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Importance of Data Collection

treated as time series of landings. Another type of tagging pertains to the geographic 
location of the data. For example the sea surface temperature off a place in west coast 
of India which could be uniquely identified by its latitude and longitude can be termed s 
spatial data or geo-referenced data. Among the quantitative data further classification 
could be interval data, ordinal data and nominal data. Interval data is one which 
indicates an absolute measure of a trait of an individual, for example weight of fish 
whereas nominal data indicates numbers given for various categories of states of the 
individual (for example 1 for the trait present and 0 when not) and the ordinal data 
pertains to numbering given to states of objects with relational increase or decrease in 
intensity (for example 1 for less frequent, 2 for moderately frequent and 3 for highly 
frequent occurrences). From the sheer computational point of view data can be 
categorised into text or string, numeric, Boolean and date. The string data pertains to 
names of species, locations etc. and the numeric data could be any quantitative measure 
of the animal whereas Boolean is the recording of yes or no trait and date format 
indicated the date and time of recording. 

Role of data collection in analytical research 

As mentioned earlier data collected on purpose should adhere to basic premises of the 
underlying investigation. Be it a complicated research endeavour or a small survey, the 
data collected for a particular purpose should be perfectly suited to various analytical 
methodologies and tools existing for the fulfilment of the objectives of the 
experimentation. A research plan is to be adopted during the course of scientific 
investigations and the type of data to be collected and the checklist to be prepared 
before venturing into  data collection. 
 
A concise summary of some of the key points we have tried to make in this document 
about research and research design. It is given in the table focuses on the relationship 
between research problems, research questions, and research aims and objectives. These 
are not self-evident matters. In order to clarify what our research is really going to be 
about we need to do a lot of analytic work in which we analyze our research problem to 
discover what components or dimensions it might contain. We need to analyze these 
components or dimensions in terms of the kinds of questions we can ask that will allow 
us to address them in ways we (and others) find satisfying. In addition, we need to know 
how to analyze both our problem and our questions in ways that allow us to identify 
what our research aims and objectives are. Without aims and objectives we will not be 
able to know when our tasks have been met or how well we have addressed these tasks. 
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Research Design Table as Questions to be addressed when Developing our Design 

Research Purposes Data to Collect Data Analysis 
Approach 

Informants 

 What is my 
research 
problem? 

 What are its key 
dimensions? 

 What specific 
questions does it 
generate? 

 Which of these 
questions can I 
hope to address 
well? 

 How can I 
analyse my 
problem and 
questions to 
specify a succinct 
set of research 
aims and 
objectives, and a 
finite set of 
research 
questions? 

 What kinds of 
research data 
must I collect? 

 How will this 
data help me 
address my 
purposes? 

 How will I collect 
this data? 

 How much data 
will I collect? 

 How will I 
validate this 
data or establish 
that it is good 
quality data? 

 How will I 
organize this 
data so it will be 
in good shape 
for being 
analysed? 

 

 What forms of data 
analysis will I use? 

 What justifies these 
forms of analysis?  

 How will they help 
me achieve my 
research purposes? 

 How are these 
forms of analysis 
conducted? 

 What do I need to 
know, be able to do 
and have access to 
do in order to use 
these forms of 
analysis in an 
expert way? 

 What will these 
forms of analysis let 
me ‘say’ about the 
data (and not say)? 

 

 Who helps us 
understand how 
to frame and 
refine research 
purposes?  

 What are some 
relevant books, 
articles, and 
chapters here? 

 Who provides 
theories and 
concepts 
relevant to our 
research 
problem and 
questions? 

 How do these 
guide us in 
deciding what 
kinds of data to 
collect and how 
to analyse it? 

 Who provides 
good advice on 
how to collect, 
validate and 
organize data?  

 Who provides 
good 
information 
about how to 
analyse data?  
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Importance of Data Collection

(i) Catch or landed catch (numbers or weight of fish) recorded by sampling area 

(ii) Location of catch; latitude, longitude, provincial boundaries, statistical rectangles 

(iii) Species of fish (catch and stock composition); especially tropical coral reef systems 
are multi species and the landed catch comprises significant number of species 

(iv) Effort which is a measure of fishing activity such as number of boats, number of 
days fished, number of hours fished 

(v) Measurement of individual fish in sample 

a. Length frequency measurements: fish are normally measured on a measuring 
board and counts are tallied. E.g. 

 

 

 

 

 

a. Individual measurements can be recorded and tabulated in which case 
together with length, weight, 
sex, maturity stage etc. is also 
recorded for each fish 
(Example given in table). If 
the fish can be aged through 
readings of hard structures 
such as otoliths/ scales then 
this information can also be 
added.  

b. Other detailed biological measurements include, liver weight, fat content, RNA 
/ DNA ratios, size and number of eggs. 

(vi) A measure of discarded catch 

(vii) For economic analysis: cost of fishing, number of jobs 

Data collection can be a costly affair. Therefore it becomes necessary to prioritise and 
compromise under funding constraints. More so it is necessary to optimise through 

cm  
10  
11 I 
12 II 
13 I 
14 III 
15 II 
16  
17 III 
18 II 

No. Length Weight Sex Mat age 

1 14.5 12.5 0 4 2 

2 15.0 13.0 0 5 3 

3 14.5 12.0 1 4 3 
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information sharing. Such as government agencies, NGOs, private sectors and fishermen 
can team up in information gathering. 

Conclusion 

Any investigation into a vibrant system like fisheries resources which are always in a 
state of flux timely data collection with due objectivity becomes mandatory. With a clear 
understanding of the mandate and the objectives and a comprehensive picture of 
resources at disposal one has to do the balancing between cost effectiveness and 
precision. Often one could lead to trade off with the other and hence a clear delineation 
of priorities is a must before even planning an experiment. Data hence collected to a 
plan under watchful supervision is bound to reflect the true story of the animals 
eternally covered under a sheet of water. So precise data collection, at a prompt 
occasion would certainly propel the investigator to a peerlessly precise assessment of 
resources under focus. 

References 
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Statistical Tools

 

Statistics is a branch of mathematics that provides us with the techniques that enable us 
to classify, summarize and draw valid inferences from data according to basic rules of 
evidence. 

Branches of statistics 

 

Terminology 

 

 

Statistical Tools
T.V. Sathianandan
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Descriptive

•the goal of descriptive statistics is to 
organize and to summarize data so 
that they are more readily 
understood. 

Inferential

•the goal of inferential statistics is to 
take into account the chance factors 
associated with sampling and 
subsequently drawing valid 
conclusions. 

Population

The total group of observations 
about which one wants to draw a 
conclusion. 

Parameter
A measurable characteristic of a 
population.
Example - mean, standard 
deviation, correlation, 
proportion 

Sample

Any subset or subgroup of a 
population . Random samples 
occur when every element of the 
population has an equal chance 
of being selected or drawn 

Statistic

A measurable characteristic of a 
sample.
Example - mean, standard error, 
correlation, proportion 



Manual on Fish Stock Assessment and Management 9

Statistical Tools

 
Variables are characteristics we wish to observe; properties whereby members of a 
group differ from one another  
 
There are different ways to categorize variables  

1. Quantitative vs. Qualitative  
2. Discrete vs. Continuous  
3. Dependent vs. independent  

Qualitative or nominal variables differ in kind rather than amount (e.g., ethnicity, eye 
color).  
Ungrouped data – a table in which scores are listed from smallest to largest and the 
frequency of occurrence is noted for each possible score.  

Grouped data – scores are placed into class intervals and the frequency of scores for each 
class interval is noted. The lowest and highest possible scores for each interval are 
known as the score limits. Guidelines for creating grouped data include:  

1. Intervals cannot overlap  
2. All intervals have the same width  
3. Try to have between 10 and 20 intervals  

f   = number of scores in interval  
Cum f  = number of scores accumulated at the end of the interval  
%f   = (f / N) x 100  
Cum % f  = (Cum f / N) x 100  

 
Frequency Distribution – a table which shows scores and their frequency of occurrence  
Questions one can answer with frequency distributions:  

1. What is the most frequently occurring score?  

2. How spread out or concentrated are the scores?  

3. Is there anything unusual about the pattern (or shape) of the score distribution?  

4. What is the middle or average score?  

5. Where is the highest concentration of scores?  

4. Intervals must be continuous through the distribution (there should be an interval for 
each observable score)  

Note: when data are grouped you lose information.  

A set of data does not result in a unique set of grouped intervals. Two different sets of 
raw scores could yield the same grouped data frequency distribution.  
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Graphically displaying data  

 
Histogram – a graphical way to display 
frequencies using a bar graph. The height 
of each bar represents the frequency of 
scores for the interval.  
 
 
Frequency polygon – a line graph in which 
the frequency for each interval is 
denoted by a single point at the 
midpoint of the interval. The points are 
then connected forming a “polygon” with 
the x-axis. Points are plotted at the 
midpoint of the interval. The graph starts 
and ends at the X-axis.  
 
Ogive Curve – a line graph displaying 
cumulative frequencies.  The y-axis 
represents cumulative frequencies. 
Values are plotted at the upper limit of 
each interval. 
 
 
 
Vocabulary associated with the shapes of distributions 

 
 Symmetric – a distribution which has the same shape on both sides of a center (e.g., 
a normal distribution) 

 Modality – the number of “peaks” or modes in the distribution (e.g., unimodal, 
bimodal)  

 Normal distribution – a “bell-shaped” distribution that is symmetric and unimodal. 
Note that there is a specific formula that describes this unique shape. Technically, no 
observed distribution is exactly normal.  

 Skewness  – the degree of asymmetry of a distribution. If the distribution tapers off 
to the left it is said to be negatively skewed. If it tapers off to the right it is positively 
skewed. The skewness value for a symmetric distribution is zero.  
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 Kurtosis – is a measure of the “peakedness” of a distribution. Severely peaked 
distributions are called “leptokurtic”. Moderately peaked distributions such as a 
normal curve are called “mesokurtic”. Flat distributions are called “platykurtic”. The 
kurtosis value for a normal distribution is 3.  

 

Measures of central tendency  

 

 

  

Measures of variability  

In general we are often interested in how the values of a variable are dispersed. This 
dispersion is usually in reference to the mean. The range is the easiest measure of 
dispersion to compute and is simply the difference between the largest value and the 
smallest value. The range does not really indicate how the scores are concentrated along 
the distribution.  
The interquartile range represents the difference between the 25% value and the 75% 
value. This range indicates the spread of the middle 50% of scores. It is used most often 
in skewed distributions.  
 
The variance is the most commonly accepted measure if dispersion. It represents the 
average of the squared deviations about the mean. It is in squared units! The formula for 
variance depends on whether you are working with a population or sample:  
 

 

 

Mean Most common measure ; is computed by summing all the scores 
and dividing it by the number of scores . It does not have to be 
an observed value. It tends to be the most stable estimate of the 
population mean from sample to sample. 

Mode the value which is most frequent. It represents the most common 
response. It is used most often with nominal data. 

Median the value below which lies 50% of the values in a distribution. 
The median does not have to be an observable value. It is the 
preferred measure of central tendency with “opened data” or 
with data that are severely skewed. 
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To return to the original metric we take the square root of the variance. This is called the 
standard deviation. Thus,  

 

 

One measure of dispersion that is helpful in comparing standard deviations is the 
coefficient of variation. Because the size of the standard deviation could be effected by 
the magnitude of the mean, we divide the standard deviation by the mean to form the 
coefficient of variation (CV).   

Estimators – In some cases because we do not have access to the entire population we 
have to estimate the population parameter based upon a sample. The mean of a sample 
is an estimate of the population mean.  
If the mean (also called the expected value) of the sampling distribution of a given 
statistic is equal to the population value then we say that statistic is unbiased. This is 
why we compute variance by dividing the sum of the deviations squared by n-1, it 
makes the variance unbiased. 

Correlation – In some cases we want to compare performance on two interval variables 
(e.g., two sets of scores, say EOG math and EOG reading). Visually we do this by creating 
a scatter plot in which each subjects’ pair of scores is represented by a single point. The 
more linear the distribution of points is in this two-dimensional plot, the greater the 
value of the correlation.  

Creating a scatterplot  
Correlation coefficient of a sample is denoted by the letter r or rxy (the subscript x and y 
denote the variables that 
are being correlated).  r 
ranges from -1.0 to +1.0. 
The sign of the correlation 
indicates the direction of 
association not the 
strength. A positive 
correlation indicates people 
who scored high on one 
test tended to score high 
on the other test. A negative correlation indicates an inverse relationship: people who 
scored high on one measure tended to score low on the other.  
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One evaluates the strength of the correlation by comparing r2. When computing the 
correlation one should always 
create a scatterplot to check for 
anomalies. If there are identifiable 
subgroups, they should be plotted 
in different scatterplots. If the 
range of one or both of the 
variables is restricted the 
correlation value will be lowered.  
Always plot subgroups separately 
to make sure the correlation is the 
same for each subgroup!  Also check for outliers!  

There are several formulas for correlation including: 
 

 

where      

If your scatterplot is not linear, (i.e., it is curvilinear) then Pearson’s correlation is not 
appropriate and will underestimate the relationship between the two variables.  

Comparing frequencies of two or more groups  

With a qualitative or nominal variable the only type of data that we can collect is usually 
frequency data. If one wanted to compare the frequencies of subjects in the different 
categories of one variable or one wanted to compare say the frequencies of males and 
females across the different categories of another variable one would use a chi-square  
analysis.  
 
If the same subjects are used and one wants to compare their performance at time one 
and time two (i.e., pretest, posttest) then one would use a dependent t-test. If data are 
collected at three or more time points on the same subjects, then one would use a 
repeated measures ANOVA.  

Comparing means of two or more groups 

To compare the mean performance on a test between two groups is done using 
inferential statistics. If there are only two groups, and the groups contain different 
subjects one would use an independent t-test. Note that the n’s need not be the same 
for each group. If there are more than two groups one would perform an analysis of 
variance.  
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Introduction 
Correlation is a statistical technique used to assess a possible linear association between 
two continuous variables. Correlations are useful because they can indicate a predictive 
relationship that can be exploited in practice.  If there is any relation between two 
variables i.e. when one variable changes the other also changes in the same or in the 
opposite direction, we say that the two variables are correlated.  If it is proved that in a 
large number of instances two variables, tend always to fluctuate in the same or in the 
opposite direction then it is established that a relationship exists between the variables. 
This is called a "Correlation." It means the study of existence, magnitude and direction of 
the relation between two or more variables. 

Types of Correlation 

1.  Positive and negative correlation 

If two variables change in the same direction (i.e. if one increases the other also 
increases, or if one decreases, the other also decreases), then this is called a positive 
correlation. If two variables change in the opposite direction (i.e. if one increases, the 
other decreases and vice versa), then the correlation is called a negative correlation.  

2.  Linear and non-linear correlation  

If the ratio of change between two variables is uniform, then the correlation is said to be 
linear.   If the amount of change in one variable does not bear a constant ratio to the 
amount of change in the other variable, then the correlation is said to be non-linear or 
curvilinear.  The nature of the graph gives us the idea of the linear type of correlation 
between two variables. If the graph is in a straight line, the correlation is called a "linear 
correlation" and if the graph is not in a straight line, the correlation is non-linear or 
curvi-linear. 

Degrees of Correlation 

Through the coefficient of correlation, we can measure the degree or extent of the 
correlation between two variables. On the basis of the coefficient of correlation we can 
also determine whether the correlation is positive or negative and also its degree or 
extent. 

Correlation 
Somy Kuriakose

03
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1. Perfect correlation: If two variables changes in the same direction and in the 
same proportion, the correlation between the two is perfect positive. 
According to Karl Pearson the coefficient of correlation in this case is +1. On the 
other hand if the variables change in the opposite direction and in the same 
proportion, the correlation is perfect negative. its coefficient of correlation is -
1. In practice we rarely come across these types of correlations. 

2. Absence of correlation: If two series of two variables exhibit no relations 
between them or change in variable does not lead to a change in the other 
variable, then we can firmly say that there is no correlation or absurd 
correlation between the two variables. In such a case the coefficient of 
correlation is 0. 

3. Limited degrees of correlation: If two variables are not perfectly correlated or 
is there a perfect absence of correlation, then we term the correlation as Limited 
correlation. It may be positive, negative or zero but lies with the limits  1. 

High degree, moderate degree or low degree are the three categories of this kind of 
correlation. The following table reveals the effect (or degree) of coefficient or 
correlation. 

Degrees Positive Negative 

Absence of correlation  Zero 0 

Perfect correlation  + 1 -1 
High degree  + 0.75 to + 1 - 0.75 to -1 
Moderate degree  + 0.25 to + 0.75 - 0.25 to - 0.75 
Low degree  0 to 0.25 0 to - 0.25 

Methods of Determining Correlation 

The following are the most commonly used methods of determining correlation.. 

(1) Scatter Plot  

(2) Kar Pearson’s coefficient of correlation  

Scatter Plot ( Scatter diagram or dot diagram ) 

The scatter diagram may be described as the diagram which helps us to visualize the 
relationship between two phenomena. This is the simplest method for finding out 
whether there is any relationship present between two variables. In this method the 
values of the two variables are plotted on a graph paper. One is taken along the x-axis 
and the other along the y-axis. By plotting the data, we get points on the graph which 
are generally scattered and hence the name ‘Scatter Plot’. The manner in which these 
points are scattered, suggest the degree and the direction of correlation. The grater the 
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scatter of the points on the chart, the lesser is the relationship between the two 
variables. The more closely the points come to a straight line, the higher the degree of 
relationship. The degree of correlation is denoted by ‘ r ’ and its direction is given by the 
signs positive and negative.  Scatter diagrams will generally show one of six possible 
correlations between the variables: 

 Strong Positive Correlation: The value of Y clearly increases as the value of X 
increases. 

 Strong Negative Correlation:  The value of Y clearly decreases as the value of X 
increases. 

 Weak Positive Correlation: The value of Y increases slightly as the value of X 
increases. 

