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Plant	Diversity	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Plant	Func.onal	Types	
(Anthropocentric	grouping	of	the	current	biospheric	paCern)	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Plant	Evolu.on	(Environment,	Interac.on,	Migra.on,	Time)	
	
	
	
	
	
	
	
	

	
Plant	Physiology	including	Produc.vity	

	
	
	
	
	
	
	
	

How	are	plant	func+onal	“traits”	and	“types”	related?	

Foliar	Elemental	&	
Molecular	Chemical	

Traits	

Canopy	Structural	
Traits	



Structure 
Biomass 

Architecture 

Function 
Chemistry 
Physiology 
Productivity 

 
 

Environment 
Topography 

Climate & Hydrology 
Geology & Soils 

Diversity 
Communities 
Growthform 
Phylogeny 

This	generates	a	goal:	
Develop	+me-varying	maps	of	mul+ple	plant	traits	to		

understand	changing	func+onal	&	biological	diversity	in	the	Earth	system	



How	do	we	treat	our	vegeta+on	spectra?	
Brief	History	of	Plant	Spectroscopy	in	Biospheric	Studies	

•  1980s	&	prior	(acclima+on	phase):	Lab	and	field	
spectroscopy;	Measurements	seeking	chemical	
contribu.ons	to	spectral	reflectance	

•  1990s	(reduc+onism	phase):	Going	quan.ta.ve	
at	lab,	field	and	airborne	levels;	Over-emphasis	
on	lab-like	spectrometric	techniques	for	
es.ma.on	of	chemical	cons.tuents;	Over-
emphasis	on	spectral	absorp.on;	Under-
emphasis	on	spectral	scaCering-absorp.on	
(structure-func.on)	

•  2000s	(emergen+sm	phase):	Recas.ng	of	
canopy	chemistry	and	spectroscopy	in	concept	
of	plant	func.onal	types;	“Plant	spectral	types”;	
Recas.ng	of	spectroscopy	in	plant	physiological	
context;	Rise	of	evolu.onary	thinking	in	canopy	
spectroscopy	(Spectranomics)	



Background	and	Purpose	
	

•  The	chemical	diversity	of	
plants	is	an	expression	of	
taxonomic	&	phylogenetic	
diversity.	

•  Chemical	diversity	is,	in	turn,	
expressed	in	the	spectral	
signatures	of	plant	canopies.			

	

•  The	Carnegie	Spectranomics	
Project	links	chemical,	
spectral	and	phylogenetic	
patterns	among	plant	canopy	
species.	

•  The	overarching	purpose	of	
Spectranomics	is	to	explore	
the	chemical	assembly	of	
forests,	and	to	develop	maps	
of	forest	functional	&	
biological	diversity	based	on	
chemistry.	

				
			

Spectroscopy	Phylogeny	

Canopy	Chemistry	



Project	Status	
	

•  Collections	contain	about	half	
of	all	known	canopy	tree	
species	on	Earth.	

•  Frozen	Forest	has	more	than	
3.5	million	foliar	samples	for	
chemical,	evolutionary,	and	
remote	sensing	research.	

•  Standard	assay	provides	23	
chemical	traits	for	each	
canopy	specimen.		Taxonomic	
vouchers	permanently	
archived.	

•  CSP	spectroscopic	and	
chemometric	analyses	
connect	forest	canopy	species	
and	their	remotely	sensed	
signatures.	

Spectranomics	Field	Sites	

Spectranomics	Database	





Spectranomics	Outcome	Type	1:	
Scalable	methods	for	func+onal	trait	mapping		

from	imaging	spectroscopy	



Canopy	LAI,	gaps	&	shade	 Leaf	Reflectance	Chemistry	
Leaf	TransmiCance	Chemistry	Leaf	Angle	Orienta.on	

First,	what	controls	canopy	reflectance	of	forests?	

Asner	1998	



Concept	of	Effec+ve	Photon	Penetra+on	Depth	(EPPD)	

Asner	2008	



Controlling	for	EPPD	&	Structural	Geometric-Op+cs	
with	Laser-guided	Imaging	Spectroscopy	

Asner		&	Mar/n	RSE	2008	



Carnegie	Airborne	Observatory-3	



Molecular	
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Concept	of	Evolved	Chemical	Constella+ons	

Growth	
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Structure	
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High-fidelity	imaging	spectroscopy	indicates	molecular		
	(thus,	elemental)	chemistry	in	plant	canopies	

Asner	et	al	RSE	2015	



The	Latest	Tech:		Ensemble	Chemical	Es+ma+on	Approaches	

Feilhauer	et	al	RSE	2015	



Spectranomics	Outcome	Type	2:	
Different	quan+ta+ve	ways	to	connect		

spectroscopy,	func+onal	traits,	and	biological	diversity	



Spectroscopy	to	Species	

Baldeck	et	al	PLOS	2015	

Colgan	et	al.	Ecol	App	2012	



Spectroscopy	to	Func+onal	Traits	to	Biodiversity	

Asner	&	Mar/n	New	Phyt	2011	



From	Traits	to	Biological	Diversity	

Féret	&	Asner	Ecol	Apps.	2014	



Féret	&	Asner	Ecol	Apps.	2014	



Forecas+ng	Spectroscopic	Communi+es	to	Map	

Feret	&	Asner	Ecol	Apps	2014	Asner	&	Mar/n	New	Phyt	2011	



Big	Outcome:	Spectroscopic	Mapping	at	the	Biospheric	Level	



DNA	Phylogeny	

Spectroscopy	

Chemistry	

McManus	et	al	RS	2016	

Latest	Science:	Gene+cs,	Spectroscopy	and	Func+onal	Traits	





Are	we	ready	for	orbit?	
•  We	know	how	to	map	the	most	essen+al	elements	of	
canopy	func+onal	and	biological	diversity.		We	know	
how	to	go	global:	
!  Stable	high-fidelity	imaging	spectrometer	with	

appropriate	orbit/GSD/revisit	
!  LiDAR/radar	filtering	techniques	ready	&	available	
!  Scalable	algorithm	pathways	are	known	
!  Eco-Evo	approach	essen+al	for	max	success	

•  I	would	like	to	get	more	people	using	the	
Spectranomics	approach.		Detailed	protocols	are	freely	
available	(h`ps://cao.carnegiescience.edu/spectranomics)	


