
Guidelines for classifying 
agricultural and plantation forestry 
ecosystems in the IUCN Global  
Ecosystem Typology 

INTERNATIONAL UNION FOR CONSERVATION OF NATURE 

 Edited by A. Driver and E.A. Botts 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

About IUCN 

IUCN is a membership Union uniquely composed of both government and civil society organisations. It 

provides public, private and non-governmental organisations with the knowledge and tools that enable 

human progress, economic development and nature conservation to take place together. 

Created in 1948, IUCN is now the world’s largest and most diverse environmental network, harnessing the 

knowledge, resources and reach of more than 1,400 Member organisations and around 17,000 experts. It 

is a leading provider of conservation data, assessments and analysis. Its broad membership enables IUCN 

to fill the role of incubator and trusted repository of best practices, tools and international standards. 

IUCN provides a neutral space in which diverse stakeholders including governments, NGOs, scientists, 

businesses, local communities, indigenous peoples organisations and others can work together to forge and 

implement solutions to environmental challenges and achieve sustainable development. 

Working with many partners and supporters, IUCN implements a large and diverse portfolio of conservation 

projects worldwide. Combining the latest science with the traditional knowledge of local communities, these 

projects work to reverse habitat loss, restore ecosystems and improve people’s well-being. 

www.iucn.org 

https://x.com/IUCN  

http://www.iucn.org/
https://x.com/IUCN


 

 

 

 

Guidelines for classifying 

agricultural and plantation forestry 

ecosystems in the IUCN Global 

Ecosystem Typology 
Edited by A. Driver and E.A. Botts 

 

 

 

  



 

CC BY-NC 4.0 Attribution 4.0 International. This work is licensed under 

https://creativecommons.org/licenses/by-nc/4.0/. The user is allowed to distribute, remix, adapt, and 

 

 

 

 

  

 

 

 

 

  

  

 

  build upon the material in any medium or format. The user must give appropriate credit to IUCN as 

the source of the material and indicate if changes were made to the original content. Only non-commercial uses of the 

work are permitted. Use of the name and logo of IUCN is not permitted in connection with adaptations, translations, or 

other derivative works.

Adaptations/translations/derivatives should not carry any official logo, unless they have been approved and validated by

IUCN. Please contact IUCN (logo@iucn.org) to obtain permission.

When copyright of content published by IUCN, such as images, graphics or logos, is held by a third-party, the user of 

such content is solely responsible for clearing the rights with the right holder(s).

The user acknowledges and agrees that any transformation, adaptation, translation or alteration of the Original Content 

provided by IUCN “hereinafter referred to as “Original Content” is done at the user’s own risk. In no event shall IUCN be

liable for any  damages, losses or consequences arising from the use, modification or adaptation of the Original Content.

The User agrees to comply with all applicable laws and regulations when transforming, adapting or redistributing the 

Original Content. Furthermore, IUCN does not guarantee the quality, accuracy, integrity or legal compliance of the 

Original Content after its transformation or adaptation. IUCN expressly disclaims all liability for any copyright, trademark,

or other legal infringement that may result from  the modification or unauthorized use of the Original Content.

The designation of geographical entities in this work, and the presentation of the material, do not imply the expression of

any opinion whatsoever on the part of IUCN or other participating organisations concerning the legal status of any 

country, territory, or area, or of its authorities, or concerning the delimitation of its frontiers or boundaries.

The views expressed in this work do not necessarily reflect those of IUCN or other participating organisations.

IUCN is pleased to acknowledge the support of its Framework Partners who provide core funding: Ministry of Foreign 

Affairs, Denmark; Ministry for Foreign Affairs, Finland; Government of France and the French Development Agency 

(AFD); Ministry of Environment, Republic of Korea; Ministry of the Environment, Climate and Sustainable Development,

Grand Duchy of Luxembourg; the Norwegian Agency for Development Cooperation (Norad); the Swedish International 

Development Cooperation Agency (Sida); the Swiss Agency for Development and Cooperation (SDC) and the United 

States Department of State.

This publication has been made possible by funding from Agence Française de Développement, as part of the 2021–

2024 France-IUCN Partnership.

Published by:  IUCN, Gland, Switzerland

Produced by:  IUCN Commission on Ecosystem Management (CEM)

Copyright:  © 2025 IUCN, International Union for Conservation of Nature and Natural Resources 

Recommended citation: Driver, A. & Botts, E.A. (Eds.) (2025). Guidelines for classifying agricultural and plantation 

forestry ecosystems in the IUCN Global Ecosystem Typology. Gland, Switzerland: IUCN. 

Cover photos: CC: [front cover] Victor Bayon via Flickr, Gobierno Danilo Medina via Flickr, BalukuBrian 

via Wikimedia Commons, Senin Roman via Wikimedia Commons, Ninara via Flickr, 

firestrike via iNaturalist, Antoine S. via Flickr, Nas2 via Wikimedia Commons, Don 

Sniegowski via Flickr, Calistemon via Wikimedia Commons, Jorge Franganillo via Flickr, 

Jeanne Benioff via iNaturalist, Philippe Serrand via Pexels, Martinho-Fiz López Lindoso via 

iNaturalist, Bealbrown via Wikimedia Commons. [back cover] UNESCO-UNEVOC via 

Flickr, Rich Kostecke via iNaturalist, Vitya Maly via GoodFon, Pere prlpz via Wikimedia 

Commons, kerouse78 via iNaturalist, US Fish and Wildlife Service via Flickr, Quang 

Nguyen Vinh via Pexels, Needpix, ILF via Flickr. 

Layout by: Emily Botts 

https://creativecommons.org/licenses/by-nc/4.0/
mailto:logo@iucn.org


 

Guidelines for classifying agricultural and plantation forestry ecosystems 

in the IUCN Global Ecosystem Typology  iii 

Table of contents 

List of tables ................................................................................................................................................iv 
List of figures ...............................................................................................................................................iv 
List of boxes ................................................................................................................................................iv 
Preface ........................................................................................................................................................ v 
Acknowledgements .....................................................................................................................................vi 
Acronyms ................................................................................................................................................... vii 

Part A: Background information.............................................................................................. 1 

1 Introduction ............................................................................................................................................ 1 
2 National ecosystem classification and mapping: an essential foundation for a range of applications ........ 4 
3 An introduction to the Global Ecosystem Typology.................................................................................. 9 
4 Key concepts and terms ....................................................................................................................... 13 

Part B: Agricultural and plantation forestry ecosystems in the Global Ecosystem Typology ........ 24 

5 An overview of agricultural biomes and ecosystem functional groups in the Global Ecosystem 

Typology ............................................................................................................................................... 24 
6 Ecosystem functional group T7.1 Annual croplands [Herbaceous croplands] ....................................... 29 
7 Ecosystem functional group T7.2 Sown pastures and fields [Sown pastures] ........................................ 39 
8 Ecosystem functional group T7.3 Plantations [and woody croplands] ................................................... 45 
9 Ecosystem functional group T7.5 Derived semi-natural pastures and old fields [Derived semi-natural 

grasslands] ........................................................................................................................................... 53 
10 Ecosystem functional group F3.3 Rice paddies [Aquatic and semi-aquatic croplands] .......................... 57 
11 Comparison across agricultural ecosystem functional groups ............................................................... 61 

Part C: Related issues ......................................................................................................... 63 

12 Agroforestry systems in relation to the Global Ecosystem Typology ...................................................... 63 
13 The interpretation of rangelands in the Global Ecosystem Typology ...................................................... 66 
Related resources ...................................................................................................................................... 68 
Glossary .................................................................................................................................................... 69 
References ................................................................................................................................................ 72 
 

  



 

Guidelines for classifying agricultural and plantation forestry ecosystems 

in the IUCN Global Ecosystem Typology  iv 

List of tables 

Table 1. The Global Ecosystem Typology includes six anthropogenic biomes and 16 anthropogenic 

ecosystem functional groups, in which ecosystems are created and maintained by human activities. Shaded 

rows indicate agricultural and plantation forestry ecosystem functional groups, which are a subset of 

anthropogenic ecosystem functional groups. ............................................................................................. 16 

Table 2. Summary of examples of ecosystems in each agricultural ecosystem functional group, profiled in 

Sections 6 to 10. ........................................................................................................................................ 27 

Table 3. Characteristics of T7.1 Annual croplands [Herbaceous croplands], and examples of factors that 

may be used to distinguish between ecosystem types within this ecosystem functional group.................... 31 

Table 4. Characteristics of T7.2 Sown pastures and fields [Sown pastures], and examples of factors that 

may be used to distinguish between different ecosystem types within this ecosystem functional group. ..... 40 

Table 5. Characteristics of T7.3 Plantations [and woody croplands], and examples of factors that may be 

used to distinguish between different ecosystem types within this ecosystem functional group. ................. 46 

Table 6. Characteristics of T7.5 Derived semi-natural pastures [Derived semi-natural grasslands], and 

examples of factors that may be used to distinguish between different ecosystem types within this 

ecosystem functional group. ...................................................................................................................... 54 

Table 7. Characteristics of F3.3 Rice paddies [Aquatic and semi-aquatic croplands], and examples of 

factors that may be used to distinguish between different ecosystem types within this ecosystem functional 

group. ........................................................................................................................................................ 57 

Table 8. Summary of characteristics across agricultural ecosystem functional groups. .............................. 61 

Table 9. A typology of agroforestry systems and practices in Europe. Source: Dupraz et al., 2018, cited by 

the European Commission (2023). ............................................................................................................. 64 
 

List of figures 

Figure 1. A national ecosystem map provides foundational data for a wide range of applications, including 

supporting the implementation and monitoring of the Kunming-Montreal Global Biodiversity Framework. 

Source: Driver et al., in prep. ....................................................................................................................... 5 

Figure 2. Structure of the categories in the IUCN Red List of Ecosystems. Source: https://iucnrle.org/rle-

categ-and-criteria. ....................................................................................................................................... 6 

Figure 3. Core ecosystem accounts in the System of Environmental-Economic Accounting (SEEA) 

Ecosystem Accounting. Source: UN et al., 2024, Figure 2.2. ....................................................................... 6 

Figure 4. The Global Ecosystem Typology provides a hierarchical framework of six levels for classifying 

ecosystems, enabling global consistency at the upper levels of the Typology (shown in blue and green) 

while encouraging detailed national ecosystem classifications at the lower levels (shown in red). Source: 

Based on Xiao et al., 2024. ........................................................................................................................ 11 
 

List of boxes 

Box 1. Guidance on names and descriptions of ecosystem types (levels 5 and 6 of the Global Ecosystem 

Typology). .................................................................................................................................................. 14 



 

Guidelines for classifying agricultural and plantation forestry ecosystems 

in the IUCN Global Ecosystem Typology  v 

 

Preface 

More than one third of the world’s land area is devoted to agricultural production, and agricultural 

expansion and intensification are major pressures on biodiversity. Yet, agriculture also depends 

fundamentally on biodiversity and, if managed appropriately, can contribute to supporting and 

conserving biodiversity. Navigating and finding solutions to this paradox of impact, dependence 

and potential contribution is one of our biggest planetary challenges. Conscious of this challenge, 

the IUCN has examined the interactions between agriculture and conservation in depth, and in 

2024 published a flagship report Agriculture and conservation: Living in a globalised world (IUCN, 

2024a). 

One of the key messages from this global analysis was the “enormous value that standardised 

data and knowledge products have in illuminating the pathways towards solutions”. New 

frameworks and systems have emerged in recent years to facilitate such standardisation, such as 

the IUCN Global Ecosystem Typology, which provides a comprehensive classification framework 

for Earth’s ecosystems. Consistent classification of ecosystems in turn supports consistent 

measurement and assessment, including through the IUCN Red List of Ecosystems and the 

System of Environmental-Economic Accounting (SEEA) Ecosystem Accounting, helping to identify 

the ecosystems that are most critical for biodiversity conservation, research, management and 

human wellbeing into the future. These guidelines aim to facilitate improved knowledge of 

agricultural and plantation forestry ecosystems, and their relationship with other ecosystems in 

complex landscapes, by providing clarity on how the IUCN Global Ecosystem Typology is applied 

in the context of agricultural and plantation forestry production. This provides a foundation for a 

range of applications that can enable and support sustainable agriculture. 

The work to develop these guidelines was initiated and led by the IUCN and undertaken over the 

period January 2024 to March 2025, in consultation with experts from the United Nations 

Committee of Experts on Environmental-Economic Accounting (UNCEEA) Technical Committee 

on SEEA Ecosystem Accounting. A reference group guided the work, consisting of experts from 

the IUCN Commission on Ecosystem Management’s network of scientists and experts of the 

UNCEEA Technical Committee on SEEA Ecosystem Accounting. 
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Part A: Background information 

1 Introduction 

This document provides practical guidance on classifying agricultural and plantation forestry 

ecosystems in the context of the IUCN Global Ecosystem Typology. The availability of the Global 

Ecosystem Typology since 2020 has created the opportunity for harmonised spatial information 

on ecosystems, enabling consistency and comparison across countries as well as regional and 

global synthesis. These guidelines aim to support the inclusion of agricultural and plantation 

forestry ecosystems in national ecosystem classifications and maps, while also promoting greater 

global consistency. For simplicity, the term ‘agricultural ecosystems’ is used in these guidelines as 

an umbrella term for agricultural and plantation forestry ecosystems in places where the 

discussion can be understood from the context to apply to both. 

The guidelines focus especially on agricultural ecosystems in national ecosystem classifications 

and maps, which have been or are being developed in a growing number of countries. These 

national ecosystem maps provide foundational information for policy, planning, decision-making, 

action and monitoring, including the development and implementation of National Biodiversity 

Strategies and Action Plans (NBSAPs), reporting on the headline indicators of the Kunming-

Montreal Global Biodiversity Framework, compiling ecosystem accounts using the System of 

Environmental-Economic Accounting (SEEA) Ecosystem Accounting and undertaking Red List of 

Ecosystem assessments (see Section 2 for more on the applications of national ecosystem maps). 

Agricultural production occupies a large proportion of Earth’s land area and is often intimately 

linked to nature. As much as 4.8 billion hectares of land were used for agriculture in 2022 (FAO, 

2024), over 37% of global land area. From a biodiversity perspective, the widespread use of land 

and natural resources for agriculture is significant for several reasons. Conversion of natural 

ecosystems to intensive agricultural uses, such as croplands and pastures, is a major driver of 

biodiversity loss, impacting on ecosystem, species and genetic diversity. At the same time, the 

productivity and sustainability of many agricultural ecosystems depends profoundly on water, 

nutrients, climate regulation, pollination and genetic materials that come from nature (IUCN, 

2024a). In addition, many agricultural ecosystems themselves contain or support important 

biodiversity that requires management and conservation. There is growing recognition and 

attention to the role of food systems and ecologically based approaches to agriculture in fostering 

sustainable development and climate resilience. Efforts to improve the sustainability of agricultural 

ecosystems will not only benefit biodiversity, but also the future of agriculture itself (IUCN, 2024a). 

An essential foundation for understanding and managing the relationship between agriculture and 

biodiversity is knowledge about which agricultural ecosystem types exist, their characteristics and 

their geographic distribution. For example, knowing where agricultural ecosystem types have 

replaced or impacted natural ecosystem types, which ecosystem types are involved, and 

understanding biodiversity-related characteristics of agricultural ecosystems, can help to improve 

their management. This is especially important at the national and local level, where such 

information is needed for policy, planning, decision-making and action by stakeholders and 

communities involved in agriculture and conservation, supporting collaboration between these 

sectors. 
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Agricultural ecosystems are considered in these guidelines in the context of the full landscape, 

which typically consists of a continuum from natural ecosystems, largely unmodified by humans, 

through to anthropogenic ecosystems that are created and maintained by humans, such as 

croplands and urban areas. Classifying all ecosystems across this continuum enables the 

development of wall-to-wall (spatially comprehensive) ecosystem maps, with advantages for 

several applications (see Section 2). It enables agricultural ecosystems to be seen and managed 

in the context of the landscape as a whole. 

The Global Ecosystem Typology and these guidelines take an ecological perspective on 

identifying different agricultural systems or types, with agricultural ecosystems seen primarily as 

units with ecological properties, rather than a production or economic perspective. As we will 

discuss, a land cover or land use perspective, which has been used widely for classifying 

agricultural activities and units in the landscape, bears some relation to the ecological perspective 

but is not equivalent.1 The ecological perspective supports an understanding of the links between 

agriculture and biodiversity. 

In some countries, maps and classifications of ecosystems are well developed and have been 

improved and refined over years or even decades, while other countries are newer to the process. 

These guidelines are intended both for countries that are developing a national ecosystem map for 

the first time, and for countries that have an existing national ecosystem map and would like to 

strengthen the representation and characterisation of agricultural ecosystem types, including their 

alignment with the Global Ecosystem Typology. 

These guidelines do not give general advice on developing a national ecosystem classification and 

map, including methods for mapping ecosystems. The Group on Earth Observation’s Global 

Ecosystems Atlas initiative, which aims to harmonise spatial data on all the world’s ecosystems in 

an open resource, has developed Guidelines for Developing a National Ecosystem Map (Driver et 

al., in prep). They cover the major components and phases of the process and encourage 

alignment of national ecosystem classifications with the Global Ecosystem Typology. The 

guidelines presented here provide a complementary resource, with a specific focus on identifying 

and classifying agricultural ecosystem types. 

Also outside the scope of these guidelines is general advice on the process of cross-referencing 

national ecosystem classifications to the Global Ecosystem Typology. For this, see the IUCN’s 

Standards, Methods and Guidelines for Cross-referencing Ecosystem Classifications and Maps to 

the IUCN Global Ecosystem Typology (IUCN, 2025). The guidelines presented here provide a 

complementary resource with specific reference to agricultural ecosystem types in the Global 

Ecosystem Typology. 

Intended users of these guidelines include: 

• At the national level: Teams involved in classification and mapping of ecosystems, who could 

be in government, research institutions, non-government organisations or a combination of 

these. They may be developing a new ecosystem classification and map, refining an existing 

one, or cross-referencing national agricultural ecosystem classes to the Global Ecosystem 

 
1 These guidelines do not examine the relationship between agricultural and plantation forestry classes in the Global 

Ecosystem Typology, and those in classifications such as the FAO’s classification of forest and other wooded land 

(FAO, 2023) and the FAO’s land use classification, which includes agricultural land use (FAO_LAND_QUEST_EN.xlsx). 

Further work would be required to consider differences and possible correspondences between these classifications, 

drawing on IUCN’s Standards, methods and guidelines for cross-referencing ecosystem classifications and maps to the 

IUCN Global Ecosystem Typology (IUCN, 2025). 

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.fao.org%2Ffileadmin%2Fuser_upload%2Ffaoweb%2Fstatistics%2Fquestionnaires%2FFAO_LAND_QUEST_EN.xlsx&wdOrigin=BROWSELINK
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Typology. Typically, these processes are led by institutions that have a mandate related to 

biodiversity or ecosystems, ideally in collaboration with other relevant institutions and sectors. 

• At the regional and global level: Experts providing support to countries to develop 

classifications and maps of ecosystems, and regional or global initiatives related to classifying 

and mapping ecosystems. 

These guidelines may also be useful for a range of practitioners involved in sustainable agriculture, 

integrated land management and related fields, who wish to consider the ecological 

characteristics of agricultural and plantation forestry ecosystems, make distinctions among them 

and differentiate them from other ecosystem types. 

The guidelines are structured as follows: 

Part A: Background information 

• Section 2 explains the role of ecosystem classification and mapping in underpinning a range of 

policy-relevant applications. 

• Section 3 introduces the Global Ecosystem Typology. 

• Section 4 sets out key concepts and terms relevant to classifying agricultural ecosystem 

types. 

Part B: Agricultural and plantation forestry ecosystems in the Global Ecosystem Typology 

• Section 5 gives an overview of biomes and ecosystem functional groups in the Global 

Ecosystem Typology that include agricultural ecosystem types. 

• Sections 6 to 10 describe the agricultural ecosystem functional groups, including giving 

examples of ecosystems within each of them and discussing factors that may be used to 

distinguish between ecosystem types within each group. 

• Section 11 provides a comparison of key characteristics across the agricultural ecosystem 

functional groups. 

Part C: Related issues 

• Section 12 discusses how agroforestry systems and practices relate to agricultural ecosystem 

types. 

• Section 13 discusses the link between rangelands and the Global Ecosystem Typology, and 

the difference between rangelands and pastures. 
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2 National ecosystem classification and mapping: an essential 

foundation for a range of applications 

This section draws on the Guidelines for Developing a National Ecosystem Map (Driver et al., in prep), 

which provides additional detail. 

Here we explain what is meant by a national ecosystem map and describe some of the 

applications of such a map. Core concepts related to ecosystem classification and mapping are 

discussed in Section 4. Briefly, ecosystems are complexes of living organisms and their non-living 

environment that are functionally connected, existing at a range of spatial scales. Ecosystem 

classification and mapping is the process of identifying and describing different ecosystem types 

that occur in a continuous landscape or seascape, and delineating their geographic distribution. 

A national ecosystem map shows the spatial distribution of the ecosystem types that occur in a 

country, together with a classification that distinguishes between ecosystem types, each with a 

name and description. The term ‘national ecosystem map’ is shorthand for a national classification 

and map of the spatial distribution of ecosystem types. The classification of ecosystem types is 

fundamental to the mapping exercise, and classification and mapping may be undertaken 

iteratively. 

