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Aquaculture is one of the fastest growing food producing sectors in India. Per capita food 
supply from aquaculture has increased manifold compared to that obtained from terrestrial meat 
production during the last decade. Apart from supplying cheap protein, this sector Is contributing 
significantly in poverty alleviation, food security and income generation for rural population. To 
augment the productivity further on a sustained basis it has become imperative to train the vast 
workforce engaged in the area of research and development in modem methods especially IT 
applicat~on in research. Bioinformatics Division of Department of Biotechnology, Ministry of Science 
and Technology has been strengthening the infrastructure for Bioinformatics application countrywide. 
The need for training and developing manpower resources in this area is great as trained human 
resources are limited particularly recognizing the importance of IT in pursuing advanced research 
in modern b~ology. The bioinformatics center on aquaculture established at Central Institute of 
Freshwater Aquaculture, Kausalyaganga is one of the 63 sub-distributed information centers located 
in universittes and research institutes of national importance providing computerized information 
storage and retrieval services in fisheries. The Center has successfully conducted a number of 
workshops on IT and statistics application in aquaculture research utilizing the infrastructure created 
forthe purpose besides significant contributions in publication and digitization of information resources 
in the related areas. 

I am extremely happy to learn that a book entitled 'Bioinformatics and Statistics in Fisheries 
Research-Vol-2" has been compiled and edited with up-to-date and interesting articles contributed 
by the eminent professionals of the national institutes based on the feedback received from readers 
of first volume. The book constitutes two parts viz. (i) Bioinformatics and (ii) Statistics. Within 
bioinformatics many important topics such as data warehousing, data mining, databases, networking 
and information management are covered besides basics of bioinformatics. Modeling, system 
dynamics, forecasting, genetical statistics are new introductions in aquaculture research along with 
statistical methods, design of experiments and sample survey methodology are covered under 
statistics with illustrated examples. 

It is expected that this publication will be useful for research workers and planners engaged 
in fisheries research equally. The book may serve as a unique source of information on the application 
of bioinformatics and statistics tools in fisheries research for the future generations. 

I wish this initiative a grand success. 
n 
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still more relevant to establish very close linkages between computers and experimental 
biiologiste. There are many developments, for e.g.. Enterprise Bioinforrnatics, high system 
computing, genomic data and data base integration and DNA amplification and sequencing, 
genome assembly and gene types, web based Bioinformatics, biochips and gene expression 
analysis and Proteomics and mass spectrometry. 

Recent studies have shown that even the implication of mathematical theory in cell 
biology have become very important. In fact Leroy Hood from the institute for systems 
biology, in Seattle says " the future will be the study of genes and proteins of organisms 
In the context of their informational pathways and networks". Similarly the areas of 
modular biology, synthetic biology is at the forefront of scientific excitement. 

The announcement of the remarkable success of the human genome project 
supported in 1986 and making the draft sequence available to the people was a landmark 
in the history of modern biology and science. This has generated tools to produce the whole 
gene catalogues for many mlcrobes the plant Arabfdopsfs thalfna the fru~t fly Drosophflae 
melenogaster, the roundworm Caenorhabd~bs elegans and soon the puffer flsh Fugu 
mbnpes The complete genome sequences have almost served as reclpes for l~fe and the 
foundat~on of modern b~ology In the 21" century almed at the b~ologlcal goals as deflned 
bye the sclent~flc commun~ty world over as Ach~eve a fundamental comprehensive and 
systematic understanding of I~fe" 

It is important now that scientists work towards characterization of the full repertoire 
of molecular machines of the living systems. Also they must understand how these machines 
are orchestrated with the life system of single cell and complex multicellular organisms. 

Concept of Biointormatics 

Bioinformatics or Life Science Informatics is a young, fast developing science branch. 
dealing with storage, analysis integration and simulation of molecular biological data. 
Bioinformatics is an applied discipline that utilizes computational tools to conceptualize 
biology. It has emerged as a cutting edge technology and a knowledge revolution. 
Extraordinary growth of information technology and unprecedented advances in molecular 
biology and recombinant DNA techniques have ushered in the age of Bioinformatics. 

Human kind is on the brink of another revolution. There is no doubt that the mapping 
of the human genome, completed in June 2000, is one of the greatest scientific advancements 
in history. This breakthrough in biological research was made possible by advancements in 
using Bioinformatics and computational Biology. Areas such as proteomics, genornics, 
combinatorial chemistry, statistics, nanotechnology, spectroscopy, structural and 
computational Biology will have increasing applications of Bioinformatics in days to come. 



Goal of Bioinforrnatlcs 

The major goal of bioinformatics is to obtain the complete sequences of as many 
different genomes as possible. By having that sequence information, companies and research 
organizations can start to do what is commonly referred to as 'sequence-based biology." 
They take that sequence information, and use it to give scientists more direction as to how 
they should design experiments, and how these scientists should analyze the experiments. 
So bioinformatics is causing a fundamental shift in how scientists actually approach molecular 
biology. The "Holy Grail" for bioinformatics is to map all the genes in the human body and 
decipher what the role each gene and its associated base pair plays in the expression of the 
gene. 

Role and Relevance in Biotechnology 

Bioinformatics is becoming increasingly important due to the interest bf the 
pharmaceutical industry in genome sequencing projects. There is a vital need to harness 
this information for medical diagnostic and therapeutic uses, and there are opportunities for 
other industrial applications. This field is evolving rapidly, which makes it challenging for 
biotechnology professionals to keep up with recent advancements. The area has evolved 
to deal with four distinct problems viz. (i) Handling and management of biological data, 
including its organization, control, linkages, analysis, and so forth. (ii) Communication among 
people, projects, and institutions engaged in the biological research and applications. The 
communication, which includes e-mail, file transfer, remote login, video conferencing, 
electronic bulletin boards and establishment of web-based information resf;rurces (iii) 
organization, access, search and retrieval of biological information, documents, and literature; 
and (iv) analysis and mtepretation of the biological data through the computational 
approaches including visuakation, modeling & simulation, and development of algorithms 
for highly parallel processing of complex biological structures. The following are the thrust 
areas of Biotechnology, which are fully dependent on Bioinformatics. 

Comparative Genornics 

The assumption that the similarity of two sequences whether it is DNA, RNA or protein 
imprbes functional correlation. Some of the most successful broinformatics applications deal 
with this kind of analysis. Several software tools have been developed like BLAST that 
efficientty performs sequence-alignments against large databases of known sequences. It 
became a routine task to compare a new sequence against several databases. 

Functional Gneomlcs 

To investigate genes in their cellular context, expression analysis via Microarray and 
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DNAchips taka place. The comparison of expression patten of welldefined metabolic states 
allows identifications of pathological phenotypes on a molecular level. Based on the 
identifications a reverse engineering of pathways and localization of pharmaceutical targets 
is possible. 

The publication of entire genome sequences led to a shift of interests from pure DNA 
sequencing to Protein localization and characterization within their cellular context. This 
became necessary as one gene can give rise to a number of products via mechanisms 
such as splicing or post-translatoric modifications. The proteome refers to the identification 
and analysis of all proteins of a cell. This involves the determination of structures as well as 
the identifications of protein interactions and function in biological pathways. 

Structural Genomics 

Structural Genomics covers the calculation of three-dimensional structures based 
on the sequence of a macromolecule. The theoretical basis of the relationship between 
sequences and structure is the most fundamental problem of in silico biology. From a 
computational point of view the so-called folding problem is the most demanding objection 
of computational biology. Nevertheless only the knowledge of the structure of a protein can 
provide a deeper understanding of its function. 

Pharmaco Genomics 

The development of drugs aims to maximue effect and minimize side effects. It would 
therefore be very convenient to personalize drugs for each patient. The genetic variations 
among all human is only 0.1 %of the total DNA. The differences are mostly point mutations, 
having phenotypic impact. These so-called SNPs (Single Nudeotide Polymorphisms) become 
good candidates for drug development and diagnosis. With the investigation of SNPs using 
Microarrays the investigation of entire populations becomes feasible. Databases of SNPs 
will reveal the patterns that cause cancer or Alzheimer. 

Cellomlcs or  System Biology 

If sufficient data is available and all relevant components for life are'identified more 
complex interactions can be investigated. For a holistic biological understanding of cell, 
simulations of cells, entire organisms and populations provide new insights. The simulation 
of life in silico is a future directive for bioinformatics that started now. 
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Bioinformatics Network in India 

India's achievements and strategic advantage in information technology and 
biotechnology have positioned the country to play a crucial role in the post-genomic era 
This role would range from analysis of genes and structures, defining metabolic pathways 
to identification and validation of drug targets and classification of the natural resources 
based on genetic profiles. Biotechnological applications in agriculture, medicine and 
environment protection and biodiversity conservation have not only scientific relevance but 
also offer opportunities for overall sustainable development, most desirable for 21d Century. 
The country's rich biodiversity and bioresources can reap the hamest from these scientific 
breaks through. 

With the objective of integrating the country's vast scientific expertise in the different 
areas in biotechnology and computational sciences, the Department of Biotechnology 
envisioned in 1986 the establishment of a distributed information network. The network 
was to provide a common platform for exchange of information among the scientific 
community and in the process speed up the scientific discoveries. The network, referred to 
as the Biotechnology Information System Network, (BTISnet) presently consists of sixty- 
one centres spread all over the country. Over the years, the network has created a resource 
base including computational infrastructure, databases and software. Human resource 
development through short and long-ten programmes, research and applications in frontier 
areas of Bioinformatics and biotechnology, are the main objectives of the Bioinformatics 
programme. 

The BTlSnet has established a link among scientists and organizations involved in 
research and development activities in Biotechnology. The network today offers a single 
window information resource in the country covering interdisciplinary areas of biotechnology 
and molecular biology. Six National Facilities on Interactive Graphics are dedicated to the 
promotion of molecular modeling and other related activates. More than 50 subject specific 
databases have been developed through the BTISnet. Several major International databases 
for application to genomics and proteomics have been established in the form of Mirror 
sites as part of the network. These databases are being linked through high speed and 
large bandwidth network in the form of VPN called BlOGRlD INDlAto promote faster sharing 
of information as well as to encourage tandem research by various RBD labs and industrial 
units. These sites are designed to act as knowledge pathways for discoveries in 
biotechnology. At the micro level, the programme deals with the various issues related to 
the biological data. It covers the development of data analysis tools, modeling of biological 
macromolecules and their complexes, metabolic pathways, designing of new molecules 
such as drugs, peptide vaccines, proteins etc. 
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Human Resource Dovekpmmnt 

Advance Dfploma Couw 

The skilled human resource in bioinformatics is of utmost importance for effective 
implementation of the high throughput programmes in Motechnology. The BTlSnet is running 
five long-term advanced diploma courses in bioinformatics at the post-M.Sc. level through 
leading universities of the country: Madurai Kamaraj University, Madurai; University of Pune, 
Pune; University of Calcutta, Kolkata; Jawaharlal Nehru University and Pondicheny University. 
The number of seats at each University has been increased based on the demand from the 
industrial sector. Each course is now producing approximately 15-20 candidates per year. 
Every year more than 60 trained professionals are being generated through this programme. 

Post-Graduate Degree Counes 

Post-Graduate courses such as M.Sc., M.Tech and PhD in bioinformatics have been 
Introduced through Pune University, IIIT-Allahabad and JNU, New Delhi respectively to 
promote leadership quality human resource in the area of bioinformatics. 

Short-Term Tralnlng 

The BTlSnet is also supporting and organising several short-term training and 
workshops in front-line areas of bioinformatics and Biocomputing aH over the country. A 
large number of scientists and research scholars from all over the country are making use 
of these training programmes of which more than 70 have been conducted this year 

The Bioinformatics Centres are being extensively used for intensive research by 
the hosts and neighboring institutions. The thrust areas provided are sequence analysis 
and molecular modeling. Apart from supporting research, the centres are also actively 
engaged in research on frontier areas of bioinformatics. Intrinsic research in the bioinformatics 
centres includes gene analysis, protein structure prediction 8 engineering, modeling 
macromolecules assembly, evolutionary biology and mechanisms of disease. Under the 
programme several R8D projects have been supported and the increase of R&D proposals 
in Bioinformatics has been witnessed in this year. The Department is considering this area 
as a thrust area to extend more support towards development of Bioinformatics tools. 

According to the views of the scientific community world over, there are four goals 
before science, namely, 

i) Identify and characterize the molecular machines of life- the multiprotein complexes 
that execute cellular funct~ons and govern dell form. 



ii) Characterne gene regulatory n e w s .  

iii) Characterize the functional repertoire of complex microbial axnmunities in their natural 
environments at the molecular level. 

iv) Develop the computational methods and capabilities to advance understanding of 
complex biological systems and predict their behavior (Genes, proteins and molecular 
machines). 

While it is very fascinating and exciting to link the new development in biology emerging 
out of the tools of Bioinformatics, all aspects relating to ELSl (Ethical Legal Social 
Implications) of modern research and its application are equally important. Biosafety of 
genetically modified products, aspects of environmental risks and assessment, intellectual 
property rights etc. have become an integral part of biology today. 
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BASICS IN BlOlNFORMATlCS 

Sunil kumar 

Protein Structure Prediction 

The knowledge of protein three-dimensional structure or tertiary structure (3D) is a 
basic prerequisite for understanding the function of protein. A fundamental tenet of molecular 
biology is that the amino acid sequence of a protein determines its structure therefore its 
function. The knowledge of protein tertiary structure would provide the ability to design and 
engineer proteins-through synthesis and mutation comprehension of evolutionary 
development of life, the creation of drugs and utilization of protein process to confront human 
disease. 

Currently, the main techniques used to determine protein 3D structure is X-ray 
crystallography and nuclear magnetic resonance (NMR) In X-ray crystallography the protein 
is crystallized and then using X-ray diffraction the structure of protein is determined. First 
protein was solved at atomtc level by X-ray crystallography in 1960 was myoglobin. S~nce 
1960, there is fast growth of proteins in Protein Data Bank (PDB) whose structure was 
solved at atomic detail. Presently there are around 17000 proteins in PDB. The determination 
of 3D structure of a protein by X-ray crystallography is not always straightforward and some 
times takes 3 to 5 years. Another limitation of X-ray crystallography is that it determines the 
structure of protein in crystallize state. The molecular behavior of atoms could not be studied 
using this technique. 

NMR is another useful technique to determine the protein structure, which allows 
studying the protein structure in solution. The advantage of NMR over X-ray Crystallography 
is that the protein can be studied in an environment (solution) that may resemble to ~ t s  
actual physiological state more closely. The main limitation of NMR is that it is only suitable 
for small proteins that has less than 150 amino acids, as the complexity increase with 
increase of amino acids in protein. The other spectroscopic methods like Raman 
spectroscopy provide incomplete information at atomic detail. In other side the development 
of recombinant DNA technology and sequencing techniques has led to an accelerated 
discovery of new protein sequences. The rate of protein whose sequences to growing 
experimentally as full genome of more than 70 organisms have been sequenced this include 
human genome. The gap between known protein sequences and the known protein structure 
is increasing exponentially. Thus there is need to develop the computational techniques to 
predict the protein structure to full fill this gap. The computer-aided protein conformation1 
tertiary structure prediction would play vital role in i) prediction of the protein tertiary structure 
of protein of known sequence with unknown structure; ii) understanding the protein folding 
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iii) to engineer the protein so the specified function may be incorporated in protein iv) to 
design a drug. 

The problem of protein structure prediction has been approached by two main routes: 
1) Computer simulation based on empirical energy calculations, and 2) knowledge based 
approaches using information derived from structure sequence relationships from 
experimentally determined protein 3-D structures. Each method has its own advantage and 
disadvantage. Following are the description of these techniques. 

Energy Minimization Methods 

The bases of these methods are that the native structure of protein corresponds to a 
system at thermodynamic equilibrium with a minimum free energy. Energy based method in 
there pure form make no priori assumptions about the coding properties of amino acids but 
rather attempts to locate the global minimum in free energy surface of the protein molecule 
which it is reasonable assumed well correspond to the native conformation of the molecule. 
Efforts to predict the minimum free energy state from sequence alone have centered 
fundamentally on dealing with the paradox of how a polypeptide chain searches. The 
enormous conformational space available to it in order to find the global free energy minima. 

Knowledge Based Approaches 

Threading Protein sequence through Structural MOWS 

The idea of threading of protein sequences through alternative folding motif evolves 
with the construction of misfolded model structures, where an incorrect sequence was 
deliberately built onto the backbone conformation of another protein. Threading a sequence 
through a fold means a specific alignment between the amino acid sequence of the sequence 
under consideration and residue positions of folding motif. The known structure establish a 
set of possible amino acid positions in the three-dimensional space. The quarry sequence 
is made similar to the structure by placing its amino acids into their aligned positions. 

Homology Based Modeling 

Knowledge both from the 3D structures of homologous proteins and from the general 
analysis of protein structures is of value in modeling a protein of known sequence but 
unknown structure. Reorganization of folding motifs is straightforward for molecules that 
have obvious sequence similarity with a protein of known structure. Structure is conserved 
to greater extent than sequence and an accurate molecular model may be constructed by 
assigning conformation based on sequence al~gnment, followed by model building and energy 
minimbation to full NI in the gaps. Molecular modeling by these techniques generally extended 
as homology modeling. 
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Hlemrchlcal Approach 

As the protein is found in hierarchical order primary to secondary and secondary to 
tertiary. An intermediate steps in understanding the relationship between amino acid sequence 
and tertiary structure is to predict the secondary structure. It involves the two steps in first 
phase secondary structure from amino acid sequence is determined. Then the secondary 
structure is used to build tertiary structure. Number of algorithms and methods have been 
developed to improve the accuracy of secondary prediction of proteins. Broadly, secondary 
structure prediction methods, presently available, can be classified into i) statistiel methods; 
ii) physiochemical methods; iii) Al (artificial intelligence) based methods; vi) multiple sequence 
alignment method and v) Combinatorial methods. Unfortunately, the predibtion acturacy of 
secondary structure prediction from sequence information only is around 76%. Once the 
secondary structure of protein is known the secondary structure information may be used 
to predict the tertiary structure of protein. 

Protein Sequence Alignment 

If we have just determined a new sequence, then our first task is to find out whether 
it shares similarities with other proteinlnucleotide sequence that have already been 
sequenced. In order to compare our sequence (query sequence) to the sequence in 
database(s) (target sequence) using some computer algorithm. When scanning a database 
we take query sequence and compare it with each sequence in database. Every pair 
comparison yields a score where large scores usually ind~cate higher degree of similarity. 
There are number of algorithms which allow comparing two sequences. 

Alignment of two Sequences 

In this technique we align two sequence using sequence alignment algorithms usually 
using dynamic programming technique. Dynamic programming requires a matrix of pair 
scores and gap penalty amd return the best score for alignment oftwo sequences. Following 
is the brief Lscripti in of matrix of pair score or weight matrix (Amino Acid Scoring Schemes) 
and dynamic algorithm. 

All algorithms depend on some scheme to score the equivalency of each of the ? l o  
possible pairs of amino acids The scoring scheme is a matrix of numbers that dehnes the 
value for aligning each of the possible amino acid pairs. The pair-score matrix is usually 
symmetrical, since Ala aligned with Gly has the same meaning as Gly aligned with Ah. The 
Simp@st scoring scheme is the identity matrix. This scores 1 for an exact match of two 
amino acids, and 0 for a mismatch. Although the identity matrix is simple but it does not 
refkd adequately sirnibrities. It is unable b compare two amino acids based on its properties. 
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every examined treeand can be used to rank the resultant phylogenies in order of preference. 
This provides the user with immediate knowledge about the strength of support for that 
tree. Strictly algorithmic methods are computationally much faster than the criteria-based 
methods because they do not require evaluation of a large number of competing trees. Due 
to the large number of possible solutions, criteria-based methods do not produce exact 
results for data sets with more than 8-20 taxa. 

Stepd: Tree Evaluation 

There are several methods to test the robustness of trees. The most popular is test 
of data signal versus randomized data. Following are few methods used coinhonly'for 
evaluating phylogenetic tree. 

Randomize Trees'(Skewness Test): It IS based onlhe concept that tree length generated 
uslng random data sets will be symmetr~cal, where as those uslng data set with phytogedetlc 
signal wtll be skewed 

Randomized Character Data (Pennutatlons Tests): This approach is determimi whether 
tree derived from actual data could have arisen by chance. The data are not truly randomize 
but permuted within each aligned column so that conservation in initial data is removed. 

6ootr;rab: Resembling tree evaluation method that works with any tree derivation method. 
It is a two-step process I) generation of many new data sets from original set and ii) the 
computation of a number that gives the proportion that a particular branch appeared in the 
tree. The number is commonly referred as bootstrap value. 

Fundamentals of Pattern Search and Databases 

Similarity or homologous search can be divided into two categories i) direct or overall 
sequence search and ii) searching the functionally important segment or pattern in query 
seqqence. In case oTdirect search, query sequence is scanned against the databases like 
Protein databank, Swiss-Pr* PIR etc. The BLAST, FASTA and BLlTZare commonly used 
tools for this direct a r c h .  This technique have two major drawback i) if your protein has 
low similarity to any known sequence (twilight zone) then its not possible to deduce m y  
nforrnation; ii) if S t ~ d ~ r e  and function of target sequence is not known then you can not 
assign to your protein. In case of searching functionally important segment or pattern. 
sequence is searched against all knob patterns which have functions. The use'of protein 
sequenoe patterns (or motifs) Wdetermine the function(s) of protelns is Woming very 
rapidly one of the essential tools of sequence analysis. There are many short sequences 
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that are often (but not always) diagnostics of certain binding properties or active sites These 
can be set into a small sub-collection and searched against your sequence. 

In some cases, the structure and function of an unknown protein, which is too distantly 
related to any protein of known structure to detect its affinity by overall sequence alignment, 
may be identified by its possession of a particular cluster of residues types classified as 
motifs. The motifs, or templates, or fingerprints, arise because of particular requirements of 
binding sltes that impose very trght constraint on the evolution of portions of a protein 
sequence. 

The meaning of term Motifs, Patterns, block and profile many times create confusion 
in users mind The search for motifs, namely, small conserved regions within large entities. 
implies that only some of the information contained in a protein or domain is used. Sometimes, 
motifs are applied to certain functional features (e.g. Glycosylation sites, SHS-binding sites) 
that developed independently from surrounding context; for these motifs the concept of 
homology may be irrelevant. It is difficult to handle the gaps (insertions or deletions) within 
a motif, a more technical term has been added, called Block alignment or block. Patterns 
can be used in a broader sense, as they can describe small motifs or larger regions containing 
several motifs and can also contain gaps. 

Profiles are, quite simply, a numerical representation of a multrple sequence alignment 
It is a full representation of features in aligned sequences and normally impl~es position 
dependent weightlpenalties for all amino acids. By using a profile, one is able to detect 
common characteristrc to find similarities between sequences with little or no sequence 
identrty. In past number of databases have bee11 developed to compile more and more 
information from literature 

Databases of Patterns and Profiles 

PROSITE: It is a database of protein families and domains consists observed patterns in 
literature, which exhibits biologically significant functions. Proteins or protein domains 
belonging to a particular family generally share functional attributes and are derived from a 
common ancestor. Some regions have been better conserved than others during evolution. 
These regions are generally important for, the function of a protein andlor for the maintenance 
of its three-dimensional structure. By analyzing the constant and variable properties of such 
groups of similar sequences, it is possible to derive a signature for a protein family or 
domain, which d~stinguishes its members from all other unrelated proteins. 

Prbfile i n  Prosite: There are a number of protein families as well as functional or structural 
domains that cannot be detected using patterns due to their extreme sequence divergence; 
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the use of techniques based on weight matrices (also known as profiles) allows the detection 
of such proteins or domains. Currently, most of the new PROSITE entries are centered 
around profiles and are developed by the PROSITE collaborators at the Swiss Institute of 
Bioinformatics in Geneva and Lausanne. 

BLOCKS: Blocks are multiply aligned ungapped segments corresponding to the most highly 
conserved regions of proteins. Block Searcher, Get Blocks and Block Maker are aids to 
detection and verification of proteln sequence homology. They compare a protein or DNA 
sequence to a database of protein blocks (current version), retrieve blocks, and create new 
blocks, respectively. The blocks forthe Blocks Database are made automatically by looking 
for the most highly conserved regions in groups of proteins documented in the Pros~te 
Database. 

ProDom: The ProDom database contains protein domain families generated from the SWISS 
PROT database by automated sequence comparisons. The current version was built with a 
new improved procedure based on recursive PSI-BLAST homology searches. ProDom server 
include: ProDom queries under the SRS Sequence Retrieval System; llnks to the Predict 
Protein server; phylogenetic trees and condensed multiple alignments for a better 
representation of large domain families, with zooming in and out capabilities. In addition, a 
similar server was set up to display the outcome of whole genome domain analysis as 
applied to completed microbial genome. 

PRINTS: is a diagnostic collection of protein fingerprints. Fingerprints exploit groups of 
motifs to build characteristic family signatures, offering improved diagnostic reliability over 
single-motif approaches by virtue of the mutual context provided by motif neighbors. Around 
1000 fingerprints have now been created and stored in PRINTS. The September 1998 
release (version 20.0), encodes approximately 5700 motifs, covering a range of globular 
and membrane proteins, modular polypeptides and so on The database is accessible vla 
the DbBrowser Web Server.at http:llwww . biochem. ucl.ac, uklbsml dbbrowser I. 

Pfam: is a collection of multiple alignments and prof~le hidden Markov models of protein 
domain families. Release 3.1 is a major update of the Pfam database and contains 1313 
families which are available on http://www. sanger, ac.uklSoftwarelPfam1. Over 54% of 
proteins in SWISS-PROT-. 35 and SP-TrEMBL-5 match a Pfam family. The primary changes 
of Pfam since release 2.1 are that we now use the more advanced version 2 of the HMMER 
software, which is more sensitive and provides expectation values for matches, and that it 
now includes proteins from both SP-TrEMBL and SWISS-PROT. This allows one to search 
protein sequence libraries with your patterns. Target sequence libraries at SWISS-PROT, 
PDBSTR, PIR, PRF and Genes. Sequence - 
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Prediction or Searching Potential Vaccine Candidate 

Here are various ways to produce a vaccine. The classic vaccine is achieved by injecting 
the patient with a preparation of killed or seriously weakened (attenuated) virus The problem 
with this approach is the potentially catastrophic result if, for some reason, the virus 'catched" 
and the patient actually developed disease. Nevertheless, this approach has been investigated, 
but with only limited success. The immunity raised was sufficient only to provide protection 
against individual isolates of the virus, but not to for all isolates obtained. This is primarily 
because the changing nature of virus. In order to overcome these limitations of traditional 
vaccine design strategy, there is significant change in the strategy in last few years. Presently, 
subunit vaccine is an important strategy for vaccine design. In subunit design strategy, vaccine 
candidate is immunogenic peptideslregions in protein instead of complete protein. Thus 
identification of these immunogenic peptide in protein that is recognized by T-cell, play a vital 
role in vaccine design. It is also known that binding of a peptide to Major Histocompatibility 
Complex (MHC) molecule is prerequisite for recognition by the T-cells. Only certain peptide 
can bind to any given MHC molecule, identification of these peptide fragments is one of the 
bottlenecks in vaccine design. Thus, it is important to understand the MHC molecule and its 
binding characteristics, in order to develop a successful vaccine. 

Genome Annotation 

One of the major challenges in Bioinformatics is how to annotate a genome or to 
extract maxlmum information from DNA sequence of organism. This includes identification 
of coding region, repeats, DNA methylation etc. Gene prediction one of the main challenge 
in genome Gene annotation using conventional means has been time consuming. Till the 
very recent past, the approach to gene annotation was to assign a gene its identity through 
its function; i.e. from function to gene identification. With the advent of similarity searching 
capabilities like BLAST, the approach to gene identification has changed completely. Now 
the idea is to have gene sequence first and then assign it a function or role if any. You get a 
DNA sequence from sequencing projects and you want to know any coding genethat may 
be present in that sequence and the role of that product protein. The method is to search for 
similar sequences in the database using programs like BLAST, FASTA etc. and then 
extrapolate the role of those HIT sequences on to your sequence. The best HIT is then 
obtained commercially or otherwise and southern is done to identify the location of the gene 
and extract the gene using PCR 

Comparative Genomics 

One of the major reasons of popularity of Bioinformatics is availability of comptete 
genomes of organism. H.influenzae sequence in 1995, .a very large number (more than 
100) of complete genome sequences is available on the public domain (http: I1 

Central lnrtitute of Freshwater Agu.cuttun, (CIFA) 19 



Bioinlomatics Bioinfonetics end Statistics in Fisheries Reseanh 

w.ncbi.nlm.nih,gov: 801 PMGifslGenomeslmicr.html, http:lW.tigr,orgltigr-scriptslCMR21 
CMRHornepage.spl, http:lhrvit. integratedgenomics.comIG0LD). This has allows the biologist 
to understand the life more closely particularly similarityldissirnilarity of genetic material of 
organisms. This has lead to new field called comparative genomics which allow one to 
compare at genome and proteome (all set of proteins of genome) level. The biologist is 
looking for orthologous, paralogues, or xenologues. Orthologues are homologues that have 
evolved from a common ancestral gene by speciation. They usually have similar functions. 
Paralogues are homologues that are related or produced by dupl~catlon within a genome 
followed by subsequent dwergence. They often have different functions. Xenoiogues are 
homologues that are related by an interspecies (horizontal transfer) of the genetic material 
for one of the homologues. The functions of the xenologues are quite often similar. Analogues 
are non-homologous geneslproteins that have descended convergently from an unrelated 
ancestor. They have similar functions although they are unrelated 

Drug Deslgn based on Bloinformatics Tools 

The processes of designing a new drug using bioinformatics tools have opened a 
new area of research. However, computational techniques assist one in searching drug 
target and in designing drug in silco, but it takes long time and money. In order to design a 
new drug one need to follow the following path. 

Identify Target Disease: One needs to know all about the disease and existing or traditional 
remedies. It is also important to look at very similar afflictions and their known treatments. 

Study Interesting Compounds: One needs to identify and study the lead compounds that 
have some activity against a disease. These may be only marginally useful and may have 
severe side effeck. These compowtds provide a starting point for refinement of the chemical 
structures. 

Detect the Molecular Bases for Disease: If it is known that a drug must bind to a particular 
spot on a particular protein or nucleotide then a drug can be tailor made to bind at that site. 
This is often modeled computationally using any of several different techniques. Traditionally, 
the primary way of determining what compounds would be tested computationally was 
provided by the researchers' understanding of molecular interactions. A second method is 
the brute force testing of large numbers of compounds from a database of available 
structures. 

Itationel drug design techniques: These techniques attempt to reproduce the researchers' 
understanding of how to choose likely compounds built into a software package that is 
capable of model~ng a very large number of compounds In an automated way. Many different 
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algorithms have been used for this type of testing, mah j  6fwhich were adapted from artificial 
intelligence applications. The complexity of biological systems makes it very difficult to 
determine the structures of large biomolecules, Ideally experimentally determined (x-ray or 
NMR) structure is desired, but biomolecules are very dif~cuit to crystallize. 

Refinement of compounds: Once you got a number of lead compounds have been found, 
computational and laboratory techniques have been very successful in refining the moledular 
structures to give a greater drug activity and fewer side effects. This is done both in the 
laboratory and computationally by examining the molecular structures to determine which 
aspects are responsible for both the drug activity and the side effects. 

Quantitative Structure Activity Relationships (QSAR). This computational technique 
should be used to detect the functional group in your compound in order to refine your drug. 
This can be done using QSAR that consists of computing every possible number that can 
descr~be a molecule than doing an enormous curle fit to find out which aspects of the 
molecule correlate well with the drug activity or side effect severity. This information can 
then be used to suggest new chemical modifications for synthesis and testing. 

Solubility of Molecule: One need to check whether the target molecule is water soluble or 
readily soluble in fatty t~ssue affect what part of the body it becomes concentrated. The 
ability to get a drug to the correct part of the body is an important factor in its potency, Ideally 
there IS a continual exchange of information between the researchers doing QSAR studies, 
synthes~s and testing. These techniques are frequently used and often very successful 
since they do not rely on knowing the biolog~cal basis of the disease which can be very 
difficult to determine. 

Drug Testing: Once a drug has been shown to be effective by an initial assay technique, 
much more testing must be done before it can be given to human patients. Animal testing is 
the primary type of testing at this stage, are sent on to clinical trials. In the clinical trials, 
additional side effects may be found and human dosages are determined. 
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COMARATIVE PROTEIN STRUCTURE MODELLING 

Sunil Kurnar, Snehashh Parhl and Swati Nayak 

A useful three-dimensional (3D) model of a protein of unknown structure (The Target) 
can frequently be built based on one or more related proteins of known structure (The 
Template). This is the aim of comparative or homology protein structure modeling. 

Necessary conditions 

i. The similarities between the target sequence and the template structures should be 
detectable. 

ii. Correct alignment between the target and templates can be constructed 

Why Comparative Modellng 

The biochemical function of a protein is defined by its interactions with other molecules 
and the biological function is a consequence of these interactions. Although protein function 
is best determined experimentally, sometimes it can be predicted by matching the sequence 
of a protein with proteins of known function. One way to improve sequence-based predictions 
of function is to rely on the known native 3D structure of proteins. The 3D structure of a 
protein generally provide more information about its function than sequence because 
interactions of a protein with other molecules are determined by amino acid residues that 
are close in space but are frequently distant in sequence. 

While the three-dimensional (3D) structure of proteins can be determined by x-ray 
crfsteHogrephy &-Nudear Magnetic Resonance(tdtdi3) spectroscopy These experimental 
techniques are time consuming and not possible if a sufficient quantity of a purified protein 
is not available. NMR spectroscopy cannot yet be applied to proteins larger than -200 
residues, nor to very flexible proteins. While x-ray crystallography depends on the preparation 
of suitable crystals and on the solution of the phase problems. Both of which are trial-and- 
error processes with no guarantied solutions. 

In contrast, the amino acid sequence of a protein can be determined relatively easily 
by molecular biology techniques. As a result, in cases where an experimentally determined 
structure is not yet available, homology or comparative modeling can frequently predict a 
useful 30 model of a given sequence (target) by relying on its similarities to proteins with 
known 30  structure (templates). This is possible because a small change in the sequence 
usually results in a small change in the 3D structure. 
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Uses of comparative protein structure models 

1. Designing site directed mutants to test hypothesis about function 

2. Identifying active and binding sites. 

3. Searching for ligand of a given binding site. 

4. Modeling substrate specificity. 

5. Protein - Protein docking simulations. 

6. Molecular replacement in x-ray structure refinement. 

7. Testing a given sequence-structure alignment. 

8. Rationalizing known experimental observations 

9. Planning new experiments. 

Steps in comparative modeling 

Comparative modeling usually consists of the following five steps: 

Search for templates 

Selection of one or more templates 

Target - template alignment 

Model building 

Model evaluation 

A. Search for Templates 

Comparative modeling usually starts by searching the database of known proteins 
structures (PDB) using the target sequence as the query. This is done by comparing the 
target sequence with the sequence of each of the structures in the database. A variety of 
sequence - sequence comparison methods can be used. It is also possible to search for 
templates by evaiirating directly the compatibility between the target sequence and each of 
the structures in the database. This is achieved by fold recognition methods also known as 
"THREADING". Threading uses sequence - structure fitness functions, such as low 
resolution, knowledge based force -fields, to evaluate potential target - templates matches. 
Threading methods generally do not rely on sequence similarity. For templates search there 
are so many database search servers are available on World Wide Web. The most useful 
ones are those that search directly against the PDB. If nothing is found with sequence 
similarity search then, thread programs and fold - recognition www sewers can be used. 
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B. Templates Selection 

When you find out a number of potential templates by using one or more template 
searching methods, it is necessary to select the templates that are appropriate for the 
particular modeling problem. Usually, the higher the overall sequence similarity between 
the target and the template sequences, the better is the template. Higher sequence similarity 
means higher percentage of identical residues and lower number and s W r  length of 
gaps in the alignment. Additional factors are taken into account when selecting a template. 

I. The family of proteins that include target and templates can be organized in subfamily. 
The construction of a MSA and a phylogenetic tree can help in selecting the template 
from the subfamily that is closest to the target sequence 

II. The similarity between the 'environment' of the templates and the environment in 
which the target needs to be modeled should also be considered. Here environment 
means, solvent, PH, ligands, quaternary interactions. 

The criteria for selection of templates also depends on the purpose of a comparing 
model for example, if a protein - l~gand model is to be constructed the choice of the template 
that contains a similar l~gand is probably more important than the resolution of the template. 

If the model is to be used to analyze the geometry of the active site of an enzyme, it 
is preferable to use a high-resolution template. 

C. Target - Template Alignment 

To build a model, all comparative modeling programsdepend on a llst that establishes 
structural equivalencies between the target and template residues. This is defined by the 
alignment of the target and template sequences. 

The al~gnment is relatively simple to obtain when the target - template sequence 
~dentity is above 40%. Generally an accurate alignment can be obtained automatically using 
standard sequence alignment methods. 

If the target - template sequence identity is lower than 40%, the alignment generally 
has gaps and needs manual intervention to minimize the number of misarranged residues. 
In these low sequence identity cases, the alignment accuracy is the most important factor 
affecting the quality of the resulting model. 

D. Model Buildlng 

Once an initial target- template alignment has been built, a variety of methods can be 
used to construct a 3D model for the target protein. Most widely used methods are 
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i) Modeling by rigid body assembly: Constructs the model from a few core regions and 

from loops and side chains that are obtained from dissecting related structures. 

ii) Modeling by segment matching: This method relies on the approximate positions of 

conserved atoms from the templates to calculate the coordinates of other atoms. 

iii) Modeling by satisfaction of spatial restraints: Uses either distance geometry or 

optimization techniques to satisfy spatial restraints obtained from the alignment of 

the target sequence with the template structures. 

E. Model Evaluation 

After a model has been built it is important to check it for possible errors. Two types 
of evaluation should be carried out: (1) "internal" evaluation of self consistency that checks 

whether or not the model satisfies the restraints used to calculate it and (2) "external" 

evaluation that relies on information that was not used in calculating the model. 

When the model is based on less than approx. 30% sequence identity to the 
template, the first purpose of the external evaluation is to test whether or not a correct 

template was used. This is especially important when the alignment is only marginally 

sign~ficant or several alternative templates with different structures are to be evaluated. A 
complication is that at low similarrties the alignment generally contains many errors, making 

it difficult to distinguish between an incorrect template on one hand and an incorrect alignment 

w~th a correct template on the other hand. It is only possible to recognize a correct template 
if the alignment is also approximately correct. This complication can sometimes be overcome 

by trying several alternative alignments for each template. One way to predict whether or 

not a template is correct is to compare the PROSAll Z-score should be comparable to the 
2-score obtained for the template. However, this evaluation does not always work. It is 

sometimes possible that good models have bad 2-scores because the potential function 

used in PROSAll is not suitable for certain fold types. 

The second kind of external evaluation is to recognize unreliable regions in the 

model. One way to approach this problem is to calculate an energy profile of the model by 
a program such as PROSAII. The profile reports the energy for each position in the model. 

It is sometimes possible to detect errors in the model because they appear as peaks of 

positive energy in the profile. Such regions of the model should be inspected carefully. 

Another way of finding unreliable regions of a model is to evaluate the stereochemistry 

bond length and angles, dihedral angles, atom-atom overlaps, etc, of the model with programs 

such as PROCHECK and WHATCHECK. Although errors In stereochemistry are rare and 
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less informative than errors detected by profiles a cluster of stereo chemical errors In the 

same segment of the model could indicate that the corresponding region also contalns 

other errors. Finally, an important evaluatton tool is the experimental knowledge about the 

protein structure and its function. A model should be consistent with experimental 

observations such as site-directed mutagenesis, cross-linking data, ligand binding, and so 

on. 
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PROTEIN - PROTEIN INTERACTIONS : 
ANALYSIS OF THEINTERFACING SURFACE 

Abhlshek Mukhopadhyay, Pooja Anjall Mazumdar 
and Amit Kumar Data 

Analysis of the interfacial surfaces of proteins using 117 high-resolution X-ray crystal 
structures implies the role of H-bonding, water molecules, and amino acid frequencies at 
the interface of two interacting proteins. The understanding of the factors involved in protein- 
protein interactions can help in engineering proteins with novel structures, which can form 
complexes with other proteins of known structure. Also, this can help in docking of two 
~nteracting protein molecules if the structure of their complex is being modeled by including 
additional parameters of range of interfacial area and residues having higher propensity to 
be found at the interface The residue propensities calculated show that, with the exception 
of methionine, hydrophobic residues show a greater preference for the interfaces of homo- 
dimers that for heterocomplexes. The lower propensity for hydrophobic residues in the 
hetero-complex interface is balanced by an increased propensity for the polar residues [I]. 

