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Ecological Parameters and Indices 

Ecological indices or main ecological parameters specific to populations 
In order to study populations, it is first necessary to know their numbers within 

ecosystems. 

1. Method for Studying Population Numbers 
The assessment differs completely depending on the type of population: populations 

composed of sessile organisms (plants or sessile invertebrates) versus populations 

composed of mobile organisms. In the first case, the main concern is sampling. In the 

second case, true difficulties arise in counting individuals, especially since animals 

are mobile and often small. 

1.1. Absolute Counting of Individuals 
This method involves directly counting individuals at a given time (t). It is feasible for 

plants when dealing with small areas. Additionally, technological tools allow its 

application to certain animal populations: radars for birds, mammals, and even 

amphibians, or infrared photography for homeotherms. Intellectually, this technique is 

the most satisfactory, but in practice, it can only be applied to a limited number of 

populations. 

1.2. Estimation of Population Numbers 
Several methods adapted to the studied populations can be considered. These initially 

involve a sampling strategy, such as the transect method for visual counts. 

Sampling is widely used for small individuals (generally invertebrates): soil fauna, 

aquatic plankton, river benthos, etc. It consists of taking identical samples according 

to an appropriate sampling plan. The challenge is then to define the most effective 

sample volume, which depends closely on the population and its environment. In this 

case, all individuals in the sample are counted in the laboratory, and results are 

extrapolated to the total population. 

For larger individuals, which are more difficult to capture, this method is not feasible 

because sampling becomes too random. 

Descriptive Parameters of a Population 

 Population Density 
Knowing the density of a population is a fundamental demoecological 

parameter. Density is expressed as the number of individuals per unit area. 

The area is chosen according to the species’ abundance. 

For example, the density of litter arthropods can be expressed as the number of 

individuals per m². Biomass per unit area can also be calculated. It is important to 

distinguish gross density from ecological density: 

 Gross density: total population / total area of the studied biotope. 

 Ecological density: total population / area of habitat actually available to the 

studied population. 



Every species has a maximum and minimum population density that allows it to 

sustain itself continuously. The upper limit is linked to the environment’s carrying 

capacity (available energy), while the lower limit is related to the probability of 

successful reproduction. 

For animal populations, the observed density depends primarily on their feeding 

habits. The higher a species is on the food chain, the less abundant it tends to be. 

Note: Other methods exist to calculate density using GIS to compute and illustrate 

density according to specific objectives. 

 Relative Abundance 
This is the density of a population relative to the density of a group of species. 

It allows us to understand the composition of a community. 

The density of a population, its growth, or decline depends on the number of 

individuals added (births and immigration) and those removed (deaths and 

emigration). The population size of each species primarily depends on the difference 

between birth rates and death rates. 

Birth rate is the main factor driving population increase. It is important to distinguish 

between maximum (physiological) birth rate and actual birth rate. The former 

reflects the species’ biotic potential. The crude birth rate is expressed as a 

proportion of the total population, e.g., 50 births per 1,000 individuals per year. 

The net reproduction rate refers to the total number of females produced by each 

fertile female; it represents the multiplication rate per generation. 

Mortality is the second fundamentally important parameter. The mortality rate 

characterizes the number of deaths occurring in a given time interval, divided by the 

total population at the beginning of that interval. 

Ecological (or actual) mortality describes the disappearance of individuals under 

given environmental conditions. It varies depending on the population and 

environmental factors. There is also a theoretical minimum mortality, representing 

the disappearance rate of individuals in the absence of limiting factors; this 

corresponds to maximum longevity. Both birth and death rates vary according to the 

age group considered. 

 Sex Ratio 

The sex ratio is the proportion of males to females in a population. 

Population sex ratios are generally balanced, whether the species are gonochoric 

(separate sexes) or hermaphroditic. The only natural populations with strongly 

imbalanced sex ratios are those of parthenogenetic species. 

In vertebrates, there is a slight excess of males at birth. In adults, the sex ratio changes 

depending on climate and the survival of each sex. Only rodents have populations 

that are slightly imbalanced in one direction or the other, depending on the species. 



Ecological Indices 

Ecology uses various statistical descriptors to characterize the diversity of 

communities. Some might refer to this as biodiversity, but this term is not entirely 

appropriate here. When an ecologist studies the communities of an ecosystem, they 

rather refer to more specific indices. 