 Weak Negative Correlation:  The value of Y decreases slightly as the value of X 
increases. 

 Complex Correlation:  The value of Y seems to be related to the value of X, but 
the relationship is not easily determined. 

 No Correlation:  There is no demonstrated connection between the two 
variables. 

Though this method is simple and provide a rough idea about the existence and the 
degree of correlation, it is not reliable. As it is not a mathematical method, it cannot 
measure the degree of correlation. 

Illustrations  

1 If all points lie on a rising 
straight line the correlation is 
perfectly positive and r = +1 
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2. If all points lie on a falling 
straight line the correlation is 
perfectly negative and r = -1 

 

3 If the points lie in narrow strip, 
rising upwards, the correlation is 
high degree of positive 

 

4 If the points lie in a narrow strip, 
falling downwards, the 
correlation is high degree of 
negative 

 

5 If the points are spread widely 
over a broad strip, rising 
upwards, the correlation is low 
degree positive 
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6 If the points are spread widely 
over a broad strip, falling 
downward, the correlation is low 
degree negative 

 

7 If the points are spread 
(scattered) without any specific 
pattern, the correlation is absent. 
i.e. r = 0. 

 

Karl Pearson’s coefficient of correlation 

The most widely-used type of correlation coefficient is Pearson r, also called linear or 
product- moment correlation. It gives the numerical expression for the measure of 
correlation. The value of ‘ r ’ gives the magnitude of correlation and sign denotes its 
direction. It is defined as 

yxn
XYr  

where   ),(),( YYYXXX ii  
YofdsXofds yx ..,..  

and n is the number of pairs of observations  

Properties of Correlation coefficient 

1. The value of correlation does not depend on the specific measurement units 
used; for example, the correlation between height and weight will be identical 
regardless of whether inches and pounds, or centimeters and kilograms are used 
as measurement units.  

2. The value of  correlation coefficient lies between -1 and +1, -1 means perfect 
negative linear correlation and +1 means perfect positive linear correlation. 
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3. The correlation coefficient   r only measures the strength of a linear relationship. 
There are other kinds of relationships besides linear.  

4. If the two variables are independent, then the value of the correlation coefficient 
is zero.  If the value of the correlation coefficient is zero, it does not men that 
there is no correlation, but there may be non-linear correlation. 

5. The value of r does not change if the independent (x) and dependent (y) 
variables are interchanged.  

6. The correlation coefficient r does not change if the scale on either variable is 
changed. You may multiply, divide, add, or subtract a value to/from all the x-
values or y-values without changing the value of r.  

7. The correlation coefficient   r has a Student's t distribution.  
Assumptions to use the Pearson product-moment correlation 

1. The measures are approximately normally distributed 

2. The variance of the two measures is similar (homoscedasticity)   

3. The relationship is linear  

4. The sample represents the population 

5. The variables are measured on a interval or ratio scale 

Using Excel for Calculation of Correlation 

Method I 

To do correlation in Microsoft Excel, choose Data- Data Analysis--Correlation.  

In the Correlation popup, you will 
have to specify:  

 the range containing the 
observed values; if the range 
includes the cells containing 
the labels and if you check 
the box next to Labels in the 
popup, your results will 
include those labels.  

 whether the grouping is by columns or rows; if, as recommended, you have 
entered the values of each variable into a column, you need to select the radio 
button for columns.  

 the upper left-hand corner of the range in which you want the output to appear 
(or you can choose a different sheet in the workbook, or a different workbook). 
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Excel displays the results in a 2x2 table (for the 2-variable case), showing the correlation 
of each variable with itself (viz., 1) and 
with the other variable. Only the cells 
along the diagonal and in the lower half 
of the table are filled in, since the table 
is symmetric with respect to the 
diagonal. The sample Pearson 
correlation coefficient thus appears in 
the cell in the lower left corner. 

 

Method II 

The function CORREL will calculate the correlation between the variables 

= CORREL(array x, array y) 

There are several common pitfalls in using correlation. Correlation is symmetrical, not 
providing evidence of which way causation flows. If other variables also cause the 
dependent variable, then any covariance they 
share with the given independent variable in a 
correlation may be falsely attributed to that 
independent. Also, to the extent that there is a 
nonlinear relationship between the two 
variables being correlated, correlation will 
understate the relationship. Correlation will 
also be attenuated to the extent there is 
measurement error, including use of sub-
interval data or artificial truncation of the 
range of the data. Correlation can also be a 
misleading average if the relationship varies 
depending on the value of the independent 
variable.  
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Introduction 
Correlation gives us the idea of the measure of magnitude and direction between 
correlated variables. Now it is natural to think of a method that helps us in estimating 
the value of one variable when the other is known. The fact that the variables x and y are 
correlated does not necessarily mean that x causes y or vice versa. Regression analysis is 
a statistical tool for the investigation of relationships between variables. It is a powerful 
technique used for predicting the unknown value of a variable from the known value of 
another variable. When there is only one independent variable then the relationship is 
expressed by a straight line. This procedure is called simple linear regression. More 
precisely, if X and Y are two related variables, then linear regression analysis helps us to 
predict the value of Y for a given value of X or vice verse. Multiple regression is an 
extension of bivariate regression in which several independent variables are combined 
to predict the dependent variable. In multilple regression analysis,the  value of Y is 
predicted for given values of X1, X2, …, Xk. 

Dependent and Independent Variables 

By simple linear regression, we mean models with just one independent and one 
dependent variable. The variable whose value is to be predicted is known as 
the dependent variable and the one whose known value is used for prediction is known 
as the independent variable. Similarly for Multiple Regression the variable whose value is 
to be predicted is known as the dependent variable and the ones whose known values 
are used for prediction are known independent (exploratory) variables. 

The Regression Model 

The line of regression of Y on X is given by Y = a + bX where a and b are unknown 
constants known as intercept and slope of the equation. This is used to predict the 
unknown value of variable Y when value of variable X is known. The Simple Regression 
model is 

Y = a + bX 

The coefficient of X in the line of regression of Y on X is called the regression coefficient 
of Y on X. It represents change in the value of dependent variable (Y) corresponding to 
unit change in the value of independent variable (X). 

Regression Analysis
Somy Kuriakose
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In general, the multiple regression equation of Y on X1, X2, …, Xk is given by: 

Y = b0 + b1 X1 + b2 X2 + …………………… + bk Xk 

Here b0 is the intercept and b1, b2, b3, …, bk are analogous to the slope in linear 
regression equation and are also called regression coefficients. They can be interpreted 
as the change in the value of dependent variable (Y) corresponding to unit change in the 
value of independent variable Xi. 

Fitting of regression line  

In scatter plot, we have seen that if the variables are highly correlated then the points 
(dots) lie in a narrow strip. If the strip is nearly straight, we can draw a straight line, such 
that all points are close to it from both sides. Such a line can be taken as an ideal 
representation of variation. This line is called the line of best fit if it minimizes the 
distances of all data points from it and also called as the line of regression. Now 
prediction is easy because all we need to do is to extend the line and read the value. 
Thus to obtain a line of regression, we need to have a line of best fit. 

The problem of choosing the best straight line then comes down to finding the best 
values of a and b. By ’best’ we mean the values of a and b  that produce a line closest to 
all n observations. This means that we find the line that minimizes the distances of each 
observation to the line. Choose the a and b values that give the line such that the sum of 
squared deviations from the line is minimized.  This method of estimation of parameters 
is called least square method.  The best line is called the regression line, and the 
equation describing it is called the regression equation. The deviations from the line are 
also called residuals. 

 
R2 - coefficient of determination 

Once a line of regression has been constructed, one can check how good it is (in terms 
of predictive ability) by examining the coefficient of determination (R2),  which is defined 
as the proportion of variance of the dependent variable  that can be explained by the 
independent variables. The coefficient of determination is a measure of how well the 
regression equation y = a + bx performs as a predictor of y. R2 always lies between 0 
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and 1.  Higher values of this are generally taken to indicate a better model. The closer R2 
is to 1, the better is the model and its prediction.   

Regression Analysis using Microsoft Excel 

To do Regression  in Microsoft Excel, choose  Data>Data Analysis>Regression 

 
• Enter the variable data, y as the dependent and x as the independent 

 
• Check labels, if including column labels 

• Check Residuals, Confidence levels to displayed them in the output 

• The SUMMARY OUTPUT is displayed below 
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The coefficients of the regression line can be obtained from the summary output. The 
slope of the line (b) is the coefficient corresponding to X variable1 and  a value is the 
coefficient corresponds to intercept. To check whether your results are statistically 
significant, look at Significance F. If this value is less than 0.05, the model is OK. If 
Significance F is greater than 0.05, it's probably better to stop using this set of 
independent variables. For testing the significance of the regression coefficients you can 
check the corresponding p-value.  
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Simple Random and Strati� ed Sampling
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Advantages of Simple Random Sampling 

Disadvantages of Simple Random Sampling 
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In the cluster sampling method, all the elements of the selected clusters are enumerated. 
Though the cluster sampling is convenient and economical, the method restricts the 
spread of the sample over the population and it results in the reduction in the efficiency 
of the estimator. There are many ways to modify cluster sampling for more complex 
sampling situations. One common modification is to take a sample of secondary units 
from within sampled clusters instead of inspecting every secondary unit within each 
sampled cluster. The process of drawing samples from the selected clusters is called sub-
sampling. 
 
The sampling method which consists of selecting the clusters and then randomly choosing 
a specified number of units from each selected cluster is known as two-stage sampling. 
The clusters which form the units of sampling at the first stage are called first stage units 
(fsu’s) or primary stage units (psu’s) and the elements within the clusters are called second 
stage units (ssu’s). For example, to obtain a sample of fish caught in a commercial fishery, 
it may be necessary to first take a sample of boats and then take a sample of fish from 
each selected boat. The simplest type of multistage sampling is two-stage sampling. The 
estimation mean and variance is given below.  
 
Let N be the number of primary units in the population and n be the number of primary 
units selected in the first stage. If each primary unit contains M subunits, of which m are 
chosen, the 

 = value obtained for the th element in the th primary unit 

 = sample mean per element in the ith primary unit  
 

 = over-all sample mean per element 
 

= variance among primary unit means 
 

 = variance among elements within primary units 

Multistage Sampling
Mini K. G. 
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The simplest estimates of the population total and mean per subunit are, respectively, 

 
 

 
 
Where  is the sample mean per subunit in the th primary unit 

 
If the n units and the m subunits from each chosen unit are selected by simple random 
sampling,  is an unbiased estimate of  with the variance 

 

An unbiased estimate of  is  

 

 
 

where  ,  

 
The two stage sampling method can be generalized to three or more stages and is termed 
as multistage sampling. In one-stage cluster sampling, the estimate varies because due to 
one source: different samples of primary units yield different estimates. In two-stage 
cluster sampling, the estimate varies due of two sources: different samples of primary units 
and then different samples of secondary units within primary units. In general, if there a k 
stages of sub-sampling, there will be k sources of variability. Thus, variances and variance 
estimators for multistage sampling with k-stages will contain the sum of k components of 
variability. 
 
Multistage sampling designs are used for a variety of practical reasons and this procedure 
is being commonly used in large scale surveys. This sampling procedure is more flexible 
as it permits the use of different selection procedures at different stages. The multistage 
sampling may be the only choice in a number of practical situations where a satisfactory 
sampling frame of ultimate stage units is not readily available and the cost of obtaining 
such a frame is large and time consuming. 

Reference 

Cochran, W. G. 1977. Sampling Techniques, third edition. John Wiley & Sons, Inc., New 
York, 428pp. 
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Sampling Design 

India has a coast line of about 8219 km. Marine fish landings  take  place  almost  all  along  
in  the coast line  throughout  the  day  and  sometimes  during  night. According to 
marine fisheries census 2010, there are 3288  fishing  villages scattered  along  the  coast 
line from  where  fishermen  go  for  fishing and 
return to a landing centre which may be distinct 
from  the  fishing  village.  There are 1511 landing 
centres scattered along the coastline of the main 
land.  Under  these  conditions collection of statistics 
by complete enumeration would  involve  a  very 
large number of enumerators and a  huge  sum  of  
money apart from the time involved in collection of 
data. In this situation a feasible solution for 
obtaining marine fish landings is the adoption of a 
suitable sampling technique for the collection of fish 
landing data. The sampling design adopted by the 
Central Marine Fisheries Research Institute (CMFRI) 
to estimate resource-wise/region-wise marine fish 
landings is based on stratified multi-stage random 
sampling design, in which, the stratification is over 
space and time. Over space, each maritime state is 
divided into suitable, non-overlapping fishing zones 
on the basis of fishing intensity and geographical 
considerations (Fig. 1).  

Selection of Landing Centre Days 

The number of landing centres may vary from zone to zone. These zones have been 
further stratified into substrata, on the basis of intensity of fishing. Each zone is regarded 
as a stratum in space. The stratification over time is by calendar month.  A zone and a 
calendar month constitute a space-time stratum. If in a zone, there are 25 landing centres 

Sampling Design Followed by CMFRI for 
Deriving Estimates of India's Exploited 
Marine Fishery Resources 
Mini K. G.
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Figure 1. Stratification over Space 
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and there are 30 fishing days in the month; we get 25 x 30 = 750 landing centre days 
which constitute the primary stage units (PSU). The fishing boats that land on a landing 
centre day forms the second stage units (SSU). The introduction of space–time 
stratification in the sampling methodology becomes necessary as the fish population is 
supposed to vary with respect to both space and time. The stratification is intended to 
reduce the variance in the sample estimates.  The fish landings are found to vary 
considerably among the landing centres in a multi-centre zone, especially in different 
seasons and hence a zone is further stratified as major, minor and very minor centres etc. 
The centres in which either mechanised boats or 100 or more non-mechanised/ motorised 
boats are operating are considered as major centres.  Similarly other strata are defined 
based on the number and type of fishing boats operating.   
 
Further a month is divided into 3 groups, each of 10 days. From  the first five days of a  
month,  a  day  is  selected  at random,  and the next 5  consecutive  days  are automatically 
selected. From this, three clusters of two consecutive days are formed.  For example, for a 
given zone, in a given month, from the five days if the date (day) selected at random is 4, 
then the clusters formed from the first 10 day group are (4, 5), (6, 7) and (8, 9).  In the 
remaining ten day groups, the clusters are systematically selected with an interval of 10 
days.  For example, in the above case, the cluster of days for observation in the remaining 
groups are (14, 15), (16, 17), (18, 19); (24, 25), (26, 27) and (28, 29).  Normally, in a month 
9 clusters of two days each can be obtained.  From among the total number of landing 
centres in a zone, 9 centres are selected with replacement and allotted to the 9 cluster 
days selected as described earlier. These 9 days are evenly distributed among the strata 
in case of fishing zones with more than 1 landing centers. A landing centre day which is 
the PSU is the 24 hour duration from noon of the first day to the noon of the following 
day. 
 
A landing centre day has been divided into 3 periods as given in the infographic below. 

 
One field staff is usually provided to each zone.  A field staff starts data collection from 
period 1 on each selected landing centre day. He will be present throughout the periods 
1 and 2 at the centres. The data on landings during period 3 (night landings) is usually 
collected from the landing centre by enquiry on the following day morning. The sum of 
the observations on the 3 periods contribute the data for one landing centre day (24hrs). 
Thus in a 10 day period, data from 3 centre-days are sampled and consequently in a month 
9 landing centre-days are sampled 

1200 to 
1800 hours 
on 1st day

Period 
1 0600 to 

1200 hours 
on 2nd day

Period 
2 1800 hours 

to next 
morning 
0600 hours

Period 
3
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Selection of fishing units and Recording of Fish Landings  

It may not be practicable to record the catches of all boats landed during an observation 
period, if the number of boats/craft 
is large. A sampling of the boats/ 
craft become essential.  When  the  
total  number  of  boats landed is 15  
or  less, all the boats are enumerated 
for catch  composition  and other 
particulars. When the total number 
of boats exceeds 15, the following 
procedure is followed to sample the 
number of boats.  
 
From the boats, the catches are 
normally removed in baskets of standard volume. The weight of fish contained in  these  
baskets  being known,  the  total weight of the  fish in  each  boat  under  observation  has 
been obtained.  The procedures of selection of the landing centre days and the boats 
landed on the selected day for single centre zones are the same as in the case of a stratum 
in a multi-centre zone.       

Estimation Procedure       

From the landings of the observed fishing units, the landings for all the units landed during 
the observation period are estimated.  By adding the quantities landed during the two 6- 
hour’s periods and during the night (12-hours) the quantity landed for a day (24-hours) 
at a centre that is the landings for each centre day included in the sample is estimated.  
From these, the monthly zonal landings are obtained.  From the zonal estimates, district-
wise, state-wise and all India landings are arrived.    The corresponding sampling errors 
are also estimated. The estimation procedure is detailed in Srinath et.al. (2005). 

Administration of the Survey 

Plan of operation  

The survey staff is given 10-12 weeks training course immediately after recruitment and is 
posted to the survey centres.  They are permanent employees.  Each survey centre is 
housed in 1-2 room accommodation and each centre is provided with literature 
connected with the identification of fish, a reference collection of local fish species, 
crustaceans and molluscs, field notebooks and registers.  The programme of work for the 
following month is carefully designed by the staff of Fishery Resources Assessment 
Division at the CMFRI headquarters.  Generally one field staff is allotted to each zone to 
collect the fish landings data.  At the end of every month, the survey staff  receives  the 
programme of work for the next month  by post,  that includes  the names of landing 
centres to be  observed and  details  such  as dates and time for observations at  each  

• 100%Less than or 
equal to 15

•First 10 and  the balance 50 %16 -19

• 1 in 220 - 29                              

• 1 in 330 - 39                              

• 1 in 440 - 49

•1 in 5 and so on50 - 59
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landing  centre.  The  field  staff  are instructed to send  the  data  collected  during every 
month to reach the Institute's  headquarters  at least by  the end of first week of the 
subsequent month.  

