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M2.2 MesSopelagiC OCEAN WALET............cceeeeiisimmmmmmesteieeeeeeee e e s emmmmmmmm e s s LD
M2.3 BathypelagiC 0CEaN WALELS...........uuuuuuuiiimmmmmmmeeeeeeeeeeeeee s emmeemmeereseenssnnnns s smmmmmmmmeeeeeeee DO
M2.4 AbyssopelagiC OCEaN WALELS...........uevviiiiiiemmmmmmeiiiierneeeeessmmmmmmmms e nsnseee s smmmmmmmme e LO0
M2.5 SEA ICE. .. uutiiiieiiiiiiiimmmmmer et e e sttt emmmmmmmms e e e et e e s smmmmmmmme e e s s nnnn e e e e s smmmmmmmme s neeeeeeens LD
M3. Deep SealdOrs DIOME.........uuuuuuuiiiis i eee e eereemeess e s s e e e e s smmmmmmmme e e e s s eeesssse s mennnek D2
M3.1 Continental and island SIOPES..........cooviiiiieeeemeem e vmmmmmeemr e emmmmmmene s LD 3
M3.2 SUDMANINE CANYONS..........ooiiiiiiiitieeeeeemm e s e e e e e e e e s e e e eeeeeeeeses s mmmmmmmm e e e e e e e e e e eme kB4
M3.3 ADYSSAl PIAINS.....ccoiiiiiiiiiiemeeeeemr e smmmmmmens ettt e e e e s smmmmmmmma bbb ee e e e e e e s emmmmmmms s LOD
M3.4 Seamounts, ridges and plat@aus................uvviieeeecccceee e e e e st emmemmemr e e e e e e e e vmmeeenens LOO
M3.5 Deepwater biogenic beds........cooooi i eemmmmmms e smmmmmme e eeeee LB T
M3.6 Hadal trenches and troughs..............ooooiiiimmmemiiiiiieccceee e s 0. LO8
M3.7 Chemosynthetiebasedecosystems (CBE)......ccccccoeeiiiiii e eemmmmmm . 109
M4. Anthropogenic maring DIOME...............ooiiiii e vmmmmmmmme e e e e e e e e s s s eeneen L Q)
M4.1 Submerged artifiCial STTUCTUIES.............uueiiiiiiicemmiiiiie e vmemmmmeme e LT L
M4.2 Marine aqUAafarmMS.............uuuuuuuuuimmmmmmmmeeeeeeeeeeeeeesemcmmmeeersssesennnsnn e s smmmmmmmmseeeeaeeseeessssmmmmnakd 2
MTL1. ShOrelines DIOME........cooiiiiiii i ceeeeeeeee et emmmmmmeme et s e smmmmmmmm oL L D
MT1.1 ROCKY SNOTMEIINES.......cciiiiiiiiiiit e eeemmmmt e vmmmmmmnms e e e e e e e e e e e s emmmmnl L D
MT21.2 Muddy ShOrelines.......cooo oo e eeeeeeme s e L LD
MT1.3 Sandy SNOIEliNES.........ccoiiiiiiiitieeeee e reeememt e e e e e e e e vmmmmmmems e e e e e e e e e e e s smmmmnli O
MT1.4 Boulder and cobble Shores..............ooooiiimieee e LT
MT2. Supralittoral coastal DIOMe.............eii i e LTS



MT2.1 Coastal shrublands andrasslands.................oooi i iccceeeevvvviiiicc v e ee e eee e eeed 9
MT2.2 Large seabird and pinniped COIONIES.............cooeeiiiimmmcmiiiiiieeieeee e 1801
MT3. Anthropogenic shorelines DIOMe...............cooiiiiimmmemiiiieeeeee e e L8
MT3.1 Artificial SNOTEIINES........ccoiiiiiiiii i imerreeee e s e e e LOZ
MFT1. Brackish tidal DIome............ooooiemeeeeee e rmmmmmmemr e emmmmmmmme e 0eee L83
MFT1.1 Coastal rVer delas............cc.eviiiiimmmmecce st ermmmmm e mmmmmmmme e LOG
MFT1.2 Intertidal forests and shrublands.............ccocuiiiecerremiee s ecmmmeeeme e 18D
MFT1.3 Coastal saltmarshes and reedbeds...................cemmmeemee e cmmmmeeemeeeeeeee e 188
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Descriptive profiledor Functional Biomes an&cosystem Functional Groups

The supplementary material in this appendixincludes descriptive profiles for functional biomes
(Level 2) and Ecosystem Functional Groupg&FGs)of the IUCN Global Ecosystem Typolgg2.1
(supersedingKeith et al.2020). Updates of the typology are published dittps://global -
ecosystems.org/ Thedescriptive profiles provide brief summaries of key ecological traits and
processes particularly features that distinguish different functional groupsfrom one anotherto
inform diagnosis andto enable any ecosystem type to be assigned to a group

Inevitably, thereare inherent uncertainties in assigning ecosystem types to uniqueFGs
because ecological classifications, in general, simplify complmultidimensional variation in
nature by segmenting and categorising continuous gradients in multiple featurgsee Appendix
S3 Regan et al. 200R Thus, any given ecosystem type may possessuite offeaturesthat are
typical of different functional groups, and a single feature can rarely be definitive for ecosystem
identification (e.g. Erb et al. 2013)For this reason we &oid prescriptive approaches to
description of the units that seek to identify strictly exclusive o diagnostic ecosystem
characteristics, and instead use appropriate qualifiers and ca\as in descriptions where
important exceptions apply to generalisatiors about ecosystem properties and postulated
drivers. Users shouldassess and weigh evidencen all featuresto identify the most likely
functional group and report the nature of uncertaintiesin group membership.

Nomenclature

Terminology follows the Glossay (see Supplementary Informatior). Names offunctional
biomes and EFGare vernacular? we adopt names and descriptors frequently applied in the
literature that reflect key ecosystem properties A vernacular(rather than systematig approach
to nomenclature is intended to exploit terms (e.g. rainforest, lakegr reef) that are familiar to a
wide range of users, recognising regional variations and conventions in terminologgnd hence
more likely to facilitate wide uptake than an approach seeking to impose rigid naming
conventions. Although a vernacular approach seemspgropriate at this stage of development of
the global typology, further work on the development a more systematic approach, or at least
guidance on how salient features of classifications units can be represented in the names of
units. Senterre et al (202), for example, propose several principles for the development of
ecosystem nomenclature.

Text descriptions

The text describes keyecosystem propertiesthat characterise eactEFGand help distinguish it
from other groups. Thedescriptions include ecosystemlevel properties and ecological
processes(e.g. productivity, energy sources, trophic structure, physical structure, bottormp
and top-down organisational processes) as well as specidsvel traits that are represented
among the component biota of ecosysim types within the group (e.qg. life forms, lifehistory
traits, specialised organsand characteristic behaviours and mobility).Where possible,
variability in traits is noted. The Gossary (Supplementary Information) definesselected
technicalterms usedin the profiles.

Exemplary photograph

Each profile is illustrated with a photograph that shows some of the ecological features
mentioned in the text.Although representative examples were chosen for illustration, they may
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not represent therange ofvariability in featuresexpressedwithin each EFG some of which
have extensive ¢pbal distributions. In future work, we will buid a library of reference images to
illustrate variability more fully ( https://global -ecosystems.org) .

Keyecdogicaldrivers

The text identifies key ecological drivers thatire positied toshape the ecological character of
ecosystem types within a functional groupThe processes identified for alEFGswvere deduced
from a consistent conceptual framework defined by a diagnostimodel of ecosystem assembly
(Fig. 1), the underpinnings of which are drawn from ecological theory, as described in Appendix
S2. The inferences made about major drivers for ea@FGrepresent hypotheses based orhe
consensus of specialistontributors and peer reviewers of the profiles (Appendix S5).
Contributors drew from a substantial body of evidence, including their knowledge of scientific
literature and direct research experience in the field. The most important litature is cited in
respective descriptions, subject to limitatons orOBDAAA | OAA O50A 1T £ OAEAOAT A
acknowledge that experts may put forward diverging but legitimate interpretations of available
evidence on the nature of ecologicalrivers that influence salientecosystemproperties. The
consensus interpretations in the descriptive profiles therefore may not represent all possible
interpretations of available evidence.

Abiotic drivers and processesnclude ambient environmental features andlisturbance regimes
that directly or indirectly influence resource availability. Biotic drivers include a range of
interactions and dependencies thaairise from the biotic properties of theecosystem Hence
there are inherent feedbacks between biotic drivers and ecosystem prog&es. Human activities
are explicitly addressedas ecological driversn anthropogenic EFGs. The descriptions of nen
anthropogenic EFGs, howevefocus on reference states with negligible human influenceyen
though humansaffect most ecosystems on earthiThese effects vary greatly in type, intensity
and spatially in a manner that reflects social, cultural and economic norms and opportunities,
technology and accessas well as ecosystem characteristics. Specific influences of anthropogenic
processesvary with ecosystem state A focus on reference stateis this treatement will
therefore enable the wide range of human influences tbe addressedwith appropriate
assessment tools such as th&JCNRed Listof Ecosystemsprotocol (Keith et al. 2013)

Diagrammatic assembly models

To illustrate characteristic ecosystem propertiesand assembly filters {.e.drivers that shape
ecosystemproperties). an ecosystem assembly modelasdeveloped foreachEFG by adapting
the genericmodel described in Fig. 1 (rain text) and Appendix S2. As noted abovthe
inferences made about major processes and traits for each EFG represkypothesese based on
the consensus of specialist contributors and peer reviewers, who drew from a substantial body
of evidence, includingtheir knowledge of scientific literature and direct research experience in
the field. Nonetheless we acknowledgeauncertainties and that there may be legitimate
alternative diagrammatic representations of evidence onthese relationships.

Only the major katures are shownin the diagrammatic modelsand anthropogenic processes
are only shown for anthropogenicEFGsIn the diagrammatic representations of the models,
ecosystem propertiesare listed in green circles athe centre, while drivers areidentified in
peripheral boxesusing the following colours:

1 pale blue resources
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dark blue: ambient environmental factors that influence resource availability or uptake
red: environmental disturbance regimes
orange: biotic interactions

1 black: human activities
Connecting arrows showhypothesisedinfluences of and interactions among driversas well as
feedbacks (bidirectional arrows). Only major connectionsare shown and feedbacksare
generally not shownexcept for those involving biotic components

= =4 =

Indicative distribution maps

We separated the task omapping spatial distributions from constructing the typology and
defining its units. This liberates the definition of units from constraints imposed by current
availability of spatial data and allows for progessive improvement of maps representing spatial
expression of conceptually stable ecosystem types. Maps are, however, essential to many
applications (Appendix $) including ecosystem risk assessment and managemeridgsign
Principle 5, Table S.¥ Classification units at all levels of the typology have spatial distributions
and are therefore mappable, aided by recent advances in global spatial data and cloud
computing (Murray et al. 2018). Mapping at any level of the typology requires spatially exgit
ground observations, interpretive expertise, spatial predictors (including remote sensing data
and environmental variables) and appropriate methods for spatial interpolation (Guisan &
Zimmermann, 2000).

Separate distribution maps were developed for ach EFG largely independently of one another.
This multi-layer format to the spatial data enabled us to incorporate more spatial information
on EFG distributions than is possible in a single composite map. It also enabled us to
accommodate differentmapping approaches appropriate to particular ecosystem types,
different levels of data quality and uncertainty, different degrees of spatial dynamism over
relatively short time scales,and spatial juxtapositions with other EFGsThe multi-layered
format allows occurrences oftwo or more EFGgo0 be representedwithin the same spatial unit
(i.e. grid cells) Interactive versions of the maps are available dittps://global -ecosystems.org/

The maps show areas of the wrld containing major (in red) or minor occurrences (n yellow) of
eachEFG Major occurrences indicate areas where an EFG occupies a large portion (generally
>20%) of a landscape or seascapBlinor occurrences areareaswhere an EFGis scattered in
patches within matrices of otherEFGsor where they occur inlarge patchesbut only within a
segment ofa larger region. Distributions that are uncertain were mapped as minor occurrences
across large geographic envelopeSmall but important occurrences are identified with black
ellipses. In landscapes or seascapes occupied by mosaics of ecosysteaisGs comprising the
matrix of the mosaic are mapped as major occurrences, and those distributed in patches are
mapped as minor occurrences.

The mapswere designed to bendicative of global distribution patterns and are not intended to
represent fine-scale patterns The spatial grain of map rasters varies from 10 minutes to 1
degree of latitude and longitude depending on the resolution of avdable base layers (Table
A.1). For mostEFGs thespatial resolution is 30 arc secondsapproximately 1 kn# at the
equator. Given bounds of resolution and accuracy of source data, the magteuld be used to
guery which EFGsare likely to occur within areas, rather than which occur at particular point
locations.
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To compile distribution maps, wefirst searched for existing spatial data on map units that
aligned with the concept of individualEFGsby comparing descriptions in metadata or
associatal publications to the EFGlescriptive profiles. We foundmatching spatial data setsthat
directly matched the concepts 0f38 EFGscomprising either polygons or rasters(e.g.MT1.2,
T7.4, M1.3 Table$4.1) or point records (e.g.F3.1). For eight of thoseEFGs, we supplemented
direct maps with biogeographic regions likely to contain minor occurrences (e.g. TF1.Eor a
further 21 EFGs we found maps that aligned with key features of EFGs, agplied them over a
broader range of environments or location{E A 8 AA GFOMAI CBSIn thode@ds&sue used
environmental spatial data or biogeographic regions to @ the broader mapped extento
achieve closer alignment with the EFG concefe.g. F1.1, T1.1)The remainingEFGs had no
suitable direct mapping,we assembled maps from simple combinations of remote sensing
and/ or environmental proxies, clipped by biogeographic regions where necessaty obtain an
approximate match to the conceptBase data for all maps were published inger-reviewed
scientific literature and/or available in global repositories administered by major agencies such
as NASA or USGS. Source maps foroBthe EFGs were based on known records, or had
undergone a quantitative accuracy assessment or similar thematic evaluaticd@ne EFG (82)

was not mapped due to its distributionthroughout OE A %A OOE8 O AO0DOOOS

Ecoregions Spaldinget al, 2007; Abell et al, 2008; Dinersteinet al, 2017) are one ofnumerous
spatial data sets used in the construction of some of the map#/e use them as templates to
either to constrain the extent mapped from remote sensing and environmental proxies or to
provide indicative distributions of minor occurrences that occur outside the corelistributions
of some EFG4le emphasise thathe conceptual differercesbetween Ecosystem Functional
Groups(founded onecological processes andcosystem functions, irrespective of biotic
composition; see definition in Table S3.1 and associated text) @ecoregions(founded on
biogeographic patterns and processes and as proxies for species distrbutions; reviewed in
Appendix S1) Similar distinctions apply to functional biomes (Table S3.1 and associated text)
and biogeographicbiomes as mappedind described in respective ecoregion classifications
(provinces of Spaldinget al, 2007; major habitat types of Abellet al, 2008; biomes of Olsn et
al., 2001 and Dinersteinet al,, 2017), reflecting functional and biogeographic interpretations of
OEA OAOb i
(Level 2 of the Global Ecosystem Typology), spatial patterns may differ from thoseezforegions
aggregated into biomes (e.g. Olson et al., 2001).
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Table $4.1. Methods and surce data for indicative maps of each Ecosy@n Functional Group(EFG) Concept alignment: Direcz Source map is consistent
with EFG concept without adjustment; Semdirect z Source map is consistent with EFG concept after clipping or supplementation; IndirecProxy variables
used to construct mg approximating EFG concept.

Description

Concept

Base data

Spatial

T1.1

T1.2

T1.3

T1.4

Lowland rainforests were initially identified using consensus-taomger maps (Tuanmet al.,
2014) and then cropped to selected terrestrial ecoregions (Dinerstein et al., 2017) at 30 arc
seconds spatial resolution. Ecoregions were selected if: i) their descriptions mentioned featu
consistent with those identified in the profile of t&cosystem Functional Group; and ii) if their
location was consistent with the ecological drivers described in the profile. Ecoregions were
designated as containing major occurrences if ecoregion descriptions mentioned extensive ¢
of lowland rainforest®r as minor occurences if lowland rainforests were described as patche
within a matrix dominated by other ecosystems.