Also the analysis of the interface hydrogen bonds have shown an average of 0.7 
hydrogen bonds per 100 AZ in case of homo-dimers while it is higher in case of the hetero- 
dimers I.e., about 1.13 hydrogen bonds per 100 Azinterfacial area. However, the polar 
interactions occurring though the interface water molecules, which play an important role in 
the stabilization of the complex has not been considered so far. 

The study on the comparison of the amino acid composition of the interface and 
interior showed that the composition of the interfaces in protein-protein complexes half way 
between that of the interior and the surface, wh~le in case of subunit interface in oligomers 
the composition is much closer to the interface than the surface. The average subunit 
interface was also found to be more hydrophobic than the average protein-protein interface 
and strongly depleted in charged groups [2 ] .  This was done by calculating the ration of 
fraction of charged amino acids to that of hydrophobic amino acids. 

The limited nature of the Protein Data Bank (31, and further limlted number of X-ray 
crystallographic structures of high resolution has been a major constraint in the previous 
studies. Recently however, there has been a large increase in the number of known three- 
dimensional structures that contain protein-protein recognition sites and more high-resolution 
structures have been solved. These structures cover a much broader range of act~vities 
than the earlier ones, which were almost exclusively protease inhibitor and antibody antigen 

complexes. 

Central lmslitute of Freshwater Aquaculture (CIFA) 29 



Biotnformetics and StaNstics in Fisheries Research 

Materials and Methods 

Data sets o f  protein-protein complexes 

The search results of Search Field selected w~th sequence homologs removed at 70% 
sequence identity consisted of 11 7 complexes, which were divided into three groups. 

Non-homologous Homo-dlmen and Hetero-dimen 

The first group consists of 106 non-homologous homo-dimers having identical amino 
acid sequences with resolution of their X-ray diffraction structures ranging from 0.90 to 2.00 
A. The second group consists of 6 enzyme-inhibitor complexes having resolution of their X- 
ray diffraction structures ranging from 0.94 to 2.00 A. They include 3 proteases. 1 amylase, 
1 phospholipase and their inhibitors. The third group consists of 5 heterocomplexes having 
resolution of their X-ray diffraction structures ranging from 1.30 to 2.00 A. They include 
structures with either chains proteins or enzymes. 

Residue Frequencies 

The residue frequencies [4,5] were calculated for the three types of complexes both 
for the total complex and for the interface. The residue frequency for a given a residue A at 
the interface a protein complex can t)e given as: 

(Number of residues A on the interface of the complex) X 100 
f i  = 

Number of residues on the interface of the complex 

The residue frequency [4,5] for a given a residue A in a protein complex can be given 
as: 

(Number of residues A in the protein complex) X 100 
f t =  

Number of residues in the protein complex 

Resldue Type Frequencies 

The residue type frequencies were calculated [4,5] for the three types of complexes 
both for the total complexand for the interface. The residues were divided into hydrophobic. 
charged and polar types. The residue frequency for a given a residue type A at the interface 
a protein complex can be given as: 

(Number of residues of type A on the interface of the complex) X 100 
f i = 

Number of residues on the interface of the complex 
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The residue frequency for a given a residue type A in a protein complex can be given 
as: 

(Number of residues of type A in the protein complex) X 100 
f t = -  

Number of residues in the protein complex 

lnterfacial Area 

The interfacial area for the complex was calculated using the solvent accessible 
area lost by each chain in the complex on complex formation. The protein-protein interfaces 
were defined based on the change in their solvent accessible surface area ("ASA) [I] when 
going from a monomeric state to a d~meric state. 

ASA lost b g ~ h a i n  A + ASA lost by Chain B 
lnterfac~al Area (mean "ASA) = 

In add~tion to the total interfacial areas of the three types of complexes the hydrophobic, 
polar and charged fractions were also calculated as a percentage of the interfacial area 
from the types of residues at the interface. 

lnterfacial Hydrogen Bonds 

The hydrogen bonds at the Interface of the complexes [4,5] were divided in three 
groups: 

(i) Direct hydrogen bonds between the two chains (A-B). 

(ii) Hydrogen bonds involving one water molecule (A-W-B). 

(iii) Hydrogen bonds involving two water molecules (A-W-W-B) 

(No. of H-bonds in the interface) X 100 
No, of H-bonds per 100 A2 interfacial area = 

lnterfacial Area in A2 

Results and Discussion 

The study involved 117 X-ray diffraction structures of high-resolution structures. The 
use of the high-resolution structures was an important factor influencing the analysis of the 
role of water molecules because the positioning of solvent atom is generally less accurate 
than for protein atoms. The analysis of the amino acid frequencies at the interface and the 
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total complex showed the following properties of the interfaces in case of the three types of 
protein complexes: 

i) Statistically significant increase in percentage of polar and charged amino acids at 
the interface compared to the whole protein, especially tyrosine, asparagine, arginlne 
and histidine in homodimeric complexes. 

ii) Significant decrease in percentage of hydrophobic amino acids at the interface 
compared to the whole protein, especially alanine, valine and isoleucine. 

iii) No significant difference in the distribution of amino acids in enzyme inhibitor 
complexes or homodimers, though they show similar trends. 

The greater percentage of polar and charged amino acids at the interface indicates 
that there is greater importance of polar and charge-charge interactions at the interface. 
The d~fference in the distributions of different types of amino acids is further evident when 
the analysis is done in terms of the residue type frequencies. The analysis of the ~nterfacial 
areas show that for the group analyzed the homo-dimmers has an interfacial area of 2057 
(176) A2. The hetero-dimmers were also found to have large interfacial areas of the size 
2171 (1275) A2 and in case of the enzyme inhibitor complexes it is 979(246) A2 

The analysis of the percentages of hydrophobic, polar and charged surfaces at the 
interface and of the accessible surfaces of the monomers before complexat~on shows: (i) 
Statistically significant increase in the percentage of polar area at the ~nterface compared to 
the surface of the monomers before complexation (ii) Statistically significant decrease in 
the percentage of hydrophobic and charged area at the interface compares to that of the 
monomers before complexation (iii) Enzyme-inhibitor complexes also showed a statistically 
significant increase in the percentage polar area at the interface compares to the surface of 
the monomers before complexation (iv) Both enzyme-inhibitor complexes and heterodimeric 
complexes like the homodimeric complexes showed a statistically significant decrease in 
the percentage hydrophobic areas in the interface compared to the s~r face of the monomel s 
before complexation. 

Thus the overall trend is quite similar especially in case of the percentage hydrophobic 
area and the decrease in percentage hydrophobic area at the interface shows indicates 
lesser importance of the hydrophobic forces in the complex formation. The analysis of the 
different types of hydrogen bonds between the two chains of the protein-protein complex 
shows the following properties: (I) The hydrogen bonds directly between the two chains are 
more in number per unit surface area in case of enzyme-inhibitor complexes compares to 
the homodimeric or heterodimeric complexes. This implies much stronger interaction 
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between the enzyme and its inhibitor through direct hydrogen bonds (ii) The hydrogen bonds 
involving one or two water molecules are almost equal in case of homodimer, enzyme- 
inhibitor and hetodimeric complexes (iii) The data also shows that for the enzyme inhibitor 
complex the dlrect hydrogen bonds are significantly more important, due to their greater 
density at the interface, compared to the other types of hydrogen bonds involving water 
molecules (iv) However, in case of the homodimeric or herodimeric complexes no particular 
type of hydrogen bond is preferred over the other. 

Thus the analysis of the interfaces can help in developing better software for docking 
two interacting protein molecules at their correct interface. The advantages of such a 
database include: (i) The database can provide different amino acid frequency, interfacial 
area, hydrophobic, polar and charged percentages of amino acids at the interface along 
with their respective area for different groups of protein-protein complexes as the parameter 
which will be taken into account while searching for the interface of interaction between two 
interacting protein molecules if the structure of their complex is not know (ii) These parameters 
can also be used to design drug molecules, which will have a particular type of interface for 
bind to a particular site on the surface of the target molecule (iii) Also, various docking 
software available can be fine tuned by including the parameters obtained. 
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DATA GENERATION RESOURCES FOR BlOlNFORMATlCS 

P. Das 

The biological information that is being generated by research in modern biology 
worldwide is so huge that it is not possible to manage through conventional file keeping or 
simple computing. Secondly, analysis of these data certainly needs special interfaces, 
software and management facilities. So, the deslre to store, analyze and manage the 
biological informationldata in an appropr~ate way has led to the origin of a new branch of 
science called'Bioinformatics". Here, emphas~s w~l l  be given on the disciplines of research 
mostly, from which generation of data is made. Broadly, they can be classified as follows. 

Genomicsdeals with structural and functional analys~s of genes in the genome Often 
it is described under two sub-disciplines namely structural and functional genomlcs. Human 
genome contains somewhere between 20 000 and 30 000 genes. The 15-year human 
genome project, begun in 1990 and scheduled for completion in 2005 has the objective to 
map and sequence all 30,000 human genes consisting of three billion base pairs of DNA in 
23 pairs of chromosomes. The goals of the project have been divided into smaller tasks, 
one of which is to develop genetic linkage maps to establish markers on each of the 46 
human chromosomes in order to work on smaller and more clearly defined sectors in the 
search for genes. Asecond task is to get a physical map of overlapping clones of large DNA 
fragments that will span all the chromosomes. The map with the highest resolution will 
show the location of genes or markers on the chromosomes as measured by the number of 
DNA bases between them. The ultimate goal is to get the entire DNA sequence of the 
human genome. Soon we will have an accurate figure of all the genes, with access to 
detailed information about the structure of the individual gene. Likewise, the genome 
sequences of about fifty prokaryotic and eukaryotic organisms have been completed. As 
said earlier, the primary goal of a mapping program is to construct genetic linkage maps 
sufficient to identify either a disease gene or chromosomal segments that harbor quantitative 
trait loci (QTL) affecting traits of economic importance. The gene maps or genetic linkage 
maps of almost all the domestic animals and several model organisms have been completed. 
The prime and central technology involved in all these is DNA sequencing, which has 
generated enormous data for bioinformatics application. The next challenge is to identify 
the functions of these genes. 

Internet database resource: 

34 Central Institute of Fnnhmter Aguaculture (CIFA) 



Bioinformatics and Statistics in F i s M s  Research 

http,llwwwebi ac ukl2canldatabasesldna html 

http:Ilwww.ebi.ac.uk/2canldatabaseslgenomic.html 

Genes express the biological traits of humans, animals, plants and microorganisms. 
The acquisition of new knowledge about genes will make it possible to identify, prevent or 
treat disease in humans, animals and plants. Using new technology, it is possible to study 
tens of thousands of genes at once. Thus it has become a realistic objective to determine 
how the genes in an organism function. At the messenger RNA level, almost 4 million ESTs 
(expressed sequence tags) of the complementary DNAs (cDNAs) of messenger RNAs 
have been sequenced in humans. In plants, between 200 000 and 100 000 have been 
sequenced in soyabean, maize, tomato and Arabidopsis. These sequences can be used to 
create high-density filters, DNA chips or microarrays, where thousands of cDNAs are fixed 
on a small surface, which is then hybridized with the mRNAs from a given stage or organ. It 
can thus be answered which genes among thousands are expressed in a particular cell 
type of an organism, at a particular time and stage. Such transcriptomics tools will soon 
permit extensive study of transcription and its regulation. 

Database resource: 

Most genes code for and work through proteins. Proteins may have a wide variety of 
functions in an organism. Thus it is of great significance to know how proteins function. The 
complete profile of proteins expressed in a cell is called the cell's proteorne. There are 
thousands of different proteins in each individual cell, and different types of cells contain 
different sets of proteins. The objective of proteom-ics is to discover how these proteins 
function and interact with one another. In order to determine the effect of proteins, it is 
necessary to know their composition; i.e., the way in which their components are arranged. 
It is also necessary to know the form that they take, i.e., their three-dimensional structure. 
Most proteins are coiled in a particular way and can only fulfill their function if they assume 
the correct three-dimensional structure. Techniques have been developed for visual imaging 
of proteins, but determining protein structures is technically demanding. Data have been 
stored for a couple of thousand different protein structures in international databases, but 
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the three-dimensional structure for most of the proteins has not yet been determined. In 
many cases only parts of these proteins' structures have been determined, perhaps only 
the biologically active part. 

At the protein level, the method used today is still two-dimensional (2D) gel 
electrophoresis. This separates the denatured proteins according to two independent criteria, 
the isoelectric point in the first dimension (isoelectrofocus~ng) and the apparent molecular 
mass in the second one (electrophoresis in the presence of SDS). On the 2 D gels obtained, 
several hundreds to several thousands of protein spots (i.e. of gene products) are revealed. 
These proteins can then be identified or characterized by different methods. Immunological 
character~zation can be done when the identif~cation of a spot IS a prion suspected or when 
we are looking for an already known prote~n on a 2 D gel. The classical proteln sequencing 

of the N-terminal flrst 10 or 15 amino acids, or of lnternal sequences, is a very reliable but 
expensive and relatively slow running method (one spot a day) and requires reasonable 
amounts of protein The combination of different criteria can be adopted to identify a protein 
spot faster and at a lower cost. It permits one to unambiguously ident~fy a proteln, if its gene 
is already present in the databanks. More samples can be analysed for a lower cost than 
w~th Edman sequencing. However, proteln identifications are performed today by mass 
spectrometry The MALDI-TOF (Matrlx Asslsted Laser Desorption lonisatlon - Time of Flight) 
mass spectronleters give masses of peptides obtained after trypsin digestion of the spots 
These high-throughput apparatuses permit a fast identification of numerous proteins when 
detailed genomic information is available on the studied species. The data obtained ('peptlde 
mass fingerprints') are compared to those generated from the databanks such as Swissprot 
or 'rEMBL. Another type of mass spectrometer, the ESI-MSIMS (Electro Spray lonisation - 
Mass Spectrometer I Mass Spectrometer), glves, by fragmentation of the trypsic peptides, 
values that are diagnostic of amino acld sequences. Then, as with Edman sequencing, the 
sequence itself can be compared to homologous ones from other specles and is thus 
preferred when the genome of the studied species is not well represented in databanks. 

Internet resource: 

METABOLOMICS 

Metabolomics .is a powerful emerging technblogy, whereby the total metabolite 
composition (the inetabolome) of an organism is analyzed. By characterizing the metabolite 
of an organism at different developmental stages, or following exposure to different conditions, 
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immunogenicity in serum samples for antibody-glycan binding. That is an important step in 
drug ident~fication because more than 90 percent of therapeutic proteins are bound with 
glycans critical to the protein function. Combined with Glycominds' Glycomics Database. 
the world's largest comprehensive database of glycans, includes over 35,000 glycans from 
various biological sources (1,380 taxons and 205 diseases) describing more than 7,000 
unique structures, 1,400 proteins and 1,550 interactions. 

Internet database resource: 
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DNA COMPUTING: A STEP TO BlOCHlPS 

Sanghamitra Mohanty 

DNA computing is the intersection of Mathematics and Biology. If we go to the history 
of computing we see that the latest technique used in computing is the development in 
(Integrated Chip) (IC) consisting of semi conducting materials. In this the possibility of 
improvement in computing aspects are speed and memory. But the most powerful computer 
fails before a child who has expertise in some mundane activities. This handicap ness in 
computer technology provoked the scientist to investigate the biological systems and to 
have Biological chips instead. The unique factor responsible for such activities is the well- 
known DNA, the Deoxyribonucleic Acid. From this came the idea of Mathematical Biology 
leading to Molecular Computing or Biomolecular Computing. 

Biological Notions 

In cellular organisms DNA is the storage medium for genetic information. It is 
composed of units called nucleot~des, distinguished by chem~cal group or base, attached to 
them. The four bases are Adenme, Guanine, Cytosine and Thymine abbreviated as A, G, C 
and T Single nucleotides are linked together end-toned to form DNA strands. The DNA 
sequence has a polarity: sequences of DNA are distinct ends 5' and 3'. The nucleotides A& 
T and C & G are complementary (Watson-Crick pairs) are two complementary single stranded 
DNA sequences with opposite polarity jo~ned together to form a double helix in a process 
called base palring or annealing. The reverse process -a double helix coming apart to yield 
into two constituent single strand is called melting. 

In Rebose sugar or RNA the H of 2'C is replaced by (OH) hydroxyl group. Nucleotides 
can llnk together by two d~fferent ways. 

1. The 5' phosphate group of one nucleot~de is joined with the 3'-hydroxyle group of the 
other forming a phosphatediester bond, which is strong covalent bond. 

2. The base of one nucleotide integrates with the base of the other one to form a hydrogen 
bond, which is weak bond. This bonding has restrictions on the base pairing i.e. A & 
T can pair and C & G can pair. By phosphodiester bonds single stranded DNA can 
also be formed. Using Watson and Crick complementing we can form from the single 
stranded DNA molecule, the double stranded molecule. In the double stranded 
molecules the two single strands have opposite directions: the nucleotide at 5' end of 
one strand is bounded to the nucleotide at the 3' end of the other strand. Thus in a 
double stranded molecule or a duplex, the upper strand runs from left to right in the 
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5'-3' direction and lower strand runs in the 3'-5' direction resulting to a double helix. 
This restrictive behavior can be expla~ned through the analysis of the DNA using 

'. combitorlal Graph Theory (Figure 1). 

DNA Computation in Combinatorlai2D Graph Theory 

Here we see the graph theoretical presentation of a DNA component and try to explain 
its behav~our as per Hamiltonian Path Model This sect~on reviews the major extant models 
of DNA computation. This is a mathematical manipulating technique for DNA as it is a 
multiset of strings over an alphabet (F~gure ;I). 

We can use Ham~lton~an path model to f~nd the poss~b~l~ty of comblnatlon of a DNA 
L~pton's generaked Adleman's model wh~ch, shows how 11 can prov~de solut~on to other 
NP-hard problems As per Adleman a d~rected graph G= (V E) has a Ham~lton~an path 
outl~ned ~n bold (v,= v, and vou,= v,) where V= v, v, v, V,, ,, 

Now the algorithm as per Adleman can be wrltten as 

(1) Input (T) =given tube T 

(2) T <- amplify (T9 P, P", 

(3) T <- (T, n) 

(4) For I = 1 to n do begin T <- + (T, Pi) end 

(5) Output (detect (T)) 

Step 1 generates the random paths through the graphs. Step 2 copies only those 
paths, which begins with v,,and end with v,,,, Step 3 discards all string encoding paths of 
length <> n. Step4 ensures that in remaining strings each vertex of the graph appears. The 
final step returns whether or not a string encoding a Hamiltonian path is found or not. That 
is the searched group in the DNA. 

3D DNA Structure through CGT 

The 30 structure of a DNA can be explained through directed Hamiltonian Path 
Problem. A directed graph G with designated vertices V (in) and V (out) is said to have a 
Hamiltonian path if there exists a sequence of compatible 'one-way" edges e l  ... en that 
begins at V (in) and ends at V (out) and enters every other vertex exactly once. To such a 
graph we will apply the three-vertex colorabil~ty (3VC) for the k-armed branded molecules. 
We may consider a 4-armed DNA molecule due to Watson -Crick joining (Figure - 2). We 
can also have 2-armed, 3-armed building blocks of DNA molecule. 
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Let us consider a 4-armed graph G and study its behavior (Figure-3). Here we have to 
start from V1 and reach back (V1 after traversing all nodes V1, V2, V3, V4, V5 and V6. The 
path will be Hamiltonian by traversing as V1, V6. V4, V3, V2, V5, and V1. Now we can colour 
the vertices with restrictions that no two adjacent vertices can have same colour like the 
restriction of pairing of bases in the DNA i.e. AT and CG. 

Converting it to a 3VC problem we can have the graph G as in Figure-4. Now joining 
two such graphs like our joining of two strands to give a double helix we can have Figure - 
5. The graph of Figure - 6 can be represented a 30 DNA strands 'combination graph shown 
In Figure - 7. Again thrs graph can be linked to the Theory of Automata to have the palindrome 
presentation of the strands (single and double) or RNA and DNA. 

Automata and DNA 

Automata of DNA can be explained by simulating it as a Turing machine. Turing 
Machine named after Alan Turing is a simple mathematical model of a computer. It is 
explained through the languages explained through the transition states and transition 
functions known as Automata. It is a finite machine with infinite instruction shown in Figure 
- 6. 

To explain the machrne we can take example of finite automata or a circuit as shown 
in Figure - 7 .  The transition diagrams are shown below. 

States \ Inputs 

91 I q3 qo 

q2 j qo 93 

q3 I q l  q2 
The machine is expressed as 

M=(z(O,l), Q(qOlq1,q2,q3), S,qO,F) 

Z = set of alphabets 

Q = states 

6 = transition 

qO = initial state 

F = Final states 
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If the input is 110101 the language is qO, q l ,  q2, q l ,  qO which is a palindrome, the 
string of the formal language for the finite state machine. 

The double stranded configuration due to the synthesis of oligodeoxynucleitides 
represented their combination for the double stranded DNA molecule. 

G T ACCCT C TCAGAGCCCAAG (5') 
I I I I I I I I I I  

GCTCCCTTAGCA TGGGAGAG 

This is the Khorana's 5'-3' Deoxy. 

Here d (TCC) 4 and d (AAG) 4 are the two base oligonucleotides and are 
complementary with one another in the antiparallel Watson-Crick base pairing. Single 
nucleotides are linked together end-to-end to form DNA strands. Short-stranded 
polynucleotide chain usually less than 30 nucleotides long are called an oligonucleotides. 
The above oligonucleotide strand is a 20 mer DNA sequence. 

The 3D configuration of DNA structure thus viewed as mathematical formulation offers 
highly parallel computing technique. Experimental evidence has been obtained in~t~ating 
the proof of such model of DNA in USA and Japan. 

Combined effort of Researchers belonging to Computer Science and Biology 
supported by Chem~sts would be able to turn as~de the cover to exhibit the bimolecular 
mystery of nature while furnishing another useful tool named Biological Computers i e 
Computers with Biological chips This is a challenging field of research in the century. 
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VS v4 
Figure - 1 Graph theoretic representation of DNA 

Figure - 2 Four armed DNA Molecule 
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Figure - 4-3VC Graph for the DNA 

Figure - 5 Hellical form of a DNA Molecule 
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Figure - 6 3D DNA Strand representations 

1 

Figure - 7 Finite Sthte Autoniata for a circuit 
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SUBJECT SPHERE OF BlOlNFORMATlCS 
Debi Prasad Sandha 

introduction 

Recent years have seen an explosive growth in biological data. Large sequencing 
projects are producing increasing quantities of nucleotide sequences. The contents of 
nucleotide databases are doubling in size approximately every 14 months. The latest release 
of GenBank (V.102) exceeded one billion base pairs. Not only the size of sequence data is 
rapidly increasing, but also the number of characterized genes from many organisms and 
protein structures doubles about every two years To cope with this great quantw of data, a 
new scientific discipline has emerged: bioinformatics, biocomputing or computational biology. 
A flood of data means that many of the challenges in biology are now challenges in computing. 
Bioinformatics, the application of computational techniques to analyse the information 
associated with biomolecules on a large-scale, has now f~rmly established itself as a discipline 
in molecular biology, and encompasses a wide range of subject areas from structural biology, 
genomics to gene expression studies. 

Bioinformatics - a  definition 

(Molecular) Bio - informatics: Biolnformatics is conceptualizing biology in terms of 
molecules (in the sense of physical chemistry) and apply~ng "informatics techniques" (derived 
from disciplines such as applied mathematics, computer science and statistics) to understand 
and organize the information associated with these molecules, on a large scale. In short, 
bioinformatics is a management information system for molecular biology and has many 
practical applications. 

Bioinforrnatlcs combines the tools and techniques of mathematics, computer science 
and biology in order to understand the biological significance of a variety of data. So if one 
likes to get into this new scientific field helshe should be fond of these 'classic' disciplines. 
Because the field is so new, almost everyone in it did something else before. Some biologist 
went into bioinformatics by picking up programming but others entered via the reverse 
route. 

Aims of bioinformatics 

The aims of bioinformatics are three-fold. First at its simplest form bioinformatics 
organises data in a way that allows researchers to access existing information and to submit 
new entries as they are produced, e.g. the Protein Data Bank for 3D macromolecular 
structures. The second aim is to develop tools and resources that aid in the analysis of 
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data. For example, having sequenced a particular protein, it is of interest to compare it with 
previously characterised sequences. This requires more than just a straightforward database 
search. As such, programs such as FASTA (8) and PSI-BLAST (9) must consider what 
constitutes a biologically significant resemblance. Development of such resources requires 
extensive knowledge of computational theory, as well as a thorough understanding of biology. 
The third aim is to use these tools to analyse the data and interpret the results in a biologically 
meaningful manner. Traditionally, biological studies examined individual systems in detail, 
and frequently compared them with a few that are related. In bioinformatics, we can also 
conduct global analyses of all the available data with the aim of  inc covering common principles 
that apply across many systems and highlight features that are unique to some. 

Information associated with the molecules 

The table lists the types of data that are analysed in bioinforrnatics and the range of 
topics that we consider falling within the subject sphere. Here we take a broad view and 
include subjects that may not normally be listed. We also give approximate values describing 
the sizes of data being discussed. 
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Data source 

Raw DNA sequence 

Protein sequence 

Macromolecular 
structure 

Data size 

8.2 million sequences 
(9.5 billion bases) 

300,000 sequences 
(-300 amino acids 
each) 

13,000 structures 
(-1,000atomic 
coordinates each) 

Bioinformatics topics 

Separating coding and non-coding 
regions 
Identification of introns and exons Gene 
product prediction Forensic analysis 

Sequence comparison 
algorithmsMultiple sequence 
alignments algorithms Identification of 
conserved sequence motifs 

Secondary, tertiary structure 
prediction3D structural alignment 
algorithmsProtein geometry 
measurementsSurface and volume 
shape calculationslntermolecular 
interactions 

Molecular simulations (force-field 
calculations, molecular movements, 
dock~ng predictions) 

- - 
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[Sources of data used in bioinformatics. the quantity of each type of data (August 2000) and 
bioinfonnatics subject are as that utilise this data] 

Data source 

Genomes 

Gene expression 

Other data 

Llterature 

Metabolic pathways 

Bioinformatics Course Coverage 

The bioinformatics course aims at givlng the student basic techniques and show 
areas of applications in bioinformatics The aims are more specifically directed to give the 
student knowledge about common problem in bioinformatics, alignment techniques, ethical 
issues, public data sources, and evolut~onary modeling. The course emphases a practical 
use of tools for specific bioinformatics areas 

Data sire 

40 complete 
genomes(l.6 m~ll~on - 
3 bill~on bases 
each) 

Largest: -20 time 
point measurements 
for -6.000 genes 

11 million citations 

Core and Tool Subject i n  Bloinformatics 

Bioinformatics topics 

Characterisation of repeatsStructura1 
assignments to genesphylogenetic 
analysisGenomic-scale 
censuses(Characteris3tion of protein 
content, metabolic pathways)Linkage 
analysis relating specific genes to 
diseases 

Correlating expression patternsMapping 
expression data to sequence, structural 
and biochemical data 

Digital libraries for automated 
bibliographical searches 
Knowledge databases of data from 
literature 

Pathway simulations 

Biochemistry: The course is generally designed to present an overview of biochemistry 
and to provide an understanding of the basic mechanisms underlying life processes. Students 
take this independent course from various disciplines that prepare students for further studies 
in Biochemistry and Molecular Biology. 

Bloinformrtiu: Covered advanced bioinformatics topics applicable to genomic biology 
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and the 'post-genome" phase of molecular biology. This will focus on the methods and 
algorithms for DNA and protein sequence analysis, Ute main bioinbrmatiis databases 
available, and will introduce some of the major sequence analysis packages available. 
Topics covered include sequence alignment, database searchmg. pattern recognition and 
predictive methods. Some knowledge of programming and algorithms is assumed. 

Computational Molecular Biology: Provides an in depth understanding of the algorithms 
used in compltationai mokcula biology. 

Computer Programming: This area help the students to learn the general principles of 
programming, i W i  how to design, implement, document, test, and debug programs. 

Data Structures: Anays, linked lists, trees and graphs; stacks and queues; symbol tables; 
priority queues, balanced trees; sorting algorithms; complexity analysis. 

Database Management Systems: This covers the principles, design, administration, and 
implementation of database management systems Toplcs ~nclude ent~ty-relationship model. 
relat,onal model, relational dgebra and calculus, data~ase design and normaluaton, indexlng 
schemes, secdr~ty, integrity, concurrency control, and contemporary topics in database 
management systems, aata models for statist~cal and sclentlflc databases semantic and 
owct-oriented model~ng of application domains; statistical database query languages and 
query optimlration; advanced logic query languages; and case studies such as the human 
genome project and earth orbiting satellite. 

Epidemiology and Clinical Trials: The principles and methodology underlying epidemiology 
and clinical trials are covered. 

Foundations of Biocomputing: Basic elements of discrete mathematics and computation, 
combinatortcs, probability, and biostatistics; mathematical and computational problems in 
bioinformatics; representation of biological data. 

Functional Proteomics: Introduces the study of the 'Proteome" the proteins encoded by 
the genome. This will cover the principles of protein structure, protein classkation, prediction 
and modeling of proteins, and protein-protein interactions. ExperimentalmeUtods la structure 
determination and identifying protein-protein interactions @&two-hyaXid, 2D-gels/mass 
spectrometry, protein chips, surface plasma  will be U i i e d  as well as the 
related computational approaches. 

Internet and the World Wide Web: Introduction and history; networks, internetworking, 
and network protocols; TCP/IP and related protocols; client-sewer model and programming; 
distributed applications; Domain Name System; Internet applications: TELNET, mail, FTP, 
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etc.; Internet security; intratwt and exttanet; virtual private networks; World Wde Web; Web 
addressing; HlTP; HTML, XML, style sheets, etc.; programming the Web: CGI, Java, 
Jamscript, etc.; Web servers; Web security; Web searching; push technology; other topics 
of current interest. 

Mrchlnr Orgrnlsrt ion and Assembly Language Progrrmmlng: Fundamentals of 
computer organisation and machine architecture; number, character and instruction 
representations; addressing modes; assembly language programming including stack 
manipulation and subroutine linkage; basic logic des~gn and integrated devices; the central 
processing unit.and its control; concepts of microprogramming, data flow and control flow; 
110 devices and their controllers, interrupts and memory organisation; computer arithmetic. 

Molecular Biology of the Gmr: This area covers an uptodate knowledge of molecular 
biology, espeua#y with respect to eukaryotic gene expression and molecular embryology. 

Moloculrr Evolution: The basic techniques and methods to study evolution at the molecular 
are included. Models of molecular evolution, the measurement of genetic distance, and 
methods of tree construction and validation will be discussed. 

Molecular Genetics: Outlines the basic and up-todate knowledge on the structure and 
functions of nucleic acids, besides a general picture of the molecular control of gene 
expressions, and to introduce students to the implications of molecular genetics in the 
development of recombinant DNA technology. 

Molecular Genetics: Provides basic knowledge on molecular genetics, illustrating modern 
concepts with current experimental approaches and computer-assisted programmes. 
Together with BMS3ll and BMS312 taken in the third year, a comprehensive background 
is provided for advanced study andlor research in molecular biology. Contents: control of 
gene expression; genetic recombination and transposition; gene evolution; mutations; 
molecular cloning; DNA polymorphism and RFLP; and bioinformatics and computer-assisted- 
learning modules 

Moloculrr Mrdiclne: Coven up-to-date knowledge of the genetic and molecular basis of 
human diseases in preparation for a career in medical molecular biology or pathology, 
biotechnological, pharmaceutical and biochemical industries; genome research. Contents: 
basic knowledge of molecular cloning are assumed; gene linkage and pedigree analysis; 
gene mapping and the human genome; human cytogenetics; positional cloning; mutation 
detection and diagnosis; single nucleotie polymorphism (SNPs) and applications; DNA 
finger-printing; skeletal abnormalities; phanacogenetics; trinuncleotide repeat instability; 
molecular virology; genomic impr~nt~ng and gene therapy 
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Programming Methodology and Object-Oriented Programmlng : Abstract data types 
and classes; object-oriented programming; program development, generation and analysis 
tools; scripting and command languages; user interfaces and GUls; program documentation. 

Statistics: Fundamental and basic statistical methodologies are covered. 

Statistics, Epidemiology and Clinlcal Trials: The statistics, principles and methodology 
underlying epidemiology and clinical trials are encompassed. 

Structure Models: Models are created and used to model structural data; two dimensional 
and experimental data of 3D nature within bioinfonatics. An overview of algorithms (methods 
and techniques) for modeling structural problems (e.g, protein folding prediction) in 
bioinfonatiw is encompassed. 

Research and Development 

Covers latest developments to have an insight into current research directions in 
bioinformatics, and develop the ability for critical assessment of scientific research 
publications in bioinfonatics. This helps to develop an understanding of the research process 
in general, such as research methods, scientific writing, and research ethics. Including 
training in scientific writing. 

The following are web sites that are useful for biology research 

Biological Databases: http:llwww.science.gmu.edul-mkimlBioinformatics1 
database.html 

Computational Biology: http:llwww.science.gmu.edul-mkimlBioinformatics1 
bioiogy.html 

Software Sources: http:l/w.science.gmu.eduI-mkim/Bioinformati~w~are.h~l 

WWW Search Toots: 

WWW Construction Tools: 

http://www.science.gmu.edul-mkimlBioinfonatics/construction.html 



HOW TO BECOME A BlOlNFORMATlCS EXPERT 

What b Bldnfornutlcs? 

Biology is changing rapidly with the integration of information technology into biological 
research and becoming increasingly important. There is thus a need for personnel able to 
combine skills in mathematics and computing with their expertise in the biological sciences. 
Bioinforrnatics is the use of computational models and databases to manage data now 
used in the pharmaceutical, healthcare and biomanufacturing industries. 

Bioinformatics has emerged as a multidisciplinary subject that encompasses 
developments in information and computer technology as applied to biotechnology and 
biological sciences. Bloinformatics uses computer software tools for database creation, 
data management, data warehousing, data mining and global communication network. 
Functional genomics, biomolecular structure, proteome analysis, cell metabolism, 
biodiversity, downstream processing in chemical engineering, drug design, vaccine design 
are some of the areas in which bioinformatics is an Integral component. Bioinformatics, 
therefore, is defined as the systematic development and application of computing systems 
and computational solution techniques analyzing data obtalned by experiments, modeling, 
database search, and instrumentation regarding biological aspect 

Why become a biolnforrnatlcs expert? 

Recent years have seen an explosive growth in biological data. Large sequencing 
projects are producing increasing quantities of nucleotide sequences. The contents of 
nucleotide databases are doubling in sue approximately every 14 months. The latest release 
of GenBank (V.102) exceeded one billion base pairs. Not only the size of sequence data is 
rapidly increasing, but also the number of characterized genes from many organisms and 
protein structures doubles about every two years. TO cope with this great quantity of data, a 
new scientik discipline has emerged: bioinfomatics, biocomputing or cornp~ifational biology. 

How to h o m e  r blolnfomutics expert? 

Biiinfonnatics combines the tools and techniques of mathematics, computer science 
and b i y  in order to understand the biological signifcance of a variety of data. So if one 
likes to get into this new scientific field helshe should be fond of these 'classic' disciplines. 
Because the field is so new, almost everyone in it did something else before. Some biologists 
went into bioinformatics by picking up Programming but others entered via the reverse route. 
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What about the future? 

In USA, the job prospects in the world of bioinformatics for young scientists will give 
the same answer: This field is hot' It is far from being overpopulated, and the number of 
jobs is growing further. Some of the biggest drug firms - like SmithKline Beecham, Merck, 
Johnson 8 Johnson, and Glaxo Welcome - are hunting for bioinformatics experts while 
smaller firms have difficulties to get the staffers they want. In Europe, especially in Germany, 
the situation is less enthusiastic but we're hopefully catching up. While traditional scientific 
job markets are shrinking, here might be the opportunity many young scientists are looking 
for. 

In lndia also a lot of opportunities are coming in this field 

Bioinformatics courses in lndia 

The Bioinformatics Center located in the picturesque campus of Pune University, 
conducts an advanced diploma in Bioinformatics for those aspiring to join this rewarding 
profession. The duration of the new course is a year (full time) and the intake is limited to a 
maximum of 12 students per batch. For applying, the students needs to hold a master's 
degree in biotechnology, physics, mathematics, chemistry, microbiology, botany, zoology, 
agriculture, veterinary sciences, MCA or bachelor's degree in engineering technology, or 
medicine or equivalent qualification with a minimum 60 per cent aggregate marks (55 per 
cent aggregate will be selected based on their performance in the written test followed by 
an interview and their academic record). The entrance examination will be of two hours 
duration with two sections-one objective and the other subjective. 

The government of Karnataka in association with lClCl Ventures has opened an 
~nst~tute of bioinformatics and applied biotechnology. The state government along with lClCl 
ventures has invested Rs 10 crore (Rs 5 crore each) in the institute which will be housed in 
the International Technology Park Ltd. premises. It plans to offer post-graduate course in 
bioinformatics and also allow scientists to do research work on the subject. Since it's not a 
deemed university, the institute will offer a diploma certificate on completion of the course. 
The one-year PG course is to commence from first week of February 2002. Any graduate 
with a minimum qualification of a bachelor's degree in any of the science or technology 
discipline is eligible. 

Bioinformatics Center of Jawahadal Nehru University and Madurai Kamraj University 
are offering Advanced Diploma in Bioinformatics. 

'BIOINFORMATICS INSTITUTE OF INDIA" is promoting the distance learning initiative 
for promoting high-end quality education in the field of Bioinformatics through One Year 
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Advance Dipkms m Bioinfamatia. Persons having a Bachelor's Degree or having hvo years 
DipbmaICertihcate from recognized university I lnsbtution in any Engineering Discipline are 
eligible for this Course. At present many private and pubk institutions have opened two 
years postgraduate course in Bioinformatics in India. 

