Functional diversity In the first FACE experiment
IN a hyperdiverse Amazon forest
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Every tonne of CO, emissions adds to global warming

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO; emissions (GtCO,)
)
C

J

The near Enear relationship

between the cumulative
CO; emissions and global

warming for five illustrative

scenarios until year 2050

Historical global
warming
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Source: adapted from SPM.10, IPCC (2021)
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-2 Increasing [CO,] alter the globdl
energy balance leading to warming

- Significant uncertain in the models
- Tropical forest plays a decisive role

compensating a fraction of CO,
eMmissions




~ Amazon rainforest

.

* The world’s largest tropical forest

v 7

* Land C reservoir: ~150 billions tons of C
* High biodiversity
* Global water cycle

* The Amazon rainforest plays an essential role in.
the global carbon cycles

L

Data SIO, NOAA, U.S. Navy, NGA, GEBCO Landsat / Copernicus IBCAO PGC/NASA



- Highly-weathered soils limited by P in :
at least 60% of the basin area

 Climate uncertain

Quesada, et al. 2012 Data SIO, NOAA, U.S. Navy, NGA, GEBCO Landsat / Copernicus IBCAO PGC/NASA



Research Question:

How will rising CO, affect the resilience, biodiversity,
and ecosystem services of the Amazon foreste

® Understand how the forest responds functionally, rather than on a species-by-species basis

e Functional groups reflect strategies, which is more informative for predicting ecosystem
responses to elevated CO,

® Focusing on ecological processes allows for generalizations and favors models infegration
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CANOPY HEIGHT (m)
1 High: 54

& AMAZONFACE

6 plots — 30 m diameter each (706.8m?)

3 Treatment plots — 200 ppm above conftrol
3 Control plots — ambient CO, (~420 ppm)

Total area = 0.42 ho

Basal area occupied by stems = 33.4 m?/ha

1305 plants
identified
(2< DBH <71cm)

414 species

55 families




Tree basal area
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d/specie) A
648)

49.7% of all plants

345 species (n

657)
10.9 m?/n

N

(>5 ind/specie)

(<5

50.3% of all plants
49 species (n
species

ies composition

‘Rare’

‘Dominant’ species
Basal area =

\Bcsol area = 22.6 m2/h0/
Highly diverse and
heterogeneous forest
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- 190 species are represented by just one free
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Example of stomatal image. (a) ID 3019 - Inga rhynchocalyx (Fabaceae) (b) ID 4001 - Licania irwinii
(Chrysobalanaceae) (c) ID 7016 - Inga gracilifolia (Fabaceae) and (d) ID 4046 - Swartzia reticulata (Fabaceae)
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Specific Leaf Area, m?kg
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- Large variation of functional traits between species
- No significant difference between the plots
- Functional diversity of AmazonFACE may play a key role on the ecosystem responses to eCO,



PC2 (14.5%)
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@& AMAZONFACE

13 traits are used 1o assess AmazonFACE functional space

PC1: Resource-use strategy

Functional space

— Fast-growing, acquisitive species
Specific Leaf Area (SLA, 55.99%)

Xylem Conductivity (kmax, 27.19%)

— Conservative, drought-tolerant, structurally robust species
Wood Density (WD), Branch Density (BD), C:N rafio

PC2: Leaf structure and gas exchange traits
— Trade-offs In gas exchange sirategies
Leaf Thickness (43.03%)
Stomatal Size (41.05%)
Density (25.88%)
Chlorophyll (15.81%)

5 0 5

Thick leaves + large stomata vs. High stomatal density + chlorophyl
PC1 (15.5%)

- Functional differentiation emerges even within a small spatial scale (>0,5 ha),
highlighting diverse ecological strategies co-occurring in the same environment



P& AMAZONFACE

Functional space
AMazonFACE x Amazon Basin
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-2 47% of overlapping

ter Steege, et al. 2025



Functional approach

Ward's hierarchical method (r function *helust)
« Species are grouped based on:

SLA, WD, C:N and SD ftraits

Comp.3 ( 22.6 %)

2 p——

Comp.1 ( 35.%2 %)

-2

%

Comp. 2 ( 23.8?1é%)

® Functional Group 1
' Functional Group 2
® Functional Group 3

Group1 (red): resource-acquisitive species
Group?2 (grey): Intermediate species
Groupd (green): resource-conservative

@ AMAZONFACE

Height

40 60

20

;‘_/ ;‘ ‘b 1 : A ;

Cluster Dendrogram
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Amaioua glomerulata
Aniba megaphylla

Aniba terminalis
Anisophyllea manausensis
Calyptranthes paniculata
Dacryodes cuspidata
Diospyros bullata
Dodecastigma integrifolium

Aniba santalodora
Annona ambotay
Buchenavia grandis
Cedrelinga catenaeformis
Chrysophyllum argenteum
Compsoneura ulei

Cordia fallax

Cordia panicularis

Astronium lecointei
Bocoa viridiflora

Group 1 Group 2 Group 3
Abuta grandifolia Adenocalymma Aniba canelilla
Alibertia claviflora adenophorum Aspidosperma excelsum

Brosimum rubescens

Casearia javitensis

Cordiera myrciifolia

Corythophora alta

Couepia canomensis
Cupania hispida

Why it matters: Functional groups capfture frait-based
ecological strategies, enabling robust comparison of plant
responses to elevated CO, despite high species diversity




Conclusions...

High species diversity is accompanied

strategies, suggesting niche differens

afti

complementarity even within small s
forest.
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oy divergent frait
on and functional

lal area of tropical

The AmazonFACE experiment captures around 47% of the
functional diversity observed across the Amazon.

Functional grouping is essential to evaluate CO, effects in
hyperdiverse forests where species-level replication is not

feasible.




AmazonFACE
2025-2030
INn summary: Science Plan

v High species diversity is accompanied
by divergent trait strategies, suggesting
niche differenfiation and functional
complementarity even within  small
spatial area of tropical forest.

v The AmazonFACE captures ~47% of the
functional diversity observed across the
Amazon Basin.

OBRIGADA!

v Functional grouping is help to evaluate
CO, effects In hyperdiverse forests
where species-level replication is nof

feasible izabela.faleixo@gmail.com
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