The first of these concern species richness (S), biomass (B), or the abundance (A) of 

a species. The second set relates to the species diversity of a habitat or even a 

particular ecosystem. Species diversity thus considers both the number of species and 

the distribution of individuals among these species. Ecologists therefore have access 

to several diversity indices. 

These indices are often accompanied by evenness indices, which reflect the 

distribution of species abundances within a community. Thanks to these indices, it 

becomes possible to monitor changes in communities over time and also to 

compare different study sites. 

Sampling Quality (Q) 

 a: represents the number of species with frequency 1, i.e., observed only once 

in all surveys during the considered period. 

 N: is the total number of surveys. 

The closer the ratio 

Q=a/N  

is to zero, the better the quality of the sampling and the more accurately it has been 

performed. 

Ecological Indices of Composition 

 Total and Mean Species Richness 

o Total richness (S) is the total number of species in the community. It 

is considered a fundamental parameter of a species community. 

o Mean richness (s) corresponds to the average number of species 

present in a sample of the biotope. 

 Centile Frequencies (Relative Abundance) 
This is the percentage of individuals of a species (ni) relative to the total 

number of individuals (Dajoz, 1970). 

The relative abundance of species in a community or in a sample characterizes the 

faunistic diversity of a given environment (Frontier, 1983). The centile frequency is 

calculated using the formula: 

F%=ni×100/N 

Where: 



 ni: number of individuals of the species considered 

 N: total number of individuals of all species combined 

 Occurrence Frequency and Constancy 
The occurrence frequency is the percentage of surveys containing the species 

considered relative to the total number of surveys (Dajoz, 1971). 

C=P×100/P’ 

Where: 

 P: number of surveys containing the studied species 

 P’: total number of surveys conducted 

According to the same source, based on the value of C, the following categories are 

distinguished: 

 A species is ubiquitous if C = 100% 

 A species is constant if 75%≤C≤100% 

 A species is regular if 50%≤C≤74% 

 A species is accessory if 25%≤C≤50% 

 A species is accidental if 5%≤C≤25% 

 A species is rare if C≤5% 

Ecological Structure Indices 

Shannon-Weaver Diversity 
The most commonly used diversity index is the Shannon index, also called the 

Shannon-Wiener index, although these two mathematicians did not work together on 

it. 

Historically, Claude Shannon was a cryptographer who sought to describe the 

entropy of characters in a text (Shannon entropy). His formula accounts for the 

probability of encountering a specific character among a set of characters. In ecology, 

the “character” is replaced by a species, and the “text” is replaced by the community 

studied. 

Blondel et al. (1973) define diversity as the degree of heterogeneity of a 

community. This index is considered the best way to express diversity and is 

calculated as follows: 

H′= − ∑ qi log2 qi 

Where: 

 H′ : diversity index expressed in bits 

 qi : relative frequency of the category of individuals for species iii 

 log2 : logarithm base 2 

This index provides insight into the diversity of different environments; specifically, it 

indicates the diversity of a given species within a community. If H′ is high, the 



community is diverse, and the environment is favorable. Conversely, if H′ is low, the 

environment is poor in species or unfavorable. 

Formulation: 

H’ corresponds to the Shannon index, according to the following formulation: 

 

 
 

pi=proportional abundance or percentage abundance of a species present  

                     (pi=ni/N)  

Where: 

 ni = number of individuals counted for a given species 

 N = total number of individuals counted across all species 

 S = total number of species present (species richness) 

Maximum Diversity 

Blondel (1979) expresses the maximum diversity as: 

H′ max=log2 S 

H’max: maximum diversity 

S: total species richness 

Evenness or Piélou’s Evenness Index 
To better interpret the Shannon index, it is often accompanied by Piélou’s evenness 

index (J), or equitability index (E). Its formula is the ratio between H′ and Hmax. 

The index corresponds to the ratio of the observed diversity H′ to the maximum 

diversity H′max (Barbault, 1981). 

Blondel (1979) considers equitability as the ratio of observed diversity to maximum 

diversity. It is calculated as follows: 

E=H′/ H′ max  

The value of E ranges from 0 to 1. 

