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Biodiversity Indices 
Assessing and monitoring biodiversity is crucial for understanding ecosystem 

health, sustainability, and responses to environmental change. However, 

biodiversity is a complex concept and can be challenging to measure 

quantitatively. Biodiversity indices are mathematical measures that aim to 

quantify diversity and allow comparisons between different areas or over time. 

There are many indices that have been developed, with different purposes and 

focusing on different aspects of diversity. 

Biodiversity at different scales- Alpha, Beta, and Gamma 

Biologists have developed three quantitative measures of species diversity as a 

means of measuring and comparing species diversity: 

 Alpha diversity (or species richness), the most commonly referenced 

measure of species diversity, refers to the total number of species found in a 

particular biological community, such as a lake or a forest.  

 Gamma diversity describes the total number of species that occur across an 

entire region, such as a mountain range or continent, that includes many 

ecosystems.  

 Beta diversity connects alpha and gamma diversity. It describes the rate at 

which species composition changes across a region. For example, if every 

wetland in a region was inhabited by a similar suite of plant species, then the 

region would have low beta diversity; in contrast, if several wetlands in a 

region had plants communities that were distinct and had little overlap with 

one another, the region would have high beta diversity. Beta diversity is 

calculated as gamma diversity divided by alpha diversity.  
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The most commonly used biodiversity indices species richness, Shannon diversity 

index, Simpson's diversity index, evenness, rarity indices, and functional diversity. 

Understanding these indices provides important tools for ecologists, conservation 

biologists, and environmental managers aiming to understand, monitor and protect 

biodiversity. 

Measuring and Describing Diversity through : 

1. Species Composition. 

2. Diversity Indices. 

3. Similarity Indices. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abundance: the total number of organisms in an area. 

Species Richness: the number of different species in an area. 

Diversity: incorporates both the number of species in an area and evenness  

        

Species richness is the simplest biodiversity index. It measures the number of 

different species present in a sample or community.  

For example, a park with 10 bird species has higher avian species richness than a 

park with 5 bird species. Species richness provides a basic measure of community 

diversity, but does not account for abundance or evenness. A site with 100 
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individuals from 10 species has the same richness as a site with 1000 individuals 

from those 10 species, but intuitively has lower diversity. Species richness is still 

widely used as it is simple to calculate and interpret. It serves as the foundation for 

many other diversity indices. Scientists often calculate and report species richness 

along with other indices to provide a more complete picture of diversity. 

Richness index (R1) using the Margalef equation 

 

 R =S-1/lnN  

Where: 

R= index of species richness Margalef 

S= is number of species observed 

N= is number of all individuals observed 

Ln= natural logarithm value 

 

 

 

 

 

 

 

 

 

 

 

 

Shannon Diversity Index 

The Shannon diversity index (H) accounts for both abundance and evenness of 

species present. It is calculated as: 

 

H = -∑pi(lnpi) 

Where: 

  pi = the proportion of individuals belonging to species i.  

H = maximized when all species are equally abundant.  

The Shannon index increases as both richness and evenness increase.  
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The Shannon index is one of the most widely used diversity indices in ecology. It 

quantifies diversity in a simple, understandable value that accounts for key 

components of diversity. However, the index is more sensitive to richness than 

evenness. Additional indices are often used along with Shannon diversity to 

provide a more complete picture. The index also lacks upper and lower limits, 

making interpretation and comparison difficult unless sample sizes are equal. 

Overall, the Shannon index remains very useful for comparing diversity between 

similar samples. 

 

Simpson's Diversity Index 

Simpson's diversity index (D) developed in 1949 which is measures the probability 

that two individuals randomly selected from a sample will belong to the same 

species.  

It is calculated as:  D = ∑pi
2
 

Where:  pi =  the proportion of individuals belonging to species i.  

The value of Simpson’s D ranges from 0 to 1, with 0 representing infinite diversity 

and 1 representing no diversity, so the larger the value of D, the lower the 

diversity. For this reason,  

Simpson’s diversity index = (1-D).  

