved and coniferous forests in mountainous and 

boreal regions, and which were purposefully developed by local communities (Babai and Molnár 

2014a). These meadows are among the most species-rich grasslands on Earth at several small 

spatial scales (up to 60-80 vascular plant species per 16 m2, Wilson et al. 2012). The species 

richness of these hay meadows is correlated with the longevity and continuity of a more or less 

stable extensive traditional management spanning thousands of years (Zobel 1992, Merunková 

and Chytrý 2012; Reitalu et al. 2010). 

 

2.2.4.3 Creation of new ecosystems with a combination of wild and domestic species 

In many regions of the world Indigenous Peoples and Local Communities have combined wild 

and domesticated species in their agroecosystems to create new, often highly diverse ecosystems. 

These farming systems often sustain communities of diverse plant and animal species with 

increased synergy (in production and resilience). For example, IPLCs have developed multi-

species tropical forest gardens in Kebu-talun and Pekarangan in West Java (Christianty et al., 
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1986), rotational swidden agriculture in Thailand (Wangpakapattanawong et al. 2010 and see 

Box 2.4 below). In many of these locally developed traditional agroforestry systems trees, crops 

and/or livestock associations (Michon et al., 2000; Wiersum and Freerk, 2004) differ according 

to biocultural, social, economic and political contexts. In addition, the interaction between wild 

and cultivated components (often called rural forests) that occur in this agroforestry systems can 

result in hybridisation and have been suggested as a major driver of tree domestication across the 

planet (Aumeeruddy-Thomas, 1994; Genin et al., 2013; Michon, 2015, Aumeeruddy-Thomas & 

Michon 2018).  

 

In wetland ecosystems, another combination of wild and domestic species that occurs is the rice-

fish-duck culture in China (Xue et al. 2012). In addition, flooded plains across the tropics (e.g. 

since pre-Columbian times in Bolivia and French Guyana, also contemporary Africa) have 

agroecosystems based on the construction of large man-made mounds for cultivation. These are 

known to have brought into these flooded plains a rich agricultural biodiversity, while hosting 

also a large diversity of soil diversity and insects that benefit from these elevated terrestrial parts 

of the landscapes (McKey et al., 2016). Man-made oases or other highly modified ecosystems 

developed by local communities, can enhance natural processes as well as biological diversity 

(Tengberg et al. 2013). 

 

Box 2.4. Two cultural landscapes where anthropogenic processes enhance biodiversity 

 

  

Embedded in the cultural landscape 

in Gyimes (Carpathians, Romania), 

these meadows were created by local 

Hungarian Csángó people to provide 

valuable hay and are now extremely 

species-rich semi-natural ecosystems 

(Section 2.2.4.2). Meadows are 

managed based on a deep 

understanding of local ecological 

processes (e.g., hayseed is gathered in 

the barns and spread onto hay 

meadows to increase hay quantity and 

This socio-ecological production landscape has 

created new ecosystems with many wild and 

domestic species (Section 2.2.4.3), with 

rotational farming developed and managed by 

Karen people in Thailand with traditional co-

creation techniques (an example for 2.2.4.3). ñA 

system that speaks to sustainability and 

livelihood securityò. ñWe select places for 

cultivation by listening to the sound of a stick hit 

to the soil in soft-wood and bamboo forests able 

to resprout while we avoid areas with large 

trees, having certain birds and mammals, and 

that are close to streams.ò ñWe seed not only 
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quality, Babai et al., 2014, 2015). 

(Photo: Dániel Babai) 

rice but many kinds of vegetables and vibrant 

coloured flowers believed to keep insects and 

birds away.ò Source: Global Assessment face-

to-face consultation with Kriengkrai Chechuang, 

Thailand. 

 

2.2.4.4 Contributing to agrodiversit y by selection and domestication 

Domestication is an ongoing process that has been occurring for at least the past 20,000 years on 

Earth. Indigenous Peoples and Local Communities maintain many local varieties and breeds of 

plants, animals, and fungi and thus facilitate adaptations to the changing socio-ecological 

environment. Domestication is about selection of specific traits, and their integration into social-

ecological niches that often differ from their original habitats. This process has occurred over 

millennia, since the Epipaleolithic (ca. 20 000-5 000 years ago) in the Mediterranean region and 

at similar periods in Papua New Guinea, Mexico, South America, and Central Asia. (Castañeda-

Álvarez et al. 2016, Larson and Füller 2014, Ellis et al.2018).  