Bloinfomatlce C o u n n ,  Collega Degreus and Tralning 

Below is a list of universities, colleges and other institutes offering undergraduate 
and graduate training in bioinforrnatics and related areas. If you are a self-learner and are 
not interested in getting a college degree but learn fundamental of genomics and 
bioinformatics there are lots of resources available on the net 
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Undergraduate and Graduate Programs: 

lor Colleae of Medicing 

Boston University 

Carneaie Mellon 

&gp Mason University 

Georaia Institute of Technoloay 

lm~erial Colleae 

Pdiana UnivsrsiB 

Iowa State University 

Johns Ho~kins University 

Feck Graduate Institute 

Marauette Uqiversitv/MCW 

florlh Carolina State University 

Northern Illinois University 

Yortheastern University 

Rensselaer Polvtechnic Institute 

Ph.D. in structural and computational biology 
and molecular biophysics 

M.S. and Ph.D. program in bioinformatics 

B.S, in computational biology 

M.S. and Ph.D. in bioinformatics and 
computational biology 

Masters of science in bioinformatics 

M.Sc. course in computational genetics and 
biinfonnatics 

B.S. and M.S. in informatics 

Ph.D. program in bioinformatics and 
computational biology 

Ph.D. program in computational biology 

Master of bioscience (MBS) 

M.S. in bioinformatics 

M.S. and Ph.D. in bioinfonatics 

M.S. specialization in bioinforrnatics 

M.S. in bioinformatics 

B.S. In bioinforrnatics and molecular biology 
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Rut~ers University 

Stanford University 

Swiss Institute of Bioinformatics 

UMDNJ 

Universitv of Albany 

Universitv of California. Los Anaeles 

Universitv of California, Santa Cruz 

Universitv of California, San Dieao 

University of California. San Francisco 

University of London 

Universitv of Manchester 

Universitv of Memohis 

Universitv of Nebraska. Omaha 

University of Pennsylvania 

University of Pinsburah 

Unlvers~ty of the Sciences In Philadel~hia 

Universttv of the Sciences in Philadel~hla 

Universitv of Southern California 

University of Texas at El Paso 

Universitv of Washinoton. Seattle 

Vlraina Tech 

Weizmann Institute of Science 

Washin~ton Universitv St Louis 

Ph D. in computational molecular biology 

M.S. and Ph.D, in biomedical informatics 

Masters degree in bioinformatics 

M.S. and Ph.D. program in biomedical 
informatics 

Ph.D. program in comparative functional 
genomics 

M.S. and Ph.D. program in bioinformatiw 

B.S. and M.S, in bioinformatics 

Ph.D, program in bioinformatics 

M.S. and Ph.D, program in biological and 
medical informatics 

M.Sc, in molecular modeling and bioinformatics 

M Sc. in bioinformatics, distance learning 

M.S. concentration in bioinformatics 

M.S and Ph.D, in bioinformatics 

B.S., M.S. and Ph.D. programs in computational 
biology 

M.S. and Ph.D. in biomedical informatics 

B.S. in bioinformatics 

M.S. in bioinformatics 

M.S. and Ph.D. in computational biology and 
bioinformatics 

M.S. in bioinformatics 

Graduate program in computational molecular 
biology 

Graduate program in bioinformatics 

M.Sc. and Ph.D. program in computational 
biology and bioinformatics 

Graduate program in computational biology 
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Dlplomr, CertMcate, Worbhop., 

&pharmaceutical Technolppy 
Center Institute 

p 

Columbia University 

!a!!= 
Graduate School ComBi 

HGMP- RC. UK 

Jawaharlal Nehru Unlversitv. lndia 

Maduri Kamrai Un~venitv. India 

Northern lll~nois Univers~ty 

Northeastern Universlty 

Ocimum Biosolutions 

Oracle Universib 

Oxford Univers~tv. UK 

Pasteur Institute. France 

RSBS. Australia 

Bockholm Bioinforrnatiw Center 

Jechnical Univenitv of Denmark 

Jhe Institute for Genome Research 

The Jackson Laboratory 

yniversitat Bielefeld 

IJniversitv of Leeds. UK 

Short COU~MI and Other Program: 

Workshops in expression bioinfonatics 

Short courses 

Workshops in genomics, proteomics, 
bioinformatics.etc. 

Certificate programs in genomic engineering 

Cold spring harbor laboratory short courses 

Computational biology, bioinformatics, and 
biometry 

Tralnlng courses in computing and molecular 
biology 

Advanced diploma In bioinformatics 

Advanced diploma tn b~oinformatics 

Certificate in bioinformatics 

Graduate certificate in bioinformatics 

20 week certificate course in bioinformat~cs 

Education and training 

B~oinformatics centre 

Course in informatics for biology 

Research school of biological sciences, 
bioinformatics group 

Offer several bioinfonnatics related courses 

Center for biological sequence analysis 

TlGR offers several short courses and training 

Offers several workshops and short courses 

A internet based course on sequence analysis 

MRes in bioinfonatics 
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A List of Online Courses 

Universitv of London 

Universitv of Pune. India 

Universitv of Svdnev. Australia 

Universitv of Toronto 

Uppsala University. Sweden 

Virtual School of Molecular Sciences 

Virtual School of Molecular Sciences 

Washinaton University 

ABA (Australian Biotechnology Association) Bioinformatics: Networking the 
Biotechnology Revolution. 

Certificates in principles of protein structure 
using the internet 

Courses in bioinforrnatics 

Faculty of science 

Program in proteomics and bioinformatics 

Molecular biinformatics 

Java for scientist, an internet based course 

Internet based certificateldiploma in structure 
based drug design 

Short course in computational molecular biology 

Beginners Guide to Molecular B~ology by The Molecular Biology Notebook Online 

Bioactivity, a practical guide. An interactive exercise that aims to provide a taste of 
bioinformat~cs resources. The icons offer a route to supporting text 8 diagrams that form an 
adjunct to 'Introduction to bioinformatics" published by Addison Wesley. 

Miscomputing Tutorials. 

h~:Ilwww,hqm~.mrc.ac.uk/EmbnetuffUnive~llembnettu.html 

Bioinformatics 8 Computatimal Genomics. 

Bioinformatics (Genomics): This inter-disciplinary course, designed for students in 
the oomputatio~i and life sciences, looks at the application of computing concepts and 
techniques to problems in molecular biology. 
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hd~~llpost aueensu cal-forsdvkelbioinfor htm 

BlOlNFORMATlCS and COMPUTATIONAL GENOMICS COURSES 

http:llbioinformatics.weumann.ac illcoursesl 

Bioinformatics and Drug Research. 

h~~:/~.unikonstanz.de/F~F/BiolBioinformati~welcome,htm 

Bioinformatics Lecture '99 is a hypertext lecture script. This work in progress will 
evolve into a comprehensive introduction to Bioinformatics, focusing on many practical 
aspects of bioinformaticsfor the molecular biologist. 

h~:l lw.lmb.uni-muenchen.del~rou~slbioinformatics~elcome. html 

BioNet Software Compendium - This compendium contains courseware and 
experience collected by BioNet members. 

http.Nw.leeds ac.uklbioneUcompendlcontents htm 

B~ophysics Textbook Online. 

http Ilbiosci umn.edulbio~hvslOLTB/lextbook html 

Course in informatics for biology 2001 (3rd of January to the 6th of April 2001, Pasteur 
Institute). 

htt~://www.~asteur.frlformationlinfobio-en.htm1 

GenScope is a learning environment that uses the computer to provide an alternative 
to text-based science educat~on. 

hd~:Ilaensco~e,concord.or~l 

Homology modeling for beginners 

Human Genome Advanced Annotation Tutorial. 

httD:/~.madcow,om100/annota~on tutorial.html 

Internet Biologists (113) is an independent international platform for the advancement 
of biological sciences and academic scholarship through Internet. 
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Introduction to Human Genome Computing via the World W i  Web. (Lincdn D. Stein, 
Whitehead InstituteIMIT Center for Genome Research) 

Lernprogramm: Drosophila Embryonalentwicklung und Entwicklungsgenetik, 
Genklonie~ng und BLAST Datenbankabfrage. 

httP:/hvww.uni-tuebinaen.delaenetiere/leul/ 

Manchester Bioinformatics - Distance Leaming in Bioinformatics. 

Molecular Systematics and Evolution of Microorganisms. This site is a useful teaching 
tool for those interested in reconstructing phylogenetic relationships belwwn molecular 
sequences. 

htt~:Ilwww.mav,ie/academidbioloav~ames/index.html 

Multimedia gestutzte-Studiengange an Hochschulen: Bioinform@tik an der Universitat 
Tubingen 

Primer on Molecular Genetics from the U.S. Department of Energy. 

htt~:/lwww.ornl.aovlhamisl~ublicaV~rimer/intro.html 

rogramming with the NCBl toolkit. 

The BioComputing Hypertext Coursebook 

httD:llwww.TechFak.Uni-Bielefeld.DE/bcdlCurridwelcome.html 

The Biology P r o m  is an interactive online resource for learning biology, developed 
at The University of Arizona. 

http:lhvww. biolmv,arizona.edu/ 

The BNtlag Bioinformatics Group - Courses 

http://dna.Stanford.EDUlcourses.html 

Using Computers in Molecular Biology NYU Medical Center Course G16.2604 
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Vorlesung 'angewandte Bloinformatik', live und interaktiv uebertragen zwischen 
Bayreuth, Erlangen und Wuerrburg 

http:llwww, biomedtec-franken.delaer/virt-bioinfo,html 

WisPacT - das Wisconsin PackagelTM] Tutorial 

htt~:l/www.wisoa~t.uni-koeIn.de/ 

ljbungen zur Bioinformatik an der Uni Goettingen 

For the benefit of the professionals, researchers and students having interest on 
Bioinformatics, the above information has been collected by surfing Internet 
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DATA WAREHOUSING - AN INTRODUCTION 
Anll Rai 

Indian agriculture has made commendable progress since independence. Research 
workers on one hand and farmers on the other have ensured that the country does not have 
to import food. In the new millennium. there are several issues that have to be addressed like 
sustainability of production, productivity, the environment, resource management, poverty 
alleviation, household food and nutritional security, system of efficiency, globalization of 
agriculture, liberalization of world trade, the intellectual property rights (IPR) regime in 
technology generation etc. Agricultural research is a vital input for the planned growth and the 
sustainable development of agriculture in the counby. The Indian Council of Agriculture Research 
(ICAR) being an apex scientific organization in agriculture at the national level playa a crucial 
role in promoting and augmenting agricultural research, education and for the demonstration 
of new technologies as frontline extension activities. The organization's objectives for the 
current plan are to enhance the productivity, profitability, stability and sustainability of the 
agricultural system so that the quality of life in all the segments of the present and future 
generations improves. 

Technologies and tools that have developed in the recent information technology 
revolution can play a very vital role in overcoming most of the present problems related to 
agriculture and rural development. In order to achieve the goal of an economically sound and 
stable society through environmentally friendly systems of agricultural production, it is 
imperative to have a comprehensive data storage system. This will not only help in providing 
systematic and periodic information to the planners, decision-maken and developmental 
agencies, but also help to manage our limited natural resources efficiently. The development 
of a data warehouse is one d t h e  recent tools in the field of information technology that can 
fulfill the demands of the information that is required in the field of agriculture research, 
management and education. 

NEED FOR DATA WAREHOUSE 

In fact, the development of an integratea information systems and databases (non- 
spat~al, spatial and b~bl~ographic) in the field of agriculture research and education was 
recognized by the ICAR revewcommittee (1988) The development of a wmputerlzed satellite 
based lnformat~on network (ICARNET) was recommended by tne committee w~th on-11ne 
terminal connectivity to ICAR scientists and State Agriculture Universities (SAUs). In 1991, 
the development of a computer-based Agricultural Research Information System (ARIS) network 
was initiated by ICAR. 
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The devebpment of data warehouse for agkuttural research, management and education 
will: 

1. Improve the quality of research and planning 

2. Reduce duplicatan of research efforts 

3. Encourage dissemination of research findings 

4. Facilitate quaIitatii research supported by agricultural databases 

5. Help in the development of Decision Support Systems(DSSs) 

6. Play an effective tods fmagricultural research and education planning 

T .  Dw&p effective Rkages with other national organizations in sustainable 

develapnent 

8 Develop effective linkages with internationel organizations working in the same 
area 

9 Improve theeffrjency of the National Agr~cultural Research System (NARS) by 
efiectively managing its resacrrzs 

10. Useful for other national and international organizations in planning their related 
activities. 

11. UWing library resources of various organizationseffectively 

The National Agricultural Research System (NARS) consists of National lmtitutes (5), 
Institutes of Agricultural Sciences (31), Institutes of Animal Sciences and Fisheries (10). 
National Bureaux (4), Project Directorates (1 O), National Research Centers (286, All lndra 
Cgoflinated Projects (82), State Agriculture Universities (29) and Cenhill University (I). Apart 
from this, it has a huge network of Krishi Vigyan Kendras (KVKs) for its extension activities. 
In the next few years, it is proposed to have at least one KVK in each district. Further, around 
one hundred and ten scientific societies are actively involved in agricultural research of the 
country. ICAR is also working in close association with at least twenty-one national 
organizations like DST, ISRO. IMD, ICFRE, IIMS, Planning Commission, Ministty of Fertilizer 
etc. Further, ICAR has developed linkages with approximately nineteen international 
organizations like CIMMM, ISNAR, ICRISAT, IRRI, IBPGR. CIFOR, ICARDA etc. The diversmed 
system of NARS generates lots of information in different fields. Also, information generation 
needs are different for each organization. Broadly all these organizations can be classified 
into the following heads: 

I. . Cmp Sciences 
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Animal Sciences 

Natural Resource Management 

Horticulture 

Agricultural Extension 

Fisheries 

Agncutkrral Engineering 

Agricultural Education 

State Agricultural Universities 

Other National Scientific Organizations 

International Agricultural1 Other International Scientific Organizations 

Krishi V~gyan Kendra 

INFORMATION DEMANDS AND SOURCES 

The information that are either generated andlor used by these organizations can be 
broadly categorized as: 

1 Natural resources of the country 

2 .  Data related to research projects 

3. Regional natural1 infrastructure resource maps 

4. Plan1 non-plan scheme monitoring 

5. Personal information related to scientific, technical and other staff 

6. Institutional inventory 

7. Finance, budget and expenditure 

8. Technologies generated 

9. Genetic biodiversity resources 

10. Meteorological data 

11. Agricultural inputs, infrastructure and output data 

12. Market intelligence (prices, trade, commerce) 

13. Human resource development 

14. Village level information 



15. Administrative records (Moue, agreements etc) 

16. Information on library inventory 

17. Produce management like imports, exports and distribution 

18. Information related to environment 

The major sources of getting this information are: 

1. Census (human, livestock, agricultural, etc) 

2. Sample surveys 

3. Remote sensing 

4. Administrative records 

5. Financial records 

6. Publications 

7. Computer networks1 Databases 

8 institutional libraries 

9. Information base for agricultural experiments 

This information is available in different forms like tables, text files, databases. 
publications etc. Moreover, some of the information IS available at d~fferent levels like states, 
districts, villages etc. Hence, there IS a need to develop a comprehensive data warehouse 
after eliminating different kinds of errors such that these can be retrieved and updated in 
required forms. 

DATA WAREHOUSING 

The data warehouse is an architectural construct that addresses the growlng need of 
information for enterprise-wide data access It functions as a core for decision support 
processing at the strategic1 managerial level, separate from day to day operational data. It 
is not software specific and can be used in any computing environment. The design and 
construction of data warehouse includes granularity of data, partitioning of data, metadata, 
lack of credibility of decision support system (DSS) data, the system of record and migration 
etc. 

The data in a data warehouse can be seen as a set bf materialized views derived 
from source data, where the source data can be relations in the operational database or 
other non-traditional data such as data files, legacy systems and document data. Since the 
raw data normally changes over time, materialized views in a data warehouse have to be 
updated to ensure consistency with the source data. 
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Ralph Kimball defines data warehouse as 'a copy of information data specifically 
structured for query and analysis'. 

Data warehousing is more than a database. Data warehousing involves the entire 
information delivery process i.e., from access and transformation of data from different 
operational sources, through the process that makes it available for decision making, to the 
exploitation of the retrieved data via a range of decision support tools. 

The growing need for the data warehousing technology in recent years has stemmed 
because of the technology's importance in supporting decision support processing and 
analysis. A specific property of data warehouse, which makes efficient application processing. 
is that most of the applications are decision support oriented applications, which need to 
summarize huge amounts of data. The growing trend in data warehouse architecture is to 
store the data both in the data warehouse and in several data marts, where each data mart 
contains the data pertaining to a particular domain of the organization's operations. An 
important issue that then needs to be addressed is how to maintain data in both the 
warehouse and the data marts in response to updates to source data. 

ADVANTAGES OF DATA WAREHOUSING 

The following are the important reasons for implementing data warehousing in NARS: 

* To perform serverldisk bound tasks associated with querying and reporting on servers1 
disks with~n an acceptable amount of time. 

Running queries and reports, with their variable resource requirements, on the servers1 
disks can make it quite complex to manage the se~ersldisks. Organizations therefore may 
find that the least expensive andlor most organizationally expedltlous way to obtain 
high probability of acceptable response time is to implement a data warehoLlsing 
architecture. 

= To use data models andlor server technologies that speed up querying and reporting 
and that are not appropriate for information processing 

There are ways of modeling data that usually speed up querying and reporting 
(e.g., a star schema) and may not be appropriate for information processing because the 
modeling technique will slow down and complicate information processing. Also, there are 
server technologies that that may speed up query and reporting processing but may slow 
down information processing (e.g.. bit-mapped indexing) and server technologies that may 
speed up information processing but slow down query and report processing (e.g., technology 
for information recovery.) 
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It is to be noted that whether and by how much a modeling technique or server 
technology is a help or hindrance to querying/reporting and infomation processing varies 
across vendors'products andaccording to the srtuabon rn which the technique or technology 
is used. - To provide an environment where a relatively small amount of knowledge of the 

technical aspects of database technology is required to write and maintain querles 
and reports andlor to prov~de a means to speed up the writing and malntainlng of 
querles and reports by technical personnel 

To make ~t easier, on a regular basis, to query and report data from multiple 
information processing systems andlor from external data sources anlor from 
data that must be stored for querylreport purposes only 

Organuattons that need reports w~th data from rnult~ple systems have been writing 
data extracts and then runnlng sortlmerge log~c to comblne !he extracted data and then 
runnlng reports agalnst the sowmerged data In many cases'b~s 1s a perfectly adequate 
strategy However (fan organ~zat~on has large amounts of data that need to be sortlmerged 
frequently, ~f data purged from informat~on processlng systems needs to be reported upon 
and most importantly, ~f the data need to be "cleaned , data warehous~ng may be appropriate 

To provide a repository of ~nformation processlng system data that contains data 
from a longer span of time than can efficiently be held in a information processing 
system andlor to  be able to generate reports "as was" as of a previous point in 
time 

Historical data may be stored In the data warehouse where there presumably is less 
of a need to control expected response time or the expected response time is at a much 
higher level. 

As for "as was" reporting, some times it is difficult, rf not impossible, to generate a 
report based on some characterrstic at a prewous point m bme which have been modified/ 
updated later on. 

If most of the organization's needs are to report on data in one information processing 
system and/or all the historical data you need are in that system and/or the data in 
the system are clean andlor your hardware can support reporting agalnst the live 
system data andlor the structure of the system data is relatively simple andlor the 
organization does not have much interest In end user ad hoc querylreport tools, then 
data warehousing is an answer. 

One of the most important point in favor of data warehous~ng is security, that IS to 
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prevent persons who only need to query and report information processing system 
data from having any access whatsoever to information processing system databases 
and logic used to maintain those databases 

The concern here is security For example, data warehousing may be interesting to 
the organizations that want to allow report and querying only over the Internet. 

Goals of data warehousing 

To facilitate reporting as well as analysis 

Maintain an organization's historical information 

9 Be an adaptive and resilient source of information 

Be the foundation for decision making 

Data warehouse architecture 

Data warehouse Architecture comprises of 

Operational source systems 

A data staging area 

One or more conformed data marts 

A data warehouse database 

Operational source systems 

Operational source systems are developed to capture and process original business 
transactions. These systems are designed for data entry, not for reporting, but it is from 
here the data tn data warehouse gets populated 

Data staging area 

Data staging area is where the raw operational data is extracted, cleaned, transformed 
and combined so that it can be reported on and queried by users. This area lies between 
the operational source systems and the user database and is typically not accessible to 
users. 

Data staging is a major process that includes the following sub procedures 

Extraction 

The extract step is the first step of getting data into the data warehouse environment 
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Extracting means reading and understanding the source data, and copying the pas that are 
needed to the data staging for further work. 

Once the data is extracted into the data staging area, there are many transformation 
steps, including 

1. Cleaning the data by correcting misspellings, resolving domain conflicts, dealing with 
missing data elements, and parsing into standard formats. 

2. Purging selected fields from the legacy data that are not useful for data warehouse. 

3 Combining data sources by matching exactly on key values or by performing fuuy 
matches on non-key attributes. 

4 Creating surrogate keys for each d~mension record for in order to avoid dependency 
on legacy defined keys, where the surrogate key generation process enforces 
referential integrity between the dimension tables and fact tables. 

5. Building the aggregates for boost~ng the performance of common querles 

Loading and Indexing 

At the end of transformat~on process the data 1s In the form of load record Images 
Loadlng In the data warehouse environment usually takes the form of repllcatlng the 
d~mens~onal tables and fact tables and presentlng these tables and presentlng these tables 
to bulk loadtng facllltates of each recipient data mart Bulk loadlng IS a very ~mportant capabll~ty 
that is to be contrasted wlth record-at-a time loadlng which 1s far slower The target data 
mart must then Index the newly arr~ved data for query performance 

Data mart 

Data mart is a logical subset of an enterprise-wide data warehouse, for example a 
data warehouse for a retail chain is constructed incrementally from individual, conformed 
data marts dealing with separate subject areas such as product sales. 

Dimensional data marts are organized by subject area (such as sales, finance, 
and marketing) and coordinated by data category. (such as customer, product, and 
location). These flexible information stores allows data structures to respond to business 
changes-product line additions, new staff responsibilities, mergers, consolidations. 
and acquisitions. 
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Data warehouse database 

A data warehouse database contains the data that is organized and stored specifically 
for direct user queries and reports it differs from an OLTP database in that it is designed 
primarily for reads not writes 

An OLAP application is a system des~gned for few but complex (read only) request. 
An OLTP application is a system designed for many but simple concurrent (and updating) 
requests 

OLAP vs. OLTP 

OLTP (Online Transactional Processing) 

o OLTP servers handle missioncr~tical product~on data accessed through simple queries 

o Usually handles queries of an automated nature 

o OLTP appllcatlons cons~st of a large number of relatively s~mple transactions. 

o Most often contams data organized on the basis of logical relations between normallzed 
tables 

OLAP (Online Analytical Processing) 

o OLAP servers handle management-crit~cal data accessed through an iterative 
analytical lnvestlgat~on 

u Usually handles queries of an ad-hoc nature 

o Supports more complex and demanding transactions 

o Contatns logically organized data in multiple dlmensions 

Differences between Data warehouse and Data mart 

Data warehouse 

i) It is a multi-subject information store. 

ii) It is 100's of giga bytes in size 

i i~)  It is difficult to build 

Data mart 

i) It is single subject data warehouse 

ii) Size is less than 100 giga bytes 

iii) It IS difficult to build 
. . 
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Differences between Data warehouse and Operational Systems 

Warehouse schema design 

Data 
Warehousing 

Mhoc 

FewMuc h 

Historical and up- 
todate 

Detailed and 
summarized 

Yes 

At maximum or 
not used 

Queriee 

Amount of Information 

lnvotved in queries 

Time horizon of 

required information 

Information level 

Multidimensional data 

CPU use 

Dimensional modeling is a term used to refer a set of data modeling techniques that 
have gained popularity and acceptance for data warehouse implementation. Dimensional 
modeling is one of the key techniques in data warehousing. 

Operational 
Systems 

Predefined 

Few 

Up-todate 

Detailed 

No 

All day long 

Two types of tables are used in dimensional modeling: Fact tables and dimensional 
tables 

Fact tables: These are used to record actual facts and measures in the business. Facts 
are numeric data items that are of interest to the business. 

Examples: - telecommunication -length of cell in minutes, average number of cells. 



Dimemionai b M :  Dimensional tables establish the context of the facts and store fields 
that describe the facts. 

Example: telecommunication- call origin, call destination. 

A schema is a fact tables plus its related dimensional table. 

Star schema 

> One facttable 

P De-normalized dimension tables 

P One column per leveVattribute 

P Simple and easy overview -> ease-of-use 

P Relativety flexible 

P Fact table is normalized 

P Dimension tables often relatively small 

P 'Recognized' by many Rebuses -, good Performance 

P Hierarchies are 'hidden" in the columns 

Snowflake schemas 

3 Dimensions are normalued 

3 One dimension table per level 

3 Each dimension table has integer key, level name, and one column per attribute 

3 Hierarchies are made explicitlvisible 

P Very flexible 

> Dimension tables use less space 

P Harder to wse due to many joins 

P Worsepedormance 

HOW A DATA WAREHOUSE BS DIFFERENT FROM OTHER IT PROJECTS. 

P A data warehouse project b not a package implementation projact. 

A data warehouse project requires a number of tools and software utilities that are 
available from multiple vendors. At present there is still no single suite of tools that can 
automate the entire data warehouse effort. 
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; A data warehouse never stops evolving; it changes with business. 

Unlike OLTP systems that are subject only to changes to the decisional informational 
requirements of decision makers i.e. it is subject to any changes in the business context of 
the enterprise. 

b Data warehouses are huge. 

A pilot data warehouse can easily be more than 10 gigabytes in size. A data warehouse 
In production for more than a year can easily reach 1 terabyte, depending on granularity & 
volume of data Databases of this size require different debase optimization 8 tuning 
techniques. 

Data warehouse implementation 

The data warehouse lmplementatlon team builds or extends an existing warehouse 
schema based on the final logical schema des~gn produced during planning. The team also 
bu~lds the warehouse subsystems that ensure a steady, regular flow of clean data from the 
operational systems into the data warehouse Other team members lnsta ii and configure 
the selected front-end tools to provlde users w~th access to warehouse data An 
implementation project should be scoped to last between three to SIX months Once the 
warehouse has been deployed the day-to-day warehouse management, maintenance and 
optlm~zat~on tasks begin Some members of the lmplementatlon team may be asked to stay 
on and ass~st wlth the maintenance actlvlt~es to ensure continuity The other members of 
the project team may be asked to start planning the next warehouse rollout or may be 
released to work on other projects 

The tasks performed during a warehouse ~mplementat~on include 

i Acquire and set up development environment. 

b Obtain copies of operational tables. 

2. Finalize physical warehouse schema design. 

b !3uild or configure extraction and transformation subsystems 

2. Buld or configure data quallty subsystems 

2. Build warehouse load subsystem. 

2. Set up data warehouse schema 

2. Set up data warehouse metadata 

b Set up data access and retrieval tools. 

b Conduct user training, testing 8 acceptance. 
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Applications i n  Agriculture: 

Recently, in the field of agriculture a NATP Mission Mode Project "Integrated National 
Agricultural Resources Information System (INARIS)". In the project a state of art Central 

Data Warehouse (CDW) of agricultural resources of the country is developed at IASRI, 
New Delhi. This is probably the first attempt of data warehousing of agricultural resources 

in the world. This will provide systematic and periodic information to research scientists, 

planners, decision makers and developmental agencies in the form of On-line Analytical 

Processing (OLAP) decision support system. The above project is implemented with active 
collaboration and support from 13 other ICAR institutions, namely NBSSLUP Nagpur (for 

soil resources), CRlDA Hyderabad (for agro-meteorology), PDCSR Modipuram (for crops 
and cropping systems), NBAGR Karnal (for livestock resources), NBFGR Lucknow (for fish 
resources), NBPGR New Delhi (for plant genetic resources), NCAP New Delhi (for socio- 

economic resources), ClAE Bhopal (for agricultural implements and machinery), CPCRl 
Kasargod (for plantation crops), llSR Calicut (for spices crops), ICAR Research Complex 

for Eastern Region Patna (for water resources), NRCAF Jhansi (for agro forestry) and IlHR 

Bangalore (for horticultural crops). 

In all 59 databases on agricultural technologies generated by council, research projects 
in operation and the related agricultural statistics from published sources at least from the 
year 1990 onwards at the distrtct level are being Integrated Into this information system 

The system wrth subject-wise data marts being created, multi-dimensional data cubes belng 

developed for publ~shing on Internefflntranet and the validation checks being implemented. 
The data warehouse system development is followed by data mining process on the 

developed data warehouse that to provlde dec~s~on support to the research managers. 

The above system has been developed keeping in view the three groups of users i.e. 

(1) research managers and planners (2) research scientists and (3) general users. The 

Information of this data warehouse will be available to the user in the form of decision 

support system in which all the flexibility of the presentation of the information, its on line 
analysis including graphic is inbuilt in to the system. The system also provides the facility 

of spatial analysis of the data through web using functionalities of Geographic lnformation 

System (GIs). Apart from this the subject wise information system has been developed for 

the general users. The user of this system has the access of subject wise dynamic reports 

through web. The facilities of data mining and generation of ad-hoc querying will also be 

extended to limited users. Therefore, the dissemination of information from this data 
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warehouse for different categories users will be through web browserwith proper authentication 
of the users. The web site of the project is already launched (w.inaris.aen.in) and the 
multidimensional cubes, dynamic reports, CIS maps and some of the information systems 
are already available to the usen. 
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DATA MINING-CONCEPTS-STATISTICAL PERSPECTIVE 

Satyabrata Pal 

INTRODUCTION 

The mot~vatlon beh~nd the growth of the Subject of DATA MINING stemmed from the 
dtverse nature and ever-lncreaslng means of human acttvltles pertalnlng to generation and 
collect~on of data; some of these are the widespread use of bar codes for most commercial 
products, the computerization of bus~ness, sc~ent~fic and government transactions, the 
advances In data collection tools rangtng from scanned texts and image platforms to satellite 
remote sensing system, and lastly, the world wide web which provides a global information 
system servlng as a repository of tremendous amount of data and information. The above- 
ment~oned growth of an explos~ve nature tn respect of stored data has motivated to develop 
new techniques and automated tools that can intelligently assist us in transforming the vast 
amount of data into useful informatton and knowledge. 

Data mining, popularly known as knowledge discovery in databases (KDD), IS the 
automated or convenient extract~on of patterns representing knowledge implicitly stored in 
databases, data warehouses, and other massive information repositories. Data mining IS a 
multidtsc~plinary field. It draws its area of activ~ties and integrates the techniques from a 
multttude of scientific disctpl~nes, namely, database technology, artificial intelligence, mach~ne 
learning, neural networks, stat~stics, pattern recognition, knowledge based systems, 
knowledge acquisition, image and s~gnal processing, spatial data analysis, information 
retrieval, h~gh-performance computing, and data v~sualization. Th~s branch of sctence 
emerged during the late eighties, has made great strides in the nineties, and is expected to 
continue to flourish into the new millennium. 

This paper intends to present a very bref overvlew of the different facets, functionallties 
and capabilities of the science of data mining as a tool in the analytical manoeuvres of very 
large data sets emanated as outputs from mammoth and diverse activities performed by 
business organizations, government departments, research institutions, big departmental 
stores. NGO's, persons involved in big social and scientific projects, under the focused 
objective of delineating some methods of classification and cluster analysis falling under its 
perspective. Indeed this science. In the present day world, serves as an all-time 
accompaniment of most of the human enterprises. The eternal appeal of data and information 
to human being, and in the process to understand the features of these, has given b~rth to 
this important branch of science and, as a sequel, every conceivable discipline of science 
can refine, develop and enrich its technical content by making use of the methods embedded 



under its fold. In this sense, the versatility in its application potentiality has made its impact 
keenly fen in the presentday scientific world. 

Brief Ovrwlrw 

The present paragraph exposes briefly the different facets of data mining as a scientific 
discipline. Data can be stored in different types of databases. One kind of database 
architecture is the data warehouse, a repository of multiple heterogeneous data source, 
organized under a unified scheme at a single site in order to facilitate the management of 
the system through right decision making approaches. Data warehouse technology includes 
data cleansing, data integration, and On-Line Analytical Processing (OLAP), that is, analysis 
techniques with functiinalites such as summarization, consolidation and aggregation, as 
well as the ability to view information from different angles. Although OLAP tools support 
multidimensional analysis and decision making, additional data analysis tools, like, clustering. 
characterization of data changes are required. Data mining tools perform data analysis and 
may uncover some important data patterns, contributing greatly to improve upon the exist~ng 
management strategies, to enrlch knowledge bases and to assist in development of newer 
tools In scientific and medical research. The widening gap between data and information 
calls for a systamattc development of data mining tools which have the potentiality to convert 
colossal data into golden bars of knowledge. 

The above chart traces the origin of data mining as a natural evolution of database 
technology through the evolut~onary path consisting of the follow~ng functional~tles data 
collection and database creation, data management (including data storage and retr~eval 
and database transactton processing), and data analysis and understanding (~nvolving data 
warehousing and data mining). 

Data mining refers to extracting or mining knowledge from large mass of data. Thus 
data mining should have been more appropriately named 'knowledge mining from data". 
There are many other terms carrying a similar or slightly different meaning to data mining, 
such as knowledge mining from databases, knowledge extraction, datalpattern analysis, 
data archaeology, data dredging. Sometimes data mining is regarded as a synonym for 
another popularly used term, 'Knowledge Discovery in Databases, or KDD. Knowledge 
discovery consists of an iterative sequence of the following steps: 

1. Data cleaning (to remove noise and inconsistent data) 

2. Data integration (where multiple data-source must be combined) 

3. Data selection (where data relevant to the analysis task are retrieved from the 
database) 
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Transaction management: recovery, concurrency control, otc. 

On-line transaction processing (OLTP) 

present) advanced data models: extended- 
relational, Otrject oriented, object relational, 
deductive application oriented: spatial. 
temporal Multimedia, active, scientific, 
knowledge bases 

I 
Web-bsed databases systbms 
(ISgO to present) XML based 
database systems Web mining 

Data warehousing and data mining 
(tate 1980's to present) Data 
warehouse and OLAP technology Data 
mining and knowledge discovery . 

4 i 4 
1 New oeneration of intearated information svstems (2000 and) 

Fig. 1: The evolution of database technology 

4. Data transformat~on (where data are transformed or consolidated into forms 
appropriate for mining by performing summary or aggregation operations, for instance) 

5. Data mining (an essential process where intelligent methods are applied in order to 
extract data patterns) 

6. Pattern evaluation (to identify the truly interesting patterns representing knowledge 

based on some interestrngness measures) 
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7. Knowledge presentation (where vcsualization and knowledge representat~on 
techniques are used to present the mined knowledge to the user) 

The data mining steps may interact with the user or a knowledge base The interesting 
patterns are presented to the user, and may be stored as new knowledge in the knowledge 
base. Note that according to this view, data mining is only one step in the entire process, 
albelt an essentcal one since it uncovers hidden patterns for evaluatcon. Though it IS a step, 
yet data mining is now so popular that it draws upon a number of functionallties from the 
above set and it is thus regarded as the process of discovering interestcng knowledge from 
large amount of data stored either in data bases, data warehouses, or other informat~on 
repositories Based on the above, the architecture of a typical data mlning system may 
have the following major components: 

1 Databases data warehouses spreadsheets or other lnformatcon reposltor~es where 
In data cleanlng and data cntegrat~on techn~ques may be performed on data 2 Database or 
dala warehouse server. 3 Knowledge base (domacn of knowledge whlch gucdes the search 
01 evaluates the facets of lnterestcng patterns, may lnclude meta data) 4 Data mcnlng 
engcne (conscsts of a set of functcon modules for tasks such as charactenzat~on assoc~atcon 
class~ftcatcon cluster analys~s, and evolutcon and devcat~on analysts) 5 Pattern evaluatcon 
nlodule (conscsts of objectcve measures of pattern lnterestlngness through assoccatcon rules 
l~ke support rule and confidence rule based on probabllcty cons~deratlons), 5 Graphical 
user Interface module (ct communccates between users and data mlnlng system whereln 
ltie user can interact with the system by specifying data mining query and the system can 
perform exploratory data mining based on intermediate data mcnlng results so that the user 
can evaluate the mined patterns under visual platform in different forms). Though the science 
of data mining can be viewed as an advanced OLAP yet, its arena of activities goes far 
beyond the narrow scope of summarization style of analytical processing of data ware house 
systems by incorporating more advanced techniques for data understanding. 

Data mining activities can be performed on the following ktnds of databases. A brief 
description of each such base is presented. 

1 .  Relational Database: A database system, atgo called a database management system 
(DBMS), consists of a collection of interrelated data, knom as a database, and a set of 
software programs to manage and access the data. The software programs involve the 
mechanism of database structures; for data stofage; for concurrent, shared, or distributed 
data access; and for ensuring the consistency and the security of the information stored, 
despite system crashes or attempts at unauthorized access. A relational database is a 
colledion of tables, each of which is assigned a unique name. Each tabla consists of a set 
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of attr~butes (columns or fields) and usually stores a large set of tuples (records or rows) 
Each tuple in a relattonal table represents a unique key and IS descr~bed by a set of attribute 
values A semantic data model, such as entity-relat~onshtp (ER) data model, which models 
the database as a set of entitles and thelr relatlonshtps, IS often constructed for relational 
databases 

2. Data Warehouses: Consider an international company with branches around the world. 
Each branch has its own set of databases. The President of the company requires an 
analysis of the company's sales per item type per branch for the third quarter of the last 
year. This is a difficuit task particularly since the relevant data are spread out over several 
databases, physically located at numerous sites. If the company had a data warehouse, 
this task would be easy A data warehouse is a repository of information collected from 
multiple sources, stored under a unifled scheme, which usually resides at a single site. 
Data warehouse are constructed via a process of data cleaning, data transformation, data 
tntegration, data loading, and perlodic data refreshing. 

3. Transactional Database: In general, a transactional database conslsts of a file where 
each record represents a transaction. A transaction typically includes a unique transaction 
identity number (trans ID), and a list of the items making up the transaction (such as items 
purchased in a store). The transactional database may have additional tables associated 
wlth it, whlch contalns other information regarding the sale, such as the data of the transaction, 
the customer ID number of the sales person and of the branch at which the sale occurred, 
SO on. 

4 Advanced Database Systems and Advanced Database Applications: Relational 
database systems have been widely used in business applications, scientif~c researches, 
etc. Wlth the advances of database technology, various kinds of advanced database systems 
have emerged and are undergoing development to address the requirements of new 
database applicat~ons. The new database applications include handling of spatial database 
(spatial related information such as maps, spatial data may be represented in raster format, 
consisting of n-dimensional bit maps or pixel maps), engineering design database (the 
collection of data on the design of the buildings, system components, or integrated circuits), 
text (with highly regular structures such as library database; semi-structured, such as e- 
mail messages and many HTMUXML Web pages or highly unstructured, such as some 
Web pages on WORLD WlDE WEB), hypertext and multimedia data (including text,.image;' 
video, and audio data), tme-related data (temporal database such as historica)ieebrds on 
annual fish production, a time related attribute, over the last fifty years), and,the WORLD 
WlDE WEB (a huge, widely distributed information repository made available by the internet). 
These applications require efficient data structures and scalable methods for handling 
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complex object structures, variable-length records, semi-structured and unstructured data, 
text and multimed~a data, and database schemes with complex structures and dynamlc 
changes. 

The data mlnlng funct~onal~t~es Include the data character~zatfon data d~scnmrnat~on 
or both character~zat~on and d~scrlmlnat~on In order to arrlve at some descr~pt~ons of data 
called class/concept descnpt~on These are br~efly d~scussed as follows Data characteruat~on 
IS a summar~zat~on of the general character~st~cs or features of a target class (class under 
study) of data The data correspondlng to the user-specified class are typ~cally collected by 
a database query For example to study the character~st~cs of soft ware products whose 
sales Increased by 15% In the last year execut~ng an SQL query can collect the data related 
to such products Methods for effectlve data summarlzatlon and character~zatton are data- 
cube based OVIP roll-up operation In case of user-controlled data summar~zat~on along a 
spec~fied dlmenslon An attr~bute orlented lnduct~on techn~que can be used to perform data 
generallzat~on and characterlzat~on without step-by-step user lnteract~on The output of data 
character~zat~on can be presented In varlous forms ltke pie charts bar charts 
mult~d~mens~onal data cubes, mult~d~mens~onal tables lncludlng cross tabs or In generaked 
relat~ons (or In rule form called character~st~c rules) Data dlscrlm~nat~on IS a comparison of 
the general features of a target class data objects w~th the general features of objects from 
one or a set of contrastlng classes The user can spec~fy the target and the contrastlng 
classes and the correspondlng data objects can be retrceved through database querles 
For example the user may l~ke to compare the general features of software products whose 
sales Increased by 10% tn the last year w~th those whose sales decreased by at least 30% 
durlng Ule same per~od The methods used for data dlscrlrn~nat~on are slmllar to those used 
for data character~zat~on The forms of output presentat~on are slm~lar to those for 
characterlstlc descr~ptlons, although d~scr~mlnatlon descrlpt~ons should Include comparative 
measures that help dlstlngu~sh between the target and contrastlng classes D~scr~mtnant 
descnptrons expressed In rule form are referred to as dlscrtm~nant rules The user should 
be able to rnanlpulate the output for charactertstlc and d~scr~mlnant descr~pt~ons 

Other functlonallt~es of data mlnlng include (a) Assoclatlon analys~s, (b) Classtficatlon 
and predct~on, (c) Evoluhon analysis, (d) Objective measures of pattern ~nteresttngness 

Other issues related to data mining are. (a) Performance issues, (b) Issues relating 
to the diversity and magnitude of database types, (c) user interaction, and (d) exploration of 
data mining applications and their social impact. 