Tropical dry rainforests were initiallglentified using consensus laswdver maps (Tuanmu et al.,

2014) and then cropped to selected terrestrial ecoregions (Dinerstein et al., 2017) at 30 arc

seconds spatial resolution. Ecoregions were selected if: i) their descriptions mentioned featu
consstent with those identified in the profile of the Ecosystem Functional Group; and ii) if the
location was consistent with the ecological drivers described in the profile. Ecoregions were

designated as containing major occurrences if ecoregion descriptimntioned extensive areas
of dry forests, or as minor occurences if dry forests were described as patches within a matr
dominated by other ecosystems.

The distribution of tropical montane rainforest was approximated from a model of environme
suitability based on climatic variables and cloud cover (Wilson and Jetz, 2016, Karger et al. .
Occurrences were aggregated to half degree spatial resalatial cells reclassified as major
occurrences (>25% of cell area) and minor occurrences (< 25% of cell area).

Terrestrial ecoregions containing occurrences of hdathsts were identified by consulting
available ecoregion descriptions (Dinerstein et al., 2017), global and regional reviews, natior
regional ecosystem maps, locations of relevant examples, and author expertise. Consequen
they are coarsescale mdicative representations of distribution, except where they occupy sma
ecoregions. Ecoregions were mapped at 30 arc second spatial resolution. Ecoregions were
designated as containing major occurrences if ecoregion descriptions mentioned extensive ¢
of heath forests, or as minor occurences if heath forests were described as patches within a
matrix dominated by other ecosystems.
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alignment
Indirect

Indirect

Direct

Indirect

evaluation
Quantitative accuracy
assessment

Quantitative accuracy
assessment

Quantitative accuracy
assessment

Quantitative thematic
assessment

resolution
30 aresecond
(ca. 1km2) or
better

30 aresecond
(ca. 1km2) or
better

30 aresecond
(ca. 1km2) or
better

larger than
1km2/30 are
second



Description Concept Base data Spatial

alignment evaluation resolution
T2.1 Boreal and temperate montane forests wergtially identified using consensus lagdver maps  Semidirect ~ Quantitative accuracy 30 aresecond
(Tuanmu et al., 2014eneralised landcover class 1 Evergreen/deciduous needleleaj txeds assessment (ca. 1km2) or
then cropped to selected terrestrial ecoregions (Dinerstein et al., 2017) at 30 arc seconds sf better

resolution. Ecoregions were selected if: i) their descriptions mentioned features consistent w
those identified in the profile of the Ecosystem Functional Group; and ii) if their location was
consistent with the ecological drivers described in the profile. Egiorss were designated as
containing major occurrences if ecoregion descriptions mentioned extensive areas of boreal
temperate montane forests, or as minor occurences if these forests were described as patcl
within a matrix dominated by other ecosysts.

T2.2 Temperate deciduous forests were initially identified using consensusdavel maps (Tuanmu  Semidirect ~ Quantitative accuracy 30 aresecond
et al., 2014 generalised landcover class 3 Deciduous broadtea$) and then cropped to assessment (ca. 1km2) or
selected terrestrial ecoregions (Dinerstein et al., 2017) at 30 arc seconds spatial resolution. better
Ecoregions were selected if: i) their descriptions mentioned features consistent with those
identified in the profile of the EcosysteFunctional Group; and ii) if their location was consiste
with the ecological drivers described in the profile. Ecoregions were designated as containin
major occurrences if ecoregion descriptions mentioned extensive areas of temperate decidu
forests or as minor occurences if these forests were described as patches within a matrix
dominated by other ecosystems.

T2.3 Cool temperate and boreal rainforest regions identified by DellaSala et al. (2011) were matcl Semidirect  Quantitative thematic larger than
with ecoregion descriptions (Dinerstein et al., 2017) and proofed by author's expertise. assessment 1km2/30 ac-
Ecosregions were designated as major occurrences where rainforestaateahithe landscape second
matrix, and minor occurrences where rainforests were present as patches within a matrix of
ecosystems. Ecoregions were mapped at 30 arc second spatial resolution.
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Code Description Concept Base data Spatial

alignment evaluation resolution
T2.4 Terrestrial ecoregions containing occurrences of warm temperate laurophyll forests were Indirect Quantitative thematic larger than
identified by consulting available ecoregion descriptions (Dinersteal., 2017), global and assessment 1km?2/30 are
regional reviews, national and regional ecosystem maps, locations of relevant examples, an second

author expertise. Consequently, they are coassale indicative representations of distribution,
except where they occupy small ecoreggo Ecoregions were mapped at 30 arc second spatial
resolution. Ecoregions were designated as containing major occurrences if ecoregion descri
mentioned extensive areas of laurophyll forests, or as minor occurences if laurophyll forests
describel as patches within a matrix dominated by other ecosystems.

T25 Remote sensing estimates of canopy height were used as a direct indicator of the distributio Semidirect  Quantitative accuracy 30 aresecond
this group oftall forest ecosystems (Armston et al., 2015, Tang et al., 2019). All areas with tre assessment (ca. 1km2) or
canopies taller than 40m were selected and clipped to the spatial extent of temperate climatt better

types (Beck et al., 2018). Mapped occurrences were then aggregated tcehadfedspatial
resolution and reclassified as major occurrences (>20% of cell area) and minor occurrences

of cell area).

T2.6 Sclerophyll forests were initiallgentified using consensus lafver maps (Tuanmu et al., 2014 Indirect Quantitative accuracy 30 aresecond
and then cropped to selected terrestrial ecoregions (Dinerstein et al., 2017) at 30 arc seconc assessment (ca. 1km2) or
spatial resolution. Ecoregions were selected if: i) their descriptions mentioned featuresteonsi better

with those identified in the profile of the Ecosystem Functional Group; and ii) if their location
consistent with the ecological drivers described in the profile. Ecoregions were designated a
containing major occurrences if ecoregion descripsionentioned extensive areas of sclerophyl
forests or as minor occurences if sclerophyll forests were described as patches within a mat
dominated by other ecosystems.

T3.1 Terrestrial ecoregions containing occurrences of tropical heathlands were identified by consi Indirect Quantitative thematic larger than
available ecoregion descriptions (Dinerstein et al., 2017), global and regional reviews, natior assessment 1km2/30 are
regional ecosystem maps, locations of relevant exampalad author expertise. Consequently, second

they are coarsescale indicative representations of distribution, except where they occupy smi
ecoregions. Ecoregions were mapped at 30 arc second spatial resolution. Ecoregions were
designated as containing major@grences if ecoregion descriptions mentioned extensive arei
of tropical heathlands, or as minor occurences if these heathlands were described as patche
within a matrix dominated by other ecosystems.
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13.2

T3.3

T3.4

Description Concept Base data Spatial

alignment evaluation resolution
Terrestrial ecoregions containing occurrences of seasonal temperate heathlands were identi Indirect Quantitative thematic larger than
by consulting available ecoregion descriptions (Dinersteil., 2017), global and regional assessment 1km?2/30 are
reviews, national and regional ecosystem maps, locations of relevant examples, and author second

expertise. Consequently, they are coassmle indicative representations of distribution, except
where they occupy small ecoregi®. Ecoregions were mapped at 30 arc second spatial resolu
Ecoregions were designated as containing major occurrences if ecoregion descriptions men
extensive areas of seasonal temperate heathlands, or as minor occurences if these heathlar
were described as patches within a matrix dominated by other ecosystems.

Cool temperate heathlands were mapped using consensusdawdr maps (Tuanmu et al., 2014 Semidirect  Quantitative accuracy 30 aresecond
Latifovic et al., 2016), cropped to selected terrestrial ecoregions at 30 arc seconds spatial assessment (ca. 1km2) or
resolution (Dinerstein et al., 2017; CEC 1997). Ecoregions were selected if they contained a better
mentioned or mapped in published regional studies (Loidi eR8ll5; Luebert & Pliscoff, 2017),

or if: i) their descriptions mentioned features consistent with those identified in the profile of t

Ecosystem Functional Group; and ii) if their location was consistent with the ecological drive

described in the profd. Ecoregions were designated as containing major occurrences if ecore

descriptions mentioned extensive areas of lowland rainforests or as minor occurences if low!

rainforests were described as patches within a matrix dominated by other ecosystems.

Rocky pavements and screes were initially identified using consensusdaadmaps (Tuanmet Semidirect  Quantitative accuracy 30 aresecond
al., 2014) and then cropped to selected terrestrial ecoregions (Dinerstein et al., 2017) at 30 ¢ assessment (ca. 1km2) or
seconds spatial resolution. Ecoregions were selected if: i) their descriptions mentioned featu better
consistent with those identified in the profile of tlecosystem Functional Group; and ii) if their

location was consistent with the ecological drivers described in the profile. Ecoregions were

designated as containing major occurrences if ecoregion descriptions mentioned extensive ¢

of rocky pavements @crees or as minor occurences if these ecosystems were described as

patches within a matrix dominated by other ecosystems.
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Description Concept Base data Spatial

resolution
Quantitative accuracy 30 aresecond

alignment evaluation

T4.1 Trophic savannas were initiallyentified using consensus lasodver maps (Tuanmu et al., 2014) Indirect

T4.2

T4.3

T4.4

and then cropped to selected terrestrial ecoregions (Dinerstein et al., 2017) at 30 arc seconc
spatial resolution. Ecoregions were selected if: i) their descriptions mentioned featuresteonsi
with those identified in the profile of the Ecosystem Functional Group; and ii) if their location
consistent with the ecological drivers described in the profile. Ecoregions were designated a
containing major occurrences if ecoregion descripsionentioned extensive areas of savannas
as minor occurences if these ecosystems were described as patches within a matrix domina
other ecosystems.

Terrestrial ecoregions containing occurrences of pyric tussock savannas were identified by
consulting available ecoregion descriptions (Dinerstein et al., 2017), global and regional revi
national and regional ecosystem maps, locations of relevant el@nand author expertise.
Consequently, they are coarseale indicative representations of distribution, except where the
occupy small ecoregions. Ecoregions were mapped at 30 arc second spatial resolution. Eco
were designated as containing majecurrences if ecoregion descriptions mentioned extensiv
areas of pyric savannas, or as minor occurences if these ecosystems were described as pat
within a matrix dominated by other ecosystems.

The distribution of Hummock savannas in Australia was mapped from data sets compiled by
and Tozer (2017) from the Australian National Vegetation Information System (NVIS 2016).
original mapping was done by rematensing with field reconnaissance. It was mapped at 30 ¢
second spatial resolution.

Terrestrial ecoregions containing occurrences of temperate woodlands identified by
consulting available ecoregion descriptions (Dinerstein et al., 2017), global and regional revi
national and regional ecosystem maps, locations of relevant examples, and author expertise
Consequently, they are coarseale indicative regsentations of distribution, except where they
occupy small ecoregions. Ecoregions were mapped at 30 arc second spatial resolution. Eco
were designated as containing major occurrences if ecoregion descriptions mentioned exten
areas of temperatavoodlands, or as minor occurences if these ecosystems were described a
patches within a matrix dominated by other ecosystems.
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Direct

Indirect

assessment

Quantitative thematic

assessment

Qualitative expert

assessment

Quantitative thematic

assessment

(ca. 1km2) or
better

larger than
1km?2/30 arc
second

30 aresecond
(ca. 1km2) or
better

larger than
1km2/30 are
second



T4.5

T5.1

T5.2

T5.3

Description

Terrestrial ecoregions containirggcurrences of temperate grasslands were identified by
consulting available ecoregion descriptions (Dinerstein et al., 2017), global and regional revi
national and regional ecosystem maps, locations of relevant examples, and author expertise
Consequetly, they are coarsscale indicative representations of distribution, except where the
occupy small ecoregions. Ecoregions were mapped at 30 arc second spatial resolution. Eco
were designated as containing major occurrences if ecoregion descagptientioned extensive
areas of temperate grasslands, or as minor occurences if these ecosystems were described
patches within a matrix dominated by other ecosystems.

Semidesert steppes were initially identified using consensus-eovker maps (Tuanmu et al.,
2014) and then cropped to selected terrestrial ecoregions (Dinerstein et al., 2017) at 30 arc
seconds spatial resolution. Ecoregions were selected if: i) thegrg#ions mentioned features
consistent with those identified in the profile of the Ecosystem Functional Group; and ii) if the
location was consistent with the ecological drivers described in the profile. Ecoregions were
designated as containing majocaurrences if ecoregion descriptions mentioned extensive are
of semidesert steppes or as minor occurences if these ecosystems were described as patch
within a matrix dominated by other ecosystems.

Succulent or thorny deserts were initially identified using consensusdandr maps (Tuanmet
al., 2014) and then cropped to selected terrestrial ecoregions (Dinerstein et al., 2017) at 30 ¢
seconds spatial resolution. Ecoregions were selected if: i) their descriptions mentioned featu
consistent with those identified in the profile of th&cosystem Functional Group; and ii) if their
location was consistent with the ecological drivers described in the profile. Ecoregions were
designated as containing major occurrences if ecoregion descriptions mentioned extensive ¢
of succulent desertsraas minor occurences if these ecosystems were described as patches v
a matrix dominated by other ecosystems.

The distribution of Sclerophyll deserts was mapfredn data sets for arid sclerophyll shrubland:
and hummock grasslands compiled by Keith and Tozer (2017) from the Australian National
Vegetation Information System (NVIS 2016). The original mapping was done by remote sen:
with field reconnaissance. Itag mapped at 30 arc second spatial resolution.
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Description Concept Base data Spatial

alignment evaluation resolution
T5.4 Cold deserts were initially identified using consensus-emer maps (Tuanmet al., 2014) and  Indirect Quantitative accuracy 30 aresecond
then cropped to selected terrestrial ecoregions (Dinerstein et al., 2017) at 30 arc seconds sf assessment (ca. 1km2) or
resolution. Ecoregions were selected if: i) their descriptions mentioned features consistent w better

those identified in the profile of th&cosystem Functional Group; and ii) if their location was
consistent with the ecological drivers described in the profile. Ecoregions were designated a
containing major occurrences if ecoregion descriptions mentioned extensive areas of cold d¢
or asminor occurences if these ecosystems were described as patches within a matrix domit
by other ecosystems.

T5.5 Hyperarid deserts were initially identified usimgnsensus langover maps (Tuanmu et al., 201« Semidirect ~ Quantitative accuracy 30 aresecond
and then cropped to selected terrestrial ecoregions (Dinerstein et al., 2017) at 30 arc seconc assessment (ca. 1km2) or
spatial resolution. Ecoregions were selected if: i) their descriptions mentioned features consi better

with thoseidentified in the profile of the Ecosystem Functional Group; and ii) if their location
consistent with the ecological drivers described in the profile. Ecoregions were designated a
containing major occurrences if ecoregion descriptions mentioned sxterareas of hypearid
deserts or as minor occurences if these ecosystems were described as patches within a ma
dominated by other ecosystems.

T6.1 Areas ofpermanent snow were identified from consensus leoaver maps (Tuanmu et al., 2014 Direct Quantitative accuracy 30 aresecond
glacier inventories (Raup et al., 2007; GLIMS and NSIDG2@08pand the Antarctic Land Cove assessment (ca. 1km2) or
map for 2000 (Hui et al., 2017). A composite map was created at 30 anmdsespatial resolution better

in geographic projection, occurrences were then aggregated to half degree spatial resolutior
reclassified as major occurrences (cells with > 22% snow coverage) and minor occurrences
with at least one occurrence).
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Description Concept Base data Spatial

alignment evaluation resolution
T6.2 Known locations of prominent iekee rock in glacial and alpine environments were selected fr Direct Quantitative accuracy 30 aresecond
global geographical gazeteers (GeoNames, 2020), glacier inventories (Raup et al 2007; GLI assessment (ca. 1km2) or
NSIDC, 2003018) and the Antarctic Land Cover map for 2000 étlal., 2017). Further areas better

with mixed occurrence of barren and snow/ice cover were identified from the Circumpolar Ar
Vegetation Map (Raynolds et al., 2019), the USGS EROS LandCover GLCCDB, version 2 (1
al., 2000) and a 1km consensus laxmyer map (Tuanmu et al., 2014). A composite map was
created at 30 arc seconds spatial resolution in geographic projection, occurrences were ther
aggregated to half degree cells. Cells containing at least one known location were designate
major occurrenes, while those mapped as mixed barren and snow/ice cover were designate:
minor occurrences if snow/ice covered at least 2.5% of the cell area.