Simpson's Dominance Index = is the inverse of the Simpson's Index (1/D).  

Simpson's index is less sensitive to richness than the Shannon index, and more 

sensitive to evenness. Adding rare species doesn't change Simpson's value as much 

as Shannon's. The index also has useful statistical properties. However, Simpson's 

diversity can be less intuitive and more difficult to interpret directly. To make 

interpretation easier, an inverse form 1/D represents "Simpson's diversity." As 

diversity increases, 1/D also increases. This transformed index is known as 

Simpson's reciprocal index. 
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Evenness index 

Evenness measures how equal the abundances of different species are in a 

community. Species richness alone cannot distinguish between communities where 

abundances are very uneven from those where species are close to equally 

abundant. Evenness quantifies this equitability component of diversity. 

Many evenness indices have been proposed, with most calculated as functions of 

abundance distribution. For example, one simple measure is: 

 

J = H' /Hmax 

Where: 

Evenness ranges from 0 to 1, with 1 representing complete evenness. This index 

and others like it allow evenness to be considered independently or in conjunction 

with richness and diversity indices. 

Communities with high evenness can indicate mature, stable environments. 

Uneven communities are often disturbed, transitional environments. Changes in 

evenness over time may signal shifts in community structure long before species 

identities change. Evenness indices thus provide important additional information 

alongside other diversity measures. 

 

 

Rarity Indices 

Most diversity indices give equal weight to all species, but rare species may be of 

particular conservation concern. Rarity indices focus on assessing biodiversity 

components specifically related to rare species in the community. 

One simple rarity index is the number of species represented by only a single 

individual in a sample. Higher numbers indicate greater rarity. The index provides 

simple biological meaning, but lacks other information about rarity patterns. 

More complex indices assess proportional abundances. For example, the Berger-

Parker index is: 

 

d = Nmax/N 

Where : 

Nmax is the number of individuals in the most abundant species . 

N is the total number of individuals in the sample. Higher values indicate greater 

dominance by the commonest species. 
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Other indices weigh species based on abundance, with lower abundance conferring 

higher importance. Rarity indices provide valuable additional information on 

diversity patterns of conservation concern. However, they can be more difficult to 

interpret directly and may be more affected by sample size limitations. 

 

Functional Diversity 

Most diversity indices above focus solely on taxonomic diversity - the number and 

abundance distribution of species. However, species identity may miss important 

differences between organisms in how they function in ecosystems. Measuring 

functional diversity can capture not just how many species are present, but the 

range of functional traits they exhibit. 

Functional diversity indices first require quantifying functional traits for each 

species. Traits like body size, height, wood density, or seed size reflect ecological 

differences between organisms. Pairwise functional distances between species are 

calculated based on trait values. Summing these distances between all species pairs 

gives total functional diversity. 

Functional diversity provides key insights into ecosystem processes, resilience, and 

responses to disturbance. However, quantifying relevant traits and differences 

between species requires detailed natural history data. This can limit applications, 

particularly for less studied taxa and ecosystems. Taxonomic diversity remains 

easier to assess widely. Both taxonomic and functional diversity provide valuable, 

complementary information on the biodiversity of biological communities. 

 

Applications of Biodiversity Indices 

Biodiversity indices allow quantitative comparisons of diversity between sites, 

treatments, habitat types, or over time. Some key applications include: 

 Comparing diversity between similar sites, such as plots with different 

management. Higher index values indicate greater diversity. 

 Examining relationships between biodiversity and ecosystem functions like 

productivity, nutrient cycling, or resilience. 

 Calculating multiple indices to get a more complete picture of different 

biodiversity components. 

 Assessing diversity changes over time at a site, such as after restoration or 

disturbance. 
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 Determining effects of treatments like fire, grazing, or clear-cutting on biodiversity 

patterns. 

 Comparing observed biodiversity to null model expectations to test ecological 

theories about community assembly. 

