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Abstract

Ecological science relies on robust estimates of the abundance, diversity, and spatial
distribution of individuals and species, but these quantities are notoriously difficult to
observe directly. Statistics may be considered as the science and technique of collecting,
analysing, and making inferences from data, and these references are stated as
probabilities. The study aims to explore and apply quantitative and statistical methods in
ecology to understand the relationships between populations and their environment,
assess the effects of environmental hazards on animal and plant populations, and evaluate
overall ecological balance. Fundamental statistical concepts, including descriptive
statistics, probability distribution, regression and correlations, and the chi-square
distribution, are demonstrated to show their function in analysing ecological data. On the
other hand, specialised methods, such as species-abundance relations and species-
diversity measures, provide insights into community structure and ecosystem stability.
The study recommends the use of logarithmic distributions to accurately fit species-
abundance data and enhance the reliability of ecological analyses.

Keywords: Environment,; biomass of a population; species-abundance relations, mean
and variance, standard deviation; histogram.

1 Introduction

The study of ecology has become quantitative and mathematical during the last few
decades because of the general awareness of the importance of the relationships between
the environment and biomass of a population, interactions between populations and
within populations and the effect of population on the environment (Amrhein and
Greenland, 2022). Different kinds of pollution (e.g. water, air, noise, etc.) have appeared
as a real threat to the existence of the human population, the most intelligent species on
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planet earth (Altwegg et al., 2025). To measure the effect of these hazards on the animal
and plant populations and on the overall ecological balance, the knowledge of different
statistical methods and techniques has become indispensable. In the first part of this
chapter, elementary concepts of descriptive statistics, probability distribution, regression
and correlations, the chi-square distribution, etc., will be reviewed briefly, while in the
second part we shall dwell on the specialised topic, namely species-abundance relations,
and the measurement of species-diversity.

2 Concepts of Statistical Techniques

Statistics may be considered as the science and technique of collecting, analysing, and
making inferences from data, and these references are stated as probabilities (Crowe and
Cash, 2023). Three flawed practices associated with model averaging coefficients for
predictor variables in regression models commonly occur when making multimodal
inferences in analyses of ecological data (Cade, 2015). The term probability is used in the
sense of the relative frequency of multiple or repeated events in the long run (Janas et al.,
2020). The data under consideration for statistical analysis consists of two kinds of
variables: (a) continuous and (b) discrete (Berry et al., 2021). The former consists of
measurements against a suitable scale, while the latter consists of the data obtained by
counting or enumerating discrete, indivisible units (Dubey and Singh, 2020). Mean and
Variance are the best-known statistical measures of a series of observations. Suppose the
following numbers of individuals have been observed in a series of 10 quadrats:

16,11, 19, 28, 34, 62, 18, 20, 10, 12
The average number of individuals in a quadrat, the mean, is the sum of all observations
divided by the number of observations

n

1
X (mean) = 7—12 X;

i=1

So,x= (16 +11+19+28+34+ 62+ 18 + 20 + 10 + 12)/10 = 23 individuals. To
have an insight, it is desirable to estimate the average deviation of each observed value
from the meanx. The average deviation measured from the mean is always zero because
the sum of the deviations is zero. To eliminate this problem, the squared deviation is
usually calculated, i.e. Y;(x; — X)2. The average of the squared deviations is called
variance o where o is called the standard deviation. Therefore

1 i i\
DX e )

Table 1. Sum of 10 quadrats and their square values

X x;?
16 256
11 121
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Xi Xi

19 361
28 784
34 1156
62 3844
18 324
20 400
10 100
12 144

in =230 inZ = 7490

n n
7490 230

=0 - G4
=749 - 529
=2200% =220
o= 114.83

In the present example 02 = 220, ando = +14.83.
Let us now consider the weights of 2,089 individuals in a population shown in Table 2.
The observations are divided into 10-kilogram groupings. A total of 216 individuals were

found to weigh between 70 and 80 kilograms.

Table 2. The Frequency Distribution of the Individuals

Weight Group No. of Observation Fraction of Total
30-40 13 0.03714
40-50 30 0.06666
50-60 68 0.12364
60-70 135 0.20769
70-80 216 0.288
80-90 300 0.35294
90-100 345 0.36316
100-110 338 0.32190
110-120 275 0.23913
120-130 190 0.152
130-140 101 0.07481
140-150 48 0.03310
150-160 20 0.01290
160-170 7 0.00424
170-180 3 0.00171
N=2089

77



Math ics and Comp Science: Research Updates Vol. 9
Statistical Techniques in Ecology: Descriptive Statistics and Normal Distribution

400

345 33g

350

300
300

250

216

200

150

100

50

No. of Observation

Fig. 1a. Histogram of the frequency distribution of the individuals

The number of observations occurring in each group is plotted against the groups. This is
known as frequency distribution. From the Histogram, it is observed that it is
approximately bell-shaped, most of the observations are centred towards the middle
groups, and a few are at the two tails of the distribution (Dixon et al., 2005).

