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Abstract 

     Diversity is often used to refer to the variety of species in an ecosystem. Recently, a new 

concept of diversity has emerged known as “functional diversity” (FD) – the range, kind, and 

relative abundance of functional traits in an ecosystem. FD has a greater effect on ecosystem 

functioning - productivity, stability, and resource dynamics - than species diversity. The diversity 

of traits expressed within plant communities can be used to predict ecosystem functioning. Plants 

with similar traits have a similar effect on functioning and can be grouped together into plant 

functional types (PFT). Agricultural landscapes are generally dominated by industrialized 

management techniques (i.e., heavy machinery use, reliance on chemicals, and monocultures), 

resulting in few PFTs, low FD, and detrimental environmental impacts. Increasing FD by 

including more PFTs in agroecosystems would increase ecosystem services, allowing for the 

sustainable management of resources (e.g., soil, water, nutrients, crops). There are many ways to 

calculate plant FD within agroecosystems; this paper will discuss the relevant sampling and 

statistical techniques. Assessing measures of FD overtime and between management types will 

be vital to understanding the effect of diversification on ecosystem services in agroecosystems.  
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Introduction 

     In recent years, global losses to biodiversity have become a serious concern. Industrialized 

agriculture is one facet of modern society which has contributed to this loss (Dudley & 

Alexander, 2017). Future costs to the environment can be prevented by protecting biodiversity in 

agroecosystems through the employment of regenerative and restorative farming practices (i.e., 

farming practices which better emulate natural ecosystems). This being said, how can one be 

certain that a specific farming practice adequately protects biodiversity? In other words, how can 

biodiversity be quantified to determine the impacts of a farming practice? To date, there is no 

standardized way to measure biodiversity in agroecosystems. This is because it is difficult to 

account for the many different ecosystem types across supply chains whilst conforming to 

practical limitations including time constrains, cost, and plant identification capacity. The 

following paper will review methods for measuring biodiversity, in specific functional diversity 

(FD), and explore whether a metric exists which is both practically and scientifically viable. If a 

metric exists, this could have large implications for the successful management of 

agroecosystems which benefit rather than detract from the environment. 

 

Functional Diversity 

What is Functional Diversity? 

     Diversity refers to a variety of things; in an ecological context, the term biodiversity is often 

used to refer to the variety of species in an ecosystem. Recently, however, a new concept of 

biodiversity has emerged known as “functional diversity” (FD) (Laureto et al., 2015). FD refers 

to the variety (i.e., range, kind, and relative abundance) of functional traits (see section below) in 

an ecosystem (Díaz, Lavorel, Chapin III, et al., 2007; Goswami et al., 2017). It is important to 
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note that the term “function” does not imply an intended purpose, but merely refers to processes 

undergone within ecosystems (e.g., the acquisition of resources) (Tilman, 2001). FD has become 

a popular method of representing biodiversity as it has a greater effect on ecosystem functioning 

than species diversity (Cadotte et al., 2011; Lanta & Lepš, 2006; Tilman et al., 1997). FD 

represents the interspecific and intraspecific phenotypic variation which occurs as a result of 

varying genotypes and environmental conditions (Tilman, 2001). In this way, the information 

which FD contains is richer than that of species diversity which only encapsulates species 

variation.   

     When using the term “FD”, semantic confusions arise because of its multiple meanings 

(Pavoine & Bonsall, 2011). For instance, FD can refer to functional richness (the number of 

functional traits/groups), functional evenness (how similarly abundant functional traits/groups 

are), and functional divergence (the degree of distribution of functional traits/groups) (Mason et 

al., 2005; Pavoine & Bonsall, 2011). Thus, one must be specific when using the term. 

Why Measure Functional Diversity? 

i. Ecosystem Functioning 

     FD both affects and is affected by the environment (Díaz, Lavorel, Chapin III, et al., 2007). 

As mentioned earlier, FD has a greater effect on ecosystem functioning than species diversity 

(Cadotte et al., 2011; Huang et al., 2019; Lanta & Lepš, 2006; Tilman et al., 1997). Although not 

empirically proven, a logical reason for this could be functional redundancy (i.e., when species 

have a similar function and, thus, a repetitive influence on an ecosystem) (Rosenfield, 2002). A 

greater number of ecosystem functions might be expected given high species diversity, but if 

there is high functional redundancy then this assumption would be flawed. Thus, a certain level 

of uncertainty would exist when predicting ecosystem functioning based on species diversity. 
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FD, on the other hand, is directly correlated with trait variety. Since organisms interact with the 

environment through the traits they display, it makes sense that it is a greater predictor of 

ecosystem functioning. 