Supervision of data collection   

Surprise   inspections  are  carried  out  by  the  supervisory staff of the  Institute  and  the  
enumerators  are inspected while at work in the field and  their  field  notebooks and 
diaries are scrutinised. The estimated zonal landings are always compared   with the 
previous year's survey figures, and if any variation which cannot    be   explained   is   
observed, the technique of interpenetrating sub-samples is adopted to detect 
observational errors. Zonal workshops are held periodically to review the progress of work 
and update the sampling frame and to impart refresher courses to the field staff. 

Errors due to non-response, their magnitude and control 

Non-response occurs when the regular field staff is not available to observe the centre-
day included in the sample. Usually, arrangements are made at the 
Headquarters/Research/Regional Centre to minimise the non-response. 

Analysis of Data  

In the existing sampling methodology, the interest is to estimate gear-wise, species-wise 
landings for the state in a month, fishing effort according to different types of fishing 
boats and also in terms of man hours. The analysis is carried out at CMFRI headquarters. 
Before the data is processed for analysis it will be ensured that the data collection is made 
as per the approved schedule, by checking the appropriate proforma. The responsibilities 
and functions of staff at the headquarters are data coding, estimation and database 
management.  The data analysis is computerised and estimates are made using the 
software developed by the Fishery Resources Assessment Division of the Institute.  The 
processed data are again counter- checked for errors. When discrepancies are detected, 
the estimation procedure is scrutinised in detail. 

Reference 

M. Srinath, Somy Kuriakose and K. G. Mini, 2005. Methodology for the Estimation of 
Marine Fish Landings in India, CMFRI Special Publication No. 86, p.57 
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Investigation of food and feeding of fishes has traditionally been an important field of 
activity in fisheries biology, but it is one in which there are great difficulties in correlating 
the results with the research made in the other fields (FAO, 1974). Investigations of the 
food of the fish cannot be considered in isolation but have to be discussed in relation to 
the whole marine environment, of which the fish constitute single elements. 

Food chains and trophic levels 

The production of organic substances (food) by photosynthesis is a process involving 
transformation of light energy into potential chemical energy. The transfer of this food 
energy from the producers through a series of consumers is called a food chain, each 
organism through which it is passed being a link in the chain.  
 
Three different food chains may be recognized.  

 
In reality food may be passed through parts of all three chains before it is finally 
decomposed into inorganic nutrients by the bacteria and fungi found at the end of every 
food chain. In other words, the species population within a community or ecosystem form 
many food chains which interconnect, anastomose or cross each other in a complex 
pattern, which is usually referred to as the food web. 
 
Organisms which belong to the same link of the food chain as counted from the producer 
level are said to belong to the same trophic level. Thus the plants constitute the first 
trophic level, the herbivores the second, and the carnivores feeding on herbivores the 
third trophic level. Secondary carnivores feeding on third level carnivores belong to the 

Trophodynamics and Review of Methods 
for Stomach Content Analysis of Fishes
P. U. Zacharia
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•The carnivore chain, 
where the energy is 
passed from smaller to 
larger organisms

2

•The parasite chain, 
where the energy is 
passed from larger to 
smaller organisms
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•The saprophyte chain, 
where the energy is 
passed from dead 
organic matter to 
micro-organism in 
most cases
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fourth trophic level and so forth. However, there is a very definite limit to the number of 
possible links in a food chain, and consequently also to the number of trophic levels in 
any ecosystem. The reason for this is that only about 10 percent of the available energy is 
assimilated in passing from one trophic level to the next. At the top of the food chain 
there are usually only one or two major predators. The number of species in each trophic 
layer increases with approach to the first layer, giving rise to what is called a pyramid of 
numbers. For the major predators introduction of small amounts of pollutants into the 
first trophic layer can have fatal consequences because it is eventually concentrated in 
them.  

Gross production and net production 

Only a very small portion of the light energy absorbed by green plants that is transformed 
into food energy (gross production) because most of it is dispersed as heat. Furthermore, 
some of the synthesized gross production is used by the plants in their own respiratory 
processes, leaving a still smaller amount of potential energy (the net production) available 
for transfer to the next trophic level.  

The loss of energy 

True production of organic matter takes place only in the chlorophyll-possessing plants 
and certain synthetic bacteria, and this has been referred to as the primary production. 
Copepods and euphausids, convert plant material into protein that can be assimilated by 
the animals which eat them but which themselves could not exist on plant material. In 
reality, of course, they only assimilate and store energy derived from the primary 
producers. They are called secondary producers, a term which of course fits animals at 
higher trophic levels just as well because they too - although indirectly - utilize the primary 
production of the plants. The loss of energy is generally referred to as the respiratory loss 
because the organisms utilize the food energy by oxidizing it. Because of the respiratory 
losses the food chains cannot be very long and the number of trophic levels in natural 
communities is therefore seldom more than four or five and often only three. It also means 
that the total amount of food available decreases with increasing trophic level. For this 
reason, the largest animals are found feeding on either plants or other animals which are 
in a low trophic level as, for example, whales on krill and elephants on plants.  

Studying food and feeding of fishes 

The study of the feeding habits of fish and other animals based upon analysis of stomach 
content has become a standard practice (Hyslop 1980). Stomach content analysis provides 
important insight into fish feeding patterns and quantitative assessment of food habits is 
an important aspect of fisheries management. Lagler (1949) pointed out that the gut 
contents only indicate what the fish would feed on. Accurate description of fish diets and 
feeding habits also provides the basis for understanding trophic interactions in aquatic 
food webs. Diets of fishes represent an integration of many important ecological 



Manual on Fish Stock Assessment and Management58

Trophodynamics and Methods for Stomach Content Analysis of Fishes

components that included behavior, condition, habitat use, energy intake and inter/intra 
specific interactions. A food habit study might be conducted to determine the most 
frequently consumed prey or to determine the relative importance of different food types 
to fish nutrition and to quantify the consumption rate of individual prey types. Each of 
these questions requires information on fish diets and necessitates different approaches 
in how one collects and analyzes data.  Here, we outline qualitative and quantitative 
techniques used to describe food habits and feeding patterns of fishes. For a better 
understanding of diet data and for accurate interpretation of fish feeding patterns, time 
of day, sampling location, prey availability and even the type of collecting gear used need 
to be considered before initiating a diet study or analyzing existing diet data. 
 
Stomach contents can be collected either from the live or fresh died fish. Regardless of 
the method, investigators should ensure that the removal technique effectively samples 
all items in the gut. Other wise data will be skewed toward items that are more easily 
displaced from the stomach. Alternatively, live fish can be sacrificed and stomach contents 
removed for analysis. If fish are to be sacrificed, they should be preserved immediately 
either by freezing or by fixing in formalin. Stomach contents will continue to digest, 
rendering rapid preservation of the fish or removed contents necessary to prevent loss of 
resolution.  As in most fish groups feeding behavior of juveniles and adults vary distinctly 
attention should be taken to encounter more samples which will include all size groups of 
the particular fish. The specimens either from live or preserved should be measured to its 
total length to the nearest 1mm and weight to the nearest 0.1 g. Cut open the fish and 
record the sex and maturity stage of the fish. Remove the stomach and preserve them in 
5% neutralized formalin for further analysis. For the analysis, a longitudinal cut must be 
made across the stomach and the contents are transferred into a petri dish.  The contents 
then keep for five minutes to remove excess formalin and then examine under binocular 
microscope. Identify the gut content up to the genus and if possible up to species level 
depending up on the state of digestion. Various taxa digest at different rates. As such, all 
recently consumed taxa may be present in the foregut but only resistant items remain in 
the hindgut. To avoid bias when both easily digested prey and resistant prey are present, 
only the immediate foregut (e.g., stomach) should be sampled. 
 
Prey items in fish stomachs are often not intact. Hard parts such as otoliths, scales, cleithra 
or backbones have diagnostic, species specific characteristics useful for identifying prey. 
Alternatively, partially digested prey may be identified using unique biochemical methods 
such as allozyme electrophoresis, or immunoassays. An important fact assessed by the 
examination of the stomach is the state or the intensity of feeding. This is judged by the 
degree of distension of the stomach or by the quantity of food that is contained in it. The 
distension of the stomach is judged and classified as ‘gorged or distended’, ‘full’, ‘3/4full’, 
‘1/2full’ etc by eye estimation.   
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Fish diets can be measured in a variety of ways. Methods of gut contents analysis are 
broadly divisible into two, viz., qualitative and quantitative. The qualitative analysis 
consists of a complete identification of the organisms in the gut contents. Only with 
extensive experience and with the aid of good references it is possible to identify them 
from digested, broken and finely comminuted materials. Quantitative methods of analysis 
are three types, viz., numerical, gravimetric and volumetric. All these types of analysis are 
widely employed by different workers. The following outline of methods is based mainly 
on the reviews by Hynes (1950), Pillay (1952), Windell(1968), Hyslop (1980) and Chipps et 
al (2002  ). 

1. Numerical methods 

The numerical methods are based on the counts of constituent items in the gut contents. 
The numerical methods have been adapted in different ways to assess the relative 
importance of food items and these can be classified under four distinct heads, viz., a) 
Occurrence, b) Dominance, c) Number and d) Point (Numerical) methods. 

a) Frequency of Occurrence: Stomach contents are examined and the individual food 
organisms sorted and identified. The number of stomachs in which each item occurs 
is recorded and expressed as a percentage of the total number of stomachs examined. 
Frequency of Occurrence,  =    iO = 

P
Ji , where, iJ  is number of fish containing prey i 

and P is the number of fish with food in their stomach.  

This method demonstrates what organisms are being fed upon, but it gives no 
information on quantities or numbers and doest not take in to consideration the 
accumulation of food organisms resistant to digestion. For instance, three organisms 
in a stomach, say, prawn, rotifers and  diatoms, present in the ratio of 1:200:2000 would 
all be treated by this method as 1:1:1 with reference to the stomach in question. This 
method holds good even when there is differential distribution of various food 
organisms in the water for the same reason that it is not biased by size or numbers of 
organism comprising the food. Many have used this method as an indicator of inter-
specific competition while some utilized this method to illustrate the seasonal changes 
in diet composition. 

b) Number method: The number of individual of each food type in each stomach is 
counted and expressed as a percentage of the total number of food items in the 
sample studied, or as a percentage of the gut contents of each specimen examined, 
from which the total percentage composition is estimated.  

Percent by number, iN  = 
Q

i1
i

i

N

N , where, iN  is the number of food category i 
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This method has been employed successfully by several workers in studies on the food 
of plankton feeding fishes where the items can be counted with ease. In the basic 
number method, no allowance is made for the differences in size of food items. So in 
the studies on the food of fishes other than plankton feeders, the number method has 
very limited use. The counting of comminuted plant matter in the stomach of fish is 
impracticable and will not yield correct evaluations. So also in the analysis of the gut 
contents of a carnivore which may consist of only one large sized fish and a couple of 
small larvae, the counting are of little value computations. These are summed to give 
totals for each kind of food item in the whole sample, and then a grand total of all 
items. The quotient of these gives the percentage representation, by number, of each 
type of food item.  

c) Dominance method: Essentially the dominance method is a partial improvement of 
the occurrence method, viz., the lack of consideration of the quantities of the food 
items present in the stomach, sought to be remedied. The stomach contents 
comprising the main bulk of the food materials present, is determined and the number 
of fish in which each such dominant food material is present is expressed as a 
percentage of the total number of fishes examined. The percentage composition of 
the dominant food materials can also be expressed by this method as in the occurrence 
method.  

Though in an analysis of dominance the bulk of the food material is taken in to account, 
it can yield only a very rough picture of the dietary of a fish. More over, items which 
are less dominant due to environmental reasons may escape notice. Though this defect 
can also be remedied to a certain extent by the examination of large samples spread 
over a long period of time, a system of assay that takes in to account the relative 
importance of food constituents will obviously be more suitable in gut content analysis. 

d) Points (Numerical) Method: The points method is an improvement on the numerical 
method where consideration is given to the bulk of the food items. The simple form of 
points method is the one in which the counts are computed falling a certain organisms 
as the unit. In a more modified form, the food items are classified as ‘very common’, 
‘common’, ‘frequent’, ‘rare’, etc., based on rough counts and judgments by the eye. In 
this arbitrary classification the size of the individual organisms is also given due 
consideration. The contents of all stomachs are then tabulated and as a further 
approximation, different categories are allotted a certain number of points and the 
summations of the points for each food item are reduced to percentages to show the 
percentage composition of the diet. This method is essentially a numerical one; the 
volume being only a secondary consideration and it is only in the counts that a certain 
amount of accuracy can be claimed.   
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2. Volumetric methods 

Many workers consider the volume as a more satisfactory method for quantitative analysis 
of gut contents. As Hynes (1950) pointed out, volume forms a very suitable means of 
assessment, this is especially so in the case of herbivorous and mud feeding fishes where 
the numerical methods “become meaningless as well as inaccurate”. Even in cases where 
the numerical methods are suitable, volume has been considered as an essential factor to 
be reckoned with, and in all improved numerical methods the volume of the food items 
is taken in to consideration in some way or other. The chief methods that are employed 
in assessing the volume of food items in the gut contents of fishes are: 

a) Eye estimation method:  This is probably the simples and easiest means of determining 
the volume of food constituents. In this method the contents of each sample is 
considered as unity, the various items being expressed in terms of percentage by 
volume as estimated by inspection. This method of analysis is subjective in nature and 
the investigators personal bias is likely to influence the results very greatly. This defect 
can be minimized to a great extent by the examination of large samples conducted 
over a long period.  

b) Points (Volumetric) method:  This method is a variation of the eye estimation method. 
Here instead of directly assessing the volume by sight as in the previous method, each 
food item in the stomach is allotted a certain number of points based on its volume. 
Certain workers have taken into account both the size of the fish and the fullness of 
the stomach in the allotment of points. The diet component with highest volume was 
given 16 points. Every other component was awarded 16, 8, 4, 2, 1 and 0 points 
depending on the volume relative to the component with the highest volume. 
Percentage volumes within each subsample were calculated as: 

 = 
subsample    toallocated  points Total

  component     toallocated  points ofNumber 
X 100 

where,  is the percentage volume of the prey component   

This method is quite useful for analyzing omnivorous and herbivores where measuring 
volumes of microscopic organisms such as diatoms and filamentous algae are very 
difficult. 

c) Displacement method:  The displacement method is probably the most accurate one for 
assessing the volume. The volume of each food item is measured by displacement in 
a graduated container such as a cylinder with the smallest possible diameter for 
accuracy. This method is eminently suited in the estimation of the food of carnivorous 
fishes. But the differential rate of digestion of the food items may sometimes affect he 
accuracy of the observations. However, if the collections are made when the fish are 
on feed, this defect can be easily overcome. A knowledge of the volumes of the 
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different size groups of the food items ay be of great help in estimating the volume of 
the whole item form the semi digested fragments 

3. Gravimetric method  

The gravimetric method consists of the estimation of the weight of each of the food 
items, which is usually expressed as percentages of the weight of the total gut contents 
as in other quantitative methods.  

Percent by weight, iW  = 
Q

1i
i

i

W

W , 

Where, iW  is the weight of the prey i 

Generally the wet weigh of the food after removing superfluous water buy pressing it dry 
between filter papers is taken for this purpose. Dry weight estimation is more time 
consuming and is usually employed where accurate determinations of calorific intake is 
required. The limitation of weight as a criterion of analysis has already been referred in 
the consideration of the method of assessing the condition of feed. Besides these, the 
accurate weighing of small quantities of food matter is extremely difficult and 
impracticable in studies of large collections. This method is, therefore generally employed 
only in conjunction with other methods to demonstrate seasonal variations in the intensity 
of feeding. 

Table: Example of results obtained using different methods of estimation of stomach 
contents for two Lactarius lactarius 

L. lactarius 1 (LL1). 1. Stolephorus bataviensis, 9 cm long, weight 5 g, volume 7 ml,  6 Acetes each 
3.0cm long, weight 300mg vol. 2ml, 1 Bregmaceros ,4cm, 1 g, vol. 1 ml. 

L. lactarius 2 (LL2). 1. Stolephours bataviensis, 7 cm long, weight 3 g, volume 4 ml, 4 Acetes 2.5 cm 
long, weight 250 mg, vol.1 ml.  

Food Method Fish 
LL1   LL2 % Total of which % 

expressed 
S. bataviensis 

Acetes 
Bregmaceros 

Occurrence 
1        1          2 
1        1          2 
1        0          1 

40 
40 
20 

 
All food 

occurrences 
S. bataviensis 

Acetes 
Bregmaceros 

Numerical 
1        1          2 
6        4         10 
1        0          1 

15.4 
76.9 
7.7 

All food organisms 

S. bataviensis 
Acetes 

Bregmaceros 
Dominance 

1        1          2 
1        1          2 
1        0          1 

100 
100 
50 

All fish 
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Food Method Fish 
LL1   LL2 % 

Total of 
which % 

expressed 
S. bataviensis 

Acetes 
Bregmaceros 

Total Volume 
7        4          11 
2        1           3 
1        0           1 

73.3 
20 
6.7 

Total food 
volume 

S. bataviensis 
Acetes 

Bregmaceros 
% volume 

70       80         75 
20       20         20 
10         0          5 

75 
20 
5 

Food volume 

S. bataviensis 
Acetes 

Bregmaceros 
Gravimetric 

5         3          8 
1.8        1         2.8 

1        0         1 

67.8 
23.7 
8.5 

Total weight 
of food 

Food analysis indices 

A. Simple indices 

1) Index of fullness: This is measured as the ratio of food weight to body weight as an 
index of fullness, which is very widely employed. (The ratio of corresponding volume 
can also be used.) This index can be applied to the food in the stomach, or to that in 
the whole digestive tract. It is usually expressed as parts per 10,000 (%00, or parts per 
decimile); that is:  

Fullness index =  
fish  ofweight  

10,000  x  contentsstomch      theofweight 
 

2) Index of selection or forage ratio: Most fishes have a scale of preference for the 
organisms in their environment, so that some are consumed in large numbers, others 
moderately, some not al all. A quantitative index of such differences called as the 
forage ratio. A study of the quantities of different organisms available to the fish is 
made, and also of the various items in their stomachs; then; 

Selection index = forage ratio = 
b
s

 

where, s  = percentage representation by weight, of a food organism in the stomach 
and b = percentage representation of the same organism in the environment.  The 
lower limit for this index is 0; its upper limit is indefinitely large. 

