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 Functional diversity has emerged as an important facet of biodiversity, quantifying the value, kind and range of organismal 
traits that influence their performance and thus ecosystem functioning. It is considered as a key driver of ecosystem processes, 
ecosystem services, ecosystem dynamics, stability and ecosystem resilience to environmental change. Now a days, it is an 
increasingly used concept in the ecological studies to investigate persistent ecological questions of community assembly, 
understand biodiversity patterns and ecosystem functioning. Although, it has received very much theoretical attention in the 
literature but lacks empirical studies. Quantifying functional diversity is a challenging issue due to difficulties in its measurement, 
selection of traits and their numbers. Despite these difficulties, many determinants in the form of functional diversity indices were 
proposed to quantify functional diversity. General methodology for quantifying biodiversity involves measurement of species traits 
over several individuals to get one mean trait value per species, their standardization to avoid scale effects, dissimilarity in 
functional trait space, all are converted to indices. Present paper reviewed the concept of functional diversity and methodology of its 
measurement.   
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 Functional diversity is the study of diversity of species 
traits (Schleuter et al., 2010) and the extent of their variations in 
a plant community. It can be defined as the value and range of 
organismal traits that influence ecosystem functioning. It 
influences ecosystem dynamics, stability, productivity, nutrient 
balance, and other aspect of ecosystem functioning (Tilman, 
2001). It is based on species traits which are any feature of 
organism i.e. morphological, physiological or reproductive, 
measurable at individual level which impact the fitness and 
performance of organisms. They also determine the roles and 
responses of species in the community.  
 Currently, functional diversity is increasingly used in 
ecological investigations in order to understand different 
ecological patterns such as species co-existence and species 
competitive abilities (Laureto et al., 2015). Further, it is 
expanded to answer questions related to assembly rules (Kraft 
et al., 2008; Cornwell and Ackerly, 2006; Pakeman et al., 2011; 
de Bello et al., 2017), organismal strategies facing stress 
(Westoby, 1998; Golodetes et al., 2009), biodiversity 
conservation (Cadotte et al., 2011), invasion resistance (Dukes, 
2001; Castro-Diez et al., 2016), disturbance (Mouillot et al., 
2013), forest succession (Lohbeck et al., 2012; Sanaphre-
Villanueva et al. 2016), forest management (Maeshiro et al., 
2013; Murray et al., 2017), ecosystem functions (Hooper et al., 
2005; Balvanera et al., 2006; Clark et al., 2012), ecosystem 
processes (Baraloto et al. 2010), functional composition of 
community (Walker et al., 1999, Garnier et al., 2004, 2016; 
Ricotta and Moretti., 2011). 
 Functional diversity can be measured in the form of 

various indices which are proposed by different workers 
(Mouchet et al., 2010; Schleuter et al., 2010; Pla et al. 2011). 
They include Index of the functional diversity proposed by 
Walker et al. (1999) as Functional Attribute Diversity (FAD). 
Botta – Dukat (2005) used Rao's quadratic entropy (Q) 
(following Rao, 1982) as functional diversity measure based 
on the mean functional distance between the two randomly 
selected individuals. Mason et al. (2005) splitted the functional 
diversity into three components as Functional richness (FR), 
Functional Eveness (FE) and Functional divergence (FDvar). 
Mouchet et al. (2008) proposed 'Generalized Functional 
Diversity' (GFD) based on hierarchical classification. 
Schemera et al. (2009) proposed 'Modified Functional 
Attribute Diversity' (MFAD) as an Index of Functional 
diversity. Out of these indices, FAD, MFAD and Q are based 
on distance matrix. While FD (Functional diversity) (Petchey 
and Gaston, 2002), and GFD (Generalized Functional 
Diversity) are based on hierarchical classification. FR 
(Functional Richness), FE (Functional Evenness) and FDvar 
(Functional Divergence) are based on trait values.
 FAD quantifies the sum of all functional pair wise 
distance between species belonging to the community and this 
index evaluates the average contribution of each species to the 
total diversity of a community. Functional richness is the 
volume of niche space filled by species in the community. Low 
functional richness indicates that some of the resources present 
in the community remains unused and reveals probability of 
invasion, as there are gaps in niche space which an invader can 
exploit. Amount of niche space filled by a character/trait is 
expressed as a proportion of it. 'Functional Evenness' is the 
evenness of abundance distribution in filled niche space. 
Lower functional evenness indicates that some parts of niche 
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functional richness indicates that some of the resources present 
in the community remains unused and reveals probability of 
invasion, as there are gaps in niche space which an invader can 
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expressed as a proportion of it. 'Functional Evenness' is the 
evenness of abundance distribution in filled niche space. Lower 
functional evenness indicates that some parts of niche space 
occupied are underutilized. This will tend to decrease 

where, Z is z-score, x is variable,     is mean and  is standard 

deviation.