A national ecosystem ‘map’ should consist of a suite of products, including geospatial dataset(s) 

and metadata, the classification of ecosystem types with names and descriptions of each, a 

graphic representation of the distribution of ecosystem types, a technical report, and 

accompanying explanatory material for users. The term ‘map’ is understood in this context to 

include a geospatial dataset representing the spatial distribution of ecosystem types. The data 

may be presented in various forms, including tables and graphs, not only as a map. 

A national ecosystem map may be developed through several iterations over time, with 

refinements and increasing detail in the classification of ecosystem types and increased spatial 

resolution and certainty in their spatial delineation in successive versions of the map. The map and 

its associated classification should be based on the best available data, methods and knowledge, 

recognising both an inherent degree of uncertainty and the likely need for refinement over time. 

Especially in larger and more biodiverse countries, a deliberate stepwise approach may be taken, 

which could include starting with parts of the country and prioritising some realms over others. 

Incremental approaches are especially useful when large investments in resources are needed 

and not immediately available. 

The development of the map will usually require integrating various types of geospatial data from a 

range of sources, including earth observation data, environmental variables and field data, 

together with expert and local knowledge. An interdisciplinary approach is important, drawing on 

expertise from ecologists, biologists, spatial analysts, environmental scientists and remote sensing 

experts, among others. 

A reliable baseline map of the distribution of all ecosystem types in a country is an essential 

starting point for measuring and assessing changes in the distribution of different ecosystem types 

over time, including through conversions from natural to anthropogenic ecosystems. 
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A national ecosystem map is an essential foundation for a range of applications (Figure 1). Many 

of the applications link directly to Goals A and B of the Global Biodiversity Framework and to the 

implementation and monitoring of NBSAPs. A few applications are briefly described below. Also 

see SANBI & UNEP-WCMC (2024) for guidance on how a national ecosystem map provides the 

basis for spatial biodiversity assessment, prioritisation and planning.  

 

Figure 1. A national ecosystem map provides foundational data for a wide range of applications, including 

supporting the implementation and monitoring of the Kunming-Montreal Global Biodiversity Framework. 

Source: Driver et al., in prep. 

The IUCN Red List of Ecosystems 

The IUCN Red List of Ecosystems is a global standard that uses criteria and thresholds to assess 

the risk of collapse of any ecosystem type, allocating ecosystems to risk categories such as 

Critically Endangered, Endangered, Vulnerable or Least Concern (Figure 2). Maps of ecosystem 

types provide the spatial units that are assessed and assigned to risk categories. Red List of 

Ecosystem assessments are typically applied to natural ecosystem types; however, the 

methodology can also be applied to anthropogenic ecosystem types if there is a need to do so. 

Some agricultural ecosystem types have been included in Red List of Ecosystem assessments in 

some countries, mostly in cases when these ecosystems have important conservation values. See 

the Guidelines for the application of IUCN Red List of Ecosystems Categories and Criteria for 

more (IUCN et al., 2024b, Section 3.1.2). 
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Figure 2. Structure of the categories in the IUCN Red List of Ecosystems. Source: https://iucnrle.org/rle-

categ-and-criteria. 

The System of Environmental-Economic Accounting (SEEA) Ecosystem Accounting 

SEEA Ecosystem Accounting (UN et al., 2024) is an international statistical standard, providing a 

framework for measuring ecosystems and their contribution to people and the economy. 

Classifications and maps of ecosystem types provide the foundation for ecosystem accounts, 

which deal with extent and condition of ecosystem assets (classified according to ecosystem 

type) and the flow of ecosystems services from these assets in biophysical and monetary terms 

(Figure 3). Ecosystem accounts should cover all ecosystems that occur within an accounting 

area, including agricultural ecosystems. Findings related to agricultural ecosystem types that 

emerge from the accounts are often of particular interest, given their social and economic 

importance. 

 

Figure 3. Core ecosystem accounts in the System of Environmental-Economic Accounting (SEEA) 

Ecosystem Accounting. Source: UN et al., 2024, Figure 2.2. 

https://iucnrle.org/rle-categ-and-criteria
https://iucnrle.org/rle-categ-and-criteria
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Measuring and assessing ecosystem condition 

Ecosystem condition refers to the overall state or quality of an ecosystem, which influences the 

biodiversity of that ecosystem as well as the ecosystem services it provides. For the measurement 

of ecosystem condition to be meaningful, variables and indicators of condition should relate to the 

characteristics and properties of the ecosystem type being assessed, and agricultural ecosystem 

types may require specific condition indicators. Generic spatial assessments of ecosystem 

condition, using variables and indicators that are agnostic to the ecosystem types present in the 

landscape or seascape, are much less useful than those that are informed by key properties that 

distinguish different ecosystem types. Knowledge of which ecosystem types occur where allows 

for condition metrics to be correctly chosen and interpreted with reference to their ecological 

context. Also see discussion on ecosystem condition in Section 4. Assessments of ecosystem 

condition in turn feed into several of the other applications discussed here. 

Biodiversity-inclusive integrated spatial planning and landscape management 

Target 1 of the Global Biodiversity Framework emphasises the importance of integrating 

biodiversity considerations in multi-sectoral spatial planning processes such as land-use planning, 

marine spatial planning and landscape- or catchment-level planning. A map and classification of 

ecosystems is a vital starting point, providing information about which ecosystem types occur 

where and their essential characteristics, as well as landscape- or seascape-level patterns. 

Planning for and managing agricultural ecosystems as part of a matrix of different ecosystem 

types is integral to the functioning, productivity and diversity of many landscapes and catchments, 

so it is important that national ecosystem maps accurately reflect agricultural ecosystem types 

alongside natural ecosystem types. 

Environmental impact assessments 

Environmental impact assessments (EIAs) are an essential step in implementing the mitigation 

hierarchy, which aims sequentially to avoid, minimise, restore or offset negative impacts of 

development, including on biodiversity and ecosystems. EIAs may specifically need to address the 

impacts of agricultural activities on natural ecosystems or the impacts of other forms of 

development on agricultural ecosystems. A map and classification of ecosystems, including 

agricultural ecosystems, can provide information that enables better assessment of potential 

impacts of development and thus better decision-making. 

Private sector assessment and disclosure frameworks 

Target 15 of the Global Biodiversity Framework encourages businesses to assess, disclose and 

reduce biodiversity-related risks and negative impacts. Frameworks for assessing and reporting 

on nature-related dependencies, impacts, risks and opportunities, such as that developed by the 

Task Force for Nature-Related Financial Disclosures, require reliable data on ecosystems, 

including knowledge of which ecosystem types occur, where. Dependencies, impacts and risks 

related to agricultural ecosystems are especially relevant for businesses whose supply chains 

have agricultural components. 

  

https://www.cbd.int/gbf/targets/1
https://www.cbd.int/gbf/targets/15
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Reporting on headline indicators of the Global Biodiversity Framework 

The Global Biodiversity Framework includes a monitoring framework with headline indicators on 

which all Parties to the Convention on Biological Diversity (CBD) are required to report at regular 

intervals. Several of the headline indicators are ecosystem-related, including A.1 Red List of 

Ecosystems, A.2 Extent of natural ecosystems, B.1 Services provided by ecosystems, 2.1 Area 

under restoration and 3.1 Coverage of protected areas and other effective area-based 

conservation measures. Maps and classifications of ecosystems support the compilation of all 

these indicators. See Indicators for the Kunming – Montreal Global Biodiversity Framework | 

Indicator Repository for more. 

Given this range of applications, the time and resources spent on developing and maintaining a 

good national ecosystem map can be viewed as an investment that delivers substantial returns. 

Careful consideration of how agricultural ecosystems are reflected in a national ecosystem map 

will enhance its use by both the biodiversity and agriculture sectors.  

https://www.gbf-indicators.org/
https://www.gbf-indicators.org/
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3 An introduction to the Global Ecosystem Typology 

This section draws on the IUCN Global Ecosystem Typology 2.0 (Keith et al., 2020 

https://doi.org/10.2305/IUCN.CH.2020.13.en), the IUCN Global Ecosystem Typology 2.1 (Keith et al., 

2022) and the Guidelines for Developing a National Ecosystem Map (Driver et al., in prep). For more 

information, see Global Ecosystem Typology. 

The Global Ecosystem Typology is a global framework for ecosystem classification, developed in 

collaboration with scientists around the world and endorsed by the UN Statistical Commission as 

an international statistical classification. It provides a hierarchical framework for identifying and 

classifying different ecosystem types across the terrestrial, subterranean, freshwater and marine 

realms and transitions between them, enabling global consistency at the upper levels of the 

Typology while encouraging detailed national ecosystem classifications at the lower levels. Here 

we provide a short introduction, focusing on aspects that are especially relevant for national 

ecosystem classification and mapping, including of agricultural ecosystems. 

The Global Ecosystem Typology is the reference classification for several global initiatives, 

including the IUCN Red List of Ecosystems, SEEA Ecosystem Accounting and the ecosystem-

related headline indicators of the Kunming-Montreal Global Biodiversity Framework. The Global 

Ecosystems Atlas uses the Global Ecosystem Typology to harmonise spatial data on distribution of 

different ecosystem types in a synthesis map that draws from a range of national, regional and 

global datasets. 

The Global Ecosystem Typology has six levels (Figure 4). The upper three levels are realms, 

biomes and ecosystem functional groups. Realms (level 1) are major components of the 

biosphere that differ fundamentally in ecosystem organisation and function: terrestrial, freshwater, 

marine, subterranean, as well as transitional realms. Biomes (level 2) are components of realms, 

united by one or a few common major ecological drivers that regulate major ecosystem functions 

and ecological processes. The 25 biomes in the Global Ecosystem Typology are derived through 

top-down subdivision of realms. Ecosystem functional groups (level 3) are groups of related 

ecosystem types within a biome that share common ecological drivers and ecosystem properties. 

In v2.1 of the Global Ecosystem Typology, there are 110 ecosystem functional groups, derived 

through top-down subdivision of biomes (Keith et al., 2022). Ecosystem functional groups are 

nested within biomes, which are nested within realms. These upper levels of the typology classify 

ecosystems based on their functional characteristics (such as roles of foundation species, water 

regime, climatic regime or food web structure), rather than based on which species live in them. 

The 110 ecosystem functional groups in the Global Ecosystem Typology are intended to represent 

all ecosystems that occur on Earth across all realms. Each ecosystem functional group contains 

many different ecosystem types. This means that most ecosystem functional groups are fairly 

heterogenous, with variations in the structure and composition of ecosystem types within a single 

ecosystem functional group. To ensure that the units of the upper levels of the Global Ecosystem 

Typology are useful for global generalisation, it was important to avoid proliferation of ecosystem 

functional groups, so the typology leans purposefully towards lumping rather than splitting classes 

at this level. For agricultural ecosystems specifically, this means substantial variation between 

ecosystem types that rightly fall within one ecosystem functional group should be expected. It also 

means that an ecosystem functional group could contain some ecosystem types that are highly 

biodiverse and others with much less biodiversity. 

https://doi.org/10.2305/IUCN.CH.2020.13.en
https://global-ecosystems.org/
https://globalecosystemsatlas.org/
https://globalecosystemsatlas.org/
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Ecosystem functional groups are an important level for comparing information across countries 

and synthesising ecosystem-related data and information for the entire globe, as they provide 

sufficient detail to be meaningful from a biodiversity perspective while still providing a manageable 

summary. For further global synthesis, the 110 ecosystem functional groups can be aggregated to 

the 25 biomes; however, at the biome level much valuable information about biodiversity is 

obscured. Ecosystem functional groups have been recommended as the level to which detailed 

national ecosystem information should be aggregated for global reporting, both of SEEA 

ecosystem accounts and of the Global Biodiversity Framework’s headline indicators related to 

ecosystems. The Global Ecosystems Atlas uses ecosystem functional groups for its synthesis 

map, which is intended to provide a resource to support these and other applications. There is no 

requirement to use ecosystem functional groups to inform national or local policy and decision-

making, for which more detailed information would often be required. 

Ecosystem types are identified at levels 5 and 62 of the Global Ecosystem Typology, where 

distinctions between ecosystem types within an ecosystem functional group are based strongly on 

compositional characteristics, in other words related to the suite of species that are present. 

Ecosystems that share broadly similar functional and structural characteristics may be composed 

of substantially different species and would thus be considered different ecosystem types at levels 

5 or 6. Compositionally different ecosystem types recognised at levels 5 or 6 of the Global 

Ecosystem Typology within the same ecosystem functional group may differ in some structural 

characteristics and functional properties, within the broad range of variation described for the 

group. 

Ecosystem types at levels 5 and 6, shown in red in Figure 4, are derived from the bottom up 

through a range of possible methods drawing on various types of geospatial data, such as earth 

observation data, environmental variables and field data, as well as expert and local knowledge 

(for more on this see Guidelines for Developing a National Ecosystem Map, Driver et al., in prep). 

A national ecosystem map should ideally classify and map ecosystems at level 5 or 63 of the 

Global Ecosystem Typology, cross-referenced to the ecosystem functional groups at level 3, so 

that data and information on ecosystem types at levels 5 and 6 can be aggregated to ecosystem 

functional groups when needed. The Global Ecosystem Typology provides names, a numbering 

system and descriptions for realms, biomes and ecosystem functional groups. It is not prescriptive 

about the ecosystem types that should be identified at levels 5 and 6 – this is up to country-level 

and local experts to determine from the best available data and evidence. For all ecosystem 

types, including agricultural ecosystem types, there is flexibility at levels 5 and 6 for countries to 

classify ecosystems in a way that is appropriate to the national context and to develop names, a 

numbering system and descriptions of these ecosystem types. In many countries, ecosystem 

types at level 5 or 6 would be seen as ‘national ecosystem types’, with recognition that some 

national ecosystem types may well be shared across national borders (i.e. a national ecosystem 

type need not be endemic to the country). 

 
2 The Global Ecosystem Typology distinguishes between global ecosystem types at level 5 and sub-global or local 

ecosystem types at level 6. These ecosystem types are global in the sense that they are globally unique – they do not 

occur anywhere else on Earth. As explained later in the text, these would be seen as ‘national ecosystem types’ in many 

countries, recognising that in some cases they would be shared with other countries. 

3 Ecosystem types identified at the national level could correspond with either level 5 or level 6, and parts of the national 

ecosystem classification could be more detailed than others. If level 6 does not provide sufficient detail to support 

intended applications of the national ecosystem map, one or more levels can be added to the classification below level 6 

to identify ecosystem subtypes at a finer scale. 
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In-between levels 3 and 5 are regional ecosystem subgroups4 at level 4, which can be derived 

through top-down subdivision of ecosystem functional groups by suitable ecoregional units5 in 

which they occur. Regional ecosystem subgroups provide proxies for compositionally distinctive 

variants of an ecosystem functional group that occupy different geographic areas within the global 

distribution of that ecosystem functional group. They are regional expressions of an ecosystem 

functional group. If ecosystem types have not yet been classified and mapped at the national 

level, regional ecosystem subgroups can be used as a proxy for ecosystem types.6 

 

 

Figure 4. The Global Ecosystem Typology provides a hierarchical framework of six levels for classifying 

ecosystems, enabling global consistency at the upper levels of the Typology (shown in blue and green) 

while encouraging detailed national ecosystem classifications at the lower levels (shown in red).7 Source: 

Based on Xiao et al., 2024. 

 
4 Sometimes called biogeographic functional groups. 

5 Ecoregions are broad biogeographic regions, each of which contains multiple ecosystem types. They are intended to 

represent the broad distribution of biodiversity rather than both compositional and functional attributes of ecosystem 

types (Keith et al., 2022). Global terrestrial ecoregions have been developed by Dinerstein et al. (2017). In addition, 

many countries have their own ecoregionalisations, which are often more elaborate and more grounded than the global 

ones and will generally be more suitable for subdivisions at level 4. 

6 A global map of regional ecosystem subgroups is not yet available but has been recognised as a priority to support a 

range of applications, especially for countries that do not yet have a national ecosystem map. 

7 The subterranean realm has been omitted from level 1 in Figure 4 to simplify the graphical representation. 
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To emphasise, the Global Ecosystem Typology does not replace national ecosystem 

classifications or national ecosystem types. Rather, it provides a way of linking national ecosystem 

classifications to a consistent global system so that ecosystem information can be meaningfully 

aggregated and compared across countries and regions, and synthesised at the global level. 

Countries can align with the Global Ecosystem Typology by cross-referencing their national 

ecosystem types to the ecosystem functional groups. As noted, this allows for national ecosystem 

data and information to be aggregated to ecosystem functional groups when needed. For 

countries developing a national ecosystem classification for the first time, this cross-referencing 

can be done from the outset, with each national ecosystem type at level 5 or 6 ideally nested 

within one ecosystem functional group. For countries that have an existing national ecosystem 

classification, a process of cross-referencing national ecosystem types to ecosystem functional 

groups will need to be undertaken. Some national ecosystem types may not fit clearly into an 

ecosystem functional group, for example if an ecosystem type shares properties of two or more 

ecosystem functional groups. In such cases, the principles and methods set out in guidelines for 

cross-referencing, developed by the IUCN (IUCN, 2025), will help to identify the ecosystem 

functional group that is the best fit, the level of uncertainty involved, as well as other plausible 

candidate groups. Countries can thus develop or retain as much detail as is useful in their national 

maps and classifications while also aligning with the Global Ecosystem Typology. 
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4 Key concepts and terms 

This section explains some concepts and terms that are essential in classifying agricultural 

ecosystem types, including: ecosystems, ecosystem types, natural ecosystems, anthropogenic 

ecosystems, agricultural and plantation forestry ecosystems, ecosystem condition, semi-natural, 

land cover and land use, agricultural approaches and practices, and agricultural mosaics. Many of 

these concepts and terms are inter-related, so the section should be read as a whole rather than 

just focusing on one or two concepts or terms. The relationship between land use and ecosystem 

types is especially important to understand, and we introduce a framework for thinking about this. 

Ecosystems 

An ecosystem is defined by the CBD as a dynamic complex of plant, animal and micro-organism 

communities and their non-living environment interacting as a functional unit (Article 2 of the 

CBD). Important elements of this definition are the biotic (living) component, the abiotic (non-

living) component and the interactions among the biota and between the biotic and abiotic 

components. Alongside this definition, three attributes of ecosystems are often identified: 

composition, structure and function. Simply put, composition relates to the suite of species that 

occur within the ecosystem, structure to the physical structure and patterns of the ecosystem, 

and function to ecological processes8 (Driver et al., in prep). 

Ecosystem types 

For many real-world applications, it is useful to divide the ecosystems that occur in a continuous 

landscape or seascape into different ecosystem types that can be used for planning, decision 

making, management and monitoring (Keith et al., 2015). Although there is always uncertainty in 

applying discrete categories and spatial boundaries in the context of a natural continuum (Keith et 

al., 2022), ecosystem types are widely used in practice and have stood up legally and in policy 

and implementation in many parts of the world (Nicholson et al., 2021). 

An ecosystem type is distinguished from other types by its characteristic functional, structural and 

compositional properties (IUCN., 2025). Each ecosystem type has characteristic biota (species) 

and abiotic features that can be described and recognised in the landscape or seascape. As 

described in Section 3, an ecosystem type is typically identified as part of a hierarchical 

classification system. An ecosystem type need not be contiguous in the landscape; it could 

consist of several or many occurrences interspersed with other ecosystem types. 

In classifying and mapping ecosystem types, it is important that compositional, structural and 

functional attributes are all considered in identifying and distinguishing between ecosystem types, 

so that the types identified are ecologically meaningful units that are consistent with the concept 

of an ecosystem. If any of these three attributes (composition, structure or function) is absent from 

a classification system, then it is not consistent with the ecosystem concept and will not provide 

an effective framework for identifying ecosystem types. 

Some ecosystem types are characterised by more temporal variability than others, whether 

seasonal, interannual, multi-year or over decadal cycles. Natural variation in dynamic ecosystems, 

within defined ranges of variability, should not be confused with changes in ecosystem type. For 

example, a seasonal wetland ecosystem does not become a different ecosystem type depending 

on whether it is dry or wet, and a savanna ecosystem remains the same ecosystem type 

 
8 For a more detailed explanation, see Noss (1990). 



 

Guidelines for classifying agricultural and plantation forestry ecosystems 

in the IUCN Global Ecosystem Typology  14 

notwithstanding transitions between grass-dominated and tree-dominated states. In agricultural 

and plantation forestry ecosystems, human-driven cycles such as planting and harvesting, fallow 

periods and felling should not be interpreted as changes in ecosystem type but rather as different 

cyclical or temporal states of the ecosystem type. 

Within the geographic distribution of a given ecosystem type, there can be a spectrum of 

ecosystem condition, with some areas closer to the reference condition than others. Indeed, in 

many circumstances ecosystem condition will not be uniform across the whole distribution of an 

ecosystem type. This should not preclude the identification and classification of the ecosystem 

type and delineation of its distribution. See further discussion in the section on Ecosystem 

condition below. 

In a national ecosystem classification system, each ecosystem type should have a name and a 

description that captures its key characteristics. Box 1 provides further guidance on this. 

Box 1. Guidance on names and descriptions of ecosystem types (levels 5 and 6 of the Global 

Ecosystem Typology). 