T6.3 Areas corresponding to the tundra climatic zone according to the Ké@msger classification Semidirect  Quantitative accuracy 30 areésecond
system (Beck et al., 2018) were first identified. Additional areas were then selected in high assessment (ca. 1km2) or
latitudes corresponding with low annual solar radiation (values 8i8@Beckmann et al., 2014). . better
union of these maps was created at 30 arc seconds spatial resolution in geographic projectic
occurrences were then aggregated to half degree spatial resolution and reclassified cells as
occurrences (>80% of cell areajd minor occurrences (380% of cell area).

T6.4 Terrestrial ecoregions containing occurrences of temperate alpine ecosystems were identifie Indirect Quantitative thematic larger than
consultingavailable ecoregion descriptions (Dinerstein et al., 2017), global and regional revie assessment 1km2/30 are
national and regional ecosystem maps, locations of relevant examples, and author expertise second

Consequently, they are coarseale indicative representations of distriliah, except where they
occupy small ecoregions. Ecoregions were mapped at 30 arc second spatial resolution. Eco
were designated as containing major occurrences if ecoregion descriptions mentioned exten
areas of temperate alpine ecosystems, oma@gor occurences if these ecosystems were descril
as patches within a matrix dominated by other ecosystems.
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Code Description

16.5

T7.1

Tropical alpine grasslands were initially identified ugsiogsensus landover maps (Tuanmu et

al., 2014) and then cropped to selected terrestrial ecoregions (Dinerstein et al., 2017) at 30 ¢
seconds spatial resolution. Ecoregions were selected if: i) their descriptions mentioned featu

consistent with thosedentified in the profile of the Ecosystem Functional Group; and ii) if thei
location was consistent with the ecological drivers described in the profile. Ecoregions were
designated as containing major occurrences if ecoregion descriptions mentionedieaneas

of tropical alpine grasslands or as minor occurences if these ecosystems were described as
patches within a matrix dominated by other ecosystems.

Major occurrences of croplands were taken from the map of Habitat type 14.1 by Jung et al.

(2020) based on the IUCN Habitats Classification Scheme v3.1 (IUCN 2012). We compared

cropping areas in consensus laoolver maps (Tuanmu et al., 2014) and fouhdttmaps of Jung
et al. (2020) more closely matched the concept of T7.1. Occurrences were extracted from

FNI QGAz2yl f
spatial resolution.

F33INB3II G§SR

M

1Y NB&az2tdziazy
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Description Concept Base data Spatial

alignment evaluation resolution
T7.2 Mapping of intensive livestock pastures was based on fractional land use mapping (Ramank |ndirect Quantitative accuracy larger than
al. 2008), dasymetriestimates of ruminant livestock density for cattle and sheep (Gilbert et al assessment 1km?2/30 are
2010), and Human Appropriation of Net Primary Production (HANPP, Haberl et al. 2007). second

Fractional land use cover indicated firstly where pastures occur and secondly where thpy ac
large portion of area relative to croplands. This helped to exclude intensive croplands that ar
used to graze livestock, either through temporal rotation or on the margins of cropped paddc
(e.g. in south Asia). Livestock densities indicatbére ruminants were important components o
pasture systems, and helped exclude some rangelands with low livestock densities. Finally,
helped exclude low productivity rangelands with high stocking rates and additional areas of
cropland. Mapped outpts of different combinations and thresholds for the input data layers
were visually inspected in South Asia, Australia, West Africa, and North and South America.
occurrences were mapped where pasture area fraction greater than zero (PAF>0) and great
than cropland area fraction (PAFAF>0), densities of cattle or sheep were greater than 500 pe
cell, and 100 < HANPP < 700 gC/m?/yr. Examination of the sensitivity of mapped area to var
in these thresholds indicated no appreciatble change in tbba mapped area when livestock
density was varied by +20% and marginal change in mapped area with variation in the other
thresholds by the same amount. To represent this uncertainty, we mapped minor occurrence
the additional area where PAF>0, PBAP>-0.2 and 80 < HANPP < 840 gC/m2/yr. We acknowle
significant untested assumptions and limitations on spatial predictors that challenge the-glob
scale delineation of pasture ecosystems with varied levels of human influence. We therefore
advise appropste caution in use of the spatial data for quantitative analysis.

T7.3 Major occurrences of plantations were taken from the map of Habitat type 14.3 by Jung et al Direct Quantitative accuracy 30 aresecond
(2020) based othe IUCN Habitats Classification Scheme v3.1 (IUCN 2012). We compared tt assessment (ca. 1km2) or
cropping areas in consensus lacolver maps (Tuanmu et al., 2014) and found that maps of Ju better

et al. (2020) more closely matched the concept of T7.3. Occurrences were extnagted f
FNI OGAZ2ylFf |33INB3IFGSR m Y NBaztdziaAzy ol a
spatial resolution.

T7.4 The distribution of urban and industrimifrastructure lands was taken from a global land use/la Direct Quantitative accuracy 30 aresecond
O2@SNJ YI LI o[ ) [/ Of aa 1 WodaAatid | NBFaQu ¥F2 assessment (ca. 1km2) or
Class 7 includes major road and rail networks, large homogenous impervious surfaces inclu better

parking structures, office buildings and residential housing, dense. Sparse villages may not k
represented. We calculated the proportion of built area per square kilometre and applied a
threshold of 1 to 5 % for minor occurrences and >5% for major occlgsenc
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Description Concept Base data Spatial

alignment evaluation resolution
T7.5 The distribution of sermatural pastures is poorly documented at global scales. Areas where Indirect Quantitative accuracy larger than
these ecosystems are most likely to occur were estimated from land uskadduitability assessment 1km?2/30 are
datasets for the year 2000 (Erb et al. 2007) and Human Appropriation of Net Primary Produc second

(Haberl et al. 2007). Areas were included on the map if they met the following conditions bas
on the available spatial data if they: a) wanapped as suitable for livestock grazing; b) had a
greater proportion of grazing lands than croplands or forestry lands (grazing> forestry and
grazing>cropland); ¢) had intermediate to high cover of grazing lands (>30%); and intermedi
high estimatef Human Appropriation of Net Primary Productivity (20%<HANPP <90%). In
combination, these conditions were assumed to exclude intensive pastures and wild rangela
with low productivity for livestock grazing. We classified areas with the highest gaztagility
(class 1 in Erb et al. 2007) as major occurrences, and areas with the second highest grazing
suitability (class 2) as minor occurrences. We acknowledge significant untested assumption:
limitations on spatial predictors that challenge thelghlscale delineation of pasture ecosystem
with varied levels of human influence. We therefore advise appropriate caution in use of the
spatial data for quantitative analysis.

S1.1 Distributions of aerobic caves were based on mapped area of carbonate rock outcrop (Willia Indirect Qualitative expert larger than
Ting Fong 2016). This provides an bound limit for the area of exposed karst terrain, as not a assessment 1km2/30 are
carbonate rocks are karstified. Lava tubes and otbeks that may contain these ecosystem second

functional groups are not shown on this indicative map, but are less extensive than those in
carbonate rock.

S1.2 Global distributiorthroughout the earth's crust.

S2.1 Freshwater ecoregions (Abell et al., 2008) containing urban and industrialised areas with wa Indirect Quantitative thematic larger than
transfer infrastructure were identified by consulting available ecoregion descriptions assessment 1km2/30 are
(http:/lwww.feow.org/), maps of irrigation and other water infrastructure, and expertise of second

authors. Due to uncertainty and limited verification and likely limited spatial extent within
mapped areas, all inferred occurrences were shown as minor at 3@eonds spatial resolution

SF1.1 Distributions of Underground streams and pools were based on mapped area of carbonate r Indirect Qualitative expert larger than
outcrop (Williams & Ting Fong 2016). This. provides an upper bound for the area of exposec assessment 1km2/30 are
terrain, as not all carbonate rocks are karstified. Lava tubes #mer cocks that may contain second

these ecosystem functional groups are not shown on this indicative map, but are less extens
than those in carbonate rock.
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Concept

Base data

Spatial

SF1.2

SF2.1

SF2.2

SM1.1

SM1.2

SM1.3

Indicative global maps of Groundwater aquifers were based on Bundesanstalt fur
Geowissenschaften und Rohstoffe & UNESCO (2012) in major groundwater basins with type
15 designated as major occurrences and typed 2 Hesignated as minor occurrences.

Freshwater ecoregions (Abell et al., 2008) containing urban and industrialised areas with wa
transfer infrastructure were identified by consultiagailable ecoregion descriptions
(http:/lwww.feow.org/), maps of irrigation and other water infrastructure, and expertise of
authors. Due to uncertainty and limited verification and likely limited spatial extent within
mapped areas, all inferred occurrerscerere shown as minor at 30 arc seconds spatial resoluti

Point records of flooded mines were compiled from public databases
(https://www.unexmin.eu/theeuropeaninventory-of-floodedminesis-now-online/), an internet
search for "flooded mines" and locations of deep mines inferred from world mineral resource
spatial data (USGS: https://mrdata.usgs.gov/). Terrestrial ecoredidingrstein et al., 2017) with
concentrations of these records were selected to represent an indicative global distribution ¢
flooded mines at 30 arc seconds spatial resolution.

Indicativedistributions of anchialine caves and pools were based on mapped areas of carbor
rock outcrop (Williams & Ting Fong, 2016) and lava flows intersecting the coast, which were
aggregated within a template ofdegree grid cells.

Indicative distributions of anchialine caves and pools were based on mapped areas of carbo
rock outcrop (Williams & Ting Fong, 2016) and lava flows intersecting the coast, which were
aggregated within a template ofdegree grid cells.

Marine ecoregions (Spalding et al., 2008) containing occurrences of rocky coastline (see M1
were verified by inspection of imageayailable in Google Earth to identify an envelope of
potential distribution for sea caves. The coastlines within these ecoregions were summarise:
using a template of -tlegree grid cell intersected with the coast. As caves represent a small
portion of suchcoastlines, all mapped areas were designated as minor occurrences.
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Concept

alignment

Base data
evaluation

Spatial
resolution

TF1.1

TF1.2

TF1.3

TF1.4

Major occurrences of tropical swamp forest and flooded forest were taken from the map of
Habitat type 1.8 by Jung et al. (2020) based on the IUCN Habitats Classification Scheme v3
2012). We compared this to areas of of tropical swamp forest amdifid forest mapped Global
Lakes and Wetlands Database (Lehner and Do6ll, 2004) as well as ecoregions with such fore
mentioned in their description (Dinerstein et al., 2017), and found that maps of Jung et al. (2
more closely matched the concept of ITE. Occurrences were extracted from fractional
F33aANB3IFGSR m 1Y NBaztdziazy olFasS RFGF 6 Wdzy
resolution.

Terrestrial ecoregions containing occurrences of temperate forested wetlands were identifiec
consulting available ecoregion descriptions (Dinerstein et al., 2017), global and regional revi
national and regional ecosystem maps, locations of releeanmples, and author expertise.

Consequently, they are coarseale indicative representations of distribution, and all ecoregiot
were mapped as minor occurrences. Ecoregions were mapped at 30 arc second spatial resc

Terrestrial ecoregions containing occurrences of permanent floodplain marshes were identifi
consulting available ecoregion descriptions (Dinersétial., 2017), global and regional reviews,
national and regional ecosystem maps, locations of relevant examples, and author expertise
Consequently, they are coarseale indicative representations of distribution. Mapped ecoregi
were designated as nj@ occurrences where the ecoregions were small and marshes domina
most of their area based on the text descriptions and inspection of Google Earth imagery. Tt
remaining ecoregions were designated as minor occurrences. Ecoregions were mapped at &
second spatial resolution.

Major occurrences of freshwater marshes and floodplains were taken from the Global Lakes
Wetlands Database (Lehner and Doll, 2004). Occurrences in boreal and polar climates were
excluded by removing KoeppnGeiger_classes>26 in Beck et al., (2018pnadiditeas with
minor occurrences were identified in selected freshwater ecoregions (Abell et al., 2008).
Ecoregions were selected if: i) their descriptions mentioned features consistent with those
identified in the profile of the Ecosystem Functional Gpand ii) if their location was consistent
with the ecological drivers described in the profile. Occurrences were aggregated to half deg
spatial resolution.
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Description Concept Base data Spatial

alignment evaluation resolution
TF1.5 Major occurrences of ephemeral floodplains were mapped from remote sensing estimates o Indirect Quantitative accuracy 30 aresecond
ephemeral surface water (classes 4, 5 and 8 from Pekel et al., 2016) within selected ecoreg assessment (ca. 1km2) or
Freshwater ecoregions (Abell et al., 2008) were identified as contaotcurrences of this better

functional group if: i) their descriptions mentioned features consistent with those identified in
profile of the Ecosystem Functional Group; and ii) if their location was consistent with the
ecological drivers described in thegfite. The remaining areas of selected ecoregions were
mapped as containing minor occurrences. Map data were presented at 0.5 minute spatial

resolution

TF1.6 Terrestrial ecoregions containing major or minor occurrences of this ecosystem functional gr Indirect Quantitative thematic larger than
were identified by consulting available ecoregion descriptions (Dinerstein et al., 2017), globa assessment 1km2/30 are
regional reviews, national and regional ecosystem mapstimas of relevant examples, and second

proofed by expert reviewers. Consequently, they are coarsde indicative representations of
distribution, except where they occupy small ecoregions. Ecoregions were mapped at 30 arc
second spatial resolution.

TF1.7 Terrestrial ecoregions containing major or minor occurrences of this ecosystem functional gr Indirect Quantitative thematic larger than
were identified by consulting available ecoregion descriptions (Dinersteaah, 2017), global and assessment 1km2/30 are
regional reviews, national and regional ecosystem maps, locations of relevant examples, an second

proofed by expert reviewers. Consequently, they are coarsde indicative representations of
distribution, except where they occupy sthacoregions. Ecoregions were mapped at 30 arc
second spatial resolution.

F1.1 Major occurrences were mapped by intersecting selected ecoregions with the distribution-of Semidirect  Obtained from facility 30 aresecond
3rd order streams taken from the RiverATLAS (v1.0) database (Linke et al., 2019) clipped ta with high data (ca. 1km2) or
exclude cold or dry climates (i.e. excluding areas with mean temperaif coldest quarter <0°C, standards better

mean annual precipitation <300mm) based on data from Karger et al. (2017). Freshwater
ecoregions (Abell et al., 2008) were identified as containing permanent upland streams if: i) |
descriptions mentioned features consistesith those identified in the profile of the Ecosystem
Functional Group; and ii) if their location was consistent with the ecological drivers describec
the profile. The remaining areas within selected ecoregions, clipped as above to exclude col
dry climates, were designated as minor occurrences. Maps data were presented at 30 arc se
spatial resolution.
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Description Concept Base data Spatial

alignment evaluation resolution
F1.2 Major occurrences were mapped within selected freshwater ecoregions using stream osflers Semidirect  Obtained from facility 30 aresecond
taken from the RiverATLAS (v1.0) database (Linke et al. 2019) combined with global estima with high data (ca. 1km2) or
surface water phenology (classes 1, 2 and 7 from Pekel et al.,. Fagé8hwater ecoregions (Abel standards better

et al., 2008) were identified as containing occurrences of this functional group if: i) their
descriptions mentioned features consistent with those identified in the profile of the Ecosyste
Functional Group; and ii) if thdibcation was consistent with the ecological drivers described ir
the profile. The remaining area of selected ecoregions was designated as minor occurrence:
Occurrences were aggregated to ten minute spatial resolution.

