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Global Ecosystem Typology: principal goals

1. Enable generalisations about ecosystem change

* grouping ecosystems that share similar functional traits, threats, drivers
and indicators

2. Facilitate translation across existing typologies

* leverage pastinvestments & current usage through a commonterms &
comparative framework

3. Promote efficient use of scarce data

* through inferences about similar ecosystems
by integrating local expertise (bottom-up versus top-down)

4. Support conservation planning
 systematicand consistent definition of assessment units worldwide

 guide delineation of units for risk assessment (IUCN Red List of Ecosystems)
& spatial planning




What is the IUCN Red List of Ecosystems?
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What is the IUCN Red List of Ecosystems?
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Why yet another classification?

Design criteria:

1. Represent ecological processes & function
2. Represent variation in biota

3. A scalable structure (nested/herarchical)
4. Consistent coverage across the biosphere
5. Spatially explicit (mappable units)

6. Parsimonious

Reviewed 20 existing global ecological typologies
None met all 6 design criteria




Establishing a theoretical foundation
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Upper typological levels:
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T1.1Tropical/Subtropical lowland rainforests

T1 Tropical-subtropical forests

T1.2 Tropical/Subtropical dry forests and scrubs
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F 1.1 Permanent upland streams
F 1.2 Permanent lowland rivers

S1 Lithic subterranean systems

$1.1 Aerobic caves

S1 Lithic subterranean systems

$1.2 Endolithic systems

S2 Subterranean freshwaters

S2.1 Underground streams and pools

S2 Subterranean freshwaters

$2.2 Groundwater aquifers

S3 Tidal subterranean systems
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S4 Anthropogenic subterranean systems

$4.1 Subterranean excavations

S4 Anthropogenic subterranean systems

()
(J C &

M1 Marine shelves

S4.2 Water pipes and subterranean canals

M1.1 Seagrass meadows

M1 Marine shelves

M1.2 Kelp forests

F1 Rivers and streams

T1 Tropical-subtropical forests

T1.4 Tropical heath forests

F1.3 Freeze-thaw rivers and streams

M1 Marine shelves

M1.3 Photic coral reefs

F1 Rivers and streams

T2 Temperate-boreal forests & woodlands

T2.1 Boreal and montane needle-leaved forest and woodland

F 1.4 Monsoonal upland stream

M1 Marine shelves

M1.4 Shellfish beds and reefs

F1 Rivers and streams

T2 Temperate-boreal forests & woodlands

T2.2 Temperate deciduous forests and shrublands

F 1.5 Monsoonal lowland rivers

M1 Marine shelves

M1.5 Marine animal forests

F1 Rivers and streams

T2 Temperate-boreal forests & woodlands

T2.3 Cool temperate rainforests

F 1.6 Arid episodic lowland rivers

M1 Marine shelves

M1.6 Subtidal rocky reefs

T2 Temperate-boreal forests & woodlands

T2.4 Warm temperate rainforests

M1 Marine shelves

M1.7 Subtidal sandy bottoms

T2 Temperate-boreal forests & woodlands

T2.5 Temperate pyric humid forests

M1 Marine shelves

M1.8 Subtidal muddy bottoms
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T4 Savannas and grasslands

T4.1 Trophic savannas

M3 Deep sea floors
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T4 Savannas and grasslands
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M3 Deep sea floors