It is useful to develop a naming convention for ecosystem types, with names that are meaningful for 

identifying and locating the ecosystem type. For example, names of terrestrial ecosystem types could 

include the name of the geographic region, a geological or physiographic property, and the structural 

character of the dominant vegetation. In the case of agricultural ecosystem types, names could include 

the type of crop, pasture or plantation. Names of ecosystem types can incorporate local place names 

and terms that are familiar to people who live in areas where the ecosystem type occurs. The name 

helps to give the ecosystem type a clear identity, but should never be interpreted as the only 

information required to identify it or understand its properties, for which the name is necessary but not 

sufficient. 

 

Each ecosystem type should have a description of its key characteristics and features, focusing on 

those that distinguish it from other ecosystem types, especially from ecosystem types that are adjacent 

or similar. Photographic examples of the ecosystem type are a useful complement to the written 

description and quantitative estimates of certain characteristics (e.g. altitudinal range). The description 

of an ecosystem type should include: 

• Characteristic species. For agricultural ecosystem types, this should include the cultivated or 

farmed species (the target species, of which there may be more than one) as well as other species 

typically present, including native and non-native plants, animals and other species. Functional 

characteristics of the target species, including growth form and longevity, may be important to 

describe. An exhaustive species inventory is not necessary. The focus should be on those species 

that distinguish the composition of an ecosystem type from others and/or are centrally relevant to 

ecosystem dynamics and function. 

• Abiotic characteristics. For agricultural ecosystem types, this should include key aspects of 

climate, substrate and topography, disturbance regimes (e.g. fires, floods, storms) as well as 

inputs of supplementary water and/or nutrients (frequency, quantity, type, as known). The focus 

should be on characteristics that differentiate the ecosystem type from others, and those that 

influence ecosystem dynamics, form and function. 

• Ecological processes and interactions that define the behaviour of the ecosystem type. For 

agricultural ecosystem types, this could include, for example, the length of the harvesting cycle, 

harvesting methods, cropping system, livestock management system. The spatial and temporal 

pattern of mosaic elements, including their type and granularity, may be relevant for characterising 

the ecosystem type and distinguishing heterogenous ecosystem types from those that are more 

uniform. 

 

Source: Adapted from Guidelines for Developing a National Ecosystem Map (Driver et al., in prep), 

drawing on Guidelines for the application of IUCN Red List of Ecosystems Categories and Criteria 

(IUCN, 2024b) which provides more detail on describing ecosystem types. 
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Natural ecosystems 

The Global Ecosystem Typology includes all ecosystems, from natural through to anthropogenic. 

Although it is useful to distinguish between natural and anthropogenic ecosystems as two broad 

categories, it is also clear that almost all ecosystems have some level of human influence, and that 

the degree and form of this influence vary on continuous scales.  

The term ‘natural’ as applied here does not imply pristine or unimpacted by humans, and the 

composition, structure and functioning of most natural ecosystems have been modified to varying 

degrees through human activity. Nevertheless, if the characteristic functional and structural 

properties of the ecosystem type are still recognisable and at least some of the key native biota 

are still present, the ecosystem is considered part of the broad category of natural ecosystems 

rather than an anthropogenic ecosystem. This broad category of natural ecosystems thus 

includes ecosystems that are in a modified condition state, often referred to as semi-natural 

ecosystems. Also see Ecosystem condition and Semi-natural below. 

Anthropogenic ecosystems 

Anthropogenic ecosystems are those created and maintained through human activity, where 

human activities are the primary determinant of the ecosystem’s characteristics, including its 

composition, structure and function. In the Global Ecosystem Typology, there are six 

anthropogenic biomes containing 16 anthropogenic ecosystem functional groups (Table 1). 

Anthropogenic ecosystems typically replace an antecedent natural ecosystem, and conversions 

from natural to anthropogenic ecosystems are generally abrupt, with some exceptions. 

If the human activities that create and maintain these ecosystems cease,9 anthropogenic 

ecosystems may revert to the antecedent natural ecosystem type they replaced or they could 

develop into a novel ecosystem type. The length of time this takes could extend from a few years 

to more than a century, depending on many factors including what the human activities were (e.g. 

open cast mining, residential areas, mono-cropping, mixed subsistence farming), the 

characteristics of the antecedent ecosystem type (e.g. longevity of soil seedbanks), the period for 

which the anthropogenic ecosystem was maintained, and any human interventions (e.g. 

restoration initiatives) applied. 

Because several of the ecological drivers in anthropogenic ecosystems are of human origin, the 

geographic distribution of these ecosystems may be less limited by natural drivers than for natural 

ecosystem types. Occurrences of an anthropogenic ecosystem type might thus be distributed 

across a larger area than would be the case for most natural ecosystem types. 

In the biodiversity sector in some parts of the world, anthropogenic areas in the landscape have 

been considered simply as ‘transformed’ or ‘lost’ natural ecosystems rather than recognised as 

ecosystem types in their own right. However, for several applications of national ecosystem maps 

it is useful to recognise and distinguish between different anthropogenic ecosystem types and to 

include them explicitly in ecosystem classification and mapping. 

Ecosystem condition in anthropogenic ecosystems, like in natural ecosystems, can vary, with a 

gradient of condition states. For anthropogenic ecosystems, ongoing human management is 

central to determining the condition and sustainability of the ecosystem. See section on 

Ecosystem condition below for further discussion. 

 
9 This could be for a range of reasons, for example if the human activity is no longer economically viable or an area is 

abandoned because of war. 
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Table 1. The Global Ecosystem Typology includes six anthropogenic biomes and 16 anthropogenic 

ecosystem functional groups, in which ecosystems are created and maintained by human activities. Shaded 

rows indicate agricultural and plantation forestry ecosystem functional groups, which are a subset of 

anthropogenic ecosystem functional groups. 

Realm Biome Ecosystem functional group 

Terrestrial T7 Intensive land-use biome 

T7.1 Annual croplands 

T7.2 Sown pastures and fields 

T7.3 Plantations 

T7.4 Urban and industrial ecosystems 

T7.5 Derived semi-natural pastures and fields 

Freshwater F3 Artificial wetlands biome 

F3.1 Large reservoirs 

F3.2 Constructed lacustrine wetlands 

F3.3 Rice paddies 

F3.4 Freshwater aquafarms 

F3.5 Canals, ditches and drains 

Marine M4 Anthropogenic marine biome 
M4.1 Submerged artificial structures 

M4.2 Marine aquafarms* 

Marine-

terrestrial 

MT3 Anthropogenic shorelines 

biome 
MT3.1 Artificial shorelines 

Sub-terranean 
S2 Anthropogenic subterranean 

voids biome 
S2.1 Anthropogenic subterranean voids 

Sub-terranean 

freshwater 

SF2 Anthropogenic subterranean 

freshwaters biome 

SF2.1 Water pipes and subterranean canals 

SF2.2 Flooded mines and other voids 

* Marine aquafarms are generally considered part of the fisheries sector rather than the agriculture sector. 

 

Agricultural and plantation forestry ecosystems 

In the context of the Global Ecosystem Typology, agricultural and plantation forestry ecosystems 

are a subset of anthropogenic ecosystems (Table 1), in which human activities related to 

agricultural (crop or animal) production or plantation forestry are the primary determinant of the 

composition, structure and functioning of the ecosystem. Anthropogenic ecosystems can be 

created and maintained by any human activity, while agricultural and plantation forestry 

ecosystems are created and maintained specifically by activities related to crop and animal 

production or plantation forestry. These activities often include inputs such as water and nutrients. 

They can range from small-holder farming to industrial farming. 

There are many other biomes, ecosystem functional groups and ecosystem types, both natural 

and anthropogenic, in which activities related to agricultural production can and do take place but 

are not the primary determinant of ecosystem composition, structure and function. In the context 

of the Global Ecosystem Typology, these are not considered agricultural ecosystems, even 

though there may be other contexts in which they would be seen as agricultural ecosystems. For 

example, a livestock farmer may see the shrubland on which their animals graze as an agricultural 

ecosystem. However, in the context of the Global Ecosystem Typology the shrubland would be 

seen as a natural ecosystem which in this instance is used as a rangeland for livestock production 

(see discussion on Land cover and land use and Section 13). Another example of an activity 
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related to agricultural production taking place in a non-agricultural ecosystem is plant or animal 

production based entirely or largely within artificial structures, such as battery chickens, 

greenhouse cultivation and some forms of livestock production, which could take place within 

ecosystem functional group T7.4 Urban and industrial ecosystems. Similarly, small-scale food 

production in urban settlements could be a feature of some urban ecosystem types. In other 

words, we expect to find activities related to agricultural production taking places in many 

ecosystems, not just in agricultural ecosystems. 

Plantation forestry ecosystems typically consist of a single tree species or a few selected species, 

planted in rows or uniform patterns to optimise growth, harvesting and resource efficiency. The 

Food and Agriculture Organization (FAO) definition of a plantation forest is an intensively 

managed planted forest that at maturity is composed of one or two species, has one age class, 

and has regular tree spacing (FAO, 2023). There are many ecosystems in which forestry-related 

activities can and do take place, without these ecosystems being considered plantation forestry 

ecosystems. Forestry is a broader concept than plantation forestry, and can take place in many 

different ecosystem types, including natural ecosystem types from which timber is harvested. 

Activities related to agricultural production and forestry may impact, in some cases quite 

substantially, on the composition, structure and functioning of a natural ecosystem without making 

it an agricultural or plantation forestry ecosystem type. If key biotic components of a natural 

ecosystem type are still recognisably present, and manipulations by humans are subordinate to 

the dominant natural ecological processes rather than being the dominant influence, then the 

ecosystem is not considered an agricultural or plantation forestry ecosystem type in the context of 

the Global Ecosystem Typology. 

Historic and/or subsistence forms of agriculture often have limited impact on natural ecosystems, 

e.g. cattle herding replacing wild herbivores or shifting cultivation at small scales. In contrast, most 

modern agricultural systems involve substantial modification of the environment, replacing natural 

ecosystems with anthropogenic ecosystems, although with some emerging approaches that aim 

to re-introduce aspects of natural functioning (e.g. Alexanderson et al., 2024). Agricultural 

approaches and practices are discussed further below. 

Agricultural and plantation forestry ecosystems may be maintained as mosaics of different patch 

types and other elements, including natural and semi-natural elements, at scales of metres to 

hundreds of metres. Agricultural mosaics are discussed further below, and in Part B in relation to 

specific agricultural ecosystem functional groups. 

Ecosystem condition 

Ecosystem condition refers to the quality of an ecosystem measured in terms of its abiotic and 

biotic characteristics. Condition is assessed with respect to an ecosystem’s composition, 

structure and function which, in turn, underpin ecosystem integrity (UN et al., 2024). The term 

‘ecological condition’ is also frequently used, and the terms ‘ecosystem condition’ and ‘ecosystem 

integrity’ are in many contexts seen as synonymous. The term ‘ecosystem health’ is also 

sometimes used but is best kept for informal use, as ‘health’ can be highly subjective. 

For natural ecosystems, ecosystem condition is often measured in terms of degree of difference of 

the current state from a reference state that represents an undisturbed expression of an 

ecosystem, i.e. a state that is minimally impacted by human activity or its direct consequences 

(such as invasive species or pollution at a distance from its source). The degree to which 

composition, structure and function have been modified or disturbed will determine the ecosystem 
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condition, measured as the degree of difference from the reference condition. This can be 

assessed using selected ecosystem condition indicators, which can be normalised on a numerical 

scale, for example, ranging from ‘1’ representing an ecosystem state that is unmodified by human 

impacts to ‘0’ representing a collapsed ecosystem state in which the natural ecosystem type is no 

longer recognisable. Ecosystem condition indicators may be aggregated to an ecosystem 

condition index, which can be reported as numerical scores and/or in categories such as largely 

unmodified, moderately modified, severely modified. 

The concept of ecosystem condition is linked to human well-being through ecosystem functioning 

that underpins ecosystem services which, in turn, deliver benefits to society. The relationship 

between ecosystem condition and ecosystem services is complex and often non-linear; better 

ecosystem condition is not necessarily associated with better ecosystem service provision. For 

some ecosystem services, the underlying ecosystem needs to be in good (largely unmodified) 

condition to provide the service. For other ecosystem services, an ecosystem can be in fair 

(moderately modified) condition while continuing to provide a sustainable service. In some cases, 

provision of ecosystem services can generate pressure on an ecosystem, with increased provision 

of the service associated with a decline in condition of the ecosystem. This is especially the case 

for provisioning services where biomass is extracted from a natural ecosystem, and also for some 

cultural and regulating services. Human drivers of change can have a positive (e.g. conservation) 

or negative (pressures) impact on ecosystem condition (Maes et al., 2018). 

For anthropogenic ecosystems, including agricultural ecosystems, it may be appropriate to 

measure ecosystem condition in terms of degree of departure from a reference state, as is done 

for natural ecosystems. However, it is often unclear what reference state should be used, as by 

definition there is no minimally impacted or undisturbed state for these ecosystems. The criteria 

for defining the reference state for anthropogenic ecosystems are necessarily different to those for 

natural ecosystems and will generally be societally determined. In such cases, Vallecillo et al. 

(2022) proposed an approach in which ‘good condition’ is defined as “a state characterized by a 

regenerative, non-depleting and non-destructive use of natural resources”, and ecosystem 

condition is assessed relative to this context-specific definition of ‘good condition’. This entails 

identifying a threshold for good condition for each indicator selected as a descriptor of condition. 

Such an approach has the added value of being sufficiently adaptable to be applied to different 

regional and national contexts, recognising that the definition of what constitutes ‘good condition’ 

for an agricultural ecosystem may vary in different regional and national contexts. 

For all ecosystems, natural and anthropogenic, distinguishing between different condition states of 

an ecosystem type should not be conflated with distinguishing between different ecosystem types. 

A certain condition state would in general apply to a portion of the distribution of an ecosystem 

type, not to its entire area. Ecosystem condition can change over relatively short timescales or 

much longer timescales, depending on a range of factors, without the underlying ecosystem type 

having changed. Changes in ecosystem condition stand in contrast with conversion of natural 

ecosystems to anthropogenic ecosystems, where there is in almost all cases a clear and usually 

abrupt change in the ecosystem type. 

As noted in the discussion above on the concept of Ecosystem types, some ecosystem types are 

characterised by more temporal variability than others, whether seasonal, interannual, multi-year 

or over decadal cycles. Natural variation in dynamic ecosystems, within defined ranges of 

variability, should not be confused with changes in ecosystem type or with changes in ecosystem 

condition. 
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Semi-natural 

The term ‘semi-natural’ can be used to describe either states or types of ecosystems. It is widely 

used to describe a condition state of a natural ecosystem, in which composition and structure 

have been modified (by human activity or its direct consequences) but the characteristic 

functional and structural properties of the natural ecosystem type are still recognisable and at 

least some of the key native biota are still present. This is equivalent to modified ecosystem 

condition as discussed above in the section on Ecosystem condition. This semi-natural condition 

state would generally apply to a portion of the distribution of a natural ecosystem type, not to its 

whole area. If the human activity were removed, the condition of the ecosystem could well 

improve. 

The term ‘semi-natural’ is also sometimes used to describe certain types of anthropogenic 

ecosystems that were created and are maintained by human interventions, often linked to farming 

practices such as livestock grazing and biomass harvesting. See Section 9 for a more detailed 

discussion on these ecosystem types. The woody components of such ecosystems have typically 

been removed or substantially modified. Although these ecosystem types are comprised of 

indigenous species, only species that can adapt to regular biomass extraction (mowing or 

grazing) persist, meaning that the antecedent ecosystem type is no longer recognisably present. 

Without ongoing human management these ecosystems would typically revert to tree-dominated 

ecosystem types. In this second sense, ‘semi-natural’ is a descriptor of an ecosystem type rather 

than ecosystem condition. These ecosystem types meet the definition of anthropogenic 

ecosystem types, and in many cases they are agricultural ecosystem types. In the European 

context, such ecosystem types have been shaped by human land use over hundreds and even 

thousands of years.10 

Both semi-natural ecosystem states and semi-natural ecosystem types may retain substantial 

biodiversity and may thus be seen as important from a biodiversity perspective. In countries in 

which the area of natural ecosystems remaining intact is relatively limited or in which natural 

ecosystems have relatively low levels of biodiversity in global terms, semi-natural ecosystem types 

or states may support a substantial part of the country’s biodiversity. In countries with high levels 

of biodiversity or a large proportion of natural ecosystems remaining intact, semi-natural 

ecosystem types or states are likely to be less often of significance from a biodiversity perspective. 

These ecosystems may nevertheless be of substantial importance from the point of view of 

ecosystem services. 

Land cover and land use 

This subsection draws on the Guidelines for Developing a National Ecosystem Map (Driver et al., in prep). 

Land cover is the observed physical cover on the Earth’s surface, including vegetation (natural or 

planted) and human constructions (FAO, 2025), often organised into land cover classes in a 

hierarchical classification. Land cover datasets, generally derived from satellite imagery, tend to 

reflect structural aspects of ecosystems, less so functional and compositional aspects.11 Because 

functional and compositional attributes are not central to distinguishing between different land 

 
10 This is a case in which conversion from a natural to an anthropogenic ecosystem type was not abrupt but took place 

over an extended period. 

11 Although hyperspectral imagery offers the potential to identify and distinguish between species in some cases. 
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cover classes, these classes are not, in general, consistent with the concept of an ecosystem and 

in most cases do not represent ecosystem types.12 Exceptions are discussed below. 

Land use is characterised by the arrangements, activities and inputs people undertake in a certain 

land cover type to produce, change, or maintain it (FAO, 2025). Land uses can be organised into 

land use classes in a hierarchical classification. Based on this definition of land use, there is a link 

between land cover and land use. However, several land use classes may be associated with 

multiple land cover classes, so their relationship is not direct or nested. Land use classes are 

defined based on human activities and inputs, not based on compositional, structural and 

functional attributes of the ecosystems in which they take place. This means that, like land cover 

classes, land use classes are not, in general, consistent with the concept of an ecosystem and in 

most cases do not represent ecosystem types. 

For anthropogenic ecosystem types, including agricultural and plantation forestry ecosystem 

types, the human activities that created and continue to maintain them are key ecosystem 

processes that stem directly from land use. In such cases, where land use is the primary 

determinant of ecosystem composition, structure and function, there can be close 

correspondence between ecosystem types and land use classes, and land use classes may be 

useful for mapping ecosystem types. Some land use classes, such as urban and industrial areas 

and croplands, can often be identified readily from land cover data. 

Some spatial datasets combine spatial information on both land cover and land use (LULC maps). 

The FAO leads the Land Cover Land Use International Standard development process along with 

the International Standard Organisation (ISO) through ISO TC211 AG13 on land cover land use. 

To summarise, land cover or land use maps and their associated classifications should not be 

conflated with maps and classifications of ecosystem types, as their conceptual basis is different. 

Land cover and land use classes do not, in general, sufficiently reflect the compositional and 

functional attributes that are essential for meaningfully identifying ecosystem types. However, for 

some anthropogenic (including agricultural and plantation forestry) ecosystem types there is 

closer correspondence with land cover and land use, which may be useful in mapping these 

ecosystem types, as discussed further below. 

The relationship between land use and ecosystem type 

To aid in understanding the conceptual and spatial relationship between land use13 and 

ecosystem types, we propose three possible scenarios or cases that reflect increasing levels of 

correspondence: 

1. Land use is independent of ecosystem type. i.e. a particular land use can take place in any 

ecosystem type. While this may be possible in principle, and although there are many land 

uses that can take place in many different ecosystem types, it is difficult to think of land uses 

that in practice could take place in any ecosystem type. 

2. Land use is associated with some ecosystem types more than others. i.e. some ecosystem 

types are better suited to a particular land use than others. The land use may impact on 

 
12 Land cover datasets, especially those that have significant vegetation detail that reflects structural ecosystem 

characteristics, may provide useful input data for developing a national ecosystem map, when combined with other 

datasets and expert and local knowledge (see Section 2). This does not mean that land cover classes are the same as 

ecosystem types. 

13 Our focus here is on land use, but the same could apply to sea or ocean use. 
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ecosystem condition but does not determine the ecosystem type. Examples of the second 

case include rangeland grazing, nature-based recreation and nature-based tourism. 

Rangeland grazing as a land use is associated with ecosystem types such as savannas, 

grasslands and shrublands, as discussed in Section 13. Nature-based recreation or tourism is 

likely to be associated more with some ecosystem types than others, depending on the 

ecological and socio-cultural context. 

3. Land use coincides with an ecosystem type, because land use is the primary determinant of 

that ecosystem type. These are anthropogenic ecosystem types, where the composition, 

structure and functioning of the ecosystem type are created and maintained by the human 

activities and inputs associated with the land use, which could be agricultural, urban or 

industrial. In other words, the land use determines the ecosystem type. In most cases the 

human activities would be current and ongoing; however, there may be instances in which 

they have ceased without the ecosystem characteristics yet having fundamentally changed. 

This framework may be helpful when thinking about identifying and classifying ecosystem types at 

the national level. It is important to apply land use as the main basis for identifying ecosystem 

types only in the third scenario or case above, when the human activities and inputs associated 

with land use are the primary determinant of the composition, structure and function of the 

ecosystem type. Where land use is simply associated with some ecosystem types more than 

others, it may impact on the condition of an ecosystem but should not be the basis for identifying 

and distinguishing between ecosystem types. 