In the next paragraph, the techniques of classification and discrimination, as were 
referred to earlier, will be discussed. 
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Association analysis is the formulation of association rules showing attribute value 
conditions that occur frequently together in a given set of data. One association rules is, 
say ,~ f the formX=>Y, i .e . , "A , "q"A,~  "A,-> B ,AB2AB3n  AB,',where4(fori= 
1.2. .m) and B,(j=I ,2.... ,n) are attribute value pairs. The association rule X=> Y is interpreted; 
as "database tuples that satlsfy the conditions in X are also likely to satisfy the conditions in 
Y". 

Classification and prediction are two forms of data analysis that can be used to extract 
models describing important data classes or to predict future data trends. Whereas 
classification predicts categorical lebels, prediction models continuous valued funqions. 
For example, a classification model may be built to categorise available fish as riverine or 
sea, while a prediction model may be set up to predict the expenditures of potential customers 
on computer equipment given their Income and occupation. 

Data classification is a two step process in which at the first step a model is built up 
based on a predetermined set of data classes or concepts, the rnodel being constructed by 
analyzrng database tuples described by attributes. Each tuple is assumed to belong to a 
predefined class. as determined by one of the attributes, and is called a class label attribute. 
Then the available data tuples are analysed to build the model collectively from the training 
data set. The individual tuples making up the training set are referred to as training samples 
and are randomly selected from the sample populatron. Since the class label of each 
populat~on is prov~ded, this step is also known as superv~sed learning (i e.. the learning of 
the rnodel is supervised in that it is told to which class each training sample belongs). It 
contrasts with ~ n s u p e ~ i s e d  learning (or clt~sterlng), In which class label of each training 
sample is not known, and the number or set of classes to be learned may not be known in 
advance Typically, the learned model IS represented In the form of classification rules, 
decision trees, or mathematical formulae. In the second step, the model is used for 
classification and the classifier accuracy of the model IS estrmated using hold out method, 
stratified cross valtdatlon technique, bootstrapping, etc If the accuracy of the model is 
considered acceptable, the rnodel can be used to classify future data tuples or objects for 
which the class label is not known Prediction can be viewed as the construction and use of 
the model to assess the class of an unlabeled sample, or to assess the value or value 
ranges of an attribute that a given sample is likely to have. In thrs view, classification and 
regression are the two major types of prediction problems, where classificatron is used to 
predict discrete or nominal values, while regression is used to predict continuous or ordered 
values. Here the use of the prediction to predict class labels is referred to as classifications, 
and the use of the prediction to predict continuous values (e.g., using regression techniques) 
as prediction. Data cleaning, Relevance analysis and Data transformations are the three 
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procedures before preparing the data for classifmtion and prediction. Data cleaning refen to 
the preprocessing of data in order to remove or reduce noise (by applying smoothing techniques. 
for example) and the treatment of the misslng values (e g., by replacing a missing value with 
the most commonly occurring value for that attribute, or with the most probable value using 
statistical considerations). Although most classification algorithms have some mechanisms 
for handling noisy or missing data, this step can help reduce confusion during learning. In the 
quotes 'relevance analysis" many of the attributes in the data may be irrelevant to the 
classificatim or prediction task. For example, data recording the day of the week on which a 
bank ban application was filed is unlikely to be relevant to the success of the application. 
Furthermore, other attributes may be redundant Hence, relevance analysls may be performed 
on the data with the aim of removing any irrelevant or redundant attributes from the learning 
process. In the machine learning, this step is known as feature selection Including such 
attributes may otherwise slow down, and possibly mislead, the learnlng steps. In data 
transformation the data is generalized to higher-level concepts. Concept hierarchies may be 
used for this purpose. This 1s particularly useful for continuous-valued attributes. For example, 
the numeric values for the attribute income may be generalized to discrete ranges such as 
low, medium, and the high. Similarly, nominal-valued attributes, like street, can be generalized 
to hlgher-level concepts, llke clty Slnce generallzat~on compresses the or~glnal tralnlng 
data, fewer lnpuffoutput operations may be lnvolved dunng learnlng The data may also be 
normallzed, part~cularly when neural networks or methods lnvolvlng dlstance measurements 
are used In the learnlng step Normallzatlon lnvolves scallng all values for a glven attribute so 
that they fall wlthln a small range, such as -1 0 to 1 0, 0 0 to 1 0 In methods that use 
d~stance measurements, for example, this would prevent attrlbutes w~th lnltlally large ranges 
(Ilke, say, Income) from outwelghlng attrlbutes w~th lnltlally smaller ranges (such as b~nary 
atmutes) 

Classification and prediction methods can be compared and evaluated according to 
the following criteria: 

1. Predictive accuracy: This refers to the ability of the model to correctly predlct the 
class label of new or previously unseen data. 2. Speed: This refers to the computation costs 
involved in generating and using the model. 3. Robustness: This is the ability of the model 
to make correct predictions given noisy data or data with missing values. 4.  Scalability: This 
refers to the ability to construct the model efficiently given large amounts of data. 5. 
Interpretability: This refers to the level of understanding and in sight that is provided by the 
model. 

Chssificrtion By Decision Tree 

A declslon tree 1s a flow-chart-like tree structure. where each Internal node denotes a 
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test on an attribute, each branch represents outcome of the test, and leaf nodes represent 
classes or class distributions. The topmost node in a tree is the root node. A typical decision 
tree is shown in Fig 2. It represents the concept "buys computer", that is, it predicts whethei 
or not a customer at any electronic store is l~kely to purchase a computer - internal nodes' 
are denoted by rectangles, and leaf nodes are denoted by ovals. In order to classify an 
unknown sample, the attribute values of the sample are tested against the decision tree. A 
path is traced from the root to a leaf node that holds the class predictirh for that sample. 
Decision trees can easily be converted to classification rules. An algorithm corresponding 
to Fig. 1 is given in Table-11. When decision trees are built, many of the branches may reflect 
noise or outliers in the tra~ning data. Tree pruning attempts to identify and remove such 
branches, with the goal of improving classification accuracy on unseen data. The content of 
the Fig.-1 gives a training sample. 

A decision tree for the concept "Buys Computer" is as fallows: 

<=?0 

student? 

no 

Fig 2 

Algorithm: Generate decision tree on the data in Fig.-I. 

Input: The training sample, samples represented by discrete-valued attribute; the set 
of candidate attributes, attribute-list; Output: A decision tree. 

Method: 

I. create a node N; 

2. if sam~les are of same class, C then 

Centmi IFatitute of Fmhwater AqwYure  (CIFA) 85 



Datewe&wslng. Ostamining 6 Datsbasssl Bioinfmmabs and Statistics in Fisheries Research 

3, return N as a leaf node labeled with the class 

4. if attribute-list is empty then 

5. return N as a leaf node labeled with the most common class in samples I1 majorlty 
voting 

6, select test-attribute, the attribute among attribute-list with the highest information 
gain; 

7. la401 node N with test attribute; 

8, for each known value a, of test-attribute I /  partltion the samples 

9, grow a branch from node N for the condition test-attribute = a, 

10. let s, be the set of samples in samples for which test-attribute = a,; 11 a partltton 

11. ~f 6, IS empty then 

12. attach a leaf labeled with the most common class in samples; 

13. else attach the node returned by Generate-decrsion-tree (s,, attribute-1st-test- 
attribute); Fig.3 (Bas~c algorithm for inducing a decislon tree from training samples) 

The above basic algor~thm for declslon tree ~nduction in Fig. 3 constructs a decls~on 
tree in a topdown recursive divide-and-conquer manner. Tile basic strategy 1s as follows 

The tree starts as a slngle node representing trarning samples (step 1). 

If the samples are all of the same class, then the node becomes a leaf and is labeled 
with the class (step 283) 

Otherwise, the algonthm uses an entropy-based measure known as lnformat~on gafn 
for selecting the attribute that will best separate the samples in indiv~dual class (step 
6). This attr~bute becomes the "test" or "decision" attribute at the node (node 7). In 
this version of the algorithm, all attributes are categorical, that is, discrete-valued. 
Continuous-valued attributes must be discretized. 

A branch is created for each known value of the test attribute, and the samples are 
partitioned accordingly (steps 8-10). 

The algorithm uses the same process recursively to form a decis~on tree for the 
samples at each partition. Once an attribute has occurred at the node, it need not be 
considered in any of the node's descendents (step 13) 
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The recursive partitioning stops only when any one of the following condition is true. 

a) All sarnples for a given node belong to the same class (step 2&3), or 

b) There are no remalnlng attributes on which the samples may be further partitioned 
(step 4) in this case, majority voting is employed (step 5). This involves converting 
the given node into a leaf and labeling it with the class in majority among samples 
may be stored. 

c) There are no samples for the branch test-attribute =a,(step 11). In this case, a leaf is 
created with the majority class in samples (step 12) 

In case of a number of attributes, ~t IS required to define a selection measure. The 
information gain measure is used to select the test attributeat each node in the tree. Such 
a measure is referred to as an attr~bute selection measure or a measure of the goodness of 
split. The attribute with the hrghest information gain (or greatest entropy reduction) is chosen 
as the test attribute for the current node. This attribute minimizes the information needed to 
classify the samples in the resulting partitions and reflect the least randomness or "impurity" 
in these partitions. Such an information-theoretic approach minimizes the expected number 
of tests needed to classify an object and guarantees that a simple (but not necessarily the 
simplest) tree is found. 

Let S be a set consisting of s data samples. Suppose the class label attribute has m 
dlsttnct values defining m distinct classes. C, (for i = 1, 2, ... .,m). Let s, be the number of 
samples S in the class C,. The expected informat~on needed to classify a given sample is 
glven by: I (s,, s,, s ,,... ..., sm) = 2 -p,10g2 (p,), where p, is the probability that an arbitrary 
sample belongs to class C, and is estimated by sls. Note that a log function to the base 2 is 
used since the information is encoded in bits. . 

Let the attrlbute A have v dlst~nct values {a, a, a") Attr~bute A can be used to 
part~tlon S Into v subsets {S, S, Sv] where Si conta~ns those sarnples In S that have 
values a, of A If A were selected as the test attrlbute (I e the best attrlbute for spllttlng), 
then these subsets would correspond to the branches grown from the node contalnlng the 
set S 

Let s, be the number of samples of class C, in a subset S,, then the entropy, or 
expected information based on the partitioning into subsets by A, is given on the following 

page. 

E (A) =I {s,, + . . .  ... + s,} x I (s,,, ...... . s,ys The term {s,~ + ... ... + s,)ls acts as the 
weight of the j-th subset and is the number of samples in the subset (i.e., having value al of 
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Flg. 4 

no 
hiph no excckml no 
mum no )rr no 
bw yn l8r Ym 
m e d h  y o  exceknt yes 

A) divided by the total number of samples in the S. The smaller the entropy value, the greater 
is the purity of the subset partitions. For a given subset S,, I (s,), sy, s q,... ... .,s,) = - pg log2 
(p,), where p, = s{lS,I and is the probability that a sample in SI belongs to class C, The 
encodmg io(ormdion the) would begained by the brmhtng onA is Gain {A) = 1 (s,, s,, .. . ., 

s,) - E (A). In other words, Gain (A) is the expected reduction in entropy caused by knowing 
the value of attribute A. The algorithm computes the information gain of each attribute. The 
attribute with the highest information gain is chosen as the test attribute for the given set S. 
A node is created and labeled with the attribute, branches are created for each value of the 
attribute, and the samples are partitioned accordingly. 

Example: Induction of a decision tree. Table I presents training set of data tuples 
taken from the customer database of an electronic store. The class label attribute, 
buys-computer, has two distinct values (namely, {yes, no)); therefore, there are two distinct 
classes (m=2). Let class C, correspond to yes and class C, correspond to no. there are 9 
samples of class yes and 5 samples of class no. To compute the information gain of each 
attribute, the expected information is computed for each attribute to dasstfy a given sample: 

inmme 
l i ph  
low 
mdium 
nrph 
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raw 
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no 
y 
no 
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yes 
yes 
yes 
yes 
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Next, we need to compute the entropy of each attribute. Lets start with the attribute age. 
We need to look at the distribution of yes and no samples for each value of age. We compute 
the expected information for each of these distributions. 

Table- I: Training data tuples from the customer database of an electrical store 

income 

high 

high 

high 

medium 

low 

low 

low 

medium 

low 

medium 

medium 

medium 

high 

medium 

student credit-ntlng I Clans: buys- 
cornnutar 

No 

no 

Yes 

Yes 

Yes 
No 

Yes 
No 

Yes 
Yes 

Yes 

Yes 

No 

No 

No 

No 

Yes 

Yes 

Yes 
No 

Yes 
Yes 

Yes 

No 

Yes 

No 

For age = "<=30": 

s,, = 2 s,, = 3 1 (s,,, s,,) = 0.971 
For age = "240": 

sls = 4 s,, = 0 I (s,,, s,,) = 0.971 

fair 

excellent 

fair 

fair 

fair 

fair 

excellent 

excellant 

fair 

fair 

Excellent 

Excellent 

fair 

excellent 

Using equation (7.2), the expected information needed to classify the given sample if 
the samples are partitioned according to age 16 

E (age) = (5114) 1 (s,,, s,,) + (4114) I(s,,, s,,) + (5114) Us,,, s,,) = 0.694. 

Hence, the gain in information from such a partitioning would be, 

Gain (age) = I (s,, s,) - E (age) = 0.246 

S~milarly, we can compute Gain (income) = 0 029. Ga~n (student) = 0.151. and Gain 
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(credit-rating) = 0 048 Since age has the h jhest information gain among the attributes, it is 

selected as the test attribute. A node is created and labeled with age, and branches are 
grown for each of the attribute's values. The samples are then partitioned accordingly, as 
shown in Flg 4.  Notlce that the samples falling into the partition for age = '31 . . . .  40" all 
belong to the same class yes, a leaf should therefore be created at the end of this branch 
and labeled with yes. The final decision tree returned by the algorithm is shown in Figure 1 

In summary, decis~on tree induction algorithms have been used for classification in a wide 
range of application domains. Such systems do not use domain knowledge The learning 
and classification steps of decision tree induction are generally fast. The knowledge 
represented in decision trees can be extracted and represented in the form of classificat~on 
IF-THEN rules. One rule IS created for each path from the root to a leaf node. Each attribute 
value pair along a glven path forms a conjunction In the rule antecedent (IF part) The leaf 
node holds the class prediction forming the rule consequent (THEN part) The IF-THEN 
rules are easier to understand, particularly ~f the given tree IS very large 

Bayesian classlflers are statistical classifiers They can predlct class membership 
probabllltles such as the probablltty that a gtven sample belongs to a particular class 
Bayesian classrf~cation 1s based on Bayes Theorem, described below Studles comparing 
classrftcat~on algorithms have found a simple Bayes~an classtfler known as native Bayesian 
classifier to be comparable In performance wlth declsion tree and neural network classlflers 
Bayesian classlflers have also exhibited high accuracy and speed when applied to large 
databases Nawe Bayes~an classlflers assume that the effect of an attribute value on a 
given class IS Independent of the values of the other attribute (I e , the class condltlonal 
~ndependonce IS assumed) 

Bayes' Theorem: Let X be a data sample whose class label is unknown and H be some 
hypothesis, such as that the data sample X belongs to a specified class C. Forclassification 
problems, we want to determine P (HIX), the probability that the hypothesis H holds given 
the observed data sample X P (HIX) is the posterior probability, or a posteriori probability, 
of H conditioned on X. For example, suppose the world of data samples consists of fruits. 
described by their color and shape. Suppose that X is red and round, and H is the hypothesis 
thatX is an apple. Then P (HIX) reflects our confidence that X is an applegiven that X is red 
and round. In contrast, P (H) is the prlor probability, or a priori probability, of H. Here, this is 
the probability that any given data sample (here a fruit) is an apple, regardless of how it 
looks. The posteriori probability. P (HIX), is based on more information (such as background 
knowledge) than the prior probability P (H), which is independent of X. Similarly, P (NH) is 
the posterior probability of X conditioned on H. That is, it is the probability that X is red and 
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round given that we know that X is an apple is true. P (X) is the priori probability of X. i.e., it is 
the probability that a data sample from our set of fruits is red and round. P (X), P (H) and P (W 
H) may be estimated from the given data, as has been shown below. Bayes' Theorem is 
useful in that it provides a way of calculating the posterior probability, P (HIX), from P (H), P 
(X) and P (WH). In fact. Bayes' Theorem states, P (HIX) = (P (NH) P (H))IP (X). 

Na'ive Bayesian Classification 

The nalve Bayesian classifier, or a simple Bayesian classifier, works as follow: 

1 Each data sample is represented by an n-dimensional feature vector, X=(x,, x,, ...., 
xn), depicting n measurements made on the sample from n attributes, respectively, 
A,, A,, .. .An. Suppose that there are m classes, C,, C,, ... ... , C,. Given an unknown 
data sample. X (i.e., having no class label), the classifier will predict that X belongs to 
the class having the highest posterior probability, conditioned on X. That IS, the naive 
Bayesian classifier asslgns an unknown sample X to the class C,, if and only if P (CC 
X) > P (CI/X) for Id :jd:m, j.::i. Thus we maxlmize P(C/X). The class C,forwhich P (CC 
X) is maximized is called the maximum posteriori hypothesis and P (CCX) = (P (WC,) 
P (C,))/P (X) (by theorem). 

2 As P (X) IS constant for all cases, only P (XIC) P (C,) needs be max~mlzed If the 
class prlor probab~litles are not known then ~t 1s commonly assumed that the classes 
are equally I~kely, that IS P (C,) = P (C,) = =P (C,), and we would therefore maxlmlre 
P (WC,) P (C) Note that the class prlor probab~l~t~es may be estimated by P (C,) = s/ 
s, where s , ~ s  the number of tralnlng samples of class C,, and s IS the total number of 
tralnlng samples 

3. Given data sets with many attributes, ~t would be extremely computationally expensive 
to compute P (WC,). In order to reduce computation in evaluating P (WC), the nalve 
assumption of class conditional independence is made. This presumes that the data 
values of the attributes are cond~t~onally independent of one another, given the class 
level of the sample, i e., there are no dependence relationships among the attributes. 
Thus, P (XICJ = 

The probabilities P (x,lC,), P (x,lC,), ..... , P ( x i  C,) can be estimated from the tralning 
samples, where 

(a) If A,IS categorical, then P (x,iC,) = s,/s, , where s, 1s the number of training samples 
of class C, having the value of x, for A,, and s, is the numberof training samples 
belonging to C, 
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(b) If A,is continuous-valued, then the attribute 1s typically assumed to have a Gausslan 
distribution so that P (x$) = g (x,. ) = . 
where = g (x, ) is the Gaussian (normal) density function for attribute 4, while and 

are the mean and the standard deviation, respectively, given the values for attribute A, for 
training samples of class C,. 

4. In order to classlfy an unknown sample X, P (XIC,)  P (C,) is evaluated for each class 
C,. Sample X is then assigned to the class C,if and only if 

In other words, it is ass~gned to the class C, for which P (NC,) P (C,) is the maximum 

Bayesian classifiers have the minimum error rate in comparrson to all other classifiers. 
However, in practice this is not always the case owing to inaccuracies (e.g., class conditional 
independence, and the lack of available probability data). However, various empirical studies 
of this classifier in comparison to decision tree and neural network classifiers have found ~t 
to be comparable in some domains. Bayesian classifiers are also useful in that they provlde 
a theoretical justification for other classifiers that do not explicitly use Bayes' theorem. For 
example, under certaln assumptions, ~t can be shown that many neural network and curve- 
fitting algorithms output the maximum posteriori hypothesis, as does the naive Bayesian 
classifier. 

Example: In this example, a class label is pred~cted using native Bayesian classification 
given the same training data as in Table-l for decision tree induction. The data samples are 
described by the attributes age, Income, student and credit ratlng. The class label attribute, 
buys-computer, has two distlnct values (namely, (yes, no)). Let C, correspond to the class 
buys-computer = "yes' and C, correspond to buys-computer="no". The unknown sample 
we wish to classify is. 

X = (age="<=30, incorne="medium", student = 'yes", credit-rating= 'fair"). 

We need to maximize P (XIC,) P (C,), for i = 1, 2, where P (C,), the prior probability of 
each class can be computed based on the training samples: 

P (buys-computer = 'yes") = 9/14 = 0.643 

P (buys-computer = * no') = 5/14 = 0.357 

To compute P(X/C,), for i = 1,2, we compute the following conditional probabilities: 

P(age = *<30'/buys-computer = 'yes") = 219 = 0.222 

P(age = '<30'/buys-computer = 'no") = 315 = 0.600 
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P(income = '<30'buys-computer = 'yes') = 419 = 0.444 

P(income = "<30"lbuys-computer = "no') = 2/5 = 0.400 

P (student = "<30"/buys-computer = "yes") = 619 = 0.667 

P (student = "<30"lbuys-computer = 'no") = 115 = 0.200 

P (credit-rating = "fairw/ buys-computer = 9 s " )  = 619 = 0.667 

P (credit-rating = 'fair"/ buys-computer = "no") = 2/5 = 0.400 

Using the above probablitles, weobtain 

P (XI buys-computer = "yes") = 0.222 x 0.444 x 0.667 = 0.044 

P (XI buys-computer = 'no") = 0.600 x 0 400 x 0.200 x 0.400 = 0.019 

P (XI buys-computer = 'yes") P (buys-computer = "yes') = 0.044 x 0.643 = 0.028 

P (XI buys-computer = "no") P (buys-computer = "no") = 0.019 x 0.357 = 0.007 

Therefore, the native Bayesian classifier predicts buys-computer = 'yes" for sample X. 

Cluster Analysis 

When in a given set of data objects for analysis the class label of each object is 
unknown, it is necessary to group the objects in clusters so that the objects within a group 
have high similarity with respect to one another but they are very dissimilar to objects in 
other clusters. Dissimilarities are assessed based on the attribute values describing the 
objects. Formally, the method of cluster~ng is defined as the process of grouping a set of 
objects into classes of similar objects. The method of cluster analysis is used in pattern 
recognit~on, image processing, etc The cluster analysis helps to identify dense and sparse 
regions and therefore, discover overall distribution patterns and interesting correlations 
among data attributes. Any cluster analysis technique should address the following features: 
scalability (ability to cluster objects contained in large databases accommodating millions 
of objects), ability to deal with different types of attributes, ability of the cluster-algorithm to 
discover clusters with arbitrary shapes, ability to deal with noisy data, ability to tackle data 
possessing high dimensionality, ability to produce interpretable, comprehensible and usable 
results. 

The types of data structure wherein the technique of cluster analysis is used are the 
(a) data matrix and (b) dissimilarity matrix. 

Data matrix (or object by variable structure). This representation is marked by n 
objects as n persons and p variables (also called measurements or attributes). The structure 
1s In the form of a relat~onal table (an n - by - p matr~x) 
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XI, x,: x,, X t P  

x*, X, x,, X, 
................................. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X", x, X", xv 
Dissimilarity matrix (object-by-object structure): This matrix stores a collection of 

proximities that are available for all pairs of n objects. A structure of such a matrix is as 
below: 

where d (I, j) 1s the measured dlstance or dlsslrnllarrty between object I and object j In 
general, d (I j) [ = d I)] 1s a non-negatlve number that IS close to zero when objects I and 
j are hlghly slmllar or near each other and becomes larger the more they dlffer d, belng 
equal to zero Also, the triangular lnequallty d (I j) d" d (I h) + d (h j) needs to be satlsfled 
The data matrlx IS a two- mode matrlx where as dlsslmllar~ty matrlx IS a one-mode matrlx 
stnce the rows and columns of the former represent different entitles whereas those of the 
latter represent the same entitles Many clustering algorithms operate on d~ss~mllarlty matrlx 
thus data presented In the form of data matrlx are flrst transformed Into dlssimilarlty matrix. 
Computation of entries in a dissimilarlty matrix is to make on objects described by interval- 
scaled varlables, by blnary var~ables by nomlnal ordlnal and ratlo-scaled varlables or 
comblnatlons of these vanable types For an ~ntewal-scaled (or continuous) varlable lnvolvlng 
n objects, each datum IS flrst standardized as- (datum- mean of the n 0 b ~ e ~ a t 1 0 n ~ ) l  
(mean absolute devlatlon of the n observat~ons) mean devlatlon IS preferred as ~t IS more 
robust to outllen than standard devlatlon Once the standardized values are computed 
Euclidean dlstance between I-th and j-th object IS calculated as (for the p varlables) IS 

{d (i, j))' = [(Xi, - XjJ2 + (XU - X,21Z + . . . . . . . .  + (Xp - Xlp)2] ; i and j being two p 
dimensional data as, i = (X,,, X ,,...., Xr) and j = (X,,, X,. .... Xm), and Manhattan distance 

as, (d (i, j)} = [IXi, - Xjlll + IX, - X,l + . . . . . . . . .  + IXo - XJ. Both Euclidean and 
Manhattan distances obey the requirements of a distance function mentioned above. Finally, 
Minkowski distance, which is a generalization of both Euclidean and Manhattan, defined as 
follows: 

(d (i, j)} = [IXi, - Xj,p + IX,-XP1q + ......... + IXc - %Iq]"*' 
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Weighted distances are considered if weights can be assigned to the variables in 
consideration of their perceived importance. 

For binary variables (having two states. 0 denoting absence and 1 denoting presence), 
a dlss~mllarity matrix is to be computed A patient (value-1)lhealthy man (value-0) can be a 
smoker (value-I) or non-smoker (value-0). A total of p persons (healthy IpatienV smoker1 
non-smoker) can be classified in the following 2x2 contingency table. 

Ob'ect 

Object I (smoker) O(non-smoker) 

I (patlent) 

0 ( h W )  

Sum q+S r+t 

In symmetriciasymmetric binary variable the states are equally valuable (i.e., carry 
same weight)/ are not equally important (e.g.. 1-HIV positive, a rarest outcome, and 0-HIV 
negative). Slmllar~ty that is based on symmetric blnary variables IS called invariant similarity 
In that the result does not change when some or all of binary variables are coded d~fferently. 
For lnvarlant similarities, the most well known coefficient for assessing the dissimilarity 
between objects I and j is the s~mple matching coefficient, defined as d (I, I )  = (r + s)l(q + r 
+ s + 1). Given two asymmetric binary var~ables, the agreement of two 1's (a positive match) 
IS then cons~dered more significant than that of two 0's (a negative match). The similarity 
based on such variables is called non-~nvar~ant similarity For non-invariant similarities, the 
number of negative matches, t, is ignored (unimportant) and the Jaccard coefficient is (r + 

s) 1 (q + r + s). 

A nominal variable is a generalization of binary variable and so it can take more than 
two states, e,g., map- colour which can take four, say, states - red, blue, yellow, green, the 
states being denoted by 1,2,3,4 respectively. In case of m states for two objects j and the 
dissimilarity, I is computed using the simple matching approach: (p - m) 1 p, where m is the 
number of matches (i.e., the number of individuals for which i and j are in the same state) 
and p is the total number of individuals. 

A discrete ordinal variable resembles a nominal variable, except that the M states of 
the ordinal value are ordered in a meaningful sequence - ordinal variables are used for 
registering subjective assessments of qualities that can not be measured objectively, e.g., 
professional ranks are enumerated in a sequential order such as assistant, associate and 
full. A continuous ordinal variable looks like a set of continuous data of an unknown scale; 
i.e., the relattve ordering of the values is essential but thelr actual magnitude is not - for 
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example the relative ranking in a particular sport (gold, silver and bronze) 1s often more 
essent~al than the actual values of a part~cular measure. The values of an ordrnal varrable 
can be mapped to ranks for example for an ordlnal var~able f havrng mf states has the 
ordered states defined by the ranks 1,2.3. . . .  M, Suppose that f is var~able from a set of 
ordinal variables describing n objects The dissimilarity computation with respect to f involves 
the following steps: 

1 The value o f f  for the i-th object is x,, and f has M, ordered states, representing the 
ranking 1 , . . . . .  . . . . ,  MI. Replace each x, by its corresponding rank, r, belongs to 
(I,, ,. ... ..MI}. 

2. Since each ordinal variable can have a different number of states, it is often necessary 
to map the range of each variable onto [O.O. 1.0) so that each variable has equal 
weight This can be ach~eved by replacing the rank r, of the i-th object in the f-th 
variable by z, = 

3. Dissimilarity can be computed w n g  any of the distance measures discussed earlier 
in case of interval-scaled variables, using z, to represent the f-value for the i-th object. 

A ratio-scaled variable makes a positive measurement on a nonlrnear scale, such as 
an exponential scale, approximately following the formula. Aem or Ae-81, where A and B are 
positive constants. Typ~cal examples include the growth of a bacteria population, or the 
decay of a radioactive element. To compute the dissimilarity between objects descr~bed by 
the ratio-scaled variables, there are 3 methods, and these are given on the next page. 

Treat ratio-scaled variables like ~nterval-scaled variables. This method IS, however. 
not usually a good choice since it is l~kely that the scale may be distorted 

Apply logarithmic transformation to the ratio-scaled var~able f having value x,for object 
I by using the formulae y,= log (x,). The y,values can be treated as intewal-valued, as 
described in section 8.2.1. Notice that for some ratio-scaled variables, log-log or other 
transformations may be applied, depending on the definition and applicat~on. 

Treat x, as continuous ord~nal data and treat their ranks as interval-valued 

The latter two methods are the most effective, although the choke of method used 
may be dependent on the given application. 

The varl$bles may be of m~xed type, though the treatment of such vhrrables IS not 
Included herein Major cluster~ng methods are Part~tron~ng methods, H~erarch~cal methods, 
Denslty based methods, Grrd based methods and Model based methods, however, the 
details of such methods have not been kept under the purvlew o y h s  paper 

96 .' Centml lnrtnute of Fmshmtec Agumitum (CIFA) 



Bminfometics and Statrstics in Fisheries Reseamh Datawarehousing, Datamining 6 Databases 

FROM HI-TECH TO HI-TOUCH IN THE PROCESS OF 
DATA MODELING 

Fr. Thalnese, S. J. 

The ER modelrng concepts are sufficient for representing many database schemas for 
"traditronal" database applications, which mainly include data processing applications in 
business and industry. Since the late 1970s, however, newer applications of database 
technology have become commonplace; these include databases for engineering design 
and manufacturing (CADICAM), telecommunications, images and graphics, multimedia, 
data mining, data warehousing, geographic tnformation systems (GIs), and databases for 
indexing the World wide web, among many other applications. These types of databases 
have more complex requirements than do the more traditional applications. To represent 
these requirements as accurately and clearly as possible, des~gners of database applications 
must use additional semantic data model~ng concepts. 

We will descrlbe features that have been proposed for semant~c data models, and 
show how the ER model can be enhanced to include these concepts, leadlng to the enhanced- 
ER or EER (Extended ER model). EER model 1s similar to object modeling except for 
certain terminology being different. Hence we explaln the wisdom and cooperative philosophy 
of object model~ng In des~gning database as well as software design. 

ENHANCED-ER MODEL 

SUPERTYPESANDSUBTYPES 

Subtype 1s a grouprng of the entlt~es In an entlty type that 1s rneanlngful to the organrzatlon 
and that shares common attr~butes or relat~onsh~ps d~stlnct from other sub groupings 

Supertype IS a generrc entlty type that has relatronsh~p wrth one or more subtypes Notice 
that In flgure no 1 that all the employee types have several attrlbutes In common 
Employee-Number, Employee-Name Address and Date-htred In add~tron, each type has 
one or more attrlbutes drstrnct from the attrlbutes of other types (for example Hourly rate IS 

unlque to hourly employee) If you were develop~ng a conceptual data model In thls s~tuatlon, 
you might conslder three cholces 

1. Define a single entity type called EMPLOYEE. Although conceptually simple, this 
approach has the disadvantags that EMPLOYEE would have to contain all of the 
attributes for the three types of employees. For an instance of an hourly employee 
(for example), attributes such as Annual-Salary and Contract-Number would not 
apply, and would be null or not used. 

2. Define a separate entity type for each of the three entities. This approach would fail 
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toexploit the common propertiesof employees, and users would have to be careful to 
select correct entity type when using the system. 

3. Define a super type called EMPLOYEE, with subtypes for HOURLY EMPLOYEE, 
SALARIED EMPLOYEE and CONSULTANT. This approach explolts the common 
properties of all employees, yet recognizes the distinct properties of each type. 

F~gure 1 shows a representation of the EMPLOYEE super type with ~ t s  three subtypes, 
using enhanced ER notation. Attributes shared by all employees are associated with the 
EMPLOYEE ent~ty type. Attributes that are peculiar to each subtype are included w~th that 
subtype only The U -shaped symbol on each llne connecting a subtype to the circle lndlcates 
that the subtype 1s a subset of the super type. It also ind~cates the direction of the subtype1 
super type relationship 

I EMPLOYEE I 
Emp-No 

Emp-Name 1 Address 1 

HOURLY 
EMPLOYEE EMPLOYEE 

Hourly-Rate 
Stock-Option 

Billing-Rate 

Figure 1: Employee super type with three sub types 

ATTRIBUTE INHERITANCE 

A subtype is an entity type in its own right. Attribute inheritance is a property that 
subtype entities inherit values of all attributes of the super type. This important property 
makes it unnecessary to include super type attributes redundantly with the subtypes. For 
example, Employee-Name is an attribute of EMPLOYEE, but not of the subtypes of 
EMPLOYEE. We have established that a member of subtype must be a member of super 

type. 
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SPECIALIZATION AND GENERALIZATION 

In order to develop real world data models, there are two processes, namely, 
specialization and generalization that helps in developing super typelsubtype relationships. 
Generalization is the process of defining a more general entity type from a set of more 
specialized entity types. An example of generalization is shown in figure 2 .In figure 2(a) 
three entity types have been defined: CAR, TRUCK, and MOTORCYCLE. On closer 
examination we see that threeentity types have a number of attributes in common: Vehicle-ID, 
Vehicle-Name (with components Make and Model). This fact suggests that each of the three 
entity types is really a version of a more general ent~ty type. This more general entity type 
(named Vehicle) together with resulting supertypelsubtype relationships is shown in of figure 
2(b). Notlce that the entity type MOTORCYCLE IS not included in the relationship. It is 
because the attributes of MOTORCYCLE are those that are common to all vehicles; there 
are no attributes specific to MOTORCYCLES. 

\'chicle-Name 
Make 
Model 

Vehicle-Kanie 
Make 
Model 

Figure 2(a): Three entity types general 

Figure 2(b): Super type & subtype relatlonshlp 
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Specialization is the process of defining one or more subtypes of the super type, and 
forming supertypelsubtype relatronshrps. As we have seen generalrzation IS a bottom-up 
process. Specialization is top-down process, the direct reverse of generalization An example 
of the specialrzation shown in figure 3(a). In this figure an entity type named PART, together 
with several of its attrrbutes are drsplayed. 

In discussion with users, we discover that there are two 
possible sources for parts: some are manufactured ~nternally, 
wh~le others are purchased from outslde suppliers. Further, we 
discover that some parts are obtarned from both sources In 
this case the choice depends on the factors such as 
manufacturing capacity, unit prlce of the parts, and so on The 
result of this discussion is descr~bed in f~gure 3(b). Routing-Numbcr 

Fiqure 3fal: S~ecialisations 

1 PART I 
Part-no 
Description 
Unit-Price 
Supplier-id 
Routing-Number 
Location 

Figure 3(b): Entity part with two subtypes 

/+L? yJ 
MANUFACTURED 

PART . 
Routing-Number 

/ I 

- - 
PURCHASED 

PART 
SUPPLIER 

Unit-Price 
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CONSTRAINTS IN SUPERNPBSUBTYPE RELATIONSHIPS 

Completeness constraint is a type of constraint that addresses the question whether 
an instance of a super type must also be a member of at least one subtype. The completeness 
constraint has two posslble rules. Total specialization and partial specialization. Total 
specialization rule specifles that each entity instance of the supertype must be member of 
at least one subtype. Partial specialization rule specifies that an entity instance of super 
type be allowed not to belong to any subtype. 

We illustrate each of these rules in flgure 5.  A patient must be either an outpatient or 
Inpatlent (there are no other types of patlents in this hospital) Total specialization is indicated 
by double lrne extending from the PATIENT entity type to the circle. In this example, every 
trme a new instance of PATIENT is inserted into the super type, a corresponding instance is 
inserted into elther OUTPATlENTor INPATIENT If the Instance is inserted Into INPATIENT, an 
Instance of relationship assign IS created to asslgn to the patient to a hospltal bed. 

The example ofVEHlCLE and its subtypes CAR and TRUCK in figure 2 shows that the 
motorcycle is type of vehicle but that is not represented as subtype of the data model. Thus 
if a vehlcle is a car. ~t must appear as an instance of CAR, and if it is a truck, it must appear 
as Instance of TRUCK However. ~f the vehlcle 1s motorcycle, ~t cannot appear as an Instance 
of any subtype Thls IS an example of partlal speclalization, and ~t is specifred by the single 
line from the VEHICLE super type to the circle (figure 2(b)) 

Disjoint constraint is a constraint that addresses the questton whether an Instance of 
super type may s~rnultaneously be a member of two (or more) subtypes The Dlsjolntness 
constraint has two posslble rules the drsjolnt rule and the overlap rule Disjoint rule speclfles 
that rf an entrty Instance (of the super typej IS a member of one subtype, ~t cannot 
s~rnultaneously be a member of any other type. Overlap rule specifles that an entlty instance 
can simultaneously be member of two (or more) subtypes 

In flgure 5 in the PATIENT example, at any given time, a patient must be elther an 
outpatient or Inpatlent but cannot be both. Thls IS the disjoint rule, as specifled by the letter 
'd' in the clrcle joining the super type and subtypes In figure 3(b) the entity type PART with 
its two subtypes, MANUFACTURED PART and PURCHASED PART shows that some parts 
are both manufactured and purchased. Thus any part must be either purchased part or 
manufactured part or it may simultaneously be both of these. The overlap rule is specified 
by letter '0' in the circle, as shown in figure 6. 

Subtype discriminator is an attribute of the super type whose values determine the 
target subtype or subtypes. An example of disjoint subtype discriminator is shown in figure 





Bioinfonnaacs and Statistics in Fisheries Research Datawerehousing. Dateminmg 6 Databases 

7. This example is for the EMPLOYEE super type and its subtypes introduced in figure I 
Notice that the following constraints have been added to this figure: total specialization and 
disjoint subtypes. Thus each employee must be either hourly, salaried, or a consultant. A 
new attribute (Employee-type) has been added to the super type, to serve as subtype 
discriminator. When a new employee is added to the super type, this attribute is coded with 
one of the three values, as follows:"H"(for Hourly),"S"(for Salaried), or "C"(for Consultynt). 
Depending on this code, this instance IS often assigned to the appropriate subtype. 

Billing-Ratc 

Figure 7: Disjoint subtype discrlminator 

The notation we use to specify the subtype discriminator is also shown in figure 7. The 
expresston "Employee-Type="(which is left-handed side of a condition statement) IS placed 
next to the ltne lead~ng from the super type to the circle. The value of the attribute that selects 
the appropriate subtype (in this example, either "H"."SU, or "C") is placed adjacent to the line 
leading to that subtype. Thus for example, the condition "Employee-type ="S" causes an 
ent~ty instance to be inserted into the SALARIED EMPLOYEE subtype. 

The subtype discriminator for overlapping subtypes is given in the figure 8. A new 
attribute named Part-Type has been added to PART. Part-Type is a composite attribute 
with components Manufactured-Part? and Purchased-Part? Each of these attributes is a 
Boolean variable (that is, it takes on only the values yes, 'Y' and no, 'N'). When a new 
instance is added to PART, these components are coded as follows: 
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Typo of Part Manufactured-Part? Purchased-Part? 

