Test du "tree packing" avec un modeéle de trouées

Testing the « tree packing » hypothesis with a gap model

Xavier Morin

xavier.morin@cefesenrs.fr.
i,

Journées CAQSIS — Aix-en-Provence 26-28 mars 2019

:ééé I I p E Copsisd
== A S“Q»‘
= & IMPACT



The diversity-productivity relationship in forest ecosystems



The diversity-productivity relationship in forest ecosystems

Observations NFI data = empirical
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The diversity-productivity relationship in forest ecosystems

Observations  Semi-experimental plots
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context .
The diversity-productivity relationship in forest ecosystems

Experiments
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Context
The diversity-productivity relationship in forest ecosystems

Simulations Gap models

» Gap models rely on key hypotheses in Forest Ecology
Succession niche

Growing

» Cyclical successions on small patches of land stock

(m3 ha'')

» Quantitative description of tree population dynamics
Etablishment / Growth / Mortality

» Optimal growth limited by environmental factors
Climate / Competition for light



The diversity-productivity relationship in forest ecosystems

Simulations Gap models

» Gap models rely on key hypotheses in Forest Ecology
Succession niche

Growing

» Cyclical successions on small patches of land stock

(m3 ha'')

» Quantitative description of tree population dynamics
Etablishment / Growth / Mortality

» Optimal growth limited by environmental factors
Climate / Competition for light

- iIndependent tool to study the diversity-productivity relationship

- theoretical species or “real” species
= parameters derived from measured traits

- realized specific richness in the long term

- much greater number of testable combinations



The diversity-productivity relationship in forest ecosystems
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The diversity-productivity relationship in forest ecosystems
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The diversity-productivity relationship in forest ecosystems

Tropical site Simulations Gap models
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What mechanisms?

Resource partitioning
Space
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What mechanisms?

Resource partitioning
Space
Tree level Community level




context .
The diversity-productivity relationship in forest ecosystems

What mechanisms?

Resource partitioning
Space
Tree level Community level

Differentiation in tolerance

Nutrients )
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The diversity-productivity relationship in forest ecosystems

Canopy packing = one of the main mechanisms proposed to explain diversity-productivity

effects in forests

(@) Canopy packing

(b} Vertical stratification i)
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What mechanisms?

Resource partitioning

Space
Tree level Community level
Nutrients leferentlatlo_n in tolerance
or requirements
Rooting stratification \
Water _ o > Root segregation
Rooting plasticity /
Vertical stratification N\ _
: o > Canopy packing
Light Crown plasticity /

Number of trees
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The diversity-productivity relationship in forest ecosystems

What mechanisms?

Resource partitioning

Space
Tree level Community level
Nutrients leferentlatlo_n in tolerance
or requirements
Rooting stratification \
Water _ o > Root segregation
Rooting plasticity /
Vertical stratification N\ _
: o > Canopy packing
Light Crown plasticity /

Number of trees

= Can diverse forest « accept » more trees?
Consequences for EF?



The diversity-productivity relationship in forest ecosystems

More trees in mixed stands?

Triplets

Interaction with stem size

tree number

min mean max
stem volume

Pretzsch & Schuitze 2016
Eur. J. For. Res.

Tree species mixing can increase maximum stand density?
Hans Pretzsch and Peter Biber

Pretzsch & Biber 2016 Can. J. of For. Res.



The diversity-productivity relationship in forest ecosystems

More trees in mixed stands?

Triplets NFI data
Interaction with stem size
60004 &
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: French NFI data
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Tree species mixing can increase maximum stand density?
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The diversity-productivity relationship in forest ecosystems

More trees in mixed stands?

Triplets NFI data
Interaction with stem size
6000 ¢
tree number ¢
: French NFI data
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Tree species mixing can increase maximum stand density’ Consistent pattern, but unclear...

Hans Pretzsch and Peter Biber

Pretzsch & Biber 2016 Can. J. of For. Res. Importance for ecosystem productivity?
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The diversity-productivity relationship in forest ecosystems

What mechanisms?
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The diversity-productivity relationship in forest ecosystems

What mechanisms?