Another important distinction is between the land use, i.e. the human activities and inputs on the 

land, and the identity or use of the products or services that result from the land use. In 

anthropogenic ecosystem types, it is the land use, not the type of products and services or their 

use, that shapes ecosystem properties and therefore determines the ecosystem type. For 

example, if the human activity is cultivation of an annual crop, the use to which the harvested crop 

product is put is not a determining factor or characteristic of the ecosystem type. For instance, a 

given crop might be used as food for people or fodder for animals or to produce biofuel. These 

different uses of the crop product may be of great significance from an economic perspective, but 

they are not material to classifying or mapping the cropland ecosystem type, as they do not 

influence the composition, structure or function of the ecosystem. 

Agricultural approaches and practices 

There is a wide range of farming approaches and management practices in agriculture, from 

mainly relying on natural productivity to very intensive farming methods with heavy use of 

machinery and chemical inputs. This has a strong impact on the ecosystems in which agriculture 

takes place, including on their biodiversity. 

It is useful to differentiate between different approaches to agriculture, which are broad, and 

agricultural practices, which are more specific. Some agricultural practices may be strongly 

associated with a particular approach, while others may cut across different approaches. 

Broad approaches to agriculture include traditional agriculture (using manual labour and animal 

power), industrial agriculture (involving large-scale production and intensive practices), 

agroforestry (combining trees, crops and in some cases animals), agroecology, organic 

agriculture, permaculture, biodynamic agriculture, regenerative agriculture, and low-input farming, 

among others. The growing number of approaches to sustainable agriculture is discussed in 

Oberč and Schnell (2020). In general, less intensive approaches that require fewer inputs and 
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allow for heterogenous landscapes are associated with higher levels of biodiversity and 

sustainability. 

Examples of agricultural practices include: 

• Cropping systems, which influence what crops are grown and their arrangement (e.g. 

monocropping, crop rotation, intercropping, mixed cropping, strip cropping). This can include 

seasonal, annual or perennial cropping and harvesting cycles, or combinations of these. 

• Crop management practices, including irrigation (e.g. surface, sprinkler, drip, flood, centre 

pivot), tillage (e.g. conventional, conservation, zero tillage), use of fertilisers (organic or 

inorganic), pest and weed management (e.g. chemical pesticides and herbicides, manual 

weeding), harvesting methods (e.g. mechanical, strip, selective, handpicking, uprooting, 

drying in the field), contour farming, terracing, protective cover (e.g. greenhouses, 

glasshouses, shade houses). 

In some cases, an agricultural practice could be an important factor in distinguishing between 

different ecosystem types; in other cases, agricultural practices cut across different ecosystem 

types and may influence ecosystem condition rather than ecosystem type. For example, cropping 

systems such as monocropping vs intercropping vs rotational cropping may influence ecosystem 

composition, structure and function sufficiently to be considered determinants of ecosystem type. 

Agricultural practices such as nutrient inputs or use of pesticides may be considered to influence 

ecosystem condition rather than being determinants of ecosystem type. 

Agricultural mosaics 

An issue that arose frequently in the development of these guidelines is the mosaic nature of many 

agricultural ecosystems and landscapes. Natural ecosystems, too, often comprise mosaics of 

patches or elements that vary in their properties across landscapes and seascapes. A mosaic 

agricultural ecosystem or landscape is often considered to be more ecologically sustainable than 

one characterised by monoculture, in which large areas of intensive cropland, pasture or 

plantation are uninterrupted by natural or semi-natural features or elements such as trees, 

hedgerows, wetlands and patches of natural vegetation. Complex or heterogeneous agricultural 

landscapes have been shown empirically to host more biodiversity than simple or more 

homogeneous ones (Estrada-Carmona et al., 2022). Encouraging mosaic agricultural landscapes 

is thus often an objective of agricultural approaches that aim to support biodiversity and 

environmental sustainability, such as agroforestry and regenerative agriculture. 

In the context of classifying and mapping agricultural ecosystems, it is useful to distinguish 

between mosaics at the scale of an ecosystem type and the scale of the broader landscape, 

catchment or watershed.14 For these guidelines: 

• A mosaic agricultural ecosystem type is one characterised by a range of different elements 

that together make up the ecosystem type. These can include natural, semi-natural and 

anthropogenic elements that function collectively as an ecosystem. In practice there is a 

continuum from highly varied or heterogenous mosaic agricultural ecosystem types to largely 

 
14 In both cases, agricultural mosaics have often been created by fragmentation of natural ecosystems, including 

through conversion of some parts to anthropogenic ecosystems. The reverse process, for example through agroforestry 

or regenerative agricultural approaches, involves creating mosaics from less heterogeneous anthropogenic landscapes 

via human manipulations (such as plantings, earthworks, tree removal, drainage alteration, establishing hedgerows, 

wetland construction). 
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uniform or homogenous agricultural ecosystem types. See Section 5 for further discussion on 

this. 

• A mosaic agricultural landscape is a landscape that contains multiple ecosystem types, ideally 

a combination of agricultural and natural ecosystem types. It is characterised by heterogeneity 

of ecosystem types at the landscape scale. Satoyama landscapes in Japan provide a good 

example. The agricultural ecosystem types in a mosaic agricultural landscape may themselves 

be mosaic types, but they could in principle include more uniform agricultural ecosystem types 

in some contexts. 

Within an ecosystem type, mosaic elements may be relevant for characterising the ecosystem 

type and distinguishing it from other ecosystem types that have fewer or different mosaic 

elements. They may also be relevant for assessing ecosystem condition and measuring the flow of 

ecosystem services. Whether mosaic elements are considered determinants of ecosystem type or 

factors for assessing ecosystem condition will depend partly on the degree of influence they have 

on the composition, structure and function of the ecosystem and is best decided by countries as 

they develop national ecosystem classification systems. The approach used should ideally be 

applied consistently across all agricultural ecosystems in the country. See Section 5 for further 

discussion on this. 

At the landscape scale, the number of ecosystem types present in a particular landscape or 

catchment may be a useful metric or indicator of landscape-level condition or sustainability.  
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Part B: Agricultural and plantation forestry ecosystems in 

the Global Ecosystem Typology 

5 An overview of agricultural biomes and ecosystem functional groups in 

the Global Ecosystem Typology 

This section gives an overview of the two biomes in the Global Ecosystem Typology that contain 

agricultural and plantation forestry ecosystems, drawing attention to the defining characteristics of 

these biomes and discussing some issues relevant to the agricultural and plantation forestry 

ecosystem types that fall within them. Sections 6 to 10 delve into more detail on the agricultural 

ecosystem functional groups in these biomes. 

The descriptions in this section draw on the Global Ecosystem Typology website but have been further 

developed here, particularly for biome T7. 

Agricultural ecosystem types in the Global Ecosystem Typology include croplands, pastures and 

agricultural plantations and are found in two biomes: T7 Intensive land use biome and F3 Artificial 

wetlands biome. Plantation forestry ecosystem types are found only in the T7 biome. Agricultural 

products include food, fodder, fibre or fuel. Plantation forestry produces primarily timber and wood 

products. From an ecosystem classification perspective, it is not the purpose of production that is 

important but rather the ecological characteristics of the production system. 

Within the T7 biome, four of the five ecosystem functional groups are agricultural: 

• T7.1 Annual croplands 

• T7.2 Sown pastures and fields 

• T7.3 Plantations 

• T7.5 Derived semi-natural pastures and old fields 

Ecosystem functional group T7.3 Plantations includes agricultural plantations as well as forestry 

plantations. 

Within the artificial wetlands biome (F3), two of the five ecosystem functional groups are 

agricultural: 

• F3.3 Rice paddies 

• F3.4 Freshwater aquafarms 

Freshwater aquafarms are not discussed further in these guidelines. They are predominantly 

focused on animal or plant farming within artificial structures, akin to battery chickens, greenhouse 

crops, etc. They have fundamentally different ecological characteristics to the land-based 

agricultural ecosystems that are the primary focus of these guidelines. 

A note on names: The names of the T7 biome and some of its agricultural ecosystem functional 

groups in version 2.1 of the Global Ecosystem Typology may not fully reflect the content of their 

descriptions or the range of agricultural ecosystem types they are intended to include. In the 

sections below, alternative names are suggested where relevant and included in square brackets 

alongside the current names. For all ecosystem functional groups, users of the typology should 

read and understand the full descriptive profile, rather than rely only on the name, to ensure they 

are interpreted and applied correctly. 

https://global-ecosystems.org/
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T7 Intensive land-use biome [Anthropogenic terrestrial biome] 

The intensive land-use biome is home to the major human enterprises of cropping, plantation 

farming, livestock production, urban settlement and industrial production. Human intervention is a 

dominating influence in this biome, and continuing human intervention is essential to creating and 

maintaining the characteristics and properties of its ecosystems. Examples of human interventions 

include alterations to the physical structure of vegetation and substrates (e.g. clearing, earthworks 

and drainage), supplementation of resources (e.g. with irrigation and fertilisers), introduction of 

non-indigenous biota (species) and management of biota (such as planting and harvesting of 

crops, sowing of pastures and management of livestock). 

Taxonomic diversity, functional diversity and levels of endemism are usually low in ecosystems in 

this biome, relative to most natural ecosystems, although with considerable variation in the degree 

of diversity across different ecosystem types within the biome. In agricultural ecosystems, the 

target biota (the species that are cultivated or farmed) have undergone directed genetic change 

(by selective breeding or in some more recent cases genetic engineering) to promote rapid 

growth rates, efficient resource capture, enhanced resource allocation to production tissues, and 

tolerance to harsh environmental conditions, predators, and diseases. Other species present in 

these ecosystems typically include widely dispersed species that can adapt to a range of 

environmental conditions including human disturbance. 

Anthropogenic terrestrial ecosystems are associated with varied climates from arid through to 

tropical and have replaced a wide range of antecedent ecosystems. This conversion from natural 

to anthropogenic ecosystems may have happened recently or up to thousands of years ago. 

There is a gradient of intensity of land use in the anthropogenic terrestrial biome. No single 

definition of land use intensity exists but in an agricultural context it typically refers to the degree of 

adoption of practices that enable yield increases from a given area of agricultural land, such as 

mechanisation, irrigation and use of fertiliser (Kehoe et al., 2015). Broadly speaking, the more 

these yield-enhancing practices are adopted, the higher the intensity of land use. Higher intensity 

land use is often associated with greater impacts on biodiversity, both at the site level and in the 

landscape. Whether land-use intensity is considered a determinant of ecosystem type or an 

influence on ecosystem condition will depend on the degree to which yield-enhancing practices 

impact on the composition, structure and function of the ecosystem. 

Many anthropogenic terrestrial ecosystems take the form of mosaics of different patch types and 

other elements at scales of metres to hundreds of metres. These patches may be mapped at 

different levels of granularity, depending on purpose and data availability. For example, a cropland 

ecosystem may consist of a mosaic of cropped areas interspersed with features such as patches 

of the antecedent natural ecosystem(s), clumps of trees, hedgerows, small dams or wetlands, 

ditches, fences, farm roads and farm buildings. Together these varied elements make up the 

ecosystem type, which would generally be classified and spatially delineated to include them 

rather than identifying and delineating each of the elements as individual occurrences of different 

ecosystem types. Different sets of mosaic elements in different configurations could be found in 

different ecosystem types. 

Where specific mosaic elements have a major influence on the composition, structure and 

functioning of the ecosystem, their presence or absence could be determinants (diagnostic 

features) of the ecosystem type. For example, the presence of hedgerows or patches of natural 

shrubland in a cropland, pasture or plantation might be seen as a factor that differentiates one 

ecosystem type from another in which extensive cultivated areas are uninterrupted by natural or 
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semi-natural features. There is thus the option of identifying specific mosaic agricultural 

ecosystem types, differentiated from other agricultural ecosystem types, and this applies across 

all the agricultural ecosystem functional groups. These types are accommodated at level 6 of the 

Global Ecosystem Typology. Alternatively, the presence of certain mosaic elements could be seen 

as a factor that differentiates areas of an agricultural ecosystem that are in better condition from 

areas of the same ecosystem type in moderate or poor condition, with appropriate metrics that 

reflect the representation of the key elements. For example, the presence of hedgerows or 

patches of natural shrubland could be seen as enhancing the condition of an agricultural 

ecosystem such as a cropland. Either interpretation may be appropriate in different contexts if the 

rationale is clear and consistently applied across all ecosystem types in a country. 

As noted in Section 4, it is useful to distinguish between mosaic agricultural ecosystem types and 

mosaic agricultural landscapes that contain multiple ecosystem types, preferably a combination of 

agricultural and natural ecosystem types. Such landscapes are characterised by heterogeneity of 

ecosystem types at the landscape scale. 

A note on the name: Although the T7 biome is called ‘Intensive land use’ in version 2.1 of the 

Global Ecosystem Typology, a wide spectrum of intensity of land use is found in this biome. The 

alternate name “Anthropogenic terrestrial biome” would more accurately reflect that it includes 

anthropogenic ecosystem types without assuming the intensity of the land use. It would also align 

with the names of the anthropogenic biomes in other realms. 

F3 Artificial wetlands biome 

The artificial wetlands biome includes built structures that hold or transfer water for human use, 

treatment, or disposal, including large storage reservoirs, farm dams or ponds, artificially created 

recreational and ornamental wetlands, aquatic and semi-aquatic croplands, freshwater 

aquafarms, wastewater storages and treatment ponds, and canals, ditches and drains. Many 

artificial wetlands are constructed with engineered materials, but some may be constructed with 

natural wetland media to mimic natural wetland functioning. 

As with the anthropogenic terrestrial biome, human intervention is a dominating influence and 

maintaining ecosystems in this biome requires continuing human interventions. 

Most ecosystems in the artificial wetlands biome contain standing water, although not necessarily 

all the time – there may be seasonal or interannual variation and even periods where the 

ecosystem is dry. For most of these ecosystems, energy, water and nutrients are introduced from 

a different area, either incidentally from run-off (e.g. farm dams, ditches and storm water canals) 

or from groundwater, or by management (e.g. aquatic croplands, aquafarms, wastewater ponds). 

Water chemistry in artificial wetland ecosystems varies with human use, with some wastewater 

ponds accumulating toxins or eutrophic levels of nutrients, while large reservoirs with undisturbed 

catchments may have low nutrient content and provide high-quality drinking water. 

Artificial wetlands are generally less temporally variable than natural wetlands and they often 

support less biodiversity and trophic complexity. Nonetheless, especially in anthropogenic 

landscapes, they may provide refuges and critical habitat for native biota (species), including 

some that no longer occur in natural ecosystems, as well as other opportunistic species. Trophic 

webs vary with the connectivity and depth of the water body, temperature, and substrate. The 

simplest artificial wetlands support only microbes, while the most diverse can include plant 

communities that promote complex habitats for invertebrates, fish, waterbirds, amphibians, 

reptiles, and, sometimes, amphibious mammals. 
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Artificial wetlands are found around the world, but most often in humid and subhumid tropical and 

temperate environments where rural and urban developments are predominant. 

Overview of examples of ecosystems per ecosystem functional group 

In the sections that follow we describe each of the agricultural ecosystem functional groups in 

more detail and provide examples of ecosystems that fall within each group, with a short profile 

and photographs for each example. The examples are listed in Table 2. In many cases these 

examples of ecosystems could constitute ecosystem types at level 5 or 6 of the Global Ecosystem 

Typology, depending on the context provided by the national ecosystem classification system and 

considering other agricultural ecosystems as well as the ecological context in the country. 

Not all examples of ecosystems correspond neatly with a single ecosystem functional group, in 

the main because classification into any discrete groups is necessarily a simplification of 

continuous multi-dimensional variation in nature (Keith et al., 2022), as noted in Section 3. In 

practice, there are two main scenarios that arise in this regard for agricultural ecosystems: 

• Scenario 1: The ecosystem shares most characteristics with a certain ecosystem functional 

group, with one or two characteristics that are not an exact fit. Notwithstanding these 

differences, the ecosystem matches the characteristics of one ecosystem functional group 

more than others. In other words, there is good if not complete correspondence with one 

ecosystem functional group. In these cases, the ‘best fit’ ecosystem functional group is clear. 

• Scenario 2: The ecosystem shares characteristics more or less equally with two ecosystem 

functional groups, without either one of them being a clear best fit. We have termed these 

ecosystem types ‘intermediate cases’. In such cases a judgement call needs to be made as to 

which ecosystem functional group the ecosystem type will be cross-referenced to. 

Table 2. Summary of examples of ecosystems in each agricultural ecosystem functional group, profiled in 

Sections 6 to 10. 

Ecosystem 

functional group 
Examples of ecosystems Region Notes 

T7.1 Annual 

croplands 

[Herbaceous 

croplands] 

Soybean croplands in Argentina South America Annual cropland 

Canola croplands in Canada North America Annual cropland 

Sorghum croplands in Burkina Faso Africa Annual cropland 

Wheatfields in Australia Oceania Annual cropland; 

Agroforestry example 

Sunflower fields in Russia Asia Annual cropland 

Upland (or dry) rice in China Asia Annual cropland 

Strawberry fields in the USA North America Perennial cropland 

Sugarcane plantations in Brazil South America Perennial cropland 

Cottonfields in Uzbekistan Asia Annual cropland; 

Woody plant, but best fit is T7.1 

Pineapple fields in the Dominican 

Republic 

North America Perennial cropland 

Sisal plantations in Kenya Africa Perennial cropland 

Market gardens in Spain Europe Mixed annual and perennial 

Subsistence farming in the Ethiopian 

highlands 

Africa Mixed annual and perennial 
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Ecosystem 

functional group 
Examples of ecosystems Region Notes 

T7.2 Sown 

pastures and 

fields [Sown 

pastures] 

Ryegrass pastures for dairy cattle in 

New Zealand 

Oceania  

Ryegrass pastures for sheep in 

Ireland 

Europe  

Kentucky bluegrass pastures for 

horses in the USA 

North America  

Lucerne (alfalfa) fields in South Africa Africa  

Signalgrass pastures in Brazil South America  

Semi-intensive permanent pastures 

in western Europe 

Europe  

T7.3 Plantations 

[and woody 

croplands] 

Eucalyptus plantations in Portugal Europe Timber plantations 

Teak plantations in India Asia Timber plantations 

Palm oil plantations in Indonesia Asia Woody croplands 

Tea plantations in India Asia Woody croplands 

Apple orchards in China Asia Woody croplands 

Olive orchards in Spain Europe Woody croplands 

Vineyards in Australia Oceania Woody croplands 

Shade-grown coffee with planted 

trees in Colombia 

South America Woody croplands; 

Agroforestry example 

Banana plantations in Uganda Africa Intermediate with T7.1 – 

herbaceous plant but shares 

some characteristics with 

woody croplands 

T7.5 Derived 

semi-natural 

pastures 

[Derived semi-

natural 

grasslands] 

Semi-natural grasslands in central 

Europe 

Europe  

Semi-natural grasslands in European 

subalpine regions 

Europe  

F3.3 [Aquatic 

and semi-aquatic 

croplands] 

Rice paddies in floodplains of India Asia  

Rice paddies in terraces in China Asia  

Taro paddies in floodplains of Hawaii North America  

Lotus ponds in Japan Asia  
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6 Ecosystem functional group T7.1 Annual croplands 

[Herbaceous croplands] 

Annual croplands are areas used for growing herbaceous crops that are planted or sown and 

harvested within a single growing season, typically on an annual or similar short cycle (e.g. 18 

months). Perennial herbaceous croplands are not explicitly addressed in version 2.1 of the Global 

Ecosystem Typology, but from an ecosystem functioning perspective they share characteristics 

with annual croplands and fit best in ecosystem functional group T7.1. For perennial herbaceous 

crops, the lifespan of the plant is longer than a year, but the harvesting cycle is typically annual or 

a similar short cycle, or in some cases the crop is harvested continuously. 

The line between annual and perennial herbaceous crops is not a hard one. Some perennial 

species, such as cotton, cassava and sugarcane, are destructively harvested and resown or 

replanted on an annual basis, and therefore the ecosystems in which they are produced function 

as annual croplands. In some areas, annual cropping activities are managed in temporal intervals 

of one to several years, for example, to accommodate fallow years or dry periods when there is 

insufficient water to support the crop (e.g. dryland cotton). 

A note on the name: The name of this ecosystem functional group in version 2.1 of the Global 

Ecosystem Typology is Annual croplands. However, as noted above, from an ecosystem 

functioning perspective perennial herbaceous croplands share characteristics with annual 

croplands and fit best in this ecosystem functional group. We thus note the potential alternative 

name Herbaceous croplands, reflecting an expansion in scope to include both annual and 

perennial herbaceous crops. 

Cropping systems for annual and perennial herbaceous crops vary, including monocropping, crop 

rotation (different crops grown in succession), intercropping (two or more crops grown together) 

and others. The target species (the species that are cultivated) are typically non-woody, with 

some exceptions such as cotton. Herbaceous crops can be grown to provide food for people, 

fodder for animals, or other products such as fibre or fuel. 

From an ecological perspective, these are simplified systems relative to most natural ecosystems. 

In many cases, there is a single target plant species, and all other species of competitors or 

consumers are actively excluded. However, depending on the agricultural approach, some non-

target species may be included or encouraged. Agroforestry practices in this ecosystem 

functional group include intentional integration of trees into the cropland ecosystem. 