     Each component of FD, including kind, range, and relative abundance of traits, has been 

shown to affect ecosystem functioning (Díaz, Lavorel, Chapin III, et al., 2007). FD affects many 

different ecosystem functions, including productivity, stability, and resource dynamics (Tilman, 

2001). Specifically, increased FD has been shown to increase primary productivity, stability, and 

access to resources as a result of niche partitioning and resource complementarity (Cadotte et al., 

2011; Gorczynski et al., 2021; Hallett et al., 2017; Hao et al., 2020; Hooper et al., 2005; Hooper 

& Vitousek, 1997; Lanta & Lepš, 2006; Tilman, 2001; Vallina et al., 2017). 

     With Earth undergoing major changes as a result of human induced climate change and land 

alteration associated with industrialized agriculture and urbanization, ecosystems are 

increasingly threatened (Bellard et al., 2012; Dudley & Alexander, 2017; Kondratyeva et al., 

2020). This makes understanding ecosystem functioning and measuring FD a priority, especially 

in agroecosystems where human impacts have been profound (Dudley & Alexander, 2017). 

ii. Ecosystem Services 

     Ecosystem services are defined as “the benefits people obtain from ecosystems” (Millennium 

Ecosystem Assessment, 2005). Given that FD influences ecosystem functioning, it also affects 

ecosystem services (Cadotte et al., 2011; Díaz, Lavorel, De Bello, et al., 2007; Lavorel, 2013). If 

an ecosystem has a greater level of FD, there would be more opportunity for that ecosystem to 

provide ecosystem services.  

     Some common ecosystem services provided by plants include carbon sequestration, water/air 

purification and erosion reduction (Jose, 2009; Kurtz et al., 1991). These ecosystem services 
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have a direct benefit to humans, but indirect services can exist when humans intend for an 

ecosystem to accomplish a purpose. For instance, in agricultural systems which have the purpose 

of supporting a large, high quality crop yield overtime, ecosystem services would also include 

ecosystem functions which enrich and stabilize the growing environment. For instance, trees act 

as windbreaks (Osorio et al., 2019) which can reduce soil erosion and protect top soil. This is 

something which may not directly benefit people, but in instances where it improves crop yield 

as was described by Osorio et al. (2019), it could be considered an ecosystem service.  

     Ultimately, an organism’s traits determine its effect on ecosystem functioning and the 

services that it provides. Plant functional traits can be used in agroecosystems to assess 

ecosystem services for crop management (Faucon et al., 2017) and environmental benefits (Jose, 

2009). Ecosystem services can be targeted by measuring FD and promoting certain 

traits/functions (see Cresswell et al., 2018 for an example of targeting plant characteristics to 

increase pollinator benefits).  

     Lastly, although the term “ecosystem services” is used, it is important to remember that 

ecosystems do not serve people (Comberti et al., 2015). Ecosystem services demonstrate that the 

ecosystems we are part of influence us, but the reverse, that we influence them, is also true. 

(Comberti et al., 2015). To protect the benefits we receive from ecosystems, we must protect 

ecosystems themselves and maintain their FD. 

Functional Traits 

     As Díaz et al. (2013) states, functional traits are “morphological, biochemical, physiological, 

structural, phenological, or behavioural characteristics that are expressed in phenotypes of 

individual organisms and considered relevant to… their effects on ecosystem properties”. In 

other words, they are chemical and physical characteristics of plants (i.e., leaves, roots, tissues, 
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etc.) which affect ecosystem functioning (Laureto et al., 2015) (see figure 1). The relationship 

between functional traits and ecosystem functioning can be convoluted because multiple traits 

can be involved in determining an ecosystem function or single traits can affect multiple 

functions (Hanisch et al., 2020). Other complications involve species interactions and keystone 

species (Díaz, Lavorel, Chapin III, et al., 2007; Hooper et al., 2005). The effects which the traits 

of keystone species have on ecosystem functioning can be undervalued (Díaz, Lavorel, Chapin 

III, et al., 2007).  