/'Species richness
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Realized species richness

= Canopy packing

Yet, when focusing on individual growth = the effect was much weaker



The diversity-productivity relationship in forest ecosystems

What mechanisms?

/'Species richness

/1 Diversity in parameter values
Maximum height Growth rate Shade tolerance

IESNEN State Variability
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| LR j> ‘
g - 17 P : 7Dead /Heterogeneity
£ EHH IR /Mortality evenrs{biomass in tree heights and ﬁ;:z;ﬁ:;nziergts
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/' Turnover in biomass

y

Morin et al. 2011 -> /' Productivity <

Realized species richness

= Canopy packing

Yet, when focusing on individual growth = the effect was much weaker

= In the simulations, part of the net diversity effect on productivity was due
to an increased nb of trees in mixed forests (tree packing) = general pattern?




Objectives

Questions

- Using the same modelling approach used to test BEF in forests,
can we confirm and quantify this « more trees hypothesis » ?

- What is its importance on ecosystem functioning?

To do list

0- Developing the model ForCEEPS to allow testing the « more trees hypothesis »
1- Calibrating the model for French forests

2- Simulating BEF relationships
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The ForCEEPS model

The ForCEEPS model N -

= FORest Community Ecology and Ecosystem ProcesseS Capsis4

Morin et al. "ﬁl"l «*

http://capsis.cirad.fr/capsis/help en/forceeps

= a classic gap model

» Derived form ForCLIM (Bugmann 1994, 1996)

» Cyclical successions on small patches of land ook

(m? ha')

» Quantitative description of tree population dynamics

Etablishment / Growth / Mortality

» Optimal growth limited by environmental factors

Climate / Competition for light / Management

Competition for light with 2D crowns (since 2019)
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» Quantitative description of tree population dynamics

Etablishment / Growth / Mortality

» Optimal growth limited by environmental factors

Climate / Competition for light / Management

BUT: Gap models are usually not a priori constrained in terms of number of trees

- Switching off recruitment = plantation
- But what about long term-dynamics?
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The ForCEEPS model

The ForCEEPS model N -

= FORest Community Ecology and Ecosystem ProcesseS Capsis4

Morin et al. "ﬁl"l «*

http://capsis.cirad.fr/capsis/help en/forceeps

= a classic gap model

» Derived form ForCLIM (Bugmann 1994, 1996)

» Cyclical successions on small patches of land ook

(m? ha')

» Quantitative description of tree population dynamics

Etablishment / Growth / Mortality

» Optimal growth limited by environmental factors

Climate / Competition for light / Management

BUT: Gap models are usually not a priori constrained in terms of number of trees

- Switching off recruitment = plantation
- But what about long term-dynamics?

» In ForCEEPS, patch occupancy can be controlled
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Objectives

Questions

- Using the same modelling approach used to test BEF in forests,
can we confirm and quantify this « more trees hypothesis » ?

- What is its importance on ecosystem functioning?

To do list

1- Calibrating the model for French forests



Validating the ForCEEPS model for French forests

Can ForCEEPS simulate forest productivity with enough accuracy?
(and not « only » biomass...)

Calibration
(Morin et al. CAQSIS 2018) |- -

French NFI
(IGN)

monospeécifique : 51 %
+a deux essences : 33 %
3 trois essences: 12 %
#a guatre essences ou plus : 4 %

Individual tree data
for many species & for a wide range of cond.

=

Calibrating optimal tree growth
for most tree species in FR
+ literature data



Validating the ForCEEPS model for French forests

Can ForCEEPS simulate forest productivity with enough accuracy?

Calibration
(Morin et al. CAQSIS 2018) [ -7

French NFI
(IGN)

monospeécifique : 51 %
+a deux essences : 33 %
3 trois essences: 12 %
#a guatre essences ou plus : 4 %

Individual tree data

for many species & for a wide range of cond.

=

Calibrating optimal tree growth
for most tree species in FR
+ literature data

Independent datasets

(and not « only » biomass...)