 

Local plant and animal landraces (domesticated, locally adapted, traditional varieties and breeds) 

may either correspond to areas of origin or be a consequence of human-assisted dispersal across 

the planet. For instance, the pre-Columbian travel of sweet potato from South America where it 

was domesticated to the Pacific islands (Roullier et al. 2013a, b), ultimately reached Papua New 

Guinea where it became a very important staple food and also diversified as a result of isolation 

from its area of origin, new ecological conditions and selection by humans (see Box 2.3). This 

effect of diffusion and genetic isolation, adaptation and selection are clearly a co-production 

resulting from Indigenous Peoples and Local Communities manipulating ecological and 

biological evolutionary processes. Domestic animals have evolved far from their wild relativesô 

origin and represent another example of joint production linked to selection by people and 

adaptation to local environments. For example, there is an estimated ca. 800 local breeds of 

domesticated cattle, although the true numbers are incompletely known (FAO 2015a). 

2.2.4.5 Enhancement of the natural resilience through traditional management 

Many traditional resource management systems are ódesignedô to be resilient by IPLCs, thus 

enabling socio-ecological systems to collectively respond or adapt to changes (Berkes and Folke 

1998). Activities that are promoted to enhance natural resilience include for example, the 

protection and restoration of natural and modified ecosystems, the sustainable use of soil and 

water resources, agro-forestry, diversification of farming systems, crop development (e.g., stress-

tolerant crops) and various adjustments in cultivation practices (Mijatovic et al. 2012, Barrios et 

al. 2012, Emperaire 2017). Farmers often utilize the diverse ecology of different crops to add 

synergy (such as nitrogen fixing plants, trees for shade, animals for fertilizing soils or rice 

fields). Such systems can diffuse risks caused by extreme climate events (e.g. floods, drought), 

pests or pathogens. Traditional knowledge of the ecology and cultivation of crops is combined 

with social practices, such as exchange networks, including seed-exchange networks (Coomes et 
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al. 2015, Wencelius et al. 2016, Thomas and Caillon, 2016) to increase a farmersô capacity to 

find adequate landraces either to adapt to changing markets or changing climate. 

2.2.4.6 Increase local net primary biomass production at the landscape scale 

IPLCs often increase local biomass production by, for example, rotational farming and 

disturbance regimes (see section 2.2.4.2 above). Examples of this type of activity includes for 

example, creation of rich berry patches (dominated by Vaccinum spp. and other berries) in boreal 

forests by regular burning (Johnson 1994, Davidson-Hunt 2003). In addition, prescribed regular 

burnings and community-based fire management of dry grasslands, forests and marshes can 

sometimes not only prevent larger fires that would damage local livelihoods, but they can also 

help the resprouting of herbaceous vegetation and restore habitat and landscape structure 

favourable for biodiversity (Pellatt and Gedalof 2014, Miller and Davidson-Hunt 2010, Russell-

Smith et al. 2009). The same is true for some properly executed grazing regimes by domestic 

livestock that are adapted to the local environment and are able to prevent overgrazing (Molnár 

2014, Tyler et al. 2007). 

 

In other cases, Indigenous Peoples and Local Communities ï unintentionally - maintain high 

levels of prey animals (e.g., sheep) that óprovideô an additional food source, which in turn are 

important for maintaining iconic predators (lion, leopard, wolf, bear, Casimir 2001, Mertens and 

Promberger 2001). Similarly, fruit gardens óprovideô food for frugivorous mammals when forest 

fruits are scarce (Moore et al. 2016) and thus contribute to the protection of threatened species by 

this extra food (Siebert and Belsky 2014).  

2.2.4.7 Contribution to biodiversity by sustaining and protecting ecosystems of high 

conservation value from external users 

IPLCs sustain naturally developed or modified ecosystems (such as the ones featured in the 

previous sections), and prevent species and ecosystem loss in these areas, for example by 

restricting access, and thus preventing unsustainable practices by outsider users (e.g. legal and 

illegal logging, mining, poaching, overexploitation of fisheries) (see ICCAs, OECMs, Berkes 

2003, Borrini-Feyerabend et al. 2004, Corrigan et al. 2016, Nepstad et al. 2006, Govan 2016, see 

more in Chapter 3 and 6).  

 

Additionally, some threatened species and some areas have strong cultural and/or spiritual 

significance (sacred species and sites) or are important for communitiesô well-being (e.g. 

medicinal plants, mental health) and thus have been actively conserved by communities through 

totem restrictions, hunting and harvesting taboos, sacred groves, rivers and springs, total or 

temporal use restrictions or nurturing sources of ecosystem renewal (Colding and Folke 1997, 

Bhagwat et al. 2012, Pungetti et al. 2012). These social taboos are often óinvisibleô and thus not 

recognized or accounted for in conventional conservation (Colding, Folke 2001) though this is 

changing (Bennett et al. 2017). 

2.2.5 Status and trends in nature 




