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Plant Functional Types 
(PFTs)

Development of PFTs for 
models in 1990s was 
driven partly by the 

need to represent fast-
response processes like 
biophysics, hydrology, 

and physiology in 
climate models. 

The PFT concept is largely based on physiognomy/structure and 
similarity in responses to environmental perturbations; it is 
implicitly non-phylogenetic in nature (i.e., evolutionary history 
and relatedness are ignored or obscured).



And yet we know that plant species exist within 
historical, evolutionary, ecological, and environmental 

contextsEvolutionary 
relatedness and 
biogeographic  

history 
(phylogeny)

Ecological 
interactions, 
specialization

Environmental 
responses 

Allocation of 
resources, 

response to 
disturbanceLife history



October 2002 October 2004

(Breshears et al. 2009)

Differential response of Piñon Pine and Juniper to 
extreme drought. Does a PFT approach work?

These pine and juniper species have fundamentally different water and 
carbon strategies. Hydraulic traits (differences in stomatal regulation, leaf 
water potential, wood density, iso versus anisohydry stomatal control) played 
a large role in the differential responses to extreme drought.

An evolutionary, lineage-based perspective helps explain the 
differences, which would not be captured by the PFT approach. 

The piñon pines died, while 
the junipers largely survived 



Lineage - closely related species connected to a common 
ancestor - in this example below, sorghum and maize are sister 
taxa, as are barley and wheat, with each pair separated by one 

node or branch point (speciation event). 

>100 MYA



Phylogeny of Coniferales
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Phylogeny of conifers
in relation to other seedplants

Traditionally the higher plants are divided into the class of Angio-
sperms ( = flowering plants) and the class of Gymnosperms 
( = plants with naked seeds), but it ist not known yet, whether 
Gnetales is a third class.
The family tree of Coniferales is quite safe.             
The genera tree of Pinaceae is not quite as safe, but it is most likely
that Cedrus is basal in close connection with the Abies/Keteleeria/
Tsuga/Pseudolarix-clade, which is sister to the Larix/Pseudotsuga-
clade plus the very week Picea/Cathaya/Pinus-clade which are sisters.             

http://www.conifers.dk

The conifer families that pine and juniper 
species sit within diverged from each other 
at least 251 million years ago! Representing 
all conifers with 1 or 2 PFTs (evergreen and 

deciduous needleleaf trees) completely 
ignores this evolutionary history
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Existing PFT 
classifications 

would essentially 
classify all of
these conifer 

families as 
evergreen 

needleleaf or 
deciduous 
needleleaf



Phylogeny shown 
to be increasingly 

important for 
ecological 

structure and 
function

Tree growth 
responses to 

climate variation 
(Cook et al., 

Oecologia, 2001) 

Phenology (Davies 
et al. J. Ecology 

2013)

896 EDWARD R. COOK ET AL. Ecological Applications
Vol. 11, No. 3

FIG. 7. Climate correlation function plots for the tree-ring chronologies from the western region only. The monthly
correlations were computed over a 17-mo dendroclimatic year beginning in May of the previous growing season and ending
in September of the current growth year. The plots have been organized by phylogenetic group to illustrate the high degree
of similarity in climate response within each group. Individual series correlations are shown as thin lines, while the means
for each phylogenetic group (QUWO, QUBO, PISP, FAGR) are the broad lines. Numbers of correlation functions per group
vary from a low of 3 for FAGR to a maximum of 18 for PISP. Note that all plots indicate pronounced sensitivity to drought.

responses most highly, with western QUBO weakly
indicated as well. Like the QUWO/FAGR climate fac-
tor scores, those of Climate Factor 3 indicated a reli-
ance on cool/wet conditions during the current growing
season, but with the peak response lagged by 1–2 mo

compared to QUWO/FAGR. The temperature response
of this factor also emphasized a requirement for above-
average temperatures during most of the months prior
to the current growing season. This pattern was clearly
evident in the temperature correlation functions for

49.1 210

Day of first 
flower across 
a phylogeny



Foliar elemental composition of European forest tree species 
associated with evolutionary traits and environmental and 

competitive conditions

Sardans et al., Global Ecology 
and Biogeography, 2014



BEP - clade with 
primarily temperate 

and boreal cool-
climate C3 grasses 

(no C4 grasses)

PACCMAD - clade with 
tropical and subtropical 

C4 grasses and some C3
grasses (including 

Arundo, Cortaderia, 
Phragmites)

Edwards and Still, Ecol. Ltrs., 2008

In a sense the same problem has occurred with 
grass diversity and C3 and C4 PFTs 

Hawaiian Islands



“..due to the complexity of temperature effects on 
physiology, it must be determined whether the low 
temperature response is a result of the presence of the C4
photosynthetic pathway, or if it is due to other factors 
related to the apparent tropical origin of these taxa.”
(Teeri and Stowe, Oecologia, 1976)

Put another way, is the ecological sorting of C3 
and C4 grasses along temperature gradients due 
primarily to physiological differences related to 
the pathways, or is it due to ecological characters 
related to tropical origins compared to the 
temperate origins of most C3 grasses? 