Cropland ecosystems are often highly productive due to genetic manipulation (through breeding 

and in some cases genetic modification), supplementary nutrients and water, and control of 

weeds and pests. However, herbaceous croplands also include low productivity systems with low 

yields due to factors such as poor soil fertility, limited water availability and absence of 

supplementary nutrients. Generally, yield increases with increasing intensity of management, from 

low-input farms to highly intensively managed farms. Herbaceous croplands include a spectrum 

from small-scale subsistence production through to large commercial operations. 

Annual and perennial herbaceous cropland ecosystems may be vast mono-cropped areas, or 

they may be more varied, including mixed crops and mosaic elements such as hedgerows, 

patches or rows of trees, wetlands (natural or artificial), farm tracks and buildings. Where crop 

production areas are interspersed with natural elements, they may be more ecologically complex 

than extensive mono-cropped areas. As discussed in Section 5, the presence or absence of these 
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mosaic elements could be used to distinguish between different ecosystem types within this 

ecosystem functional group if they are considered to be determining factors of the composition, 

structure and functioning of the ecosystem. For example, the presence of hedgerows or patches 

of natural shrubland in a cropland might be seen as a factor that differentiates mosaic cropland 

ecosystem types from others in which extensive mono-cropped areas are uninterrupted by natural 

or semi-natural features. Mosaic agricultural ecosystem types often incorporate not only 

herbaceous crops but also, for example, fruit trees, pasture and some livestock. Depending on 

the relative area occupied by the different cultivated elements, a mosaic agricultural ecosystem 

might fit better in T7.2 Sown pastures or T7.3 Plantations [and woody croplands]. 

The features that distinguish this agricultural ecosystem functional group from others in the T7 

biome are the typically herbaceous (non-woody) target species, the typically short harvesting 

cycle (annual, biennial or similar, or in some cases continuous), and the absence of cultivated 

species that have the primary purpose of supporting grazing by herbivores (a key feature of T7.2). 

Examples of ecosystems that do not match every characteristic of this ecosystem functional group 

but nevertheless match the description more than that of other ecosystem functional groups are: 

• Cottonfields. Cotton is a woody rather than non-woody plant. With some exceptions in the 

tropics, it is harvested every year, with the plant removed, the field ploughed and replanted, so 

it is functionally closer to annual croplands than T7.3 Plantations and woody croplands. 

• Pineapple fields. Pineapples are usually managed on longer than annual rotations and typically 

take a full year to establish before production commences. Nevertheless, the plant is 

herbaceous. Pineapples are harvested destructively or die after harvest (typically < 2yrs). 

• Sisal plantations. Sisal is a succulent plant in the agave family, with thick fleshy leaves that 

contain strong fibres. Rotations are longer than other herbaceous perennials. 

Examples of intermediate cases related to this ecosystem functional group, where an ecosystem 

shares characteristics more or less equally between this group and another, are: 

• Banana plantations – intermediate between T7.1 and T7.3. Banana plants are herbaceous 

(very large non-woody herbs with perennial rhizomes) and from that perspective fit with T7.1 

However, banana plantations have functional properties that are more like woody croplands in 

T7.3, such as the establishment period and rotation time (they are ploughed and replanted on 

longer cycles than most crops in T7.1, although shorter rotations than most woody crops in 

T7.3). For many users of a national ecosystem classification, banana plantations may be a 

more intuitive fit with T7.3. We recommend assigning banana plantations to T7.3, while 

recognising that they share significant characteristics with T7.1. 

• Shifting cultivation in tropical forests – intermediate between T7.1 and natural forest 

ecosystems in T1 Tropical-subtropical forests biome. In these ecosystems, the natural forest is 

cleared temporarily for cropping, and then reverts to a recovering forest. If the cycles are 

relatively long, these ecosystems could be considered modified natural forests, i.e. natural 

forests where human activities have impacted on the ecosystem condition. If the clearing 

cycles are short (e.g. three to five years), with little time for the natural forest to recover, these 

could be considered cropland ecosystems in T7.1. 

Table 3 summarises the key characteristics of this ecosystem functional group, and also gives 

examples of factors that could be used to identify and distinguish between different ecosystem 

types within this group. This is not an exhaustive list; there may be other factors that are important 

in a particular context. As discussed in Section 3, compositional characteristics, related to the 

suite of species that are present in an ecosystem, play a central role in distinguishing between 
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different ecosystem types within an ecosystem functional group. These compositional differences 

between ecosystem types may underlie differences in structural characteristics and minor 

variations in ecosystem function within the scope of the ecosystem functional group. 

Table 3. Characteristics of T7.1 Annual croplands [Herbaceous croplands], and examples of factors that 

may be used to distinguish between ecosystem types within this ecosystem functional group. 

Key characteristics 
Potential factors to distinguish 

ecosystem types within this group 
Factor relates to… 

Species diversity One or more target plant 

species 

Non-target species 

(including plants, animals 

and microbes) 

Target species 

Presence and variety of non-target 

species 

Composition 

Functional 

characteristics of 

the target 

species, 

including growth 

form and 

longevity 

Typically non-woody, 

shallow rooted annuals or 

herbaceous perennials 

Grass, herbaceous, legumes, roots 

and tubers 

Structure, function 

Use of the 

agricultural 

product(s) 

Food, fodder, fibre, fuel N/A (The use to which the crop is put does not relate to 

the composition, structure or function of the ecosystem, 

and should not be used to distinguish between ecosystem 

types) 

Establishment of 

target species 

By planting or sowing 

(annual or longer cycle) 

Planting or sowing season Function 

Harvesting Typically annual or similar 

short cycle 

Mechanical, manual Function 

Intensity Low to high Degree of adoption of practices 

that enable yield increases 

Could relate to 

composition, 

structure and/or 

function 

Management 

interventions 

Range of possible 

interventions including 

cultivation, 

supplementary nutrients 

and water, control of 

weeds and pests 

Cropping systems (e.g. 

monocropping, intercropping, crop 

rotation, agroforestry systems) 

Crop management practices (e.g. 

rainfed, irrigated, combination of 

both; use of fallowing) 

Could relate to 

composition, 

structure and/or 

function 

Climate Tropical to temperate Influences crop choices, sowing or 

planting season etc. 

Could relate to 

composition, 

structure and/or 

function 

If abandoned Transition to non-target 

biota (over varying 

timescales) 

-- -- 

 

Some examples of ecosystems that fall within this ecosystem functional group are described 

below. In many cases these examples could constitute ecosystem types at level 5 or 6 of the 

Global Ecosystem Typology, depending on the context of a national ecosystem classification 

system, and considering other agricultural ecosystems and the ecological context in the country. 
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Ecosystem types should have a name and a description that includes key biotic and abiotic 

characteristics, as discussed in Section 4 and detailed in Box 1. Names of ecosystem types 

should be decided at the national level, so the titles of the examples given here should not be 

taken as names for these ecosystem types. The descriptions given in the examples below are 

informal and would need to be further developed in the context of a national ecosystem 

classification system. 

Soybean croplands in Argentina 

Argentina is the world’s third largest producer of soybeans, 

producing more than 50 million tons a year. The antecedent natural 

ecosystem types are typically temperate grasslands. 

The soybean (Glycine max) is a leguminous plant native to Asia. It is 

grown for the beans which have a high protein content and are 

used in numerous food products for people and animals, as well as 

for oil. Soybeans are a summer crop, and yields are highly 

dependent on water (from rainfall, irrigation or a combination). 

Soybeans are sown in rows and grow to around 100cm, creating a 

dense canopy. Soybeans are self-pollinating, and as legumes they 

fix nitrogen through soil bacteria. 

Many Argentinian producers use genetically modified soybean 

varieties that are tolerant to herbicides, making weed control easier. 

They are harvested annually using mechanical combines, cutting 

the whole plant. 

Photos: Redro Reyna, Beatrice Murch via Flickr 

 

Canola croplands in Canada 

Canola is a cultivar of the rapeseed plant (Brassica napus) that was 

developed by Canadian scientists using traditional plant breeding 

techniques to reduce acids for human consumption. It is grown 

mainly for cooking oil, but also as animal feed and a biofuel. Canada 

remains the world’s largest producer of Canola, producing 20 

million tons a year. 

Canola is grown on the Canadian prairies, replacing temperate 

grasslands, where there is a long enough growing season, sufficient 

rainfall and fertile soils. Seeds are sown in rows in spring and grow 

up to 2m before producing bright yellow flowers and eventually seed 

pods. It is harvested annually through swathing or combine 

harvesting, and the entire plant is cut. 

Canola requires supplementary fertilisation, pest control, weed 

control and adequate water (from rainfall, irrigation or a 

combination). It is primarily self-pollinated, although insect 

pollination improves yields. 

Photos: Nas2 via Wikimedia Commons; Murray Feist via Flickr 
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Sorghum croplands in Burkina Faso 

Sorghum is a staple food across Africa, used as both a flour and 

whole grain, as well as for brewing. In Burkina Faso, more than 

1.5 million hectares are planted with sorghum, where it contributes 

to food security and rural livelihoods. Most sorghum production is 

done by smallholder farmers, using traditional farming methods. 

Sorghum (Sorghum bicolor) is a sturdy C4 grass, resembling maize, 

that reaches up to 3m tall. The grains develop from the 

inflorescence. It is generally drought tolerant, and suitable for 

growing in relatively arid conditions. 

In Burkina Faso, it is grown in the subtropical grasslands and 

savannas during the rainy season from June to November. 

Harvesting is done manually due to the small scale of production. 

Sorghum farmers face challenges from drought, poor soil condition 

and pests and diseases. 

 

Photos: Rik Schuiling TropCrop-TCS via Wikimedia Commons; ILRI via Flickr 

 

Wheatfields in Australia 

Australia is a major producer and exporter of wheat, largely grown 

in the wheatbelt regions of south-eastern and south-western 

Australia. Wheat grains are used for flour and as whole grain in a 

wide range of food products. 

Wheat (Triticum aestivum) is a C3 grass, growing up to 1m tall. In 

Australia, it is primarily grown as a winter crop, sown in late autumn 

and harvested in spring. Most Australian wheat is rain-fed without 

supplementary irrigation. Wheat farming in Australia is typically 

highly commercialised on a large scale. Harvesting is done with 

large-scale machinery. 

Wheat fields typically replace eucalypt woodlands or mallee 

woodlands. Mallee is a multi-stemmed tree adapted to the dry, 

infertile soils. Since the 1990s, some farmers in western Australia 

have been reintegrating mallee trees into wheatfields to address 

issues of soil salinity, and to create windbreaks. The trees 

potentially provide an additional income stream from biomass. This 

is an example of agroforestry. 

Photos: Calistemon via Wikimedia Commons; denisbin via Flickr 
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Sunflower fields in Russia 

Russia and Ukraine produce more than half the world’s sunflowers. 

They are grown in the black earth region named for the rich black 

soil. The antecedent natural ecosystem types are typically 

temperate steppe grasslands. 

The sunflower (Helianthus annuus) is an annual plant, growing up to 

3m before producing a large yellow flower head on which the seeds 

eventually develop. Sunflowers are grown primarily for oil, but also 

as food and as an ornamental plant. Russia has a strict ban on 

cultivation of genetically modified crops. 

Sunflowers are sown from seed in spring. While they are relatively 

drought-tolerant, they require weed and pest control. Sunflowers 

are harvested mechanically with combine harvesters cutting the 

plant at the stalk. In Russia, sunflowers are often grown on a four-

year rotation with cereal crops. 

 

Photos: Senin Roman; kikiwis via Wikimedia Commons 

 

Upland (or dry) rice in China 

Traditionally, upland rice was grown in tropical and subtropical 

southwest China as part of a shifting cultivation (swiddening) 

system, but it is now more often sown as a pioneer crop on newly 

deforested land or in rotation with other dryland crops. 

Although most global rice production is from irrigated rice paddies 

(which fall within ecosystem functional group F3.3), rainfed upland 

rice is widely grown in Asia, Latin America, and Africa, and is the 

most important means of rice cultivation in many areas. It is a staple 

food for an estimated 100 million people. 

Upland rice cultivars are distinguished from paddy rice by their 

drought tolerance and appear to have been derived multiple times 

from drought-intolerant lowland cultivars. Yields are typically much 

lower than for irrigated rice, but growing upland rice is less labour-

intensive and needs much less water. Cultivation methods are 

diverse, from shifting cultivation on steep hillsides in many countries 

to the highly mechanised farming that predominates in Brazil. The 

major limiting factors include weeds and fungal pathogens. 

Photos: David L. van Tassel via Wikimedia Commons 
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Strawberry fields in the USA 

The United States of America (USA) is a major global contributor to 

strawberry production. Most strawberries are grown in California 

and Florida due to their favourable climates. 

Farmed strawberries are a hybrid plant (Fragaria × ananassa) with 

short stature, that grows horizontally from runners. They are short-

lived perennials that produce for a few years. Strawberries are 

usually planted in hilled rows, covered with plastic mulch that 

controls weeds, water drainage and soil temperatures, known as 

plasticulture. The strawberries are harvested by hand continually 

throughout the season. 

Strawberries are vulnerable to pests and diseases, so farmers 

employ several measures to control these. In the USA, strawberries 

are often rotated with cover crops, vegetables or fallow periods. 

 

 

Photos: USDA via Flickr 

Sugarcane plantations in Brazil 

Brazil is the largest producer of sugarcane in the world, due to its 

ideal conditions of tropical climate, abundant rainfall and fertile soils. 

Sugarcane replaces subtropical grasslands and forests, often on 

floodplains (palustrine wetlands). 

Brazil produces up to 700 million tons annually. Sugar is widely 

used as a food supplement, but a large focus of Brazilian production 

and export is for biofuels. 

Sugarcane (Saccharum officinarum) is a tall C4 perennial grass. 

Sugarcane is typically planted from cuttings. It is harvested after 12 

to 18 months and allowed to regrow from the rootstock. It can be 

harvested for several years from the same stock, burnt annually to 

promote regrowth, and ploughed and replanted on multi-year 

cycles. 

Brazilian sugarcane farmers employ modern agricultural 

techniques, including mechanised harvesting, irrigation and 

supplementary fertilisation. It is often rotated with legume crops to 

maintain soil health. 

Photos: Mariordo via Wikimedia Commons; Rainer Rillke via Flickr 
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Cottonfields in Uzbekistan 

Cotton has been grown in Uzbekistan for thousands of years. It is 

now one of the world’s largest producers, exporting 800 000 tons of 

cotton a year, which is a major contributor to the economy, known 

as ‘white gold’. Cotton is a fibre extensively used in a wide range of 

textiles. 

Cotton comes from several species of the genus Gossypium – 

shrubby plants that after flowering produce bolls containing seeds 

and fluffy fibres. It is a summer crop, sown in spring and harvested 

in autumn. It requires warm weather, lots of sunlight and adequate 

water, especially during flowering and boll production. The 

antecedent natural ecosystem types are typically temperate 

grasslands and seasonal or ephemeral floodplain wetlands. 

Management includes pest and disease control. Most cotton is self-

pollinated, but cross pollination improves yields. Cotton was 

traditionally picked by hand, but harvesting has largely transitioned 

to mechanical pickers. 

Photos: Chris Shervey; David Stanley via Flickr 

 

Pineapple fields in the Dominican Republic 

The Dominican Republic is a rising pineapple producer thanks to its 

consistently warm and humid climate, suitable for year-round 

pineapple growth. Antecedent ecosystems include tropical forests 

and savannas. 

The pineapple plant (Ananas comosus) has a rosette of leaves 

growing near to the ground. A single fruit grows from the centre 

over a long growth-cycle of up to three years. It is native to South 

America, where it has been cultivated for many centuries as a 

staple food. Pineapples are typically propagated vegetatively, by 

planting out crowns or suckers of existing plants. They have high 

nutrient demands, so commercial cultivation requires intensive soil 

management and supplemental fertilisation. 

The fruit is harvested manually, whereafter the plant is left to 

produce more pineapples for several cycles. 

 

Photos: Gobierno Danilo Medina via Flickr 
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Sisal plantations in Kenya 

Kenya is a significant producer of sisal, a fibre used for many 

purposes including twine, textiles, construction and more. Kenya 

produces around 25 000 tons of sisal a year. 

Sisal comes from the Agave sisalana plant, a drought-resistant 

succulent. It is well suited to the arid and semi-arid parts of east 

Africa, where sisal plantations replace savannas and grasslands. 

Sisal is propagated from suckers, which are planted in rows. 

Regular weeding is necessary to reduce competition. Sisal plants 

are ready for harvest at three to four years, the mature leaves are 

harvested by cutting and the plant is left to regrow. Once planted, 

they can be harvested regularly for a number of years. 

 

 

 

Photos: Ninara via Flickr 

 

Market gardens in Spain 

Market gardens can be found around many cities of Europe. The 

peri-urban horticultural areas of Spain are some of the most 

extensive examples, with many hundreds of small farms covering 

thousands of hectares adjacent to cities like Barcelona. The areas 

have a long history of agriculture, with well-developed infrastructure 

of access roads, irrigation, and buildings such as sheds. 

The farms grow a mix of Mediterranean staple foods, like tomatoes, 

zucchini, citrus, stone fruits, and barley. Regional crop varieties are 

common. Many of the parks place an emphasis on organic and 

sustainable agriculture, using natural fertilisers. The areas are a 

mosaic of different elements, including fields, fruit trees and natural 

vegetation. 

Market gardens have important cultural value. As green belts, they 

can improve the health of city dwellers. The fresh, local produce is 

often sold directly to consumers through market stalls. 

 

Photos: Jorge Franganillo via Flickr; Pere prlpz via Wikimedia Commons 
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Subsistence farming in the Ethiopian highlands 

The Ethiopian highlands are characterised by rugged mountains, 

deep valleys, and high plateaus. Farmers have adapted to this 

terrain by using diversified farming of grains and livestock. For many 

of these farms, the goal remains subsistence and self-sufficiency. 

Although individual farms are small, they cover large areas of the 

highlands. 

A characteristic crop is teff (Eragrostis tef), an indigenous Ethiopian 

grass that has been a staple food for thousands of years. As well as 

teff, farms produce other grains, and raise cattle or goats for milk, 

meat, farm labour and manure for fertiliser. Trees are integrated to 

provide shade for livestock, erosion control, and as a source of 

fuelwood. 

Ancient farming practices are deeply interwoven into the cultural 

fabric and traditions in the region. Climate change poses a 

significant threat to the way of life in this high-altitude area. 

 

Photos: Antoine S.; ILF via Flickr 
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7 Ecosystem functional group T7.2 Sown pastures and fields 

[Sown pastures] 

Sown pastures are seeded with one or a few species of grasses or legumes to provide cultivated 

forage for herbivores (usually large mammals). The herbivores are managed with varying periods 

of exclusion, as part of the ecosystem. In some cases, the plants are also harvested for fodder 

(hay or silage). The species used as pasture plants vary across tropical, subtropical and 

temperate regions. Pasture species could be indigenous or exotic and may in some cases be 

invasive. Pastures can contain a mix of sown plants and plants that recruit naturally (native and 

exotic). 

A note on the name: The name of this ecosystem functional group in version 2.1 of the Global 

Ecosystem Typology is Sown pastures and fields. However, fields occur in other ecosystem 

functional groups as well as this one (for example in T7.1). We thus note the potential alternative 

name Sown pastures, excluding specific mention of fields. 

Sown pastures are structurally simple and low diversity systems relative to natural ecosystems, 

dominated by one or a few selected species. They are established by sowing and in many cases 

supplemented with additional nutrients and control of weeds and pests. They may be irrigated. 

Management may include chemical or physical treatments to exclude competitors, predators, 

herbivores or pathogens. Sown pastures range from moderate intensity to high intensity 

depending on various factors including the species sown, the level of water or nutrient inputs, and 

grazing practices (e.g. densities, continuous or rotational). Livestock densities are managed in 

part by movement of animals at varied intervals between fenced paddocks of varied size. 

Like herbaceous croplands, pastures may include mosaic elements such as hedgerows, patches 

or rows of trees, wetlands (natural or artificial), ditches, farm tracks and buildings. They can be 

interspersed with croplands, and trees and pastures may be combined in agroforestry systems. In 

cases where an ecosystem includes both croplands and pastures, the relative area they occupy 

can be used to determine whether the ecosystem fits better in T7.1 or T7.2. 

Features that distinguish this agricultural ecosystem functional group from others are the grass 

and/or legume pasture species combined with either continuous or periodic grazing by herbivores. 

Unlike ecosystems in T7.5 Derived semi-natural pastures [Derived semi-natural grasslands], 

which often include grazing, ecosystems in T7.2 are sown and cultivated. As noted, sown 

pastures can sometimes be harvested to produce fodder, but in these cases, there is usually also 

at least some grazing (for example, post-harvest). If sown pastures are only harvested for fodder 

and not directly grazed at all, these ecosystems are a better fit with T7.1 as they function 

effectively as perennial herbaceous croplands. The distinction between sown pastures and natural 

rangelands is discussed in Section 13. 

For discussion on woody forage or fodder plantings, see Section 8 on T7.3 Plantations [and 

woody croplands]. 