 When E approaches 0, this indicates that the abundances of species collected 

are not balanced. 

 When E approaches 1, this indicates that the abundances of captured species 

are well balanced. 



Ecological indices allow the study of community structure, either with reference to a 

specific spatio-temporal context or independently. They provide a quick, single-

number evaluation of the biodiversity of communities. However, their synthetic 

nature can also be a limitation, as it conceals a large portion of detailed information. 

In other words, these two indices are particularly useful for monitoring temporal 

changes in a community (i.e., the set of species in a given area sharing a similar 

ecology). The appearance of an invasive species or peaks of opportunistic species 

typically lead to a significant simultaneous decline in H’ and E. Conversely, an 

ecotone (ecological transition zone between two ecosystems) or a stable community 

shows high index values. This is why both indices should be considered together to 

assess the state of an ecosystem. 

Finally, the index is not insensitive to species richness (the measure of biodiversity 

in all or part of an ecosystem). Indeed, species richness is reflected by the value of S, 

and the Shannon index tends to increase when rare species are present. For example, 

calculating the Shannon index in a migratory bird hotspot known for unusual 

sightings in autumn may artificially inflate the index due to the presence of rare 

species. Similarly, the Shannon index is strongly habitat-dependent. 

Thus, values obtained using the Shannon index are relative and are only comparable 

between stations with similar communities or over a temporal scale. Using this index 

as an absolute comparative measure to assess ecosystem quality across different 

sites carries a risk of misinterpretation. 

Simpson Index 
This index, proposed by the statistician Edward H. Simpson, measures the 

probability that two randomly chosen individuals belong to the same group. This 

brilliant mathematician is also famous for Simpson’s paradox, a well-known 

statistical example illustrating situations where students can appear more skilled in 

sports while performing poorly academically. 

Formulation 

Applied to ecology, the Simpson index represents the probability that two 

individuals randomly selected from a community belong to the same species. 

Several forms of the index exist in the scientific literature, which can complicate the 

interpretation of values. 

In this article, we rely on the probability that two individuals belong to the same 

species according to Simpson’s original formula (1949): 

P(ω)=∑(pi)2 

From this formula, two versions arise depending on whether the sample is infinite 

(sampling with replacement, index λ\lambdaλ) or finite (sampling without 

replacement, index L). For example, for a phytoplankton community per m³ of 

seawater, the λ index is preferred. To monitor a forest bird population per hectare, 

the L index is used. 

 



Where: 

 

 pi = proportion of individuals of species iii (pi=ni/N) 

 ni = number of individuals of species i 

 N = total number of individuals 

 S = total number (cardinality) of species present 

The closer this index is to 1, the more homogeneous the community. Therefore, a 

second index, called the diversity index, is often used, calculated as Simpson’s 

index subtracted from 1. 

This diversity index is generally more intuitive to interpret than the original 

Simpson index. Its formula is: 

D=1−λ or D = 1 – L 

(depending on the sample size). 

 If D=0, only one species is present in the community. 

 If all species have the same probability (pi=1/S), then D=1−(1/S). 

 The value D=1 would theoretically occur if an infinite number of species 

were present, each with a probability approaching zero. 

Evenness Index 

It is accompanied by an evenness index: 

ED=D/Dmax According to Hurlbert, the case where all species are present with equal 

probability corresponds to the maximum of the diversity index: Dmax=1−(1/S). 

Another formulation of Simpson’s index defines D=1/λ (statistical diversity index).It 

is thus possible to consider that if ED=D/Dmax, then Dmax=S, giving the equation: 

ED=D/S. 

The choice of formula is therefore crucial for comparing results. Simpson’s 

evenness index reflects species dominance (ED→0) or codominance of several 

species (ED→1). As previously, it is advisable to examine multiple indices. 

Simpson’s diversity index gives more weight to abundant species than to rare 

species. The presence of rare species in a community has little impact on the index 

value. 

 



Unlike the Shannon index, which is much more sensitive to rare species, Simpson’s 

index is less affected by them. This makes it better suited for comparisons between 

habitats or specific ecosystems. 

Hill Index 
This index provides a measure of proportional abundance by comparing the 

Shannon and Simpson indices. The resulting Hill diversity index aims to evaluate 

the balance between the influence of abundant species (Simpson) and the impact of 

rare species (Shannon). Therefore, the Hill index can be considered a synthetic 

diversity index. 