Grasses in a tree-centric world

Most of the food we eat is derived from grasses (i.e., most C in 
your bodies was processed by a grass); C4 grasses alone are 
estimated to account for ~25% of terrestrial GPP (Still et al. 2003)

Grasses cover some 40% of earth’s land surface and dominate 
the herbaceous surface layer in many ecosystems not 
traditionally thought of as grassy

And yet, grasses are often ignored 
or underrepresented in databases: 

For example, of the 2,548 plant 
species in the Glopnet leaf trait 
database analyzed in (Wright et 
al., 2004 Nature), only 16 were C4
grasses (0.6%)



Still, Cotton & Griffith, et al. Glob. Ecol. Biogeog. 2018

Model Simulations of 
C4 PFT cover at the 
LGM, historical, and 

future:

Of the 40+ individual 
CMIP5 models, only 6 

provided a C4 PFT 
cover fraction. The 
contributing models 
disagree with one 

another and largely 
fail to match proxy 
data on C4 and C3 

grass cover or 
biomass across time 

scales



CMIP5 modeled 
C4 grass PFT in 
the historical 

modern period 
(~1850 CE) 

compared to 
available proxy 
and plot data 

Still, Cotton & 
Griffith, et al. Glob. 
Ecol. Biogeog. 2018



Slide courtesy of Dan Griffith

11,000+ grass species
23 C4 grass lineages that differ greatly in their functional traits

GPWG II 2011

Most ESMs have only a single 
C4 grass and one or two C3 

grass PFTs, so many functional 
differences (traits) are not 

captured. But it’s not 
necessarily the number of 
PFTs that is the issue, but 
rather how they capture 

functional diversity in traits 
and biogeographic history.

How to create lineage 
functional types (LFTs) which 
would better capture grass 

diversity? 



Paijmans 1975

EUDASM 1936

Assembling an observational global grass layer map using 
botanical records, expert knowledge, and plot data

Vegetation map of the People's 
Republic of China 2007

• Validated against plots
• Gridded data

• Climate
• Lineages
• C3/C4

Classified:
- dominant grasses
- key features

Slide courtesy of Dan Griffith
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Himalayan pine savannaPalm savanna

Examples of grass-dominated herbaceous 
vegetation layers

Slide courtesy of Dan Griffith



Modern distribution of the grass lineages
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Grassy biomes are dominated by just 3 evolutionary lineages 
which have contrasting distributions

Andropogoneae

C4 %

Chloridoideae

Pooideae
C3 %



Modern distribution of the grassy understory and C3 and C4
species relative dominance based on the lineage map

Color = grass-dominated understory habitats

Lehmann, Griffith, Osborne et al. (in press, Nature Plants)
NESCent Working Group: Evolutionary History of C3 and C4 Grasslands:

a New Integrative Framework



The primary C4
grass lineages 

grow in warm and 
wet conditions 

with frequent fire 
(Andropogoneae)  
and warm and dry 

conditions 
(Chloridoideaea). 
The primary C3 

grass lineage 
(Pooideae) grows 

in cool, dry 
conditions

Lehmann, Griffith, Osborne et al. (in press, Nature Plants)





Earth Systems Models

Disturbance
Biogeography

Biogeochemistry
Biophysics

Vegetation dynamics



Physiological traits

Structural traits



Biogeochemical traits

Anatomical traits

Phenological and 
reproductive traits

Lehmann et al. in press New Phytologist



Disturbance-related traits

Lehmann & Griffith 
et al in press Nature Plants
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Common PFT parameters from ESMs, and median LFT parameters 
(IQR; interquartile range) for three dominant grass lineages, taken 

from the literature and trait databases. 

Griffith et al. in press New Phytologist
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A suggested framework for using phylogeny to guide
filling of trait databases…could be used for fleshing 

out LFT trait databases for non-grasses



Creation of lineage-based FTs will help guide and constrain 
inclusion/selection of burgeoning plant trait data. Grasses are 
a good starting place. Trees will be harder, but new efforts to 
develop LFTs for conifers in the western US are promising

To represent grasses with C4 photosynthesis as a key functional 
trait, at least two clade/lineage groupings are needed:

Andropogoneae are typically tall species that dominate wet 
and seasonally burned ecosystems, 

Chloridoideae grasses are typically smaller and associated 
with semi-arid regions

Towards lineage-based functional types (LFT)

To represent grasses with C3 photosynthesis as a key 
functional trait, only one clade/lineage grouping is needed:

Pooideae: typically cold and dry adapted, less fire 
resistant, and smaller in stature



Please apply at https://jobs.oregonstate.edu/postings/90490 

Postdoctoral position in Grassland Ecosystem Modeling 

The Still Lab at Oregon State University invites applications for a postdoctoral 
research working on Earth System Modeling of grassland function and 
biogeography. The successful applicant will work as part of a large, 
interdisciplinary team to implement and test a new, evolutionary approach to 
capturing grass functional diversity and biogeography in Earth System Models. 
The approach, based on lineage functional types, will be based upon expansion 
of the grass trait database, additional data mining of existing literature on grass 
functional traits, and model development of processes important to grass 
modeling. The modeling work will be done in close collaboration with W.J. Riley 
at the Lawrence Berkeley National Laboratory and D. Griffith at NASA Ames 
Research Center. 

Major Duties/Responsibilities: 
Develop and apply models for global grassland processes. 
Evaluate biogeochemical and plant physiological interactions and their effects on 
carbon and energy exchanges with the atmosphere. 
Work creatively, independently, and productively.
Work as a member of a large multidisciplinary research team. Author peer-
reviewed journal articles