 
3) Index of electivity: Ivlev (1961) proposed a somewhat different quantitative measure of 

selection which has been widely used as mean of comparing the feeding habits of 
fishes and other aquatic organisms with the availability of potential food resources in 
natural habitats. The relationship is defined as 

Electivity index = E = 
bs
b-s
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The index has a possible range of -1 to +1, with negative values indicating avoidance or 
inaccessibility of the prey item, zero indicating random selection form the environment, 
and positive values indicating active selection. 

B. Compound indices 

In an attempt to consolidate the desirable properties of individual diet measures (e.g., Ni, 
Wi. Foi), compound indices were developed that combine two or more measures into a 
single index. The belief is that compound indices capture more information than do single 
component measures (Chipps et al 2002). 

1) Index of Preponderance: (Natarajan and Jhingran, 1961)  

This index gives a summary picture of frequency of occurrence as well as bulk of various 
food items. It provides a definite and measurable basis of grading the various food 
elements. The bulk of food items can be evaluated by 1) Numerical 2) volumetric and 
3) Gravimetric methods. As the numerical method is not suited to the index with the 
frequency of occurrence it magnifies the importance of smaller organisms which may 
appear in enormous numbers. Therefore either volumetric or gravimetric are best to 
assess the food items quantitatively. If we iV  and iO  are the volume and occurrence 
index of food item i. then, 

Index of preponderance iI  =  

Example: The ‘Index of Preponderance’ of food items of Catla catla (Ham.) is given in 
the table 2 with rankings in brackets.  

Table 2 : Index of Preponderance (Natarajan and Jhingran, 1961) of adult Catla 

Food items Percentage of 
Occurrence 

 ( iO ) 

Percentage of 
volume ( iV ) 

iiOV  
100

ii

ii

OV

OV
 

Crustaceans 
Algae 
Plants 
Rotifers 
Insects 
Protozoa 
Molluscs 
Polyzoa 
Detritus 
Sand and mud 

24.5 
27.3 
6.4 
10.8 
3.6 
0.6 
…. 
…. 
10.0 
16.8 

57.1 
24.0 
8.2 
2.4 
6.0 
0.3 
…. 
…. 
1.3 
0.7 

1398.95 
655.20 
52.48 
25.92 
21.60 
0.18 
…… 
…… 
13.00 
11.76 

64.50 (1) 
30.06 (2) 
2.41 (3) 
1.19 (4) 
0.99 (5) 
0.01 (8) 
…... 
. .… 
0.60 (6) 
0.54 (7) 

Total 100 100 2179.09 100 
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According to the index crustacea and algae constitute 1 and 2 ranks in Catla catla. While 
third, fourth and fifth places are held by plants, rotifers and insects. In grading the food 
elements accidental and incidental inclusions like sand, mud, etc., may be left out of 
consideration. 

2) Index of Relative Importance (IRI):- Leo Pinkas et al (1971)  

This index is an integration of measurement of number, volume and frequency of 
occurrence to assist in evaluating the relationship of the various food items found in 
the stomach. It is calculated by summing the numerical and volumetric percentages 
values and multiplying with frequency of occurrence percentage value.; 

Index of relative importance, iIRI  = (% iN +% iV ) % iO , 

 where, iN , iV  and iO  represent percentages of number, volume and frequency of 
occurrence prey i respectively.  

 
Example:. Index of Relative Importance of pelagic preflexion summer flounder, 
Paralichthys dentatus larvae (Grover, 1998). 
 

Prey % iN  % iV  % iO  (% iN +% iV ) % iO  % IRI 

Tintinnids 
Copepod nauplii 
Copepodites 
Calanoids 
Cyclopoids 
Copepod eggs 
Bivalve larvae 
Invertebrate eggs 
Other 

28.7 
20.0 
16.0 
0.6 
0.6 

16.0 
12.1 
3.7 
2.3 

3.3 
10.2 
61.4 
4.9 
2.0 
1.2 

14.8 
0.9 
1.3 

37.6 
41.2 
30.0 
2.0 
2.4 

34.8 
28.0 
11.6 
9.2 

1203.20 
1244.24 
2322.00 

11.00 
6.24 

598.56 
753.20 
53.36 
33.12 

19.3 
20.0 
37.3 
0.2 
0.1 
9.6 

12.1 
0.9 
0.5 

In pelagic preflexion summer (Paralichthy dentatus) larvae, copepodites composed the 
bulk of the diet (61.4% Vol, 37.3 % IRI) and formed the most important prey. Copepod 
nauplii, the second most important prey, composed 20.0% (N and IRI). Tintinnids, despite 
being the most abundantly ingested prey (28.7% N); ranked third in importance at 19.3% 
(IRI). Bivalve larvae and copepod eggs were the only other prey that accounted for >1% 
of the diet, and together they composed 21.7% (IRI). 
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to survive and reproduce to maintain the population. The remaining is the surplus 
production which is available for harvest.  

Fisheries management 

The basic goal of fishery management is to find out the quantity of fish that can be 
harvested (optimum yield) in a sustainable manner which may be subjected to changes 
based on political, economic, and social considerations. Highly conservative 
management can result in loss of fish production due to under-harvesting, while too 
liberal or no management can result in population depletion due to over-harvesting.  
Unlike mineral resources, if the fishery resources are well managed, their duration is 
unlimited. The fundamental basis for conservation and management of fisheries 
resources is its biological characteristics.  Fisheries management draws on fisheries 
science in order to find ways to protect fishery resources so that sustainable exploitation 
is possible. The important components of fisheries management are depicted in the 
infographic.  

 

The reality is that fisheries management is not about managing fish but about managing 
the associated people and industry through regulations. The success of fisheries 
management is associated with human factors like reactions of fishermen and the 
implications of the management regulations for the stakeholders.  FAO of the United 
Nations, advises that the precautionary approach should be applied when "ecosystem 
resilience and human impact are difficult to forecast and hard to distinguish from natural 
changes. It suggests that when an action risks harm, it should not be proceeded until it 
can be scientifically proven to be safe. 
  

Important 
components of 

Fisheries 
Managment 

  Information gathering  

  Analysis  

  Planning  

  Consultation  

  Decision making  

  Allocation of resources 

Implementation of  regulations or rules which  
govern fisheries activities  

   Ensure continued productivity of resources 
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of grouper and all species of sea horse, sea cucumber, sponges, seafans, whales, 
dolphins and sea cows are protected. 

Catch Quotas 

Systems that use individual transferable quotas (ITQ), also called individual fishing quota 
limit the total catch and allocate shares of that quota among the fishers who work that 
fishery. Fishers can buy/sell/trade shares as they choose. A large scale study in 2008 
provided strong evidence that ITQ's can help to prevent fishery collapse and even 
restore fisheries that appear to be in decline.  

Ecosystem based Fisheries 

Tony Pitcher and Daniel Pauly proposed that rebuilding ecosystems, and not 
sustainability per se, should be the goal of fishery management. Sustainability is a 
deceptive goal because human harvesting of fish leads to a progressive simplification of 
ecosystems in favour of smaller, high turnover, lower trophic level fish species that are 
adapted to withstand disturbance and habitat degradation  

Ecopath with Ecosim 

Ecopath with Ecosim is an ecosystem modeling software suite which is an initiative by 
NOAA led by Jeffrey Polovina and later developed at University of British Columbia. In 
2007, it was named as one of the ten biggest scientific breakthroughs in NOAA’s 
200years history. This software suit revolutionized scientists ability to understand 
complex marine ecosystems world wide and is used widely in fisheries management as a 
tool for modeling and visualizing complex relationships that exist in real world marine 
ecosystems. 



Manual on Fish Stock Assessment and Management72

Introduction to Fish Stock Assessment and Management



Manual on Fish Stock Assessment and Management 73

Analysis of Length Weight Relationship 

In practice, fish that have thin elongated bodies will tend to have values of b that are 
less than 3 while fish that have thicker bodies will tend to have values of b that are 
greater than 3. Thus this also help to determine whether somatic growth is isometric 
(b=3)  or allometric. Values of b smaller, equal and larger than 3 indicate isometry, 
negative allometry and positive allometry respectively. When  b>3, large specimens 
increase in height or width faster than in length, either as the result of a change in body 
shape with size, or because the large specimens in the sample are in better condition 
than the small ones. Conversely, when b<3, either the large specimens have changed 
body shape, i.e., become more elongated, or the small specimens were in better 
nutritional condition at the time of sampling. 

Thus the growth of fish length and weight is not proportionate or the relationship 
between length and weight is not linear. This means that when the length is increased 
the increase in weight is not proportionate to it. It is rather non-linear type of 
relationship. The estimation procedure for length – weight relationship is through linear 
regression. Since the above model of length-weight relationship is not linear it has to be 
transformed into linear type by applying logarithmic transformation. If we take 
logarithm (natural logarithm with base e) the above model will become linear as 

XbAYorLbaW )ln()ln()ln(  

where ln(a) is the intercept and (b) the slope or regression coefficient. The above 
relationship is now linear and we can use the ordinary linear regression method for 
estimating the parameters of the relationship.  

Data for fitting the length-weight relationship is collected randomly from the 
commercial catches and should represent fishes of all sizes, smallest to the biggest, and 
there should be enough samples for the analysis and estimation through regression. If 
our aim is examine difference in length weight relationship between different sexes then 
data should be collected separately for males and females. 

Regression analysis for estimation of length weight parameters 

In Microsoft Excel we can do the analysis using the regression analysis tool. Enter the 
data on length and weight of samples in two columns as shown in Fig. 5. Generate two 
columns as the logarithmic values of the length and weight by using the natural 
logarithm function ‘ln’.  The transformed data will be used for estimation of parameters.  

Select Data from the Main Menu, and Select Data Analysis  
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Select ‘Regression’ from the 
‘Data Analysis’ dialog box and 
click OK. 
  

 
 
 
 
The following example 
demonstrates the use of 
this tool for estimation of 
length-weight 
parameters.  
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You will be presented with the 
dialog box. Specify the Log 
transformed weight data and label 
for "Input Y Range:" (D1:D31) and 
the log transformed length data 
and label for "Input X Range:" 
(E1:E31). Check the "Labels" box 
(since you included data labels in 
your input ranges), provide a new 
worksheet name under "Output 
options" and click OK.    
 

 
 

The output will be obtained in a new sheet as given below. 
 

 
 
The output includes regression statistics, ANOVA and the estimates of coefficients. The 
estimate of parameter ‘a’ is calculated from the value given against intercept and the 
estimate of parameter ‘b’ is that given against Ln(length)  coefficient (here it is the value 
against ‘ln(Len)’ which is 2.826). The estimate of ‘a’ is calculated as the exponent of the 
intercept value which can be obtained by using the ‘exp’ function. For example here the 
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intercept value is in cell B17 and to obtain the estimate of ‘a’ in a blank cell use the 
function ‘=exp(B17)’ and we get the value of a as 0.00607. 

The goodness of fit of the regression model is indicated by the ‘R square’ value in the 
output. It should be high for the relationship fitted to be good. In the example it is 0.96 
indicating a good fit. The maximum value of ‘R square’ is 1.0 and the minimum is zero. 
Using the estimated values of the parameters and the original data we can calculate the 
expected values of weight for the lengths in the sample data. This is done by 
substituting the estimated values in the relationship   and calculating the weights 
corresponding to each length in the sample. 

Statistical Test for b=3 (Isometric Relationship) 

In statistical test of hypothesis this is testing for the null hypothesis 3:0 bH  against the 
alternative hypothesis 3:1 bH . The test criterion for this statistical test is a Student’s t 
statistic with (n-2) degrees of freedom where n is the total number of observations.  

Since this test criterion is for a linear regression, for the length-weight relationship 
situation we should use the log transformed values for the X and Y variables. Therefore, 
X values are the log transformed values of length and Y values are the log transformed 
values of the weights. 

The test statistics for this is 
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This value has to be compared with the table value of student’s t for n-2 d.f for making 
inferences about the null hypothesis. 

If the table value of Student’s t is higher than the calculated value, we accept the null 
hypothesis that b=3. In that case we infer that the length weight relationship is said to 
be isometric or there is cubic relationship between length and weight.  

The length-weight relationship in fishes can be affected by a number of factors including 
season, habitat, gonad maturity, sex, diet, and stomach fullness, health and preservation 
techniques, and differences in the length ranges of the specimen caught. The exact 
relationship between length and weight differs among species of fish according to their 
inherited body shape, and within a species according to the condition (robustness) of 
individual fish. Condition sometimes reflects food availability and growth within the 
weeks prior to sampling. But, condition is variable and dynamic. Individual fish within the 
same sample vary considerably, and the average condition of each population varies 
seasonally and yearly. Sex and gonad development are other important variables in 
some species.  
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A growth curve is an empirical model of the evolution of a quantity over time. Some 
growth curves for certain biological systems display periods of exponential growth. A 
Gompertz curve, named after Benjamin Gompertz, is a sigmoid function. It is a type of 
mathematical model, where growth is slowest at the start and end of a time period. In 
biology, a growth model is a depiction of length or weight of animals as a function of age. 
In the case of fish populations, the study of growth is to determine the body size as a 
function of its age. The growth model developed by von Bertalanffy (1934) has been 
found to be suitable for the observed growth of 
most of the fish species. This model expresses length 
as a function of age of the animal. Fish increases in 
length as they grow older but their growth rate 
which is the increment in length per unit time 
decreases as they grow old. When the rate of growth 
is plotted against the length, in most cases it will look 
almost like a straight line with descending limb 
(negative slope). This line will cut the x-axis at a point 
where the rate of growth is zero. This is the point 
beyond which the fish will not grow further and the 
length of the fish at this point is known as the asymptotic length denoted by L .
 
Example: Length-at-age for a portion of 
a sample of male Atlantic croakers (left) 
and average length-at-age are given in 
the following table. The figures show 
plots of the growth curve and growth 
rates.  
 

 

 
 
 
 

Von Bertalanffy Growth Model –
Growth Parameters
T. V. Sathianandan
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Sample Age Length Avg.Age Avg  
Length 

1 1 248 1 248.0 
2 2 210 2 248.4 
3 2 225 3 281.8 
4 2 236 4 208.3 
5 2 240 5 328.2 
6 2 245 6 345.9 
7 2 255 7 332.5 
8 2 258 8 344.3 
9 2 263 9 370.8 
10 2 270 10 327.0 
11 2 292   
. 
. 

. 

. 
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To develop the growth model the above phenomenon can be represented by means of a 
differential equation 

)( lLK
dt

dl
 

This can be rewritten as   dtK
lL

dl
 

The required growth model is then obtained by integrating the above differential equation 
to yield, 

CtKlL )log(   

where C is a constant to be determined. 

Expressing this equation for the length l we get, 
tKCeLl  

When 0t the length l also will be zero so that we get, CL0 . 

Hence LC  and we get the equation as  )1( tKeLl  
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But usually the length will be zero at a different point 0tt so that we get the solution 
for the constant as 

0tK
eLC  

Hence the general growth equation is obtained by substituting the above value for C as 

)
)0(

1(
ttK

eLl  

Parameters of the model are K, L  and 0t . Here K is termed as the curvature, L  is known 
as the asymptotic length and 0t is the age at birth. 

 

 

 

Growth curve with different curvature

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

0.0 2.0 4.0 6.0 8.0 10.0 12.0

Age

Le
ng

th

K=0.5

K=0.8

K=2.0

Growth curve with different curvature

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

0.0 2.0 4.0 6.0 8.0 10.0 12.0

Age

Le
ng

th

K=0.5

K=0.8

K=2.0



Manual on Fish Stock Assessment and Management80

Von Bertalan� y Growth Model – Growth Parameters

 
The data commonly used for fish stock assessment is the length frequency data collected 
periodically by sampling from commercial catches. The data so obtained will consist of 
animals of different age group. The animals born on same day (single spawning) is termed 
as a cohort and the animals of the same age will not have same length rather it will vary 
with a mean and variance.  If we make a histogram of their length most of the animals will 
fall at the middle and it will have the well known bell shape. The sample collected at a 
time will be a mixture of such bell shaped distributions corresponding to different age 
groups. If we are able to trace the length distributions of each cohort separately from its 
initial age up to its life span then we would be able to work out its growth and growth 
model parameters. As the sample collected by us from commercial catch will be a mixture 
of cohorts of different age groups the problem reduces to resolution of individual 
components (known as normal distributions or Gaussian components) from the mixture.  

Resolution of Gaussian components from polymodal distributions 

The frequency distribution of length obtained from a sample of fish is usually skew and 
polymodal. The modes corresponding to individual age groups are very useful in 
separating the different Gaussian components of which it is assumed to be composed off. 
Here the problem is to resolve a distribution into Gaussian components. Different 
procedures are available for resolution of a mixture into Gaussian components. These are 
probability paper method, parabola method and Bhattacharya’s method. Among this the 
last method is most popular. 
 
Probability paper method: Decomposition of polymodal frequency distributions using 
probability paper method was introduced by Harding (1949) and later modified by Cassie 
in 1950.  This involves dissection of the distribution at points of inflexion of the probit 
plot, followed by correction for over lap of components. In this method, the cumulative 
percentages of the frequency distribution are first plotted against the mid points of the 
classes on a probability graph paper and the point of inflexion are marked. Cumulative 
percentages of these points are the keys for separation of the components and each 
segment between them are due to separate distributions.  Each of these components is 
then extracted by adjusting the original cumulative percentages within in segments so 
that the total is 100. These adjusted values if plotted on the same probability paper will 

Estimation of  Growth Parameters 
T. V. Sathianandan
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be linear. The means of each separated component are estimated from the actual 
frequencies falling in the corresponding region. 
 