productivity and reliability and increases opportunity for 
invaders. 'Functional Divergence' is the degree to which 
abundance distribution in niche spaces maximizes divergence 
of functional characters in the community or how far high 
species abundance lie from the centre of the functional space. 
High functional divergence indicates high degree of niche 
differentiation and thus low resource competition and efficient 
resource use. The above three measures i.e. functional 
richness, evenness and divergence are multivariate in nature.  
Modified Functional Attribute Diversity (MFAD) is 
determined in three steps:

1. Species are combined into functional units

2. Pair wise dissimilarity between functional units, 

calculated using Marczeswski-Steinhaus index

3. At least all pair wise dissimilarities are summed into 

'd'. Then MFAD equals d/N, where N denotes number 

of functional units

4. Study of functional diversity involves a lot of 

statistics and mathematics like matrix, principal 

components analysis, correlation and regression, 

explanatory power, mean, standard deviation, 

standard error, variation, coefficient of variation

 Some indices require log transformation of trait 
values before using in the given formula e.g. Mason et al. 
(2003), Rao's entropy. There is also an alternative to log 
transformation by converting each variable to z-score. 

 Probability denesity required in calculation of 
species dissimilarity in case of Rao's index which is estimated 
by mean trait value and its standard deviation. 
 International scientific community recognized the 
importance of functional diversity and species traits and there 
is a consensus to follow a standardized protocol (Cornelissen 
et al., 2003; Perez et al. 2013) to measure the species traits 
worldwide. International efforts to have information on trait 
values for as many species as possible led the establishment of 

TRY database ( ) project (Pla et al., 2011). It www.try-db.org
was initiated in 2007, aimed at bringing together the different 
plant trait databases worldwide. It contains more than 5 million 
trait records for 1,100 traits of 2.2 million individual plants, 
representing 100,000 plant species. 

Methodology to assess functional diversity

Functional diversity indices
Functional diversity is grouped into two broad classes, the 
single trait indices and multi trait indices (Pla et al., 2011) 
depending upon the number of traits considered for the 
quantification of functional diversity. These indices present 
three components of functional diversity namely, functional 
richness, functional evenness and functional divergence 
(Mason et al., 2005; Villeger et al., 2008; Schleuter et al., 
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diversity into three components as Functional richness (FR), 
Functional Eveness (FE) and Functional divergence (FDvar). 
Mouchet et al. (2008) proposed 'Generalized Functional 
Diversity' (GFD) based on hierarchical classification. 
Schemera et al. (2009) proposed 'Modified Functional 
Attribute Diversity' (MFAD) as an Index of Functional 
diversity. Out of these indices, FAD, MFAD and Q are based on 
distance matrix. While FD (Functional diversity) (Petchey and 
Gaston, 2002), and GFD (Generalized Functional Diversity) 
are based on hierarchical classification. FR (Functional 
Richness), FE (Functional Evenness) and FDvar (Functional 
Divergence) are based on trait values.
 FAD quantifies the sum of all functional pair wise 
distance between species belonging to the community and this 
index evaluates the average contribution of each species to the 
total diversity of a community. Functional richness is the 
volume of niche space filled by species in the community. Low 
functional richness indicates that some of the resources present 
in the community remains unused and reveals probability of 
invasion, as there are gaps in niche space which an invader can 
exploit. Amount of niche space filled by a character/trait is 
expressed as a proportion of it. 'Functional Evenness' is the 
evenness of abundance distribution in filled niche space. Lower 
functional evenness indicates that some parts of niche space 
occupied are underutilized. This will tend to decrease 

productivity and reliability and increases opportunity for 
invaders. 'Functional Divergence' is the degree to which 
abundance distribution in niche spaces maximizes divergence 
of functional characters in the community or how far high 
species abundance lie from the centre of the functional space. 
High functional divergence indicates high degree of niche 
differentiation and thus low resource competition and efficient 
resource use. The above three measures i.e. functional 
richness, evenness and divergence are multivariate in nature.  
Modified Functional Attribute Diversity (MFAD) is 
determined in three steps:

1. Species are combined into functional units

2. Pair wise dissimilarity between functional units, 

calculated using Marczeswski-Steinhaus index

3. At least all pair wise dissimilarities are summed into 

'd'. Then MFAD equals d/N, where N denotes number 

of functional units

4. Study of functional diversity involves a lot of 

statistics and mathematics like matrix, principal 

components analysis, correlation and regression, 

explanatory power, mean, standard deviation, 

standard error, variation, coefficient of variation

 Some indices require log transformation of trait 
values before using in the given formula e.g. Mason et al. 
(2003), Rao's entropy. There is also an alternative to log 
transformation by converting each variable to z-score. 