Table 4 summarises the key characteristics of this ecosystem functional group, and also provides 

examples of factors that may be used to identify and distinguish between different ecosystem 

types within this group. This is not an exhaustive list; there may be other factors that are important 

in a particular context. As discussed in Section 3, compositional characteristics, related to the 

suite of species that are present in an ecosystem, play a central role in distinguishing between 

different ecosystem types within an ecosystem functional group. These compositional differences 
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between ecosystem types may underlie differences in structural characteristics and minor 

variations in ecosystem function within the scope of the ecosystem functional group. 

Table 4. Characteristics of T7.2 Sown pastures and fields [Sown pastures], and examples of factors that 

may be used to distinguish between different ecosystem types within this ecosystem functional group. 

Key characteristics 
Potential factors to distinguish 

ecosystem types within this group 
Factor relates to… 

Species 

diversity 

One or few target 

plant and herbivore 

species 

Non-target species 

Target plant species 

Target herbivore species 

Presence and variety of non-target 

species 

Composition 

Functional 

characteristics 

of the target 

plant species, 

including 

growth form 

Grasses and forbs 

(typically legumes) 

 Structure 

Use of the 

agricultural 

product 

Forage and in some 

cases fodder for large 

mammalian 

herbivores that could 

have various human 

uses 

N/A (The human use of the animal species does not relate to 

the composition, structure or function of the ecosystem and 

should not be used to distinguish between different ecosystem 

types) 

Establishment 

of target 

species 

Plants established 

and maintained by 

sowing; Herbivores 

introduced by 

managed breeding 

and movement 

 Function 

Harvesting May be periodically 

harvested (e.g. 

mowed and baled) 

Grazing only 

Combination of grazing and harvesting 

Function 

Intensity Moderate to high Degree of adoption of practices that 

enable yield increases 

Could relate to 

composition, 

structure and/or 

function 

Management 

interventions 

Livestock 

management 

Supplementary 

nutrients and water 

Control of weeds and 

pests 

Harvesting in some 

cases 

Grazing systems (e.g. continuous 

grazing, rotational grazing) 

Rainfed, irrigated, combination of both 

Supplementary nutrients 

Weed and pest control methods 

Could relate to 

composition, 

structure and/or 

function 

Climate Tropical to temperate Influences pasture species chosen, 

grazing season length, productivity and 

density of sward etc. 

Could relate to 

composition, 

structure and/or 

function 

If abandoned Transition to non-

target biota (over 

varying timescales) 

-- -- 
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Some examples of ecosystems that fall within this ecosystem functional group are described 

below. In many cases these examples could constitute ecosystem types at level 5 or 6 of the 

Global Ecosystem Typology, depending on the context of a national ecosystem classification 

system, and considering other agricultural ecosystems and the landscape context in the country. 

Ecosystem types should have a name and a description that includes key biotic and abiotic 

characteristics, as discussed in Section 4 and detailed in Box 1. Names of ecosystem types 

should be decided at the national level, so the titles for the examples given here should not be 

taken as names for these ecosystem types. The descriptions given here are informal and would 

need to be further developed in the context of a national ecosystem classification system. 

The examples here come from Africa, Europe, North America, South America and Oceania. Sown 

pastures also occur in Asia but they are less important there than in many other parts of the world. 

Most production of ruminant livestock in Asia is based on natural grasslands in semi-arid areas of 

Central Asia, India, and China, and on the Qinghai-Tibetan plateau. In warmer, wetter areas, 

ruminants are less important and usually kept in sheds or enclosures, where they are fed on fresh 

or dried plant material cut from small areas of sown pastures or imported from natural grasslands 

elsewhere. Sown grasses and legumes are also used extensively to rehabilitate rangelands 

degraded by overgrazing; these would be considered natural ecosystems in a modified condition 

state rather than agricultural ecosystems. 

 

Ryegrass pastures for dairy cattle in New Zealand 

Ryegrass is a cornerstone of dairy farming in New Zealand, one of 

the top dairy exporters in the world. Planted pastures provide higher 

yields than natural grasslands, more nutritious forage and steady 

food supply for dairy cows. 

Ryegrass is a fast-growing, tuft-forming grass native to Europe. It 

can outcompete other grasses, leading to large single-species 

expanses. For pastures, ryegrass is often combined with clover 

which fixes nitrogen in the soil and provides additional protein for 

the cows. Irrigation and regular fertilisation are used to increase 

yields. 

Dairy cows are ruminants, and consume large quantities of forage 

daily to receive enough nutrition, returning nutrients to the pasture 

as manure. Pastures are typically grazed on a rotational basis, 

allowing regrowth of the grass between cycles. The antecedent 

natural ecosystem types are typically temperate grasslands or 

forests. 

Photos: Dave Young via Flickr; Roger Frost via iNaturalist 
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Ryegrass pastures for sheep in Ireland 

Sheep farming is a significant agricultural activity in Ireland, for meat 

and in some cases wool production. The antecedent natural 

ecosystem types are typically temperate grasslands and 

heathlands. 

While some upland sheep farms still use natural grazing, much of 

lowland sheep production has transitioned to planted pastures to 

support higher stocking rates. Ryegrass, combined with clover, is 

the predominant pasture mix used in Ireland. Ryegrass is selected 

because of its high yield, palatability and nutritional content. It is 

often sown in a slurry mixed with water and fertiliser. 

Sheep are selective grazers, preferring young nutritious grass. At 

appropriate stocking rates, they can stimulate ryegrass growth to 

keep fields productive. Rotational grazing is used to allow regrowth. 

Ryegrass pastures are highly productive, but far lower in diversity 

than natural grasslands. 

Photos: Vitya Maly via GoodFon; Ronan Conroy via iNaturalist 

 

Kentucky bluegrass pastures for horses in the USA 

Kentucky has a long history at the heart of the horse racing and 

thoroughbred breeding industry. The limestone-rich soil and 

temperate climate are favourable for raising horses. 

Kentucky bluegrass (Poa pratensis) is commonly used in horse 

pastures because it is highly palatable, can withstand heavy grazing 

and is winter hardy. Despite the name it is native to Europe. 

Bluegrass is also widely used as a lawn grass for parks, athletic 

fields, and golf courses. Kentucky bluegrass is considered invasive 

in some places due to its ability to spread and outcompete other 

grasses. 

Horses, unlike ruminants, have digestive systems adapted to 

continuous grazing, which can lead to patchy pastures with heavily 

grazed areas. Kentucky bluegrass is low growing and therefore is 

more suited for grazing pastures than for hay. As well as regular 

grazing, it is maintained with irrigation and the addition of fertiliser. 

 

Photos Don Sniegowski via Flickr; Kelly Watson via iNaturalist 
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Lucerne (alfalfa) fields in South Africa 

Lucerne (Medicago sativa) is a commonly grown pasture plant in 

South Africa, used as cattle feed. It is a perennial flowering plant of 

the legume family, with a high protein content beneficial for 

livestock. Lucerne seeds are inoculated with rhizobium bacteria, 

which fix nitrogen, before being sown. 

In South Africa, lucerne is often harvested for hay or silage to 

provide winter feed when fresh grazing is not available. The country 

is also a significant exporter of lucerne for animal feed. In these 

cases, the pasture is mechanically harvested. 

South African lucerne fields are also directly grazed, including 

grazing of the stubble after harvest or if the crop fails. It is often 

used for lambs or calves at foot or to increase yields from dairy 

cows. Rotational grazing is recommended to manage the risk of 

bloat in the livestock and avoid trampling of the lucerne crop. 

In South Africa, the antecedent natural ecosystem types are 

typically subtropical to temperate grasslands. Although it is drought-

tolerant, lucerne is often irrigated to maximise yields. 

Photos Justin du Toit, Sandra Falanga via iNaturalist 

 

Signalgrass pastures in Brazil 

Sown pastures are an important source of feed for Brazil’s sizeable 

cattle herd. The antecedent natural ecosystem types are typically 

rainforests or savannas, known as the Cerrado in Brazil. The forests 

or savannas are clearcut and burned and then seeded with exotic 

grasses. 

Urochloa (previously Brachiaria) is the most widely used planted 

pasture in Brazil. It is a grass of African origin that is well suited to 

the tropical climate and acidic soils of Brazil. Urochloa is highly 

productive and nutritious for cattle, offering high forage yields. 

There has been a focus on developing improved varieties. Moderate 

grazing stimulates new growth, and manure adds fertiliser for the 

plants. 

A large portion of Brazil’s pastures are in poor condition due to 

overgrazing and nutrient depletion. Efforts are underway to improve 

pastures with sustainable grazing management, soil health and 

reseeding. Planted pastures are often integrated with crop farming 

and agroforestry. 

Photos Jonathan Wilkins via Wikimedia Commons; Luís A. Funez via iNaturalist 
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Semi-intensive permanent pastures in western Europe 

A significant portion of sown pastures in Europe have been 

maintained as continuous grassland for decades or even centuries. 

Such so-called permanent pastures are often under less intensive 

management, with lower fertiliser application, and only partial re-

seeding. 

They survive in areas that are more difficult to intensify or are under 

environmental protection. In such circumstances they have a 

substantially higher species diversity and structural variability than 

the sown pastures of modern intensive farming. 

The grazing livestock found on such pastures provide an important 

component for the ecological diversity of agricultural ecosystems 

through manure droppings. These are a key food source for a wide 

range of insects, fungi etc. as well as the birds and small mammals 

that feed on the latter. 

The antecedent natural ecosystem types for these pasture types 

were mostly temperate forest, swamps and fens. 

Photos: Herbert Nickel (supplied); Hélène Rival via Wikimedia Commons 
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8 Ecosystem functional group T7.3 Plantations [and woody croplands] 

Plantations are areas where long-rotation perennial woody crops or trees are established, 

maintained and harvested for a variety of food and materials. The cultivated species could be 

trees or other woody species, either native or exotic. Plantations include agricultural plantations, 

with crops such as coffee, tea and palm oil, as well as forestry plantations grown for timber and 

other wood products. Woody crops also include orchards (fruit or nuts) and vineyards. 

A note on the name: The name of this ecosystem functional group in version 2.1 of the Global 

Ecosystem Typology is Plantations. However, based on the description it is clearly intended to 

include woody croplands as well as plantations. We thus note the potential alternative name 

Plantations and woody croplands. 

The vegetation of most plantations and woody croplands comprises at least two vertical strata 

(the managed woody species and a ruderal ground layer of opportunistic indigenous and exotic 

species), although mixed plantings may be more complex and host a relatively diverse flora and 

fauna if managed to promote habitat features. Fertilisers and water inputs are sometimes applied, 

and harvesting occurs at intervals depending on the crop. Harvesting can take a range of forms, 

including clear felling or selective felling in forestry plantations and various harvesting systems in 

orchards, vineyards, tea and coffee plantations and the like. 

Similar to herbaceous croplands, woody croplands may be large-scale monocultures or may 

include mosaic elements such as strips or remnant patches of natural vegetation and elements 

such as wetlands (natural or artificial), hedgerows, grass strips, stonewalls, farm tracks and 

buildings. They may be interspersed with herbaceous croplands and pastures. In such cases, the 

ratio of woody croplands to herbaceous croplands or pastures can be used to determine whether 

the ecosystem fits better in T7.1, T7.2 or T7.3. The term ‘plantations’ is generally associated with 

large-scale monoculture, but plantations can include mosaic elements and mixed cropping. 

Features that distinguish this agricultural ecosystem functional group from other agricultural 

ecosystem functional groups are the woody target species and the long-rotation harvesting cycle. 

An important distinction relevant to this ecosystem functional group is between forestry 

plantations and natural or semi-natural ecosystems from which timber is harvested. A natural 

forest may be substantially modified through management and harvesting but is still considered a 

natural ecosystem type, rather than an anthropogenic ecosystem type, if the characteristics of the 

natural ecosystem type remain recognisably present. The harvesting and other management 

activities impact on the condition of the ecosystem, which could be moderate or poor, but do not 

change the ecosystem type. Intensive native forest harvesting with or without extensive 

supplementary reseeding, as occurs in parts of Canada, Australia, and possibly northern Europe 

and Russia, is excluded from this ecosystem functional group. 

In some cases, woody crops are established within a natural ecosystem, such as coffee or cocoa 

planted within a natural forest ecosystem. In general, such cases would be considered a natural 

forest ecosystem in a modified condition state. The natural ecosystem is likely to still be 

recognisably present, with agricultural activities impacting on its condition. In contrast, shade-
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grown coffee or cocoa ecosystems where the trees (native15 or exotic) are planted rather than 

being part of a natural forest fall clearly within this ecosystem functional group.16  

Examples of ecosystems that do not match every characteristic of this ecosystem functional group 

but nevertheless match the description more than that of other ecosystem functional groups are: 

• Woody forage or fodder plantings. Woody species such as Leucaena, Salix, Corylus, Populus, 

Ficus and chenopods may be planted to provide fodder and/or browsing for livestock and 

other herbivores, including as part of agroforestry systems. They are typically not cultivated as 

monocrops, but species such as saltbush are sometimes intensively planted for livestock 

fodder. In such cases, these ecosystems would fit with T7.3 based on their functional 

properties. 

An example of an intermediate case, where an ecosystem shares characteristics more or less 

equally between two ecosystem functional groups, is: 

• Banana plantations – intermediate between T7.1 and T7.3. Banana plants are herbaceous 

(very large non-woody herbs with perennial rhizomes) and from that perspective fit with T7.1 

However, banana plantations have functional properties that are more like woody croplands in 

T7.3, such as the establishment period and rotation time (they are ploughed and replanted on 

longer cycles than most crops in T7.1, although shorter rotations than most woody crops in 

T7.3). For many users of a national ecosystem classification, banana plantations may be a 

more intuitive fit with T7.3. We recommend assigning banana plantations to T7.3, while 

recognising that they share significant characteristics with T7.1. 

Table 5 summarises the key characteristics of this ecosystem functional group, and also provides 

examples of factors that may be used to identify and distinguish between different ecosystem 

types within this group. This is not an exhaustive list; there may be other factors that are important 

in a particular context. As discussed in Section 3, compositional characteristics, related to the 

suite of species that are present in an ecosystem, play a central role in distinguishing between 

different ecosystem types within an ecosystem functional group. These compositional differences 

between ecosystem types may underlie differences in structural characteristics and minor 

variations in ecosystem function within the scope of the ecosystem functional group. 

Table 5. Characteristics of T7.3 Plantations [and woody croplands], and examples of factors that may be 

used to distinguish between different ecosystem types within this ecosystem functional group. 

Key characteristics 
Potential factors to distinguish 

ecosystem types within group 
Factor relates to… 

Species diversity One or a few 

target species 

with ruderal layer 

Target species 

Presence and variety of non-target 

species 

Composition 

 
15 Native trees could be planted in a coffee or cocoa plantation as part of a restoration effort. If the restoration is 

sufficiently successful that the antecedent natural ecosystem type is considered to have been reestablished (with or 

without the coffee or cocoa plants still present), then the ecosystem type would change from a T7.3 woody plantation 

ecosystem type to a natural forest ecosystem type. 

16 In both cases, these would be considered examples of agroforestry – see Section 12. 
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Key characteristics 
Potential factors to distinguish 

ecosystem types within group 
Factor relates to… 

Functional 

characteristics of 

the target 

species, including 

growth form 

Perennial woody 

species 

Height and number of strata Structure 

Use of the 

agricultural or 

forestry 

product(s) 

Wood products, 

food, oil, resin, 

fodder, materials, 

forage 

N/A (The use to which the crop is put does not relate to the 

composition, structure or function of the ecosystem and should 

not be used to distinguish between different ecosystem types) 

Establishment of 

target species 

By planting or 

sowing 

Planting density Structure 

Harvesting For forestry 

plantations: 

typically cyclical 

harvesting at 

intervals 

For woody crops: 

often selective 

harvesting 

Clear felling, selective felling 

Harvesting intervals  

Manual, mechanical 

Function 

Intensity Low to high Degree of adoption of practices that 

enable yield increases 

Could relate to 

composition, structure 

and/or function 

Management 

interventions 

Fertilisers and 

water inputs may 

be applied 

Rainfed, irrigated or combination 

Supplementary nutrients 

Tree-stand management 

Function 

Climate Tropical to cool 

temperate 

 Could relate to 

composition, structure 

and/or function 

If abandoned Successional, 

secondary 

regrowth 

(considered a 

condition state of 

a natural 

ecosystem 

functional group, 

no longer T7.3) 

-- -- 

 

Some examples of ecosystems that fall within this ecosystem functional group are described 

below. In many cases these examples could constitute ecosystem types at level 5 or 6 of the 

Global Ecosystem Typology, depending on the context of a national ecosystem classification 

system, and considering other agricultural ecosystems and the landscape context in the country. 

Bamboo plantations17 are another example (not included here) of an ecosystem that would fall 

within T7.3 Plantations [and woody croplands]. 

 
17 Almost all bamboo plantations are of woody bamboo species, not herbaceous bamboo species, which are rarely 

cultivated. 
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Ecosystem types should have a name and a description that includes key biotic and abiotic 

characteristics, as discussed in Section 4 and detailed in Box 1. Names of ecosystem types 

should be decided at the national level, so the titles for the examples given here should not be 

taken as names for these ecosystem types. The descriptions given here are informal and would 

need to be further developed in the context of a national ecosystem classification system. 

Eucalyptus plantations in Portugal 

Portugal has significant areas of Eucalyptus plantations relative to 

its size, with 800 000 hectares covering as much as 10% of the 

country. The antecedent natural ecosystem types are typically 

deciduous temperate forests. 

Trees of the genus Eucalyptus are extensively grown in plantations 

worldwide due to their fast growth, reaching harvestable age in 10 

years. They are used for timber and paper products. Eucalyptus 

plantations have high water usage and pose a high fire risk if not 

well managed. Management includes spacing and thinning of the 

trees, as well as management of the understory layer and forest 

floor. 

Harvesting of Eucalyptus in Portugal is usually highly mechanised, 

and entire stands are clear felled. After felling, the land is usually 

replanted with new seedlings. 

 

Photos Alexandre de Oliveira Brites via Wikimedia Commons; Martinho-Fiz López 

Lindoso via iNaturalist 

 

Teak plantations in India 

Teak (Tectona grandis) is a tropical hardwood that is native to 

southeast Asia, including India. It is widely use in furniture and 

construction due to its durability. Teak has been used in India for 

centuries and was originally harvested from natural forests. 

Increasing demand led to extensive commercial plantations. 

India is now one of the largest producers of teak in the world. 

Following intensive seed preparation, the seedlings are planted out 

in areas with warm climates with distinct seasons. Weeding, 

thinning and pruning are carried out, particularly in early years. Fire 

protection is vitally important. Teak is a slow growing plant, so 

rotations are typically 30 years or more, after which the area is clear 

felled and replanted. 

Although teak is native to India, monocultures have much lower 

diversity than natural forests. Teak production faces competition 

from fast growing exotic species. 

 

Photos: Rich Kostecke, Raghu Menon via iNaturalist 
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Palm oil plantations in Indonesia 

Indonesia is the world’s largest producer of palm oil, with plantations 

covering around 12 million hectares of the country. The islands of 

Sumatra and Borneo are ideal for palm oil due to their high 

temperatures and abundant rainfall. The antecedent natural 

ecosystem types are typically tropical moist forests. 

The oil palm (Elaeis guineensis) is native to tropical Africa. It is a tall 

palm tree that produces clusters of fruit that are used for oil that is 

widely used in food, cosmetics and as a fuel. Oil palms are 

transplanted as seedlings and start producing after 3 to 4 years. 

Harvesting is done manually every 10 to 14 days. 

Removal of natural vegetation for palm oil plantations can lead to 

extensive soil erosion, and counter measures are often needed to 

protect soils. 

 

Photos: ILO Gah via Flickr; Tom Fisk via Pexels 

 

Tea plantations in India 

India produces more than 1 million tons of tea each year and is the 

second largest producer after China. Tea is an important 

agricultural and economic sector in India. It is one of the most 

widely consumed beverages in the world. 

The tea plant (Camellia sinensis) is an evergreen shrub that can 

grow up to 15m but is usually pruned at waist height to facilitate 

picking. Tea is transplanted into the field as seedlings. It is grown for 

the new leaves, and during the growing season is harvested every 7 

to 10 days, usually by hand. Tea plantations require regular pruning, 

fertilisation, and pest and weed control. 

Tea is grown in high rainfall regions of India and thrives in slightly 

acidic soils. In India, the antecedent natural ecosystem types are 

typically tropical or subtropical forests. 

 

 

Photos: UNESCO-UNEVOC via Flickr; Juan Camilo Muñoz via iNaturalist 
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Apple orchards in China 

China is the world’s largest producer of apples. It has more than 

2.4 million hectares of apple orchards and produces over 30 million 

tons every year. Apples are used for fresh and processed food 

products. 

A wide number of cultivars of the apple tree (Malus domestica) are 

grown in China. They are grown in Shaanxi and Shandong 

provinces where the temperate climate is suitable and offers 

sufficient chill hours. The antecedent natural ecosystem types are 

typically temperate grasslands or forests. 

Apple trees are transplanted as seedlings, and in China typically 

use the central leader orchard system of a single main trunk. 

Regular pruning, fertilisation, irrigation and pest control are used to 

maintain apple orchards. 

Apples are harvested annually in late summer, often by hand. 

 

Photos: PxHere; Matthew Stinson via Flickr 

 

Olive orchards in Spain 

Olives are produced across the Mediterranean, but Spain is the 

largest producer, producing around 5 million tons a year. Olives are 

used as table olives, for olive oil and in cosmetics. 