Parabola method: If the frequency distribution of random variable distributed as normal 
has y as the frequency for a class with mid value x then we can express y as 

2/

2/
)(

cx

cx
dxxfNy  

where f(x) is the probability distribution of a normal random variable with mean , 
standard deviation , c the class interval and N the total frequency. An approximation 
for the relation is 

2
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2)(( xecN

y  

          
22

2)(
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2
ln()ln(

xNc
y  

The above equation is of the form which is a quadratic equation representing a parabola. 
The axis of symmetry of the above parabola will be at x . Hence, if we plot the natural 
logarithm of the class frequencies against the mid values of the classes we can represent 
the different peaks with different parabolas each corresponding to a normal distribution 
whose mean is the point where the axis of symmetry intersects the x-axis. 
 
Bhattacharya’s method:  If )(xy denote the observed frequency of the class with x as its 
mid value and h the class width, then 
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That is, the graph of )ln(y  against the mid value of the class will be linear. If denote the 
x intercept and the angle the line makes with the negative direction of the x-axis then the 
mean and standard deviation of the Gaussian component corresponding to this region 
are estimated as a plot of ))(log())(log()(log xyhxyxy against x is to be made first. 
Then the number of regions where the graph look like straight lines with negative slope, 
indicate the number of components (under certain conditions).  By connecting the points 
in the regions fit straight lines for these regions. If r is the angle it makes with the x axis 

and r is the x intercept for the thr  region for kr ,,1  then the mean and variance of 

the thr  component is estimated as  
2/ˆ hrr  

12/)/ˆ(2ˆ 2hbrCotdhr  
where b and d denote the relative scales for x and )(log xy respectively. The proportions 
of the mixture can be estimated as 

k

i iNiNip
1

ˆˆˆ  

where iN̂  is the total frequency of the thi  class and it is estimated by 

rpxyrN ˆ)(ˆ  

Here, the summation being restricted to the region under consideration and  
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where P(x) is the distribution function of standard normal variate. 

Estimation of Growth parameters 

Once we have data on age and corresponding length obtained from the above procedure 
we may use any one of the following methods as per the situation to estimate the growth 
parameters. 
 
Gulland and Holt Plot: For small values of t (need not be kept constant), the required 
expression is  

tLKLK
t

L
 where tLttLL  and 

2

)( tLttL
tL  
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By regressing 
t

L
 on tL  (of the type xbay ) we can get estimates of the growth 

parameters as 

bK ˆˆ  and 
b

a
L ˆ

ˆˆ
 

Example: The first two columns of the following table pertain to the age and 
corresponding average length of animals of a cohort. The growth parameters can be 
estimated by calculations in the remaining columns and a followed regression. The steps 
followed are 
 
1. Generate column dL as the 

increment in length (difference of 
consecutive values of L(t) ) 

2. Generate column dt as the 
increment in age (difference of 
consecutive values of Age(t) ) 

3. Compute values in column dL/dt 
as the ratio of values in dL and dt) 

4. Compute the mean length Lbar(t) 
as the average of consecutive 
values of L(t) 

 
Now regress the values in column dL/dt 
with the values in Lbar(t). That is carryout 
regression analysis with values in column 
dL/dt as Y values and values in Lbar(t) as X 
values and obtain the regression 
coefficients a and b.  
 
 

 Coefficients Standard Error t Stat P-value 

Intercept 22.36353 0.11182 199.9952 3.75E-09 
Lbar(t) -0.39163 0.00245 -159.872 9.18E-09 

The estimates of coefficients in the regression model obtained through the regression 
analysis are a = 22.36353 and b = -0.39163 and the estimates of growth parameters are 

bK ˆˆ  = 0.39163 and 1.57
39163.0

36356.22
ˆ
ˆˆ
b

a
L  

Regression Statistics 

Multiple R 0.999922 
R Square 0.999844 
Adjusted R Square 0.999804 
Standard Error 0.046844 
Observations 6 

 
Age 
(t) L(t) dL dt dL/dt Lbar(t) 

1 25.7 10.3 1 10.3 30.85 
2 36.0 6.9 1 6.9 39.45 
3 42.9 4.6 1 4.6 45.20 
4 47.5 3.2 1 3.2 49.10 
5 50.7 2.1 1 2.1 51.75 
6 52.8 1.4 1 1.4 53.50 
7 54.2     
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Ford-Walford Plot: The growth equation can be brought into the form 

tLbattL  where )1( bLa and tKeb  

When t is constant we can get estimates of  a and b by regressing ttL  on tL and the 
estimates of growth parameters can be obtained as  

t

b
K

)ˆln(ˆ  and 
)ˆ1(

ˆˆ
b

a
L

 
Example: For the same set of data the column L(t+1) is made with the next value of L(t). 
As per the Ford-Walford plot we regress the values in L(t+1) with values in L(t) and find 
the regression coefficients a and b. 
 

Age (t) L(t) L(t+1)  Regression Statistics 
1 25.7 36.0  Multiple R 0.999987 
2 36.0 42.9  R Square 0.999974 
3 42.9 47.5  Adjusted R Square 0.999968 
4 47.5 50.7  Standard Error 0.039173 
5 50.7 52.8  Observations 6 
6 52.8 54.2  
7 54.2   

 
  Coefficients Standard Error t Stat P-value 
Intercept 18.7018 0.074708 250.3308 1.53E-09 
L(t) 0.672493 0.001713 392.5672 2.53E-10 

The estimates of coefficients in the regression model obtained through the  regression 
analysis are a = 18.7018 and b = 0.672493. Thus the estimates of growth parameters are 

3968.0
1

)672493.0ln()ˆln(ˆ
t

b
K   and 1.57

)672493.01(

7018.18

)ˆ1(

ˆˆ
b

a
L

        
Method of Chapman and Gulland: When t is constant, using  the growth equation we can 
make the relation 

tLcLctLttL  where tKec 1  

Through a regression of )( tLttL  on tL  we can arrive at a regression relation of the 
form xbay  and using the estimates of coefficients of this regression equation we can 
estimate the growth parameters as  

b

a
L ˆ

ˆˆ  and 
t

b
K

)1ln(ˆ  
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Example: For the given data first we generate a column with values L(t+1)-L(t) and regress 
these values on L(t) to obtain the constants a and b in the linear regression equation.  

Regression Statistics 
Multiple R 0.999945 
R Square 0.999891 
Adjusted R Square 0.999863 
Standard Error 0.039173 
Observations 6 

 
 
 
 
 

The estimates of a and b from the regression analysis are a = 18.7018 and b = -0.32751. 
The corresponding estimates of growth parameters are  

1.57
32751.0

7018.18
ˆ
ˆˆ
b

a
L  and 3968.0

1

)32751.01ln()1ln(ˆ
t

b
K  

ELEFAN – Electronic Length Frequency Analysis 

The first component ELEFAN-I in the system of ELEFAN is the program for estimation of 
growth parameters from length frequency data. It was first developed in 1978 and it 
consisted of (i) component for separation of samples into normally distributed 
components (ii) estimation of growth parameters by generating the growth curve and 
minimizing the sum of squared deviations from the means of the component distributions. 
Later versions incorporated an algorithm which by passes the sample separation step and 
fits the growth curve to peaks defined independently of any assumed underlying 
distribution. 

 Data pre-processing: ELEFAN-I uses a simple high-pass filter to identify peaks and 
troughs in length frequency data. The high pass filter used is a running average over 
5 classes which leads to the definition of peaks as those parts of the length frequency 
distribution that are above the corresponding moving average and those below the 
corresponding running average are the thoughs separating peaks. 

 Steps involved in fitting of the growth curve in ELEFAN-I are 

i. Calculate the maximum sum of points available in a set of length frequency 
samples. These are points which can be accumulated by one singe growth curve. 
It is termed as available sum of peaks (ASP).  

ii. Trace through the set of length frequency tables sequentially arranged in time for 
any arbitrary input of growth parameters L and K. A series of growth curves 

  Coefficients Standard Error t Stat P-value 

Intercept 18.7018 0.074708 250.33083 1.528E-09 
L(t) -0.32751 0.001713 -191.182 4.49E-09 
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starting from the base of each of the peaks are then projected forward and 
backward in time to meet all other samples or the same sample again and again. 

iii. Accumulate points obtained by each growth curve when passing through the 
troughs separating peaks. 

iv. Select the curve which pass through most peaks and avoid most troughs and 
accumulate the largest number of points called Explained Sum of Peaks (ESP). 

v. Decrement or increment the values of L and K  until the ratio ESP/ASP reaches 
a maximum. 

The growth model used in ELEFAN-I is the seasonally oscillating version of the generalized 
von Bertalanffy Growth Function (VBGF) of the form 

DsttSinCKDttKDLtL
1

))](2(
2

)0(exp(1[
 

where 
 tL is the predicted length at age t. 

 L is the asymptotic length 

 K is the growth constant – stress factor by Pauly 1981. 
 D is another growth constant – termed as surface factor by Pauly 1981 
 C is a factor that express the amplitude of the growth oscillations. 
 0t is the age at which the fish would have had zero length 

 st sets the beginning of the sinusoidal growth oscillation with respect to t = 0 

In ELEFAN-I the model is used with two of the original parameters replaced (i) st with 
winter point WP and (ii) 0t is described as a factor used to adjust a growth curve to an 
absolute age scale. Here a parameter “T0” is internally used to fulfil the role of 0t . Winter 
point WP designates the period of the year, expressed as a function of a year when growth 
is slowest. In northern hemisphere WP is often found to be near 0.2 (February) while for 
the southern hemisphere WP is often a value close to zero. The relation between WP and 

st is 

 

When D = 1 and C = 0 the model will take the form of the normal VBGF used for fisheries 
research. When 0 < C < 1 growth oscillates seasonally and when C > 1 growth oscillates 
strongly. 
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Fish as a natural resource follows most of the established behavior expected of ay similar 
animal. The birth and ensuing recruitment, growth, reproduction and death, technically 
referred to as mortality are well defined phases of any animal’s life time and fishes are no 
exceptions to this. As is evident from its logic, fish populations increase in their abundance, 
popularly termed as biomass, by birth of animals or by growth apart from occasional 
immigrations. The loss of animals is mostly through death (mortality) which could occur 
due to ageing, natural mortality, or due to fishing, fishing mortality apart from the 
predation inflicted by larger animals in the sea. Hence mortality phenomenon happens to 
be the single most important cause of change in abundance of fish in any defined 
population or technically referred to as stock. By its sheer importance as the leveling force 
in face of animals with varying degrees of reproduction, mortality assumes an important 
position in the study of dynamics or fluctuations in the biomass of a given resource. Like 
its growth counterparts mortality too has well laid conceptualization coupled with clearly 
defined procedures of measurement or technically termed as estimation. Thus the 
phenomenon of rate of loss of animals in a particular population is a parameter to be 
estimated with the sampled animals. The measurements taken from the sampled 
individuals help an assessor to find out the composition of fish available at various ages 
and such information collected over a period of time will enable the observer to find out 
the rates at which fish of a particular age die due to natural and unnatural causes. 

The inevitability of the mortality phenomenon can be understood by the fact that for a 
group of contemporarily hatched fish the number can only dwindle over time. The 
contemporaries or those individuals who were hatched almost at the same epoch are 
technically termed as cohorts. The phenomenon of mortality applies to each such group 
of cohorts and how they decline in number through time. To clearly delineate this process 
of decline in numbers it is essential to follow the fate of the cohort. As mentioned earlier 
cohort is a batch of fish of all of approximately the same age and belonging to the same 
stock. (Sparre and Venema 1998). All fish of a cohort are assumed to have the same age 
at given time so that they all attain the recruitment age at the same time. In the context 
of mortality one is interested in the number of survivors from a cohort as a function of 
age. As mortality is split into natural and fishing induced ones, estimating the mortality 

Estimation of Mortality
J. Jayasankar
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entails the determination of total mortality (natural mortality + fishing mortality) first and 
then splitting this into natural and fishing mortalities as appropriate. 

The progress of a cohort over time is displayed below in figure. In a cohort model it is 
assumed that R individuals are recruited into the fishery at the age tr (denoting age at 
recruitment). From this age fish are exposed to some degree of natural mortality ,M. After 
certain time these fish are 
exposed to fishing at age tc (age 
at first capture) denoted by F for 
fishing mortality. At some point 
tmax the older fish are not 
vulnerable to fishing. This setup 
assumes an all or none type of 
selection popularly referred to 
as knife edge selection, whereby 
at tc either none or all fish in an 
age class are either recruited or 
not or vulnerable or not, and 
once vulnerable all age classes 
are vulnerable. (Sparre and Venema 1992). 

Dynamics of a cohort 

The dynamics of similarly aged fish of a stock are assumed to follow the model of natural 
decay, whereby the reduction in numbers due to total mortality is an exponential function 
of the number of cohorts at the beginning of the period. Notationally the rate of change 
in numbers or number of losses or number of animals died in a small epoch is given by 
the following equation 

 

where the deltas indicate the change in numbers and a small interval of time, say one day 
or week etc. Z is the coefficient of reduction or popularly known as rate of annual 
instantaneous mortality usually scaled to account for one year. N(t) indicates the number 
of individuals alive at time t, preferably converted to years. This total mortality is supposed 
to be the arithmetic sum of natural mortality M and fishing mortality F. Notational 
depiction is as follows. 

Z=M + F 

A gentle mathematical juggling would yield the number of individuals alive at time t which 
follows the time of recruitment of the cohorts into the fishery at Tr could lead to an 
equation N(t)=N(Tr)*exp(-Z(t-Tr)). That is the number of individuals available at the 
present time in years is a function of the difference between the time at recruitment and 
the present time and also the number of live individuals at the time of recruitment. 
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Of course this whole relationship assumes that the rate of instantaneous mortality Z 
remains constant throughout. As a corollary it can be said that higher the value of Z the 
faster would be the decline in numbers and the lower would be the maximum age. 

As an example let us look at a 
case where the recruitment 
number N(Tr) of a cohort is 
1,00,000 and total 
instantaneous mortality Z = 1.5 
per year. Assuming ∆t as one 
day that is 1/365th of a year 
then, the number of survivors at 
different time intervals is given 
in the table. 
As it can be seen that the loss is 
very severe in the initial phases 
as compared to the last stage 
like 8 years whereby the cohorts  effectively vanish. The steepness depends upon the value 
of Z and it is better depicted in the following chart. 

As is evident the decline is the 
steepest in the z=2.5 case and 
it is the slowest in z=0.5 case. 
The X axis indicates the time 
gap after Tr in years and the Y 
axis entries indicate the 
number of surviving animals. 

After the animals obtain age 
of first capture they are most 
vulnerable to fishing 
mortality, whereas upto the 
age of recruitment the decline 
in numbers is mostly due to 
predation or disease ie 
natural mortality. Assuming that Z=F+M, the number of cohorts caught in a period from 
t1 to t2 in years is expressed as the function of total and fishing mortality as follows. 

C(t1,t2)=F/Z*[(N(t1)-N(t2)] 

wherein N(t1) and N(t2) are the animals available at time periods t1 and t2. This equation 
is of extreme importance in fish stock assessment and is famously referred as Baranov’s 
equation or Catch Equation. The fraction F/Z is also very important from assessment point 
of view and is popularly referred to as “Exploitation Rate”.  

Age of cohorts 
(t years) 

Time 
interval in 

years 

Number of survivors 
(N(Tr)*exp(-Z*(t-Tr))) 

tr 0 100000 
tr+ one day 0.00274 99590 

tr+0.2 0.2 74082 
tr+0.3 0.3 63763 
tr+0.4 0.4 54881 

tr+0.4+one day 0.40274 54656 
tr+1.5 1.5 10540 
tr+3.0 3 1111 
tr+5.0 5 55 
tr+8.0 8 1 



Manual on Fish Stock Assessment and Management94

Estimation of Mortality

At the same period the number of animals dying due to natural causes is 

D(t1,t2) = M/Z*[N(t1)-N(t2)] 

The catch equation can be rewritten by involving the number of individuals at the 
beginning ie t1 as follows: 

C(t1,t2) = N(t1)*F/Z*(1-exp(-Z(t2-t1))) 

One major assumption which is the soul of this entire conceptualization is the fact that 
during the time interval (t1,t2) the situation at the ground is not fluctuating enough to 
influence the mortality rates, F and M. But criticisms are always possible on the count that 
natural mortality rates tend to differ with aging and younger fishes which are possibly 
smaller in size are less prone to fishing mortality as compared to their older counterparts. 

Another conceptualization based on catch equation is the “Average number of survivors 
during the time period (t1,t2)” which is given by 

 

Estimation of total instantaneous mortality (Z) 

a) From Catch Rates 
There are very many ways of estimating Z from the data collected from research fishery. 
One such method is the method based on catch rates or Catch Per Unit Effort (CPUE) 
which is the ratio of total quantity of fish caught to the total number of units of gear 
utilized to catch the same. When the fish are caught with the same gear whose catchability 
coefficient (q) with respect to a particular resource is constant, the proportion of surviving 
members of the cohorts at two time periods (t1,t2) is equal to the ratio of the catch rates 
at the two time periods recorded by exploratory survey. That is 

 

A slight modification of the catch equation would lead to the following relationship when 
the number of cohorts available at the time limits viz N(t1) and N(t2) are known. 

 

Using the previous two relationships it can be derived 
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When the data available pertains to commercial fisheries, where the time series is on 
quarterly or annual basis, the equation used could be similar to the one described 
previously and the CPUE is calculated as the catch of cohort during the period (t1,t2) 
divided by the effort during that period. The catch rate can then be expressed as the 
product of average number of survivors in the period (t1,t2) and the catchability 
coefficient of the gear. 

b) Heincke’s method 
Assuming that mortality rate (Z) is constant throughout the life of an individual, the 
following equation holds based on certain algebraic norms. 