 

When the Hill index approaches 0, biodiversity is considered higher. It is also 

possible to convert this value to (1 – Hill) so that the index increases with 

biodiversity. This index may seem more relevant for summarizing field results, but 

it can also be useful to compare all three indices simultaneously to better assess 

community structure. 

Exercises: 

Exercise 1: Population Density 

If 200 bears are counted in a forest of 170 km², what is the density of this 

population? 

Solution: 

 

Important! 
Population density is often expressed as a decimal number, because it represents an 

average. 

For example, even if the density of a hare population is 0.5 hare/km², this does not 

mean there is literally half a hare in one square kilometer; it is a unit rate. This 

value can be interpreted as an average of 1 hare per 2 km². 

In population density calculation problems, the number of individuals is not always 

given. In such cases, it is necessary to count the individuals first. 



 

Sampling by Plot 

In this 100 km² area, one can choose to sample only 50 km², divided into five 

samples (also called “plots” or “quadrats”) of 10 km² each. 

To determine the population density of moose in this area, one must count the 

number of individuals observed in each of the five plots and calculate the area 

occupied by these individuals. The following three steps should be followed: 

1 – Count the number of moose 

To find the number of moose in the area, simply count the individuals observed in 

each of the five plots. In the image, the numbers of moose are: 

14, 5, 20, 16, 11 

                               N=14+5+20+16+11               N =  66 moose  

There are 66 moose. 

2 – Find the area occupied 
To find the area occupied, multiply the number of plots by the area of each plot. In the 

example above, there are 5 plots of 10 km² each: 

A=5×10 km²=50 km²  

3 – Calculate the population density 

 

Thus, there are 1.32 moose per km² (or 132 individuals per 100 km²). 

Exercise Series 

Exercise N 1: Population Density 

1- What is a population, and what is population size? 

2- Provide definitions for the following terms: Gross density – Ecological density 



3- Scientists want to study the number of birds inhabiting Timerganine (Oum El 

Bouaghi). The area of the studied region is 90 km². 

Knowing that 600 birds were marked during the first capture (2014), and the 

following year (2015), 900 birds were captured, among which 200 birds had 

already been marked the previous year, what is the population size of the birds? 

4- Name the sampling methods used to calculate population size. 

5- Using the result from Q.3, calculate the population density. 

Answers – Exercise 1 

1- Population: The set of individuals of the same species occupying a given territory. 

Population size: The total number of individuals that make up the population. 

2- Gross density: Total population / total area of the studied biotope. 

Ecological density: Total population / area of habitat actually available to the 

population. 

3- The Capture-Recapture method is used. 

Population size=(Number of marked individuals×Total number of individuals capture

d [2nd time])/Number of marked individuals recaptured 

    =600x900/200 

=2700 birds 

4- Methods: 

 Method 1: Capture-recapture 

 Method 2: Divide the area into plots / quadrat method 

4. Population density: 

Population density=Number of individuals/Area or volume occupied 

 

=2700/90=30 birds/km² 

Exercise N2: Population Density 

In a study on phytoplankton in the Foum el Khengua dam, a count was conducted 

for the number of individuals of each inventoried species. The results are shown in the 

following table: 

 Estimated volume of the Foum el Khengua dam: approximately 3000 liters 

 Volume of each sampling station: 2 mL 



 

1- Give a title to the table 

2- Calculate the density for each species (per mL, per liter, and per m³) 

3- Calculate the overall phytoplankton density in the dam 

4- Please illustrate the density using graphs 

Answer – Exercise N2 

1- The table represents a matrix of raw results. 

2- Density of each species 

 
 

3- Calculate the overall phytoplankton density in the dam. 

 

4- Histograms of species density: 



 

Exercise No. 03: Relative Abundance 

(Demography: describing populations and how they change) 

In many cases, ecologists do not study people in cities, but rather study various 

species of plants, animals, fungi, and even bacterial populations. 

The statistical study of any population, human or otherwise, is called demography. 

The following table shows raw results of birth rates and death rates between 2006 

and 2021 for a population of Barbary deer in a forest in eastern Algeria. The area 

of the forest is approximately 680 hectares, and in 2005 the population was about 20 

individuals. 