      FD is determined by the range, kind, and relative abundance of functional traits present 

(Díaz, Lavorel, Chapin III, et al., 2007). Consequently, the traits in an ecosystem can be used to 

measure FD as well as predict ecosystem functioning and services (Díaz, Lavorel, Chapin III, et 

al., 2007). For instance, it has been found that SLA is positively correlated with soil water 

content (De La Riva et al., 2016; Poorter et al., 2009). Higher values of SLA could indicate that 

an ecosystem has greater water availability (De La Riva et al., 2016; Poorter et al., 2009). 

Depending on what ecological functions/services are selected as points of interest, one can 

decide upon the specific traits to measure (Laureto et al., 2015; Nock et al., 2016). Multiple 

reviews now exist of the many plant functional traits that can be measured (Cornelissen et al., 

2003; Pérez-Harguindeguy et al., 2013; Weiher et al., 1999). That being said, there are several 

key plant traits which have been shown to have strong predictive capacity for ecosystem 

functioning and have been termed “functional markers” (Garnier et al., 2004). These traits 

include specific leaf area (SLA), leaf dry matter content (LDMC), and leaf nitrogen content 

(LNC) (Díaz et al., 2016; Garnier et al., 2004; Westoby et al., 2004). 

     Once it is decided what functional traits to measure, they can be used to calculate FD. For 

instance, one could use the range of SLA values to calculate functional divergence. Issues for 
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calculating FD with plant functional traits include the difficulty in selecting traits (Laureto et al., 

2015) and the labour intensity of measuring traits (Lavorel et al., 2007). To avoid measuring 

traits, databases are sometimes employed (Lavorel et al., 2007). Plants are classified to species 

level and trait values are generated through databases (Lavorel et al., 2007). This requires 

accurate species level identification, complete databases, and fails to account for intraspecific 

variation (Lavorel et al., 2007; Májeková et al., 2016; Taugourdeau et al., 2014). 

 
Figure 1 - Examples of ecosystem functions and corresponding functional traits (Garnier et al., 2016) 

Functional Groups 

     Functional groups (also known as “functional types”) can also be used to measure FD. 

Functional groups contain species with similar traits and, therefore, functions (Hooper et al., 

2005). By calculating the abundance of species in various functional groups, inferences can be 

made about ecosystem functioning. For example, Diaz & Cabido (1997) used eight plant 

functional types (PFTs) in central-western Argentina to make accurate predictions about 

community structure.  

     Classifying species into functional groups does not require accurate species level 

identification. Thus, using them to calculate FD requires less labour than measuring functional 

traits of each plant. The difficulty arises in determining how groups are classified (e.g. what traits 
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to consider when making groupings and how many groupings there are) (Tilman, 2001). As of 

yet there are no universal PFTs, despite being created at local levels, and abundant challenges 

exist for doing so (Díaz et al., 1999). 

 

Methods 

Sampling Techniques 

     To calculate plant FD, plants must be sampled. For practical reasons, not every plant at a site 

can be sampled. Thus, methods exist, including transects and quadrats, for demarcating 

subsections of sites to sample. It is assumed that the samples taken of subsections are 

representative of the entire site and appropriate sampling methods should be selected to satisfy 

this assumption. The following section will describe transects, quadrats, and quadrats along 

transects. 

i. Transects 

     A transect is a line placed within a site along which samples are taken (Anderson et al., 1979) 

(see figure 2). Samples can be taken along the entire length of a transect or within specified 

intervals only. Sampled plants can consist of those which directly intersect the transect or can 

include plants contained within a set distance on either side of the transect (referred to as the 

“transect width”) (Anderson et al., 1979; Grant et al., 2004) (see figure 2). The length and width 

of the transect depends on the site size, number of transects, and type/distribution of plants being 

sampled. For herbaceous communities transects less than 50m can be used, whereas transects 

greater than 50m are more suited for shrub/tree communities (Caratti, 2006). This will vary 

depending on the density of plants (Caratti, 2006). 
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     Transects can be placed randomly or non-randomly – either originating from a random point 

and/or having a random direction or not – but should be distributed throughout a site (Anderson 

et al., 1979; US Forest Service, 2003). If an environmental gradient is present, it is recommended 

that the transects are placed to represent the entirety of the gradient - known as a gradsect - to 

maximize the number of plant species represented (Gillison & Brewer, 1985) (see figure 3). 

Additionally, in the presence of non-random features (e.g., a pollinator strip), transects would 

have to be placed non-randomly to represent plant communities both within and outside of this 

feature (see figure 3). 

