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Elton: reminder 

Niche is the status of an animal in its community / a 
place in a biotic environment. It stresses the 
function of the species in the community rather 
than a physical place in the habitat.



“Trait is any measurable property of a thing or an average property from a collection 
of things.”  Shipley (2010)

“Functional traits are observable or operationally defined phenotypic characteristics 
that influence species performance and/or ecosystem processes.” Evan Weiher (2011)  

“Any morphological, physiological, or phenological heritable feature measurable at 
the individual level, from the cell to the whole organism, without reference to the 
environment or any other level of organization (shaded part of the leaves).” Garnier et 
al. (2016)



Some traits are crucial



Functional traits
- a surrogate of a function or as this function
itself
- a trait that strongly influences organismal 
performance (McGill et al. 2006) and/or
individual fitness (Geber et al. 2003) 
- it may be defined with respect to ecosystem 
functioning (McIntyre et al. 1999): this is the
case of functional effect traits, defined as those
traits that have an impact on ecosystem
functioning (Díaz & Cabido 2001, Lavorel &
Garnier 2002)

Violle et al. (2003) propose to define a
functional trait as any trait which impacts
fitness indirectly via its effects on performance
traits





Ecological performance 



Trait types



traits are inter-related 
and the relationships may hold across scales  



Trait attributes – 
There is no single species specific value of the trait



Environmental filter





Response rules



Response x effect traits 

traits associated with species’ 
response to the environment 

traits that determine the effect of 
species on ecosystem functions 





effect / response trait classification is not always easy… 



Mortality Population 
density

Food

Population 
growth rate

How traits help:  Population regulation
David Lack, Food limitation hypothesis
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Local assemblage / mean trait value

A brief intro to large scale “trait maps” 
…using local assemblages



(avian) clutch size as a proxy 
for investment into reproduction



insectivorous

frugivorous

granivorous

Photo source Wiki



Mapping species’ distributions is an old story…









Beyond species richness…functional diversity

- traits provide more insight into the structure of ecological space
- you can quantify the overall amount of ecological space
- improve understanding of community assembly
- influences ecosystem dynamics, stability, productivity, 

nutrient balance, and other aspects of ecosystem functioning     
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species richness of European birds

Jiménez-Franco et al. 2019



Coefficient of Variation

CV of avian bill size, South Africa

genus:species ratio

zero or one
dimension 



Occupation of ecological space
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A species’ niche
is a part of n-dimensional 
ecological / niche space

seeds
fruits
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Assemblages can differ…



distance matrix

two-dimensions
dendrograms 



the probability that two individuals randomly 
selected from a community are different
(similar to Simpson's diversity index, probability that 
two individuals drawn from a community are from 
different species)



Multidimensional
Functional diversity 



Functional diversity relates to species richness





Occupation of a new part of trait space 
is weakly related to species richness in passerines





Partitioning assemblage richness into trait packing and expansion
components. For illustration purposes we quantify packing and
expansion in the most species rich lowland assemblage (A1, 300 m, N
= 286 species) compared to a selected highland assemblage (A2, 3250
m, N = 70 species), representing a four-fold increase in richness (a)
black solid points show the observed assemblages in 
morphovolume/richness space. Red points indicate the decrease in
the volume of A1 after sequentially removing the species contributing
the most to morphovolume (from right to left). Arrows indicate the
richness at which the morphovolume of A1 equals that of A2 (b) the %
of the additional species in A1 attributable to trait packing (i.e.
occurring within the volume of A2) or trait expansion (i.e. occurring
outside the volume of A2).



However, 
some indices 
relate to species 
richness
by definition!



species richness

species richness
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SES = (Obs-Exp) / SD exp

Null models: Standard Effect Size

Selects randomly from the “basket” 
of available species until it reaches 

the local species richness, and 
calculates FD, “1000“ times…



Pool definition is important!



Trait types and dimensionality of trait space 
affects the FD x SD relationship



…and of course, 
different traits tell us 

different stories…



Phylogenetic diversity

https://ecoevocommunity.nature.com/posts/evolutionary-history-provides-a-valuable-means-to-recognize-plant-services-for-humankind



Phylogenetic overdispersion in lowlands suggests 
importance of inter-specific competition in 
absence of stress factors

Phylogenetic clustering in the mountains suggests 
importance of environmental filtering in 
environments which are metabolically and 
aerodynamically more demanding   



Is all that important for 
nature conservation?





Rare species have rare functions

Species that have low functional redundancy and are likely to
support the most vulnerable functions, with no other species
carrying similar combinations of traits, are rarer than expected
by chance in all three ecosystems.



SUMMARY

• Traits are related to adaptations, performance, and niche

• They help to understand mechanisms and processes behind the patterns

• There are different traits and they tell different stories

• Functional biogeography creates maps of traits

• Functional diversity uses traits to estimate ecological space and its structure

• FD might not always add something to species richness, but it often does

• Phylogenetic diversity might help if traits are conservative

• Both FD and PD provide valuable insights for nature conservationists  
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