Manufactured only 'Y' 'N' 

Purchased only 'N' 'Y' 

Purchased and manufactured 'Y'  'Y' 

Part -No 
Uescrghon 
Location 
Part-Twe 

Figure 8: Subtype discriminator for overlapping subtype 

SuportypelSubtype Hierarchies: 

SuperISubtype hierarchy is a hierarchical arrangement of super type and subtypes, 
where each subtype has only one super type. Suppose that you have asked to model the 
human resources in a university. Using topdown approach you can draw the most general 
entity type PERSON and associated subtypes as given figure9. 

Object Model 

Object modeling methodologies, such as UML (Universal Modeling Language) and 
OMT (Object Modeling Technique) are becoming increasingly popular. Although these 
methodologies were developed mainly for software des~gn, a major part of software design 
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EMPLOYEE 

Date-hired 

/ ALUMNUS 1 
Degrees 

Y a r  
Degree 
Date 

Figure 9: Subtypelsubtype hierarchies 

involves designing the databases that will be accessed by software modules. Hence, an 
important part of this methodologies-namely. the class diagram is similar to EER diagrams in 
many ways. Unfortunately, the terminology often differs. In this section, we briefly review 
some of the notation, terminology, and concepts used in UML class diagrams, and compare 
them with EER terminology and notation. An entity in ER corresponds to an object in UML. 

In UML class diagrams, a class is dispkryed as a box that includes three sections: the 
top section gives the class name; the middle section includes the attributes for individual 
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objects of the class; and the last section Includes operations that can be applied to these 
objects. Operations are not specified in EER diagrams. For example, an employee object 
knows how to compute its salary. Hence the figure 10 shows how an Employee object looks 
like. 

EMPLOYEE 

Emp-No 
Emp-Name 
Address 
Date-Hired 

Compute- Salary () 

Flgure 10: UML class diagram 

Relatlon types are called associat~ons in UML terminology. Relationship attribute, 
called a llnk attribute is placed in a box that is connected to the association's line by a 
dashed Ilne. The (min, max) notation described to specify relationship constraints is called 
Multlplicles in UML terminology. Multiplicies are specified In min.max and an aster~sk (')to 
indicate no maximum limit on participation. Multlplicies are placed on the opposite ends of 
the relationship as compared to ER notation (refer to flgure 11). A recursive relationsh~p is 
called a Reflexive asroclatlon in UML 

Objects and Classes: 

An object is an entity that has a well-defined role in the application domain, and has 
state (attribute), behavior and identity. An object could be a tangible or visible entity (e.g , 
User Interface, Controller, Scheduler, etc). Entities in ER Model can be represented as objects 
in Object model. In addition to storing a state (information), an object exhib~ts behavior, 
through operations that can examine or affect its state 

Aclass is a set of objects that share a common structure and a common behavior. The 
terminology used in EER approach namely super type and subtypes will be changed as 
super class and subclasses in Object Modeling. Classes are used to distinguish one type 
of object from another. A single object is simply an instance of a class. A class is a specification 
of a structure (instance variables), behavior (methods), and inheritance for objects. The 
behavior of an object depends on the attribute it possesses. For example, a football has a 
characteristi to bounce because of its attributes namely soft leather surface, the pressure 
of the air inside the ball etc. At the same time the behavior of the stone will be different when 
it is thrown on the ground because its attributes ere dinerent from that of football. 
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EMPLOYEE 

empName 
empNumber 
Address 
Date-Hired 

Print-label () 

m 
Employment Employment 
TY Pe TY Pe 

SALARIED CONSULTANT 
EMPLOYEE - 

Contract-Number 
Annual-Salary Billing-Rate 
Stock Option 

/ ContributePerson() ( ComputerFees () I 
Hourly-Rate 

Figure 12: Class hierarchy 

becomes a dynamic modeling. The fundamental difference between the object-or~ented 
systems and their traditional counterparts is the way in which you approach problems. Most 
traditional development methodologies are either algorithm centric or data centric. In an object- 
oriented system however the algorithm and the data structures are packaged together as an 
objects with a set of attributes or properties The state of the attributes is reflected in the 
values stored in its data structures. In addition, the object has a collection of procedures or 
methods as reflected in its package of methods. The attributes and methods are equal and 
inseparable parts of parts of the object For example, a car has certain attributes, such as 
color, year, model and price and can perform a number of operations, such as go, stop, turn 
left, and turn right. 

The objectoriented approach is more like employing a lot of helpers that take on an 
active role and form a community whose interactions becomes the application. Object-oriented 
development encourages a view of the world as a system of cooperative and collaborating 
objects. In an object-oriented environment, software is a collection of discrete objects that 
encapsulate data as well as their functionality to model real world objects. In this system, 
every thing is an object and each obpct is responsible for itself. It emphasizes its cooperabve 
philosophy by allocating tasks among the objects of the applications. 

In objectoriented system we uphold ecological and environmental consciousness and 
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each object in the system should work for its self-preservation, security, and privacy to safe 
guard its well-being and growth. Each object in the workl has its own purpose to fulfill and 
hence it has its own duties and responsibilities. It has a social obligation to collaborate with 
one another as community with common interests. There are three main types of methods in 
objects and classes, namely, private method, public method and protected method that help 
to implement such cooperative philosophy. The private methods are used to preserve the 
identity of the objects and for its self-preservation so that it can grow and blossom to fulfill its 
responsibility in its community. Private methods help object to be and to become as it is 
required for its survival and well being. For example the organs in the human body have to 
keep up theirs biological function for their self-preservation. Then we have the public method 
that helps to be invoked with the surrounding objects in an application and this method can 
be accessed in such a way without detriment to its privacy and security. The invoking object 
has to follow certain conventions and rules accepted in the world as normal relationships. A 
man or woman can allow a hairdresser to modify the style of the hair allowing him to cut and 
twist the hair in order to enhance the personal beauty and appearance invoking public methods 
by the hairdresser. He or she would not allow others to change hislher sex, which may 
change hislher identity. That is how security of the objects is enforced. In a football game all 
the objects concerned, namely, ball, players, umpire, audience etc have to collaborate to 
make the football game to run in the normal course. Each object has to play its role in that 
game to make a football application environment possible. The protected methods safeguard 
the inherited relationship and characteristics among inherited families of objects with certain 
duties and responsibilities. If such activities are encouraged among human beings, there will 
be love, respect, regard, peace and harmony among human objects and classes. In the 
same way among plants and animals you will find an environmental equilibrium. Each object 
has its own duty to fulfill, contribute to the well being of the otherwithout losing its identity in 
its Interaction. Then the application environment functions as in the real world and software 
will function efficiently in the given environment. Hence hitech object oriented data models 
lead to h ~ t  touch among the objects like concepts, images, components, customers, workers, 
business executives and in the universe. We reach a hitech, human and universally accepted 
standard conforming to the real world and hence this software system can be reused in 
different application with confidence of success with creativity of many forms of applications 
(polymorphism) in its interaction. 
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BIOLOGICAL DATABASES ON THE WEB 

Karan Veer Singh 

INTRODUCTION 

Biology is defined as the study of living things, from the interaction of atoms, cells and 
tissue within an individual organism to the interaction of species and population. Now at the 
beginning of 21* century we use sophisticated lab technology that allows us to collect data 
faster then we can interpret it. 

The fundamental building blocks of life are proteins. Enzymes, which are the molecular 
machines responsible for v~rtually all of the chemical transformations that cells are capable 
of, are proteins. In add~tion, much of the structure of a cell is made up of proteins. That part 
of the structure, which is not made up of proteins, is produced by enzymes, wh~ch are 
proteins. A human contains on the order of 100,000 different proteins. It is the properties of 
and the interactions between these 100,000 proteins that make us what we are. 

Proteins are variable length linear, mcxed polymers of 20 different amino acids what 
determines the order of amino acids in a protein? The Central Dogma describes how the 
genetic information we inherit from our parents is stored in DNA, and that information is 
used to make identical copies of that DNA and is also transferred from DNA to RNA to 
protein. DNA is a h e a r  polymer of 4 nucleotides deoxyAdenosine monophosphate 
(abbreviated A), deoxyThymidine monophosphate (abbreviated T), deoxyGuanosine 
monophosphate (abbreviated G) and deoxycytidine monophosphate (abbreviated C). RNA 
IS a very similar polymer of Adenosine monophosphate, Guanosine monophosphate, Cytid~ne 
monophosphate, and Uridine monophosphate. Uridine monophosphate, abbreviated U, is 
a nucleotide functionally equivalent to Thymidine monophosphate. 

The fact that DNA nucleotides need to be read three at a time to specify a protein 
sequence implies that a DNA sequence has three different reading frames determined by 
whether you start at nucleotide one, two, or three. (Nucleotide four will be in the same frame 
as nucleotide one and so on). Both strands of DNA can be copied into RNA (for translation 
into protein). Thus, a DNA sequence with its (inferred) complementary strand can specify 
six different reading frames. 

It is possible to chemically determine the sequence of amino acids in a protein and of 
nucleotides in RNA or DNA. However, it is vastly easier at present to determine the sequence 
of DNA than that of RNA or protein. Since the sequence of a protein can be determined 
from the DNA sequence that encodes it, most protein sequences are in fact inferred from 
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DNA sequences. Conversion of RNA to a DNA copy (cDNA) is a simple laboratory procedure, 
so RNA molecules are themselves sequenced as cDNA copies. 

Bioinformatics is the science of using information to understand biolcgy, the term is 
used in a number of ways depending on who is using it, strictly speaking bioinformatics is a 
subset of the larger field of computational biology, it is the convergence of biotechnology 
and information technology, mainly the application of IT in data analysis include creation of 
extensive electronic database on genome, DNA sequences and protein molecules and in 
three dimensional modeling of bmmolecules and biological systems. 

Nucleotides sequences are the core of the research being undertaken in the modem 
biological research, timely access to the public available sequence data provides the 
researcher to determine direction and goal of research as well as ability to plan and execute 
it efficiently. Bioinformatics is full of pitfall for those who look for pattern and make prediction 
without a complete understanding of where biological data comes from and what it means., 
by providing algorithm, database, user interface and statistical tool, bioinformatics makes it 
poss~ble to do exciting things such as compare DNA sequence and generate result that are 
potentially significant. These tools also gives the opportunity to over interpret data and 
assign meaning where none really exists. 

Considerable number of complete genome sequence of different organism belonging 
to archaea, bacteria and eukaryota has been reported. The availability of these genome 
sequences provide us with an opportunity to find homologue sequences throughout the genome 
using comparative similarity searches. Homologue sequences are those sequences that are 
related by distant ancestry. Searching for similar sequence in different organism is a widely 
used method for gene characterization and annotation and for detecting homologues across 
genomes. It has become evident that the single most important tool for interpreting newly 
sequenced genome is the effective integration and analysis of existing genomic sequence 
data on a comparative level. The success of analysis is directly dependent on the efficiency 
of integration, which in turn will be determined by the diversity of the organism the quality of 
the annotation and the level of details in cellular reconstructions. 

Sequence Databases 

Databases are the storage houses of inputs provided by researcher1 depositor with 
limit to additions and modifications. These also store large amount of additional information 
regarding the sequences, like function of genes, their size, product of protein sequences 
and their 3D structures. Various targeted research tool for larger databases like 
EMBL.Genbank. SwissProt are being developed by database providers and made available 
for users online. 

- 
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Database URL Information 

Genbank I http:llw.ncbi.nlm.nih.gov 

EMBL 

DRI 

SWISS-Pro! 

PIR 

PDB 

OMlM 

GOB 

PROSITE 

-a'W 
Kabat 

LIGAND 

http:llus.expasy.orglch2d 

http:llwww.hgmp,mrc.ac.ukl 

Bioinfonnatics 

http:llwww.genome,ad.jplligandl 

Klotho http://www,biocheminfo.orglklothol 

http:l/pkr.sdsc.edul 

www.sdsc.edu1 

Onllne Fish related database 

Genetic sequence database 

Nucleotide sequence 

DNA databank of Japan 

Curated protein sequence database 

Protein sequence database 

Molecular structure of proteins 

Online Mendellan inheritance in mar 

Genome database 

Database of protein families and 
domains 

Protein database 

Immunological proteins 

Database of Chemical Compounds 
and Reactions in Biological 
Pathways 
Biochemical compounds 

Protein kinase resources 

Protein kinase 

A global information system on ftshes. http:llwww.fishbase.org 

Fugu genome mapping project. l/Fugu.hgmp.mrc.ac.uk 

Online information service for medaka ricefish I/biol.bio.nagoya-u.ac.jp: 8000 

Genome Analysis of Pufferfish: Tetraodon nlgroviridis. 

http:l~.genoscope.cns.frlexterneltetndon 

Stickelback data at the Stanford Genome Evolution Center. 

http:llcsgs.stankrd.eddndex.jrp 

Tilapia genome project. ht tp9Mlapi~unh.ed~pa~dTGPTTGP.ht l  

lnfonnation on the PoeciiiM fish Xiphophorus. httpJlmmr.xlphonn.org 
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Online information service for Danio rerio http:lhRn.org 

Saarchlng Databases 

The amount of biological data available on the world wide web is increasing at such a 
rapid rate that it is essential to know how to access and search the information required by 
you at given time, in order for these database to be useful the data must be readily accessible 
to researchers certain search algorithms have been made which are based on 

- FETCH is a GCG tool that is useful for grabbing sequences when you know an exact 
name or accession ~umber. 

- LOOKUP is a GCG tool that allows first keyword based searching of sequence 
annotations. 

- ENTREZ is a web based search engine for all of Genebank, DNA sequence as well 
as the associated protein sequence and Medline, there are two condition of search when 
you know what you want and when you don't know what and where to search for information. 

If you have just determined a sequence of an interesting bit of DNA, one of the first 
questions you are likely to ask yourself is "has anybody else seen anything like this?" 
Fortunately, there has been a very successful international effort to collect all the sequences 
people have determined in one place so they can be searched. For DNA sequences, three 
groups have cooperated in this effort, one in Japan, one in Europe, and one in the United 
States to produce DDBJ, EMBL and GenBank, respectively. These databases are frequently 
reconciled with each other, so that searching any one is virtually the same as searching all 
three. The problem is that these databases are HUGE and, as a result, you must compare 
your sequence with this vast number of other sequences efficiently. A number of programs 
have been wr~tten to rapidly search a database for a query sequence, two of which, BLAST 
and FASTA these programs should be seen as tools for identifying a small subset of 
sequences from the database for retrieval and further analysis rather than ends in themselves. 
Databases of protein sequences, including SwissProt and PIR, also exist and can similarly 
be searched. 

Text based search 

It ~nvolves keyword or sequences known to the user a prior knowledge of the 
information should be known to you so that you can filter out your required information form 
the retrieved data, you can use keywords related to your feld like species details, order, 
genera, name, type of sequence information required or protein structure etc. as such precise 
words or key words related to your search should be worked out before putting the database 
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to retrieve information required by you. You can also use sequences known to you for finding 
the DNAlproteinlmotiW binding sites, promoter site, restriction sites etc. 

Advance approach 

Accessing multiple databases using one central utility is increasingly available and 
becoming more user friendly. DBGET (http:llmKw.genome.ad.jpldbgetldbget.links.htmV 
) It offers graphic user interface, searches can be made to variety of databases using a 
unified syntax. Rather than directly querying dozens of different databases on the Internet, 
this database retrieval system can be used to access them individually using this common 
interface. 

DBGET currently supports access to more than sixteen databases including GenBank 
and EMBL for nucleic acid sequences: SWISS-PROT, PIR, PRF, PDBSTR for protein 
sequences; PDB for 3D molecular structures; PROSITE, EPD, TRANSFAC to identify 
sequence motifs; LIGAND for enzyme reactions; PATHWAY for metabolic pathways; PMD 
amino acid mutations; OMlM as an index to genetic diseases; among others. While some 
of these individual databases have been described previously, others will be introduced 
below. EMBL's SRS (http:llmm.embl-heidelberg.delsrsIsrsc) and NCBl's Entrez (http:l 
hvww3.ncbi.nlm.nih.govl Entredindex.html) also provides same help. 

Other sites o f  interest 

1. Protein sequence analysis at the University of Oxford. (http:llgeoff.biop.ox.ac.uW 
plpnlrev93-llrevS3-1.html) top~cs include database scanning, the comparison 
of two sequences, amino acid scoring schemes, multiple sequence alignment, and 
assessing ahgrnnent accuracy. 

2. The Johns Hopkins University Biolnformatics Web Server (http:llbrut.gdb.orgI) is a 
collection of databases that offer three primary protein database search utilities. The 
first is the protein identification resource - httl):l~.adb.ordDanlproteinsl~ir.htmI 
that searches several databases using different protein parameters including 
keywords, joumal references, molecular weight, and motif. The OWL database (http:l 
hnww.gdb.orglDanlprotelns/owl.html) is designed as a non-redundant protein 
sequence database with entries from SWISS-PROT, PIR, GenBank translations, and 
NRL3D. Some of the entries found using OWL would have images of the proteins 
queried. The NRL-3D (http:Ilwww.gdb.orglDanlproteinslnrl3d.html) database. 
which focuses on sequence/structure relationships yields search results with protein 
images and 30  structural information 
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3. Hutchinson Cancer Research Center's BLOCKS (Mtp:lhnww.bloeks.fhcrc.ogl), 
program utilizes multiply aligned ungapped segments corresponding to the most h ~ h l y  
conserved regions of proteins as aids to detection and verification of protein sequence 
homology. 

4. A site offering similar features is PRINTS, the Protein Motif Fingerprint Database 
(http:llwww.biochem.ucl.ac.uklbsmldbbrow8erlPRlNTSlPRlNTS.html). In a 
similar line of thought, the need for specific sequence motif identification in RNA and 
DNA has spawned several databases. TRANSFAC (http:lltran8fac.gbf- 
braunschwelg.de1 TRANSFACI index.html). TRANSFAC compiles data from other 
databases about gene sequences that have a role in transcriptional regulation, and 
builds programs for the identification of potential promoter or enhancer sites. 

5. REBASE (http:llwww.gdb.orglDanlrebaselrebase.html) integrates a large variety 
of information about each restriction enzyme or methylase intoa single report including: 
organism of origin, recognition sequences, methylation specificity. A similar on-line 
Enzyme nomenclature database called ENZYME (http:Ilexpasy.hcuge.chlsp~~U 
enzyrne.html) collates information about the nomenclature of enzymes. Based on 
the findings of the International Union of Blochemistry and Molecular Biology (IUBMB) 
it contains information about each type of characterized enzyme. 

6. The MSA site (http:llalfredo.wustI.edulrnsa.html) at Washington University allows 
the user to input as many as eight protein sequences for multiple alignments. However, 
rather than entering them directly, you have the option of specifying accession numbers 
from SWISS-PROT or PIR. Results are returned in the form of a web page or through 
e-mail. The Multalin Multiple Alignment (http:llwww.lbcp.frlmultalln.html) utility at 
IBCP, France can perform similar functions. 

7. A PCR primers database is available (http:llwww,ebl.ac.uWprlmenr_home.html) 
which attempts to index primers used in basic research while excluding primers 
associated with megabase sequencing projects. 

8. The EMBnet Biocomputing Tutorials (http:llwww.hgmp.mrc.ac.uWEmbnetuU 
UniversU embnettu.htm1) serve as a great intermediate step in learning about 
genomic databases on the Internet. 

Documenting your search 

Most scientists would agree that it is important to document your work so that another 
scientist can replicate it, a tradition begun by Louis Pasteur. Unfortunately, many published 
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yquqce comparisons do not meet th~s test. The parameters, which should be explicitly 
arid clearly stated, are.the algorithm used. The choice of substitution matrix can greatly 
affect searchresults; therefore it is imperative to document which matrix (or matrices) were 
used in searching and aligning, For algorithms which use gap penalties (such as FASTA), it 
is critical to state the gap penalty used. Specify your database explicitly (SwissProt. PIR. 
GenBank, EMBL, dbEST), not by type (nucleotide, protein, sequence). Computers used 
are actually the least important parameter to state, as the same algorithm with the same 
database and parameters should produce the same results on every machine. However, if 
an off-site computer system were used (such as an E-mail or lnternet server), then rt is 
standard scientific courtesy to identify the server and credit its maintainers. With continuing 
increase In both the specificity and power of these utilities as well as the sophisticat~on of 
Internet biologists, the future of molecular biology on the lnternet is very promising. 
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ESTABLISHMENT OF GERMPLASM REPOSITORIES FOR 
FISHES AND THEIR DATABASE MANAGEMENT 

P. Routmy and S. D. Guph 

The multifarious human activities in open waters have threatened the fish diversity all 
round the world. Fish worldwide are in crisis. The world Resources Institute has reported 
that nearly 70 percent of the world's marine fish stocks are over fished or are being fished 
at their biological limit. Apart from fish, across all live stock species there Is a shrinking pool 
of genetic diversity. For instance, the effective population size for all dairy cattle breeds is 
less than 60 animals. To preserve the gene pool of unique populations by protecting them 
from extinction, loss of genetic variability (inbreeding) and dilution due to interbreeding with 
unrelated populations (hybridization) gene banks or germplasm repository can play a vital 
role. Germplasm repositories in fisheries could be used for 1) restoration of threatened 
species; 2) brood stock improvement through genetic modification of a targeted population. 
and 3) information and technology development including gene pool database management. 
Fish population germplasm repository can be of two types: live animal banks which are 
maintained at multiple locations to prov~de a continuous source of progeny, or tissue gene 
banks based on gamete, zygote or somatic tissues maintained in cryogenic condition for 
later retrieval. In f~shes, mostly sperm cells are used as source with greater accuracy in 
producing results (Routray et. a/., 2003) Gene banks may be used for decades for restoration 
of a species and for genetic manipulation studies. During the prolonged and regular use of 
gene banks, a huge amount of information may be generated and must be stored in an 
appropriate form in a user-friendly manner. The only way all this information can be managed 
effect~vely for gene bank managers and other users is with a welldesigned computerized 
database. 

Prerequisites for Establishing a Gene Bank 

Before establishing a gene bank a thorough thinking must be there about the type of 
gene bank to be established. For instance if a live gene bank to be established the" the 
following things needs to be ensured: 1) A suitable land with perennial water source2) high 
embankment of ponds or tanks to avoid inter mixing of populations 3) me species must be 
acclimatized to that agro climatic conditions. There are limitations of live gene banks as 
these are to be maintained at multiple locations, problems of mas8 mortality due to disease, 
unforeseen calamities like heavy rainfall or flood etc. The tissue gene bank has the 
advantages of overcoming the above problems and easy to manage. 



Rok of Germplasm Reporkorlea 

The germplasm repositories across different countries generally aimed at addressing 
the characterization and conservation of animal genetic resources. The following roles are 
ideal for germplasm repositories: 

i. Understanding the population structures and demographic changes in population 
size, location and number of producers raising specific breeds; 

ii. Acquiring germplasm (semen, embryos, ova and DNA) for storage in the repositories; 

lii. Evaluation, development and implementation of cryopreservation protocols for long 
term germplasm cryoconsrvation; 

iv. Development of an information database and tracking system that links genetic 
Preservation (ex-situ and in-sltu) and population management, 

v. Act as a nodal centre for easy accessibility to d~fferent regions on species restoration 
during disasters. 

Management of Gene Bank Information 

A huge amount of information is required to manage the broad range of activities that 
are essential for an operating gene bank such as population sampling procedures, sample 
identification, tissue processing, cataloging, informat~on retrieval, quality control and sample 
disposition. Gene pool preservation requires that a sufficient number of individuals be 
collected to effectively sample the total ava~lable gene pool and to achieve the gene and 
genotype frequencies which are representative of the source population. The actual number 
of individuals necessary to achieve this goal 1s ambiguous and debatable, but the crlteria 
most commonly used is the smaller of a predetermined percentage of the total population 
(10-100%) or an upper limit number of individuals (100,400 or more) that sampling theory 
indicates is sufficient (Kincaid, 1983, Ryman,l991). Once milt is collected, a sample 
identification system is applied to ensure positive identification of each sample during all 
handling procedures (species, date, time, processing, storage, monitoring and retrieval 
operations). A quality control program is needed to ensure that high viability is maintained. 
A milt replacement program is also needed to ensure that the deteriorated milt is replaced 
or removed for breeding programs. 

Gene bank informatin is primarily of two types: 1) Gene bank operations informatlon 
to catalog and manage the stored tissues, and 2) gene bank user information to characterize 
the source population and determine the most effective applications for stored tissues. The 
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database must include the information needed to accomplish the following functions: 

1. Sample and population identification procedures 

2. Collection procedures. 

3. Sample processing procedures. 

4. Sample storage and retrieval operations. 

5. Quality monitoring. 

6. Inventory maintenance. 

7. Information retrieval. 

8. Milt replacement program 

9. Milt discards procedures 

10. User application programmes 

The decislon to preserve a spec~fic population gene pool requires the collection of 
baseline information to determine population uniqueness and the traits which define this 
uniqueness Baselme lnformation includes population name, location, range and distribution, 
genetlc character~zation, breeding history, life h~story, habltat preferences and any specific 
trait pertaining to the species. Species with no cryogenic preservation history should be 
studied to determine a species specific cryogenic processing and storage procedures before 
gene banking operations can begin 

The information regarding gene bank users should be based on the population 
characterization data, stored milt quality and quantity data and the effective population size 
represented in the preserved mllt lnformation on population origin, breeding hlstory, source 
habitat parameters, life history traits, genetic analysis and performance characteristics in 
culture and natural habitats should be clearly brought out. This information would help the 
users to match the preserved stock with the existing ones and change the management 
accordingly. 

Gene Bank lnformation Database 

A database is a collection of data arranged in a systematic order for quick search and 
retrieval operation in subsets. The first step involving the designing of database is crucial 
and the essential requirements are: development of data structure based on the identifmtion 
of specific data elements. Essential information includes data needed by the gene bank 
managers to facilitate decisions on management and research applications where 

cryopreserved milt will be used. 
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The initial data element or trait list is developed by answering in complete details a 
series of questionnaires as shown in Table-1. The questions are of two types; 1) for the 
gene bank operations and 2) the additional information needed to assist user groups. During 
the development of initial trait list, representatives of all the potential users including 
Govemmcnt offkials should be involved. 

Table 1. A sample questionnrlre for initial trait list development for a new gene bank 
Infonnatlon. 

m:l For Gene bank operations and management 

SI No Information description 

1 Population sample identification system 

2 Population sampling plan 

3 Milt at field 

4 Milt transportation system? 

5 Source population characteristics 

6 Source population genetic characteristics 

7 Source fishery characteristics 

8 Gene bank processing procedure 

Example traits or characteristics 

Population identifier, sample Identifier, 
ampule or straw identifier etc. 

Population size, number of collection 
sites, number of individuals collected per 
site, total numbers etc. 

Date spawned, sample and fish 
identification, capture method, spawnlng 
method, milt holding method, milt qual~ty 
measurement, etc 

Cooling and freezing methods, shipping 
temperature, transit time, transportation 
mode. atc. 

Origtn, breeding history, life hlstory. 
reproductive traits, behavioral traits, 
habitat preference etc. 

Analysis method, allele frequencies, 
heterozygosity, distinctive characteristics 
etc. 

Location, water body type, water quality, 
food source, predator species etc. 

Milt quality, add~tives, dtluents, dllut~on 
rate, freezing procedure, storage unit 
type, etc. 



Type:ll For Gene bank user information (addition to type-I) 

9 Quality control and monitoring 

10 Milt replacement procedures 

11 Brood improvement programme 

Milt testing schedule, test sample 
collection procedure, fertility rate, etc. 

Program identification, date removed, 
replacement criteria 

Prog. Identification, date removed, milt 
quality, number progeny produced, brood 
stock improvement results 

Development of the informat~on database management should be a priority when 
establishing a gene bank. The gene bank information management database is essential 
because it is the management system that will catalog, summarize, query and retrieve 
information from the data set required to establish and operate gene bank. Fisheries mangers 
and hatchery owners using cryoprese~ed milt will rely on the data base for accurate 
information on source population, milt quality, milt availability etc. lndia should ensure that 
the genetic diversity is preserved as the Agricultural Industry appears to be headed towards 
a few lines of proven performers. In lndia the fisheries sector has one bureau (National 
Bureau of Fish Genetic Resources at Lucknow) for germplasm inventory, evaluation and 

1 Source population characteristics? 

2 Source population status 

3 Source population genetic characteristics 

4 Milt availability 

gene banking of freshwater fishes but for marine species here is as such no organization. 
At Central Institute of Freshwater Aquaculture, Bhubaneswar protocols for cryopreservation 

Additional traits and characteristics of 
special interest to milt user: origin, source, 
habitat, life history, cultural performance 
etc. 

Threatened or endangered, effective 
population size, disease and health 
status, etc. 

Source population, allele frequencies, 
heterozygosity, effective population size, 
genetic analysis etc. 

Gene bank population milt inventory, gene 
bank milt replacement programme, 
restoration and enhancement etc. 

of fish semen, blastomeres and other cells of freshwater fishes has been developed (Gupta 
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eL a/., 1995, Routray, 2003, Routray et. a/., 2003) but maintenance of germplasm of many 
species are not being looked after as Scientists are working on the up gradation of genetic 
stock by different methods. In Indian fisheries, there is no full-fledged fish gene bank in 
operation, so it is essential to establish a gene bank to save and propagate our rich Ash 
biodiversity in these sub-continent and other places also. 
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Routray, P., Gupta, S. D., and Behera, M. K. (2003). Cryogenics in fish hatchery technology. 
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DlGlTlZATlON OF INFORMATION UNDER INTEGRATED 
NATIONAL AGRICULTURAL RESOURCE 

INFORMATION SYSTEM 

AAntony And K.P.Sandh1 

INTRODUCTION 

India, the seventh largest country in the world with regard to area coverage 3.29 
million square km sharing around 2.5% of the world total of 133.29 million square km. It has 
a coastline of 7517 km staring from Kanyakumari to Gulf of Kutch. It has also has a rich 
resources of 1,71,334 km of rivers and canals. 2.05 mha of ponds and tanks, 1.07 mha of 
beels, oxbow lakes and derelict waters and 1.42 m ha of brackish water area. 

Freshwater aquaculture comprising species of carps, catfish, freshwater prawns and 
mollusks provides for a highly profitable enterprise. It has taken the shape of an industry in 
the States like Andhra Pradesh and Punjab. By the secondary data collected from different 
states indicates that only about a third of the freshwater aquaculture resources in the country 
have been put to use. And it needs enhancing the fish production by using the latest 
technologies. 

At present lndia is the sixth largest producer (5.6 million metric tones) of fish in the 
world and second in Inland fish production (2.44 million metric tones). By the end of the 20" 
century, the domestic demand for fish in lndia is likely to be any where between 9.5 million 
metric tones per year. The marine catch can meet only less than half of this demand. The 
balance will have to come from inland waters. Aquaculture or fish farming has the potential 
to increase inland fish production considerably by using the latest eco-friendly, sustainable 
technologies developed in the field of aquaculture, thereby providing much needed edible 
proteln and augmenting the income of the rural population. It has progressed from stocking 
of single species to composite culture to High-tech aquaculture to increase the fish production 
to meet the domestic demand. To increase the sustainable fish production Central Institute 
of Freshwater Aquaculture (CIFA), a premier research institute in the field of aquaculture 
research has developed the following production technologies. 

k Carp breeding and hatchery management 

> Production of carp fry and fingerlings 

i Grow-out carp culture 

i Selective breeding of rohu (Labeo rohita) 
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Cryopreservation of carp milt 

Portable FRP carp hatchery 

Breeding and culture of magur (Clarias batrachus) 

Hatchery technology of freshwater prawn Macrobrachium rosenbergii 

Culture technology of freshwater prawn, Macrobrachium rosenbergii 

Seed production and grow-out culture of Indian river prawn, Macrobrachium 
malcolmsonii 

Freshwater pearl culture 

Ornamental fish farming 

Wastewater treatment through aquaculture 

Commercial feeds for carps, magur and freshwater prawns 

Control of Epizootic Ulcerative Syndrome with 'CIFAX' formulation 

Diagnostic kits, immunodiagnostic aids and therapeutics for diagnostic treatment of 
fish diseases 

With the advent of computer era and availability of computer network and advanced 
software peckeges for storage, retrieval, analysis and dissemination of information into 
systematic manner a database need to be developed. The diverse planning, research and 
development activities on the present and future use of the natural resources a strong 
database plays a vital role. This will help in identification of technologically appropriate, 
economically viable, socially acceptable and environmentally non-degradable approaches 
for land use plan. 

Methodology 

Due to non-availability of the proper database in the fisheries sector, it has greatly 
emphasized that for compiling data in the form of database for dissemination of information 
to the farmers and policy makers for formulation of management related to fisheries sector. 
In this direction an attempt has been made to develop a strong databases on fisher~es 
production and aquaculture technologies for easy storage and retrieval of the information 
under the Integrated National Agricultural Resource Information System (INARIS), funded 
by National Agricultural Technology Project (NATP). 

For compiling the data in the systematic manner the system needs collection of the 
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data, idenbfication of the parameters for drawing conceptual diagram of Entity-Relationship, 
Five master tables and two transaction tables are created for fishery statistics. Likewise 
eight master tables and five transaction tables are created for fishery technologies. 

Design and development of database 

A database system is known as integrated collection of related data by which an 
organization can take accurate and effective decision for management practice. A database 
management system is software that helps us to access and perform certain predefined 
operations ob data collected. In addition the database management system has a centralized 
control of database, prevent unauthorized users from accessing the privacy of data. Typically 
a system needs to collect, process, store and disseminate the information for different 
purposes. 

As ~t is well known that a well-designed database provides quick access to information. We 
can identify six main phases of the databases design process 

1. Requirements collection and analysis 

2 Conceptual database design 

3. Choice of a DBMS 

4.  Data model mapping (also called logical database design) 

5. Physical database design 

6. Database system implementation and tuning 

Data collection 

1. Fishery statistics 

Secondary data on fishery statistics available in the form of 'Hand book of fisher/ 
statistics" for the last five years from nineteen States has been collected from the respective 
State Government fisheries departments. Data on species wise, source wise, agency wise, 
and year wise fish production was extracted for keeping in the database 

2. Fishery technologies 

Data on fisheries technologies viz., Carp breeding and hatchery management, 
Production of carp fry and fingerlings, Grow-out carp culture, Selective breeding of rohu 
(Labeo rohita), Cryopreservation of carp milt, Portable FRP carp hatchery, Breeding and 
culture of magur (Clarias batrachus), Hatchery technology of freshwater prawn 
Macrobrachium rosenbergii, Culture technology of freshwater prawn, Macrobrachium 
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- - 
DATA CONTENT DATABASE 
AND STRUCTURE APPLICATIONS 

Phase 1: Requirements 
Collection 
And analysis 

Data Processing 
Requi ments 

1 
Reauir ments 

Phase 2: Conceptual 
Database Conceptual f 

Transadion and 
Design Schema design application design 

Phase 3: Choice of 
DBMS 

Phase 4: Data model 
Mapping And view design performance 

constraints 

Internal schema 
Phase 5: Physical 

Design 

Transaction and 
DDL statements application 
SDL statements Phase 6: System implementation 

And tuning 
Fig.1. Phases of database design 

rosenbergii, Seed production and grow-out culture of Indian river prawn, Macrobrachiurn 
malcolmsonii, Freshwater pearl culture. Ornamental fish farming, Wastewater treatment 
through aquaculture, Commercial feeds for carps, magur and freshwater prawns, Control 
of Epizcmtic Ulcerative Syndrome with 'CIFAX' fortnubtion, Diagnostic kits, immuncdiagnostic 
aids and therapeutics for diagnostic treatment of fish diseases. 

Data models 

It is a collection of conceptual tools for describing data, data relationships, data 
semantics and consistency constraints. There are many different models 

The entity-relationship model 
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3 The objectoriented model 

O The semantic data model 

3 The functional data model 

In this we examine the only entity-relationship model 

The entity-relationship model 

The entity-relationship (E-R) model consists of a collection of basic objects, called 
entities, and of relationships among the objects. Entities are described in a database by a 
set of attributes. For example, the attr~butes state code and production in tons describes 
the fish production. 

Slate Ccdr 
State Name Pmduct~un 

in Ions 

Fig. 2. A sample E-R diagram 

Rectangles, which represents entity set 

Ellipse, which represents attributes 

Diamond, which represents relationships among entity set 

Lines, which link attributes to entity sets and entity sets to relationships 

In addition to entitles and relationships, the E-R model represents certain constraints 
to which the contents of a database must conform. One important constraint is mapping 
cardinalities, which express the number of entities to which another entity can be associated 
via a relationship set (Please refer fig. 3). There are four types of relationship sets 

One to one 

One to many 

Many to one 

Many to many 
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For example State details entity any number of entities in Agency entity. An agency 
entity however can be associated with at most one entity in State details 

A 

Many to Many 

An entity in A is associated with any number of entities in B, and an entity in B is 
associated with any number of entities in A. 

For example State details entity is associated with any number of entities in agency 
entity and an agency entity is associated with any number of entities in state details 

[ ~ ~ ~ ~ ~ ~ h ~ 4 .  Government \ 

In the present database of fisheries statistics and fisheries technologies the entities are 
associated via one to many relationship set. 

Reduction of E.R diagram into tables 

A database that conforms to an E-R database schema can be represented by a 
collection of tables. For each entity set and for each relationship set in the database, there 
is a unique table that is assigned the name of the coreesponding entity set or relationship 
set. Each table has multiple columns, each of which has a unique name. 
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Data dlctlonary 

A data dictionary is a file that contains metadata -that is, data about data This file is 
consulted befor actual data are read or modified ~n the database system. It also maintains 
data about relations, such as the schema of the relations. This information is called the data 
dictionary or system catalog. The types of information that the sytem must store are 

Names of the relaticns 

Name of the attr~butes of each relat~on 

Domains and lengths of attributes 

Number of tuples in each relation 

Integrity contraints 

DATA DICTIONARY OF FISHERY STATISTICS 

MASTER TABLES 

Table Name: State Details 

This table contains the informat~on about the state names and the~r corresponding 
districts with respectlve codes Data is being entered as per the details of the codebook 
supplied by the project 

Table name: Pond type 

This table contains the inforrnat~on about the pond names and their respective codes 

Fleld name 

State code 

Name 

Code numbers of the different types of 
ponds 

Name of the different types of ponds (viz 
Nursery, Rearing and Stocking ponds) 

Primary Key 

Yes 

No 

Data type 

Text 

Text 

Description 

Identity code of the state 

Name of the StateID~strict 
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TRANSACTION TABLES 

Table name: Ponds 

This table contains the detatled information about the district wise, pond wise, agency 
wise number of ponds in ha. 

Backend and frontend 

Field name 

State code 

Pond code 

Agency Code 

Nonfoods 

AreaHa 

For storing the large information regarding production statistics and technologies 
tables are generated in MS Access 2000. User friendly forms with validations, and reports 
tions has been generated in V~sual Basic 6.0 application. The form is one of the most basic 
objects in which the application is developed A form is a w~ndow that contains application 
code and has other objects placed on ~t to create the user ~nterface. 

Fig. 4. Main menu: This screen shows the different forms, queries and reports 
developed in the database for easy data entry and retrieval 

Primary Key 

Yes 

Yes 

Yes 

No 

No 
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Data type 

Text 

Text 

Text 

Text 

Text 

Description 

Identity code of the state 

Code numbers of the different types of 
ponds 

Code numbers of the different agencies 

Total number of ponds available 

Area in hectares 
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Flg. 5. Data Entry form: In this user-friendly form data form for easy data entry 
about the production statistics 

The database developed on fishery statistics and fishery technologies is a user-friendly 
database system for easy retrieval of !he required information. 
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RESEARCH TRENDS IN AQUACULTURE - A PILOT STUDY BASED ON AGRICOLA DATABASE 

D. B. Ramesh 

1. INTRODUCTION 

Aquaculture means propagation, cultivation, or farming of aquatic plants and animals 
in controlled or selected environments for commercial purposes or authorized stock 
enhancement purposes." Aquaculture comprises diverse systems of farming plants and 
animals in ~nland and coastal areas. This study has been taken up to quantify and map the 
research efforts of Scientists/Scholars in the field of Aquaculture. For this purpose CD- 
ROM version of the AGRICOLA (Agricultural Online Access) database is used which contains 
bibliographic records of documents acquired by the National Agricultural Library (NAL) USA 
and the cooperat~ng institutions in the agricultural and related sciences. 

