
  

Increase in functional diversity compensates reduction 
on Amazon forest's productivity in drier climate: 

exploring a new trait-based model

Bianca Rius, João Darela Filho, Moara A. Canova, David Lapola

Earth System Science Lab
University of Campinas (UNICAMP), Brazil



  

PFT 
approach
PFT 1 PFT 2

Poor 
representation of
 FUNCTIONAL 

DIVERSITY

Diversity representation in vegetation models

(Cox et al., 2000; Sitch et al., 2003; 
Levis et al., 2004; Rammig et al., 2010) 



  

PFT 
approach
PFT 1 PFT 2

(Van Bodegom et al., 2012; Fyllas et al., 2014; Sakschewski et al., 2016; 
Sicheiter, Lagan & Higgins, 2013; Verheijen et al., 2013; Pavlick et al., 2013) 

Ecological 
Strategy 1

……………………………………….. Ecological 
Strategy n

More reliable 
representation of
 FUNCTIONAL 

DIVERSITY

Trait-based 
approach

Poor 
representation of
 FUNCTIONAL 

DIVERSITY

Diversity representation in vegetation models

(Cox et al., 2000; Sitch et al., 2003; 
Levis et al., 2004; Rammig et al., 2010) 



  

CAETÊ 
(CArbon and Ecosystem functional Trait Evaluation model) 

Possible values of a TRAIT                 Axis of VARIATION

SLA (mm2 mg−1)

6 14



  

CAETÊ 
(CArbon and Ecosystem functional Trait Evaluation model) 



  

CAETÊ 
(CArbon and Ecosystem functional Trait Evaluation model) 



  

CAETÊ 
(CArbon and Ecosystem functional Trait Evaluation model) 

N dimensional 
functional trait 

space 



  

CAETÊ 
(CArbon and Ecosystem functional Trait Evaluation model) 

Plant life strategy:
Unique combination 

of trait values

N dimensional 
functional trait 

space 



  

CAETÊ 
(CArbon and Ecosystem functional Trait Evaluation model) 

Plant life strategy:
Unique combination 

of trait values

N dimensional 
functional trait 

space 

TRADE-OFFS
importance



  

CAETÊ 
(CArbon and Ecosystem functional Trait Evaluation model) 

Random 
sampling



  

CAETÊ 
Functioning 

0.5º

0.5º

0.5º

0.5º

ENVIRONMENTAL 
FILTERING

COMPETITION
PROTOTYPE

Initial grid-cell seed Different strategy survival



  

- 50% 
Precipitation

PFT version 
(5 tropical PFTs) 

X 
Trait-based version

1 2

Functional 
diversity
responses

(trait-based version)

Model experiment:
Amazon forest’s carbon stock with low 

precipitation and the role of functional diversity



  

6 variant functional traits

NPP Leaves

Carbon 
Allocation (%)



  

6 variant functional traits

NPP Leaves

Aboveground 
woody tissue

Carbon 
Allocation (%)



  

6 variant functional traits

NPP Leaves

Aboveground 
woody tissue

Fine roots

Carbon 
Allocation (%)



  

6 variant functional traits

NPP Leaves

Aboveground 
woody tissue

Fine roots

Carbon 
Allocation (%)

Carbon 
residence time 

(years)



  

6 variant functional traits

NPP Leaves

Aboveground 
woody tissue

Fine roots

Carbon 
Allocation (%)

Carbon 
residence time 

(years)

Biomass



  
(Rius et al. in prep) Total biomass change (%)

-51.02 PgC -49.43 PgC Prevented the 
loss of

1.59 PgC

~ Brazilian 
emission in 

2010

(1.3 PgC)

(SIRENE- National 
Emissions 

Registration System, 2019)

Change in total biomass

PFT 
approach

Trait-based 
approach



  

PFT 
approach

Trait-based 
approach

(Rius et al. in prep) Fine roots change (%)

Change in fine roots biomass



  

       Switch to more belowground 
investiment

(Rius et al. in prep)

Climate condition

Regular climate

Reduced precipitation

ro
o t

:s
h o

ot



  

   Switch to more belowground 
investiment

(Rius et al. in prep)

Climate condition

Regular climate

Reduced precipitation

Water 
absorption

ro
o t

:s
h o

ot

   Change in root:shoot ratio



  

       Switch to more belowground 
investiment

(Rius et al. in prep)

Change in 
community 

composition

Climate condition

Regular climate

Reduced precipitation

ro
o t

:s
h o

ot



  

How is our new community?

Allocation

P
ro

b
a

b
ili

ty
 d

e
n

si
ty

Leaves Fine roots
Aboveground woody 

tissues



  

How is our new community?

Residence 
time

P
ro

b
a

b
ili

ty
 d

e
n

si
ty

Leaves Fine roots
Aboveground woody 

tissues



  

Decrease in dominance and increase in 
functional richness

Allocation Residence time

P
ro

ba
bi

lit
y 

de
ns

ity

P
ro

ba
bi

lit
y 

de
ns

ity

Trait value (%) Trait value (years)

Regular climate Low precipitation



  

Multi-trait analysis
Increase in functional diversity

Regular climate
Volume=0.89

Low precipitation
Volume= 25.55

Increase in 
functional space 

occupation



  PC1 (84.3%)

P
C

2 
(1

1
.7

%
)

Regular

Low precipitation

Increase in functional diversity
Which traits matter?



  

Conclusions
1

Deal better with 
the new 

conditions

2

3

Inclusion of functional 
diversity

Less discretized response

More stability 
(degree of change)

Change in community 
composition

 dominance

 Functional 
space



  

Conclusions
4

3

 dominance

 Functional 
space

Help us to understand 
biodiversity and ecosystem 

functioning relationships

5

We can go further 
with trait-based 

models!!!



  

Conclusions
4

3

 dominance

 Functional 
space

Help us to understand 
biodiversity and ecosystem 

functioning relationships

5

We can go further 
with trait-based 

models!!!

THANK YOU!

biancafaziorius@gmail.com
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