  

which is called the Heincke’s equation. In plain words the mortality rate is the negative 
value of the ratio between the number of surviving individuals from age 1 to those 
surviving from age 0. Substituting CPUE’s at each year in the place of N(t)’s this equation 
assuming that they are proportional the same reads as 

 

 

c) Robson- Chapman Method 

Another estimate of Z is proposed by Robson and Chapman (Sparre & Venema, 1992) and 
the formula is 

 

d) Linearised Catch Curve Method 

Ideally for estimating most of the parameters including the mortality rate, the type of data 
required is the number of sampled and raised animals belonging to a cohort at various 
age categories. However in fishery sampling age determination is a time and manpower 
consuming exercise and invariably aging is done by using the length of the animals 
sampled and their categories thereof. Here length is used as an alibi for age. Further it is 
worth recalling that age and length are functionally linked through the Von Bertalanffy 
Growth Function (VBGF). Using the inversion of the VBGF length can be converted into 
age. The specific relationship is as follows: 

  

where t(L) is the age at length L units (cm or mm) and t0, L∞ and K are the classical VBGF 
parameters. Using this in the equation relating the logarithm of catch rate over a small 
time interval and the mid –time interval which is as follows: 
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which in turn can be rewritten using the catch and length information as 

 

Here the change in time 

 

Thus from this linear function, the total instantaneous rate of mortality can be estimated 
as the negative slope. It can be noted that in the previous equations c is a term which is 
made of constant terms or in other words by terms which are not involving either time or 
length at different classes. 

To put this linearised catch curve method into action, a plot of 

                against   

has to be made. Only the stable range of t values which are in the fully exploited range of 
the animal’s life and which also is not close to t∞ (age at maximum length of the animal) 
must be included for the computation of the coefficients of regression. This procedure is 
partially subjective which must be given due care. 

Example 

A worked out example of estimating total instantaneous mortality rate Z from length 
frequency data is given below. 

The case is that of Upeneus vittatus from Manila Bay, Philippines (quoted in Sparre and 
Venema 1992) and the length intervals and catch numbers of the pseudo cohorts is given 
below. The VBGF parameters are K=0.59 per year; L∞=23.1 cm; and t0=0 

L1-L2 C(L1,L2) t(L1) ∆t t(L1+L2)/2 ln(C(L1,L2)/∆t) 
6-7 3 0.51 0.102 0.56 3.381395 
7-8 143 0.612 0.109 0.665 7.179252 
8-9 271 0.721 0.116 0.778 7.756284 
9-10 318 0.837 0.125 0.898 7.841493 
10-11 416 0.961 0.135 1.027 8.033166 
11-12 488 1.096 0.146 1.168 8.114464 
12-13 614 1.242 0.16 1.32 8.252576 
13-14 613 1.402 0.177 1.488 8.14997 
14-15 493 1.579 0.197 1.675 7.825061 
15-16 278 1.776 0.223 1.884 7.128205 
16-17 93 2 0.257 2.123 5.891279 
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17-18 73 2.257 0.303 2.402 5.484482 
18-19 7 2.56 0.37 2.735 2.940162 
19-20 2 2.93 0.474 3.151 1.439695 
20-21 2 3.404 0.66 3.702 1.108663 
21-22 0 4.064 1.096 4.525 - 
22-23 1 5.16 4.064 6.188 -1.40217 
23-24 1 - - - - 

 
To select the most appropriate portion of the length intervals a plot of 

    against   
is made and in the above case it looks like this: 
 
As is evident from the scatter the 
first 7 observations and the last 
two observations do not follow 
the steady fall pattern and hence 
can be avoided. So only the 
points in the mean time range 
1.5 to 3.15 are considered for 
estimating the regression 
coefficients. In this present case 
the estimated slope is -4.19433 
and hence the estimated Z rate is 4.19. 

e) The cumulated catch curve method 

Another approach to estimate Z from length frequency data is the Cumulated Catch Curve 
method propounded by Jones and Van Zalange. The main difference here is in the time 
range (t1,t2) t2 is assumed to be very large to be near ∞ and that would lead the linearised 
catch curve equation to become 

LnC(t, ∞)=d- Z*t where C(t, ∞) is called cumulated catch curve equation. Then the Jones 
and Van Zalinge equation for length converted catch curve would be  

 

After selecting the appropriate portion of the scatter between 

  and  . 

Then from the slope the Z is estimated as slope * K. For the previous example the 
cumulated catch curve approach is done as follows: 
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L1-L2 C(L1,L2) C(L1,L∞) ln(C(L1,L∞)) ln(L∞-L1) 
6-7 3 3816 8.246958 2.839078 
7-8 143 3813 8.246172 2.778819 
8-9 271 3670 8.207947 2.714695 
9-10 318 3399 8.131237 2.646175 
10-11 416 3081 8.033009 2.572612 
11-12 488 2665 7.887959 2.493205 
12-13 614 2177 7.685703 2.406945 
13-14 613 1563 7.354362 2.312535 
14-15 493 950 6.856462 2.208274 
15-16 278 457 6.124683 2.091864 
16-17 93 179 5.187386 1.960095 
17-18 73 86 4.454347 1.808289 
18-19 7 13 2.564949 1.629241 
19-20 2 6 1.791759 1.410987 
20-21 2 4 1.386294 1.131402 
21-22 0 2 0.693147 0.741937 
22-23 1 2 0.693147 0.09531 
23-24 1 1 0 -2.30259 

 
The plot based on the last two 
columns is shown here. From the 
plot it can be seen that the most 
appropriate range to be used for 
estimating the slope is the x 
range from 1.41 to 2.31 and the 
corresponding slope value is 6.51. 
Hence the estimated Z rate = 
Slope*K= 6.51* 0.59= 3.84. 
 

f) Beverton and Holt’s Z-equation based on length data 

Beverton and Holt (Sparre and Venema 1992) have shown that there exists a functional 
relationship between Z and the average length of fish  which is given by 

  

where L’ is some length for which all fish of that length and longer are under full 
exploitation and it is the lower limit of the class interval of lengths from which point full 
exploitation is presumed. 
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For example if the VBGF parameters of a cohort are K=0.45 per year and L∞ = 100 cm and 
if it is assumed that L’=45 cm then the Z estimates for the following data are as given 
below: 

Length 
Group 

Mid 
Length 

N(1960) N(1970) N(1980) N(1960)*Mid 
Length 

N(1970)*Mid 
Length 

N(1980)*Mid 
Length 

45-50 47.5 256 268 212 12160 12730 10070 
50-55 52.5 237 226 161 12442.5 11865 8452.5 
55-60 57.5 211 180 116 12132.5 10350 6670 
60-65 62.5 187 141 79 11687.5 8812.5 4937.5 
65-70 67.5 161 105 52 10867.5 7087.5 3510 
70-75 72.5 138 76 31 10005 5510 2247.5 
75-80 77.5 113 50 17 8757.5 3875 1317.5 
80-85 82.5 87 30 8 7177.5 2475 660 
85-90 87.5 62 15 3 5425 1312.5 262.5 
90-95 92.5 36 6 1 3330 555 92.5
95-100 97.5 12 1 0 1170 97.5 0 
 Sum 1500 1098 680 95155 64670 38220 
     63.43667 58.898 56.20588 

 
Where N(1960)  indicates numbers caught in year 1960 and so on. The mean length here 
is a weighted average of the lengths detailed. 

Based on these figures the Z values for various years are as follows: 

Z(1960)=  per year 

Z(1970)=  per year 

Z(1980)=  per year 

g) Power- Wetherall method 

As a special application of the Beverton- Holt’s Z- equation it can be expressed that 

=a + b*L’ where Z/K=-(1+b)/b and L∞=-a/b 

or alternatively  

        b=-K/(Z+K) and a=-b* L∞ 

This means that plotting -L’ against L’ gives the estimates of a and b and from them the 
parameters L∞ and Z can be estimated. 
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h) Pauly’s empirical equation for Natural Mortality Estimation 

Pauly (Sparre and Venema 1992) made regression analysis to functionally link natural 
mortality M with VBGF parameters and climatic parameters and the empirical formula 
arrived by him is given below: 
 
Rate of Natural Mortality per Year (M)= -0.0152-0.279*ln L∞+0.6543*lnK+0.463*lnT 
where T is the average annual temperature at the surface in degrees centigrade. 
 
The following table gives the estimates of natural mortality for various combinations of T 
and VBGF parameters. 

T=5°C T=25°C 

L∞ K=0.1 0.5 1.0 2.0 0.1 0.5 1.0 2.0 
10 0.24 0.7 1.1 1.7 0.51 1.5 2.3 3.6 
80 0.14 0.38 0.6 1.0 0.29 0.8 1.3 2.0 
200 0.10 0.30 0.47 0.7 0.22 0.6 1.0 1.6 

Method of computing 

The above discussed methods of estimating rates of mortalities can be implemented 
practically either by manual means (highly exhausting) or by using computer based spread 
sheets or by software custom made for this purpose. 

References 
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Cohort analysis is a general terminology for analytical techniques used in the estimation 
of mortality and population size using catch-at-age data.  Different methods are 
available under the class of cohort analysis namely Virtual Population Analysis by Fry, 
Gulland and Cohort Analysis by Pope and also multispecies VPA. In these models we 
trace the decline in abundance of cohorts as they age and pass through the fishery. The 
decline in cohort abundance is thus used to determine mortality rates. Originally the 
method was developed to trace the population size over the life space of a cohort and 
later devised to estimate fishing mortality rates, current abundance and recruitment size. 
The cohort analysis concept was first developed by Derzhavin (1922) with his work on 
sturgeon. In 1949, Fry termed Derzavin’s model as Virtual Population Model and applied 
it to trace historical population size. In 1965, Gulland attempted calculations for 
estimating historical population sizes starting with the oldest age group and worked 
backwards with a guess of fishing mortality rate F termed as terminal F. 

The basic concept behind cohort models is that the size of a cohort when it first enters 
the fishery, known as recruitment size, can be approximately calculated using catches of 
that cohort across all the period it is in the fishery. The historical population size is known 
as virtual population. The term ‘virtual’ is used to distinguish something that is merely 
conceptual from something that has physical reality. It is otherwise referred as cohort 
analysis because each cohort is analyzed and traced separately. These methods are now 
used to estimate cohort size, historic patterns of fishery mortality, age structure and 
recruitment size using data on numbers of fish harvested. The methods were initially 
developed for age-structured data and later extended for length based data. The basic 
theory behind age-structured analysis is that the abundance of fish of age (t+1) which 
are the survivors from the year before, equals the abundance of fish of age t reduced 
by fishing and natural mortalities. 

Gulland’s VPA model 

It is based on two basic equations. The first one is the exponential decay model given 
by 

)(
1

tMtF
etNtN     (1) 

and the second equation is Baranov’s catch equation given by 

Virtual Population Analysis
T .V . Sathianandan
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)(

1 tMtF
etN

tMtF
tF

tC  (2) 

 
Here tN  refers to the number of fish of age t in the year class, tF  and tM  are 
instantaneous rates of fishing and natural mortalities for fish of age t in the year class 
(constant within a year) and tC  is the catch in number of fish of age t in the year class. 
Here the assumptions are (i) fishing takes place continuously through out the year and  
(ii) fishing and natural mortality rates are constant within a year.  

By dividing equation (1) with equation (2) we get the following expression 

tZ
etF

tZ
etZ

tC
tN

1

1     (3) 

Here tMtFtZ  is the instantaneous rate of total mortality.  Using the above three 

equations, starting from the terminal class, if 1tN , tC  and tM  are known, we can solve 

for tF  from (3) and then compute tN  using (1). This procedure can be repeated to 

obtain 1tF  from (3) and then compute 1tN  using (1) knowing the values of  tN , 1tC  

and 1tM . Thus we can calculate these values recursively backward for all the age 

classes. To solve for tF  from (3) which is a non-linear equation in tF  iterative procedures 
have to be used and the calculations are not strait forward.  

Pope’s Cohort Analysis 

Pope (1972) simplified Gulland’s 
VPA model to avoid the iterative 
calculation procedure. In Pope’s 
method, an year is broken into two 
parts with catch assumed to have 
occurred instantly in the middle of 
the year (say t+0.5). The natural 
mortality operates throughout the 
year so that by t+0.5 half of it (M/2) 
operated on the population size 
and the remaining half (M/2) is 
operated between t+0.5 and t+1. 
Accordingly if  tN , 5.0tN  and 1tN  are the population sizes at year t, t+0.5 and t+1 
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respectively then we have the following relation based on the exponential decay model 
(1). 

tC

tM

etNtN
2

5.0  
 

22

2
5.01

tM

etC

tM

etN

tM

etNtN

    (4) 

The above equation can be rearranged to obtain an expression for backward 
calculation as 

22
1

tM
etC

tM
etNtN    (5) 

Thus starting from the terminal year class if 1tN , tC  and tM  are known using (5) 

population size tN can be calculated backward. Once tN is available corresponding 
fishing mortality rate can be calculated by rearranging (1) as  

tM
tN
tN

tF
1

ln  

By rearranging (2) we can get the expression for the population size as 

                                    
tZ

e
tZ
tF

tC
tN

1

                      (6) 

If for the terminal class, the terminal   
tZ
tF

 is known, say R (terminal F/Z), then the 

population size for the terminal class can be estimated as  

R
M

eR

tC
tN

11
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Length based VPA 

In length based virtual population analysis, in the derivation of Pope’s model, instead of 
age classes we have length classes and hence we have to consider the mid point of 

length classes.  In place of t, t+0.5, t+1 we have tL , 5.0tL , 1tL and when converted into 

age using inverse von Bertalanffy growth equation, if 12 ttdt is the age difference 

corresponding to lengths tL  and 1tL we will have the following equation 
corresponding to (5). 

22
1

dttM
etC

dttM
etNtN  

Different computational steps involved in length based Virtual Population Analysis is 
listed below with a numerical example 
 

Step-1 
 
 

For each length class with lower and upper class limits 1l  and 2l  
compute corresponding ages 1t  and 2t  using the inverse VBGF given 
by   

K

L
tl

tt

1ln

0  

Step-2 Corresponding to each length class calculate the age difference, 
12 ttdt  

Step-3 
 

Assuming natural mortality rate to be constant through out the 
period, for each class calculate the quantity  

2)2,1(
Mdt

ellH  
Step-4 Starting from the terminal class we first calculate lastN  using a 

reasonable guess of   R
Z

F
 for the terminal class (say 0.5) as 

R
M

eR

lastC
lastN

11
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Step-5 From the terminal class calculate population size back words using 
the recursive calculation formula 
 

)2,1()2,1(1 llHtCllHtNtN  

 
Step-6 

Calculate 
tZ
tF

 for the class using the equation 

1tNtN
tC

tZ
tF

 

Step-7 Calculate fishing mortality rate for the class as  

tZ
tF
tZ
tF

M

tF
1

 

Step-8 For each class calculate total mortality rate as MtFtZ  

 
Step-9 Calculate the average weight of each animal belonging to the class as 

2
21
blbl

qtW  

Step-10 For each class calculate the mean number of animals belonging to the 
class as 

tZ
tNtN

meanN 1  

Step-11 For each class calculate the Biomass as 

meanNtWtB  

Step-12 For each class calculate the Yield as  

tCtWtY  



Manual on Fish Stock Assessment and Management106

Virtual Population Analysis

        

Cl
as

s 
Fr

eq
. 

 
 

 
 

 
 

 
 

 
 

 
 

1l  
2l

 
t

C
 

1t
 

2t
 

dt
 

) 2
, 1(
l

l
H

 
t

N
 

tZtF
 

tF
 

tZ
 

t
W

 
m

ea
n

N
 

tB
 

tY
 

6 
12

 
18

23
 

0.
47

25
 

0.
96

85
 

0.
49

60
 

1.
07

19
 

98
91

9.
3 

0.
12

55
 

0.
04

02
 

0.
32

02
 

0.
00

97
 

45
37

0.
0 

44
1.

0 
17

.7
 

12
 

18
 

14
46

3 
0.

96
85

 
1.

49
04

 
0.

52
19

 
1.

07
58

 
84

39
2.

7 
0.

58
05

 
0.

38
74

 
0.

66
74

 
0.

03
78

 
37

33
5.

2 
14

11
.3

 
54

6.
7 

18
 

24
 

25
22

7 
1.

49
04

 
2.

04
10

 
0.

55
06

 
1.

08
01

 
59

47
5.

8 
0.

79
20

 
1.

06
61

 
1.

34
61

 
0.

09
83

 
23

66
3.

8 
23

25
.7

 
24

79
.3

 
24

 
30

 
81

34
 

2.
04

10
 

2.
62

36
 

0.
58

27
 

1.
08

50
 

27
62

3.
0 

0.
69

79
 

0.
64

68
 

0.
92

68
 

0.
20

41
 

12
57

5.
5 

25
66

.9
 

16
60

.3
 

30
 

36
 

38
89

 
2.

62
36

 
3.

24
24

 
0.

61
88

 
1.

09
05

 
15

96
7.

8 
0.

63
69

 
0.

49
11

 
0.

77
11

 
0.

36
83

 
79

19
.1

 
29

16
.5

 
14

32
.2

 
36

 
42

 
29

59
 

3.
24

24
 

3.
90

20
 

0.
65

96
 

1.
09

67
 

98
61

.5
 

0.
67

85
 

0.
59

10
 

0.
87

10
 

0.
60

37
 

50
07

.0
 

30
22

.8
 

17
86

.4
 

42
 

48
 

18
71

 
3.

90
20

 
4.

60
82

 
0.

70
62

 
1.

10
39

 
55

00
.5

 
0.

69
77

 
0.

64
62

 
0.

92
62

 
0.

92
34

 
28

95
.4

 
26

73
.6

 
17

27
.7

 
48

 
54

 
65

3 
4.

60
82

 
5.

36
80

 
0.

75
99

 
1.

11
22

 
28

18
.8

 
0.

57
92

 
0.

38
55

 
0.

66
55

 
1.