2. Methodology 

Documents covered in the CD-ROM version of AGRICOLA database for the years 
1998 - June 2002 were downloaded using the following combination of bibliographic data 
fields: 

Set 1 Aquaculture in TI 

Set I and AU 

Set 1 and SO; 

Set 1 and CP; 

Set 1 and CC; 

Set 1 and PY; 

Set 1 and LA; 

Set 1; and DT: 

Set 1 and PY; 

Set 1 and XAU &.CC 

(TI=Tile, AU=Author; XAU=Author Affiliation; SO=Source; CP=Country of Publication; 
LArLanguage of the Article; PY-Year of Publication; CC=Category Codes; DT=Document 

TY pe) 





Table-1: Language-wiea dbtrlbutfon of papem 

lnnflur~e 

Engliih 

SpanLh 

French 

Italian 

Malay 

Chinese 

Russian 

Ukranlan 

Portuguese 

TOTAL 

Table-?: Year-wire dktribution of papers 

Total no. of Articles 

1 358 

12 

6 

3 

3 

2 

2 

2 

2 

1390 

, Year 

1992 

)999  

1994 

1 995 

1996 

1897 

1998 

1999 

2000 

TOTAL 

No. of Publications 

13 

17 

23 

33 

28 

67 

182 

220 

546 

261 

1390 



4.4 Country-wise distribution of Aquaculture publications as per Source 

Table-3: Authorship Pattern 

Among Country-wise distribution of publications as per the source of publisher (Table- 
4), Netherlands tops the list followed by USA, UK, etc. 

Authorship 

Single 

Doubk 

Triple 

Multiple (More than Three) 

TOTAL 

Total No. of Publkrtions - 
265 

324 

306 

495 

1390 

Table-rl: Country-wise distribution 

Country 

Australia 

Belgium 

Brazil 

Canada 

Chile 

China 

Colombia 

Ecuador 

France 

Germany 

Guam 

India 

Ireland 

Israel 

Italy 

Japan 

Malawi 

Malaysla 

Total No. of Publicationr 

16 

7 

2 

8 

1 

2 

3 
1 

7 

1 

1 

8 

3 
4 

29 
3 
1 

5 
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4.5 Major subject areas -wise (category code) distribution of Aquaculture science 
ublications 

Mexico 

Netherlands 

Pakistan 

Peru 

Philippines 

Rhodesia 

Spain 

Sweden 

Switzerland 

Taiwan 

Thailand 

UK 

USA 

Venezuela 

TOTAL 

As per the Table-5, Aquaculture (Animals) has large number of articles amounting to 
402, followed by Animal Physiology & Biochemistry 255 Nos.), Nutrition (110 Nos), etc. 

1 

64 1 

1 

1 

19 

2 

5 

1 

2 

1 

2 

77 

534 

1 

1375 

Table-5: Major subject areas of Research 

Code Subjects 

MI20 Aquaculture (Animals) 

L600 Animal Phystology Biochemistry 

L500 Nutrition 

L210 Reproduction 

L810 Veterinary Physiology, toxicology 8 Immunology 

M220 Aquaculture Management 

L832 Diseases (Bacterial) 
- 

Total Number of 
Articles 

402 

255 

110 

78 

55 

55 

53 
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4.6 Document type 

Document type of distribution of all the Aquaculture Sciences publications (Tabled) 
covered are as follows: 

L200 Breeding 8 Genetics 

WOOO Pollution 

MllO Fisheries 

M210 Fisheries Management 

L833 Diseases (Viral) 

MOO0 Aquatic Sc~ences 

E700 Geography 

L821 Pests (Insects & Arthropods) 

L823 Pests (Protozoa) 

L840 Diseases (Physiological) 

F600 Plant Physiology 8 Biochemistry 

L300 Ecology & Bahav~our 

L830 Diseases (General) 

M310 Aquatic Biology 8 Ecology 

(2206 Feed Processing 

R300 Feed Composition 

L800 Veterinary Science 

L820 Pests (General) 

J200 Soil Chemistry 8 Physics 

L822 Pests (Helrn~nthes) 

MI30 Aquaculture (Plants) 

ClOO Agricultural Education &Training 

M300 Aquatic Biology 8 Ecology (General) 

QlD6 Food Processing 

OTHER SUBJECT AREAS 

TOTAL 
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44 

3 

19 

19 

17 

14 

11 

11 

11 

10 

9 

9 

9 

9 

9 

8 

7 

7 

6 

6 

6 

5 

5 

5 

87 

1380 
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- English tops the list followed by Spanish, French, etc. 

- Majority of the articles published have multiple authorship followed by double 
authorship and single authorship. 

- Among country-wise distribution of publications as per source, Netherlands 
contributed maximum followed by USA. UK, etc. 

- As per the source-wise distribution of articles, J. of World Aquac. ranked first 
followed by Aquac. eng., World Aquac., etc. 

- Aquaculture (animals) is the major subject area of research followed by Animal 
Physiology 8 Biochemistry, Nutrition, etc. 

- Majority of the publications are research articles followed by monographs. 
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EVALUATION OF CARCASS AND COMMERCIAL 
CHARACTERISTICS IN CARPS 

B.B. Sahu, P.K. Meher, 
S. Mohanty & J.K. Pradhan 

ABSTRACT 

The role of carcass evaluation techniques in aquaculture research programmes 
especially genetics and breeding, production management, feeding and nutrit~on for evolving 
suitable breedlstrain, for enhancing quality and quantity fish production cannot be over- 
emphasized. Knowledge of production efficiencies and determination of growth potentials, 
which coincide with, desired carcass attributes have provided impetus for improvement In 
genetic selection and management of aquatrc food animal. For this to be accomplished, 
accurate, standard and uniform methods of carcass evaluation are important. Carcass quality 
traits must be derived exactly and one should be able to measure w~th a high repeatability 
Adatabase using very precise carcass evaluation is necessary in analyzing carp improvement 
progrmmes for improving growth and flesh quality traits. 

INTRODUCTION 

Aquaculture has a low energy expend~ture and h~ghest proteln yield In comparison to 
other agricultural sector S~nce aquaculture IS mult~d~mens~onal ord~nary quantitative analysis 
IS too Inadequate for drawrng any val~d conclus~on Physlcal and chemlcal characteristics of 
water body seed quality stock~ng dens~ty season culture system feedlng and harvesting 
pattern are the Important factor and proper management of all these factors are esseitial 
for successful operat~on of prsc~culture activit~es Generally few major factors are corls~dered 
at a tlme wh~le keeprng other mrnor factors at a known level Even then the su~table variance 
function are presently not avarlable to compare productton parameters from d~fferent water 
bod~es to observe and compare the treatment effects (Royce 1996) 

Cultured fish is kept in ponds, they are fed and grow continually. The growth rate depend 
upon the genetic potential and on many other factors whlch when taken together make up 
management and feeding programme. Among the many factors and their interactron influencing 
the growth of fish are: genetic makeup, behavior, population dynamics, endocrinology, feed 
etc. (Fig.1). Any single factor should not be considered in isolation even though overall optimuing 
the various factors is difficult. Definite information on optimal growth is lacking for many carp 
fish species. Production, growth rate and quality parameters under different culture conditions 
can be recorded in a database and optimum condition for growth can be modeled which 
wwkl serve as a guide to researchers and produce~s (Wathne, 1995). 
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Growth studies: 

Growth rate is one of the most important traits in fish farming. High growth rate enhances 
production turnover and a fast growing fish reaches a higher body weight M o r e  the onset of 
sexual maturation. A medium to high genetic correlation between growth rate and feed 
conversion has been recorded. So the sdectin for high growth rates results in the improvement 
of feed conversion. (Fig. 2) 

Prediction of growth potential: 

Accurate prediction of growth potential of a fish stock under given husbandry and 
culture conditions in an essential pre requ~site to any aquaculture production research. 

Specific growth rate (SGR): 

SGR is based on natural logarithm of body weight. However, natural logarithm 
underest~mates the weight gain between the initial body weight (BWl) and final body weight 
(BW2) used in calculation. The exponential form also over-estimate predicted body weight 
at weights greater than BW2. Despite this serious deficiency, the SGR formula is being 
widely used. 

Length -Weight relationship: 

Weight of the fish may be considered as a function of length (Fig;3). The relationship 
of length and weight can be expressed approximately the cube law relationship by the 
formula K= WIL3 or W = KL3 " K  is called the condition factor which is usually 100,OO 
for grams and millimeters (Fauconneau gj &I, 1995). However this formula holds good with 
a constant specific gravity and form of the fish through out the life. Unfortunately a fish or 
any an~rnal is continuously prone to changes in bodily proportion during life so that the 
simple cube law of expression does not hold good through out the life history and growth of 
f~sh. 

Allometric growth: After larval period the shape of most of animals became similar to 
adults. However, some changes in body proportion continue to occur, commonly they are 
minor changes, such as length of fish, fatness of body, muscle hypertrophy and temporary 
changes associated with ripening of gonads. Those changes are called allometric growth. 

In aquaculture research field data used for growth curve fitting are mean size at 
specified ages and hence it is described as population growth. An important consideration 
that has been over looked is the possible difference between growth of individual fish, 
between species, between sex and between ages etc. By comparing the animals from 
different localities at identical weights, length and age the difference due to growth, 
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environment and inheritance may be examined Body proportion tends to vary more than the 
body parts. Sexual maturation results in decreased growth rate and reduced meat quality. 
The main objective of the aquaculturist should be to achieve the market size sexual maturity. 

Several parts and organs of the body of the fish have their own rates of growth. 
These rates may differ in degree or form from fish to fish. Form is a direct function of their 
differential growth rates of bodily parts. Form of a fish in general is regular and constant and 
is dependent on the regularity and constancy of relative rates of growth. 

Derlrable traits of growth and commercial Quality: Carp have high consumer demand. 
Cultured carps should retain a high, even and well known quality which is of great economic 
importance. Until the present the quality has been a question of species, body size and 
external appearance. Other traits of economic importance are condit~on score belly fat 
thickness, depot fat, distribution of fat in the meat, texture, water holding capacity flavor and 
organoleptic acceptability. These traits in Salmon, Trout and other commercial fish species 
have shown high heritabilities indtcating that it is possible to obtain genetic progress if desired. 

Need for development of performance standards: Cultured fish are being improved for 
a multitude of traits including growth rate, feed conversion efficiency, body shape, dress out 
percentage, Carcass quality and fish quality etc. A variety of genetic techniques are being 
implemented commercially, including selection, cross breeding, hybridization, sex reversal 
polyploidy etc to improve qualitative and quantitative fish yield. The combination of variety 
of improvement programs, traditional, biotechnological, genetic engineering will likely result 
in best genotype for aquaculture (Dunham, 1995). 

Growth proceeds through a harmonious development of major tissues namely bone, 
muscle and adipose tissues. Changes in chemical composition results from differential 
growth of tissue. Very little is known about the morph metric traits during development of 
carp and about their genetic basis, but it seems that valuable criteria for selection on suitability 
for commercializing could be ascertained using the information on the mechanism of bone 
and muscle development (Fauconneau, gt d. 1995) 

Quantltatlve traits: The precise production control possible through aquaculture system 
created a high quality product, which is also concomitant with quality and size. Reliable 
estimates of conformation and carcass parameters are needed for all traits of economic 
importance in order to predict the response to selection, to choose among various breeding 
plans, to relate physiological status of growth, to select appropriate feed and nutrients, to 
estimate ebnomic returns and above all to predict breeding values of candidates for genetic 
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selection (Rye and Gjenle. 1996) Intensive tish fanning practice have necessitated development 
of technologies for selective breeding and genetic manipulation of stock for traits of specifc 
interest such as faster growth, better meat taste and higher production. 

Qualitative traits: The importance of raising general quality of fish and fish product is now 
widely understood. There are number of incentives for pursuit of better quality, Improved 
standards can also increase the value of food. Quality criteria vary widely and because of 
different food tradition the preferred taste of a product would not always remain the same. 
In aquaculture, it is possible by several means to influence quality in the direction of consumer 
preference. Feed and nutrients influences the quality by changing the chemical composition 
of fish meat (Wathne, 1995). It is also possible to change carcass quality traits by breeding 
and selection (Rye and Gjerde.1996). 

The development of fatty tissues associated with growth of carps is stimulated by the 
use of lipid enriched, or high-energy artificial diet. Fat IS accumulated in specific adipose 
tissues and the analysis of the relative development of these tissues could give valuable 
Information on the over accumulation of fat and its distribution pattern on the whole body. 
Accumulation of fat has either positlve or negatlve consequences for sensory evaluation 
depend~ng on the source and compositlon fat. Baeverfjord and Rye (1994) reported that in 
salmon some of the qual~ty trait varies with in the carcass. Fat percentage is higher in 
anterior part of the carcass and lower toward the tall. Wlth In a cutlet,Jat percentage is low 
closer to the backbone and increase towards the skin and the belly. 

Distribution of fat in the carcass in important quality trait Fat depots is most commonly 
found in the belly and around fins Carcass fat percentage is an economically important 
trait. Consumer preference for fat varies from location to location. It is very difficultto ascertain 
a clear picture about the optimum level of fat percentage in carcass. Generally it is felt that 
a fat percentage of 16-1 8% In a fillet IS too high Excessive fat deposits reduce the quality of 
fish. Increase in fat depots increase the waste in processing. Dissection in and around the 
intestine is considered as standard method to reveal the fat depot of the fish. There are 
several other methods available to measure fat content in fish carcasses. Chemical analysis 
(AOAC, 1995), Tory fat meter (Kent, 1990), near infrared reflectance Analysis (NIRA) (World 
gal. 1996), Computerized Tomography (CT) (Morten Rye, 1991) near infrared Transmitter 
spectroscopy (NITS) (World and Isaksson, eta/, 1997) 

Carcass Flesh quallty: Characteristics of muscle and connective tissues also affect the 
sensory attributes of the fish. Different muscle tissues of cyprinids have different fiber type. 
These tissues together with adipose tissue compose the edible part of the carps and explain 
most of the protein retention. Protein content and composition are stable during development. 



m, LWnWm 6 DeWmma 6hbdmwb and Sh,fMh in Fishei-&r Research 

Further more, a wids variability in the characteristic of musde and connective tissues persists 
in commercial size fish related to their mode of development. It is especially true for the 
main contractile protein, myosin. The myosin changes in Me characteristic of tissues and 
meat after death and during post -storage affect the eating quality. The structural components 
and the organization of tissues are very specifc in fish and more sensitive to destruction. 
Thus the degradation process that affect the meat during harvesting, p ~ ~ t - h a ~ e ~ t  channels 
and processing have important consequences for sensory evaluation of meat, which in 
freshwater species, is generally soft with neutral odour and taste. 

C a n u r  born: Inter-muscular bones are common in the meat of some carp species and 
they are undesirable and usually pose problem in filleting and consumption, as they are 
diMcult to remove. There is a possibility for breeding carps for reduced number of inters 
muscular bone, vertebrae and ribs, dorsal fin rays (Meske, 1968; Moav and Finskel, 1975). 

Intensive fish farming practices have necessitated development of technologies for 
selective breeding and genetic manipulation of stocks for traits of specific interest such as 
faster growth, better meat taste and higher production. Research programme especially 
genetics and breeding, production management feeding and nutrition is aimed for evolving 
suitable breed1 strain for enhancing quality and quantity of fish production. Analysis of desired 
carcass attributes helps in determining the growth potentials and production efficiencies. 
For this to be accomplished, accurate, standard uniform method of carcass evaluation is 
critically important. A standard procedure and format for slaughter data collection are critically 
important. Therefore, a standard procedure and format for slaughter data collection has 
been madeat CIFA Kausalyaganga- 751002, and India for carp carcass evaluation database. 

CARCASS DATA B M E  fCD) 

Carcass confonnation Data sheet: (Ref fig 3 and 4) 

I) Prlmrry Data sheet: 
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1. Accession No. 

3. Date 

5. Age 

7. Pond Type 

9. Year class 

11. Weight class 

2. Case sheet No. 

4. Species 

6. Productmn Type 

8. Sex 

10. Physiological stage 

12. Body weight (gm) 



1. Total Length (cm) 

2. Standard Length (cm) 

3. Fork Length (cm) 

4. Body circumference (cut 1) Posterior to base of pectoral fins (cm) 

5. Body circumference (cut 2) Anterior to the base of the dorsal fins (cm) 

6. Body circumference (cut 3) Anterior to the base of the anal fin (cm) 

7. Cut 1, Area of flesh in impression (cm2J 

8. Cut 2, Area of flesh in impression (cm2) 

9. Cut 3, Area of flesh in impression (cm2) 

10. Belly fat thickness (mrn) 

11. Condition factor 

Initial processing includes dressing (i.e. eviscerating and removing gills) Scaling (includes 
trimming away fins and head). Then cutability and flesh quality data is collected after making 
cut at PP, AD, and AA (Fig 4) 

Carcass Cutability Data Sheet: 

1. Head Cut (gms) 2. Head Bone (gm) 

3. Head Meat (gm) 4. First Body Cut (gm) 

5. Second Body Cut (gm) 6. Third Body Cut (gm) 

7. First Body Cut Meat (gm) 8. Second Body Cut meat (gm) 

9. Third Body Cut Meat (gm) 10. First Body Cut Bone (gm) 

1). Second Body Cut Bone (gm) 12. Third Body Cut Bone (gm) 

13. Total Meat in Carcass (gm) 14. Total Bone in Carcass (gm) 

15. Meat Bone Ratio 
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F h h  QuaHty Data Sheet: 

Vlsceral Organ and offal Data sheet: 

1. First Body Cut Moisture (%) 

3. First Body Cut Protein (%) 

5. Second Body Cut Ether extract (%) 

7. Third Body Cut Moisture (%) 

8. Third Body Cut Protein (%) 

11. Average Flesh Ether extract (%) 

2. First Bcdy Cut Ether extract (%) 

4. Second Body Cut Moisture (%) 

6. Second Body Cut Protein (%) 

8. Third Body Cut Ether extract (%) 

10 Average Flesh Moisture (%) 

12 Average Flesh Protein (%) 

Important codea and formulae deduced from data sheets: (Fig. 5 and 6; 

1. UBW, Ungutted body weight (to the nearest 209.) 

2. BL, Body Length (to the nearest cm): 

3. BCPP; Body circumference Posterior to pectoral fin: 

4. BCAD, Body circumference Anterior to dorsal fin: 

5. BCAA, Body circumference Anterior to anal Fin: 

6. W, Wsceral weight (Abdominal Fat and intestine): 

7. AFS, Abdominal Fat Score (Scored from 1-5) with 5 indicating fattest 

1. Weight of the viscera (gm) 
(including abdominal fat and tntestine) 

3. Weight of swim bladder (gm) 

5. Contents of gall bladder (ml) 

7. Empty liver weight (gm) 

9. Head bone (gm) 

11. Dorsal fin (gm) 

13. Ventral fins (gm) 

15. Scales (gm) 

2. Weight of the liver (gm) 

4 Weight of gall bladder (gm) 

6. Empty gut weight (gm) 

8. Gills (gm) 

10. Head meat (gm) 

12. Pectoral fins (gm) 

14. Anal fins (gm) 
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BTS, Belly Thickness Score (Scored from 1-5) with 5 indicating the thickest belly. 

Belly Thickness score (to the nearest mm) measured on the cut edge of the belly half 
way between the pectoral and the pelvic fin 

MC, Meat color score (Scored from 1-5, with 1 indicating a pale and 5 the most Ted 
meat when judged by inspection of the abdominal cavity after removal of the viscera. 

CF, Condrtion Factor = Ungutted body weght (g)lBody lengthf (cm). 

GBW, Gutted body weight (including kidney) = Ungutted body weight - (Weight of 
viscera + Gonads +Liver) 

DP, Dressing percentage = (Gutted body weight IUngutted body weight) xlOO 

GI ,  Gonad lndex =(Gonad weighVGutted body weight) xi00 

VI, Viscera lndex = (Weight of viscera I Gutted body weight) xi00 

ABT, Average belly Thickness is calculated as (BT+BTPl+BTP2+BTDl+BTD2)/5 
BT, Belly thickness to the nearest mm, measured on the impression of the cut edge 
at site 1 (PP) and 2(AD) 

Measures of body shape 

The following traits can be calculated as measures of body shape. 

17. BS1. Body shape I =  ClDlBL x 100 

18. BS2. Body shape 2 = THDlBL x100 

19. BS3, Body shape 3 = WDI BL 

Where CiD = Body circumference at position 2(AD) 

THD =The Body He~ght 

BL = Body length 

Some more tra~ts can be calculated as measures of shape of each cross sect~on 

20 SS1 (PP)= WPrrHP x100 

21 SS2 (AD) = WDI THD xlOO 

22 SS3 (M) = WA/THA x 100 

23 SS 4= BTxlNVX, BT x 21 WX, BTIwx 

24. SS5=0.5 ' ( I l 'HX 'WX 'O5 lAX)  
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Where HX, WX, THX. BTX I, and BTX 2 traits shown in the fig 5 8 6. BT in belly 
thickness traits shown earlier and in w was taken in rnm. While calculating SS4. 

For calculation of SS5 the area dorsal to the WX line was assumed equal to half the 
area of an ellipse with radii HX and WXJ2. 

Among the commercial characteristics of carps, flesh quality is becoming more 
hpwtant to the industry. However, it should be stressed that it is the consumer attitude to 
flesh quality that is important. Consumer will not buy low quality products, even at reduced 
price. Flesh quality is a very complex character. An attempt has been made to defrne and 
analyze flesh quality and its relat~on to carcass characteristics. Carcass quality tralts are 
usually recorded only on dead anrmals and therefore family selection must be practiced in 
a breeding programme. Carcass quality traits must be defined exactly and we should be 
able to measure with a high repeatabilrty. Some of the quality traits vary with in carcass 
Therefore, a database using very preclse carcass evaluation is necessary to arrive at a 
conclusion. To have an efficient carp improvement programme for ~mproving growth and 
flesh quality traits, it is necessary to test a 10-15 numbers of fish from each families for 
carcass evaluation each year. The genetic gain will increase with increasing number of 
families tested in each generation. 

Freshwater aquaculture specifically the carp culture brings a variety of high quality 
fisheries product to the market place throughout the year. Because production, processing 
and distribution of cultured products are under much greater control than captured items. 
The opportunity for sustained control of quality is now possible. Family selection is of particular 
interest in fish farming because of their high fecundity and because the generation intelval 
will not be increased. In carps there is a requirement for higher dresslng percentage, smaller 
head, and fewer intra muscular bones. Accurate recording of carcass and flesh quality and 
formation of a database will enable us for the estimation of genetic variance and carp quality 
control. 
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SPECIES 

TARGET PRODUCTION 

Flg. 1. Factors responsible for achieving targeted aquaculture product 

Fig. 2. vpicr l  curve of gmwth and point of inflection in growth of aquatic animals 



BioinfotmelicJ and Statist& in Fisheries Resaenh Detawsnhowing8 DetmMng 6 Databams 

Fig. 3. Conformation and external anatomy of rohu (Labeo rohlta) Illustrated parts 
and body measurements (1) total length (2) fork length (3) Standard length (4) head 

length (5) the dorsal fin (6) the pectoral fin (7) the pelvic fin (8) the anal fin 

Fig. 4. Locatlon 1 (PP) 2 (AD) 3 (AA) for body clrcumference and cutabillty trrlb 
measurements 

Central Institute of Freshwater Aquocuk~re (CIFA) 1 53 
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Fig. 5. Fish cut traits recorded on a cross section at location 1 (PP) 2 (AD), Total 
helght (THX) height (HX) width (WX), area (AX) and belly thickness (BTX1 and 

BTX2) X=P at location (PP) and X=D at location (AD) 

Flg. 6. Fbh I (AD) Avenge Belly 
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BlOMETRlCAL STUDIES ON QUANTITATIVE AND 
QUALITATIVE YIELD TRAITS OF PRAWN 

6.8. Sahu, P. K. Meher, S. Mohanty, 
Blndu R. Pllli, D. R. KanauJia & J.K. Pndhan. 

INTRODUCTION 

For the aquaculturists the ultimate goal is the production of fish with increased 
profitability. Profitability is achieved in a number of ways such as enhanced survival, increased 
growth, improved quality or any mixture of these and other features, Immediate goals in the 
broad areas are disease resistance, greater juvenile survival, improved growth rate, higher 
meat-skeleton ratios, and greater food conversion efficiency. Application of genetics to the 
breeding, management and health control of cultivable aquatic organisms is likely to result 
in considerable improvement as it has with domesticated mammalian avian and livestock 
(Wilkins, 1981). In contrast to the considerable and extensive research conducted on 
phenotypic and genetic variation in finfish (Gjedrem, 1983), much less research has been 
conducted on genetics and selective breeding of crustaceans (Doyle el a/.,  1983). Little 
research has been conducted on genetics and selective breeding of Prawns. 

Morphornetric Traits 

The underlying principles In genetic improvements are variation must normally be 
present in the species at the outset and that variation must be measurable. The her~tability 
of the character, the interaction of the character with other biological aspects of the genome 
and physical aspects of environment. 

The hypothesis that profitability of commercial shellfish production would be improved 
by the development of a rapidly growing strain that has a large tail, a proportional claw size, 
and high survival, food conversion efficiency, reproductive rate and fecundity (Henryon et 
a/., 1999). Most traits of economic importance are quantitative and have measurable variation. 
Because of relative paucity of information on many aspects of genotype and phenotype, 
genetic analysis must commence at basic level of detecting, collecting and analyzing naturally 
occurring variability in wild and cultured populations. Most traits of economic importance 
are quantitative and have measurable variation. Very few information is available on the 
genetic control of quantitative traits as it relates to phenotype (Fig.1). 

Lester (1983) employed morphometric studies to evaluate other possible selection 
criteria. Several morphological measures are identified as potential selection criteria and 
discussed with regard to the handling necessary to make each measurement and the 
correlation between these measurements and the correlation between these measurements 



and tail weight. Wilkins (1974) suggested mass selection is an appropriate method to improve 
tail weight in grow out. He revealed some basic information on the level and organization of 
genetic variation in Macrobrachiurn rosenbergii. He surveyed the electrophoretic variation 
in several life history stages. 

Of all aquaculturally important groups crustaceans have the least amount of genetic 
research applied to them. Less than 1 % of the genetic work done on crustaceans has been 
of an applied nature but was involved all the major economically important taxa except 
crayfish. The aquacultural crustaceans like some of the fishes and mollusks are 
undomesticated and applied crustacean genetics is still largely restricted to assessing genetic 
variation. Although some effort has been made to develop this variation, there has been no 
selection done on the crustaceans and no genetic groups developed by direct human 
intervention are available (Malecha, 1983) 

Aliornetric traits 

Crustacean carcasses include a significant portion of inedible parts, which can be 
minimized as a general consequence of domestication and culture practices (Fabian, 1962) 
or as a response to genetic selection (Robertson, 1962). However, existing intraspecific 
variation should be assessed since intraspecific geographic populations of lobsters 
(Templeton, 1935; Tessier, 1936) have all been shown to vary in the relative dimensions of 
body parts. All in all M. m e n b e ~ i i  is uniform in economically important carcass characteristics 
like head to tail and claw to body ratios. However, multivariate and discriminant function 
analysis among geographic groups readily reveals some variations. intraspecific 
morphometric and atlometric variations have been extensively surveyed (Hedgecock eta/., 
1979; Lindenfelser, 1980; Stelmach, 1980). 

Doyle et el.. 1983 revealed an indirect selection for genetic change and illustrated 
with Macrobmchium rosenbergii. 'Indirect selection" is exerted on a trait indirectly by means 
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other than artificial selection for the trait itself. Expressions are derived for calculating the 
intensity of indirect selection in aquaculture environments. Control of indirect selection may 
be useful for the genetic improvement of aquaculture stock. By indirect selection the 
probability of success is critically dependant on the genetics of traits being selected. Fontaine 
and Neal (1968) revealed a significant difference in growth, morphometric traits and onset 
of male sexual maturity in shrimp lots from four commercial hatcheries and suggested a 
possibility of genetic differences among the lots. 

Attempts to identify differences in morphometric traits and to correlate such traits 
with geographic location have been made for some penaeid shrimp species for fisheries 
management and genetic resource mapping. Growth of penaeid shrimp seems to be 
allornetric with differences between sexes. (Huang et a/., 1981). 

Henryon etal. (1999) studied allometry in freshwater crayfish (marron) and revealed 
that profit was decreased by a genetic increase in growth rate of the brood stock, genetic 
Increase In growth rate of claws. The author has provided a smaller claw weight to carapace 
weight ratio that was ideal. Growth rate of the tail of the freshwater crayfish was the most 
important economical characteristics. Its economic value (per genetic standard deviation 
improvement) was between 4.7 and 11.6 times larger than an improvement in the growth 
rate of the carapace, survival of marron and growth rate of the claws. In turn the growth rate 
of the tail was between 30 and 7900 times more important than the feed conversion efficiency 
and the characteristics associated with brood stock, hatching and juveniles. 

Growth pattern 

Growth rate of prawn depends on their genetic potential as well as several other 
factors. Some of the factors that influence the growth are: genetic make up, behaviour, 
population dynamics, endocrinology, feed etc. (Sahu et el., 2000) specific information on 
optimal growth patterns is lacking for many prawn species. One solution would be to record 
production, growth rate and quality parameters under different culture conditions in a database 
and develop a model to identify optimum conditions for growths to serve as a guide to 
researchers and producers (Wathne, 1995). 

The growth rate is one of the most important traits for prawn farming. A high growth 
rate increases the productin turnover and a fast growing prawn reaches a higher body 
weight before the onset of sexual maturation. The growth pattern of the freshwater prawn 
M. rosenbergiireflects a high degree of both sexual dimorphic and heterogeneous individual 
growth. Heterogeneous individual growth seriously affects the price paid for prawns since 
price is dependant on individual size (Smith et al., 1980). The prawn growth pattern especislly 
in males appears to be result of factors other than normal allometric growth (Malecha, 
1983). 
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Prawn growth and development 

Growth may be described in terms of change in length, width or any other linear 
dimensions as well as weight. 

Size is usually measured, as length weight measurements are often required for 
fisheries work, in calculating yield. Size is usually useful to determine the relatbnship between 
standard length and measurements of weight as well as other length dimensions over a 
wide size range of individuals. When animals are growing at the same rate in all linear 
dimensions, that is, increase in length, weight, width and height are proportional to each 
other, growth is said to be isometric. A simple linear relationship between the standard 
length (mm) and other dimensions are noticed. 

Length -Weight mlatlonshlps 

If an animal is growing isometrically (increasing in all dimensions at the same rate) 
and doubles in length, its weight will increase and doubles in length, its weight will increase 
in relation to increase in volume; that is, by 8 (Or Z3) times. Thus there is a cubic relationship 
between length (L) and weight (W), which can be represented by the cubic or power curve 
equation. (Fig. 2). 
I 1 

I Fig. 2 Tho cubk r d o n r h i p  k(wm hngth and weight If dl i l n w  dlnwrulonr doubkd, 
Volume (ad thnrfon mlgM) Inc- by dghl (Of f )  tlma. I 

Where 'b' Is close to 3 in isometric growth, and q is a constant determined empirically. 

Condltlon hcbr 

When amsidering an individual shelffish, the value of 'q' in the above equation may be used 



as an nrdex of 'well hng'or a relative condition fador. CF=W/LD. The more fish weighs for a given 
length, the greater will be its c o n d i i  factor. An alternative is to compare the mean weight of fish 
in a sample with the predicted weight of the fish from a generaliued length-weight relationship 
determined from samples collected over a year. Condition factor calculated from an age, weight 
and sex basis might be used to detect seasonal variation in the condition of prawn, which may 
vary with food abundance, and the average reproductive stage of the stock. 

Qualitative and Quantitative economic traits 

Chow and Sandifer (1991) studied growth, morphometric traits and male sexual maturity 
among different groups of pac~fic wh~te shrimp Penacus vannamei. They revealed a significant 
difference in all morphometric traits at different farm sites indicating an environmental difference 
affecting the growth and shape of the shrimp. Liao (1988) found out a relationship between body 
length and body weight or body length -carapace length and differed between sexes in several 
penaeid species (Fig. 3) 

Formosa et a/.. 1980 reported a highly sign~ficant difference in the tail-length ratio (TR) 
and condition factor (CF) observed between younger and older Penaeus vannameiobtained 
from four different hatcheries coinuded with allometric relationships reported between carapace 
and total lengths in the wild Penaeid Plesiopenaeus edwardsianus. The tails and bodies of 
the older animals tends to be proportionately longer, thicker and weighs greater in proportion 
to length than those of younger shrimp. Doyle, etal. (1983) estimated the significant difference 
associated with sex, stage of male maturity, weight class for body size traits and dressout 
percentage and correlation among the traits. Results showed a significant variation for traits 
of economic importance. Large phenotypic variation allows for large selection differentials in 
selection programs can be developed. 
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For morphometric analysis easily measured morphological variables are selected Best 
linear unbiased estimates and significance levels of the fixed effects of sex, male sexual 
maturity on growth body size and processing traits are analyzed (Doyle, 1983). 

The initial phase of genetic research is intended to provide basic information on the 
level and organization of genetic variation in the candidate species. Domestication involves 
primary quantitative genetics applied to morphological traits and in this regard, studies 
have been conducted on the correlation of various metric traits with tail weight. For 
morphometric analysis a set of variables are measured. An external morphological variable 
could be used when selecting broodstock for increased growth of tail muscle instead of 
sacrificing individual prawn (Lester. 1979). Regression analysis shows that a large portion 
of variance in tail weight can be explained by a single variable in each species. It is 
interesting that different variables enter the regression from each species data set and 
the correlations are quits distinct despite the appearance of morphological similarity among 
the penaeid species (Fig. 4). 
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Lester (1983) interpreted that an external morphological variable could be used when 
selecting brood stock for increased growth of tail muscle instead of sacrificing individuals to 
measures tail weight and estimating breeding value of relatives of the variables found to be 
highly correlated with tail weight, the depth of sixth segment seem preferable. It had a 
correlation coefficient wiUl tail weight of 0.95 in i? vannameiand 0.85 in P sty/imshis (Thomas. 
1975). 

Craig and William (1988) studied instar red swamp crayfish Procambarus clarkii for 
body size traits and dress out percentage. Females and mature males were significantly 
different from the overall mean for abdominal width. Correlations between traits ranged 
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from - 0 72 between chelalength and width with dress out percentage in females and mature 
males to + 0.95 for several traits. 

Prawn and Shellfish quallty traits 

The importance of raising the general quality of prawn and shrimp is now widely 
understood. Quallty criteria vary widely and the preffered taste depends on tradition. It is 
possible to influence quality in the direction of consumer preference, feed and nutrients 
influence quallty by changing the chemical composition of prawn flesh (Wathne, 1995). It is 
also possible to change carcass quality by breeding and selection (Rye and Gjerde. 1996) 
(Fig. 5,6, 7). 

The characterisation of muscle and connective tissue also affects the sensory 
attributes of prawn Muscle tlssues together with adipose tissue compose the edible parts 
of Prawn Protein content and composit~on are stable during development: The wide variability 
in the characteristics of muscle and connective tissues in commercial prawn is related to 
their mode of development It is especially true for main contractile prbtein, myosin. The tail 
muscle of prawn IS generally soft wlth neutral odour and taste. The structural component 
and the organization of tissues are very specific and easily damaged. The degradation that 
takes place in the meat during harvesting, post-harvest handling and processing has 
important consequences for the sensory value of the meat. 

lntenslve prawn farming practices have necessitated the development of technologies 
for selective breeding and genetic manipulation of stock, for traits of specific Interest, such 
as faster growth, better meat taste and hlgher production. Analysis of desired carcass 
attributes helps in determining the growth potentials and production efficienc~es. For this to 
be accomplished, accurate, standard and uniform methods of carcass evaluation are critically 
Important. Therefore, a standard procedure and format for slaughter data collection has 
been made at Central Institute of Freshwater Aquaculture. Kausalyagang, and Bhubaneswar, 
India for prawn carcass evaluation. 

Format for Data Collection 

2. Case sheet No. 8. Sex 

3. Date 9. Year class 

4. Species 10. Physiological stage 

5. Age 11. Weight class 

A. Carcass Database 

1. Accession No. 7. Pond type 
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Prawn Caream Conformation Data Sheet (Flg.3): 

Body length (BL) Cm. 

Carapace length (CL) Cm. 

Carapace WUth (CW) Cm. 

Tail length (TL) Cm. 

Condition factor (CF) 

Pmwn Morphometric Trait Data Sheet (Fig. 8) 

Partial carapace length (PCL) cm. 

Carapace width (CW) cm. 

First segment length (FSL) cm. 

Anterior abdomen circumference (AAC) cm. 

Second abdominal segment depth (SAD) cm. 

Fifth segment length flexed (FLF) cm. 

Sixth segment length (SSL) cm. 

Posterior abdominal circumference (PAC) cm. 

Sixth Segment depth (SSD) cm. 

Fig. Set of variables for niorphon~etric analysis 
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Procedure to measure a set of variablds for morphometric analysis (Fig. 8). 

1. Sixth segment length (SSL), length of the sixth abdominal segment along the mid 
dorsal line, to nearest 0.1 mm. 

2. First segment length (FSL), length of the first abdominal segment along the mid 
dorsal line with the prawn extended, to nearest 0 1 mm. 

3. Partial carapace length (PCL), from the posterior margin of the orbit to the posterior 
edge of the carapace, to nearest 0.1 mm. 

4. Carapace width (CW), greatest width at the point of the last dorsal rostra1 tooth, to 
nearest 0.1 mm. 

5. Anterior abdomen circumference (AAC), circumference at the ~ntersection of the 
second and third abdominal segment, to nearest 0 1 mm. 

6. Second abdominal segment depth (SAD), depth at the intersection of the second 
and third segment, to nearest 0.1 mm. 

7. Fifth segment length flexed (FLF), distance from posterlor margln of the fourth to 
posterior margin of the fifth segment with abdomen maximally flexed, to nearest 0.1 
mm. 

8. Posterior abdominal circumference (PAC), circumference at the intersection of the 
fifth and sixth segment, to nearest 0.1 mm. 

9. Sixth segment depth (SSD), depth at the mid-point of the sixth segment, to nearest 
0.1 mm. 

10. Tail weight (TW), weight of the abdomen severed along the posterior edge of the 
carapace, to nearest 0.01 g. 

Suggestions 

Among the commercial characteristics of prawns tail muscle yield and flesh quality is 
becoming more important to the prawn industry. The consumer dictates the flesh quality 
and it is a very complex characteristics. An attempt has to be made to derive and analyze 
quantitatrve and qualdative tail muscle qual~ty and its relatlon to prawn carcass characterrstics. 
Carcass quality traits for each species must be defined exactly and should be possible to 
measure with a high repeatability. Some of the quality traits vary within the carcass Therefore, 
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a very precise carcass evaluation is necessary to arrive at any useful conclusion To have an 
efficient program for improving growth, tail meat yield and flesh quality traits of prawns, it is 
necessary to test 10-1 5 prawns from each species, weight class and sex for carcass evaluation 
from year class and geographic region and to compile a database. 
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AN INSIGHT INTO FISH AND SHELLFISH 
DISEASES IN INDIA 

P.Swain, S.Dash, B.K. Das and B.K. Mishra 

Fish and shellfish aquaculture plays a pivotal role in the national economy of the 
country for its contribution to the food basket and employment generation. It has been 
established as an industry since the last decade. The total fish production during 2001- 
2002 was 6.13 million tonnes with marine and inland fisheries contributing 46 2% and 53.8%, 
respectively. Fish is a cheap source of animal protein and current per capita consumption of 
fish in India is around 9 kg per annum as compared to 11 kg recommended by World Health 
Organization (WHO). Presently the contribution of fisheries sector to the gross domestic 
product (GDP) and agriculture GDP has been estimated to be 1 2 and 4.2%, respectively. 