Olive trees (Olea europaea) are suited to the Mediterranean climate 

of mild, wet winters and hot, dry summers. Orchards usually replace 

the typical Mediterranean shrublands. Olives are drought-tolerant 

and can adapt to relatively poor soils. Olive trees are exceptionally 

long-lived and can live for centuries. 

Olives are planted as seedlings. Sometimes a cover crop is allowed 

to grow below the trees. In large scale orchards, harvesting is done 

with mechanical shakers during winter, with the timing depending 

on the variety and the quality of oil required. 

There is a wide range of olive orchard types, from large-scale 

modern plantations suited to full mechanisation (and in some cases 

irrigation) to historic olive groves which have century-old trees and 

offer substantial structural diversity to a wide range of plant, insect 

and animal species. 

Photos: Kallerna via Wikimedia Commons; Victor Bayon via Flickr 
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Vineyards in Australia 

South Australia is a leading wine producing region of the world. Its 

climate with hot, dry summers and consistent sunlight is ideal for 

ripening grapes. The region also has nutrient rich soils and a 

topography that results in good drainage. 

The majority of wine grapes grown in South Australia are of the 

European grape species Vitis vinifera. It is a deciduous vine with 

woody stems. The desired grape variety is often grafted onto 

disease-resistant root stock, before being planted out in trellised 

rows. Vines are pruned to improve fruit production. Cover crops, 

including indigenous plants, vegetable crops, or grasses, are 

increasingly used in Australian vineyards to improve soil health and 

reduce erosion. Cover crops reduce the need for herbicides. 

The grapes are manually or mechanically harvested annually, with 

the time depending on the variety. 

 

Photos: Needpix; Keturah Stickann via Flickr 

 

Shade-grown coffee with planted trees in Colombia 

Coffee plants are shrubs from the genus Coffea. They are naturally 

shade-loving plants, preferring protection from harsh sunlight in the 

understory. However, sun tolerant cultivars have been developed 

for monoculture planting. 

In south and central American countries, like Colombia, shade-

grown coffee is a traditional practice. Coffee is planted under the 

shade of planted trees, which could be native or non-native and 

may also provide a crop. Although it may have lower yields than 

monoculture coffee, shade-grown coffee supports greater 

biodiversity, produces coffee beans with more flavour, and can be 

used for small-scale farming. Intercropping with fruit or timber trees 

provides a diversified income. 

Management includes pruning of the shade trees to ensure optimal 

light for the coffee plants, as well as supplemental fertiliser and pest 

control. The coffee is harvested by hand. 

 

Photos: US Fish and Wildlife Service via Flickr; pmurtland24 via iNaturalist 
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Banana plantations in Uganda 

Banana production is a significant agricultural activity in Uganda. 

The East African Highland Banana, known as ‘matooke’, is a staple 

food for most of the population. It is used more often for cooking 

and beverages than eating raw. They are a genetically distinct 

cultivar, reproducing from a distant historical introduction. 

Banana production in Uganda is mostly done on a small scale. 

Bananas are planted from vegetative suckers from a parent plant. 

Farmers often rely on traditional knowledge to deal with pests and 

weeds, and make use of organic fertilisers. The small scale of 

production is vulnerable to plant diseases and climate change. 

Bananas are perennial. Once a particular stem has produced 

bananas, it dies back, and new suckers take its place. In a 

favourable climate like Uganda, the cycle can continue for 

harvesting year-round. 

 

Photos: Baluku Brian via Wikimedia Commons; Cory Whitney via iNaturalist 
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9 Ecosystem functional group T7.5 Derived semi-natural pastures and 

old fields [Derived semi-natural grasslands] 

Derived semi-natural pastures are managed grassland ecosystems that have been derived from a 

range of other ecosystems by the removal of woody plant components (trees and/or shrubs), in 

many cases over hundreds or even thousands of years, and are maintained by low intensity 

agricultural activity. The remaining vegetation consists of local indigenous species (e.g. grasses 

and forbs). In many cases they are used for livestock grazing, and in some cases biomass 

harvesting, which is essential to maintaining the structure of the ecosystem. Removal of woody 

components affects ecosystem functioning, including changes in water flow, erosion, and carbon 

storage, and only species that can adapt to regular biomass extraction (mowing or grazing) are 

able to persist, meaning that the antecedent ecosystem type is no longer recognisably present. 

Although structurally simpler than the antecedent ecosystems from which they were derived, 

these ecosystems can harbour an appreciable diversity of native species. 

Old fields may in some cases resemble semi-natural pastures, but are probably better understood 

as a successional condition state of other agricultural ecosystem types after they have been 

abandoned. Hence, we have not discussed or included examples of old fields in this section. 

A note on the name: The name of this ecosystem functional group in version 2.1 of the Global 

Ecosystem Typology is Derived semi-natural pastures and old fields. However, these ecosystems 

may be used as pastures or as meadows (which may be mowed for hay but are generally not 

grazed), and may be better characterised as semi-natural grasslands to distinguish them clearly 

from cultivated pastures. As noted, different types of old fields can be associated with various 

agricultural ecosystem types. They may display a range of different properties indicative of other 

ecosystem functional groups (e.g. recruiting trees) depending on the initial state and successional 

pathway. We thus suggest the potential alternative name Derived semi-natural grasslands. 

Features that distinguish this agricultural ecosystem functional group from others are the gradual 

removal of woody components and replacement of the antecedent (mainly forest) ecosystem with 

grassland, continuous management often through livestock grazing and in some cases mowing, 

as well as absence of sowing, planting or supplementation with water or fertiliser. Low intensity 

agricultural management is needed to maintain these ecosystems, which depend on this 

agricultural activity to persist. This ecosystem functional group is differentiated from T7.2 Sown 

pastures in that the plant species are mainly self-established rather than sown, and human 

management interventions are much less intensive than in sown pastures. 

In Europe, derived semi-natural pastures [derived semi-natural grasslands] are considered of high 

conservation importance because they provide habitat for many species of conservation concern. 

The disappearance of extensive grazing practices and the intensification of agriculture have 

resulted in a decline in these ecosystems. 

Derived semi-natural pastures [Derived semi-natural grasslands] are distinguished from T3.3 Cool 

temperate heathlands, which are natural ecosystems characterised by a dense cover of low 

shrubs with small tough leaves, interspersed with grasses and ferns. These mixed graminoid 

shrublands do not require ongoing low intensity agricultural activity to maintain their ecosystem 

characteristics. 

Derived semi-natural pastures [Derived semi-natural grasslands] and rangelands have in common 

that they are grazed by large herbivores. The distinction or boundary between Derived semi-
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natural pastures [Derived semi-natural grasslands] and ecosystems that provide natural 

rangelands is two-fold: in Derived semi-natural pastures [Derived semi-natural grasslands] the 

antecedent ecosystem type is no longer recognisably present; and ongoing human management 

is required to retain the defining characteristics of the ecosystem, which replaced the antecedent 

ecosystem type. In natural ecosystems used as rangelands, human activities may impact on the 

condition of the ecosystem, but the ecosystem type is still recognisably present and has not been 

replaced with a different ecosystem type. In Derived semi-natural pastures [Derived semi-natural 

grasslands], human activities both created the ecosystem type historically and are essential for 

maintaining it. Also see the discussion in Section 13 about the distinction between pastures and 

rangelands. 

Table 6 summarises the key characteristics of this ecosystem functional group, and also provides 

examples of factors that may be used to distinguish between different ecosystem types within this 

ecosystem functional group. This is not an exhaustive list; there may be other factors that are 

important in a particular context. As discussed in Section 3, compositional characteristics, related 

to the suite of species that are present in an ecosystem, play a central role in distinguishing 

between different ecosystem types within an ecosystem functional group. These compositional 

differences between ecosystem types may underlie differences in structural characteristics and 

minor variations in ecosystem function within the scope of the ecosystem functional group. 

Table 6. Characteristics of T7.5 Derived semi-natural pastures [Derived semi-natural grasslands], and 

examples of factors that may be used to distinguish between different ecosystem types within this 

ecosystem functional group. 

Key characteristics 
Potential factors to distinguish 

ecosystem types within this group 
Factor relates to… 

Species diversity Local indigenous 

species 

Dominant plant species 

Animal species 

Composition 

Functional 

characteristics of 

the dominant 

species, 

including growth 

form 

Grasses and forbs Number and height of layers Structure 

Use of the 

agricultural 

product(s) 

Forage, fodder, 

livestock products 

N/A (The use to which the products are put does not 

relate to the composition, structure or function of the 

ecosystem and should not be used to distinguish 

between ecosystem types) 

Establishment of 

target species 

N/A   

Harvesting Grazing, mowing Grazing, mowing Structure, function 

Intensity Low Absence of practices designed to 

increase yield 

Could relate to 

composition, 

structure and/or 

function 

Management 

interventions  

Historical removal of 

woody components 

Grazing management 

and/or biomass 

harvesting to maintain 

the ecosystem 

Grazing systems 

Harvesting practices 

Structure, function 
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Key characteristics 
Potential factors to distinguish 

ecosystem types within this group 
Factor relates to… 

Climate Temperate Climate and soil characteristics 

drive species composition, 

productivity 

Could relate to 

composition, 

structure and/or 

function 

If abandoned Revert to tree-

dominated 

ecosystems 

-- -- 

 

Examples of ecosystems that fall within this ecosystem functional group are described below. 

These examples could constitute ecosystem types at level 5 or 6 of the Global Ecosystem 

Typology, depending on the context of the relevant national ecosystem classification system, and 

considering other agricultural ecosystems and the landscape context in the country. 

Ecosystem types should have a name and a description that includes key biotic and abiotic 

characteristics, as discussed in Section 4 and detailed in Box 1. Names of ecosystem types 

should be decided at the national level, so the titles for the examples given here should not be 

taken as names for these ecosystem types. The descriptions given here are informal and would 

need to be further developed in the context of a national ecosystem classification system. 

This ecosystem functional group is currently best known from Europe, with uncertain occurrences 

in other regions. Further engagement with ecosystem scientists with relevant knowledge is 

required to resolve uncertainties around potential examples of T7.5 outside Europe. 

 

Semi-natural grasslands in central Europe 

Semi-natural grasslands in Europe were created several thousand 

to several hundred years ago via the grazing of domestic livestock 

in low density. They mostly replace temperate forest ecosystems, 

but some were created from different wetland ecosystem types by a 

combination of light drainage and grazing. 

Features that characterise the conservation importance of these 

ecosystem types in the European context include a species-rich 

ground layer composed of native herbs and forbs, structural 

diversity associated with uneven ground and small grazing-resistant 

bushes, and the ecotone with forest and other ecosystem types. 

These ecosystems are considered highly threatened as the 

extensive grazing systems they depend on are in strong decline. 

They are thus priority habitats for restoration under the EU Habitats 

Directive and the recent EU Nature Restoration Regulation. 

 

Photos: Christoph Michels via Wikimedia Commons; Herbert Nickel (supplied) 
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Semi-natural grasslands in European subalpine regions 

While Alpine grasslands above the tree line are a natural ecosystem 

type within T6.4 Temperate alpine grasslands and shrublands, the 

grasslands of the upper-montane to subalpine zone (below the tree 

line) are the result of human forest felling and centuries-long 

mowing and grazing, and thus belong to T7.5. 

Many of these semi-natural grasslands were traditionally used for 

seasonal cheese production with cheese makers spending the 

whole summer up on a chalet and winter hay coming from mown 

meadows. This tradition is now declining, with more rotational use, 

higher stocking densities, less robust breeds, but also many semi-

natural grasslands reverting to woody natural ecosystems. Semi-

natural grasslands in good condition are floristically and 

entomologically highly diverse and still hold substantial numbers of 

threatened birds such as capercaillie, black grouse, citril finch and 

ring ouzel. 

Photos: Herbert Nickel (supplied); Philippe Serrand via Pexels  
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10 Ecosystem functional group F3.3 Rice paddies 

[Aquatic and semi-aquatic croplands] 

Rice paddies and other aquatic and semi-aquatic croplands are areas that are engineered to 

maintain shallow water, at least some of the time, for the purpose of growing plant species with 

aquatic habits and controlling weeds. They are filled by rainfall or river water diversions. Their 

levees and channels retain shallow water areas, with nutrient inputs from inflows and fertilisers. 

Planting and harvesting establish a regular cycle of disturbance, with many paddies also 

supporting production of fish and crustaceans. Their simple food webs are adapted to temporary 

flooding and the harvest cycle. Ecologically, these ecosystems are dominated by the target 

species, but can also include a diversity of algae, plankton, aquatic invertebrates, frogs and birds. 

A note on the name: The name of this ecosystem functional group in version 2.1 of the Global 

Ecosystem Typology is Rice paddies. However, the description of the ecosystem functional group 

accommodates a broader range of crops than just rice, and dry rice croplands fall within T7.1. We 

thus note the potential alternative name Aquatic and semi-aquatic croplands. 

Croplands in this ecosystem functional group are typically associated with highly organised 

societies that can manage water on a large scale. They are generally highly intensive in terms of 

the human interventions required to create and maintain the ecosystem. 

The feature that distinguishes this ecosystem functional group from others is the maintenance of 

shallow water, either year-round or seasonally. Cultivation of rice is often associated with 

maintenance of shallow water, year-round or seasonally, but not always. Dry or upland cultivation 

of rice is included in T7.1 Annual croplands [Herbaceous croplands]. 

Table 7 summarises the key characteristics of this ecosystem functional group, and also gives 

examples of factors that may be used to identify and distinguish between different ecosystem 

types within this group. This is not an exhaustive list; there may be other factors that are important 

in a particular context. As discussed in Section 3, compositional characteristics, related to the 

suite of species that are present in an ecosystem, play a central role in distinguishing between 

different ecosystem types within an ecosystem functional group. These compositional differences 

between ecosystem types may underlie differences in structural characteristics and minor 

variations in ecosystem function within the scope of the ecosystem functional group. 

Table 7. Characteristics of F3.3 Rice paddies [Aquatic and semi-aquatic croplands], and examples of 

factors that may be used to distinguish between different ecosystem types within this ecosystem functional 

group. 

Key characteristics 
Potential factors to distinguish 

ecosystem types within this group 
Factor relates to… 

Species 

diversity 

Target species 

Other aquatic or 

semi-aquatic species 

(including animals 

such as birds, 

amphibians, fish, 

macroinvertebrates) 

Target species 

Presence and variety of non-target 

species 

Composition 
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Key characteristics 
Potential factors to distinguish 

ecosystem types within this group 
Factor relates to… 

Functional 

characteristics 

of the target 

species, 

including 

growth form 

Emergent and less 

commonly floating 

and submerged plant 

forms 

Grasses, tubers Structure 

Use of the 

agricultural 

product(s) 

Food N/A (The use to which the crop is put does not relate to the 

composition, structure or function of the ecosystem) 

Establishment 

of target 

species 

By planting  Function 

Harvesting Seasonally Harvesting practices Function 

Intensity Moderate to high 

(paddy rice is always 

high but others often 

moderate) 

Degree of adoption of practices that 

enable yield increases 

Could relate to 

composition, 

structure and/or 

function 

Management 

interventions 

Engineered to 

maintain shallow 

water, either 

permanently or 

regularly. 

Inputs of nutrients 

Maintenance of shallow water, either 

permanently or seasonally 

Seasonality of flooding 

Floodplain, terraced 

Inputs of nutrients 

Function 

Climate Tropical to warm 

temperate 

 Could relate to 

composition, 

structure and/or 

function 

If abandoned Typically resistant to 

revegetation 

-- -- 

 

Some examples of ecosystems that fall within this ecosystem functional group are described 

below. In many cases these examples could constitute ecosystem types at level 5 or 6 of the 

Global Ecosystem Typology, depending on the context provided by the national ecosystem 

classification system and considering other agricultural ecosystems as well as the ecological 

context in the country. 

Ecosystem types should have a name and a description that includes key biotic and abiotic 

characteristics, as discussed in Section 4 and detailed in Box 1. Names of ecosystem types 

should be decided at the national level, so the titles for the examples given here should not be 

taken as names for these ecosystem types. The descriptions given here are informal and would 

need to be further developed in the context of a national ecosystem classification system. 
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Rice paddies in floodplains of India 

In India, large areas of rice are grown in floodplains, where fields 

with interconnected channels and dikes are fed by monsoon rains. 

Rice is a staple food for the large population of India. It is the world’s 

second largest producer of rice, producing more than 130 million 

tons a year. 

Rice (Oryza sativa) is a semi-aquatic annual grass. It is planted into 

the fields as seedlings. Fields are managed with fertilisation, weed 

control and pest management. Depending on the variety, rice is 

ready for harvest after 100 to 150 days. In many parts of India, 

harvesting is still done manually, although mechanical harvesting is 

increasing. 

Rice is grown in the floodplains of the Ganges, Indus and other 

large rivers. The antecedent natural ecosystem types are typically 

wetlands, grasslands or forests. 

 

Photos: Omar Av via Wikimedia Commons; moovendankings via iNaturalist 

 

Rice paddies in terraces in China 

Rice is also grown in terraces in mountainous areas of the world. 

Terraces are carved out of hillsides with a system of irrigation 

channels to distribute water. The terraces prevent runoff of water 

and soil erosion. It is believed that the primary centre of rice 

domestication was in the Yangtze River Valley in China, and the 

practice of terraced farming has been used in China for millennia. 

China is the world’s largest producer of rice, accounting for 30% of 

all rice production. It produces around 200 million tons per year. 

Agricultural practices of rice farming in terraced and floodplain rice 

paddies are similar. Seedlings are planted out, fields are managed 

with fertiliser and weed control, and the crop is manually harvested. 

The antecedent natural ecosystem types are often grasslands, 

forests or wetlands. 

 

Photos: Quang Nguyen Vinh via Pexels; moovendankings via iNaturalist 
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Taro paddies in floodplains of Hawaii 

Taro cultivation in flooded fields is common across many of the 

Pacific islands. The growing of taro is a deep part of the culture in 

these areas, where it is a dietary staple. 

Taro (Colocasia esculenta) is a root vegetable, grown for the 

starchy underground corms. It is naturally a wetland plant that 

thrives in tropical environments. 

Although taro can also be planted in dry fields and irrigated (T7.1), 

flooded fields create ideal growing conditions for taro. The corms 

are planted directly into the muddy fields, and water must be kept at 

the perfect depth. Weed and pests are controlled, and fertiliser 

applied. After several months of growth, the fields are drained so 

that farmers can harvest the mature corms. 

The antecedent natural ecosystem types are often floodplain 

wetlands and riparian ecosystems. 

 

Photos: Bealbrown via Wikimedia Commons; kerouse78 via iNaturalist 

 

Lotus ponds in Japan 

The lotus carries much cultural symbolism in Japan. It is grown for 

its root, which is a part of Japanese cuisine, for traditional medicine 

and as an ornamental flower. Although not a major crop, Japan 

produces around 60 000 tons of lotus root a year. 

The lotus (Nelumbo nucifera) is a wetland plant with large leaves 

that float on the water’s surface. Lotus is typically propagated 

through its rhizomes, which are planted in the muddy water. Water 

quality and water depth are important factors that must be 

managed. The entire plant is harvested at the end of the growing 

season. 

The Ibaraki Prefecture, with fertile soils and abundant water, is 

known for extensive lotus cultivation. Lotus ponds, while often 

replacing natural wetlands, also provide habitat for other aquatic 

species. 

 

Photos: [SUM]64 via Wikimedia Commons; firestrike via iNaturalist 
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11 Comparison across agricultural ecosystem functional groups 

Table 8 summarises key characteristics of the five agricultural ecosystem functional groups, combining information from Table 3 to 7 in the previous 

sections. 

Table 8. Summary of characteristics across agricultural ecosystem functional groups. 