34
03

 
16

94
.0

 
22

70
.5

 
87

5.
2 

54
 

60
 

32
2 

5.
36

80
 

6.
19

04
 

0.
82

24
 

1.
12

20
 

16
91

.5
 

0.
50

72
 

0.
28

82
 

0.
56

82
 

1.
86

73
 

11
17

.4
 

20
86

.6
 

60
1.

3 
60

 
66

 
22

8 
6.

19
04

 
7.

08
65

 
0.

89
61

 
1.

13
37

 
10

56
.6

 
0.

52
34

 
0.

30
75

 
0.

58
75

 
2.

51
75

 
74

1.
4 

18
66

.4
 

57
4.

0 
66

 
72

 
18

1 
7.

08
65

 
8.

07
09

 
0.

98
44

 
1.

14
78

 
62

1.
0 

0.
58

90
 

0.
40

13
 

0.
68

13
 

3.
30

37
 

45
1.

1 
14

90
.3

 
59

8.
0 

72
 

78
 

96
 

8.
07

09
 

9.
16

29
 

1.
09

20
 

1.
16

52
 

31
3.

7 
0.

58
17

 
0.

38
94

 
0.

66
94

 
4.

23
90

 
24

6.
5 

10
45

.1
 

40
6.

9 
78

 
84

 
16

 
9.

16
29

 
10

.3
88

9 
1.

22
60

 
1.

18
73

 
14

8.
7 

0.
28

23
 

0.
11

01
 

0.
39

01
 

5.
33

63
 

14
5.

3 
77

5.
2 

85
.4

 
84

 
90

 
46

 
10

.3
88

9 
11

.7
86

5 
1.

39
76

 
1.

21
61

 
92

 
0.

50
00

 
0.

28
00

 
0.

56
00

 
6.

60
85

 
16

4.
3 

10
85

.7
 

30
4.

0 

Ex
am

pl
e:

 C
on

sid
er

 th
e 

fo
llo

w
in

g 
le

ng
th

 fr
eq

ue
nc

y 
da

ta
 se

t w
ith

 n
ec

es
sa

ry
 e

st
im

at
es

 o
f 

pa
ra

m
et

er
s a

s g
iv

en
 b

el
ow

 
As

ym
pt

ot
ic 

le
ng

th
, 

L
13

0 
Gr

ow
th

 ra
te

, K
 =

 0
.1

 
Ag

e 
at

 w
hi

ch
 le

ng
th

 is
 z

er
o,

 
0t

0 
 

N
at

ur
al

 M
or

ta
lit

y 
co

ef
fic

ie
nt

, M
 =

 0
.2

8 
Le

ng
th

 w
ei

gh
t p

ar
am

et
er

s, 
q 

= 
0.

00
00

1 
&

 b
 =

 3
 



Manual on Fish Stock Assessment and Management 107

Virtual Population Analysis

 
Thompson and Bell (1934) developed a model to predict catch and stock size for a given 
fishing patter. The model developed by them is an age structured model. This model is 
used to predict the effects of changes in fishing effort on future yields. The length based 
version of this model usually takes necessary inputs, the number of recruits and fishing 
mortality rates for each length classes, from a length based cohort analysis. When 
recruitment details are not available, the model can still be used to get relative figures (in 
the form of per 1000 recruits). Other inputs necessary for prediction using Thompson and 
Bell model are, growth parameters, natural mortality rates for each length group, and  
length weight relationship parameters. It also requires an array of average weights per fish 
for different age/length groups to calculate yield. For economic analysis it requires a 
sequence of values (price) for different age groups.  
 
The model makes predictions of catch in numbers, total number of deaths, yield, mean 
biomass and value for each age group. Changes in effort can be introduced by multiplying 
the F-array by a suitable factor and corresponding predictions can be obtained. Thompson 
and Bell model can be used to study the effect of certain management measures (such as 
closed seasons, increase in fishing effort etc.) on the yield, biomass and value. The outputs 
from Thompson and Bell analysis are for each length class the stock size, the catch in 
numbers, the yield in weight, the biomass and the time required to grow from the lower 
limit to the upper limit of the length group. Finally the totals of the catch, yield and mean 
biomass are also obtained. 
 
The length converted Thompson and Bell analysis use the F - array (fishing mortality rates 
for each length class) estimated through cohort analysis as the reference F - array and 
assesses the effect of raising or reducing the F - array by a certain factor. The prediction 
made by length converted Thompson and Bell analysis is a prediction of the average long 
term catches assuming recruitment to remain constant. 

Calculations involved in length based Thompson and Bell predictions 

Inputs for the analysis consists of 

o Fishing mortalities for different length groups 
o Number of fish in the smallest length group (recruitment size) 

Thompson and Bell Yield and 
Biomass Prediction Model
T .V . Sathianandan
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o The growth parameters 
o Natural mortality rate(s) 
o Length-weight relationship parameters 
o Average price per kg for different length groups 

o The thi  length class is ) 

o Calculate the total mortality sequence as (x is the multiplier used to raise or reduce 
the fishing mortality rates sequence, x = 1 for the current level of exploitation) 

 
 

o Calculate population size for successive classes  

 
 
 

 
 
 

 
 
 

o Calculate Catch for each class 
 
 
 
 

 

 

o Calculate average weight for each length class 
 
 

o Calculate yield for different classes  
 
 
 

o Calculate value for each class 
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Length 
group 

iF  iN  iC  Yield  Biomass Value 

iY  iB  iV  
6-12 0.04 98919.3 1823 13.3 330.7 13.3 
12-18 0.39 84392.7 14463 488.1 1260.1 488.1 
18-24 1.07 59475.8 25277 2336.3 2191.5 2336.3 
24-30 0.65 27623.0 8143 1601.0 2475.2 2401.5 
30-36 0.49 15967.8 3889 1397.6 2845.9 2096.4 
36-42 0.59 9861.5 2959 1755.2 2970.1 3510.5 
42-48 0.65 5500.5 1871 1704.9 2638.4 3409.9 
48-54 0.39 2818.8 653 866.2 2247.1 2165.5 
54-60 0.29 1691.5 322 596.3 2069.4 1490.8 
60-66 0.31 1056.6 228 570.1 1853.8 1710.3 
66-72 0.40 621.0 181 594.6 1481.9 1783.8 
72-78 0.39 313.7 96 405.0 1040.1 1215.0 
78-84 0.11 148.7 16 85.0 772.0 255.1 
84-inf 0.28 92.0 46 563.5 2012.6 1690.6 
Total     59967 12977.1 26188.8 24567.1 

o Length based Thompson and Bell analysis for estimation of MSY and MSEY (Table 
prepared with F-factor x = 2.0) 

Length 
group 

iF  iN  iC  Yield Biomass Value 

6-12 0.08 98919.3 3611.6 26.3 327.6 26.3 
12-18 0.77 82724.1 26041.2 878.9 1134.4 878.9 
18-24 2.13 47271.6 32863.1 3043.4 1427.4 3043.4 
24-30 1.29 10092.9 5154.2 1014.5 784.2 1521.7 
30-36 0.98 3823.1 1652.3 593.8 604.6 890.7 
36-42 1.18 1669.7 881.6 523.0 442.5 1046.0 
42-48 1.29 609.2 351.7 320.5 248.0 640.9 
48-54 0.77 181.3 74.9 99.3 128.8 248.3 
54-60 0.58 79.3 27.4 50.8 88.1 126.9 
60-66 0.62 38.5 14.9 37.3 60.6 111.9 
66-72 0.80 16.8 8.5 27.9 34.7 83.6 
72-78 0.78 5.4 2.8 11.9 15.3 35.8 
78-84 0.22 1.5 0.3 1.7 7.5 5.0 
84-inf 0.56 0.8 0.5 6.7 12.0 20.2 
Total     59967 12977.1 26188.8 24567.1 
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o Length based Thompson and Bell analysis for estimation of MSY and MSEY 
(Total yield and mean biomass worked out with different F-factor) 
 

 

 

 
 
 
 
 
 
 

x total yield mean biomass total value 

0.0 0 571297 0 
0.2 18903 268193 48329 
0.4 20717 135343 49701 
0.6 18360 73209 40925 
0.8 15474 42376 31836 
1.0 12977 26189 24567 
1.2 10999 17216 19168 
1.4 9470 11976 15236 
1.6 8287 8761 12370 
1.8 7365 6697 10259 
2.0 6636 5316 8680 
2.2 6053 4357 7480 
2.4 5580 3670 6554 
2.6 5191 3163 5829 
2.8 4868 2780 5253 
3.0 4596 2484 4790 

Final Results 

MSY = 20919 
MSEY = 51544 
Biomass at MSY = 163296 
Biomass at MSEY = 188207 
F-factor x at MSY = 0.343 
F-factor x at MSEY = 0.301 
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Introduction 

Beverton and Holt's yield-per-recruit model is one of the commonly applied method for 
providing management advice for fish populations. The yield-per-recruit model is widely 
used mainly due to its relative simplicity and the fact that the model inputs like natural 
mortality, age/length at capture and weight-at-age are readily available for most 
species, or reasonable guesses can be made by inference with similar species.  

The basic yield-per-recruit model divides the population into several growth groups to 
represent individual variability in growth. All animals in a growth group grow according 
to the same growth curve but the growth curve differs among growth groups. This 
approach to modelling individual variability in growth was chosen because it is simpler 
than attempting to develop a size-structured or an age- and size-structured population 
dynamics model. The extended yield-per-recruit model considers the dynamics of the 
population by age within each of n growth groups. 

Assumptions  

The yield per recruit model by Beverton and Holt (1957) is a "steady state model". A 
model that describes the state of the stock and yield when the fishing pattern has been 
the same over a long period so that all recruited fish alive are exposed to fishing is 
termed as a steady state model. The Beverton and Holts model makes the following 
assumptions. 

 Recruitment is constant  
 All fish of a cohort are born on the same day 
 Recruitment and selection are knife-edged 
 The fishing and natural mortalities are constant through out the phase after 

recruitment 
 There is a complete mixing within the stock. 

 Growth in weight is isometric. That means b=3 in b
tt LaW  

Beverton and Holt's Yield Per 
Recruit Model
K. G. Mini

20
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Yield-per-recruit model 

The assumed life history of a cohort in the Beverton and Holt model, as shown in Fig. 1 
is as follows:  

1) At age rT  all fish belonging to a given cohort recruit to the fishing grounds at the 
same time: "knife-edge recruitment".  

2) From age rT  to age cT  the 
cohort is not exposed to any 
fishing mortality. In that period 
they suffer only from natural 
mortality, M, this is assumed to 
remain constant throughout the 
life span of the cohort.  

3) At age cT , the "age-at-first-
capture", the cohort is assumed to 
be suddenly exposed to full fishing 
mortality, F, which is assumed to 
remain constant for the rest of the 
cohort's life. The catch from the 
cohort is therefore assumed to be zero until the cohort has attained the age cT . 

Fig.1 The life history of a cohort as assumed in the Beverton and Holt model  

The number of survivors at age rT  is the recruitment to the fishery  

rTNR            ---------(1) 

The number of survivors at age cT , the age at first capture is  
)()( rc TTM

c eRTN       ---------(2) 

The number of survivors of the recruited cohort at age t is  

)))((()( cTtFMecTNtN   

)))(())((( cTtFMrTcTMeRtN      --------(3) 

The fraction of the recruits surviving up to age t is given by  

  )))(())((( cTtFMrTcTMeR
tN      --------(4) 

This means that Eq. (4) gives the number of fish at time t per recruit. That means the 
fraction of each fish that is recruited to the fishery.  
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The numbers caught between a very small interval ),( ttt  is given by 
)(),( tNFttttC                    ------- (5) 

The above equation gives the number of fish caught from a cohort, in the time period 
from t  to tt  when t  is small. To obtain the corresponding yield in weight, this 
number should be multiplied by the individual weight of a fish. If t is small, then the 
body weight of a fish will remain approximately constant during the time period from t  
to tt , and the yield becomes  

)()(),( twtNFttttY       -------- (6) 

where tw is the body weight of a t years old fish.  

The yield per recruit for the time period from t  to tt  is divided by the number of 
recruits, R  

)()(),(
tw

R

tN
Ft

R

tttY
      -------- (7) 

where R
tN  is defined by Eq. (4).  

The above equation is the Beverton and Holt model for a short time period. To obtain 
the total yield per recruit for the entire life span of the cohort, R

Y  all the small 
contributions defined by Eq.(7) has to be added up.  The expression for the total yield 
per recruit is  

KZ
S

KZ
S

KZ
S

Z
WrTcTMeF

R
Y

3

3

2

2331(               -------- (8) 

where:  
 )( 0tTK ceS   
 K = von Bertalanffy growth parameter 

 0t  = von Bertalanffy growth parameter 

cT  = age at first capture 
rT  = age at recruitment 

W  = asymptotic body weight 
 F = fishing mortality 
 M = natural mortality 
 Z = F + M, total mortality 

The model allows us to calculate Y/R with varying inputs of the different parameters, 
such as F and cT  and then assess which effect the various input values have on the 
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yield-per-recruit of the species under investigation. It is important to note that ct and F 

are the two parameters over which the fishery managers have control. Fishing mortality 
F is proportional to effort and ct  is a function of gear selectivity which in turn is related 

to mesh size. Hence R
Y can be considered as a function of F and ct , and often R

Y

values are calculated for varying inputs of F and plotted for finding optimum value of F. 
This curve is known as yield per recruit curve and it often has a maximum that 
corresponds to the Maximum Sustainable Yield (MSY). This maximum changes as the 
value of ct  used is changed. By varying F and ct  simultaneously we can obtain a 

combination of F and ct  which gives the highest value for MSY. 

However, yield-per-recruit analysis is not without its weaknesses. Prime amongst these 
are the assumptions that population is in steady state and that recruitment is 
independent of the size of the spawning stock. The last of these assumptions is only 
needed if the results of the analysis are used to make inferences about likely yields 
(rather than levels of yield-per recruit) Recent analysis of stock and recruitment data sets 
for many species reveal that the assumption that recruitment is independent of 
spawning stock size is probably invalid for many, if not most, stocks. Other weakness of 
the yield-per-recruit approach as it is usually applied is that it completely ignores the 
dynamics of movement and migration and assumes that length is related 
deterministically to age. 

References 

Sparre, P., and S. Venema. 1992. Introduction to tropical fish stock assessment. Part 1. 
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Estimates of biomass and annual yield can be derived from bottom trawl surveys 
especially for monitoring demersal fish stocks. But the estimation of total biomass from 
this based on catch per unit effort estimates involves some crucial assumptions.  The 
mean catch per unit area is an index of the stock abundance. This is on the assumption 
that it is proportional to the abundance. Using swept area method this index of stock 
abundance can be converted into an absolute measure of biomass.  

 
The bottom trawl is a conical net bag 
with wide mouth fitted with weights on 
the ground rope and floats on the head 
rope. The net is kept open by tow otter 
boards which are wooden or iron 
structures which are towed by the warps 
attached forward of their centre so that 
they tend to diverge. These may be very 
long and sweep the sea bed over a wide 
area. They frighten the fish towards the 
advancing net and increases its 
effectiveness. The shape of the net varies 
depending on the kinds of fish targeted 
and the types of bottom. The ground 

rope is fitted with roller gear so that the trawl can be used on stony bottom without any 
damage. The tail end of the gear from which the captured fish are removed is called the 
codend where most of the size selection takes place. In order to obtain a representative 
sample of all the size ranges of the species the mesh size should be relatively small at 
the codend. 

For estimation of stock sizes a completely randomized design or a stratified random 
sampling design is preferred and in most cases stratified sampling design is preferred. 
Strata are constructed in accordance with the density distribution of the fish so that 
areas with high/medium/low densities are separated. For stratification some prior 
information is required which is obtained in a first survey following simple random 
sampling design and the variability obtained is used for stratification. The distribution of 

Trawl Surveys and Biomass Estimation 
T. V. Sathianandan and Grinson George

21

Objectives of bottom trawl survey are  

 Estimation of the total biomass 
and catch rates 

 Estimation of biomass of 
selected species 

 Collection of biological data 
such as length frequency data 
for estimation of growth and 
mortality parameters 

 Collection of environmental data 
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hauls within strata should be random taking into account the practical difficulties. The 
number of hauls possible in a given period can be calculated as 

Number of hauls per day = T / (t2+t3+t4) 
where T is the number of hours available per day, t2 is the duration of one haul, t3 is the 
time used for shooting and hauling the trawl and t4 is the average time taken to cover 
distance between stations. It is important to standardize the length of the haul 
throughout the survey, since the catchability of species and sizes often depends on the 
duration of haul. Following are the important points to be remembered while recording 
data from a trawl survey. 

 The objective of the survey determines the data items to be recorded. Eg. 
Biomass estimation, length frequency analysis, mortality estimation. 

 Data items include specification of gear, haul duration, positions at start and end 
of haul, wire length, wing spread, bottom type, depth etc. 

 Catch record should include total weight, species composition, length 
frequencies for selected species. 

 Data should be well organized to facilitate processing. 
 There should be a log summarizing the whole cruise 
 There should be fishing log that provide information on vessel’s position, time 

of start, end of haul gear rigging etc. Summery information on catch should also 
be recorded in the fishing log. 

 Detailed information on catch in terms of length, weight, sex, maturity stage etc. 
for each specimen should be recorded along with length frequency 
distributions. 

