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Time for a plant structural economics spectrum?
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Species number
per ecoregion
T <600
- 500-1000
. 1000-2000
=3000

Vascular plant species richness -- Kier et al. 2005 Journal of Biogeography



Tree species diversity in tropical forests
40,000 — 53,000 pantropical

Neotropics Africa Asia
21,500




Large structural diversity
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The global carbon cycle (IPCC AR5 2014)
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GPP (gCm?2s™")

Rainfall (mm)

Simulating the vegetation carbon cycle from site to global scale
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Radiation forest structure feedbacks

Varies in space and time:
- Stand age

- Disturbance

- Biogeography
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Poor representation of forest structure and
radiative transfer in vegetation models

Big leaf models
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Poor representation of forest structure and
radiative transfer in vegetation models

Demographic models
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The ED2 model

Dynamic levels

Static levels

Patches (age since last disturbance)
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Taxonomic framework

Functional traits
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Structural traits are functional too

* Metabolic scaling

* Resource acquisition
* Mechanical support
* Competition
 Allocation strategies



Example: secondary forests in Congo
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= dense moist forest

« old secondary forest

o
(5]

o
3)

E submontane forest
mountain forest

PCA 2 (N content)

1
N

500km

Verbeeck et al. 2014, Journal of Tropical Forest Science
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LES
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Trade-offs in tree structural and functional (leaf and
wood) traits can be combined in a unified framework.
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Since centuries the same simple observations of tree structure are
used = BUT now we have Terrestrial Laser Scanning!!

Da Vinci (500 y ago)




LiDAR platforms
Space borne
Air borne
UAV (drone)
Terrestrial

AR g A

ALS: RIEGL Q560 (39 pts/m?)

ield plot i
0.07-25 ha 5-25m
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UAV-LS: RIEGL VUX-SYS (1,088 pts/m?) TLS: RIEGL VZ-400 (12,600 pts/m?)




Towards a global database
of tree structure from TLS
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Potential metrics defining variability in crown
structure and architecture (non-exhaustive)
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Global Synthesis

Structural Economics
Spectrum (SES)

PES
Global Plant Economics Spectrum

LES
Leaf Economics Spectrum

WES
Wood Economics Spectrum

Verbeeck et al. 2019, Frontiers in Forests and Global Change




Plant Structural Economics Spectrum: Proof of concept
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Influencing factors

* Intra-species variations of structural traits
* Habitat

* Competition with neighbouring trees
* Crown shape plasticity
* Liana load
 Successional stage

* Climate

* Management

50 - 100 % liana

No lianas } y
infestation



PFT = PFST: Plant Functional-Structural Types

Demographic models Spatially explicit individual based models
(e.g. SORTIE, LES, ...)



Outlook

e Synthesize TLS data

—>Global database effort = previous talks and discussion

e Database of structural traits

* Link with functional trait data (e.g. TRY)

* Analyse this multidimensional dataset and construct a PES

* Cluster tree species in PFSTs

* Develop advanced radiative transfer models for 2D vegetation models



Thank you!

Questions?