F1.3 Major occurrences of freezihaw rivers and streams was mapped from the Global River Direct Obtained from facility 30 aresecond
Classification database (Ouellet Dallaire et al., 2018), including all reaches with minimum with high data (ca. 1km2) or
temperature below 0°C. Freshwater ecoregions (Abell et al., 2008) were iédrdgicontaining standards better

minor occurrences of this functional group if: i) their descriptions mentioned features consist:
with those identified in the profile of the Ecosystem Functional Group; and ii) if their location
consistent with the ecological drivedescribed in the profile. Occurrences were aggregated to
ten minute spatial resolution.

F1.4 Within selected ecoregions, major occurrences were mapped usirdtiisirder streams (3km  Semidirect  Obtained from facility 30 aresecond
buffer) taken from the RiverATLAS (v1.0) database (Linke et al., 2019). Freshwater ecoregic with high data (ca. 1km2) or
(Abell et al., 2008) were identified as containing occurrences ofuhigtional group if: i) their standards better
descriptions mentioned features consistent with those identified in the profile of the Ecosyste
Functional Group; and ii) if their location was consistent with the ecological drivers describec
the profile. The remaining aas of selected ecoregions were mapped as minor occurrences.
Occurrences were aggregated to ten minute spatial resolution.

F1.5 Major occurrences were mapped within selected freshwater ecoregions using stream ofélers Semidirect  Obtained fromfacility =~ 30 aresecond
taken from the RiverATLAS (v1.0) database (Linke et al. 2019) combined with global estima with high data (ca. 1km2) or
surface water phenology (classes 1, 2 and 7 from Pekel et al.,. Frg8hwater ecoregions (Abel standards better

et al., 2008) were identified as containing occurrences of this functional group if: i) their
descriptions mentioned features consistent with those identified in the profile of the Ecosyste
Functional Group; and ii) if thdiocation was consistent with the ecological drivers described ir
the profile. The remaining area of selected ecoregions was designated as minor occurrence:
Occurrences were aggregated to ten minute spatial resolution.
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Description Concept Base data Spatial

alignment evaluation resolution
F1.6 Major occurrences of ephemeral streams were mapped by intersecting streams of all orders Indirect Quantitative accuracy 30 aresecond
from the MERIT Hydro river channels dataset (Yamazaki et al. 2019) with remote sensing assessment (ca. 1km2) or
estimates of ephemeral surface water (classes 4, 5 and 8 from Pekel2288) within selected better

ecoregions. Data were aggregated at 30-s&cond resolution. Freshwater ecoregions (Abell et
al., 2008) were identified as containing occurrences of this functional group if: i) their descrig
mentioned features consistent witthose identified in the profile of the Ecosystem Functional

Group; and ii) if their location was consistent with the ecological drivers described in the prof
The remaining river channels within the selected ecoregions were mapped as containing mit

occurrences.

F1.7 The distribution of large lowland rivers was taken from the Global River Classification databz Direct Obtained from facility variable
(Ouellet Dallaire et al., 2018). Reaches with flow > 10,000 m3/s were mapped with a 20 km | with high data (points)
(added for display) as major occurrences, clipped to exclodse with minimum temperature standards
<0°C.

F2.1 Locations of large lakes (>100km2) were taken from the HydroLdd€&isase (Messager et al., Direct Quanitative accuracy 30 aresecond
2016) and combined with global estimates of permanent surface water surfaces (classes 1, . assessment (ca. 1km2) or
from Pekel et al., 2016). Freeze/thaw lakes (F2.3) in cold climates (approximated by mean better

temperature of coldest quarter <L0°C, Bck et al., 2018) were excluded. Occurrences were
aggregated to 30 arc second spatial resolution. Grid cells with at least one lake >1000km2 w
designated major occurrences, those only with lakes-1000km2 were designated minor

occurrences.
F2.10 Major occurrences of subglacial lakes were mapped as 0.5 degree cells containing the point Direct Known records variable
records of Wright and Siegert (2012), Bowling et al., (2019), Thér Marteinsson et al. (2013) ¢ (points)

Livingstone et al. (2016). Unmapped lakes are likely to occur vétees with permanent snow
and ice cover and were mapped as minor occurrences based on permanent snow and ice fr
Dinerstein et al. (2017) and Tuanmu et al. (2014).
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Description Concept Base data Spatial

alignment evaluation resolution
F2.2 Within selected freshwater ecoregions (2008), major occurrences of small permanent lakes Semidirect  Quantitative accuracy 30 aresecond
(<100km2), were mapped by taking water body types 1 and 3 (which exclude artificial lakes assessment (ca. 1km2) or
the HydroLAKES database (Messager et al., 2016) and combining ttiegtolval estimates of better

surface water phenology (classes 1, 2 and 7 from Pekel et al., 2016). Freshwater ecoregions
et al., 2008) were identified as containing occurrences of these functional groups if: i) their
descriptions mentioned features contgat with those identified in the profile of the Ecosystem
Functional Group; and ii) if their location was consistent with the ecological drivers describec
the profile. Occurrences were aggregated to 10 minutes spatial resolution. Grid cells occupie
¥clYH 2F f11S&8 6SNB RSaA3IYyFGISR Fa YI22N 2
lakes were designated minor occurrences.

F2.3 Within selected freshwater ecoregions (2008), major occurrences of small permanent lakes Semidirect  Quantitative accuracy 30 aresecond
(<100km2), were mapped by taking water body types 1 and 3 (which exclude artificial lakes assessment (ca. 1km2) or
the HydroLAKES database (Messager et al., 2016) and combining ttreglolal estimates of better
surface water phenology (classes 1, 2 and 7 from Pekel et al., 2016). Freshwater ecoregion:
et al., 2008) were identified as containing occurrences of these functional groups if: i) their
descriptions mentioned features contgat with those identified in the profile of the Ecosystem
Functional Group; and ii) if their location was consistent with the ecological drivers describec
the profile. Occurrences were aggregated to 10 minutes spatial resolution. Grid cells occupie
¥clYH 2F f11S&8 6SNB RS&aA3IYyFGISR Fa YI22N 2
lakes were designated minor occurrences.

F2.4 Major occurrences of freezinaw lakes were mapped by taking water body types 1 and 3 of al Direct Obtained from facility 30 aresecond
sizes from the HydroLAKES database with minimum temperature below 0°C (Linke et al., 2C with high data (ca. 1km2) or
Occurrences were aggregated to ten minute spatial resolution. Griél ce O OdzLJA SR 0 standards better

lakes were designated as major occurrences, while those with <6km2 and >1km2 of lakes w
designated minor occurrences.

F2.5 Major occurrences of natural ephemeral freshwater lakes were mapping by intersecting the Semidirect  Obtained from facility 30 aresecond
estimated distribution of ephemeral surface water (classes 9 and 10 from Pekel et al., 2016) with high data (ca. 1km2) or
global lake databases (Lehner and Ddll, 2004, types 1 an 3 from ¢éessteaal., 2016), excluding standards better

those from endorheic basins cf. F2.7 (Linke et al., 2019). Occurrences were aggregated to 1
YAydziSa &Ll GAFf NBaz2tdzihnzyd® DNAR OStfta 20
occurrences, while those with <6km2 and mikof lakes were designated minor occurrences.
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Code Description

F2.6

F2.7

F2.8

Major occurrences of permanent salt and soda lakes were compiled from a list of known salt
in Wurtsbaugh et al., (2017) and augmented by the authors, then matched with names in the
HydroLAKES database to identify natural lakes (types 1 and 3 ofdéesdal., 2016). Minor
occurrences were mapped within arid and seamid parts of selected freshwater ecoregions
(Abell et al., 2008) by clipping ecoregions to exclude areas with mean annual rainfall >250m
(Harris et al., 2014a). Freshwater ecoregiohise]l et al., 2008) were selected if they contained
occurrences of permanent salt or soda lakes if: i) their descriptions mentioned features cons
with those identified in the profile of the Ecosystem Functional Group; and ii) if their location
consistent with the ecological drivers described in the profile. Occurrences were aggregated
minutes spatial resolution.

Ephemeral salt lakesexe mapped by intersecting water bodies taken from global lake databa
(Lehner and D6ll, 2004; types 1 and 3 from Messager et al., 2016) with estimated ephemera
surface water (classes 9 and 10 from Pekel et al., 2016) and the distribution of arid aratigem
endorheic basins (Linke et al., 2019). Occurrences were aggregated to 10 minutes spatial
NE&az2fdziA2yd® DNAR OStfta 200dzLJASR o6& xc{lYH
those with <6km2 and >1kmz2 of lakes were designated minor occugsenc

Within selected freshwater ecoregions (2008), major occurrences of small permanent lakes
(<100km2) were mapped by taking water body types 1 and 3 (which exclude artificial lakes),
the HydroLAKES database (Messager et al., 2016) and combining thegholvdhestimates of
surface water phenology (classes 1, 2 and 7 from Pekel et al., 2016). Freshwater ecoregion:
et al., 2008) were identified as containing occurrences of these functional groups if: i) their
descriptions mentioned features consistewith those identified in the profile of the Ecosystem
Functional Group; and ii) if their location was consistent with the ecological drivers describec
the profile. The remaining area of selected ecoregions was designated as minor occurrence:
Occurrances were aggregated to 10 minutes spatial resolution.
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Description Concept Base data Spatial

resolution
30 aresecond

alignment evaluation

F2.9 Within selected freshwater ecoregions (2008), major occurrences of small permanent lakes Indirect Qualitative expert

F3.1

F3.2

F3.3

(<100km2), were mapped by taking water body types 1 and 3 (which exclude artificial lakes
the HydroLAKES database (Messager et al., 2016) and combining ttreglolval estimates of
surface water phenology (classes 1, 2 and 7 from Pekel et al., 2016). Freshwater ecoregions
et al., 2008) were identified as containing occurrences of these functional groups if: i) their
descriptions mentioned features contgat with those identified in the profile of the Ecosystem
Functional Group; and ii) if their location was consistent with the ecological drivers describec
the profile. The remaining area of selected ecoregions was designated as minor occurrence:
Occurences were aggregated to 10 minutes spatial resolution.

Polygons of reservoirs were obtained from water bodies in classes 2 and 3 in the HydroLake
database, except for those larger than 100 km2, as checking showed that these included a r
of semiregulated natural lakes (Messager et al. 2016). Additiopaitdocations were taken from
the Global Georeferenced Database of Dams (Mulligan et al. 2020), adding a spatial buffer ¢
arcminutes to represent uncertainty in their exact location and extent. Major and minor
occurrences were not distinguished .

A spatial buffer of 10 km was applied to generalise point locations of over 1 million small wal
bodies (area: 0.11 km?2) obtained from the HydroLakes database (Messager et al. 2016). Th
areas were intersected with estimated the intensity of agrigrdt use using the mapped area
fractions of pasture (PAF) and cropland (CAF) from Ramankutty et al. (2008), assuming that
majority of small water bodies within these intensive use areas are likely to be artificial. We
classified the intersection of thakesbuffer with PAF+CAF>0.5 as major occurrence and the
intersection of the lakesuffer with 0.05<(PAF+CAF)<0.5 as minor occurrences. The resulting
should show the main concentrations of constructed lacustrine wetlands but will underestim
occurrences in noragricultural areas.

The distribution of rice paddies was estimated from the percentage of rice cover ata 5 arc 1r
resolution based on Monfreda et al. (2008). Cells with > 10% rice cover were designated as
occurrences, and those with110% rice cover were designatad minor occurrences.
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Description Concept Base data Spatial

resolution

alignment evaluation

F3.4 Direct data on the distribution of freshwater aquafarms are currently unavailable. To approxi Indirect Qualitative expert larger than
the global distribution, freshwater ecoregions (Abell et al., 2008) were identified as containin assessment 1km?2/30 are
minor occurrences of freshwater aquafarms if: i) their dgg@wns mentioned features consistent second

F3.5

FM1.1

FM1.2

with those identified in the profile of the Ecosystem Functional Group; and ii) if their location
consistent with the ecological drivers described in the profile. The selections were checked t
expert reviewers. Gaurrences were mapped at 30 arc seconds spatial resolution.

A global map of irrigation for the year 2005 (Siebert et al. 2013) was used to map areas cont
irrigation canals and a global land use/land cover (LULC) map for the year 2020 (Karra et al.
to map built areas likely to contain drains and canals. Both maps were resampled and aggre
to a 30 aresecond (ca. 1km) resolution. The mapped areas were desidrast major occurrences
of canals, ditches and drains were designated where the percentage of area equipped for
irrigation was >20% (Siebert et al. 2013) or the proportion of built area was >5% (Karra et al
2021). Minor occurrences were designated whergation-equipped area was 120%) or where
there was low cover of built area-8%). The irrigation map compiled by Siebert et al. (2013) v
selected instead of a more recent one prepared by Nagaraj et al. (2021) because a compari
revealed more mapipg artefacts in the latter data set.

Known locations of fjords were selected from a global geographical gazetteer (GeoNAY2@s
and the composite gazetteer of Antarctica (SCAR, -2O28). We further selected related coast:
areas from a global coastal typology (Type IV in Durr et al., 2011) and the adjacent marine s
to 2000 metre depth (Becker et al., 2009). A conitgosap was created at 30 arc seconds spat
resolution in geographic projection, occurrences were then aggregated to half degree spatia
resolution and reclassified as major occurrences (cells with at least one known occurrence)
minor occurrences (dis with > 5% occurrence of coastal/marine shelf areas). Minor occurren:
were clipped to a 50km buffer along the coast to remove inland and oceanic areas.

Approximatedistributions of permanently open coastal inlets were identified in marine
ecoregions (Spalding et al., 2008) likely to contain occurrences based on inspection of coast
maps, imagery available in Google Earth and expertise of authors. Occurrences mergenhto
30 arc second spatial resolution and clipped to a 50 km buffer along the coastline to exclude
inland and offshore areas of the ecoregions.
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Description Concept Base data Spatial

alignment evaluation resolution
FM1.3 Marine ecoregions (Spalding et al., 2008) containing major occurrences of intermittently clos Indirect Qualitative expert larger than
and open coastal lagoons identified by McSweeney et al. (2017) were mapped and supplem assessment 1km?2/30 are
with minor occurrences identified by apprasial of imagery availab{@oogle Earth and expertise second

of authors. Occurrences were converted to 30 arc second spatial resolution and clipped to a
buffer along the coastline to exclude inland and offshore areas of the ecoregions.

M1.1 Indicative maps of Seagrass meadows were obtained from WNEC & Short (2017) based or Direct Qualitative expert variable
Green & Short (2003). Occurrences were converted to 30 arc second spatial resolution. assessment (polygons)

M1.2 Ecoregions with major and minor occurrences of Kelp forests were identified by overlaying a Direct Known records 30 aresecond
global map of kelp systems (Wernberg and FilBexter, 2019) on marine ecoregions (Spalding (ca. 1km2) or
al., 2008), and then clipping to bathymetry with <80m depth (Becker et al., 2009). Clipped better

ecoregions were assigned to major and minor occurrences based on information in Wernbet
FilbeeDexter (2019) ath author expertise, and proofed by specialist reviewers. Occurrences v
converted to 30 arc second spatial resolution.

M1.3 Indicative maps of Photic coral reefs were obtained fimstitute for Marine Remote Sensing et Direct Qualitative expert 30 aresecond
al. (2011). Occurrences were converted to 30 arc second spatial resolution. assessment (ca. 1km2) or

better

M1.4 Major and minor occurrences of shellfish beds and reefee identified by overlaying a global ~ Semidirect  Known records larger than
map of oyster reefs (Beck et al., 2011) on marine ecoregions (Spalding et al., 2008), and the 1km2/30 are
Of ALILAY3 (G2 GKS SEGSyld 2F GKS YINRyS waks second
Occurrences were converted 89 arc second spatial resolution.

M1.5 Photolimited marine animal forests are widespread through the global extent of the marine < Indirect Quantitative accuracy larger than
biome. Reliable data on their precise distribution &ngited. To represent regional uncertainty, assessment 1km2/30 are
GKSANI AYRAOI GAPS RAAGNAROGdziA2y & ¢SNBE Y LILIS second
as mapped by Harris et al. (2014b). Occurrences were converted to 30 arc second spatial
resolution.

