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A.	Linking	spectra	to	functional	and	phylogenetic	diversity	

Spectral	image	of	a	plot	

Landscape	of	many	plots		
	

Spectra	from	contrasting	
vegetation	patches	

Individual	plots	

50.0

b	spectral	diversity	

a	spectral	diversity	
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How well can we link plant spectra and spectral diversity to plant function, phylogeny and diversity?



Tropical live oak, Quercus oleoides
Five populations planted in common gardens in Honduras and Costa Rica

Mexico (MX)
Belize (BZ)
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Costa Rica (CR-Rincón de la Vieja)

Quercus oleoides –
four populations grown in a 
common garden in Honduras

MX

BZ

HN

CR
Nuclear SSRs

33 oak species grown in a 
common garden

Figure	2		
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dotscircles are species pairs. ACHMI, Achillea millefolium L.; AGRSM, Agropyron

smithii Rydb.; AMOCA, Amorpha canescens Pursh; ANDGE, Andropogon gerardii

Vitman; ASCTU, Asclepias tuberosa L.; KOECR, Koeleria cristata auct. non Pers.

p.p.; LESCA, Lespedeza capitata Michx.; LIAAS, Liatris aspera Michx.; LUPPE,

Lupinus perennis L.; MONFI, Monarda fistulosa L.; PANVI, Panicum virgatum L.;

PETCA, Petalostemum candidum (Willd.) Michx.; PETPU, Petalostemum

purpureum (Vent.) Rydb.; POAPR, Poa pratensis L.; SCHSC, Schizachyrium

scoparium (Michx.) Nash; SOLRI, Solidago rigida L.; SORNU, Sorghastrum nutans

(L.) Nash.

Fig. 2

Spectral profiles, their coefficient of variation, and local maxima of the
coefficient of variation.

The range of vector-normalized spectra of all species (n = 17) is shown in red. The

black line is the coefficient of variation of vector-normalized reflectance values for

each spectral band (n = 2,000). The blue vertical lines indicate five local maxima of

the coefficient of variation (at 429, 675, 1,451, 1,981 and 2,360 nm); they align

closely with known absorption features for chlorophylls (at 430 and 660 nm),

carotenoids (at 430 nm), leaf water content (at 1,450 and 1,980 nm), proteins (at

1,980 and 2,350 nm) and cellulose (at 2,350 nm).

Spectral distance is associated with functional 
and phylogenetic distance between species

Schweiger, Cavender-Bares et al, 
Nature EE 2018

Anna Schweiger
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A.	Linking	spectra	to	functional	and	phylogenetic	diversity	

Spectral	image	of	a	plot	

Landscape	of	many	plots		
	

Spectra	from	contrasting	
vegetation	patches	
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B.	Spectral	diversity	at	different	spatial	scales	

Spectral	heterogeneity	
from	vegetation	in	a	plot	

VIS	 NIR	 SWIR	

Spectral	image	of	landscape	
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How well can we detect plant biodiversity and relationships between diversity and ecosystem function?



Wang, Gamon et al Ecological Applications, 28(2), 2018, pp. 541–556

Ran Wang

Gholizadeh

In grasslands, detecting plant biodiversity depends on spatial resolution and extent

Wood River
Nebraska

BioDIV
Cedar Creek



Spectral diversity predicts ecosystem productivity

Schweiger, Cavender-Bares et al, Nature EE 2018

Anna Schweiger

Plant Productivity (g m-2)

RS Spectral diversitySpectral diversity - leaf level
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Functional group composition
vegetation chemistry
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Soil microbial 
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Quantity of soil inputs Quality of soil inputs
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Functional group composition
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↑ Productivity ↓ Productivity

How well does AVIRIS NG imagery predict belowground soil and microbial processes?
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BioDIV

R2=0.341

P=0.0002

R2=0.641

P<0.0001

R2=0.398

P<0.0001
R2=0.052

P=0.004
R2=0.051

P=0.013

R2=0.133

P<0.0001c
R2=0.135

P<0.0001

R2=0.155

P<0.0001

R2=0.104

P<0.0001

R2=0.146

P<0.0001

RS %N
Quality of inputs (RS foliar %N, etc.) predicts belowground processes:
Soil microbial enzyme activity, microbial biomass, soil carbon and N mineralization rate