     Once transects have been planned, the next step is to set them up in the field. This can be 

done by stretching a rope - knotted at the required distances if needed - or measuring tape 

between two pegs secured in the ground (figure 4). 

 

Figure 2 - Different arrangements of transects in an illustrated versus actual site 
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Figure 3 - Arrangement of transects given windbreaks, pollinator strips, or environmental gradients 

 

 

Figure 4 - Transect set up on a farm  

ii. Quadrats 

     Quadrats are plots within which samples are taken. Size and shape are the two main concerns 

when planning quadrats (Krebs, 2017). Firstly, size is dependent on the type of plants which are 
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being sampled, the size of the study site, the amount of time available, and the distribution of 

plants (Goodall, 1952; Krebs, 2017). Often, the quadrat size will be determined based on the 

precedence set by previous studies (Krebs, 2017). For instance, 10m x 10m plots are typically 

used for trees and 1m x 1m plots are typically used for herbaceous species (Krebs, 2017). If time 

permits, more accurate statistical methods exist for determining the best quadrat size (see Krebs, 

2017). 

     Another consideration is quadrat shape. The decision of whether to include a plant placed on 

the perimeter of the quadrat is subjective and introduces a degree of error; this is known as edge 

effect (Krebs, 2017). Depending on the shape of the quadrat chosen, the perimeter can be 

minimized whilst the area is maximized. Circles are best at minimizing edge effect followed by 

squares and rectangles. Since circle shaped quadrats may be more difficult to set up in the field, 

precise results must be balanced with practicality when deciding upon the optimal quadrat shape. 

     The placement of quadrats can be random or non-random (e.g. in a grid) (see figure 5). When 

using a grid arrangement, the number of plots within the grid that are sampled can also be 

selected randomly or non-randomly (see figure 5).  

     After planning quadrats, the next step is to set up in the field. Quadrats can be constructed 

beforehand using a wooden frame or other similar methods (see figure 6). Otherwise, quadrats 

can be marked on-site using rope/measuring tapes. 
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Figure 5 - Different Arrangements of Quadrats in an illustrated versus actual site 

 

Figure 6 - Quadrat for measuring herbaceous species set up in a field 

iii. Quadrats along a transect 

     Another effective way to place quadrats is along a transect (see figure 7). As mentioned 

before, all plants along a transect can be sampled or only those within specified sections. 
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Quadrats can be used to mark these sections. When placing quadrats along a transect, one must 

decide upon the distance between each quadrat or select points - either randomly or non-

randomly - on which to place quadrats (see figure 7). All rules for planning transects listed above 

must be followed. 

 

Figure 7 – Quadrats along a transect in an illustrated versus actual site 

Plant Sampling Time and Identification 

i. Sampling time 

     The growing seasons of different species will be different and samples are usually taken 

multiple times throughout the growing season when measuring FD. If the number of times which 

a site can be visited is limited, however, then the time to sample should be selected based on the 

types of species which will be focused upon. Sampling species during peak flowering/production 

or when other distinguishable traits are apparent allows for easier identification (Barnett et al., 

2019). In the Northern hemisphere, peak flowering season occurs in mid-summer to early fall. 

ii. Classifying Plants 

     Plants can either be classified on-site or off-site by using high quality photographs. 

Classifying plants on-site can be achieved through prior knowledge of the local ecology or plant 

identification books/websites. Classifying plants using photographs may not be as reliable, but 

easier with the use of plant identification apps (e.g. PlantNet or iNaturalist) (Jones, 2020). The 

advantage of calculating FD using functional groups is that plants do not have to be accurately 

https://identify.plantnet.org/
https://www.inaturalist.org/
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identified to species level so long as they are classified in the correct group. If a plant species 

cannot be identified, it can be listed as “species x” and placed in the appropriate functional group 

after further analysis. Of course, being able to classify plants to their species level will give more 

information about the site and indicate the presence of keystone or rare species whose value may 

not be captured in FD metrics (Díaz, Lavorel, Chapin III, et al., 2007) 

iv. Calculating Functional Group Cover 

     It is necessary to know the relative abundances of each functional group when calculating FD 

using functional groups. Relative abundances of functional groups can be represented by 

measuring plant species cover – what percentage of the area each plant species occupies – and 

adding the cover of plants within functional groups (Fehmi, 2009). This is easily done when 

using quadrats to sample. Species cover is often measured using visual estimates and ordinal 

scales to assign plants to a percentage range (Damgaard, 2014). One example of this is the 

Braun-Blanquet scale (Wikum & Shanholtzer, 1978) (see figure 7). The midpoint of the range 

can be used for calculations. 