 Probability denesity required in calculation of 
species dissimilarity in case of Rao's index which is estimated 
by mean trait value and its standard deviation. 
 International scientific community recognized the 
importance of functional diversity and species traits and there 
is a consensus to follow a standardized protocol (Cornelissen 
et al., 2003; Perez et al. 2013) to measure the species traits 
worldwide. International efforts to have information on trait 
values for as many species as possible led the establishment of 

TRY database ( ) project (Pla et al., 2011). It www.try-db.org
was initiated in 2007, aimed at bringing together the different 
plant trait databases worldwide. It contains more than 5 
million trait records for 1,100 traits of 2.2 million individual 
plants, representing 100,000 plant species. 

Methodology to assess functional diversity

Functional diversity indices
Functional diversity is grouped into two broad classes, the 
single trait indices and multi trait indices (Pla et al., 2011) 
depending upon the number of traits considered for the 
quantification of functional diversity. These indices present 
three components of functional diversity namely, functional 
richness, functional evenness and functional divergence 
(Mason et al., 2005; Villeger et al., 2008; Schleuter et al., 
2010).
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 Functional diversity is the study of diversity of species 
traits (Schleuter et al., 2010) and the extent of their variations in 
a plant community. It can be defined as the value and range of 
organismal traits that influence ecosystem functioning. It 
influences ecosystem dynamics, stability, productivity, 
nutrient balance, and other aspect of ecosystem functioning 
(Tilman, 2001). It is based on species traits which are any 
feature of organism i.e. morphological, physiological or 
reproductive, measurable at individual level which impact the 
fitness and performance of organisms. They also determine the 
roles and responses of species in the community.  
 Currently, functional diversity is increasingly used in 
ecological investigations in order to understand different 
ecological patterns such as species co-existence and species 
competitive abilities (Laureto et al., 2015). Further, it is 
expanded to answer questions related to assembly rules (Kraft 
et al., 2008; Cornwell and Ackerly, 2006; Pakeman et al., 2011; 
de Bello et al., 2017), organismal strategies facing stress 
(Westoby, 1998; Golodetes et al., 2009), biodiversity 
conservation (Cadotte et al., 2011), invasion resistance (Dukes, 
2001; Castro-Diez et al., 2016), disturbance (Mouillot et al., 
2013), forest succession (Lohbeck et al., 2012; Sanaphre-
Villanueva et al. 2016), forest management (Maeshiro et al., 
2013; Murray et al., 2017), ecosystem functions (Hooper et al., 
2005; Balvanera et al., 2006; Clark et al., 2012), ecosystem 
processes (Baraloto et al. 2010), functional composition of 
community (Walker et al., 1999, Garnier et al., 2004, 2016; 
Ricotta and Moretti., 2011). 
 Functional diversity can be measured in the form of 
various indices which are proposed by different workers 
(Mouchet et al., 2010; Schleuter et al., 2010; Pla et al. 2011). 
They include Index of the functional diversity proposed by 
Walker et al. (1999) as Functional Attribute Diversity (FAD). 
Botta – Dukat (2005) used Rao's quadratic entropy (Q) 
(following Rao, 1982) as functional diversity measure based on 
the mean functional distance between the two randomly 

selected individuals. Mason et al. (2005) splitted the functional 
diversity into three components as Functional richness (FR), 
Functional Eveness (FE) and Functional divergence (FDvar). 
Mouchet et al. (2008) proposed 'Generalized Functional 
Diversity' (GFD) based on hierarchical classification. 
Schemera et al. (2009) proposed 'Modified Functional 
Attribute Diversity' (MFAD) as an Index of Functional 
diversity. Out of these indices, FAD, MFAD and Q are based 
on distance matrix. While FD (Functional diversity) (Petchey 
and Gaston, 2002), and GFD (Generalized Functional 
Diversity) are based on hierarchical classification. FR 
(Functional Richness), FE (Functional Evenness) and FDvar 
(Functional Divergence) are based on trait values.
 FAD quantifies the sum of all functional pair wise 
distance between species belonging to the community and this 
index evaluates the average contribution of each species to the 
total diversity of a community. Functional richness is the 
volume of niche space filled by species in the community. Low 
functional richness indicates that some of the resources present 
in the community remains unused and reveals probability of 
invasion, as there are gaps in niche space which an invader can 
exploit. Amount of niche space filled by a character/trait is 
expressed as a proportion of it. 'Functional Evenness' is the 
evenness of abundance distribution in filled niche space. 
Lower functional evenness indicates that some parts of niche 
space occupied are underutilized. This will tend to decrease 
productivity and reliability and increases opportunity for 
invaders. 'Functional Divergence' is the degree to which 
abundance distribution in niche spaces maximizes divergence 
of functional characters in the community or how far high 
species abundance lie from the centre of the functional space. 
High functional divergence indicates high degree of niche 
differentiation and thus low resource competition and efficient 
resource use. The above three measures i.e. functional 
richness, evenness and divergence are multivariate in nature.  
Modified Functional Attribute Diversity (MFAD) is 
determined in three steps:
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