RS Vegetation Cover
Quantity of inputs (Vegetation cover) predicts belowground processes:
Soil respiration, soil microbial enzyme activity, microbial biomass, soil carbon and N mineralization rate
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BioDIV Wood River

RS vegetation
quality

Vegetation quality:
leaf-level chemistry

Quantity: biomass

RS quantity
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%	Cellulose -0.1 0.0 0.2 0.1 -0.3 0.3 -1.0 -0.1 %	Cellulose 0.2 -0.3 -0.3 -0.3 -0.3 -0.2 -0.2
%	Hemicellulose -0.1 0.0 0.2 0.1 -0.3 0.4 -0.4 -0.1 %	Hemicellulose 0.2 -0.2 -0.3 -0.3 -0.2 -0.2 -0.2

%	Lignin 0.1 -0.1 -0.1 0.0 0.2 -0.3 -0.6 0.0 %	Lignin -0.3 0.3 0.4 0.4 0.2 0.3 0.3

Biomass -0.2 0.5 0.6 0.6 0.2 0.6 0.6 0.1 Biomass 0.0 -0.1 -0.1 -0.1 0.0 0.0 0.1

RS	LMA 0.2 -0.1 -0.4 -0.2 0.2 -0.4 -0.2 -0.1 RS	LMA -0.2 0.3 0.2 0.3 0.4 0.2 0.2

RS	%	N 0.0 0.3 -0.3 -0.2 0.1 -0.1 -0.2 -0.2 RS	%	N -0.4 0.4 0.4 0.4 0.4 0.3 0.3
RS	%	Solubles 0.2 0.2 -0.3 -0.2 0.2 -0.2 -0.2 -0.1 RS	%	Solubles -0.3 0.3 0.4 0.4 0.4 0.3 0.3

RS	%	Cellulose -0.1 -0.2 0.1 0.0 -0.2 0.1 0.0 0.1 RS	%	Cellulose 0.3 -0.3 -0.3 -0.4 -0.4 -0.3 -0.3

RS	%	Hemicellulose -0.2 -0.2 0.2 0.1 -0.2 0.2 0.1 0.1 RS	%	Hemicellulose 0.2 -0.3 -0.2 -0.3 -0.3 -0.2 -0.2

RS	%	Lignin 0.2 0.0 -0.3 -0.3 0.1 -0.3 -0.3 -0.2 RS	%	Lignin -0.3 0.3 0.3 0.3 0.3 0.3 0.3

RS	Vegetation	cover -0.2 0.6 0.6 0.7 0.2 0.8 0.7 0.1 RS	Biomass 0.1 0.0 -0.1 -0.1 -0.1 -0.1 -0.1

C3	proportion 0.1 -0.1 -0.2 -0.1 0.1 -0.3 0.1 0.1 C3	proportion -0.1 0.1 0.2 0.2 0.0 0.2 0.2

C4	proportion 0.1 0.2 0.2 0.1 -0.3 0.3 0.0 0.0 C4	proportion 0.3 -0.3 -0.4 -0.4 -0.3 -0.3 -0.3

Forb	proportion -0.3 -0.1 0.0 0.1 0.2 0.1 0.1 0.1 Forb	proportion -0.2 0.2 0.2 0.3 0.3 0.2 0.2

Legume	proportion 0.2 0.1 0.1 0.2 0.1 -0.1 -0.2 -0.1 Legume	proportion -0.3 0.2 0.3 0.3 0.2 0.2 0.2

C3	biomass 0.2 0.0 0.1 0.2 0.1 -0.1 0.2 0.1

C4	biomass -0.3 0.6 0.6 0.5 -0.1 0.7 0.2 0.1

Forb	biomass -0.3 0.1 0.2 0.2 0.3 0.3 0.2 0.2

Legume	biomass 0.1 0.2 0.0 0.1 0.1 0.1 -0.1 -0.1

Positive correlation Negative correlation

Vegetation quality:
FG Composition

Soil and microbial 
processes
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Monitoring plant functional 

diversity from space

The world’s ecosystems are losing biodiversity fast. A satellite mission designed to track changes 

in plant functional diversity around the globe could deepen our understanding of the pace and 

consequences of this change, and how to manage it.