M1.6 Subtidal rocky reefs are widespread through the global extent of the marine shelf biome. Rel Indirect Quantitative accuracy larger than
data on their precise distribution are limited. To represent regiamalertainty, their indicative assessment 1km2/30 are
RAAGNROdDzGAZ2Y A 6SNB YI LIISR GKNRddzAK (GKS Fdz second

Harris et al. (2014b). Occurrences were converted to 30 arc second spatial resolution.
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Description

Concept

Base data

Spatial

M1.7

M1.8

M1.9

M1.10

M2.1

M2.2

M2.3

M2.4

Subtidal sand beds are widespread through the global extent of the marine shelf biome. Reli
data on their precise distribution are limited. To represent regional uncertainty, their indicativ
distributions were mappR i KNR dzZAK G(KS FdzZ t SEGSyd 2F (1
Harris et al. (2014b). Occurrences were converted to 30 arc second spatial resolution.

Subtidalmudplains are widespread through the global extent of the marine shelf biome. Reli
data on their precise distribution are limited. To represent regional uncertainty, their indicativ
RAAGNAROdzAAZ2Ya 6SNBE YILIWSR (KNF@IKI @BSt Fdzf
Harris et al. (2014b). Occurrences were converted to 30 arc second spatial resolution.

Marine ecoregions (Spalding et al., 2008) with major and minor occurrences of Upwelling zo
were identified by consulting global and regional reviews (Hutchings et al. 1995; Cury et al. :
maps of relevant ecosystems and expertise of authors. Thaifa ecoregions were then

Of ALIWSR G2 GKS SEGSYd 2F GKS YINAYyS waksSt
Occurrences were converted to 30 arc second spatial resolution.

The distribution of Rhodolith/Maérl beds was mapped directly from distribution models of spt
that primarily form rhodoliths (Fragkopoulou et al. 2021). Models were evaluated by-cross
validation and performed well (AUC ~0.9). Models for polzldtemperate and tropicalwarm
temperate affiliated species were combined (as in Fig 2 of Fragkopoulou et al. 2021). The d¢
a spatial resolution of 5 afminute.

Indicative distributions of these epipelagic ocean waters were based on bathymetric spatial
(Becker et al. 2009) using a depth range -@00m. Occurrences were mapped at 30 arc secont
spatial resolution.

Indicative distributions of these mesopelagic ocean waters were based on bathymetric spatii
data (Becker et al. 2009) using a depth range of2080m. Occurrences were mapped at 30 ar
second spatialesolution.

Indicative distributions of these bathypelagic ocean waters were based on bathymetric spatii
data (Becker et al. 2009) using a depth range of 1BW@mM. Occurreces were mapped at 30 ar
second spatial resolution.

Indicative distributions of these epipelagic ocean waters were based on bathymetric spatial
(Becker et al. 2009)sing a depth range of >3000m. Occurrences were mapped at 30 arc sec
spatial resolution.
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M2.5

M3.1

M3.2

M3.3

M3.4

M3.5

M3.6

M3.7

M4.1

Description

Indicative distributions of sea ice were obtained from Fetterer et al. (2017). To approximate t
maximum annual global extent, we used the monthly extent for March 2019 for the northern
hemisphere, and the monthly extent for September 2018 for the south@misphere.
Occurrences were mapped at 30 arc second spatial resolution.

al 22NJ 200dz2NNByOSa 2F O2ylGAySydart FyR Aafl
Harris et al. (2014b). Occurrences were converted to 30 arc second spatial resolution.

al 22N) 200dz2NNEyO0Sa 2F adzoYlINAyS OFyeézya ot
al. (2014b). Occurrences were converted to 30 arc second spatial resolution.

al 22N 200dzNNByOSa 2F !oeaalft LIXLFAya o6l a o
geomorphic unit of Harris et al. (2014b). Occurrences were converted to 30 arc second spati
resolution.

Major occurrences of seamounts, ridges and plateaus was based 6hYh2 dzy' (i | A y a Q
the abyssal geomorphic unit of Harris et al. (2014b). Occurrences were converted to 30 arc !
spatial resolution.

The distribution of deepwater biogenicbedsvda o0l aSR 2y GKS WwWy2dzyi
within the abyssal geomorphic unit of Harris et al. (2014b). These were mapped as minor
occurrences to acknowledge considerable uncertainties in the distribution of biogenic beds v
these geomorphic unitsOccurrences were converted to 30 arc second spatial resolution.

al 22N 200dz2NNByOSa 2F | IRt GNByOKSa |yR
geomorphic units oHarris et al. (2014b). Occurrences were converted to 30 arc second spati
resolution.

Major occurrences of Chemosynthebiased ecosystems were based on the distribution of
KERNRGKSNXYIfT @Syidia 2y aLINBIRAYy3 LIXIGS o62d
USGS/ESRI (undated). Occurrences were converted to 30 arc second spatial resolution. Th
distribution of cold seeps is poorly known and was not mapped.

Marine ecoregions that include occurrences of submerged artificial structures were identifiec
overlaying a mapped distribution of shipwrecks (Monfils, 2004) on marine ecoregions (Spald
al.,2008). Occurrences were converted to 30 arc second spatial resolution. In many cases tt
ecoregions encompassed other submerged structures such as energy infrastructure. To repi
uncertainty, indicative distributions were mapped as minor occurrences.
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Description

Concept

Base data

Spatial

M4.2

MT1.1

MT1.2

MT1.3

MT1.4

MT2.1

MT2.2

alignment
Indirect

Marine ecoregions (Spalding et al., 2008) containing marine aquafarms were identified by
consulting global and regional reviews, suitability maps (Gentry et al., 2017) and expertise o
Fdzi K2NBE® ¢KSasS 6SNB Of ALIWSR (2 GKS SEGSy
al. (2014b) and converted to 30 arc second spatial resolution.

Marine ecoregions (Spalding et al., 2008) containing rocky shorelines were identified by cons Indirect
regional substrate maps, imagery available in Google Earth (to exclude ecoregions with exte

sandy or muddy shores) and expertise of authors. Occurrencesaggregated to 1 degree

spatial resolution.

Tidal flats were mapped directly from remote sensing time series and aggregated to 1 degre Direct
spatial resolution by Murray et 2019). Major occurrences were mapped Hildgree cells with
>200km2 mudflat extent, and minor occurrences were mapped in cells wat0EmM2 mudflat

extent.

The indicative map of Sandy shorelines was based on point records of sandy coastlines maj Direct
Vousdoukas et al. (2020) aggregated to 1 degree spatial resolution. Cells with >50 points we
reclassified as major occurrences, and those wi0Ipoints wee reclassified as minor

occurrences.

Marine ecoregions (Spalding et al., 2008) containing boulder and cobble shorelines were Indirect
identified by consulting regional substrate mapaagery available in Google Earth (to exclude
ecoregions with extensive sandy or muddy shores) and expertise of authors. Occurrences w
aggregated to 1 degree spatial resolution.

Coastlines were mapped between 60°S and 60°N with a 20 km buffer applied. Indirect
Spatial data on Nitrogen (N) and Phosphorus (P) deposition from sezthinties (Otero et al. Direct

2018) were used as indicators of the distribution of seabird and pinniped colonies. Original p
data were in decimal degrees rounded to 6-arim resolution, which were aggregated data to
square grid cells of 250 km. We used a#irold of >1000 and <100000 kg/yr N to identify minc
occurrences and a threshold of >100000 kg/yr N for major occurrences.
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Description Concept Base data Spatial

alignment evaluation resolution
MT3.1 Marine ecoregions (Spalding et al., 2008) containing major and rotwrrences of urbanised  Indirect Quantitative accuracy variable
shorelines were identified from the map of night lights (Cinzano et al. 2019), imagery availakt assessment (polygons)

Google Earth and expertise of authors. Occurrences were aggregated to 1 degree spatial
resolution and intersected with the coasttirio exclude areas inland and in the open ocean.

MFT1.1 The extent of major coastal deltas was taken directly from NiengtLas. (2020). The data are Direct Qualitative expert 30 aresecond
based on polygons that encompass the lowest reaches of deltaic floodplains and a marine b assessment (ca. 1km2) or
approximating the extent of subtidal deltaic sediments. We checked the data for completene better

against point locations shown in FigoflGoodbred & Saito (2012) and maps of Tessler et al.
(2015) and found them to be inclusive of major occurrences. Tessler et al. (2015) included fe
deltas and polygons that extended some distance up freshwater floodplains into the Freshwi
Terrestrid (FT) transition biome and therefore was not used.

MFTZ1.2 The indicative map for Intertidal forests and shrublands wasdeagloped by resampling the Direct Quantitative accuracy 30 aresecond
known global distribution of mangrove forests for the year 2016 mapped by Global Mangrov assessment (ca. 1km2) or
Watch (Bunting et al. 2018). We used a buffer of 1km around the distribution data and a 30 : better

second grid, thus large aggregations (m2k are depicted as major occurrences, and the buffe
areas with small occurrences are shown as minor occurrences.

MFT1.3 The indicative map for Coastal saltmarshes was based on mapping by McOwen et al. (2017 Direct Qualitative expert 30 aresecond
summarised within a template ofdegree grid cells. Cells with >5% cover of marsh vegetatior assessment (ca. 1km2) or
were reclassified as major occurrences, and those with-zem cover upa 5% were reclassified better

as minor occurrences.
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Use of eferences

Key references are listedn the descriptive profilesas sources of further information for each
EFG Preference has been given to recent global reviewsd where these are not available,
regional reviews or publications addressingcharacteristic ecological processesire provided for
respectiveecosystemgroups. Older literature was cited where it addressed key features more
directly than recent literature.

Updates

The Global Ecosystem Typology will be updated periodically as new information comes to light.
Updates to version 1.0 isorporated in version 1.01 include:

1 an expanded glossary of termg§see Supplementary Information)
1 afull copy edit of descriptive profiles
9 inclusion of a new Ecosystem Functional Group, F2.10 Subglacial Lakes

Version 2.0 is the outcome of further major reviewand revision of the typology by 48additional
ecosystem specialistsn 2020. Updates to version 1.Q incorporated in version 2.0 include:

9 addition of five new Ecosystem Functional Groupso Level 3 of thetypology in response
Ol OAOGEAxAOOS OAAT I 1 Al AARLE brke énthjopogedic £FOAOE x AOA
terrestrial group T7.5, two subterraneanfreshwater groups SM1.2 and SM1;3and one
artificial subterranean-freshwater group SF2.3

major revisions to four existing profiles for freshwater EFGs (F1.2, F1.4, F1.5, F3.2)
amendments to diagrammatic models for 28 EFGs response to recommendations
from specialist reviewers,

thematic adjustments to distribution maps for 12 EFGs

addition or replacement of referenes in 12 EFGs.

minor edits to text in profiles for all EFGs to improve clarity and detail

substantial expansion of the glossarysee Supplemenatry Information)

comprehensive upgrade of broaescale indicative maps tdigher resolution maps based
directly on remote sensing, or point locations, or indirectly on environmental proxies

= =

=A =4 =4 -8 4

Version 2.01was the outcome of additional reviews completed in 2021 and revision. Updates to
version 2.0 incorporated in version2.01 include:

1 minor adjustment to names offour EFGs to improve clarity and distinction from related
EFGs 4.5, T7.1, T7.2T7.9
9 minor revisions to text for eight EFGHT1.1, T1.2, T1.3, T1.47.1, T7.2, T7.5M1.5
updates to maps foreight EFGHT7.2,T7.4, T7.5F3.1, F3.2, F3.5MFT1.1, MFTL1.2)
1 refinements to the format of diagrammatic models for all EFGs (changing labels from
OwAT 11T CEAAT OOAEOO8 O OwAT OUOOAI 001 PAOOEAO
9 further additions to the glossary(see Supplemenatry Information)

=

Version 2.1 expanded the set set of Level 3 units, updated maps and incorporated text revisions
from additional reviews completed in early 2022. Updates teersion 2.01 incorporated in
version 2.1 include:
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1 two additional EFGsn level 3, M1.10Rhodolith/Maér| beds and MT2.2 Large seabird
and pinniped colonies

9 updatesto maps forsix EFGs T1.3, T4.3, T5.3, TF1.2, TF1.5, F1.6)

9 Minor revisions to text for four EFGs.

An interactive interface to thelUCNGIlobal Ecosystem Typology, its hierarchical structure,

descriptive profiles and maps is available atttps://global -ecosystems.org/ Future updates
will also be available at that site.
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List of Ecosysterunctional Groups by realms and biomes

Realm Biome Ecosystem Functional Group (EFG)

. T1.1Tropical-subtropical lowland rainforests
Terrestrial

_ T1.2 Tropicaktsubtropical dry forests and
Terrestrial thickets

. T1.3 Tropical-subtropical montane rainforests
Terrestrial

. T1.4 Tropical heath forests
Terrestrial

_ T2 Temperateboreal forests T2.1 Boreal andtemperate montane forests and
Terrestrial & woodlands woodlands

_ T2 Temperate-boreal forests T2.2 Deciduoustemperate forests
Terrestrial & woodlands

_ T2 Temperateboreal forests T2.3 Oceanicool temperate rainforests
Terrestrial & woodlands

_ T2 Temperateboreal forests T2.4 Warm temperatelaurophyll forests
Terrestrial & woodlands

_ T2 Temperateboreal forests T2.5 Temperate pyric humid forests
Terrestrial & woodlands

_ T2 Temperateboreal forests T2.6 Temperate pyric sclerophyll forests and
Terrestrial & woodlands woodlands

_ T3 Shrublands & shrubby T3.1Seasonally dry tropical shrublands
Terrestrial woodlands

, T3 Shrublands & shrubby T3.2 Seasonally dry temperate heaths and
Terrestrial woodlands shrublands

_ T3 Shrublands & shrubby T3.3 Cool temperate heathlands
Terrestrial woodlands

. T3 Shrublands & shrubby T3.4 Rocky pavements, screes and lava flows
Terrestrial woodlands
Terrestrial T4 Savannas and grasslands T4.1 Trophic savannas
Terrestrial T4 Savannas and grasslands T4.2 Pyric tussock savannas
Terrestrial T4 Savannas and grasslands T4.3 Hummock savannas
Terrestrial T4 Savannas and grasslands T4.4 Temperate woodands
Terrestrial T4 Savannas and grasslands T4.5 Temperatetussockgrasslands
Terrestrial T5.1 Semidesert steppes
Terrestrial T5.2Thorny deserts and semideserts
Terrestrial T5.3 Sclerophyllhot deserts and semideserts
Terrestrial T5.4 Cool desertand semideserts
Terrestrial T5.5Hyper-arid deserts

_ T6 Polar-alpine T6.1 Ice sheets, glaciers and perennial
Terrestrial

snowfields

48



Realm

Biome

Ecosystem Functional Group (EFG)

Terrestrial T6 Polaralpine T6.2 Polaralpine rocky outcrops
Terrestrial T6 Polaralpine T6.3 Polar tundraand deserts
_ T6 Polaralpine T6.4 Temperate alpinegrasslandsand
Terrestrial shrublands
Terrestrial T6 Polaralpine T6.5 Tropical alpinegrasslandsand shrublands
_ T7 Intensive landuse T7.1Croplands
Terrestrial systems
_ T7 Intensive land-use T7.2Intensive livestock pastures
Terrestrial systems
_ T7 Intensive land-use T7.3 Plantations
Terrestrial systems
] T7 Intensive land-use T7.4Cities, villages and infrastructure
Terrestrial systems
_ T7 Intensive landuse T7.5 Derived s£mi-natural pastures and
Terrestrial systems oldfields
S1 Subterranean lithic S1.1 Aerobic caves
Subterranean
systems
S1 Subterranean lithic S1.2 Endolithic systems
Subterranean
systems
S2 Anthropogenic S2.1 Anthropogenicsubterranean voids
Subterranean

subterranean voids

SubterraneanFreshwater

SF1 Subterranean
freshwaters

SF1.1 Underground streams and pools

SubterraneanFreshwater

SF1 Subterranean
freshwaters

SubterraneanFreshwater

SubterraneanFreshwater

SubterraneanMarine

SM1 Tidal subterranean

SF1.2 Groundwater ecosystems

SF2.1 Water pipes and subterranean canals

SF2.2 Flooded mines and other voids

SM3.1 Anchialine caves

systems
. SM1 Tidal subterranean SM3.2Anchialine pools
SubterraneanMarine
systems
) SM1 Tidal subterranean SM3.1Seacaves
SubterraneanMarine
systems