 Identifying biodiversity hotspots and priorities for conservation. Regions with 

consistently high diversity across taxa are key targets. 

 Comparing diversity between habitat fragments of different sizes to examine 

effects of fragmentation. 

 Relating landscape-scale factors like habitat connectivity to biodiversity patterns. 

Biodiversity indices enable statistical tests and quantitative comparisons across 

space, time, and experimental treatments. They have provided key ecological 

insights and helped guide biodiversity conservation globally. Care is needed in 

index selection, sampling design, and interpretation, but overall indices provide 

simple, standardized metrics to measure complex diversity patterns. 

Strengths and Limitations of Biodiversity Indices 

Biodiversity indices offer useful quantitative measures of diversity that can be 

compared statistically between samples. However, they have a number of 

limitations and weaknesses that must be considered in their application and 

interpretation: 

 Indices are sensitive to sample size. Richness generally increases with area 

sampled. Standardizing sampling effort is critical for valid comparisons. 

 Species detection is often imperfect, so observed diversity may underestimate true 

diversity to differing degrees across samples. 

 Indices summarize complex diversity patterns into single values, necessarily losing 

information. Multiple indices used together provide a more complete picture. 

 Most indices focus on taxonomic diversity and do not incorporate genetic diversity 

or phylogenetic relationships between species. 

 Species definitions themselves can be ambiguous, making diversity comparisons 

challenging for cryptic or poorly studied groups. 

 Indices behave differently and have distinct sensitivities to rare species, 

abundance, evenness, and sample size. Understanding index properties is key. 

 Indices reduce complex ecological patterns into simplified metrics. Linking indices 

to ecological processes and functions requires supplementary data. 
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 Calculation of indices requires species abundance data that may be laborious to 

collect for highly diverse groups like insects. 

Despite these cautions, biodiversity indices remain highly useful and widely 

applied tools for ecological study and biodiversity monitoring. They quantify and 

simplify diversity into standardized metrics that allow robust statistical comparison 

and interpretation. Used judiciously with an understanding of their limitations, 

biodiversity indices provide quantitative rigor to measuring the variety of life. 

 

Biodiversity indices provide quantitative tools for summarizing diversity patterns 

into simple comparable values. A wide variety of indices have been developed to 

focus on different aspects of diversity, including species richness, evenness, rarity, 

and functional traits. Indices enable statistical comparisons of diversity across 

space, time, and treatments. They have become vital tools in ecology and 

conservation for monitoring, detecting change, and identifying high-diversity 

regions. However, indices have limitations that must be considered in their 

application and interpretation. Using multiple indices provides complementary 

perspectives that together build a more complete understanding of biodiversity. 

When applied judiciously, biodiversity indices bring quantitative rigor to 

characterizing and comparing the fascinating diversity of life on Earth. Their 

ongoing development and use provides key insights into the patterns, drivers, and 

conservation of biodiversity. 

 

Examples illustrating the calculation and interpretation of different 

biodiversity indices: 

Species richness: 

 A survey of birds in two city parks counts 15 species in City Park A, and 25 

species in City Park B. Park B has higher avian species richness. 

 In a study of reef fish, researchers survey coral reef sites across an ocean gradient. 

Reef sites further from shore show higher fish species richness than reefs closer to 

land. 

Shannon diversity index: 
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 A meadow has 120 individuals from 6 plant species, with equal abundance (20 

individuals per species). Its Shannon diversity index is calculated as: 

H = -∑(20/120)*ln(20/120) = 1.79 

 In a forest survey, one plot has 200 trees representing 2 species, with 90% from 

one species. Its Shannon index is 0.32. A second plot has 200 trees from 5 species, 

evenly distributed. Its Shannon index is 1.61. The higher value indicates greater 

diversity. 