Swept Area Method 

Trawl sweeps a well defined path, the area of which is the length of the path times the 
width of the trawl which is called the swept area. It is estimated as 

  2XhDa ,  where tvD  

Here, v is the velocity of the trawl over the ground when trawling, h is the length of the 
head-rope, t is the time spent for trawling and X2 is the fraction of the head-rope 
length, h, which is equal to the width of the path swept by the trawl and the wing spread 
is 2Xh . Different values of X2 in use are 0,4 to 0.6 for South east Asian bottom 
trawls, 0.5 as a compromise suggested by Pauly and 0.6 in the Caribbean suggested by 
Klima. Catch per unit area estimated by dividing the catch by the swept area is used for 
the estimation of biomass. When exact positions of the start and end of the haul are 
available the distance covered in nautical miles is estimated as 

))21(5.0()21()21(60 222 LatLatCosLonLonLatLatD  
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where Lat1, Lat2 are the latitude at start and end of haul in degrees, Lon1,Lon2 are 
longitude at start and end of the haul in degrees. When the velocity of the vessel and its 
course together with direction and speed of the current are available, then the distance 
covered per hour is calculated as 

)(222 dirCdirVCosCSVSCSVSD  

where VS is the velocity of the vessel in knots (nautical miles per hour), CS is the velocity 
of current in knots, dirV is the course of vessel in degrees and dirC is the direction of 
current in degrees. 

If cw is the catch in weight of a haul and t the time spent in hauling (in hours) the cw/t is 
the catch in weight per hour. If a is the swept area then a/t is the swept area per hour. 
Then the catch per unit of area is obtained as 

       2/
/
/ nmkg

a
cw

ta
tcwCPUA  

If X1 is the fraction of the biomass in the effective path swept by trawl which is actually 

retained in the gear and let acw /  is the mean catch per unit area of all hauls, then an 
estimate of the average biomass per unit area is  

2/
1
/ nmkg

X
acwb  

Let 2Anm  be the total area under investigation, then the estimate of total biomass for 
this area is obtained as  

kg
X

AacwB
1
/  
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T.V. Sathianandan and K. Sunilkumar Mohamed
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Advantages of implementing minimum legal size 
in a fishery
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Production models are classified into two major groups namely Macro/ Global/ 
Synthetic models and Micro Analytical Models. Macro models are based on quite simple 
equations where both the state of the population and fishing activity are each described 
by a single variable. These models take into account only the interrelationship between 
observable inputs such as fishing effort and observable output which is the yield 
obtained from the fishery. Surplus production models are Macro analytical models. 

Surplus production models are an important approach to the study of harvested 
populations dynamics. In surplus production models the stock is considered as a single 
unit of biomass and modeling is not based on any age structure, length structure or 
dynamics of the population in terms of growth and mortalities. Instead, in these models 
the entire stock, the fishing effort and the total yield obtained from the stock are studied 
and a relationship between these are established without considering any micro level 
details such as growth, mortality, age at first capture, mesh size effect etc. The objective 
here is to obtain optimum levels of effort, which gives the maximum yield that can be 
sustained over a long period. These models do not demand much data for the analysis 
and for this reason these models more popular. When reasonable estimates are 
available for the yield and corresponding fishing efforts over a period of time these 
models can be used for obtaining optimum levels of effort and corresponding yield 
estimates. 

Change in biomass depends on recruitment, growth and mortality. This can be 
represented by the following equation 

ttttt ZGRBB 1  

where tB is the biomass at time t, tR is the weight of the new recruits into the fishery, tG

is the total increase in the weight of the animals due to growth and tZ  is the weight of 
the animals died during the period. Then production is given by 

tttttt ZGRBBP 1  

The population is in equilibrium when production is zero.  
When 

0tP , population is in equilibrium

Macro Analytical Models - Surplus 
Production Models
T .V . Sathianandan

23
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0tP , population is in surplus 
0tP , population is in depletion 

The population may collapse when tP  goes beyond some values. Here biomass is a 
point time concept and yield or production is a period concept. 

At given time t, under fishing activity tf  and population state tB , the change in tB is 
assumed to depend on population state and fishing activity. Hence the equation used 
commonly to define surplus production models is 

                                                   
),( tBtfg

dt
tdB

 

Different versions of this model are given by different workers, such as  

1. Pella and Tomlinson 

  
tBtfq

m

B
tB

tBr
dt

tdB
1

0
1  

2. Graham Schaefer’s model  

tBtfq
B

tB
tBr

dt
tdB

2

0
1  

3. Exponential model 

tBtfq
B

tB
tBr

dt
tdB

0
ln1  

Here mrB ,,0 and q are parameters of the model which have to be estimated using data 
on yield and fishing effort. 

In surplus production model the rate of increase in biomass is taken as a function of 
biomass itself so that the relative change is given by the equation 

       tFtBf
dt

tdB
tB

)(1     where tfqtF  

and tF  is the reduction in biomass due to fishing. When the production is surplus the 
relative change in biomass will be positive and it will be zero when the population is in 
the state of equilibrium and hence tt FBf )(  at equilibrium. 

Graham-Schaefer Model: In this model the first order differential equation is used to 
describe the rate of change of stock biomass tB due to production.  In the absence of 
fishing the rate of change in the biomass is assumed to be a function of current 
population size only.  
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That is 

2
tB

K

r
trB

dt
tdB

 

where tB is the biomass at time t, K is the carrying capacity beyond which the population 
can not grow and r is the intrinsic rate of increase in stock per unit time. When fishing 
mortality is added to this model it becomes, 

                                                            

where )( tt Fr , 
K
r  and tF is the instantaneous rate of fishing mortality. 

For a short period ),( htht  during which the instantaneous rate of fishing mortality 
tF is constant, the solution of the differential equation gives  

0
1

01

hwhen
hB

hB

hwhen
hehBh

hehBh

hB  

 
and yield during the same period denoted by hY is 

     dttB
ht

ht tFhY  

and solution of this integral yields 

                               
0]1ln[

0]
)1(

1ln[

hwhenhBhF
hwhen

h

hehBhF

hY  

The estimated average biomass during this short period ),( htht  is given by 

   
hF
hY

hB . 

The surplus production during this period ),( htht is  

   hYhBhBhP  

When yield is equal to surplus production, the population is in equilibrium. 

2

2)(

tBtBt

tB
K

r
tBtFr

dt
tdB
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Parameter Estimation 

It is assumed that the yield tY at equal time periods t=1,…,T are available. The following 
notations and assumptions are made for estimation purpose. 
 

tB  : Population biomass at start of time t 
tY  : Yield in biomass during time t 
tP  : Surplus production during time t 
tF  : Fishing mortality rate during time 

t,assumed to be proportional to 
fishing effort rate. 

tf  : Fishing effort rate during time t 
q : Catchability coefficient 

 
tt fqF  
tt Fr  

 
Parameters to be estimated are r, K, q and the initial biomass 1B . 

Algorithm for estimation 

The estimation procedure is by minimizing an objective function. With some starting 
guess estimates of the parameters compute the initial biomass and project through time 
estimating the yield for each time point t=1,…,T. The procedure is then iterative leading 
to the general function minimization procedure with the function to be minimized is 

2)]ˆlog()
1
[log()1,,,( tY

T

t
tYBqKrf  

where tY is the actual yield and tŶ is the corresponding yield estimated according to the 
model. Fishing mortality can also be estimated from recorded yield using the equation 

0
)1ln(

0

]1
1

ln[

twhen
tB

tY

twhen

t

tetB
tY

tF  

Pella and Tomlinson's  Model: One problem with the Graham-Schaefer model is that 
the maximum sustainable yield MSY always occurs when the biomass is half the carrying 
capacity K. This is a direct consequence of the parabolic relationship between 

dt
dBt  and

tB , which in turn follows from the linear relationship between per capita productivity 
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and population size. Pella and Tomlinson (1969) proposed an alteration to the model for 
which uncouples MSYB  from K.  

One form of this model is given by 

1
10

nforn
tBatBb

nfortBbn
tBa

dt
tdB

 

Simple forms 

1. The simple representation of Schaefer model is  

      tfbatftY )/(  

For this model the catch per unit effort is considered as a linear function of effort and 
the linear relationship has negative slope and positive intercept. Under this model the 
catch per unit effort will be maximum when  

b

a
tf  

The maximum sustainable yield (MSY) for the model is  

         
b

a
MSY

4

2
 

and the corresponding effort is  

        
b

a
MSYf

2
 

When we have time series data on catch and effort by a linear regression of catch per 
unit effort )/( tftY  (CPUE) on effort tf , we can estimate the coefficients a and b and 
calculate MSY using this estimates. 

2. In the model suggested by Fox, exponential relationship between CPUE and effort is 
assumed. The model is given by  

e tfdctftY / or equivalently  tfdctftY )/(ln  

This function will have maximum value for the yield when  

dtf
1

 

and the maximum value of yield (MSY) is given by 

        11 ce
d

MSY  
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Using time series data on catch and effort through a linear regression of logarithm of 
catch per unit effort )/ln( tt fY  on effort tf , we can estimate the coefficients c and d and 
calculate MSY using this estimates. 

Example: Given in the following table are 
total catch and total effort in standard boat 
days for the shrimp fishery during the years 
1969 to 1978. Estimate MSY and 
corresponding fishing effort (FMSY) based on 
Schaefer model and Fox model. 

Analysis for Schaefer Model 

Regression Statistics 

Multiple R 0.8797919 
R Square 0.7740338 
Adjusted R Square 0.745788 
Standard Error 51.85595 
Observations 10 
 

  Coefficients Standard Error t Stat P-value 

Intercept - (a) 444.45412 31.24687 14.22396 5.81E-07 
f(i) - (b) -0.008055 0.001539 -5.23484 0.000788 

 

tonnesKg
b
aMSY 61316130923

)008055.0(*4

2)45412.444(
4

2
 

daysboat
b
a

F MSY 6.27588
)008055.0(*2
)45412.444(

2
 

Analysis for Fox Model 
 

Regression Statistics 

Multiple R 0.8847168 
R Square 0.7827238 
Adjusted R2  0.7555642 
Standard Error 0.1757386 
Observations 10 

 

 Coefficients 
Standard 
Error 

t Stat P-value 

Intercept 6.1499573 0.105895 58.07604 8.58E-12 
f(i) -2.8E-05 5.21E-06 -5.36838 0.000671 

 
tonnesKg

d
cMSY 61596159160

000028.0
)11499573.6exp()1exp(  

daysboat
dF MSY 35721

)000028.0(
11  

Year Yield Effort   
(i) Y(i) f(i) Y/f ln(Y/f) 
1969 546.7 1224 446.65 6.102 
1970 812.4 2202 368.94 5.911 
1971 2493.3 6684 373.03 5.922 
1972 4358.6 12418 350.99 5.861 
1973 6891.5 16019 430.21 6.064 
1974 6532.0 21552 303.08 5.714 
1975 4737.1 24570 192.80 5.262 
1976 5567.4 29441 189.10 5.242 
1977 5687.7 28575 199.04 5.294 
1978 5984.0 30172 198.33 5.290 
Mean 4361.1 17285.7 305.20 5.7 
Sd 2184.9 10657.0 97.60 0.3 
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Fishery resources are renewable natural resource but are not inexhaustible extinct if the 
rate of harvest or exploitation is higher than the rate of regeneration or reproduction. 
Here the size of the stock (population) depends on the biological, economic and social 
considerations. Fisheries come under Common Property Resource (CPR), due to which a 
comprehensive management measure could not be exercised.  “In an open access regime 
like fishery, negative externalities are many, which implies that uncontrolled fishery will 
bound to end up in what is called tragedy of commons.’ (Grafton et.al, 2006) 

Sustainable Fisheries Yield 

The sustainable yield in fishing commonly referred to as “Maximum Sustainable Yield 
(MSY) is a biological phenomenon. MSY means that level of fish catch or yield that can be 
harvested from a given system in 
perpetuity without affecting the stock 
of the system (or the sea). In other 
words, a catch level is said to be 
sustainable whenever it equals the 
growth rate of the population since it 
can be maintained for ever.  As long as 
the population size remains constant, 
the growth rate will remain constant as 
well.  

Economics of fisheries management 

Economics play a vital role in fisheries management.  In the earlier stages, fisheries 
management focused on controlling the effort to maintain the fish stocks.  The common 
assumption is that if the control measures are strictly implemented, the further increase 
in effort is prevented and thus a sustainable harvest can be expected. But by 1970 it was 
found that such measures fail to control the fishing effort and capacity as the fishers 
substituted from regulated to unregulated inputs (Wilen, 1979) and further remedies 
suggested also failed to prevent the increase in fishing effort (Townsend, 1990).  
 

Estimation of Maximum Economic 
Yield
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“An economic perspective of fisheries management is that marine resources should not 
only be managed sustainably but also in a way that they contribute to and provide net 
benefits for the nation as a whole.   Indeed the economists argue that sustainable and 
economically profitable fishery is complimentary.  A level of harvest that maximizes the 
sustainable returns from fishing is often at a stock size that is greater than that which 
would maximize the overall yield from a fishery.  Moreover, if there are other costs 
associated with fishing like habitat damage or environment loss etc., the economic 
optimum level of harvest that accounts for these costs would be even less, and the 
desirable fish stock even larger.  In other words, a fishery that is economically optimum in 
the long run is also likely to be an ecologically sustainable fishery”. (Grafton, et al., 2006). 
 
Maximum Economic Yield 
(MEY) is realized at that level 
of effort in which the 
sustainable net return from 
the fishery is maximum.  The 
difference between the total 
revenue (TR) and the total 
cost (TC) is maximum.  This 
difference is also referred to 
as resource rent.  

 
Total revenue (TR) = Price (P) × Catch (H) 
TC = Unit cost (c) × Effort 
 Rent = TR – TC 

 
The resource rent is maximized at the point E*.   

Here MEY is left of  MSY 

 Optimal harvest (H*) is less than the MSY harvest 

 But rent is larger than at MSY 

The marginal analysis can show that the MEY occurs at the point where MC =MR. It is 
observed that for marginal unit of effort, marginal rent is = 0 and average rent >1. 
 
The point E* is that effort level at which the MEY occurs.  At this point of effort only 
the difference between the total revenue from fishing and total cost of fishing is the 
maximum.  This difference is also referred to as resource rent. “Goal of traditional 
fisheries management: achieve MSY.  However the economists aim for MEY in contrast to 
MSY. 

Maximum Economic Yield 
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AT MEY, compared to MSY, the fish catch is lower, fishing profit is higher, fishing effort is 
lower and the fish stock is higher. Thus MEY is where more fish is conserved and economic 
is the friend of conservation. (Dixon, 2005 
and Grafton et.al., 2006). 

MEY is affected by the changes in price of 
fish and the costs of fishing. When the 
price of fish increases, the total revenue 
curve shifts upward at all effort levels, 
leaving the intercepts unchanged and the 
point of MEY moves closer to MSY but 
never beyond MSY so long as the cost of 
fishing increases with effort.  On the other 
hand, if the cost of fishing increases, the 
total cost curve moves upward to the left, 
thus the new point of MEY is to the left of 
the previous MEY.  This will lower the 
optimal fishing effort (E*) because with a 
more costly harvest, it pays more to have 
larger stocks from which to catch. In total, a fall in fish price or an increase in cost of fishing 
will lead to lower harvest with a less fishing effort and a larger stock size in order to 
maximize the economic profits (Grafton et.al., 2006) 

Estimation of Maximum Economic Yield  

The Maximum Economic Yield (MEY) and the effort to harvest this Maximum Economic 
Yield (f mey) can be estimated following Devaraj and Smita (1988) as mentioned below 

  p = a – by      (1) 

where, p is the unit weight of fish, y is the annual yield 

The average price per unit weight of fish (p) is generally a monotonically decreasing 
function of annual yield (y) 
The profit is obtained as a difference between total revenue (TR) and total cost (TC), i.e., 

   = TR – TC =(p-c)y     (2) 
where ‘c’ is the cost of harvesting one unit weight of fish.  From this, a cost function will 
be fit from the data collected. Then the MEY and fmey will be obtained using the following 
equations 

  MEY = (a – c) / 2b     (3) 

  fmey = [a +/- (a2 – 4 b MEY)]1/2 / 2b   (4) 
 
where, a = intercept; b, c =regression coefficients 
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From fmey, the optimum fleet size is obtained by dividing ‘b’ by the average annual fishing 
days. Based on this the excess capacity and thus the capital investment (over and above 
the optimum fleet size) can be worked out. 

Beyond Maximum Economic Yield  

While estimating the MEY, three assumptions have been made: (i) zero discount rate; (ii) 
cost of fishing is a simple liner function of stock size; (iii) fishing costs rise proportionately 
with effort. The discount rate is that interest rate at which future catches are valued today.  
IF the discount rate is very high or large, the MEY will correspond to a bionomic 
equilibrium (Clark, 1990), because it will be profitable to harvest the stock today itself if 
the loss of future net returns are very heavily discounted. The fisheries with commonly 
used discount rates, MEY will be conservationist and generate stock sizes that are larger 
than those associated with MSY. This implies that maximizing economic viability of 
fisheries is compatible with economic sustainability of the fisheries. 
 
The cost of fishing is an important component that decides the MEY. Generally the cost 
of fishing increases with a decrease in stock size at an increasing rate. This is the 
characteristics of the fishing practice. Under such a situation, it will be desirable to have a 
catch and effort level further to the left of the bionomic equilibrium. 
 
In case of multi-species fishery, the estimation of MEY becomes complicated in many ways 
due to factors like biological interactions, apportioning of the cost of fishing, value of 
target versus by catches and splitting the efforts and related aspects. Though all these 
factors can be accommodated in the model, the computation of species-wise MEY 
becomes very difficult. The concept of uncertainty in fisheries makes the process of 
estimating MEY more complicated.  The sources of uncertainties include lack of complete 
biological data to calculate the stock-recruitment relationship, inability to accurately 
measure the actual catch and effort of fishers and the current size of the fish stock. Price 
of fish and the precise cost of fishing are also the other sources of uncertainties facing the 
fishery. Such aspects call for a different approach to manage fisheries.  
 
Despite such assumptions, the MEY is a good target reference point for fisheries 
management.  Because MEY ensures that the stock levels in many fisheries are larger than 
those associated with the traditional MSY target; (ii) ensures that the major inputs like fuel 
and labour are utilized efficiently so as to maximize the profit (Grafton et. al. 2006). If the 
resources are used beyond the MEY target, it will result in excess fishing capacity, lower 
returns and thus lower profits.  Hence it pays rich dividend to follow the MEY as an 
important component for aiming at a sustainable fishery.  
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