 

Figure 7 - The Braun-Blanquet Scale converted to percent cover ranges (Wikum & Shanholtzer, 1978) 

     The total species cover can exceed one hundred percent (Fehmi, 2009). This is because 

species cover estimates can be done at different heights in the same quadrat (see figure 8). The 

relative cover of each functional groups can be found by dividing the original cover value by the 

total cover. 
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Figure 8 - Species of various heights allows for a total percent cover that exceeds one hundred percent  

Analysis 

Species Richness 

      Species richness – the number of species - is often measured as a byproduct when calculating 

FD. Although species richness has a weaker correlation with ecosystem functioning than FD, it 

can still provide useful information. For instance, species richness has been shown to increase 

ecosystem stability (Wilmers et al., 2002). This is also true within functional groups (Biggs et al., 

2020; Naeem, 1998). With greater species richness within functional groups, it is more likely 

that functions will persist and ecosystems will remain stable even when species are lost. Thus, 

even when calculating FD, species richness can be a useful metric to consider. Additionally, if 

there is a large disparity between species and functional richness, this could indicate an 

inadequate number of functional groups.  
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Functional Group Richness 

     Functional group richness refers to the number of functional groups (Lanta & Lepš, 2006). 

The term functional group richness is distinct from ‘functional richness’ which sometimes refers 

to the number of functional groups, but other times to the amount of niche space occupied (this is 

related to the number/range of traits) (Schleuter et al., 2010). Greater species richness is likely to 

induce greater functional group richness (Schleuter et al., 2010). With a greater number of 

functional groups present, a greater number of ecosystem functions and services would be 

represented. Furthermore, increased functional group richness is associated with increased 

stability and productivity (Lanta & Lepš, 2006). Thus, assessing changes in functional group 

richness is useful. A difficulty in assessing functional group richness is that it is directly affected 

by the number of functional groups defined. Additionally, there is no objective standard for how 

to define functional groups and the number of traits which should be considered (Díaz et al., 

1999). Even so, considering the change in functional group richness over time could give some 

indication of how ecosystem functioning might be affected (e.g., how many ecosystem functions 

are being provided in that ecosystem?). 

     Listed below is a table describing suggested standard PFTs which could be applied to any 

temperate ecosystem. These categories are based on Diaz & Cabido (1997) as well as traditional 

plant categories. Although general groupings, they could still be used for calculating FD and 

predicting ecosystem services. Depending on the site and the type of plants to be focused upon, 

these functional groupings can be refined as needed. 
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Table 1 - List of suggested plant functional types which could be applied to sites in temperate environments 

Functional Groups Ecosystem Service (focus on drought, pollinators, and 
nutrients)  

Examples of 
plants (also add 
crops)  

FT1 - Grasses, sedges, 
rushes   

- Allows for herbivory (Briggs et al., 2008; Coughenour, 
1985) 
- Provides habitats for arthropods, birds, and rodents (Kobal 
et al., 1998; Werling et al., 2014) 
- Potential to support pest predators and pest suppression 
(Nagy et al., 2020; Pfiffner & Luka, 2000) 
- Contains medicines (Kimmerer & Lake, 2001) 
- High soil organic matter (Conant et al., 2001) 
- Reduces erosion (Le Bissonnais et al., 2004) 
- Reduces runoff (Le Bissonnais et al., 2004) 

- Big bluestem 
- Sweetgrass  
- Switchgrass 
- Hairy wood 
sedge 

FT2 - Ferns and allies  - Low light plants (Gould et al., 2013), ideal for biomass 
production under shade 
- Palatable (Langhansova et al., 2021; Rowell et al., 1983) 
- Evidence that it improves the growth of trees (Gould et al., 
2013) 
- Reduces erosion (Chau & Chu, 2017) 
- Reduces runoff (Chau & Chu, 2017) 

- Royal fern 
- Lady fern 
- Marsh fern 
- Horsetail 

FT3 – Legumes - Increases nitrogen in soil - Soybean  
- Clover 
- Alfalfa 
 

FT4 – Crops - Food for people/livestock - Soybeans 
- Wheat 
- Corn 
- Coffee 
- Potatoes 
- Lettuce 