Due to intensification of aquaculture practices with improved technologies, diseases 
of microbial etiology of economlc significance have surfaced in rearing and grow out ponds. 
Currently, infectious disease is the slngle most devastating problem in shrimp and fish 
culture and presents ongoing threat to other aquaculture sectors. In Asian countries, losses 
due to disease problems have been estimated to be more than US$ 3000 mtllion. Bacteria, 
viruses, fungi or parasites may cause most disease problems. Annual loss due to dlseases 
in carp culture in Andhra Pradesh itself is estimated at about Rs 40 million. Viral disease in 
shrimp culture has become a stumbling block and the economic loss was estimated at 
about Rs 9450 million In 1995-96. So, knowledge on dlseases, thelr etiology, diagnostic 
methods, epizootiology are of utmost importance for diseases diagnosis, forecasting and 
planning of sound aquaculture practices. 

Aquatlc Animal Diseases 

In the context of aquaculture, disease may be broadly defined as any condition that 
leads to sub-optimal production. A definition from the medical literatures state that: a disease 
is the sum of the abnormal phenomena displayed by a groupof living organisms in association 
with a specified common characteristic or set of characteristics by which they differ from 
the norm of their species in such a way as to place them at a biological disadvantage 
(Campbell et el, 1979). Aquatic animal diseases can be caused by: 

a) primary pathogens without involvement of environmental stress; 

b) primary pathogens as a result of environmental stress; 

c) opportunistic pathogens as a result of environmental stress; and 

d) poor environmental conditions without involvement of pathogens. 
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The degree to which an animal is susceptible to pathogens and the occurrence of 
clinical diseases largely depends on three main tactics: The status of the host organism, 
the environment and pathogens. When one or more factors are unfavourable the host must 
adopt ks physiology or behaviours to compensate. These adaptive responses, stress, impair 
normal physiological functioning and reduce the host's chance of survival. In particular, 
chronic stress lowers the resistance of fishes to infectious agents. Specific examples of 
things can cause stress (stressors) are l~sted in Table 1. 

Table 1. Different types of stressors 
- 

NACA /FA0 and OIE listed diseases deemed to be important to Asia-Pacific 
region based on OIE International Aquatic Animal Health Code-1997. 

Chemical stressors 

I) Poor water quality-low 
dissolved oxygen, 

11) Pollution 

iii) D~et composition-types 
of protein, amlno acids 

IV) Nitrogenous and other 
metabolic wastes, 
accumulation of 
ammonia or nitrite 

Source: Asia diagnostic guide to Aquatic Animal Diseases (FA0 Fisheries Technical 
Paper 40212) 

Diseases Prevalent in Some Parts of the Region 

Biological stressors 

i) Population density 
overcrowding 

11) Other species of fish- 
aggression, territoriality, 
lateral swimming 
space requirements 

~ii) Microorgan~sms- 
pathogen~c and 
nonpathogenic 

iv) Macroorganisms- 
internal and external 
parasites 

Finfish diseases 

1. Epizootic haematopoietic necrosis (EHN) 

2. Infectious haematopoietic necrosis (IHN) 

Physical 
stressom 

i) Temperature 

li) Light 

iii) Humidity 

iv) Dissolved 
gases 

v) Dissolved 
solids 

Procedural 
stressors 

i) Handling 

ii) Shipping 

iii) Disease 
treatments 



~at~.nhaudng, ~ e t a i m n g  6 Databam~ Bainlwmatiw and Statistics in Fisheries Ressanh 

3. Oncorhynchos masou virus disease (OMVD) 

4. Infectious pancreatic necrosis (IPN) 

5. Viral encephalopathy and relinopathy (VER) 

6. Epizootic ulcerative syndrome (EUS) 

7. Bacterial kidney diseases (BKD) 

Mollusc dlsesses 

1. Bonamiosis (Bonamia sp., 8. ostreae) 

2. Marteiliosis (Marleilirefringens, M.sydneyl) 

3. Microcytosis (Mikrocytos mackini, M, roughly) 

4. Perkinsosis (Perkinsus rnarinus, P olseni) 

Crustacean dlsesses 

1. Yellow head disease (YHD) 

2, Infectious hypodermal and haematopoeitic necrosis (IHHN) 

3. White spot disease (WSD) 

4.  Baculoviral midgut gland necrosis (BMN) 

5. Gill associated virus (GAV) 

6. Spawner mortality syndrome (' Midcrop mortality syndromeX)(SMVD) 

7 .  White tail disease of Macrobrachiurn rosenbergi 

Diseases Presumed Exotic to the Region, but Reportable to the OIE 

Finfish dlseeses 

1. Spring viraemia of carp (SVC) 

2. Viral haemorrhagic septicemia (VHS) 

Mollusc diseases 

1. Haplosporidiosis (Haplosporidium costale, H.nelsoni) 

Other Diseases within the Reglon, not Currently Listed 

Finfish diseases 

1. Lyrnphocystis 
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Mollusc diseases 

1. Marteilioidosis (Martilioides chungmuensis, M. bmnchialis) 

2. lridovirosis (Oyster velar virus disease) 

Crustacean diseases (the following diseases an so far presumed, but not proven, 
to  be exotic to  this region) 

1. Taura Syndrome (TS) 

2. Nuclear polyhedrosis Baculovirusis (Baculovirus penaer) 

3. Necrotising hepatopancreatitis 

4. Crayfish plague 

Different types of fish and shellfish diseases prevalent and reported In India 

In India, the increase in aquaculture production particularly the expansion into intensive 
and semi intensive methods of production has been coupled with increase in fish and shellfish 
resulting from high stocking densities and stress conditions that favour the occurrence and 
spread of infectious diseases. It is very essential to identify these infectious diseases in fish 
and prawn even in the initial stage and control the same before it spreads. 

Bacterial diseases 

Bacterial diseases are frequently encountered in eggs, fry, fingerlings of fish and 
prawn causing heavy mortality. These microorganisms are essentially opportunistic 
pathogens which invade the tissues of a fish host rendered susceptible to infection by stress 
factors or bacteria belonging to 8 genera are associated with fish diseases. Summary of 
bacterial dlseases encountered in fish 1s given in Table 2. 

Fungal diseases 

Fungal infection of fish by Oomycetes commonly known as water moulds are 
widespread in freshwater and represent the most important fungal groups affecting wild 
and cultured fishes. Other major groups of fungi involved belong to Achyla, Aphanomyces, 
Branchiomyces, Dictyuchus, Fusarium, Leptomifies, Pythium and Saprdegnia. Among these 
saprolegnia is considered as dreaded disease once, since it affects almost all the species 
of fish and even fish eggs. Usually fungal diseases occur as secondary infections arising 
from conditions such as bacterial infections, poor husbandry, and infestations by parasites 
and social interactions. However, there are several reports of Oomycetes as primary 
infectious agents of fish. Some of the common fungi associated with fish diseases are 
given in Table 3. 
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Table 2. Common bacterial diseases recorded from cultivable species of fish 

Table 3. Common fungal dlseases recorded from culttvable species of f~sh 

- 
Dlsease 

1. Columnaris disease 
(=Flexibacter/ 

2. Bacterial gill disease 

3. Pseudomoniasis/Psedomonas 
septicemia 

4.  Aeromoniasis 

5. Edwardsiellosis or Emphysematous 
putrefactive disease (EPD) 

6. Vibriosis 

7. Eye disease of Catla catla 

8, Infectious Dropsy 

Causative agent(s) 

Flavobacterium columnare 

Cytophaga columnaris) 

Flavobaclerium branchiophilum 

Pseudomonas sp. particularly 
Pseudomonas fluorescens 
Aeromonas hydrophila 

Edwardsiella tarda 

Vibrio anguillarumVibrio 
parahaemolyticusVibrio alginolyticus 

Aeromonas liquefaciens 

Aeromonas hydrophila 

Protozoan diseases 

Disease 

1. Saprolegniasis 

2. Branchiomycosis (Gill rot) 

3. lchthyophornasis 

Ciliates, Mastigophora and Myxosporidia are three main phyla responsible for various 
protozoan diseases of fish and prawn. Most of the organ systems are ~nfected by these 
parasites and majority of the groups of protozoan parasites can cause mortality in fish. 
Among the ciliates, lcthyophthirius multifilliis causes large-scale mortalities of freshwater 

Causative agent@) 

Saprolegnia parasitica 
(common name: Fish moulds) 

Branchiomyces dem~gransBranchiomyces 
sanguinis 

lchthyophonus sp. 

fish. Its counter part, Crypfocaryon imyans is of marine origin and causes severe mortalities 
among the marine ornamental and other commercial fishes. Some of the common protozoan 
diseases found frequently in fishes are given in Table 4. 
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Table 4. Common protozoan dlseases recorded from culturable species of fish 
- -  

2. Trichodiniasis Trichodina sp. 

3. Myxosporodiasis Myxobolous sp. 

Helminth diseases 

Worm diseases caused by the groups Monogen~a, Digenia and cestode. In fishes 
causing their growth retardation and mortality. In many cases these parasites in association 
with other parasite groups cause serious damage to the host fishes. Among monogenetic 
trematodes, Gyrodactylus sp, and Dacty; logyrus sp, are most important as sometimes 
they cause extensive damage. Some of the common helminth diseases in fishes are listed 
in Table 5. 

Table 5. Common Helminth diseases encountered in culturable species of fishes 

Crustacean diseases 

Disease 

1. Dactylogyrusts 

2. Gyrodactylosis 

3. Black spot disease 

4. Acanthocephalan disease 

5. Ligulosis 

6. Sangulnicolasis 

Crustacean parasites are frequently found to infest fishes and prawns. These are 
ectoparasites and mainly 3 groups- Branchiura (Agulus sp.), Copepoda (Learnea sp. 
Erguillus sp.) and lsopoda (Isopod sp.) are responsible for fish and prawn diseases. Two 
crustacean parasites Learnea sp (anchorworm) and Argulus sp. (fish louse) are most 
w~despread and commonly found parasitizing major carp species sometimes causing large- 
scale damage in nursery, rearing and stocking ponds. However in general low infestations 
in crustacean parasites do not cause serious damage to fishlprawn except irritation and 
localized ulceration. Some of the common crustacean dlseases in flsh are cited in Table 6. 

Causative agents 

Dactylogyrus (Gill fluke) 

Gyrodactylus (Skin fluke) 

Diplostomurn sp 

Acanthogyrus acanthogyrus 
guptaiPallisentis sp.Acanthosentis antispinus 

Ligula intestinalis 

Sanguinicola sp. (Blood fluke) - 
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Table 6. Common crustacean discieses encountered in culturable soecies of fish 

1 2. ~rguIosis I Argulur sp. I 
Disease 

1. Lernaeasis 

3. Ergasilosis Ergasilus sp.Muurgulicola sp. I 

Causative agent@) 

Lernaea sp. 

In India finfish diseases due to viruses have not been reported yet, however their 
incidences are suspected in some fish species particularly those cultured in cold-water 
regions. They include 

i) Infectious pancreatic necrosis (IPN) 

ii) Viral haemorrhagic septicaemia (VHS) 

iii) lnfectious haematopoietic necrosis (IHNV) 

iv) Epizootic haematopoietic necrosis (EHN) 

v) Spring viremia of carp (SVC) 

Major shrimp diseases 

Shrimp aquaculture has become one of the fastest developing industries in recent 
year. It is a multidisciplinary activity involving culture of food organisms, seed procurement, 
stocking, feeding, and health management. Due to intensification of culture practices, disease 
outbreaks are frequently encountered in shrimp culture. The most important predisposing 
factors leading to disease outbreaks in shrimp culture are: 

i) adverse environmental conditions 

ii) high stocking density with limited water exchange facilities 

iii) nutritional deficiency 

iv) accumulation of unutilized feed followed by its putrefaction by the native heterotrophic 
microorganisms 

v) inadequate aeration 

vi) heavy algal bloom in the pond 

vii) physical injury 

viii) presence of virulent pathogens in high count and 
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ix) stocking of weak, not good quality shrimp larvae in the pond. 

There are many less known stress factors causing outbreak of diseases in shrimp 
farms. Various etiologic agents such as viruses. bacteria, fungi, parasites, algal toxins, 
nutritional deficiency or adverse environment may cause the diseases. Some of the common 
shrimp diseases are listed in Table 7. 

Table 7. Some common shrimp diseases of India 

Vim1 diseases of shrimp 

Bacterial diseases of Shrimp 

Disease 

1. Monodon type baculovirus (MBV) disease 

2. Yellow head disease 

3. Baculovirus penaie 

4. Infectious hepatopancreas 
haematopoietic necrosis 

5. White spot disease 

Species affected 

Penaeus monodon (post larva and 
adult) 

Peneeus monodon 

Penaeid prawns 

Penaeus monodonPeneeus 
indicusPeneeus senisulcstus 

Penaeus monodonPeneeus 
indicusPenaeus 
merguiensis, Penaeus 
setiferouspenaeus 
stylirostes 
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1. Necrosis of appendages 

2. Vibriosis 

3. Luminescent bacterial disease 

4. Filamentous bacterial disease 

5 Brown spot disease 
(Shell disease or Rust disease) 

6. Bacterial septicaemia 

Vibrio sp.. Pseudomonas sp.. Aeromonas sp., 
and Flavobacterium sp. 

Vibrio alginolyticus, V. paraheemolyticus, 
V. angoillarum 

V harveyi 

Leucothrix mucor 

Vibrio sp., Aeromonas sp., Flavobacterium sp. 

Vibn'o sp. - 
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Diseases Causative agent(s) 

1. Chronic soft shell syndrome Environmental factors such as pH, sal~nity, 
temperature, organic matter 

2. Black gill disease Environmental as well as microbial agents 

3. Cramped tail disease Not Known r 

Pensltic diseases of shrimp 

Freshwater prawn diseases 

W 

1. Larval mycosis 

2. Protozoan fouling 
Zoothamnium, 

3. Cotton shrimp disease 

4. Bopyrid parasitic infwestatlon 

5.Enterozoic Cephalin gregarine infection 

In fresh water prawn several diseases have been identified both in the hatcher~es 
and grow-out systems, but many of them have an unidentified etiology. But most of the 
diseases appear to be due to poor hygienic conditions, inadequate water exchange, poor 
feeds or low oxygen levels. Protozoans, bacteria, fungi, coelenterates etc. appear to cause 
diseases to freshwater prawns. But most of them are considered as opportunistic rather 
than obligate pathogens. During recent years, attention of aquaculturists, fishery 

Causative agent@) 

Oomycetous fungi such as Lagenid~um sp., 
Sirolpidium sp., Haliphthorous sp. 

Protopzoans such as Vorticella, 

Epistylis. Acineta and Ephelota 

Microsporidla such as Agmosoma, 
Ameson and Pleistophora 

Bopyrid parasite, Epipenaeon sp. 

Protozoan such as Cephalolobus sp 

entrepreneurs and fisheries research organizations have gone towards diseases in farmed 
prawns. Fortunately, so far diseases and mortality problems in Macrobrachium culture have 

Environmental diseases of shrimp 

been less in comparison to its penaeid counterpart. Following are some of the common 
diseases of Macrobmchiumspecies wh~ch are frequentiy encountered during different stages 
of their life history. 

I) Larval midcycle disease (MCD): This is commonly called MCD of Macrobmchium 
larvae, generally affects zoea IV-XI stages. Diseased prawns show marked reduction 
in food consumption and weak swimming and often spiral movement. 
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ii) Bacterial necrosis: Bacterial necrosis cause 100% mortality in l and  stage 4 to 5, 
but the older stages are more resistant. The etidogy of disease is suspected to be 
bacterial in origin. 

iii) Epibiont fouling disease: This disease affects all the species of Macrobrechium 
throughout the life cycle. Numerous causes have been attributed induding rod shaped 
bacteria, filamentous bacteria, filamentous algae (Lyngbya sp.), fungi (Aphe~myces 
sp.), Achyla sp. Peritrich protozoans (Epistylis sp., zoothaminium sp.. Vorticella sp.), 
barnacles etc. 

N) Black spot disease: Black spot is one of the most prevalent diseases of &kmhchhrm. 
The disease is caused by a chitinoclastic bacteria usually 8eneka sp., however, 
Pseudomonas and Aeromonas have also been isolated. 

v) Branchiostegite melanisation: It affects juveniles and adults of culturedlcaptured 
Macrobrachiurn sp. Etiology and treatment is unknown. 

) Idiopathic muscle necrosis: A non-infectious disease causes necrosis of muscles. 
No definite proof of cause is known. However, stressful conditions like increase in 
arnmonical nitrogen (0.2) and pH (8.0), IMN were observed. 

vii) lsopod parasitic disease: The bopyrid isopod, probopyrus has been found to attack 
the juvenile, M. rosenbergiiand M. eequidus etc. The affected prawns are normally in 
the size range of 25-55mrn. 

VI~I) White muscle syndrome: A viral disease of M. rosenbergii, recently represented in 
Nellore district in Andhra Pradesh, which causes huge economic loss. The disease is 
caused by a nodavirus and affects the post larva and juvenile stage. 

Principles of disease treatment and control 

The essential principles of disease treatment and control are to: 

i) establish an accurate diagnosis; 

ii) select an appropriate and environmentally responsible treatment; 

iii) evaluate management practices within the farm and 

N) determine if future outbreaks could be prevented by changes in procedure or design. 

Establish an accurate diagnosis 

Accurate diagnosis of a disease is often incorrectly described as complicated and 
costly. Disease diagnosis is not solely a laboratory test. A laboratory test may confirm the 
presence of a specific disease agent or it may exclude its presence with a certain level of 
certainty. Incorrect diagnosis can lead to ineffective or inappropriate control measures. 
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D(seaee diagnosis should be made as a continuum of observations starting as the firm and 
intact, commencing p r i i  to disease event. The different levels of disease diagnosis, which 
can be undertaken when investigating a disease situation, are as follows. 

a) Level 1: Farm/Production site observations, record keeping and health management 
should stronglyemphasized, as this forms the bass for triggering the other diagnostic 
levels (I1 and Ill). 

b) Level 11: It includes the specializations of parasitology, histopathology, bacteriology 
and mycology, which require moderate capital and training investment and which 
generally speaking cannot be conducted at the farm or culture slte. 

c) Level Ill: It comprtses the types of advanced diagnostic specialization, wh~ch requires 
signifcant capital and training investment. Level Ill technology is become field access~ble 
in the near future. 

Diagnostic principles and procedures: 

The following diagnostic procedures are to be adopted for accurat~ diagnosis of the 
disease. The use of all or some of these steps are entire depend on the experience of the 
expert who diagnose the disease. Though some diseases can be diagnosed at farm site by 
a farmer (Level-I) other needs expert consultation (level II & 111) 

I. Glors Observations 

1. Behaviour (Level I) 

2. Surface Observation (Level I) 

3. Skin end Fins (Level I) 

4. Gills (Level I) 

5. Body (Level I) 

6. Internal observations (Level I) 

7. Body cavity and muscle (Level 1/11) 

8. Orgms(Levell4l) 

11. Environmental Parameters (Level I) 

1. Temperature (Table 8) 

2. DissotvedOxygen 

3. Salinity 
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4 Turbidity 

5. Alkalinity Hardness 

6. Dissolved Ammonia and Nitrite 

7. Human activity 

Table 8. Most frequently encountered diseases of fishes and prawns those cause heavy 
economic losses and their seasonal distribution in Indian water 

Diseases 
Bacterial d~seases 
Aeromon~as~s 

Edwardsellosts 

Bacter'al glll disease 

V~br~os~s 

Vlral d~seases 

Wh~te spot dlsease 

Monodon Baculo- vtrus 
d~sease 

Wh~te tall d~sease 

Fungal diseases 

Saprolegn~asls 

Parasltic d~seases 
Argulosls 

Lernaeas~s 

M yxospor~d~asls 

Dactylogyros~s 

Species affected 

Freshwater fishes 

All freshwater and 
some brack~sh water 
fishes 

All freshwater flshes 

All freshwater f~shes 

Freshwater prawhl 
shr~rnps 

Penaeus monodon 

Penaeus monodon 

Macrobrachrum 
msenbergr! 

All freshwater fishes 

All freshwater f~shes 
w~th scales. Labao 
mhrta more 
suscept~ble 
All freshwater fishes '' 
All freshwater fshes 

All freshwater fishes 

Stage of fish 

All stages 

Mostly fry and 
fingerltngs 

Grow out and 
Adult 

All stages 

All stages 
AII stages 

All stages 

All stages 

Post larvae and 
juven~le 

All stages 

Aduil 

Adult and 
Juveniles 
All stages 

Adult 

' 
W~nter 

Yes 

Yes 

Yes 

NO 

No 
Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yer, 

Seasonal 
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No 
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No 
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Yes 

No 

No 

Yes 
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Yes 

No 
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Yes 
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1. ReCollection Preparation (Level I) 

2. Background Information (Level I) 

3. Sampk Collsction for Health Surveillance (Table 8) 

4. Sample Collection for disease diagnosis (Level I) 

5. Live Specimen Collection for Shipping (Level I) 

8, Dead or Tissue Specimen Collection for Shipping (Level I) 

7. Preservation (Fixation) of Tissue Samples (Level I) 

8. Shipping Preserved Samples (Level I) 

Tabk 9. Sample sizes needed to detect at least one infected host in a population of a given 
size, at a given prevalence of infection. Assumptions of 2% and 5% prevalence are most 
commonly used for surveillance of presumed exotic pathogens, with 95% confidence limit 
[Source: Asia diagnostic guide to Aquatic Animal Diseases (FA0 Fisheries Technical Paper 

402/2)1 

IV. Rceord Knping (L.v.1 I) 

i) Gross observations (Level I) 

ii) Environmental O t m v a b n  (Level I) 

iii) Stcckhg Records (Level I) 

100000 1594 I 2 9 6  1 147 I 9 7  1 72 
I000000 1 596 1297 1 147 197 1 72 
> 1000000 1000 1300 1150 1100 175 

57 
57 
80 

27 
27 
30 
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V. Speaific Diagnostic Procedures 

i) Rapid squash muscle preparation and microscopic observation (Level I) 

ii) Isolation of the causative bacteria, fungus and virus (Level Ill) 

iii) Biochemical Characterization of causative bacteria (level Ill) 

b) lmrnunoassays (Enzyme Linked lmmunosorbent Assays or Fluorescent Antibody 

Technique) (Level Ill) 

v) Transmission slectron microscopy (Level Ill) 

vi) Polymerase chain reaction (Level Ill) 

vii) Nucleic acid assays using specific probes (Level Ill) 

Select an appropriate and environmentally responsible treatment 

A holistic approach should be adopted for treatment that considers the interaction 
between the host, the environment and pathogens. Clearly, the most appropriate treatment 

for the disease will depend on the diagnosis determined by a fish health specialist and also 
on the specific management practices and resource of the farm. 

Prevention - controlling disease through effective management 

The most important approach to disease control is managing the cultwe unit to reduce 

disease predlsposlng conditions. This is best achieved through the use of realistic stocking 
densities, prevent~ng the introduction of pathogens, matntenance of good water quality, avoiding 

stress and through the provision of adequate nutritton. 

Diagnostic tools 

Spec~fic d~agnostic tools for diagnosis of some of the bacterial and viral diseases of fish and 

prawns are available In India. They include 

1. Spot agglutination and ELlSA kits are available in ClFA for detection of bacterial gill 

disease, Edwardsiellosis and Aeromoniasis disease. 

2. PCR for detection of shrimp pathogen. PCR is widely used for detection of shrimp 

pathogens such as white spot syndrome virus (WSSV) and Vibrio sp. By using two step 

PCR; a large number of apparently healthy Penaeus monodan post larval stages were 

screened for the presence of WSSV. Only 5% apparently heaRhy PL gave positive reaction 

reaction in one step PCR whereas48% showed positive reaction in two-step PCR. 
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3. Reverse transcriptme (RT)-PCR for detection of nodavirus, the pathogen of white tall 
disease of Macrobrachiurn rosenbeqiispecies is also recentiy available in ClFA for 
specific diagnosis. 

Diseases, no doubt are the main stumbling block of development of aquaculture, thereby 
affect the socioeconomic status of the country like India. Though enormous loss is incurred 
due to diseases, a less attention is given fordisease management and a very few well-trained 
people are available in this field. Since many diseases are already preva~l~ng In this country, 
some diseases like bacterial gill disease of fishes and white tail disease of Macrobrach~um 
rosenbergii have appeared recently. Some more diseases already existing In Asia-Pacfic 
region may appear in this soil unless strong attention is given. So it is emphasued that 
strong national policies in disease management, health certification, seed certification, 
quarantine and import- export regulation should be formulated. Only through responsible 
trade, with the partnership and responsibilities shared between importing and exporting 
countries, will the risks of serious aquatic animal pathogen introduction and spread be 
minimized. 

Important websltes containing fish diseases information resources for further 
8tudisr 
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NETWORKING PROFESSIONALS THROUGH DISCUSSION 
FORUMS ON THE VIRTUAL PLATFORM 

Labhml Murthy 

Improvements in Information and Communication technology are revolutionizing the 
way people access information. These new technologies are helping improve communication, 
disseminate information and facilitate sharing of knowledge and skills. The increase in electronic 
information and communication technologies and in particular networked information is the 
most notable change to affect the working practices of information professionals in recent 
years. 

Internet: the network of networks 

One of the major developments in the Information Age has been the advent of the 
Internet. The lnternet - a network of networks as it is aptly called - is a combination of 
Computers and Telecommunication, which gives access to a world of information on a mouse 
click. Someone can post information on the lnternet and anyone, anywhere, with a computer 
and a telephone, can access it. lnternet is changing traditional ways of managing information 
by establishing new sources of information and new methods of communication on a global 
basis. All the information is available to everyone on the network regardless of physical 
location of the resources or the user. National and International organizations, NGOs, Academic 
Institutions, etc, have hosted their homepages on the world wide web, and have started 
offering information on their organizations and operations enabling its sharing and wider 
dissemination. Databases on a wide variety of topics are accessible on the Internet. The net 
offers tremendous potential for sharing resources like documents, data and software and 
network services. 

The lnternet apart from being a vast storehouse of information is also a virtual meeting 
place. People can communicate through mailing lists, newsgroups, discussion forums, 
electronic bulletin boards etc. It is possible to have instant access to many people in a 
particular field, and it is possible to send a question to a discussion group and get responses 
from different perspectives. The lnternet provides an ideal platform for collaboration and 
partnerships between organizations and among professionals, with respect to information, 
programmes and projects, monitoring and evaluation, research, policy development etc. 

Implications of the lntemet for the Professional 

The lntemet is impacting on various sectors like aquaculture, agriculture, health, industry, 
environment, telecommunication trade, etc. The range of information and expertise it offers 
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includes: access to information in universities; organizations: and the accumulated wisdom 
of a number of professionals who share their experiences everyday with e-mail discussion 
groups. Wider access to the Internet, friendlier tools for using it, and a growing body of useful 
information are helping to make the Internet an essential tool for agricultural practitioners, 
advisors, consultants, and researchers. The Internet also facilitates the sharing of information 
among individuals irrespective of location, replacing the more traditional controlled flow of 
information from 'experts" to practitioners - facilitating an interactive dynamic information 
exchange. 

In order to keep pace with new developments, Internet connectivity alone is not enough. 
What is needed is active participation and contribution to the world's growing digital knowledge 
bank that has the potential to educate and reform in many sectors including agriculture. One 
way to facilitate this is through listservs or electronic discussion forums. 

Electronic Dhcussion Forum 

Listservs are email discussion groups that are categorized by the area of interest. 
Listservs allow you to be part of a group of practitioners through emaii messages. One can 
use the listserv to engage in collaborative work, for discussion, or to make announcements. 
Listservs allow you to create your own private or public email based discussion group. 
Discussion forums and listservs both offer opportunities to take part in online conversations 
with other professionals in the field. 

A Discussion Forum is an online area where contributors can carry on debates and 
discussions by posting questions and observations and inviting responses from other 
participants. It is an open forum for exchange of information and ideas on particular topics, 
and to seek help on various issues through electronic mail. To participate, one needs to 
subscribe to the discussion list. There are a number of electronic discussion groups 
representing different subject domains. Most of these are based on academic topics, offering 
researchers a place to meet, discuss, and exchange views. It is a virtual meeting place for 
people interested in a certain issue, to establish communication among them. The 
distinguishing feature of an electronic forum is that this meeting place is not a geographical 
location but the computer screen of each of the members of the forum. A subscriber to the 
discussion forum receives in hidher email account a copy of each message that has been 
sent to the forum and can send a message, aware that it will reach every other participant. 

They bring together a larger and more diverse group of people than most physical 
conferences or seminars would permit, and their extended duration permits a level of sustained 
interection and refkction on the chosen subject that is rarely possible with a conference or 
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seminar. Contribuths frwn knowledgeable visitors can make the forums an archived resource 
of expertise. 

A forum may be moderated or unmoderated. In a moderated one, all messages go to 
a person acting as a moderator, who inspects each message and decides whether it should 
be posted to the group. Thus helshe acts as a filter for inappropriate messages - that are not 
relevant to the purpose of the forum. Moderation involves filtering inappropriate, irrelevant 
messages; editing messages and providing suggestions to participants about improving their 
messages; approving messages; stimulating the discussion if it tends to slow down; not 
allowlng a few to dominate and providing overall consistency. 

An unmoderated list is one where a message sent gets redistributed to all other users 
automatically. Unmoderated discussions tend to work if the group is relatively small and 
members are familiar with each other. But when the number of members is larger, people are 
less familiar with each other, and the topic needs to be narrowed, moderated discussions are 
likely to produce better results. Moderation helps to organize and focus the discussion and 
thus ensure that members do not go off in different directions. 

One has the option of subscribinglunsubscribing to a forum. Most offer the choice of receiving 
messages individually, or in a dally digest form, or only special notices from the moderator, or 
no mall (where they can check out the messages on the Forum website). 

Setting up discussion Forums 

There are certain issues one needs to keep in mind before setting up a discussion 
forum: 

The desired goals and objectives, scope and intended participants for the discussion 

Time frame for the discussion. 

Who would serve as a moderatorlfacilitator? A successful discussion depends on a 
moderator who helps with the details of organizing and maintaining the discussion, 
coordinates the discussion, poses questions to the group, keeps the discussion 
focused, and captures lessons learned. 

Decide on the background materials for the discussion if the discussion is related 
directly to a study, report, conference, workshop, or project 

Deade on the participants and resource persons who could be actively engaged in the 
discussion. 

Compiling and sharing of the results and lessons from the discussion. 
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The success of an online discussion depends on the sustained commitment and 
involvement Successful discussions are well thought out and designed from the beginning; 
receive a high level of attention from moderatorslfacilitators; and involve knowledgeable 
participants. 

Dlscuurion Software 

A range of discussion software is available for setting up Discussion forums: 

Lyris (w. lvr is.com):  Commercial discussion list software, used by a number of 
development organizations. 

Web Crossing (w.webcrossina com): Web Crossing has many features including 
host~ng discussions on their server and web applications like real-time chat. It is also 
available via World Crossing as a free, hosted sewice 

Majordomo (ww.areatcircle.comImaiordomol): free software, easy to install, simple 
to operate. Majordomo is a program, whrch automates the management of internet 
mailing lists. Commands are sent to Majordomo via electronic mail to handle all aspects 
of list maintenance. Once a list is set up, virtually all operations can be performed 
remotely by email. 

CollaborativeVirtual Workspace (htto~llcvw.sourceforqe.neW): CVW is a collaboration 
software environment that provides a "vrrtual building" where teams can communicate, 
collaborate, and share information CVW also enables virtual co-location through virtual 
rooms. 

Setting up discussion areas free 

These are available free and can be downloaded from the web and are easy to set up. 

Yahoo Groups (htt~:ll~rou~s.vahoo.com). Facility to create your own discussion list 
and archives. 

Quick Topic (www.auickto~ic.com discussion space, including an email interface. 
Includes a workspace area for joint editinglcommenting on word and HTML documents. 

Community Zero (w.communitvzero.com): Community Zero is an interactive website 
that allows a group of people to communicate and exchange information over the 
Internet in their own private and secure area. Within each area, called an online 
community, participants are provided access to a suite of tools that enable a-group to 
effectively get organized, share knowledge and communicate. 



Topica: (vmw.toPica.com) Create your own discussion list oremail archlve (he) 

World Crossing: (w.Wdcrossina.com) Forums, message boards, and chat rooms. 
Customizable to match your website design. It offers an easy and free way to add 
forums, message boards or chat rooms to your Web site. customized to match the 
look of 

Abuzz.com (wwr.abun.com): an interactive knowledge sharing community by the 
New York limes. Abuzz is a knowledge network that uses email and the Web to 
connect you to people, information and points of view that are relevant to you. 

Discussion Forums in Aquaculture 

Listed here are some listsews and discussion forums in aquaculture, with details on 
the coverage and access. 

Listservs/Discussion Forums 

Each week, the SeaWeb Aquaculture Clearinghouse releases a summary of aquaculturn 
issues and developments from around the world by email. Email ~learinahousebseaweb.org 
with a quick note indicating your interest in subscribing to the Clearinghouse weekly online 
newsletter. 

AQUA-L is an aquaculture discussion group owned by the Aquaculture Association of Canada 
and maintained by the Fisheriesand Marine Inst'iute of Memorial University of Newfoundland. 
To Subscribe to AQUA-L: Send a message to maiordomo@killick.mi,mun.c~ 

FISHFOLK Fisheries social science network. Fish folk at MIT is a list serve devoted to 
fisheries issues of relevance to social scientists, fishermen, biologists, managers, government 
officials, conservation gmup members, attorneys, and other acedemics. Through discussions. 
members communicate lessons learned in one part of the globe that can help instruct others, 
and aid in sustaining the world's fisheries. Mail to Ilstservbmitvma.mit.edu to subscribe to 
the list 

FISHJUNIOR (To subscribe send an e-mail to listserv@seam.sunet.sg with the message 
SUBSCRIBE FISH-JUN Your Name.) 

OCEANF-L Ocean Farmers of America Forum. OCEANF-L is a discussion list to support the 
open exchange of ideas and information on: 1) The engineering of ocean farming systems for 
survivability, economy, and improved productivity, 2) Mechanisms to encourage fishermen to 
expand into ocean farming, 3) Biological, husbandry, and environmental issues associated 
with ocean farming at exposed sites, 4) Regulation and ownership of ocean farms in the U.S. 
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Exclusive Economic Zone, and 5 )  Livestock registration and ownership of biological inventory 
Mail to listserv@mitvma.mit.edu to subscribe. 

WATER-FORUM A moderated discussion forum for water resources issues; including drinking 
water, water conservation, environmental chemistry, wetlands, wastewater, irrigation, 
recreational use, fisheries and wildlife use, aquaculture, coastal studies and oceanography, 
environmental and public health issues, contaminationlremediation, computer modeling, 
climetologic, hydropower, and any other relevant water resources topics. Members are from 
academia, industry, government, and the general publlc To subscribe, mail to waterforum- 
&scribe@earou~s.com 

Network of Aquaculture Centers in Asia-PacMc -Forums (httplfwww.enaca.org/ modules1 
newbblindex.php) NACA is dedicated to rural development and poverty alleviation through 
sustainable aquaculture and aquatlc resource management. 

Aqua-culture ~(ht t~: / /~rou~s.vahoo.coml~rou~IA~ua-cul ture/)  Currently has 270 members 
discussing and sharlng informat~on on all aspects of aquaculture. 

aquaculture ( ~ ~ ~ D : / I ~ ~ ~ ~ ~ C ~ . Q ~ O U D S . V ~ ~ O O . C O ~ ~ Q ~ O U D / ~ Q U ~ C U I ~ U ~ ~ / )  

Has 120 Members. This e-group is formed for the benefit of aquaculturists, -scientists 
seafood traders, equipment manufacturers, aquaculture product manufacturers and marketers 
Those who are interested in Aquaculture can freely join this group and post messages, 
suggestions, questions, queries research papers 

AquaBlz . The AquaBusiness Club ( ~ ~ ~ D ~ ~ / c J ~ o u D S . V ~ ~ O O  cornl~rou~IA~uaBizl) 

Have287 members. An online AquariumlAquaculture Business Club where, commercial 
aquarium fish breeders, home breeders, buyers, sellers, traders, importers, exporters, collectors. 
wholesalers, agents, Trans-shippers, transporters, equipment dealers, live and dry food 
breederdmanufacturers/dealers can buy and sell the~r f~sh, invertebrates, related goods and 
Services. Potential traders, sellers, buyers, breeders and others also can become members. 
Membership is open to the above-mentioned peoplelbusinesses in the USA, Europe, Asia 
and Worldwide. 

Members can voice and discuss their business experience with regard to imporVexport 
and legal issues related to the aquariumlaquacultur~trade. Members can also assist other 
members in providing useful information and assist them in market research etc 

, 1:. 

Aqurponicl (h~:llarnups.vahoo.comlarouolAauawnics/) 



Bioiifonalics end Statistics in Fisheries Research NahmMng and Inlonnation Msnagment 

Has 211 Members. Aquaponics offers innovative methods of growing aquatic and 
terrestrial plants and animals. Drawing on and adapting technology, knowledge and experience 
from many fields including, intensive recirculating aquaculture, controlled environment 
horticulture and hydroponics. 

AQUANIC -The Aquaculture Network Information Center (http:llaquanic.org) is a gateway to 
the world's electronic aquaculture resources. AquaNlC is coordinated by the USDA Extension 
service, Mississippi-Alabama Sea Grant Consortium, and hosted by Purdue University and 
the University of Illinois through the Illinois-Indiana Sea Grant College Program. The goals of 
AquaNlC are to: provide access to all electron~c aquaculture information at the national and 
international level; increase the quantity and qual~ty of electronic information available to the 
aquaculture industry; prov~de self-paced aquaculture instruction to the aquaculture industry 
and obtain user input in directing AquaNlC services. Have discussion groups around common 
species and systems. 

Initiatives at MANAGE 

The Nat~onal Institute of Agricultural Extension Management (MANAGE) an organization 
under the Ministry of Agriculture, Govt, of India, based at Hyderabad has been involved in 
setting up and managing the following discussion forums. 

1, Impact of Economic Reforms on Rural Livelihoods (www,livelihoodoptions.info) (as 
part of the Livelihood Options study of the Overseas Development Institute (ODI) U.K.) 
(Now managed by ODI, UK) 

2. An informal email discussion and debate on the impact of ten years of economic 
reforms on rural economy, livelihoods and well being in India. The debate is open to 
development practitioners, policymakers and researchers with knowledge and opinion 
on this subject. It is an open space to pose questions and issues for discussion and 
provide opinions and commentary emerging from the length and breadth of India. 

(Software: Majordomo) 

3. Panchayats Extension to Scheduled Areas (www.livelihoodo~tions.info) (as part of the 
Livelihood Options study of the Overseas Development Institute (ODI) U.K.) (Now 
managed by ODI, UK) 

4.  An informal e-discussion on the issue of Governance in Fiffh Schedule Areas. The 
discussion group is a facilitating mechanism for policy makers, development prM~oners  
within and outside the government, Panchayat representatives, academicians, media 
personnel, and persons with an opinion on the subject. The discussion group is an 
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open forum that provides space for differing perceptions, their critiques, comments 
and commentaries, and sharing of research findings with the participants. (Software: 
Majordomo) 

A platform on the web (~ : / /orou~s.vaho~~wmI~)roudindianaar ineur )  to facilitate 
sharing of ideas, and exchange of messages among agripreneurs and with professionals in 
the field. 

This is a virtual platform to enable agripreneurs, to communicate and share their 
experiences, innovations, interesting developments, problems, progress and any other issues 
with other agripreneurs, scientists and professionals. The idea is to create a network of 
agripreneurs, researchers involved in all aspects of the agricultural sector and eventually 
enable a sustainable delivery of products and services to the farming community. The forum 
set up on Nwernber 27,2002. currently has 453 members. Till date over 350 messages have 
been exchanged among the members posting views, seeking solutions, offering advice and 
sharing experiences. (Yahoo Groups). 