Freshwater-Terrestrial

TF1 Palustrine wetlands

TF1.1 Tropical flooded forests and peat forests

Freshwater-Terrestrial

TF1 Palustrine wetlands

TF1.2 Subtropical/temperate forested wetlands

Freshwater-Terrestrial

TF1 Palustrine wetlands

TF1.3 Permanent marshes

Freshwater-Terrestrial

TF1 Palustrine wetlands

TF1.4 Seasonal floodplain marshes

Freshwater-Terrestrial

TF1 Palustrine wetlands

TF1.5 Episodic arid floodplains

Freshwater-Terrestrial

TF1 Palustrine wetlands

TF1.6 Boreal, temperate and montane peat bog

Freshwater-Terrestrial

TF1 Palustrine wetlands

TF1.7 Boreal and temperate fens
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Realm

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater

Freshwater-Marine

Freshwater-Marine

Freshwater-Marine

Biome

Ecosystem Functional Group (EFG)

F 1.1 Permanent upland streams

F 1.2 Permanent lowland rivers

F1.3 Freezethaw rivers and streams

F 1.4Seasonalupland streams

F 1.5Seasonalowland rivers

F 1.6 Episodic arid rivers

F 17 Large lowlandrivers

F2.1 Large permanenfreshwater lakes

F2.2 Small permanent freshwater lakes

F2.3 Seasonal freshwater lakes

F2.4 Freezethaw freshwater lakes

F2.5 Ephemeral freshwater lakes

F2.6 Permanent saland sodalakes

F2.7 Ephemeral salt lakes

F2.8 Artesian springs and oases

F2.9 Geothermapools andwetlands

F2.10Subglacial lakes

F3.1 Large reservoirs

F3.2 Constructed lacustrine wetlands

F3.3 Rice paddies

F3.4 Freshwater aquafarms

F3.5 Canalsditchesand drains

FM1.1 Deepwater coastal inlets

FM 1.2Permanently open riverine estuaries and
bays

FM 1.3 Intermittently closedand open lakes and
lagoons

Marine M1 Marine shelves M1.1 Seagrass meadows

Marine M1 Marine shelves M1.2 Kelp forests

Marine M1 Marine shelves M1.3 Photic coral reefs

Marine M1 Marine shelves M1.4 Shellfish beds and reefs
Marine M1 Marine shelves M1.5Photo-limited marine animal forests
Marine M1 Marine shelves M1.6 Subtidal rocky reefs

Marine M1 Marine shelves M1.7 Subtidal sandbeds

Marine M1 Marine shelves M1.8 Subtidal mudplains

Marine M1 Marine shelves M1.9 Upwelling zones

Marine M1 Marine shelves M1.10 Rhodolith/Maérl beds
Marine M2 Pelagic ocean waters M2.1 Epipelagic ocean waters
Marine M2 Pelagic ocean waters M2.2 Mesopelagic ocean waters
Marine M2 Pelagic ocean waters M2.3 Bathypelagic ocean waters
Marine M2 Pelagic ocean waters M2.4 Abyssopelagic ocean waters
Marine M2 Pelagic ocean waters M2.5 Sea ice

Marine M3 Deep sea floors M3.1 Continental and island slopes
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Realm Biome Ecosystem Functional Group (EFG)

Marine M3 Deep sea floors M3.2 Marine canyons
Marine M3 Deep sea floors M3.3 Abyssal plains
Marine M3 Deep sea floors M3.4 Seamounts, ridges and plateaus
Marine M3 Deep sea floors M3.5 Deepwater biogenic beds
Marine M3 Deep sea floors M3.6 Hadal trenches and troughs
Marine M3 Deep sea floors M3.7 Chemosyntheticallybased ecosystems
_ _ M4.1 Submerged artificial structures
Marine
Marine
Marine-Terrestrial MT1 Shoreline systems MT1.1 Rocky shores
Marine-Terrestrial MT1 Shoreline systems MT1.2 Muddy shores
Marine-Terrestrial MT1 Shoreline systems MT1.3 Sandy shores
Marine-Terrestrial MT1 Shoreline systems MT1.4 Boulder and cobble shores
_ ] MT2 Supralittoral coastal MT2.1 Coastal shrublands and grasslands
Marine-Terrestrial systems
_ ) MT2 Supralittoral coastal MT2.2 Large seabird and pinniped colonies
Marine-Terrestrial systems
, . MT3 Anthropogenic MT3.1 Artificial shores
Marine-Terrestrial .
shorelines

Marine-Freshwater-Terrestrial MFT1 Brackish tidal systems MFT 1.1 Coastal river deltas

Marine-Freshwater-Terrestrial MFT1 Brackish tidal systems MFT1.2 Intertidal forests and shrublands

Marine-Freshwater-Terrestrial MFT1 Brackish tidal systems MFT 1.3 Coastal saltmarshesnd reedbeds
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T1. Tropicaksubtropical forests biome

R o

N

Tropical rainforest, Phan@lga bay, Thailand
Credit:Matteo Colombd Getty Images

The Tropicalsubtropical forests biome includes moderate to highly productive ecosystems with closed tree
canopies occurring at lower latitudes north and south of the equator. Fragmented occurrences extend to the
subtropics in suitable mesoclimates.

High primary productivity is underpinned by high insolation, warm temperatures, relatively low seasonal
variation in day length and temperature (increasing to the subtropics), and strong water surpluses associated
with the intertropical convergence zone extendilg to wetter parts of the seasonal tropics and subtropics.
Productivity and biomass vary in response to: i) strong rainfall gradients associated with seasonal migration of
the intertropical convergence zone, ii) altitudinal gradients in precipitation, clouctover, and temperatures, and
iif) edaphic gradients that influence the availability of soil nutrients.

Species diversity and the complexity of both vegetation and trophic structures are positively correlated with
standing biomass and primary productivity,however, trophic webs and other ecosystem processes are strongly
regulated from the bottom-up by the dominant photoautotrophs (trees), which fix abundant energy and

carbon, engineer habitats for many other organisms, and underpin feedbacks related to nietnt and water
cycling and regional climate.

Complex nutrient cycling and/or sequestering mechanisms are common, countering the high potential for soil
nutrient leaching due to high rainfall. Plant species exhibit leaf plasticity, shade tolerance, and gapase
dynamics in response to the periodic opening of canopy gaps initiated by tree death, storm damage, and
lightning strikes. Fires may occur in ecotonal areas between these forests and savannas.

Biogeographic legacies result in strong compositional distinctions and consequently some functional
differences among land masses within the biome
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Contributors:DA Keith, KR Young, RT Corlett
T1.1 Tropical/Subtropical lowland rainforests

Ecosystem properties: These closeecanopy forests arerenowned for their complex structure and high
primary productivity, which support high functional and taxonomic diversity. At subtropical latitudes they
transition to warm temperate forests (T2.4). Bottom-up regulatory processes are fuelled by large
autochthonous energy sources that support very high primary productivity, biomass and LAI. The structurally
complex, multi-layered, evergreen tree canopy has a large range of leaf sizes (tyflicanacrophyll-notophyll)
and high SLA, reflecting rapid growth and turnover. Diverse plant life forms include buttressed trees, bamboos
(sometimes abundant), palms, epiphytes, lianas and ferns, but grasses and hydrophytes are absent or rare.
Trophic networks are complex and vertically stratified with low exclusivity and diverse representation of
herbivorous, frugivorous, and carnivorous vertebrates. Tree canopies support a vast diversity of invertebrate
herbivores and their predators. Mammals and birds pha critical roles in plant diaspore dispersal and
pollination. Growth and reproductive phenology may be seasonal or unseasonal, and reproductive masting is
common in trees and regulates diaspore predation. Fungal, microbial, and diverse invertebrate decorspts
and detritivores dominate the forest floor and the subsoil. Diversity is high across taxa, especially at the upper
taxonomlc levels of trees, vertebrates, fungi, and invertebrate fauna. Neutral processes, as well as rigche

ek e WP partitioning, may havea role in sustaining high

T @@ diversity, but evidence is limited. Many plants are in

the shade, forming seedling banks that exploit gap
phase dynamics initiated by individual treefall or
stand-level canopy disruption by tropical storms (e.g.
in near-coastal brests). Seed banks regulated by
dormancy are uncommon. Many trees exhibit leaf
plasticity enabling photosynthetic function and survival
in deep shade, dappled light or full sun, even on a single
individual. A few species germinate on tree trunks,
gaining quicker access to canopy light, while roots
absorb microclimatic moisture until they reach the sail.
Tropical rainforest, Daintree, northeast Australia.
Credit: David Keith

Ecological drivers : Precipitation exceeds evapo [y

transpiration with low intra - and inter-annual oot Fourmiin

variability, creating a reliable yearround ! ‘ v Ambient

surplus, while closed tree canopies maintain v P condtions ow - snvironment -y
humid microclimate and shade. Temperatures o ‘Tﬁ'\ii’;har‘;ma"

are warm with low-moderate diurnal and Umited .\ L |-warmtemperatures|
seasonal variation (mean winter minima rarely ~ [peee | Hontlimitation /,g RN

<10°C except in subtropichtransitional zones). ¥ ; /(e prupiies .

Soils are moist but not regularly inundated or iotic. 5 /[ High plant & cancpy \
peaty (seeTF1.1) and vary widely in nutrient N oy S g R | Subsirtes
status. Most nutrient capital is sequestered in Herbivory B e (e / —
vegetation orcycled through the dynamic litter Mutualism \ akethed o}:g:iccen;n;:;k & leaching
layer, critical for retaining nutrients that would T1.1 Tropical & \ phase dynamics

otherwise be leached or lost to runoff. In some subtropical lowland N

rainforests ~— ——

coastal regions outside equatorial latitudes
(mostly >10° and excluding extensive forests in continental America and Afriadecadal regimes of tropical
storms drive cycles of canopy destruction and renewal.

Distribution : Humid tropical and
subtropical regions in Central and West
Africa, Southeast Asia, Oceania, northeast
Australia, Central and tropical South
America and theCaribbean.

References:

Ashton PS, Seidler R (2014pn the forests of tropical
Asia: lest the memory fad&ew Publishing: Kew.
Corlett RT, Primack RB (2011 ropical Rain Forests:
An ecological and biogeographical comparisofiley-
Blackwell.

map T1.1.IM.mix (v2.0)
Map is for illustrative purposes only and does not support spatial analyses unke$ormally validated.
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https://global-ecosystems.org/explore/groups/T2.4
https://global-ecosystems.org/explore/groups/TF1.1

Contributors:RT Pennington, J Franklin, NA Brummitt, A Etter, KR Young, RT Corlett, DA Keith
T1.2 Tropical/Subtropical dry forests and thickets

Ecosystem properties: These closd-canopy forests and thickets have droughtleciduous or semideciduous
phenology in at least some woody plants (rarely fully evergreen), and thus seasonally high LAI. Strongly
seasonal photoautotrophic productivity is limited by a regular annual water dé€it/surplus cycle. Diversity is
lower across most taxa tharir1.1, but tree and vertebrate diversity is high relative to most other forest systems.
Plant growth forms and leaf sizes areelss diverse than inT1.1. Grasses are rare or absent, except on savanna
ecotones, due to canopy shading and/or water competition, while epiphytes, ferns, bryophytes, and forbs are
present but limited by seasonal drought. Trophic networks are complex with low exclusivity and diverse
representation of herbivorous, frugivorous, and carnivorous vertebrates. Fungi and other microbes are
important decomposers of abundant leaf litterand N-ixing plants can be abundantMany woody plants are
dispersed by wind and some by vertebrates. Most
nutrient capital is sequestered in vegetation or cycled
through the litter layer. Trees typically have thin bark
and low fire tolerance and can recruit inshaded
microsites, unlike many in savannasPlants are
tolerant of seasonal drought but can exploit moisture
when it is seasonally available through high SLA and
plastic productivity. Gapphase dynamics are driven
primarily by individual tree -fall and exgoited by
seedling banks and vines (seedbanks are uncommaon).
These forests may be involved in fireegulated stable
state dynamics with savannas.

Tropical dry forest, northern Minas Gerais, Brazil.

Credit: Toby Pennington

% i . 2 b > \ j

Ecological drivers : Overall watersurplus (or

- - Resources
smgl! Qeflc_lt <1QO mm), b_ut a substar_mal seasonal Summer drought
deficit in winter in which little or no rain falls (high seasonal variabilty}
within a 4z7-month period. Warm temperatures . v H AR
(minima rarely <10°C) with low-moderate diurnal productive rouine. €\ temperatures

(relatively low diurnal &
seasonal variability)

Resources
Light limitation

(seasonally & spatially
variable)

and seasonal variability in the tropics, but grater
seasonal variability in subtropical continental
areas. Diverse substrates generally produce high

l Ecosystem properties

levels of nutrients. Tropical storms may be £, * High productivity
. . . 8.5 + Semi-deciduous canopy
important disturbances in some areas but EZ * Complex rophic

2 networl

flammability is low due to limited ground fuels
except on savanna edones.

Distribution : Seasonally dry tropical and
subtropical regions in Central and West Africa,
Madagascar, southern Asia, north and northern
and eastern Australia, the Pacific, Central and South America and the Caribbean.

References:

Bunyavejchewin SC, Baker P, Davis SJ (2011) Seasonally dry tropical forests in continental southeast-Asiacture, composition, and
dynamics.The ecology and conservation of seasonally dry forests in slaMcShea, SJ Davis, N Bhumpakphan, (Eds)9gfb.
Smithsonian Institution Scholarly Press, Washington DC. ISBM81935623021.

+ Complex tree canopy &
substrata

» Spatially & seasonally
variable canopy cover

- Shade tolerance & gap

phase dynamics

Neutral

Plant competition processes

T1.2 Tropical & subtropical dry forests

DRYFLOR, BandR K, DelgadeSalinas A,
Dexter KG et al. (2016) Plant diversity patterns
in neotropical dry forests and their
conservation implications. Science353:1383-
1387.

Murphy PG, Lugo AE (1986) Ecology of tropical

dry forest. Annual Review of Ecology and

Systematicd 7:67288.

Pennington RT Lewis G, Ratter J (2006)

Neotropical savannas and dry forests: plant

diversity, biogeography and conservaticddRC

Press, Florida.

SapchegAzofejfa A, Powers JS, Fernandes QW, o
10A0AAA - jc¢mpwq O401 DEA,

é ) il —, AmAeri’cas: ec,:ology,hconservation, and . o
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Map is forillustrative purposes only and does not support spatial analyses unless formally validated.
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Contributors: DA Keith, NA Brummitt, KR Young, RT Corlett, A Etter
T1.3 Tropical/Subtropical montane rainforests

Ecosystem properties: Closedcanopy evergreen forests on tropical mountains usually have a singlayer low
tree canopy (~5z20m tall) with small leaf sizes (microphylknotophyll) and moderatehigh SLA. They transition
to lowland rainforests (T1.1) with decreasing altitude and to warm temperate forests2.4) at higher latitudes.
Structure and taxonomic diversity become more diminutive and simpler with altitude, culminating in elfinwood
forms. Conspicuous epiphytic ferns, bryophytes, lichens, orchids, and bromeliads drape tree branches and
exploit atmospheric moisture (cloud stripping), but grasses are rare or absent, except for bamboos in some
areas. Moderate productivity fuelled by autochthonous energy iémited by high exposure to UVB radiation,
cooI temperatures and sometlmes by shallow sor wind exposure.Limited energy and sequestration in

‘ ; humic soils may limit N and P uptakeGrowth and
reproductive phenology is usually seasonal. Plant
propagules are dispersed mostly by wind and territorial
birds and mammals. Tree diversity is moderaté¢o low,
while epiphytes are diverse, but there is often high local
endemism at higher altitudes in most groups, especially
amphibians, birds, plants, and invertebrates. Gaphase
dynamics are driven by treefall, landslides, lightning
strikes, or in someareas more rarely by extreme wind
storms. Seedling banks are common (seedbanks are
uncommon) and most plants are shade tolerant and can
recruit in the shade.
Cloud forest, Mt Gower, Lord Howe Island, Oceania.
Credit: David Keith

Ecological drivers : Substantial cloud
moisture and high humidity underpin a
reliable year-round rainfall surplus over
evapotranspiration. Altitudinal gradients in
temperature, precipitation, and exposure are
pivotal in ecosystem structure and function.
Frequent cloud cover fom orographic uplift
and closed tree canopies maintain a moist
microclimate and shady conditions.
Temperatures are mild-cool with occasional
frost. Seasonal variability is lowmoderate but
diurnal variability is moderate-high. Winter
monthly mean minima may be around 0°C in
some areas. Landslides are a significant form
of disturbance that drives successional

dynamics on steep slopes and is exacerbated

by extreme rainfall events. Mountains

Disturbance Ambient

environment

Landslides
- steep slopes
Storms

- high winds

Climate
- frequent low
cloud cover

Resources
Reliable water

P

Meoderate growing
conditions, low

Ambient

environment
«— Altitudinal gradients:

Resources

Competitive
release

Congp,
Hadling

Bottom-up
regulation

9 N
. Moist
Plant competition = microclimate

T1.3 Tropical & subtropical
montane forests

Light limitation |

diurnal & seasonal

variability - orographic rain
- cool temperatures

- UV-B exposure

Ecosystem properties

+ Moderate productivity

* Low-moderate tree
diversity

+ Local endemism

+ Simple, short dense
tree canopy

+ Abundant bryophytes

+ Shade tolerance &

gap phase dynamics

Resources

Nutrients
- limited N, P

experience elevated UMB radiation with altitude and, in some regionsare exposed to local or regional storms.