 

Photo: Barbary deer (Cervus elaphus barbarus) 



 

1- Please calculate the natural balance and indicate its evolution 

Natural balance=births−deaths 

2- Please calculate the migration balance and indicate its evolution 

Migration balance=immigrations−emigrations 

3- Please calculate: the natural growth rate, the migration growth rate, and the 

average annual growth rate 

 Natural growth rate: 

TNn=Natural balance/(Pm×n)  

 Migration growth rate: 

TMn=Migration balance/ (Pm×n) 

 Average annual growth rate: 

TAn=(Pn−P0)/ (Pm×n)  

Where: 

 P0 = population at the start of the period 

 Pn = population at the end of the period 

 n  = number of years in the period 

 Pm=(P0+Pn)/2   average population 

 Population change =Pn−P0 

4- Please calculate the density of deer in the forest for each year 

5- In your opinion, why is demography important? 



Answers – Exercise No. 03 

1- Natural balance and its evolution 

Table: Results of the natural balances of the Barbary deer population (2006–2021) 

 

 

Figure: Evolution of the natural balances of Barbary deer in the forest (2006–2021) 

2- Migration balance and its evolution 

Table: Results of the migration balances of the Barbary deer population (2006–

2021) 



 

 

Figure: Evolution of the migration balances of Barbary deer in the forest (2006–

2021) 

3- Calculation of: natural growth rate, migration growth rate, and average annual 

growth rate 

To calculate the natural growth rate, migration growth rate, and average annual 

growth rate, it is first necessary to calculate the actual number of individuals 

(population size) of deer for each year, as well as the average population: (Pm = 

(P0+ Pn) / 2). Remember that in 2005, the population was 20 individuals. 

Table: Results of the natural growth rates and migration growth rates of Barbary 

deer (2006–2021) 



 

Table: Results of the average annual growth rates of Barbary deer (2006–2021) 

 



 

Figure: Variations of the natural growth rate, migration growth rate, and average 

annual growth rate of Barbary deer in the forest (2006–2021) 

4- Density of deer in the forest for each year 

The area of the forest is approximately 680 hectares. 

Table: Results of the density of Barbary deer (2006–2021) 

 

5- Populations can change in number and structure, for example in age and sex 

distribution, for various reasons. These changes can affect how a population interacts 

with its physical environment and with other species. 

By monitoring populations over time, ecologists can observe how these populations 

have changed and can predict how they are likely to change in the future. 

Monitoring population size and structure can also help ecologists manage 

populations, for example by showing whether conservation efforts are helping 

endangered species increase in number. 



Exercise N4: Sex Ratio 

The sex ratio indicates the ratio of males to females in a given population, showing 

the proportion of each sex. 

Fish were captured and dissected to sample the gonads and determine their sex, 

allowing us to study the sex ratio. This study allows the estimation of the proportion 

of individuals of each sex in a population. The results are shown in the following 

table: 

 

1- Please express the percentages of females and males relative to the number of 

individuals captured in each session. 

2- Please calculate the sex ratio 

Sex ratio=M/F where F=number of females, M=number of males and express it as a 

percentage (%). 

3- In the answers section, you will find graphical representations of the sex ratio 

(SR) results; please interpret them. 

Answer – Exercise N4: Sex Ratio 

1- Percentages of females and males relative to the number of individuals captured 

in each session. 

Table: Percentages of males and females. 



 

 

The sex ratio of fish captures over the entire period 2008–2009 is slightly 

imbalanced, with 56 females and 47 males across all captures, corresponding to 

54.36% males and 45.64% females. 

2- Calculation of the sex ratio for each session: 

Table: Sex ratio (SR) for each session. 



 

 

Figure: Graphical representation of SR for the 2008–2009 session 

 



Figure: Graphical representation of SR and the percentages of males and females for 

the 2008–2009 session 

3- The highest percentages of males were observed in June 2008, coinciding with 

the beginning of the dry season and the start of the mating period. 

The lowest percentages of males were observed in August 2008 and September 

2008, during the sexual rest period. The variations in male percentages should be 

explained not by sampling fluctuations, but by seasonal variations in male 

availability. For example, these variations may be related to bio-ethological-

ecological factors such as reproduction (sexual rest and mate searching), feeding, 

adaptation to unfavorable conditions, or predator avoidance. 