Validation

Essences

(@ Chane padonculi (9)
@ Chéna sgssile [19)
@ Chane paéd fesssile (2)
@ Hérre 20)

@ Douglas (8)

0 Milize (1}

Renecofor network
ca. 100 plots
+ 1 expérimental site (Q. ilex)

Office National des Foréts

Long-term data of productivity (diameter incr.)
at both tree level & stand level

=

Validating stand productivity
for 8 species



Validating the ForCEEPS model for French forests

Can ForCEEPS simulate forest productivity with enough accuracy?

RENECOFOR = mostly monospecific stands —> Emerging properties in mixed stands(?)

Validation on stand basal area and its increment



Validating the ForCEEPS model for French forests

Can ForCEEPS simulate forest productivity with enough accuracy?

RENECOFOR = mostly monospecific stands —> Emerging properties in mixed stands(?)

Validation on stand basal area and its increment

__ Fiquets extér| ieurs

=

!
I
ZONE NEUTRE Piquets de la

placette centrale

101

i Cléture

I H
| [i15 o |
: [0 [21] ]
[i7] @]

A [1e] 33
ZOMNE CENTRALE

20/
113 E lz‘ E EI :
& - | fics]
; Bl 3 @
I
23
il g [13] = 4 |
__El = ® oy oy B ED
il | RS
|
H
[EE "'|
1
] * ]

RENECOFOR plots
(successuve inventories 2000-2014)

Re-sampling 1000 m2-plots

(x 5 repetitions)

Inventory date 1



Validating the ForCEEPS model for French forests

Can ForCEEPS simulate forest productivity with enough accuracy?

RENECOFOR = mostly monospecific stands —> Emerging properties in mixed stands(?)

Validation on stand basal area and its increment
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Validating the ForCEEPS model for French forests

Can ForCEEPS simulate forest productivity with enough accuracy?

Range of climatic conditions covered by the sites for validation

0.4
0.35 °
0.3 o .
° ¥—— Puechabon site
Drought Index [0 — 1] °* o W e
02 ° oo
o © Op Oo
0.15 o o o
o®
oo o ° g%,
Cenet BE
0.05 °.°
[ o%o %ooo
0 0 O
1000 1500 2000 2500 3000 3500 4000
GDD sum (deg/days)
300 The sites cover a large climatic range
2100 . 0 Considering soil characheristics, the
o 1900 o gradient in « aridity » is relatively large
Annual Precipitation 1700 s o °
o o ©
Sum (mm) 1500 0 L, Ceo. o .
1300 W% @ o °
1100 ° ° 8
° o gg ° o o ° .
o0 | ° 0?° % o qé}sg ° 0%:\ Puechabon site
700 ° o
500

5 6 7 8 9 10 11 12 13 14 15

MAT (°C)



Validating the ForCEEPS model for French forests

Results

Final basal area per tree (m?)



r>=0,98

Coef. =1.001
Spearman = 0.78 ***
Rmse =11.1
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\ Weak test !

Validating the ForCEEPS model for French forests

Results

Final basal area per tree (m?)

Predictions
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r>=0,98

Coef. = 0.99
Spearman = 0.98 ***
Rmse = 24.6

N
N

plots: /8
= 3585

trees

\ Weak test !

Validating the ForCEEPS model for French forests

Results

Final basal area per plot (m?)

Predictions
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Validating the ForCEEPS model for French forests

Mean annual productivity (BAI) per tree (m?)

r2=0,57

Coef. =0.78
Spearman = 0.78 ***
rmse = 2.46

I\Iplots: /8
Nirees = 3985

= stronger test

Predictions

Results
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Validating the ForCEEPS model for French forests

Mean annual productivity (BAI) per tree (m?)
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Validating the ForCEEPS model for French forests
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Mean annual productivity (BAI) per tree (m?)
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Spearman = 0.62 ***
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Predictions at the tree level seem « good enough » on average
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Validating the ForCEEPS model for French forests

Fagus sylvatica
Quercus robur
Quercus petraea

Q. robur + petraea

Picea abies
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= stronger test

Predictions

Results

Mean annual productivity (BAI) per stand (m?)
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Ccl: the explained variance appears « satisfactory » (when compared to what other kinds of
models may predict, eg. ecophysiological models)



Validating the ForCEEPS model for French forests

Results

Testing the model’s ability to represent the climatic constraints on growth
= same simulations than before, but with « non-stressful climate »

Mean annual productivity (BAI) per stand (m?)