Distribution : Humid tropical and subtropical regions in East Africa, East Madagascar, Southeast Asia, west
Oceania, northeast Australia, Central and tropical South America.

map T1.3.IM.alt (v2.1)
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Map is for illustrative purposes only and does not support spatial analyses unless formally validated.
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T1.4 Tropical heath forests

Ecosystem properties: Structurally simple evergreen forests with high densities of thin stemglosed to open
uniform canopies, typically %20 m tall and uniform with a moderate to high LAI. Prodativity is lower than in
other tropical forests, weakly seasonal and limited by nutrient availability and in some cases by soil anoxia, but
decomposition is rapid. Plant traits such as insectivory, ffixing microbial associationsand ant mutualismsare
well represented, suggesting adaptive responses to nitrogen deficiency. Plant insectivaside, trophic
networks are simple compared to other troprcal forests Diversity of plant and animal taxa is also relatively low,
» ; “4#4 but dominance and endemism are proportinately
high. Tree foliage is characterised by small
(microphyll -notophyll) leaves with lower SLA than
other tropical forests. Leaves are leathery and often
ascending vertically, enabling more light
penetration to ground level than in other tropical
forests. Tree stems are slender (generally <20 cm
in diameter), sometimes twisted, and often densely
packed and without buttresses. Epiphytes are
usually abundant but lianas are rare and ground
vegetation is sparse, with the forest floor

dominated by insectivoraus vascular plants and
bryophytes.

Kerangas Sundaland Heath Forest, Bako National Park,

Malaysia.
Credit: Bernard Dupont

Ecological drivers : These forests experience an
overall water surplus, but productivity is limited by

Resources
Water

soil leaching

deep sandy lownutrient acidic substrates, which are - seasonal surplus & deficit :
leached by high rainfall Acidity promotes high Al pmm:gmwg e ont

conditions, low variability

levels that inhibit root growth. Most nutrients are
retained in vegetation. Downward movement of clay
and organic particles through the soil profile results

in a deep, white sandy hotion capped by a thin grey - Wodarate protuecty

i i imiti Biotic « Low diversity, high
surface horizon (typical of podzols), limiting the S Low dver

Resources

Light
limitation

Canopy | shading

Warm temperatures

Ambient
environment
Substrates

- sandy texture
- Al toxicity

capacity of the soil to retain nutrients (especially il i ol

nitrogen) and moisture within the shallow rooting competition S A
zone. Hence they are prone to inteannual droughts, ~ FPredation s

but waterlogging may ocur where the water table is L4 Tropica e ricn

close to the surface, resulting in periodic anoxia §suptropical e
within the root zone. Landscape wateitable

gradients result in surface mosaics in which heath forests may be juxtaposed with more waterlogged peat
forests (TF1.1) and palustrine wetland systems {F1.2).

Distribution : Scattered through northwest and west Amazonia, possibly Guiana, and SowtsieAsia, notably in
the Rio Negro catchment and southern Kalimantan. Poorly known in Africa, but possibly in the Gabon region.

References:
Adeney JM, Christensen NL, VicentiA, Cohn
Haft M (2016) White-sand ecosystems in
Amazonia.Biotropica 48: 7z23.
Ashton PS, Seidler R (2014pn the forests of
tropical Asia: lest the memory fadiéew
Publishing: Kew.
Fortunel C, Paine CET; Fine PVA, J. B. Kraft NJB,
Baraloto C (2014) Environmental factors predict
community functional composition in Amazonian
forests. Journal of Ecology02: 1457155.
Miyamoto K, Rahajoe JS, Kohyama T (2007)
Forest structure and primary productivity in a
Bornean heath forestBiotropica 39: 35z42.
Miyamoto K, Wagai RAiba S, Nilus R (2016)
Variation in aboveground stand structure and fineroot biomass of Bornean heath (kerangas) forests in relation to altitude and soil
nitrogen availability. TreesStructure and FunctiorB0: 385-394.

Map is for illustrative purposes only and does not support spatial analyses unless formally validated.
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T2. Temperateboreal forests and wodlands biome

e

Petworth, Sussex, England.
Credit: David Keith

Temperate-boreal forests and woodlands biome include moderate to highly productive tredominated
systems with a wide range of physiognomic and structural expressions distributed fromvarm-temperate to
boreal latitudes.

Although generally less diverse than Tropicasubtropical forests (T1) in taxa such as flowering plants,
primates, and birds, these Temperatdéoreal forests exhibit greater temporal and spatial variability in
productivity, biomass, phenology, and leaf traits of trees. Temporal variability is expressed primarily through
sea®nal variation in water balance and/or temperature, which regulate the length and timing of growing and
breeding seasons. Intetfannual variation is usually less important than in some other biomes (e.@5), but
nonetheless may play significant roles in resource availability and disturbance regimes (e.g. fire and storms).

Gradients in minimum temperatures, soil nutrients, and fire regimes differentiate ecosystem functional groups
within this biome. These influence traits such as leaf form (broadleaf vs. needleleaf), leaf phenology (evergreen
vs. deciduous), ecophysiological and morphological traits promoting nutrient acquisition and conservation, and
morphological traits related to flammability, fire resistance, and recovery.

The dominant photoautotrophs (trees) engineer habitats and underpin trophic webs. Resource gradients exert
strong bottom-up controls on trophic processes, but in@me temperate forests, fires are significant toglown
consumers of biomass, as well as influencing flammability feedbacks and timing of {Héstory processes, such

as reproduction and recruitment
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T2.1 Boreal and temperate high montane forests and woodiand

Ecosystem properties: Evergreen, structurally simple forests and woodlands in cold climates are dominated by
needleleaf conifers and may include a subdominant component of deciduous trees, especially in disturbed sites,
accounting for up to twothirds of stand-level leaf biomass. Boreal forests are generally less diverse, more cold
tolerant and support a more migratory fauna than temperate montane forests. Structure varies from dense forest
up to 30 m tall to stunted open woodlands <5 m tall. Large treseengineer habitats of many fungi, nowvascular
plants, invertebrates, and vertebrates that depend on rugose bark, coarse woody debris, or large tree canopies.
Energy is mainly from autochthonous sources but may include allochthonous subsidies from migrago
vertebrates. Primary productivity is limited by seasonal cold and may also be limited by water deficit on coarse
textured soils. Forested bogs occupy peaty soil3F1.6). Seasonal prinary productivity may sustain a trophic
web with high densities of small and large herbivores (e.g. hare, bear, deer, and insects), with feline, canine, and
raptor predators. Browsers are topdown regulators of plant biomass and cyclers of nitrogen, carbemand
nutrients. Forest structure may be disrupted by insect defoliation or fires on multdecadal cycles. Tree
recruitment occurs semicontinuously in gaps or episodically after canopy fires and may be limited by spring
frost, desiccation, permafrost flutuations, herbivory, and surface fires. Plants and animals have strongly seasonal
growth and reproductive phenology and possess morphological, behavioural, and ecophysiological traits
enabling coldtolerance and the exploitation of short growing seasons.l&t traits include bud protection, extra
ceIIuIar freezrng tolerance hardened evergreen needle leaves with low SLA or deciduous leaves with high SLA,

: : i 7 & cold-stratification seed dormancy, seasonal geophytic
growth forms, and vegetative storage organs. Traelids
in conifers confer resistance to cavitation in drought by
compartmentalising water transport tissues. Some
large herbivores and most birds migrate to winter
habitats from the boreal zone, and thus function as
mobile links, dispersing other biota and linging
allochthonous subsidies of energy and nutrients into
the system. Hibernation is common among sedentary
vertebrates, while insect life cycles have adult phases
cued to spring emergence.

Boreal forestwith old growth spucenear SidebyFinland.
Credit: Staffan Storteir

Resources

Warm season
water deficit

Ecological drivers : These systems are driven by large
seasonal temperature ranges, cold winters with
prolonged winter snow, low light, short growing Disturbance l
seasons (3 months averaging >10°C) and severe regimes

post-thaw frosts. There is an oveall water surplus, _F”e regimes
but annual precipitation can be <200 mm. Soil
moisture recharged by winter snow sustains the
system through evapotranspiration peaks in summer,
but moisture can be limiting where these systems insect outbreaks 1 .,
extend to mountains in warm semiarid latitu des. The  Vertebrate browsing i
acid soils usually accumulate peat and upper horizons Z2mvor

may be frozen in winter. Forests may be prone to 121 oresland momtane necdle.
lightning-induced canopy fires on century time scales  ieaved forests & woodlands
and surface fires on multidecadal scales.

Ambient
environment

Limited

growing (—H—Sp""fnihl:"’ Climate

season - seasonally cold

temperatures
’ - winter snow
Ecosystem properties

« Moderate productivity

* Simple tree canopy &
layered substrata

+ Seasonal growth &
reproduction

+ Winter dormancy,
hibernation & migration

« Frost tolerance

« Seed physiological

dormancy

Distribution : Boreal distribution across Eurag&
and North America, extending to temperate
(rarely subtropical) latitudes on mountains.

References:

Bonan GB, Shugart HH (1989) Environmental Factors
and Ecological Processes in Boreal Forestsnnual
Review of Ecology and SystematR3: 1z28.

Crawford RMM (2013) Tundra-taiga biology Ch 5.
Oxford University Press, Oxford.

Larsen JA (1980)The boreal ecosysteifed. T. T.
Kozlowski) Academic Press, New York.

map T2.1.IM.mix (v1.0)
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T2.2 Deciduous temperate forests

Ecosystem properties: These structurally simple, winter deciduous forests have higproductivity and LAl in
summer. Winter dormancy, hibernation and migration are common life histories among plants and animals
enabling cold avoidance. Local endemism is comparatively low and there are modest levels of diversity across
major taxa. The fores canopy comprises at least twethirds deciduous broadleaf foliage (notophyll-

mesophyll) with high SLA and up to onghird evergreen (typically needleleaf) cover. As well as deciduous
woody forms, annual turnover of aboveground biomass also occurs somi non-woody geophytic and other
ground flora, which are insulated from the cold beneath winter snow and flower soon after snowmelt before
tree canopy closure. Annual leaf turnover is sustained by fertile substrates and water surplus, with nutrient
withdra wal from foliage and storage of starch prior to fall. Tissues are protected from cold by supercooling
rather than extra-cellular freeze-tolerance. Dormant buds are insulated from frost by bracts or by burial below
the soil in some nonwoody plants. Fungalnd microbial decomposers play vital roles in cycling carbon and
nutrients in the soil surface horizon. Despite highly seasonal primary productivity, the trophic network includes
large browsing herbivores (deer), smaller granivores and herbivores (rodentand hares), and mammalian
predators (canids and felines). Most invertebrates are seasonally active. Behavioural and-lfistory traits

allow animals to persist through cold winters, including through dense winter fur, food caching, winter
foraglng, hlbernatlon dormant Ilfe phases and migration. Migratory animals provide allochthonous subsidies of
¢ : ; ; energy and nutrients and promote incidental dispersal of other
biota. Browsing mammals and insects are major consumers of
plant biomass and cyclers of nitrogencarbon, and nutrients.
Deciduous trees may be early colonisers of disturbed areas
(later replaced by evergreens) but are also stable occupants
across large temperate regions. Tree recruitment is limited by
spring frost, allelopathy, and herbivory, and oaars semk
continuously in gaps. Herbivores may influence densities of
deciduous forest canopies by regulating tree regeneration.
Deciduous leaf fall may exert allelopathic control over tree
seedlings and seasonal ground flora.

Deciduous forest during autumteaf fall, Inkoo, Finland.
Credit: Anne Raunio

Ecological drivers : Phenological processes in

these forests are driven by large seasonal ‘Wateri“”"us A
. environmen

temperature ranges, (mean winter temperatures  limited

'L‘!‘"rB = ~Wm&erfsn|Q ';\Z‘I_U Climate

- Seasonally cold
temperatures
- Winter snow

FMpJd#h OOI T A0 T AATO OP O c¢cJd#Qh
with substantial winter snow and limited
growing season, with 46 months >10°C, and
severe postthaw frosts. Fertile soils with high N
levels and an overall water surplus support )
deciduous leaf turnover. Fires are uncommon.

Ecosystem properties

+ Seasonally high
praductivity

+ Simple tree canopy &
layered substrata

« Seasonal growth &

Seasonal
release &
uptake

Resources

Top-down

Distribution : Cool temperate Europe Herbivory — fesdeten ooy Nutrients
. . : . Inter dormancy,

(southwest Russia to Briish Isles), northeast Camivory hibermation & migration
Asia (northeast China, southern Siberia Korea, SRR Ambient
and Japan), and northeast America. Limited temperate forests dormancy environment
occurrences in warmtemperate zones of south Substrates

. : ; Europe and Asia and the Midwest USA.

- References:

Box EO, Fujiwara K (2015Warm temperate
deciduots forestsSpringer, Cham.

Rohrig E, Ulrich B (1991) Temperate deciduous
forests. Ecosystems of the worldol. 7. Elsevier,
Amsterdam.

map T2.2.IM.mix (v1.0)

Map is for illustrative purposes only and does not support spatial analyses unless formally validated.

59



Contributors:DA Keith, SK Wiser, N Brummit, F Essl, MS McGlone, D-Eabgendoen
T2.3 Oceanic cool temperate rainforests

Ecosystem properties: Broadleaf and needleleaf rainforests in cool temperate climates have evergreen or
semi-deciduous tree canopies with high LAI and mostly nanophythicrophyll foliage. Productivity is moderate
to high and constrained by strongly seasonal growth and reprodiive phenology and moderate levels of frost
tolerance. SLA may be high but lower than ii2.2. Evergreen trees typically dominate, but deciduous species
become more abundant in sites proe to severe frost and/or with high soil fertility and moisture surplus. The
smaller range of leaf sizes and SLA, varied phenology, frost tolerance, broader edaphic association, and wetter,
cooler climate distinguish these forests from warm temperate fores (T2.4). Local or regional endemism is
significant in many taxa. Nonetheless, energy sources are primarily autochthonous. Trophic networks are less
complex than in other cooltemperate or boreal forests (T2.1 and T2.2), with weaker top-down regulation due
to the lower dlverS|ty and abundance of large érbivores and predators. Tree diversity is low (usually <g10

e | ; : spp./ha), with abundant epiphytic and terrestrial
bryophytes, pteridophytes, lichens, a modest range of
herbs, and conspicuous fungi, which are important
decomposers. The vertebrate fauna is mdyg
sedentary and of lowmoderate diversity. Most plants
recruit in the shade and some remain in seedling banks
until gap-phase dynamics are driven by individual
tree-fall, lightning strikes, or by extreme wind storms
in some areas. Tree recruitment variesvith tree
masting events, which strongly influence trophic
dynamics, especially of rodents and their predators.