Exercise N5: Ecological Indices 

Bees are involved in the ecosystem service of pollination, which is important both 

for the sexual reproduction of most flowering plants and for many agricultural 

productions. In a study, the following results were obtained: 

Table: Raw results of the bee inventory. 

 

 

 Please assess the sampling quality (Q) 

 As in all studies, it is essential to calculate the following ecological indices: 

A- Ecological composition indices 

These include total richness, average richness, relative abundance, and occurrence 

frequency: 

1- Total and average richness 

2- Centennial frequencies (relative abundance) 

3- Occurrence frequency and constancy 

B- Ecological structure indices 

The structure indices to be used for analyzing the results are: 



1- Shannon-Weaver diversity 

2- Equitability or Piélou’s equitability index 

3- Simpson’s index 

Answer – Exercise N5: Ecological Indices 

 Sampling quality (Q): 

Q=a/N=1/50=0.02 

Where: 

 a = number of species with frequency 1, i.e., observed only once during all 

surveys 

 N = total number of surveys 

The closer Q is to zero, the better the quality and precision of the sampling. 

A- Ecological composition indices 

1- Total and average richness: 

 Total richness (S): S=5 

 Average richness: 
Average richness corresponds to the mean number of species present in a 

sample of the biotope. It has the advantage of giving low weight to rare 

species and reflects only the number of species that can be considered 

representative of a given environment. 

Formula: 

S=Σs/N 

Table: Result of the average richness 

 

2- Centennial frequencies (relative abundance) F%: 



F%=ni×100/N 

 N=159 

Table: Results of the centennial frequencies. 

 

 

Figure: Graphical representation of the centennial frequencies (relative abundance) 

3- Occurrence frequency and constancy: 

C=P×100/P′ 

Where: 

 P = number of surveys containing the species studied 

 P′ = total number of surveys conducted 

Table: Occurrence frequency matrix 



 

Table: Results of the occurrence frequency. 

 

Table: Classes of occurrence frequency. 

 

 



 

Figure – Graphical representation of occurrence frequency (constancy). 

B- Ecological structure indices 

1- Shannon-Weaver diversity index 

 

 pi = proportional abundance or percentage abundance of a species present (pi 

= ni / N). 

 ni = number of individuals counted for a given species. 

 N = total number of individuals counted, all species combined. 

 S = total number or cardinality of the list of present species. 

Table: Calculation of the diversity index (Shannon-Weaver). 



 

The Shannon–Weaver diversity index 

H′=0.52 

1 – Evenness or Pielou’s Evenness Index 

 

The value of evenness E ranges from 0 to 1. 

When E tends toward 0, it means that the abundances of the collected species are not 

balanced with each other. 

 



2 – Simpson’s Index 

 

pi=proportion of individuals of species i(pi=ni/N) 

ni=number of individuals of species i 

N=total number of individuals S=total number of species present  

The closer this index is to 1, the more homogeneous the community is. 

A second index, often used, is the diversity index, which corresponds to 1 minus 

Simpson’s index. 

This diversity index is easier to interpret. Its formula is: 

D=1−λ or D=1−L(depending on sample size), if D = 0, then only one species is 

present in the community. If all species have the same probability of occurrence 

(pi=1/S), then: D=1−(1/S); Finally, D=1 would appear in the case where an infinite 

number of species are present, but each with an almost negligible probability. 

 

Table: Calculation of the diversity index (Simpson). 

 

Evenness Index 

It is accompanied by an evenness index ED = D/Dmax. According to Hurlbert, the 

case where all species are present with the same probability corresponds to the 



maximum diversity index, that is Dmax = 1 − (1/S). Another formulation of 

Simpson’s index states that D = 1/λ (statistical diversity index). Thus, it becomes 

possible to consider that if ED = D/Dmax, then Dmax = S, giving the equation ED = 

D/S. The choice of the formula is therefore crucial for comparing results with one 

another. Simpson’s evenness index makes it possible to express either the dominance 

of a single species (ED tends toward 0) or the codominance of several species (ED 

tends toward 1). As before, it is advisable to examine several indices. 

ED = D/Dmax 

 