If the length of each class interval becomes smaller and smaller, the discontinuities of the
distribution become smaller and smaller. Considering the weight groups to be
infinitesimally small, the distribution would resemble the line curve as shown in Fig. 1.b.
In Fig. 2, the dotted curve is shown clearly. It is a bell-shaped curve known as the normal
curve.

This curve represents a function known as the normal probability density function. The
density function is continuous, and the distribution in Fig. 1 approaches the normal curve
in shape in the limit as the class interval becomes smaller and smaller.

In the previous discussion, the idea of the normal or Gaussian curve was introduced,
which is taken as the basis of most of the applications of statistics in biology, physiology,
ecology, etc. The curve is also known as the error law, and historically, the equation for
the normal curve was based on the analysis of the distribution of errors or deviations
around the mean of the physical measurements by celebrated mathematician Carl F
(Ellison and Dennis, 2010). Gauss. In analysing a set of sampled data, it is assumed that
they could fit the theoretical distribution of the normal curve closely. The reason for this
closeness of the approximation of the theoretical normal curve to real data lies in the
random interaction of many small and variable factors (DiRenzo et al., 2023). This does
not necessarily imply that one can take the normal distribution in the analysis of data
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merely because the factors under consideration are many and small. Often, it is observed
that a particular observation is a nonlinear function of some variable which is normally
distributed.
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Fig. 1b. Curve showing the Frequency Distribution of the Individuals

The Gaussian or normal curve is described by the equation

1 (x — p)?
xp[— 202

= e
Y oV2m P
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Fig. 2. Normal probability density function
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In this equation, y represents the relative frequency of some variable quantity x. The
values for transcendental numbers w and e are constant (Gardner et al., 2022). This
equation has two important parameters u, the arithmetic means and o, the standard
deviation, which may be taken as the measure of the spread of the data about the mean
(Ellison and Dennis, 2010). The curve is completely determined if the values of the
parameters u and ¢ are known, since  and e are constants. Knowledge of the following
important properties of the normal curve is important:

(a) It is a bell-shaped, symmetrical curve. The median and mode coincide with mean

(b) It is initially convex upward but soon becomes concave. There is a point of
transition from convex to concave called a point of inflexion. The distance of this
point horizontally from the mean is equal to the standard deviation o.

(c) The curve tapers out to infinity in either direction, from the mean before
approaching the horizontal axis (x-axis).

(d) The area under the curve is unity, i.e. the sum of all the probabilities (possible
relative frequencies) represents certainty.
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Fig. 3. Normal curve showing area proportional to probability

Thus, the area lying under the curve between the values x; and x,shown as the shaded
area in Fig. 3, represents a fraction of the total are proportion to its probability. In other
words, this fraction represents the probability of obtaining a sample value lying between
x; and x,. As the curve is symmetrical, half the area under the curve lies above the mean,
while half lies below it.

The shaded area shown in Fig. 4 is the area lying under the curve between the inflexion
points. This area constitutes about 2/3 of the total area, or more-approximately 67%.
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(e) The equation of the normal curve can be expressed in the form

y=—=e”’

7 = XH
a
This is known as the normal curve in the standard form. Here mean is zero and the
standard deviation is unity. The spreading of a normal curve about the mean is+3 and in
the standard form, it is +3 about the mean zero.
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Fig. 4. Area between the inflexion points

The discussion so far is based on the assumption that the estimates of the mean and
standard deviations are accurately known because of the large sample sizes. But soon we
recognise that the parameters of any universe of discourse are never known exactly
(Ellison and Dennis, 2010). In general, the mean and standard deviation of any universe
of discourse are unknowable values, but one can arrive at a satisfactory evaluation of the
magnitude of error in an estimate by considering the effect of sample size on the mean
(Dubey and Singh, 2022).

In Fig. 4, the curve for n = 1 represents the normal distribution curve of a population
whose mean is u and standard deviation (S.D.) is o. Suppose that in estimating the
characteristics of a population, instead of making individual measurements, we make the
measurements in pairs and treat the means of the two measurements as a variate. This
derived population has a narrower scatter, but the mean will be identical to the universe
mean of the parent population. These distributions are shown in Fig. 5. If we increase the
size of the samples by making the subgroups, the means remain unchanged, but S.d. of
the distribution of sample means diminishes. If ¢ is the standard deviation of a universe,
it can be shown that the standard deviation of the means for samples of n variates is
o /v/n and the value is called the standard error (S.E.) of the mean; 1.4 is still a normal
distribution. Expressing the proportionate area as a function of standardized deviate Z, we
get

z T
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Fig. 5. Effect of sample size on the distribution of sample mean
Where, X is the measured estimate for the mean, and s is the standard deviation.