0.20
|

r2=0,46
Coef. (slope) = 0.93
Spearman = 0.68 ***
rmse =1.75

Predictions

0.05
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Without constraints
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Validating the ForCEEPS model for French forests

Results

Testing the model’s ability to represent the climatic constraints on growth
= same simulations than before, but with « non-stressful climate »

Mean annual productivity (BAI) per stand (m?)

0.10 0.15 0.20

Predictions

0.05

r2=0,46
Coef. (slope) = 0.93
Spearman = 0.68 ***
rmse =1.75

Without constraints
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Coef. (slope) =0.94
Spearman = 0.76 ***
rmse =1.14

With constraints
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Ccl: - The version with constraints is significantly « better » (=> difference in RMSE)
- However the difference is not large, probably because the plots have not been selected
in extreme conditions for each species




Objectives

Questions

- Using the same modelling approach used to test BEF in forests,
can we confirm and quantify this « more trees hypothesis » ?

- What is its importance on ecosystem functioning?

To do list

2- Simulating BEF-relationships



Simulating diversity-productivity relationships

Simulating diversity-productivity relationships in forests

Gap model ForCEEPS = Forest dynamics + climate

e

Site conditions
Temp, Prec, Ng;

Species pool

2000 years

t=0

Species composition
Relative abundance
Productivity



Simulating diversity-productivity relationships

Simulating diversity-productivity relationships in forests

Gap model ForCEEPS = Forest dynamics + climate

Species pool i ? ?
2000 years
t=0
Site conditions
Temp, Prec, N... _ N

g ! Species composition

Relative abundance

______ /Productivity
Bomass 4~ omm=m=mmTT

Steady-state phase

Transient
phase

T=1000 yr T=2000 yr



Simulating diversity-productivity relationships

Simulation design

Density GG e
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Simulating diversity-productivity relationships

Simulation design
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Simulating diversity-productivity relationships

What sites?
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Simulating diversity-productivity relationships

VERY PRELIMINARY ! Results

» Controlling for tree density seems to strongly reduce the effect of diversity
on productivity

—> Evidence for a tree packing effect

* The canopy packing effect can still emerge from the simulations



Simulating diversity-productivity relationships

VERY PRELIMINARY 't Results

Controlling for tree density seems to strongly reduce the effect of diversity
on productivity

—> Evidence for a tree packing effect

The canopy packing effect can still emerge from the simulations

But complementary analyses are required
(= mean individual productivity, importance of mortality events...)

... To be continued (=> 15 sites across the climatic gradient)



conclysions
Take-home messages

 The model ForCEEPS can simulate forest productivity in FR with reliable accuracy,
considering main tree species

* These simulations suggest that BEF relationships in natural forests may be explained:

- by canopy packing
- by the fact that more trees may co-exist in mixed forests

e To be confirmed!!!

- more analyses to be done
- comprehensive simulation design to be completed (eg. 15 sites)
- reliability across environmental gradients? Link with stress gradient hyp.?

« Link with analysis of the role of coexistence processes with ForCEEPS



Understanding the role of coexistence processes

= key to better understand BEF relationships,
species identity effects,
climate effects?

Cordonnier et al. 2018
Ann. For. Sci.

Stand structure

Species identities, species relative abundances,
spatial structure, density, mean diameter, size
diversity...

Coexistence mechanisms
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The diversity-productivity relationship in forest ecosystems

What mechanisms?

Selection Complementarity
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The diversity-productivity relationship in forest ecosystems

What mechanisms?

Selection Complementarity

Resource partitioning
Abiotic facilitation
Biotic feedbacks

Dominance
Sampling

o

Individual tree level

Fixed plant responses = differences in fundamental niche
=> additive effects

~ Phenotypic changes = different response of trees in pure
vs. mixed communities => non-additive effects

Community level



context .
The diversity-productivity relationship in forest ecosystems

What mechanisms?

Selection Complementarity
Dominance Resource partitioning
Sampling Abiotic facilitation

Biotic feedbacks

Fixed plant responses = differences in fundamental niche
Individual tree level —7 => additive effects

~ Phenotypic changes = different response of trees in pure
vs. mixed communities => non-additive effects

Community level Link with ecosystem functioning...