FT5 - Other 
Herbaceous 
(Flowering) Plants   

- Supports pollinators and other insects (Albrecht et al., 
2020) 
- Highest species diversity 
- Some plants aid pest control (Albrecht et al., 2020) 
- Contributor to litter (Gilliam, 2007) 
- Allows for herbivory (Haukioja & Koricheva, 2000) 
- Quick decomposition in comparison to other functional 
groups (Rawlik et al., 2021) 

- Golden rod  
- Aster  
- Jewel weed  
- Columbine 
- Boneset 
- Jack in the 
pulpit 
- Trillium  

FT6 - Deciduous trees 
(>300cm) 

- Litter input (Lousier & Parkinson, 1976) 
- Nutrient input to soil (Lousier & Parkinson, 1976) 

- Red oak  
- Maple 
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- Retains soil and stabilizes shallow (<50°) slopes (Lan et 
al., 2020; Schmaltz & Mergili, 2018) 
- Erosion and runoff reduction 
- Water purification 
- Reduces soil radiation exposure of understory plants  
- Allows for water redistribution (Bayala & Prieto, 2020) 
- Provides habitat for birds, rodents, and insects 

- Black walnut  
- Birch 
- Sassafras 
- Horse 
chestnut  
- Pecan trees   

FT7 - Coniferous trees 
(>300cm) 

- Retains soil and stabilizes shallow (<50°) slopes (Lan et 
al., 2020; Schmaltz & Mergili, 2018) 
- Erosion and runoff reduction 
- Water purification 
- Reduces soil radiation exposure of understory plants 
- Aids the accumulation of carbon in soil (Lu et al., 2021) 
- Allows for water redistribution (Bayala & Prieto, 2020) 
- Food source for insects, rodents, and birds (Smith & 
Balda, 1979)  

- Pine  
- Spruce  
- Cedar  
- Hemlock  

FT8 - 
Shrubs (<300cm) 

- Reduces soil radiation exposure of understory plants 
- Erosion and runoff reduction 

- Barberry 
- Dogwood 
- Chokecherry 
- Serviceberry 

 

Functional Group Approaches for FD Indexes 

     Though they may be useful for making general conclusions, both species richness and 

functional group richness have the disadvantage of not taking abundances into account. 

Consequently, many indices have been developed to measure FD and these have been compiled 

into lists in many reviews (see Casanoves et al., 2012; Lavorel et al., 2007; Pavoine & Bonsall, 

2011; Schleuter et al., 2010). Many of these indices (e.g., Rao’s Q, convex hull, etc.) rely on 

functional trait values (Botta-Dukát, 2005; Casanoves et al., 2012; Laliberte & Legendre, 2010). 

Given the time commitment required for ascertaining trait values, these indices may not be 

practical to implement. As such, indices which have been designed or adapted to use functional 

groups will be focused upon in this section. The following variables will remain consistent 

throughout this section: “i” refers to the PFT number, “S” refers to the total number of PFTs and 
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“ai” refers to the relative abundance of each PFT (in decimal form as opposed to a percentage). 

See attached for spreadsheets to calculate FD using each of the indices below. 

i. “Concord Method” 

     A website by the Concord Consortium describes how to calculate diversity (The Concord 

Consortium, 2010). This method can be adopted to calculate FD using functional groups. The 

equation is as follows: 

 

     Using this equation, the diversity score will increase with functional group richness and a 

more even distribution of functional group abundances. That being said, the diversity score is 

more sensitive to changes in functional group richness than abundances.  

     It is important to note that the diversity score calculated using this method is not based on a 

scale and the only stipulation is that it is not below zero (The Concord Consortium, 2010). Thus, 

it is only useful to observe changes in the score overtime. For instance, if the score increases, 

then one can assume that there has been an increase in functional group richness or that the 

abundances are more evenly distributed. 

ii. Shannon’s Index 

     Shannon’s index (H) is very similar to the Concord index and can also be adapted to calculate 

functional diversity using functional groups (Casanoves et al., 2012), as was done in a study on 

New World bat communities (Stevens et al., 2004). The equation is as follows: 
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     This score is also dependent on abundances and has no other stipulation other than not being 

less than zero. Biodiversity is considered higher with a higher score. Thus, this score is also only 

useful when making comparisons. 