By transformation, we can write

— Zs _ — Zs

x—uiﬁ, or y—x+\/—E
The above equation states that the estimate of the mean using a sample size n lies within
a certain range of the universe mean y, if we can select an appropriate value for Z (Dubey
etal., 2024).

Suppose we select a value of Z for which the excluded or shaded area constitutes 5% of
the total area (Singh, 2008). This means that 95% of the estimates, X will lie no further
from p than Zs/v/n. This value will be found to be 1.96. In other words

S S
—196—=<¥ < u+196—
I NG I 7

As an example, let us consider the mean weight of all men in the world to be 130Ib and
the standard deviation to be 8 Ib. Then, 95% of the time, the mean weights of samples of
100 women selected at random would fall within the limits described by the equation

8
X =130+ 1.96(——
T
In biological and ecological studies, 95% probability is conventionally accepted as

adequate assurance. If the limits are extended from 1.96s to 2s on either side of the mean
to 3s, the probability goes up from 95% upto 99%. Thus, for a 50% increase in range
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around the mean, we gain a mere 4% increased assurance. Conventionally, we speak of
the limits around the mean +1.96s/+/n, as the 95% confidence limits or fiducial limits.
Sometimes, in real situations, it is not always feasible to have a large sample (Lajer,
2007). With small samples, we cannot do this safely without making some allowance for
the unreliability of s as a measure of 0. We do this in the following way by multiplying Z
by a factor g while setting limits of the mean fiducially, namely

u=x +(g2)s

Where g depends on the sample size n as g(n)> 1 when n is small, but approaches the
value 1 as n increases. The correction factor gZ was solved first by W.S. Gesset (1908)
under the pseudonym ‘Student’. The various values of g(n) for different sample size n
were tabulated under the heading ‘¢’ and the use of this corrected value is known as
Student’s t-test. For example, n=30 or more, ¢ and Z are practically equal. Therefore

u=Xx =+ ts, where n< 30

3 Abundance and Diversity of Species

Many species of organisms are observed in most ecological communities and these
species vary greatly in their abundance from very common to very rare (Bonet and
Pausas, 2004). One of the most important areas of investigation now—a-days to the
ecologist is to ascertain the distribution of abundances of the different species and from
that to have the knowledge of rare species (Liidecke, 2021). Due to different types of
environmental pollution, different species are adversely affected, and the existence of
certain species is threatened (loannidis, 2018). To protect the rare species from
extinction, the distribution pattern of abundance is essential. Different mathematical
distributions for the species-abundance relationship will be considered for different
measures of diversity of species, particularly from the viewpoint of information theory
(Kardish et al., 2015). Insect counts in the field (and other population counts) are often
fitted fairly well by a negative binomial distribution (Bliss, 1958). Over the last decade,
spatial capture-recapture (SCR) models have become widespread for estimating
demographic parameters in ecological studies (Gardner et al., 2022).

The simplest way to assess species diversity is by counting how many species from a
given taxonomic group occur in an area; however, the relative abundance of each species
is also an important factor (Dubey and Singh, 2019). Numerous approaches have been
developed to apply various mathematical models to describe species—abundance
relationships. The usual practice of calculating the arithmetic mean in a set of
measurements of a biological nature (Fisher et al., 1943). The goal is to identify a model
that accurately represents data from a wide range of communities and enables meaningful
comparisons among them based on the parameters of the distribution (Fleming et al.,
2015). One approach is the listing of species-abundance data. Instead of listing the
number of individuals in species 1, species 2, etc., the number of species n,, represented
by one member, the number of species n,, represented by » members, and so on, are
listed. The symbol n, represented frequency of species with r individuals. The same
numerical predictions of the average relative abundance of species that follow from
MacArthur's (1957) "broken stick" model also follow from a "balls and boxes" model
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(Cohen, 1966) with a different set of assumptions (Cohen, 1968). In many scientific
disciplines, common research practices have led to unreliable and exaggerated evidence
about scientific phenomena (Kimmel et al., 2023).

4 Conclusion

Ecology has evolved into a highly quantitative field of study due to the growing need to
understand complex interactions between organisms, their populations, and the
environment under increasing human-induced stress. A study of basic statistical concepts,
including probability distributions, Mean and Variance, Standard Deviation, regression,
and descriptive statistics, is necessary for the analysis of ecological data. These
techniques help identify patterns and quantify relationships within and between
populations. Building on this foundation, studies of species-abundance correlations and
species diversity measures offer a deeper comprehension of community structure,
ecosystem stability, and the consequences of environmental change. In ecology, the true
causal structure for a given problem is often not known, and several plausible models and
thus model predictions exist (Dormann et al., 2018).

5 Recommendation
We shall now consider some of the distributions which have been proposed to fit the
observed species-abundance frequency distribution. The logarithmic distribution will be

discussed first, because it is useful in providing an empirical fit to the observed species-
abundance relationship.
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