Characteristics T7.1 Annual croplands 

[Herbaceous croplands] 

T7.2 Sown pastures and 

fields [Sown pastures] 

T7.3 Plantations [and 

woody croplands] 

T7.5 Derived semi-

natural pastures 

[Derived semi-natural 

grasslands] 

F3.3 Rice paddies 

[Aquatic and semi-

aquatic croplands] 

Species diversity 

One or more target plant 

species 

Non-target species 

(including plants, 

animals and microbes) 

One or a few target plant 

and herbivore species 

Non-target species 

One or a few target 

species with ruderal 

layer 

Local indigenous 

species 

Target species with 

other aquatic or semi-

aquatic species 

(including animals such 

as birds, amphibians, 

fish, macroinvertebrates) 

Functional 

characteristics of the 

target/dominant 

species, including 

growth form 

Typically non-woody, 

shallow rooted annuals 

or herbaceous 

perennials 

Grasses and forbs 

(typically legumes) 
Perennial woody species Grasses and forbs 

Emergent and less 

commonly floating and 

submerged plant forms 

Use of the agricultural 

product(s) 
Food, fodder, fibre, fuel 

Forage or fodder for 

animals (usually large 

mammalian herbivores) 

Wood products, food, 

oil, resin, fodder, 

materials, forage 

Forage, fodder, livestock 

products 
Food 

Establishment of target 

species 

By planting or sowing 

(annual or longer cycle) 

Plants established and 

maintained by sowing; 

Herbivores introduced 

by managed breeding 

and movement 

By planting or sowing N/A By planting 
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Characteristics T7.1 Annual croplands 

[Herbaceous croplands] 

T7.2 Sown pastures and 

fields [Sown pastures] 

T7.3 Plantations [and 

woody croplands] 

T7.5 Derived semi-

natural pastures 

[Derived semi-natural 

grasslands] 

F3.3 Rice paddies 

[Aquatic and semi-

aquatic croplands] 

Harvesting 
Typically annual or 

similar short cycle 

May be periodically 

harvested (e.g. mowed) 

in addition to grazing 

For forestry plantations: 

typically cyclical 

harvesting at intervals 

For woody crops: often 

selective harvesting 

Grazing, mowing Seasonally 

Intensity Low to high Moderate to high Low to high Low Moderate to high 

Management 

interventions 

Range of possible 

interventions including 

cultivation, 

supplementary nutrients 

and water, control of 

weeds and pests 

Livestock management 

(including different 

grazing systems) 

Supplementary nutrients 

and water 

Control of weeds and 

pests 

Harvesting in some 

cases 

Fertilisers and water 

subsidies may be 

applied 

Historical removal of 

woody components 

Grazing management or 

biomass harvesting to 

maintain the ecosystem 

Engineered to maintain 

shallow water, either 

permanently or regularly 

Inputs of nutrients 

Climate Tropical to temperate Tropical to temperate 
Tropical to cool 

temperate 
Temperate 

Tropical to warm 

temperate 

If abandoned 

Transition to non-target 

biota (over varying 

timescales) 

Transition to non-target 

biota (over varying 

timescales) 

Successional, secondary 

regrowth (considered a 

condition state of a 

natural ecosystem 

functional group, no 

longer T7.3) 

Revert to tree dominated 

ecosystems 

Typically resistant to 

revegetation 
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Part C: Related issues 

In this part we explore the relationship between the agricultural ecosystem functional groups in 

the Global Ecosystem Typology and two important topics: agroforestry, as a broad approach to 

land management or land use; and rangelands, as an agricultural land use that is extensive in 

many parts of the world. Both agroforestry and rangelands span a range of different ecosystem 

types, and it is important to understand how they relate to identifying and classifying agricultural 

ecosystem types. 

12 Agroforestry systems in relation to the Global Ecosystem Typology 

There is no universally agreed definition of agroforestry, but most definitions are well aligned. 

The FAO18 and World Agroforestry (ICRAF)19 define agroforestry as a collective term for land 

management systems where woody perennials are deliberately integrated with agricultural 

crops and/or animals, in some form of spatial arrangement or temporal sequence. In 

agroforestry systems there are both ecological and socio-economic interactions between the 

different components. 

According to World Agroforestry, this definition implies that: 

• Agroforestry normally involves two or more species of plants (or plants and animals), at least 

one of which is a woody perennial. 

• An agroforestry system always has two or more outputs. 

• The cycle of an agroforestry system is always more than one year. 

• Even the simplest agroforestry system is more complex, ecologically (structurally and 

functionally) and economically, than a monocropping system. 

The FAO classifies agroforestry in three main types of systems: 

• Agrisilvicultural systems combine trees with annual or perennial crops, such as alley 

cropping. 

• Silvopastoral systems combine trees and grazing of domesticated animals on pastures. 

• Agrosilvopastoral systems combine all three elements, namely trees, animals and crops. 

Agroforestry systems can be traditional or modern. Some examples of traditional agroforestry 

systems that are still in use today include: the Taungya system in Southeast Asia, India and 

Africa; the Quesungual system in Honduras, El Salvador and Nicaragua; Kandyan home 

gardens in Sri Lanka; Chagga home gardens in Tanzania; Juhm cultivation in Northeast India 

and Southeast Asia; the Rice-Fish-Azolla system in China, India and Southeast Asia; Dehesa in 

Spain (described below) and Montado in Portugal. 

Table 9 shows a typology of agroforestry systems and practices developed in Europe. In tropical 

and sub-tropical regions, including in Asia, agroforestry is extensively practiced in home 

gardens, which are common among households in rural areas. These gardens often have many 

different useful tree and shrub species, as well as herbs and climbers. They would not be 

considered urban, as in the European classification. 

 
18 https://www.fao.org/agroforestry/about-agroforestry/overview/en. 

19 https://www.cifor-icraf.org/knowledge/publication/33671/. 

https://www.fao.org/agroforestry/about-agroforestry/overview/en
https://www.cifor-icraf.org/knowledge/publication/33671/
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Table 9. A typology of agroforestry systems and practices in Europe. Source: Dupraz et al., 2018, cited 

by the European Commission (2023). 

Tree location Agroforestry system 
Agroforestry practice 

Agricultural land Forest land 

Trees inside parcels 

Silvopastoral 

agroforestry 
1. Wood pasture 9. Forest grazing 

Silvoarable 

agroforestry 

2. Tree alley cropping 

3. Coppice alley cropping 

4. Multi-layer tree-gardens 

10. Multi-layer tree 

gardens 

Permanent crop 

agroforestry 

5. Orchard intercropping 

6. Orchard grazing 
 

Agro-silvo-pasture 
7. Alternating cropping and 

grazing 
 

Trees between parcels 
Tree landscape 

features 

8. Tree landscape features: 

protected hedges, scattered 

individual trees, trees in line, 

small groups of trees 

 

Trees in settlements Urban agroforestry Home gardens, allotments etc. 

 

Agroforestry is an approach to land use involving various land management practices, rather 

than any single ecosystem type. An agroforestry approach can be associated with a wide range 

of ecosystem types, including natural and anthropogenic ecosystem types, cutting across 

ecosystem functional groups.20 

Agroforestry systems and practices can be implemented in anthropogenic ecosystem types, 

including in agricultural and plantation forestry ecosystems. They can be associated with 

ecosystems in any of the five agricultural ecosystem functional groups. Examples include: 

• In T7.1 Annual croplands [Herbaceous croplands], introducing trees into an annual 

cropland such as a wheatfield (an example of this in Australia is provided in Section 6). 

• In T7.2 Sown pastures, introducing trees into a pasture. 

• In T7.3 Plantations [and woody croplands], shade coffee or cocoa with planted trees (an 

example of this for coffee in Colombia is provided in Section 8). 

• In T7.5 Derived semi-natural pastures [Derived semi-natural grasslands], a tree component 

may be included. 

• In F3.3 [Aquatic and semi-aquatic croplands], trees and shrubs can be integrated into 

wetland or water-based farming. 

Where agroforestry practices are implemented in an anthropogenic ecosystem, they may in 

some cases be considered central to creating and maintaining the composition, structure and 

function of the ecosystem. In such cases, the ecosystem might be seen as an ‘agroforestry 

ecosystem type’, distinct from ecosystem types where agroforestry practices are not the 

 
20 For example, the cross reference of the European ecosystem typology to the Global Ecosystem Typology (Eurostat, 

2024) places agroforestry areas in T4.4 Temperate woodlands OR T7.1 Annual croplands, depending on their 

dominant characteristics. They are cross-referenced to T 4.4 if under extensive grazing and no re-seeding, and to 

T7.1 if combined with crop or fodder cultivation. Agroforestry areas in T4.4 would be seen as natural ecosystems in a 

highly modified condition state. 



 

Guidelines for classifying agricultural and plantation forestry ecosystems 

in the IUCN Global Ecosystem Typology  65 

primary determinant of the ecosystem’s characteristics. There could be several different 

agroforestry ecosystem types in a country, reflecting different agroforestry systems and 

practices. In other cases, agroforestry practices in an anthropogenic ecosystem may be seen 

as influencing the condition of the ecosystem but not determining its type. 

Agroforestry practices can also take place in and impact on natural ecosystem types, modifying 

their condition but not changing the ecosystem type. Shade coffee or cocoa planted in a natural 

forest ecosystem is an example of this, contrasted with shade coffee or cocoa under planted 

trees, which is an example of an agricultural ecosystem type in T7.3 Plantations [and woody 

croplands]. 

In summary, the presence of agroforestry practices does not imply an ‘agroforestry ecosystem 

type’. However, in some country contexts, it could make sense to use agroforestry systems and 

practices as a distinguishing factor for some anthropogenic ecosystem types. This should be 

decided at the national level and applied consistently within the country. 

The Dehesa in Spain 

The Dehesa silvopastoral system in Spain (called Montado in 

Portugal) is a centuries-old agricultural practice that mixes 

forestry and livestock farming. A Dehesa landscape has a tree 

component, composed mainly of holm and cork oak trees. Grassy 

spaces between the trees are used as pasture for livestock, 

especially Iberian pigs, cows and sheep. Crops are also 

sometimes grown between the trees. 

The trees provide shade for the animals, and help to stabilise soils 

and regulate water flow. Pigs fattened off the acorns reach 

premium prices for their ham. Cork is harvested from the oak 

trees by stripping the bark on regular cycles. Much of the world’s 

cork comes from these systems. 

The mixed system allows for greater diversity and creates multiple 

income streams for farmers. 

Photo: Víctor Gómez via Flickr 
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13 The interpretation of rangelands in the Global Ecosystem Typology 

There is no single definition of rangelands, but common elements include that rangelands are 

extensive natural or semi-natural areas that are grazed by domestic or wild herbivores, with 

some human management, i.e. they define a type of land use, rather than any single type of 

ecosystem. Rangelands are one of the most widespread land uses on Earth and an important 

form of agricultural production, commercial and subsistence, central to livelihoods for many 

communities. 

This section looks at: 

• The relationship between rangelands and the natural biomes and ecosystem functional 

groups in the Global Ecosystem Typology. 

• The distinction between rangelands and pastures. 

Biomes and ecosystem functional groups associated with rangelands 

Rangelands as a land use are compatible with or associated with many different ecosystem 

types, as mentioned in Section 4. The International Livestock Research Institute (ILRI), in 

partnership with other organisations, developed a Rangeland Atlas that explores the geographic 

distribution of rangelands and the wide range of ecosystems in which they occur (ILRI et al., 

2021, Home page | Rangelands ATLAS). Using the Rangelands Atlas as a starting point, Ferrer-

Paris and Keith (2021) analysed the overlap between rangelands and the biomes and 

ecosystem functional groups of the Global Ecosystem Typology. They found that 18 ecosystem 

functional groups in five biomes may be used as rangelands: 

• T3 Shrublands and shrubby woodlands biome (3 of 4 ecosystem functional groups 

associated with rangelands) 

o T3.1 Seasonally dry tropical shrublands 

o T3.2 Seasonally dry temperate heath and shrublands 

o T3.4 Young rocky pavements, lava flows and screes 

• T4 Savannas and grasslands biome (all ecosystem functional groups associated with 

rangelands) 

o T4.1 Trophic savannas 

o T4.2 Pyric tussock savannas 

o T4.3 Hummock savannas 

o T4.4 Temperate woodlands 

o T4.5 Temperate subhumid grasslands 

• T5 Deserts and semi-deserts biome (all ecosystem functional groups associated with 

rangelands) 

o T5.1 Semi-desert steppe 

o T5.2 Succulent or thorny deserts and semi-deserts 

o T5.3 Sclerophyll hot deserts and semi-deserts 

o T5.4 Cool deserts and semi-deserts 

o T5.5 Hyper-arid deserts 

• T6 Polar/alpine (cryogenic) biome (3 ecosystem functional groups associated with 

rangelands) 

o T6.3 Polar tundra and deserts 

o T6.4 Temperate alpine grasslands and shrublands 

o T6.5 Tropical alpine grasslands and herbfields 

https://www.rangelandsdata.org/atlas/
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• TF1 Palustrine wetlands biome (2 ecosystem functional groups associated with rangelands) 

o TF1.3 Permanent marshes 

o TF1.5 Episodic arid floodplains 

Ferrer-Paris and Keith (2021) emphasise that ecological drivers and thus ecosystem properties 

vary greatly across ecosystems used as rangelands, as is evident from the varied list of 

ecosystem functional groups above. This means that rangelands should not be interpreted as 

any particular type of ecosystem. The area of these ecosystem functional groups used as 

rangeland is not fixed, and the use of an ecosystem as a rangeland is not in itself a determinant 

of ecosystem type. The ecosystem functional groups listed above are considered natural 

ecosystems rather than agricultural ecosystems in the context of the Global Ecosystem 

Typology, as they are not created and maintained by agricultural activities, even though they 

may be home to agricultural activities. 

Ecosystems used as rangelands may be in moderately modified or even severely modified 

(poor) ecosystem condition without their ecosystem type having changed (see discussion of 

Ecosystem condition in Section 4). 

Distinguishing between rangelands and pastures 

Pastures and rangelands have in common that they are used for grazing large herbivores. 

However, pastures are typically more intensively managed than rangelands and less extensive 

in terms of area. Grazing as a land use is central to creating and maintaining ecosystems in two 

agricultural ecosystem functional groups: 

• T7.2 Sown pastures and fields [Sown pastures] 

• T7.5 Derived semi-natural pastures [Derived semi-natural grasslands] 

A key difference between these two ecosystem functional groups is that in T7.2 the pastures 

are cultivated, while in T7.5 they are derived from an antecedent natural ecosystem type by the 

removal of woody components (see Section 7 and Section 9 for more). 

A key distinction between rangelands and T7.5 Derived semi-natural pastures [Derived semi-

natural grasslands] is that in these derived semi-natural pastures [derived semi-natural 

grasslands] the characteristics of the antecedent ecosystem type are no longer recognisably 

present. In rangelands, the natural ecosystem type may have been substantially modified by 

rangeland activities, but the characteristics of the natural ecosystem type are still recognisably 

present. 

  



 

Guidelines for classifying agricultural and plantation forestry ecosystems 

in the IUCN Global Ecosystem Typology  68 

Related resources 

Resources that can be consulted in combination with these guidelines include: 

• The IUCN’s flagship report on agriculture and conservation (IUCN, 2024a). 

• Guidelines for developing a national ecosystem map (Driver et al., in prep). 

• Standards, methods and guidelines for cross-referencing to the Global Ecosystem Typology 

(IUCN, 2025). 

• Guidelines for applying the IUCN Red List of Ecosystem criteria and categories (IUCN, 

2024b). 

• SEEA Ecosystem Accounting (UN et al., 2024). 
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Glossary 

Agricultural and 

plantation forestry 

ecosystems 

In the context of the Global Ecosystem Typology, ecosystems in which 

activities related to agricultural (crop or animal) production or plantation 

forestry are the primary determinant of the composition, structure and 

functioning of the ecosystem. 

Agroforestry A collective term for land management systems where woody perennial 

species are deliberately integrated with agricultural crops and/or animals, 

in some form of spatial arrangement or temporal sequence. An 

agroforestry approach can be associated with a wide range of ecosystem 

types, including natural and anthropogenic ecosystem types, cutting 

across ecosystem functional groups. 

Anthropogenic 

ecosystems 

In the context of the Global Ecosystem Typology, ecosystems in which 

human activities are the primary determinant of the composition, structure 

and functioning of the ecosystem. Human activities create and maintain 

the ecosystem. 

Aquatic and semi-aquatic 

croplands 

Areas that are engineered to maintain shallow water, at least some of the 

time, for the purpose of growing plant species with aquatic habits. 

Biodiversity Biological diversity means the variability among living organisms from all 

sources including, inter alia, terrestrial, marine and other aquatic 

ecosystems and the ecological complexes of which they are part; this 

includes diversity within species, between species and of ecosystems. 

(Article 2 of the CBD). 

Biome A component of a realm, united by one or a few common major ecological 

drivers that regulate major ecosystem functions and ecological processes. 

Level 2 of the Global Ecosystem Typology, derived through top-down 

subdivision of realms. (Typology - Global Ecosystem Typology) 

Derived semi-natural 

pastures [Derived semi-

natural grasslands] 

In the context of the Global Ecosystem Typology, areas where a semi-

natural grassland has been derived from an antecedent woody ecosystem 

through removal of woody plant components, including through grazing, 

and a re-organisation of biota, including some that were not part of the 

antecedent woody ecosystems. In many cases this took place over 

hundreds or even thousands of years, and in all cases these ecosystems 

are maintained by low intensity agricultural activity such as grazing and 

mowing. 

Ecoregion A broad biogeographic region containing multiple ecosystem types, 

intended to represent the broad distribution of biodiversity rather than both 

compositional and functional attributes of ecosystem types (Keith et al., 

2022). 

Ecosystem A dynamic complex of plant, animal and micro-organism communities and 

their non-living environment interacting as a functional unit (Article 2 of the 

CBD). 

Ecosystem condition The quality of an ecosystem measured in terms of its abiotic and biotic 

characteristics. Condition is assessed with respect to an ecosystem’s 

composition, structure and function which, in turn, underpin the ecosystem 

integrity of the ecosystem (SEEA Ecosystem Accounting). May also be 

referred to as ecological condition. 

Ecosystem functional 

group 

A group of related ecosystem types within a biome that share common 

ecological drivers and ecosystem properties. Level 3 of the Global 

Ecosystem Typology, derived through top-down subdivision of biomes. 

(Typology - Global Ecosystem Typology) 

https://global-ecosystems.org/page/typology
https://global-ecosystems.org/page/typology
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Ecosystem services The contributions of ecosystems to the benefits that are used in economic 

and other human activity (UN et al., 2024). 

Ecosystem type A type of ecosystem distinguished from other types by its characteristic 

functional, structural and compositional properties (IUCN, 2025). An 

ecosystem type is identified and delineated as part of a hierarchical 

classification system, based on biotic and abiotic factors.  

Herbaceous croplands In the context of the Global Ecosystem Typology, areas used for growing 

herbaceous crops that are harvested on an annual, biennial or similar 

short cycle, or in some cases continuously. They include annual 

herbaceous crops, planted or sown every growing season, and perennial 

herbaceous crops with longer life cycles. 

Land cover The observed physical cover on the Earth’s surface, including vegetation 

(natural or planted) and human constructions (FAO). Land cover datasets 

are often organised into land cover classes in a hierarchical classification. 

These classes are not equivalent to ecosystem types in general, although 

they may be a good representation of anthropogenic ecosystem types. 

Land use Characterised by the arrangements, activities and inputs people undertake 

in a certain land cover type to produce, change, or maintain it (FAO). Land 

uses may be organised into land use classes in a hierarchical 

classification. These classes do not correspond to ecosystem types in 

general, although there may be a good correspondence with 

anthropogenic ecosystem types. 

National ecosystem map A map and classification of the ecosystem types in a country. The map 

shows the spatial distribution of the ecosystem types that occur in the 

landscape or seascape, and the classification provides a hierarchy that 

differentiates ecosystems at different levels, with names and descriptions 

of distinct ecosystem types. 

Natural ecosystems A broad category of ecosystems, contrasted with anthropogenic 

ecosystems. The term ‘natural’ does not imply unimpacted by humans, 

and the composition, structure and functioning of most natural ecosystems 

have been modified to varying degrees through human activity. If the 

characteristic functional and structural properties of the ecosystem type 

are still recognisable and at least some of the key native biota are still 

present, the ecosystem is considered part of the broad category of natural 

ecosystems rather than an anthropogenic ecosystem. 

Plantations and woody 

croplands 

Areas where long-rotation perennial woody crops or trees are established, 

maintained and harvested for a variety of food and materials. Includes 

orchards and vineyards, agricultural plantations with crops such as coffee, 

tea and palm oil, and forestry plantations grown for timber and other wood 

products. 

Rangelands Extensive natural or semi-natural areas grazed by domestic or wild 

herbivores, with some human management. Rangelands are a land use 

associated with many different natural ecosystem types. Use as a 

rangeland may modify the condition of a natural ecosystem but does not 

convert it to an anthropogenic ecosystem type. Rangelands have in 

common with pastures that they are used for grazing large herbivores, but 

pastures are anthropogenic ecosystem types, created and maintained by 

human activity, replacing an antecedent natural ecosystem type. 

Realm One of five major components of the biosphere that differ fundamentally in 

ecosystem organisation and function: terrestrial, freshwater, marine, 

subterranean, atmospheric, and combinations of these (transitional 

realms). Level 1 of the Global Ecosystem Typology. (Typology - Global 

Ecosystem Typology) 

https://global-ecosystems.org/page/typology
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Regional ecosystem 

subgroup 

An ecoregional expression of an ecosystem functional group. Level 4 of 

the Global Ecosystem Typology, derived through top-down subdivision of 

ecosystem functional groups. (Typology - Global Ecosystem Typology) 

Semi-natural The term semi-natural can be used in two ways in relation to ecosystems. 

It is widely used to describe a condition state of a natural ecosystem, in 

which composition and structure have been modified but ecosystem 

function is still largely intact, and the natural ecosystem is still recognisably 

present. It is also sometimes used to describe anthropogenic ecosystem 

types that have been transformed through human management into 

pastures or meadows that retain local indigenous species but from which 

woody components have been largely removed. Without ongoing human 

management these ecosystems would revert to tree-dominated ecosystem 

types. In this second sense, semi-natural is a descriptor of an ecosystem 

type rather than an ecosystem condition state. 

Sown pastures In the context of the Global Ecosystem Typology, areas seeded with one or 

a few species of grasses or legumes to provide cultivated forage for 

herbivores (usually large mammals). The herbivores are managed with 

varying periods of exclusion, as part of the ecosystem. In some cases, the 

plants are also harvested for fodder (hay or silage).  

Target species In an agricultural context, the species that is cultivated or farmed. 
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