iii. Shannon’s equitability or evenness 

     Shannon’s index is used to calculate Shannon’s equitability (EH) which is a proxy for 

functional evenness (Casanoves et al., 2012). This refers to how evenly distributed the relative 

abundances of functional groups are. Shannon’s equitability is scored on a scale of 0-1 with 1 

representing complete evenness or equality in relative abundance distribution (Casanoves et al., 

2012). The equation is as follows: 

 

     In this equation, “H” refers to the biodiversity score generated by Shannon’s index (see 

above). 

iv. Gini-Simpson index 

     The Gini-Simpson index (D) is another way to calculate FD (Izsák & Papp, 2000) which 

could use the relative abundances of functional groups. The Gini-Simpson index is based on a 

scale of 0-1 which represents the probability that two randomly selected entities are different. 

When applied to calculating FD with functional groups, this Gini-Simpson index represents the 

probability that two randomly selected organisms are of the same functional group. This 

probability will increase with functional group richness and equitability. The higher the 

probability, the greater the FD. The equation for the Gini-Simpson index is represented as the 

original Simpson equation (Simpson, 1949) subtracted from 1: 
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Conclusion 

     The following points are the main conclusions of this review: 

• FD (the kind, range, and relative abundance of traits and associated processes) is a better 

predictor of ecosystem functioning and services than species diversity. 

• Plant FD can be measured using plant functional traits or PFTs. Using PFTs - groups of 

plants with similar traits and functioning - is a more practical way to measure plant FD. 

Eight broad PFTs are suggested in this review, but can be adapted depending on the site. 

• Transects and quadrats or a combination can be used to decide upon subsections of a site 

to sample. 

• Within quadrats, species cover estimates can be done visually using an ordinal scale. 

Relative PFT cover can be determined by summing the species cover within PFTs and 

dividing by the total species cover. 

• Relative PFT cover can be used in various equations to calculate a plant FD score. 

Shannon’s index is the only equation that has been applied in a study to determine FD 

using functional groups. The Gini-Simpson index and Shannon’s equitability index are 

the only indexes which employ a scale. 

 

     In conclusion, a standard way to measure FD in agroecosystems is possible. PFT abundances 

can be determined using a combination of transects and quadrats and then applied in various 

biodiversity equations. Thus, biodiversity can be quantified and compared overtime. This being 

said, the scientific viability of these methods is uncertain. The eight broad PFTs suggested in this 

review have not been tested and it is not certain that they would show a relationship with 

ecosystem functioning (though similar PFTs have). To test whether these PFTs are scientifically 
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viable, their abundances could be measured across environmental gradients and relationships 

could be identified. If PFT abundances show a relationship with environmental gradients, this 

would suggest that they can be used to predict ecosystem functioning.  

     It also uncertain whether the biodiversity indexes discussed in this review are scientifically 

viable given that none, other than Shannon’s index, have been employed in a study using 

functional groups instead of species abundances. To determine the effectiveness of these 

equations at quantifying FD when using PFT abundances, they could be compared with other 

known, but more laborious, methods of measuring FD (e.g., measuring plant functional traits and 

using equations which use functional traits such as Rao’s Q). 

     Ultimately, if the methods for measuring FD discussed in this paper are scientifically valid, 

this would allow for the evaluation of regenerative and restorative farming practices. For 

instance, a farming practice can be determined successful if it increases FD. Measures of FD will 

also provide information to refine farming practices. Information on what PFTs are present can 

inform future choices about farm management. Farming practices can be designed to target 

specific PFTs so that biodiversity is increased and specific ecosystem services are provided.  

     Additionally, the utilization of FD metrics forces one to consider the entirety of an 

agroecosystem. This prevents farming practices which focus on components of an 

agroecosystems in isolation. For instance, one might focus on planting trees to act as a 

greenhouse gas sink, but forget about the importance of having a diversity of trees to facilitate a 

variety of ecosystem services and interspecies interactions. By considering FD metrics, however, 

one would be reminded to plant a diverse array of trees. Thus, FD metrics which are responsive 

to all aspects of an ecosystem, encourage a holistic viewpoint which allows for the better 

emulation of the complex interactions present in natural ecosystems.  
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     Being able to evaluate and refine farming practices while considering the entirety of an 

ecosystem would reduce the environmental impact of agroecosystems and aid in the move 

towards cleaner supply chains. In conclusion, different methods for measuring FD in 

agroecosystems are possible and could play a large role in informing future farm management 

and improving the environmental impact of agroecosystems.   
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