Simpson's diversity index: 

 A bird survey finds 50 individuals of 10 species, evenly distributed with 5 per 

species. Simpson's D = 1/∑(0.1)2 = 1/0.1 = 10 

 A mangrove area has 300 trees representing 4 species. One species has 250 

individuals, the other 3 species have 16 individuals each. Simpson's D = 

1/∑(0.83)2 + 3*(0.053)2 = 1/0.69 = 1.45. Lower than the even community. 

Evenness index: 

 Forest plot A has 10 tree species, but 90% of trees are from one species. Its 

evenness Evar = 0.1. Plot B has 5 tree species evenly distributed. Evar = 1. Plot B 

has higher evenness. 

Rarity index: 

 A survey finds 120 individuals from 20 bird species. 4 species are represented by 

just 1 individual. The community's rarity index based on singletons is 4. 

Functional diversity: 

 A prairie has 5 grass species with varying heights (0.3m, 0.5m, 1m, 1.5m, 2m). 

Total pairwise functional distance between height values is 5.5. This quantifies 

functional diversity. 

an example of a more complex scenario for calculating species richness: 

A team of ecologists surveyed bird communities in a national park covering 200 

square kilometers. They systematically sampled birds within twenty 10 square 
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kilometer plots scattered across the park. Within each plot, they sampled birds 

using 100 meter long transects, with a total of 10 parallel transects placed 500 

meters apart in each plot. They recorded all bird species detected within 50 meters 

of each transect. 

In total across the 200 square kilometer park, they detected 150 bird species. 

However, species richness estimates can be calculated at different scales: 

 Local (alpha) richness - The total number of bird species detected per transect. 

Values ranged from 5 to 18 species per 100m transect. 

 Plot richness - The total number of bird species detected per 10 sq km plot based 

on all 10 transects. Values ranged from 24 to 57 species per plot. 

 Total park (gamma) richness - The total number of bird species detected across the 

whole survey was 150 species. 

Challenges in estimating true richness arise due to: 

 Detecting all species present - some species may be missed, underestimating local 

richness 

 Sampling effects - larger areas tend to contain more species, so local richness 

estimates depend heavily on sampling scale and effort. 

 Edge effects - plots at park boundaries may underestimate local richness compared 

to interior plots if additional species occur just outside the park. 

 Overlapping ranges - the total park richness of 150 species overestimates the true 

species richness if some species were counted in multiple plots. 

To account for these factors, the team used statistical methods like rarefaction and 

species accumulation curves. They estimated true alpha diversity at around 25 bird 

species per transect, plot richness around 45 species, and total gamma richness 

around 140 species after accounting for sampling effects and overlaps. Calculating 

species richness at large scales with intensive sampling requires careful 

consideration of sampling design and using methods to standardize richness 

estimates. 

Why there are different equations of simpsons index 

There are a few different equations used to calculate Simpson's Diversity Index 

because the index can be represented in different forms: 

Simpson's Original Formula: 
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D = ∑pi2 

Where pi is the proportional abundance of species i. This sums the squares of the 

proportional abundances across all species. Values range from 0 to 1, with higher 

values indicating greater diversity. 

Simpson's Reciprocal Index: 

1/D 

This transforms Simpson's original formula to create an increasing measure of 

diversity, rather than a decreasing measure. As diversity increases, 1/D increases. 

Simpson's Index of Dominance: 

λ = ∑pi
2
 

This form represents Simpson's index as a measure of dominance, rather than 

diversity. λ is the probability that two individuals randomly selected will be from 

the same species. Higher values indicate greater dominance by one or few species. 

So in summary: 

D = Simpson's original diversity index 

1/D = Simpson's reciprocal index 

 λ = Simpson's dominance index 

While mathematically related, these forms behave slightly differently and lead to 

variations in how the index is represented in ecological studies. The reciprocal 

index is more intuitive for interpreting diversity, while Simpson's original formula 

or dominance index may be more useful for certain statistical applications. Care 

must be taken to note which form and equation is being used when calculating or 

interpreting Simpson's index. Consistency within a study is critical. 
 