M3.2 Marine canyons

T4 Savannas and grasslands

T4.3 Hummock savannas

F3 Artificial wetlands

F3.1 Large reservoirs

M3 Deep sea floors

M3.3 Abyssal plains - soft substrate

T4 Savannas and grasslands

T4.4 Temperate wooded savannas

F3 Artificial wetlands

F3.2 Constructed lacustrine wetlands

M3 Deep sea floors

M3.4 Seamounts, ridges and plateaus

T4 Savannas and grasslands

T4.5 Temperate grasslands

F3 Artificial wetlands

F3.3 Rice paddies

M3 Deep sea floors

M3.5 Deepwater biogenic beds

T5 Deserts and semi-deserts

T5.1 Semi-desert steppes

F3 Artificial wetlands

F3.4 Freshwater Aquafarms

M3 Deep sea floors

M3.6 Hadal trenches and troughs

T5 Deserts and semi-deserts

T5.2 Thorny deserts and semi-deserts

T5 Deserts and semi-deserts

T5.3 Sclerophyll deserts and semi-deserts

F3 Artificial wetlands

F3.5 Canals and storm water drains

M1 Transitional waters

M3 Deep sea floors
M4 Artificial marine systems

M3.7 Chemosynthetically-based ecosystems
M4.1 Submerged artificial structures

2ol M4 Artificial marine systems

M4.2 Marine aquafarms

T5 Deserts and semi-deserts

T5.4 Cool temperate deserts

T5 Deserts and semi-deserts

T5.5 Hyper-arid deserts

FT 1.1 Tropical flooded fofests and peat forests

T6 Polar/alpine

T6.1 Ice sheets, glaciers and perennial snowfields

1 Palustrine wetlands

FT 1.2 Seasonal floodplain marshes

T6 Polar/alpine

T6.2 Polar/alpine rocky outcrops

1 Palustrine wetlands

FT 1.3 Subtropical/temperate forested wetlands

T6 Polar/alpine

T6.3 Polar tundra

1 Palustrine wetlands

FT 1.4 Episodic arid floodplains

T6 Polar/alpine

T6.4 Temperate alpine meadows and shrublands

1 Palustrine wetlands

FT1.5 Boreal, temperate and montane peat bogs

T6 Polar/alpine

T6.5 Tropical alpine meadows and shrublands

1 Palustrine wetlands

FT1.6 Boreal and temperate fens

T7 Intensive anthropogenic terrestrial systems

T7.1 Croplands

T7 Intensive anthropogenic terrestrial systems

T7.2 Sown pastures and old fields

FT1 Brackish tidal systems

MFT 1.1 Coastal river deltas

FT1 Brackish tidal systems

MFT1.2 Intertidal forests and shrublands

T7 Intensive anthropogenic terrestrial systems

T7.3 Plantations

T7 Intensive anthropogenic terrestrial systems

T7.4 Urban and infrastructure lands

FT1 Brackish tidal systems

MFT 1.3 Coastal saltmarshes

T1 Shoreline systems

TM 1.1 Rocky Shores

T1 Shoreline systems

TM 1.2 Muddy Shores

T1 Shoreline systems

TM 1.3 Sandy Shores

T1 Shoreline systems

TM 1.4 Boulder/cobble shores

T2 Coastal vegetation

TM 2.1 Coastal shrublands and grasslands

T3 Artificial shorelines
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Ecosystem functional groups

e Based on literature review, expert input & review

* Descriptive profiles for all 100 Ecosystem Functional Groups

see sample set in background material
pitched at non-specialist users
ecological traits, key drivers, distribution, key references

photograph, diagrammatic model of key components &
processes

Water surplus Ambient
environment

indicative maps

v e—uinersiow____ Climate
5 ring fro
n ) - Seasonally cold

temperatures
- Winter snow

Ecological Traits
+ Seasonally high
productivity
+ Simple tree canopy &
layered substrata
Top-down + Seasonal growth &
Herbivory | "#“%" f»e'vp_“:dug“o“ Nutrients
. . inter dormancy,
Carnivory hibernation & migration
* Frost tolerance
+ Seed physiological Ambient

T2.2 Deciduous dormancy environment
temperate forests
Substrates

onal
release &
uptake

Contributors:MAXKeith, NABrummitt, FEssl,Faber-Langendoe

T2.2 Deciduous temperate forests
Biome:[T2Memperate-boreal@orests@nd&voodlands.Realm:Terrestrial@

Ecologicaliraits:MheseBtructurally@imple,Bvinter@eciduousforestshavetighMroductivityAnd ALAIEn @
summer.@inter@ormancy,hibernation@ndnigration@re@ommonfifefistories@mongplants@nd@Animalsk
enabling@old@voidance.fl.ocal@Bndemismis@omparativelyowAnd@here@re@nodest@evelsDf@iversityBEcross
most@najor@axa.Aheforest@anopyis@omprised BfEtHeast@wo-thirds@eciduousbroad-leafffoliage{notophylll-
mesophyll)viththighBLARnd Bip@o@ne-third@vergreenftypicallyfeedle-leaf) @over.AsivellAs@eciduous?
woodyforms,AnnualBurnover@f@bove-groundbiomass@lsoBccursBomednfon-woody@eophyticEnd @th
groundflora,Bvhich@sfnsulatedBrom@old BeneathBvinter@now@nd ElowersBoonAfterEneltbefore@ree@anopyl
closure.AAnnualfeafurnoversBustained by fertileBubstrates@ndBvaterBurplus,&vith@utrientBvithdrawal
fromf@oliage@ndBtorage®fBtarch@rior@ofall.MissuesEreprotected@rom@oldByBupercooling@ather@han
extra-cellularffreeze-tolerance.@ormant®uds@refnsulated BromErostbybractsBrbyburial BelowBoilinBomel
non-woodylants.®Fungal@ndEnicrobialecomposersplay@rital@oles@n@ycling@arbon@nd ButrientsdnEhe
surfaceforizon.MespitefhighlyBeasonalPrimaryproductivity,Bhe@rophic@etworkncludesarge®rowsin
herbivoresffdeer),Bmaller@ranivores@ndferbivoresfrodents,fiares) And@nammalianPredatorsfcanids,
felines).MostEnvertebrates@re@easonally@ctive.Behavioural @ndifetistory@raits@nabling@®fAnimalsiio?
persist@hrough@old@vinters,Anclude@enselBvinterfur,food @aching,&vinter@oraging,tibernation,ormantfife®
phases@ndEnigration.Migratory@Enimalsprovide@llochthonousBubsidie: @nergy@nd@utrients,AndBromote
incidental@ispersal®f@therbiota.Browsing@amma
andfnsects@re@hajor@onsumersdffplantiomass@n
cyclers@ffitrogen,@arbon@Endmutrients.MeciduousErees?
maybe@arly@olonisers@fiisturbed@reasater@eplaced
by@vergreens,but@re@lsoBtable®ccupants@crossiarge
temperate@egions.@reeecruitmentsfimited ByBprin
frost,Allelopathy@ndferbivory,AndBccursBemi-
continuously@n@aps.Merbivoresinayinfluence@ensities?
offeciduous@orest@anopiesbyiegulatingireed
regeneration.Meciduous@eaffallEnay@xert@llelopathic
control@ver@reeBeedlings@ndBeasonal Broundflora.?