Walter Jetz, Jeannine Cavender-Bares, Ryan Pavlick, David Schimel, Frank W. Davis, Gregory P. Asner, 

Robert Guralnick, Jens Kattge, Andrew M. Latimer, Paul Moorcroft, Michael E. Schaepman, 

Mark P. Schildhauer, Fabian D. Schneider, Franziska Schrodt, Ulrike Stahl and Susan L. Ustin

T
he ability to view Earth’s vegetation 

from space is a hallmark of the 

Space Age. Yet decades of satellit
e 

measurements have provided relatively 

little insight into the immense diversity of 

form and function in the plant kingdom 

over space and time. Humans are rapidly 

impacting biodiversity around the globe1,2, 

leading to the loss of ecosystem function3 

as well as the goods and services they 

provide4,5. Recognizing the gravity of 

this threat, the international community 

has committed to urgent action to halt 

biodiversity loss6–9.

Ecosystem processes
10–12 are of en 

directly linked to the functional biodiversity 

of plants, that is, to a wide range of plant 

chemical, physiological and structural 

properties th
at are relate

d to the uptake, use 

and allocation of resources. T
e functional 

biodiversity of plants varies in space and time 

and across scales of biological organization. 

Capturing and understanding this variation 

is vitally important for tracking the status 

and resilience of Earth’s ecosystems, and for 

predicting how our ecological life support 

systems will function in the future.

We currently lack consistent, repeated, 

high-resolution global-scale data on the 

functional biodiversity of the Earth’s 

vegetation2,10–12. However, the technological 

tools, informatics infrastructure, theoretical 

basis and analytical capability now exist 

to produce this essen
tial data. Here we 

suggest that this capability should be used 

in a satellite mission supporting a ‘global 

biodiversity observatory’ that tracks 

temporal changes in plant functional 

traits around the globe to f ll critical 

knowledge gaps, aid in the assessment 

of global environmental change, and 

improve predictions of future change. T e 

continuous, global coverage in space and 

time that such a mission would provide has 

the potential to transform basic and applied 

science on diversity and function, and to 

pave the way to a more mechanistically 

detailed representation of the terrest
rial 

biosphere in Earth system models.

The data and knowledge gap

Plant functional biodiversity encompasses 

the vast variation in the chemical, 

physiological and morphological properties 

of plants, such as the concentration 

of metabolites and non-structural 

carbohydrates in leaves and the ratio of leaf 

mass to leaf area. T ese attributes are relate
d 

functionally to the uptake, allocation and use 

of resources such as carbon and nutrients 

within the plant, and to the defence against 

pests and environmental stresse
s.

Functional properties vary within 

and among individuals (for instance, as 

determined by the position of a leaf on a 

plant, or a tree in a forest), populations, 

species and communities, and may be 

measured at any of these levels of biological 

organization. With increasing spatial scale 

(and thus decreasing spatial resolution of 

measurements), the capture of functional 
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Figure 1 | The data gap in regional species trait measurements. The graph shows the latitudinal variation 

in the number of vascular plant species for which at least one trait has been measured regionally (open 

boxes; left axis) in relation to all species expected for that region (filled boxes; right axis). Regions are 

here defined as 110  × 110 km grid cells (n = 11,626); data on their expected richness is from ref. 25, and 

region trait data comes from the TRY database (version June 2015)18. Regions are analysed at the grid 

cell level and their variation is summarized in latitudinal bands of 5° width. On average, only about 2% 

of species have any such regional measurements, and the data gap is largest in the tropics. This limits 

understanding of both biodiversity and ecosystem function and services.
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IPBES: Assessing trends in diversity and ecosystem function

(expert opinion…) 

We can do better!

Units of analysis
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