Cool temperate evergreen forest, Hwequehwe, Chile.
Credit: David Keith
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Distribution : Cool temperate coasts of Chile and Patagonia, New Zealand, Tasmania and the Pacific Northwest,
rarely extending to warm-temperate latitudes on mountains in Chile, southeast Australia, and outliers above
2,500-m elevation in the New Guinea highlands. Somethors extend the concept to wet boreal forests on the
coasts of northwest Europe, Japan, and northeast Canada.
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T2.4 Warm temperate laurophyll forests

Ecosystem properties: Relatively productive but structurally simple closed-canopy forests with high LAl occur
in humid warm-temperate to subtropical climates. The tree canopies are more uniform than most tropical
forests (T1.1and T1.2) and usually lack large emergents. Their foliage is often leathery and glossy (laurophyll)
with intermediate SLA values, notophyHmicrophyll sizes, and prodigiously evergreen. Deciduous species are
rarely scattered within the forest canopies. These features, and drier, warmer climates and often more acid
soils distinguish them from oceanic cool temperate forestsI.3), while in the subtropics they transition to T1
forests. Autochthonous energy supports relatively high primary productivity, weakly limited by summer
drought and sometimes by acid substrates. Forest function iegulated mainly by bottom-up processes related
to resource competition rather than topdown trophic processes or disturbance regimes. Trophic structure is
simpler than in tropical forests, with moderate levels of diversity and endemism among major taxa.g.
typically <20 tree spp./ha), but local assemblages of birds, bats, and canopy invertebrates may be abundant and
speciesrich and play important roles in pollination and seed dispersal. Canopy insects are the major
consumers of primary production and amajor food source for birds. Decomposers and detritivores such as
invertebrates, fungi, and microbes on the forest floor are critical to nutrient cycling. Vertebrate herbivores are
relatively uncommon, with low-moderate mammalian diversity. Although epiplytes and lianas are present,
plant life- form tralts that are typical of troplcal forests (T1.1and T1.2) such as buttess roots, compound leaves,
s monopodial growth, and cauliflory are uncommon or
absent in warm-temperate rainforests. Some trees
have ecophysiological tolerance of acid soils (e.g.
through aluminium accumulation). Gapphase
dynamics are driven by individualtree-fall and
lightning strikes, but many trees are shaddolerant
and recruit slowly in the absence of disturbance.
Ground vegetation includes varied growth forms but
few grasses.

Warm temperate rainforest with Coachwood
(Ceratopetalum apetalum), Washpodational Park, New

South Wales, Australia.
Credit: Jaime Plaza van Roon / AUSCAPE
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T2.5 Temperate pyric humid forests

Ecosystem properties: This group includes the tallestorests on earth. They are moist, multlayered forests in
wet-temperate climates with complex spatial structure and very high biomass and LAI. The upper layer is an
open canopy of sclerophyllous trees 4¢90-m tall with long, usually unbranched trunks. Theopen canopy
structure allows light transmission sufficient for the development of up to three subcanopy layers, consisting
mostly of nonsclerophyllous trees and shrubs with higher SLA than the upper canopy species. These forests
are highly productive, giow rapidly, draw energy from autochthonous sources and store very large quantities
of carbon, both above and below ground. They have complex trophic networks with a diverse invertebrate,
reptile, bird, and mammal fauna with assemblages that live primarilin the tree canopy or the forest floor, and
some that move regularly between vertical strata. Some species are endemic and have traits associated with
large trees, including the use of wood cavities, thick or loose bark, large canopies, woody debris, age]
moist leaf litter. There is significant diversification of avian foraging methods and hence a high functional and
taxonomic diversity of birds. High deposition rates of leaf litter and woody debris sustain diverse fungal
decomposers and invertebrate @tritivores and provide nesting substrates and refuges for ground mammals
and avian insectivores. The shad#lerant ground flora may include a diversity of ferns forbs, grasses (mostly
C3) and bryophytes. The dominant trees are shadetolerant and depend on tree-fall gaps or periodic fires for

c : . ; regeneration. In cooler climates, trees are killed by
canopy fires but may survive surface fires, and canopy
seedbanks are crucial to persistence. Epicormic
resprouting (i.e. from aerial stems) is more common in
warmer climates. Subcanopy and ground layers include
both shadetolerant and shadeintolerant plants, the
latter with physically and physiologically dormant
seedbanks that cue episodes of mass regeneration to
fire. Multi-decadal or centuryscale canopy fires
consume biomass, liberate resources, and trigger life
history processes in a range of biota. Seedbanks sustain
plant diversity through storage effects.
Structurally complex pyric wet forest, Guy Fawkes National

Park, Australia.
Credit: Monica Campbell
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T2.6 Temperate pyric sclerophyll forests and woodlands

Ecosystem properties: Forests and woodlands, typically 1830-m tall with an open evergreen sclerophyllous
tree canopy and lowmoderate LAI grow in fire-prone temperate landscapes. Productivity is lower than other
temperate and tropical forest systems, limited by low nutrient availability and summer water deficits.
Abundant light and water (except in peak summer) enable the development of substantial biomass with high
CN ratios. Trees have microphyll foliage with low to very low SLA. Sclerophyll or subsclerophyll shrubs with
low to very low SLA foliage form a prominent layer between the trees. A sparse ground layer of C3 and C4
tussock grasses and forbs becomes more pronent on soils of loamy texture. Diversity and local endemism
may be high among some taxa including plants, birds, and some invertebrates such as dipterans and
hemipterans. Low nutrients and summer droughts limit the diversity and abundance of higher trdpc levels.
Plant traits (e.g. sclerophylly, stomatal invagination, tubers, and seedbanks) confer tolerance to pronounced but
variable summer water deficits. Plants possess traits that promote the efficient capture and retention of
nutrients, including specialised root structures, Nfixing bacterial associations, slow leaf turnover, and high
allocation of photosynthates to structural tissues and exudates. Consumers have traits that enable the
consumption of highfibre biomass. Mammalian herbivores (e.g. thiolivorous koala) can exploit highfibre
content and phenollcs Plants and animals have morphological and behavioural traits that allow tolerance or

\ ‘ avoidance of fire and the lifehistory processes of
X many taxa are cued to fire (especially plant
recruitment). Key fire traits in plants include
recovery organs protected by thick bark or burial,
serotinous seedbanks (i.e. held in plant canopies),
physical and physiological seed dormancy and
pyrogenic reproduction. Almost all plants are shade
intolerant and fire is a critical top-down regulator of
diversity through storage effects and the periodic
disruption of plant competition.
Sclerophyll Forest regenerating after fire, Royal National
Park, Australia.
£ K - . R Credit: David Keith
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T3. Shrublands and shrubby woodlands biome

Anna Bay, Western Australia.
Credit: David Keith

The Shrublands and shrubdominated woodlands biome includes oligotrophic systems occurring on acidic,

sandy soils that are often shalloworske AOAT 8 #1 AOOEAATI 1 U OACAOAAA AO OAU
biomes determined by soils), they are scattered across all landmasses outside the polar regions, generally (but

not always) closer to continental margins than to interior regions and abs# from central Asia.

Productivity and biomass are low to moderate and limited by soil fertility. The effect of nutrient poverty on
productivity is exacerbated in tropical to mid-latitudes by water deficits occurring during either winter

(tropics) or summer (temperate humid and Mediterranean climates) and by low insolation and cold
temperatures at higher latitudes. Trophic networks are simple but the major functional components
(photoautotrophic plants, decomposers, detritivores, herbivores, and predatorsare all represented and fuelled
by autochthonous energy sources.

Shrubs are the dominant primary producers and possess a diversity of leaf and root traits as well as mutualistic
relationships with soil microbes that promote the capture and conservation afiutrients. Recurrent disturbance
events exert topdown regulation by consuming biomass, releasing resources, and triggering lifgstory
processes (including recruitment and dispersal) in a range of organisms.

Fire is the most widespread mechanism, with storms or mass movement of substrate less frequently
implicated. Storage effects related to resprouting organs and seed banks appear to be important for
maintaining plant diversity and hence structure and function in shrublands exposed to recurring fires and
water deficits.
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T3.1 Seasonally dry tropical shrublands

Ecosystem properties: These moderateproductivity, mostly evergreen shrublands, shrubbygrasslands and
low, open forests (generally <ém tall) are limited by nutritional poverty and strong seasonal drought in the
tropical winter months. Taxonomic and functional diversity is moderate in most groups but with high local
endemism in plants, invetebrates, birds, and other taxa. Vegetation is spatially heterogeneous in a matrix of
savannas [[4.2) or tropical dry forests (T1.2) and dominated by sclerophyllous shrubs with small leaf sizes
(nanophyll-microphyll) and low SLA. C4 grasses may be conspicuous oraga@minant (unlike in most temperate
heathlands,T3.2) but generally do not form a continuous stratum as in savannas (T4). These systems have
relatively simple trophic networks fuelled by autochthonous energy sources. Productivity is low to moderate
and constrained by seasonal drought and nutriinal poverty. Shrubs are the dominant primary producers and
/ show traits promoting the capture and
conservation of nutrients (e.g. sclerophylly,
cluster roots, carnivorous structures, and
microbial and fungal root mutualisms) and
tolerance to severe seasoralroughts (e.g.
stomatal invagination). Nectarivorous and/or
insectivorous birds and reptiles and
granivorous small mammals dominate the
vertebrate fauna, but vertebrate herbivores are
sparse. Recurring fires play a role in the top
down regulation of ecoystem structure and
composition.
Tropical maquis on serpentinite, Pic Maloui, New
Caledonia.
Credit: Oliver Descoeudres
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T3.2 Seasonally dry temperate heath and shrublands

Ecosystem properties: Sclerophyllous, evergreen shrublands are distinctive ecosystems of humid and subhumid
climates in mid-latitudes. Their low-moderate productivity is fuelled by autochthonous energy sources and is
limited by resource constraints and/or recurring disturbance. Vegetation is dominated by shrubs with very low
SLA, high C:N ratios, shad@atolerance, and longlived, small, often ericoid leaves, sometimes with a low, open
canopy of sclerophyll trees. The ground layer may include geophytes and sclerophyll gramids;j though less
commonly true grasses. Trophic webs are simple, with large mammalian predators scarce or absent, and low
densities of vertebrate herbivores. Native browsers may have local effects on vegetation. Diversity and local
endemism may be high amog vascular plants and invertebrate consumers. Plants and animals have
morphological, ecophysiological, and lifenistory traits that promote persistence under summer droughts,
nutrient poverty, and recurring fires, which play a role in topdown regulation. Stomatal regulation and root
architecture promote drought tolerance in plants. Cluster roots and acid exudates, mycorrhizae, and insectivory
promote nutrient capture, while cellulose, lignin, exudate production, and leaf longevity promote nutrient
conservdion in plants. Vertebrate herbivores and granivores possess specialised dietary and digestive traits
enabling consumption of foliage W|th Iow nutnent content and secondary compounds. Slow decomposition rates
s are slow, allowing litter-fuel accumulation toadd to
: well-aerated fine fuels in shrub canopies. Liflistory
traits such as recovery organs, serotiny, podire
seedling recruitment, pyrogenic flowering, and fire
related germination cues promote plant survival,
growth, and reproduction under recurring canopy fires.
Animals evade fires in burrows or through mobility.
Animal pollination syndromes are common (notably
dipterans, lepidopterans, birds, and sometimes
mammals) and ants may be prominent in seed dispersal.

Fynbos, Pakhuispas, Cederberg Mountisouth Africa.
Credit: David Keith
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T3.3 Cool temperatbheathlands

Contributors:DA Keith, F Essl, NA Brummitt, J Loidi

Ecosystem properties: These mixed graminoid shrublands are restricted to coekemperate maritime
environments. Typically, the vegetation cover is >70% and mostly less thann tall, dominated by low, semi
sclerophyllous shrubs with ferns and C3raminoids. Shrub foliage is mostly evergreen and ericoid, with low
SLA or reduced to spiny stems. Modular growth forms are common among shrubs and grasses. Diversity and
local endemism are low across taxa and the trophic network is relatively simple. rary productivity is low,
based on autochthonous energy sources and limited by cold temperatures and ldertility acid soils rather

than by water deficit (as in other heathlands, T3). Seasonally low light may limit productivity at the highest
latitudes. Mol temperatures and low soil oxygen due to periodically wet subsoil limit decomposition by
microbes and fungi so that soils accumulate organic matter despite low productivity. Mammalian browsers

Ecological drivers : Unlike most other
heathlands, these ecosystems have an overall
water surplus, though sometimes with small
summer deficits. Mild summers and cold winters
with periodic snow are tempered by maritime
climatic influences. A short day length and low
solar ande limits energy influx at the highest
latitudes. Severe coastal storms with high winds
occur periodically. Acid soils, typically with high
humic content in upper horizons, are often
limited in N and P. Lowintensity fires recur at
decadal time scales orarely. Some northern
European heaths were derived from forest and

return to forest when burning and grazing ceases. 3.1 cool temperate

Distribution : Boreal and cool temperate coasts of
western Europe and America, the Azores, and the

heathlands

including cervids, lagomorphs, and camelids (South
America) consume local plant biomass but subsidise
autochthonous energy with carbon and nutrients
consumed in more productive forest or anthropogenic
ecosystems adjacent to the heathlands. Browsers and
recurring low -intensity fires appear to be important in
top-down regulatory processes that prevent the
transition to forest, as is anthropogenic fire, grazing,
and tree removal. Canids and raptors are the main
vertebrate predators. Other characteristic vertebrate
fauna include groundnesting birds and rodents. At
least some communities exhibit autogenic cyclical
patch dynamics in which shrubs and grasses are
alternately dominant, senescent, and regenerating.

Magellanic heath, Patagonia, Chile.
Credit: David Keith
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Contributors: DA Keith, NA Cutler
T3.4 Young rocky pavements, lava flows and screes

Ecog/stem properties : Vegetation dominated by cryptogams (lichens, bryophytes) develops on skeletal rocky
substrates and may have scattered shrubs with very low LAI. These lgwoductivity systems are limited by
moisture and nutrient scarcity, temperature extemes, and periodic disturbance through mass movement.
Diversity and endemism is low across taxa and the trophic structure is simple. Reptiles and groundsting
birds are among the few resident vertebrates. Lichens and bryophytes may be abundant and penrfoeritical
roles in moisture retention, nutrient acquisition, energy capture, surface stabilisation, and protsoil
development, especially through carbon accumulation.Jfixing lichens and cyanobacteria, nurse plants, and
other mutualisms are critical toecosystem development. Rates of ecosystem development are linked to
substrate weathering, decomposition, and soil development, which mediate nutrient supply, moisture
retention, and temperature amelioration. Vascular plants have nanophythicrophyll leavesand low SLA. Their
cover is sparse and comprises ruderal pioneer species (shrubs, grasses, and forbs) that colonise exposed
surfaces and extract moisture from rock crevices. Species composition and vegetation structure are dynamic in
response to surfaceristability and show limited
differentiation across environmental gradients
and microsites due to successional development,
episodes of desiccation, and periodic disturbances
that destroy biomass. Rates of vegetation
development, soil accumulation, and
compositional change display amplified
temperature-dependence due to resource
concentration effects. Older rocky systems have
greater micro-habitat diversity, more insular
biota, and higher endemism and are classified in
other functional groups.

Lava flow, Coguillo National Park, Chile.
Credit: David Keith

Ecological drivers : Skeletal substrates (e.g. lava
pavements, scree slopes, and rock outcrops)
limit water retention and nutrient capital and
increase heat absorption, leading to periodically
extreme temperatures. High summer
temperatures and solar exposure concentrate
resources and increase the temperature
sensitivity of biogeochemical processes. Winter
temperatures may be cold at high elevations
(seeT6.2). Recurring geophysical disturbances
such as lava flow, mass movement, and
geothermal activity as well as desiccation
episodes periodically destroy biomass and reset
successional pathways.

Distribution : Localised areas scattered around
the Pacific Rim, African Rift Valley, Mediterranean and north Atlantic.
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