Calibration et validation du modele pour les foréts francaises

Modéliser la croissance « optimale » d'un arbre

2- Calibration parametre de croissance optimale en diametre = g

Ajustement sur les arbres ayant les plus fortes croissance pour un diametre donné

L= (s i
o F. sylvatica

Incrément annuel
en diametre

Données IFN —> pour 10 especes

20 40 60 80
Diametre



Validating the ForCEEPS model for French forests

plaHET[, 3]

Mean annual productivity (BAI) per stand (m?)

0.08
|

. Sp=0.43*
° R2=0.34
T T T T T
0.03 0.04 0.05 0.08 0.07
plaHET[, 2]
Rmse =0.18
(Sp = Spearman correlation)
. A, alb.
;E-
:
° Sp=0.9*
El R2=0.74
T T T T T T T
0.02 0.04 0.08 0.08 0.10 012 014

Rmse =0.13

plaSAPY, 2]

plaCHP[, 3]

Q. rob.

Sp=0.93 *
R2=0.81

T T T
0.05

T
0.06

plaCHPY, 2]

0.07 0.08

P. abi.

0.04

0.02

T
0.04

Rmse =0.19

T
0.06

plaEPCY, 2]

0.08 0.10

plaCHS|, 3]

plars], 3|

Per species
Q. pet.
Sp=0.93 *
E R?2=0.59
0,53 0,54 0,55 O,é)ﬁ O,é)?
Rmse=026 o7
=1 P. syl.

0.04

002

Sp =0.66 *
R%=0.69
0.03 084 0.05 Qéﬁ 0.07
plaPs], 2]

Rmse =0.13



Validating the ForCEEPS model for French forests

Mean annual productivity (BAI) per stand (m?) Per species
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Simulating diversity-productivity relationships
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Simulating diversity-productivity relationships
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Simulating diversity-productivity relationships

Productivity (t.ha?)
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Simulating diversity-productivity relationships

Productivity (t.ha?)
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Simulating diversity-productivity relationships

Productivity (t.ha?)
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Simulating diversity-productivity relationships
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Simulating diversity-productivity relationships

Productivity (t.ha?)
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Simulating diversity-productivity relationships

Individual tree productivity (t.ha)

0.002 0.004 0006 0008 0.010

0.000

Results

* o 500 trees/ha
. » o L » ™ .
]

1000 trees/ha
. : . . . [ ] [ ] & [ ] ]
[ ]
[ ]
[ ]
. . .
no constraint . *

| [ | | |
5 10 15 20 25

Original species richness

30




Simulating diversity-productivity relationships

Dead biomass (t.ha'l)
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Diversity-productivity, a review of evidence

Theoretical works e Experiments
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Calibration et validation du modele pour les foréts francaises

Final tree basal area (m?2) Cumulative basal area increment
of each tree (m?)
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The diversity-productivity relationship in forest ecosystems

When focusing on individual growth = the effect is much weaker

Expectation from Simulated
monocultures mixed-forest
I::> A part of the net diversity effect found is due to consistent with
a greater occupancy of space (niche packing) French NFI data...




plaHET][, 3]

Validating the ForCEEPS model for French forests

Can ForCEEPS simulate forest productivity with enough accuracy?
Annual plot basal area increment (m2.yr1)
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Simulating diversity-productivity relationships

Number of trees per ha
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e Impacts du changement climatique ?

Réaction de I'effet de la diversité au changement climatique ? =) Modélisation

Site dont la productivité moyenne Site dont la productivité moyenne
augmente avec le changement climatique diminue avec le changement climatique

A A

Conditions futures

Conditions futures

Conditions actuelles

Productivité (t/ha/an)

> >

Richesse spécifique finale

Morin et al., 2018



e Impacts du changement climatique ?

Réaction de I'effet de la diversité au changement climatique ? =) Modélisation

Validation du modele pour conditions tempérées et montagnardes en France

Simulation de peuplements = validation données dispositif BioProFor/Distimacc

il o Pt
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BioProFor design ForCEEPS
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