Deciduousfforest@rior@oAutumnfeafiall @

Source:fittps://pxhere.com/en/photo/17429,COB Water surplus m

EKey[ﬂcoIogtcalWrt‘/ers: Phenologicalprocessesin o ! +__[Climate
these@orests@Are@rivenbylarge@easonalemperaturel e ’ - Seasonally cold
ranges,fmean@vinter@emperatures®-1°C,Bumme ‘Sperates.

means@ipEo22°C),BypicallyBvithBubstantial Bvinte /@E‘
snow@ndfimited @rowingBeason,Bvith@-6Enonths A

above 0°C,AndBevereost-thawrosts.FertileBoils,? Ry
especially@vith@ighM devels,AndAnBverallBvater Rl il

Herbivory
surplus,Bupport@eciduous@eaf@urnover.Fires@Arel Carnivory e e
generally@incommon.@ N /
.

T2.2 Deciduous Fom

Nutrients

temperate forests

Distribution:@ool@emperateEuropefsouthwest — Substrates

Russia@oBritish@sles),@ortheast@siafnortheast

China,BouthernBiberiaKorea,Japan)fortheastAmerica.Aimited@ccurrencesfinBvarm@emperate@one
south®urope@nd@Asia,AndEnidwest@WSA.2
References:
RohrigE,WlrichB{1991) X emperatel
deciduousfforests.fcosystemsdfEhel
world.Wol.@.Elsevier,Amsterdam.
Box®O,FujiwaraE{2015)@Warm@
temperate@eciduousorests.Bpringer,?




Hierarchical structure
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Ongoing development: upgrading maps of ecosystem
functional groups from indicative to high-resolution global maps

Global scale

Pixel-based “ecosystem distribution model” proven for our needs

Includes information that explain the observed distribution of ecosystems:
spectral, topographic and climate covariates

Training Covariates

= 4

Murray et al. (2019) Methods in Ecology and Evolution | Murray et al. (2018) Science of the Total Environment |



Ongoing development: upgrading maps of ecosystem
functional groups from indicative to high-resolution global maps

M 1.3 Photic coral Reefs TM1.2 Muddy shorelines MFT1.2 Intertidal forests & shrublands
Allen Coral Atlas: Global map @30m resolution Global Mangrove Watch:
sub-10m reef maps 30 year time-series mangroves @30 m resolution

Mapping coral reefs to '
inform coral conservation &

el

Sy

natu

International journal of science

The global distribution and trajectory of

tidal flats




Application: integration with existing local classifications

435 national vegetation types

* Global Ecosystem Typology

Level 6 Aggregate & assign national

vegetation types to IUCN
Ecosystem Functional Groups

9 Ecosystem Functional Groups
for global ecosystem accounting

* Global Ecosystem Typology Level 3



Application: integration with existing local classifications




Application: supporting development of new classifications

e Myanmar National Ecosystem Assessment

e 35 ecosystem functional groups

o GEF & Wildlife Conservation Society
implementation

e >60,000 training samples

e Extensive field work, image interpretation (via a
GEE App), literature review & expert elicitation

Murray et al. (2019) Methods in Ecology and Evolution | Murray et al. (2018) Science of the Total Environment |



Synergies & opportunities between SEEA-EEA & IUCN typology & RLE

e Global Ecosystem Typology as spatial units: representation of ecological
processes & ecosystem function through “functional groups”

CBD & SDG
e Red List data (threatened status)

Natural Red List of
capital Ecosystems:

e Conceptual models from RLE assessments Jccounting risk assessment
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e Relevant indicators of ecosystem condition
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