The response on these has been very encouraging. It would be a good idea to explore the 
idea of creating discussion areas to enable aquaculture professionals to share their ideas 
and experiences on the virtual piatform. Distance, which separates these institutions and 
the professionals, would no longer be a barrier to knowledge sharing. 
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MAJOR ISSUES OF COMPUTER NETWORK 
SECURITY AND PRIVAW 

Introduction 

In the digital age of Way, computer viruses are the main cause of chgital disasten. 
There is a constant threat of catastrophic loss of data from viruses attached to documents from 
outside sources, even those from trusted collaborators. The number of organizations reporting 
disasters as a result of computer virus infections increasing sharply every year, even though 
users are installing more virus-protection technologies than ever before, according to a recent 
survey conducted by security f in ICSA.net. Computer virus attacks alone cost global businesses 
an estimated $55 billion damages in the year 2003, a sum that would raise in coming years, 
according to Trend Micro Inc., the world's third largest anti-virus software maker. ~ h a s ~ a m  
threat will increase exponentially, and will become the hideouts for viruses and hacking programs 
trying to gain an entry into the network in future. About 20 to 40 new and variant virus threats 
were reported to Trend Micro on a daily basis worldwide in the year 2003. Security is one of the 
most vulnerable area of computer as awareness level about it is really low in many organizations, 
they do not have the dedicated IT expertise, and have a false sense of sgcurity about viruses 
and hackers attacks, thinking they are too small to target for such attacks 

Computer security is the process of preventing and detecting unauthorized use of 
computer. Prevention measures help stop unauthoriied users or,intrudersJrom accessing 
any part of computer system or network. Detection helps determine whether or not someone 
attempted to break into your system. There are several k~nds of security incidents that cad 
be broadly classified as the probe, scan, account compfomise, packet siliffhg, ddnial of 
service, exploitation of trust, malicious code, and lnternet infrastructurasttacks. The g&&h 
of malicious programs has steadily increased from annoyance to a W o r  security,tQ[eat to 
all communities of computer and Internet users New vulnerabilities and threats arediscovered 
and reported each day. Although it may be practically impossible to maintain security from 
professional industrial spies, a variety of steps can be taken to minimize the threat posed by 
modestly computer-sawy activists and the mpst common nondireded segur'ity threats. These 
steps include using anti-virus utilities, cont{olli?g access through thpuse of adua?ced user- 
authentication technologies, firewalls, and low-lpuel encryption technologies. 

Bioinformatics and Computer Security 

Network security is an increasingly important factor in bioinformatics because of th~F 
central role that online databases, applications, and sroupware such as e-mail play in the 
day-to-day operation of a bioinformatics facility. Life sciences researchers have huge amount 
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of data with which to work The amount of public DNA sequencing data doubles nearly every 
year, and raw files containing complete DNA of a single human being would require hundreds 
of terabytes of starage. Often, biinformatics databases reach tens of terabytes in size and 
push the processing limits of the most powerful parallel systems. The bioinformatii process 
inherently involves a diverse data set comprises scientific, financial, marketing, and regulatory 
information, much of which can live in specialized formats. All this information must be easily 
accessible by broad groups of people in multiple locations; hence the information management, 
security and delivery challenges are fnghtening. 

Given the sensitivity of the information involved in bioinformatiis, data security is 
paramount. Data security is as important as data acquisition, analysis and integration. The 
next gene* bi format ics solutions will mainly focus on data integration. Bioinformatics 
information management requirements will include attributrasof availability, security, protection, 
mobility, and sharing of data. These attributes form the foundation of next generation 
bioinformatics solutions because they ensure trust and encourage reliance on the core 
information technotogy for research and development. Latest computing technologies such 
as BioWeb, BioGrid and e-Mining gaining more importance due to their capabilities of dealing 
with terabytes of data. As cwnputer network is involved in all these processes, hence its 
security is of prime concern. 

Major Securlty Thmab 

Every network presents a variety of security holes through which potential hackers or 
simply curlous persons can implement random threats, such as viruses. Many of these 
threats are network- and operating system-specific. The most common security threats are: 

A computer virus is a small program written to alter the way a computer operates, 
without the permission or knowledge of the user. A virus performs two functions: 

1. It replicates itself. For example, it may replace other executable files with a copy of 
the virus infected file. 

2. It executes Itself. 

Some viruses damage the computer by damaging programs, deleting files, or 
reformatting the hard disk. Others are not designed to do any damage, but typically take up 
computer memory used by legitimate programs, and often cause erratic behavior and can 
result in system crashes. 

1) Boot Sector Viruses: These viruses infect the system area (boot record) of a disk. 
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Boot sector viruses activate when the user attempts to start up from the infected disk. 
These viruses are atways memory resident in nature. Examples of boot sector viruses 
are Form, Disk Killer, Michelangelo, and Stoned. 

2) Master Boot Record Viruses: These viruses are memory resident viruses that infect 
disks in the same manner as boot sector viruses. The difference between these two 
virus types is where the viral code is located. Master boot record infectors normally 
save a legitimate copy of the master boot record in a different location. Examples of 
master boot record ~nfectors are NYB, AntiExe, and Unashamed. 

3) File Infector Viruses: File infector viruses infect program files. These viruses normally 
infect executable code, such as .com and .exe files. Many of these viruses are memory 
resident. After memory becomes infected, any non infected executable that runs 
becomes infected. Examples of known file infector viruses include Jerusalem and 
Cascade. 

4) Multi-partite Viruses: Multi-partite (also known a6 polypartite) viruses infect both 
boot records and program files. These are particularly difficult to repair. If the boot area 
IS cleaned, but the files are not or vise-versa, the boot area will be reinfected. Examples 
of multi-partite viruses include One-Half, Emperor, Anthrax and Tequilla. 

5) Macro Viruses: These types of viruses infect data files. They are the most common 
and with the advent of Visual Basic in Microsoft's Office 97, a macro virus can be 
written that not only infects data files, but also can infect other files as well. Macro 
viruses infect Microsoft Word, Excel, Powerpoint and Access files. Examples of macro 
vlruses include W97M.Melissa, WM.NiceDay. 

ii) Worms and Email Vlruses 

A worm is a computer program that uses computer networks and security holes to 
replicate itself. A copy of the worm scans the network for another machine that has a specific 
security hole. It copies itself to the new machine using the security hole, and then starts 
replicating from there, as well. In contrast to vlruses, worms replicate thernselvesfrom system 
to system without the use of a host file. Using a network, a worm can expand from a single 
copy incredibly quickly. For example, the Code Red worm replicated itself over 250,000 
times in approximately nine hours on July 19, 2001. ILOVEYOU, W32.Klez variants are 
other prevalent examples. Worms most commonly use vulnerabilities in e-mail programs to 
distribute themselves widely and quickly. Various methods used by email viruses and worms 
to penetrate a protected network include attachment files containing harmful code, crafted 
MIME headers, malicious use of HTML script and similar technologies. In the recent past, 
Nimda worm circumvented many email security tools and broke into servers and corporate 
networks as well as infected the home users. 
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What b not a Virus or Worm? 

It is easy to blame any computer problem on a virus due to publicity received by them 
but the following are not likely to be caused by a virus or other malicious code: 

Hardware problems. No virusescan physically damage computer hardware, such as 
chips, boards, and monitors. 

The computer beeps at startup with no screen display. This is usually caused by a 
hardware problem during the boot process. 

The computer does not register 640 K of conventional memory. This can be a sign of a 
virus, but it is not conclusive. Some hardware drivers such as those for the monitor or 
SCSl card can use some of this memory. 

You have two anti-virus programs installed and one of them reports a virus. While this 
could be a virus, it can also be caused by one anti-virus program detect the other 
program's signatures in memory. 

You are not able to open a particular document. This is not necessarily an indication of 
n virus. 

lii) Trojan Hones 

Trojans are programs that claim to do a certain function (it may claim to be a game) 
but in reality do another (it may erase files from hard disk). A very important distinction 
between Trojan horse programs and true viruses is that Trojans do not replicate themsebes. 
These are remote administration or hacking tools that can be used to control other's computers. 
These programs can enable hackers to get your passwords just by listening to your keystrokes, 
enable them to see the view of you  screen as a .jpg file. They can download or delete your 
files, or upload files that they want. For a Trojan horse to spread, you must invite these 
programs onto your computer - for example, by opening an email attachment or downloading 
and running a file from the Internet. Some well-known types of Trojan horses are: 

PWSteal Trojan -Allows to steal others password information 

Backdoor Trojan - This type of Trojan opens a port to allow a hacker to remotely 
control the infected system. Some examples are- Backofice, Netbus and Subseven. 

Subsewn Tman allows someone to have nearly full control of the victim's computer with 
the ability to delete folders andlor files. It also uses a function that displays something like a 
continuous screen cam, which allows the hacker to see screen shots of the victim's computer. 

Iv) Spam and Vlrus Hoaxes 

Spam is unsolicited junk mail that is delivered to an email account or a newsgroup. 
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matter of fact, all recent virusedworms, such as Nimda or Klez successfully broke through 
antiviral protection. Some popular anti-virus programs for Windows are: Norton Anti-virus, 
McAfee Virus Scan and Trend Micro. 

ii) Flrewrlls: Firewalk are stand-alone devices or programs running on a computer that 
block unauthorized access to a network. It isolates computer from the lnternet using a 'wall 
of code" that inspects each individual "packet" of data as it arrlves at either side of the firewall 
-inbound to or outbound from computer - to determine whether ~t should be allowed to 
pass or be blocked depending on specified security criteria. A firewall is considered as a first 
line of defense in protecting private information against the dangers of the Internet. This 
protects !he internal network from intruders or hackers. Dedicated hardware firewalls are 
more secure than a software-only solution, but are also considerably more expensive. An 
lnternet firewall is needed if: 

Computer's files need to be accessed remotely across the Internet. 

The system is operating any sort of lnternet server. 

The system uses any sort of Internet-based remote control or remote access program 
such as PC Anywhere or Wingate. 

You want to property and safely monitor your lnternet connection for ~ntrusion attempts. 

You want to preemptively protect the system from compromise by "inside the wall" 
Trojan horse programs like NetBus and Back Orifice. 

a) Packet Filtem: ATCPllP packet contains a source IP address, a target IP address and a 
port mnnber, fommrg thebass of a TCPIIP wnnection. Services, like Web servers, mail servers 
and FTP servers, run on what are known as well-known ports: 80 for Web, 25 for mail and 21 for 
FTP. These ports can be allowed or denied access from the inside or outside network using a few 
simple rules in firewall. Depending on how firewall rules are conf~ured, it examines each and 
every TCPnP or UDP packet coming into or going out of the network and decides whether to allow 
it through or drop it. 

b) Proxlec: Proxy Servers intercepts all messages entering and leaving the network. 
The proxy server effectively hides the true network addresses. But technically proxies are not 
firewalls, as SOCKS proxies don't shield the network from malicious activity from the outside, 
but let user regulate incoming and outgoing traffic to some extent. Proxies primarily control 
and record outgoing requests but firewalls let you control both incoming and outgoing 
connections. You can allow or deny certain types of connections or clients, restrict access 
to outside networks based on IP or hostname, and so on. 
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iii) Backupand-mtore Took: These are the tw ls  that allow to backup data to a safe 
place - on another hard disk, or across the network. It guarantees 100 percent of recovery, 
even with drastic system crash. Some backup-and-restore tools are: 

b WinBackup 

b Second Copy 2000 

b AutoBackup 

N) Disk Imaging Tooh: These twls allow creating exact image of hard disk, or specific 
partitions, that can be used at later time to restore the computer to the same state as before. 
One of the main uses of these ~maging utilities is to create exact copy of current system on 
a new system. These twls allow to quickly migrating your current system on a new disk or 
new partition on same hard disk. Popular disk imaging tool are: 

b Drive image 7 

Norton Ghost ZOO3 

3. Other Tools and Techniques 

Some other useful tools and techniques for security and privacy are: 

i) Security Testing Services (for port stealth): Hackers generally make attack afler 
scanning the ports. If unnecessary ports are open, it is more likely that security will be 
compromised. On the Internet, your computer may have all 65,535 ports open. There are 
many online test sites that report the status of ports after scanning it. An indicative test site, 
like Shields Up!(hnp:l/grc.comlxlne.dIi? bhObkyd2) tests the ports and shows which computer 
ports are open, closed or stealth. You can stealth or close the opened ports manually or by 
firewall. A comprehensive test is needed to make sure that the firewall is servtng its intended 
purpose and that you have configured it correctly. Comprehensive firewall testing sites are 
Security Space (https:llsecurel.securityspace.com) and Hacker Whacker 
(hackerwhacker com). 

ii) Anti-Trojan: Some well-known anti-Tmjan programs are TDS-3, BOClean, Trojan Hunter, 
The Cleaner, Tauscan and Pest Patrol. The online scanners are GFI TrojanScan 
(www.trojanscan.com/trojanswn) and a2free (www.emsisoft.com/en/ sofbmrelfree). 

iii) Spyware Prevention: SpywareBlaster (www.javacoolsoftware.coml 
spywareblester.hbnl) and SpywareGuard (www.wilderssecurity.neV spywareguard. htrnl) combo 
can be used effectively to block the nasty ads that can infect your compute(. 

iv) Spy ware Removal: Some spy ware removal twls are Spybot Search & Destroy 
(www safer-networking org) by PepiMK Sobare and Ad-aware (w lavasoflusa.wrn) 
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ul Ernail Encryption: Pretty Good Privacy (w .pgp .wrn lp -oduc~ re .h tm l )  from 
PGP Corporation is one of the most popular encryption tool used on the Internet. 

M Internet Explorer Security Tool: Qwik-Fix ( w . p i v x . ~ ~ ' k f i x )  from Pivx Solutions 
includes: IE Zone Fixes, RPCIDCOM to prevent any RPC related vu ln rnb l l l t h ,  HTA 
mime-type vulnerabilities, Windows Messenger vulnrrabilittes (blocks desktop spam as 
well), and ADODB.Stream flle writing and related Trojan explob. 

vii) Privacy Cleaner: IE Privacy Keeper (w.unhsolutions.net/iepk/index.shtml) is a 
popular online privacy protection tool. 

viii) Spam Stoppers: FuseMail Personal (www.fusemail.come/index.html) is a free online 
email service with spam filtering that collects email from all of your other mail boxes. For 
desktop computer, other tools are SpamBayes (spambayes.sourceforge.net) and Ella for 
Spam Control (www.openfieldsoftware.com/ ellafree.asp). 

ix) Ad Blocker: Webwasher (www.webwasher.com/en/products/wwashlfunctions.htm) 
for Windows, Macintosh and Linux includes filters for web bugs, referrers, cookies, and urls. 

x) Browser Security Tools: AVANT (w.avantbrowser.wm) includes pop-up stopper, 
flash filter and records cleaner; and MylE2 (www.myie2.com) includes ad blocker and privacy 
protection. Both programs support RoboForm password manager and form filler. 

CGI and Security 

It needs to consider Web security issues, d you are going to publish information on the 
Internet. More relevant to bio~nformatics is the problem of Common Gateway interface (CGI) 
scripts and the forms that run them. They are necessary, as there is simply too much information 
in a typical bioinformatics application to display on a static web page. However, CGI scripts are 
~nevitably security holes: a pathway into the server that can be exploited to crash the machine 
or run arbitrary code. To write CGI scripts in safe ways, following issues are to be considered. 

I) Do not put  the scripts in the document directoty 

Always put scripts in Icgi-bin directory. Any f~le under document path can be retrieved 
as-is and viewed by anyone on the web. It gives information about the machine to the clients 
like directory structure, Perl version, etc., and potentially leads to a program that can be 
exploited directly. 

ii) The HTML forms security: "Hidden" input, limited options, and the POSTmothod 

r One-way to input constant data from a form, or to allow several inputs from the same 
user, is to use the <input lype="hidden"> tag. You should be aware that anyone could 
see this ~nformation using 'View Source". So, don't hide your secrets there. 
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Another issue is limiting user choices to the options in a SELECT box It.is quite easy 
to construct a URL that contains a query string with whatever the hackers wants. For 
example, say you have a select box that limits the user to 'tropical", "coldwatef, or 
"freshwater" for the'fish" parameters. On selection of 'tropical", this information gets 
passed to your CGI program uslng the URI: htb:l lw.wtcer.st~bh.soft .ne~i-bin1 
M v o u r  m r a m . w i 7  f#h= tropical 

A user could change it to: 

htt~:/W,wtcer.stPbh.soft.netlcai-binlxvor proaram.cai? fish-marine and your 
carefully chosen options would be subverted. So, check the user's input through script 
rather than blindly taking whatever comes in from the form. 

The CGI module takes parameters passed either through the URL (GET method) or as 
thecontent of the form submission request (POST method) without making any obvious 
distinction between them. POST method takes more information as query string than 
GET, hence less chance of buffer overflow. 

iii) Scripts that reed or  write flies 

A script that writes a file can be a problem. A hacker may write a file containing executable 
code that would cause problems if you inadvertently execute it. Be sure that permissions for 
files to be written are set at read, not execute (666 In Linux, not 777) 

k) Runnlng system commands from the CGI script 

This means in Unix using the 'system" or 'exec" commands, or using "open" with a 
pipe (1) in it, and in Windows NT (11s) batch files or cmd.exe. Any of these can be a problem 
if the command contains a variable that the user can enter. Here also user can enter a 
command remotely to delete all contents. 

v) Checklng user input 

User input that contains shell metacharacters IS potentially useful for dorng unpleasant 
things. It is better to simply limit users to appropriate characters: letters, digits, spaces, 
underscores, commas, periods (.), and hyphens should cover nearly everything you will need. 

vi) Per1 taint checking 

Perl has a system for checking CGI scripts for unsafe practices. It should be used on 
all your CGI scripts. 

What h Safe Computing? 

With all the hype, it is easy to believe that viruses lurk in every fh. every ernail, and 
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every Web site. However, a few basic precautions can minimize your risk of infectiin and 
data loss. General precautions are: 

Use a firewall. 

Do not open email attachments from strangers. 

Verify that the author of the email has sent attachments. Newer viruses can send 
email messages that appear to be from people you know (it is called email "spoofing'). 

0 Do not set your email program to 'auto-run: attachments. 

Install and use Anti-virus programs. Keep virus definit~ons file updated. 

Always keep the system patched. 

Backup your important files and folders regularly. 

Use strong passwords. 

Install and use a file encryption program and access controls. 

Write-protect your floppy disks after you have finished writing to them. 

Security Organizations, Advlsories and Updates 

There are plenty of online resources that provide latest security help, advisories, and 
most importantly the updates. Some useful Web sites are l~sted below. 

CERT Coordination Center (w.cert .org) 

CIS - Center for Internet Security (w.cisecurity.com) 

Internet Storm Center (isc,incidents.org) 

SANS Institute (w.sans.corn) 

Security Focus (w.securityfocus.com) 

Symantec Security Response ( w  symantec.com/avcenter/index.html) 

Microsoft Secur~ty Advisory (w.microsoft.com/secur~ty) 

Future of Security 

In the cyber age of today, where most of organizations are connecting through Internet, 
security threats to safe computing is also increasing rapidly. From the recent past experience, 
it has become obvious that a new approach is required in dealing with HTML email worms 
and Trojan horses. Research and development efforts are underway to allow crilcal applications 
to operate in the future In a more secure environment than existing today. Many secur~ty 
firms now starting to work on comprehensive secur~ty measures by using biometric, artificial 
~ntelligence and system stealth that may protect network and computers more effectively 
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One of the most visible elements of the new industry engaged in computer and Internet 
security is focused on providing security for the lntemet Protocol (IP) environment. IP Security 
or lPSec is a developing architecture that has the goal of providing interoperable, 
cryptographically based security servlces for IP layer environments 
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DESIGNING OF FISHERIES' INFORMATlON SYSTEMS 

Rabi N Subudhl, 

Evolution of systems concept 

Before the industrial revolution, organizations were generally small in size. Then large 
corporations came up gradually. Evolution of large corporation gave rise to new probkms like 
the problem of labour, communication and coordination. 

Systems approach gave a new orientation to organizational management. In this 
approach the organisation is conceived as a system and the management of organization as 
"Management of the system". Large organizations are systems comprising of various 
departments as its subsystems. Again the departments comprising of various sections and 
sub-sections are sub-systems of the system, the integration of these sub-systems makes 
the organization of system a single entity. Management Information System (M.I.S.) performs 
the integrating role in the organization. MIS In an organization is something as important as 
the nervous system in the human body. Every organization is having its own MIS in some 
form or the other. While it may be implemented without a computer, but MIS in its true sense 
is not possible without the use of computer. 

Definition of MIS 

MIS is a network of communication channels and information collecting activities for 
supplying the processed information to various users and managers of the organization. The 
design of an MIS starts with the identification of the information needs of the user. 

Therefore we find that information system is a set of organized procedures that when 
executed, provides information to support decislon making and control in an organization. 

The basic operations of an information systems are to collect, process, store and 
disseminate information in an organization, information may be collected from inside the 
organization or from the external environment and may be distributed to insiders and outsiders, 

Management information System (MIS) in an organization is designed to provide specifc 
information for decision making at various levels of managerial hierarchy. The design and 
selection of appropriate information system depends on the nature of decision it supports/ 
requires. The users need information for operational, strategic and prospective planning (and 
control) for their organization. 
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lnformation can be defined as 'some tangible or entity that reduces uncertainty about 
some state or event". For example, average life of a particular fish (Rohu). This information 
reduces our uncertainty about whether the newly constructed pond, with new fish-feed is well 
conducive for Rohu or not. 

lnformation is data that has been processed into a form that is meaningful to the 
recipient and is of real perceived value in current or prospective decision. This definition of 
information stresses about the fact that data have to be processed in some way to produce 
information. Information has been recognized as a valuable commodity required by managers 
in order to plan and control business operation effectively. We have seen that different levels 
of management utilize different types of information. This information is received from both 
internal and external sources Thus we find that there could be two types of information; viz 

i) Internal information (which is obtained from within the organization) and 

ii) Externalinfonnation (which is obtained from outside the organization). 

External and Internal Information: 

Internal informatton is a by-product of the normal operation of a business. For example, 
record of sales particulars for the past week is typical internal information. Internal information 
is historical or statlc in nature. This is true at least for category A: information is reported but 
not statistically processed. If this sales f~gure (data) IS processed to project future patterns, 
it then represents the category B information 

External information is data whose source is outside the operation of the cwnpany. An 
example is the data on the research budget of other fishery sc~ence research centers. Category 
C reports the data but makes no attempt to analyze and correlate the data A sales forecast 
that pibjects the future based on historical sales movement would be category B information, 
where as sales forecast that also includes external market statistics and trends would be a 
combination of B 8 D. The relative use of information by a computer system is consiste-nt 
with the alphabetic sequence. 

Chrrrcteristlcr of lnformation 

(a) The time frame for information can be historical or predictive. Historical infonation can 
be used to design alternative problem solution to monitor performance. In that case, 
information may be as expected. 

(b) lnformation may be presented in summary form or in detail. 

(c) lnformation can be frequently updated or relatively old. 
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(d) Information can be loosely or highly structured. 

(a) Information also varies in its accuracy. 

Information for strategic decisions tends to be more p r e d i i  and kmg range In nature. 
Strategic planning may uncover many surprises. Often external data on Me economic, 
computation, and so forth are involved in strategic decision-making. Summering information 
on a periodic basis is adequate; there is usually no need for highly detailed or excessively 
accurate information. Strategic planning decisions are usually characterized by loosely 
structured information. The requirement for managerial control decision, fall between those of 
operational control and strategic planning. 

System 

The term system has been derived from the Greek word System which means an 
organized relationship among functioning units or components. 

Webster defines system as' a set or arrangement of things so related or connected to 
form a unity or organization". We come daily in contact with the transportation system, the 
telephone system, the political system, accounting system, production system and computer 
systems, 

Sim~larly we talk of the business system consisting of interrelated departments 
(subsystems). Another definition of the system can be ' a system is an orderly grouping of 
interdependent components linked together according to a plan to achieve specific objectives.' 

System requirements 

A system must be designed to 

(a) achieve a predetermined objective; 

(b) Interrelationship and interdependence must exist among the components: 

(c) The objectives of the organization as a whole have a higher priority than the 
objectives of its subsystems. 

Clarurifkatlon of system 

An open system has many interfaces with its environment It permits interaction across 
its boundary; it receives inputs from and, delivers outputs outside. In contrast a closed 
system is isolated from environmental influences. In reality a completely closed system is 
rare. There are five characteristic of an open system: 
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Decision Support System 

Every manager devotes most of his time on decision-making adivitieJ. He concentrates 
on the prime objectives, investing all his intellectual capabilities and experiences. Decision 
making process has been made simple these days by the Information System Industry. 
Many structured packages are now available, ever since the evolution of the concept of 
decision support system, which was developed in the 1970's. 

Herbert A Simon, a Noble prize winning economist and schdar of management decision 
making, divides the decision making process into the following three stages: 

(a) Intelligence Activities: Where managers search the environment and identify events 
and conditions required for decision-making. 

(b). Design Activities: Where managers develop and evaluate possible causes of action. 

(c). Managers select a particular action and monitor its implementation. In each stage, 
information system emphasises and prioritizes the decision alternatives. It provides 
feedback on the implemented decision. 

Decision can broadly be of three types: 

1. Structured decisions or Programmable dec~sions 

2. Semi-structured or Semi-programmable decisions 

3. Un-structured or Un-programmable decisions. 

In each case Information System is required to support the process of decision-making. 

Decision Support System focuses on providing Information, to support specific deciiion- 
making made by managers. 

Managers, at the tactical and strategic levels of an organization may need ad hock 
information, to support their planning and control responsibilities. 

D.S.S. Vs Information Reporting System (IRS) 

Decision Support Systems (DSS) help managers solve the semi structured and 
unstructured problems. On the other hand lnformatjon Reporting Systems (IRS) are designed 
to indirectly support the more structured typewf decision involved in operational and tactical 
planning control. 

Objective of D S S is to provide Information and decision support techniques needed to 
solve specific problems or pursue specific opportunities. On the other hand objectives of iRS 



b to provide information about perfwmance of basic organizational fundion and process. 

0 S S has a much more specifc role in decision-making process. It is designed to 
support all the three stages (viz. Intelligence, d w g n  and choice). On the other hand, IRS is 
dedgned to provide Informatron for the intelligence phase only. 

Decision Support Systems is a part of Management lnformat~on System which is 
usualty computer based and it provides interactwe information support to the managers during 
the decision making process. 

Component. of D S S 

a) Hardware 

Executive workstations, connected by telecommunication network to other computers 
and devices in the organization, provide primary hardware resources for D S S. 

b) Software 

c) Data Resources 

D S S software packages are called D S S generators These contaln modules for 
database, Models and dialogue management. A database management module provides the 
necessary information for the operation of D S S (e.g. DBMS packages). 

d) Model Resources 

The model base includes a library of mathematical models and analytical techniques 
stored in a variety of program modules and files. The model-base management sohare  to 
create and integrate model so as to support a spec~f~c decision can confine components of 
models. 

r) People Resources 

DSS can is used by managers or their staff to explore decision alternatives. Such end 
users can develop DSS. 

However the development of large or complex decision support system and DSS 
generator sobare packages is typically assigned to 'information system" specialists. 

f) Model for Decirlon Support 

Models are important component of DSS. A mpdel can be defined as a simpl~fied 
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abstraction of realty that illustrates the fundamental components and relationship of a system 
or other phenomenon. We can have the following classification: 

1. Physical Model - Aquarium, 

2. Verbal model - Written description of system 

3. Graphics Model - Flow chart. Pie charts etc 

4. Mathematical model -Mathematical equations and expressions. 

Mathematical models are frequently used to express the decision rules used by 
business information system. In an tnventory control system the decision to order more 
Inventory includes a decision rule that specifies the best number (quantity) of items to order, 
to maintain the proper inventory of specific product while minimizing inventory cost. 

DSS Model Base: 

DSS rely on model bases as well as database A D.S.S. model base is an organized 
collection of rnathematlcal models. It ~ncludes model developed to support specific decisions 
and other general-purpose models. It also includes models representing simple computational 
and analytical routines, as well as complex models that mathematically express the 
relationships among a group of variables. 

Software for Decision Support: 

A DSS generator is the generic name glven to the maln software resource needed by 
DSS. It integrates the management and use of the model bases, database and dialogue 
generation. 

Database Management: 

Itsupports the creation, use, and maintenance of a DSS database. It helps in defining 
and modifying data records, storage and retr~eval of data and subsequent updation of the 
database. 

Spreadsheet: 

This package allows end users to build a model by entering data and relationship of 
formulae into columns and rows of a worksheet format. 

Using D S S 

DSS involves an ~nteractive analytical modeling precess. Typically a manager uses a 
DSS software package at his workstation It allows managers to make enquiri i  and responses 
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and hue canments using a key boardl mouse1 other input devices. Output is typically in 
the fonn of text and graphics, visual displays or in printed forms. The DSS interactively helps 
them find the information, which they need for sake of decision-making. 

The DSS involves the following four types of analytical modeling alternatives: 

i) 'What-if Analysis: If means observing, how change of selected variables affect other 
variables. 

ii) Sensitivity Analysis: It means observing, how repeated changes to a single variable 
affect other variable. 

iii) Goelseeking Analysis: It means making repeated changes to selected variables until 
a chosen variable reaches a target value. 

I!!) Optimization Analysrs: Here we try to find an opbmum or right value for selected variables 
subject to some given constraints. 

MIS life cyck 

Suppose the director of a firm, where you are a research officer, asked you to find a 
better way to get information to the performance appraisal of your people. 

How would you start? 

What would you do? 

Do you think there might be systematic way to develop a good solution to you chief 
executive's request? Yes, there is. It is a systematic problem-solving process, called the 
sys!wnsspprasch. 

The systems approach is a scientific method of problem solving. When the systems 
approach is applied to the development of information solutions a multi-step process or cycle 
emerges. This is frequently called svstem develo~ment life cvcle (SDLC). 

The life cycle of information system starts from its inception till operation. Main stages 
are: 

(i) Problem identiication with existing procedures. 

(i) An abstract model of present procedure and the new information system is planned 
and devekped. 

(iii) The new procedures, under system specifications, are then reflected in computer 
programs. 



(N) Finalty testing and conversion and making operational. 

The computer based information system has a life cycle just like a lMng organism or 
a new product. The idea for a new information system is stimulated by a need to improve 
information processing procedure. Details of the stages of system life cycle can be listed as 
follows: 

Stages of Life Cycle 

1. Inception 

2. Feasibility Study 

3. System Analysis 

4. System Design 

5. Processing 

6. Testing 

7. Training 

8. Installation 

9. Operetion 

Inception 

Preliminary survey 

When a new system is proposed, it then needs a preliminary survey. If the results of 
the survey are positive, then a more detailed feasibility study is suggested. 

In the preliminary survey a design team has to undergo a survey to know: 

the problems with the existing system 

e the goal of the proposed new information system 

and the proposals of various alternatives for development 

Pmblem 

a. Manual processing of paper and no real inventory control 

b. For fear of running out we tend to overstock 

c. We don't have a real sales forecasting procedure 



a. Redurn the inventory level while maintain a desired level of customer service. 

b. lmprove recorder policies. 

c. lmprove inventory management for seasonal and slow moving items. 

Ahmauve3 

a. Minor improvement to present system 

b. A batch computer system with a simple economic order quantity model. 

c. Computer inventory control package. 

FeasibilHy Study 

When a new application is proposed, it normally goes through feasibility study before 
it is approved fordevelopment The feasibility study refers toevaluation of alternative approaches 
to the development of the proposed system It can be studied in five different ways. 

a) Technical feasibility: can the proposed application be implemented with existing 
technology? Analys~s of project risk relative to technical feasibility includes not only whether 
the technology is available on the market but also "state of the art" both in absolute terms and 
relative to the company's current technical sophistication. 

b) Economic feasibility: Will the system provide benefits greater then the cost? 

c) Molfvetlonal fws/blIity: The probabilities that the organization support the development 
and implementation of the application with necessary user participation training time etc. the 
motivation is usup)ly demonstrated by an owner or a person who has sufficient organizational 
power to provide the resources and motivate others to assists and cooperate. 

d) Schedule feasibility: The probabilities that the organization can complete the 
development process in the time allowed for development. Adding development resources 
does not reduce the development time; in fact adding staff that cannot be used effectively 
may impede development because of time spent in communication. 

P 
e) OpemUonrl feclsibil&. Will it work when installed? This analysis may involve a 
subjective assessment of the political and managerial environment in which the system will 
be implemented. 



System Analyuyets 

If a system is feasible and one alternative is chosen for development, the detalled 
system analysis is then done in the next stage. 

In system analysis the existing information processing procedure are documented in 
detail. During requirement analysis designers attempt to learn what users expect a new 
system to do. One major task during this phase is to define the boundaries of the system. 

Does the problem just concern inventory control or should any new system also consider 
the problems in purchasing when inventory has to be replenished. 

What initially looks like an orderentry process turn into an amount receivebles system 
and a production contml system because eager designer expand the boundaries of the problem 
into other area. 

There are three stages of system analysis 

1) Analysis of the organizational environment 

2) Analysis of the present system. 

3) System requirement analysis. 

1) An organizational environment analysis is an important stage of system analysis. How 
can you improve the information system if you know very little about its business activities, 
its people, and its management's structure? For example you cannot design a new inventory 
control system for a chain of department stores until you learn a lot about the company and 
the types of business activities that affect its inventory. 

2) Before you design a new system, it is important to study the existing system. You 
need to analyse the how this system uses the hardware, software and people resources to 
accomplish the information system activities of input, processing, output storage and control. 

3) The third stage i.e. system requirement analysis is one of the most difficult stage. 
Here we must try first: 

a. To determine our specific information needs. 

b. To determine the information processing capabilities required for each system activity 
(input, processing, output, storage, control) to meet these information needs. 

Input requirement Sources, contents, formats volume (average & peak) 

Output requirement: Formats, volume, end user destinations, timing. 



Processing requirement processing a c t i v i i  to convert input to output, decisions 
wks  calculatbn. 

Storage requirement: contents, size of the database, inquiries. 

Control requirement Accuracy, safety, and security. 

System analysis describes what a system should do to meet the information needs of 
uam. Systems design specifies bow the system will accomplish this objective. System 
design consists or both logical design and physical design activities which both produce 
system specification. Which will satisfy the system requirement developed in the system 
analysis stage. 

Activities of system design: - 
r .  LoQhlsy.hm design: Develop general specifications for how the information system 
activities (of input, processing, output, storage, and control) can meet the end user 
requirements. These are roughly the general ideas of basic component and flows of the 
proposed information system. 

b. Phyrlcrl .system dulgn: Develop detailed specifications for user interface products 
and methods, database structures, and processing and control procedures. Hardware, software 
and personnel specifcations are also developed for the proposed system. System designer 
u w  their knowledge of business operation information processing and hardware 8 software 
to spectfy physical design. The design must specrfy what type of hardware resources (Machine 
& Media] a n  needed. 

c. Software resources (Program 8 procedure) 

d. People nrsourcas (end user and information system staff) will be needed. 

e. Sphm yncHIc8llan: It must specify how such resources will convert data resources 
(stored in Rles and databases they design) into information product (displays, response, 
report, dowmnt). Thew specifications are the final product of the system design stage and 
are calkd the s p b m  specification. 

Prognmmlng 

When a conceptual design is defined into large system it is broken down to subsystem 
to determine the necessary information required for input and output activity. 



Alter defining various subsystems' operation and identifying various inkmation llows 
it is necessary to draw Aow chart. The flow chart is very similar to detalled engineering 
design, which requires trial and error, shifting operations to find good arrangement and 
performing calculation to check out the system. In the flow chart the input and outputs are 
shown in gross form. 

The flow charts are important in developlng the information necessary lor model 
construction and for programmed decision-making in system operation. 

Testing The System 

Tests during the initial stage consist of test for component, test for subsystem, and 
total system acceptance test. Components mey be tested relatively independent of the system 
to which they belong. Test for accuracy, range of inputs, frequency of input, usual operation 
condition, human factor characteristics and reliability are all of concern. During component 
tests employees are further familiarized with the system before the organization completely 
dependent on it. 

The most important question is how are new piece of equipment, new forms, new 
procedure being tested in the organization where daily operation are done? 

One possible approach is to put new system in different locations in the available area 
where the old equipment is. There are certain MIS project managers who can handle the 
operation system with the old procedure and testing of new components from their regular 
workstation. In other cases adjacent office space may be utilized for testing and physical 
substitution of the new for the old system may take place in overtime at the nlght. 

In the acceptance testing, differences between what users expected and what the 
system actually delivers are identifkd and resoived. 

Training The Operating Personnel 

A programme should be developed to provide the knowledge of operation of the system; 
generally two seminars are usually adequate. If the flrst meeting is held at a time when 
design stage is well along some valuable proposal may be offered to incorporate in the 
design. Another seminar can be held at he end of implementation stage to having a good 
feedback about he functioning of the MIS. 

Longerand formal training should be provided to the personnel who perform the daily 
operation tasks of MIS. 



The installation stage occurs with the conversion from old system to new system. This 
conversion takes after the acceptance testing. 

After the new system has shown consistent results for a reasonable period of time it 
becomes operational and the old system is dropped. During operation users furnish data for 
input and work with the output, users and management will probably suggest enhancement 
and modification over time. 

[Nob: Most of the definition1 explanations are quoted from various books of related 
subjects.] 



RECENT DEVELOPMENTS iN INFORMATION TECHNOLOGY 

. . G.R.Maruth1 Saqkrr, A. Oltija and P. Chmdnrekar 

A Local Area Network (LAN) with lntemet facility was established at Central Research 
Institute for Dryland Agriculture, Hyderabad during 1996-98. The facility is useful for E-mail 
and lntemet browsing and down loading of information from different web sites. Some of the 
recent developments and applications are discussed in the following sections. The ARlS 
network comprises of the following: 

Agricultural Research lnformation System (ARIS) Network. The ARlS is useful for 
Agricultural Research Personnel lnformation System (ARPIS), Agricultural Research 
Financial Information System (ARFIS), Agricultural Research Library lnformation System 
(ARLIS) and Agricultural Research Management lnformation System (ARMIS) 

Local Area Network (LAN) at CRlDA is based on STAR Topology (Computer-to-HUB 
connectivity) with 124 lnformation Outlets using UTP CAT-5 Cable, lnformation is routed 
through4 SWITCHES (10 Mbps) and 3 HUBS (2Mbps). The network servers are UNlX 
Solaris Server (for E-mail) and Windows-NT Server (for Internet). The connectivity to 
Satellite is through Frequency and Time Division Mult~ple Access (FTDMA) Very Small 
ApertureTerminal (VSAT). The Bandwidth for Downlinking is 64 Kbps and Uplinking Is 
256 Kbps. The network is accessible to about 73 Computers (nodes) 

The network IS used for E-mail, Internet, RDBMS, Modeling, Data analysis, Graphical 
analysis, GIs and MS-Office. A Home Page of CRIDA with different layers (structured 
information) has been developed and is on lntemet (prepared in HTML) for reference by 
users 

The goal ofARlS is to strengthen Information Management Culture using modern tools 
wlthin the Indian NARS so that agricultural research becomes more efficient and effective. 
The objectives of ARIS are: 

To put information close to the management and scientists 

To build the capacity to organize, store, retrieve and use the relevant information into 
agricultural infrastructure 

To share information over NARS and 

To improve the capacity to plan execute, monitor and evaluate research programs. 



ARPIS: Information on !CAR scientists, technical and administrative personnel at a 
central pbce to facilitate easy access by management in planning the personnel policies. 
menpower planning, recruitment, trained manpower available, HRD planning for future. 

ARFIS Uniform codes tor computerization of monthly afmunts from voucher level for 
orgsnhetions, schemes and anxrnting heads. Mandatory for w b m i i  of monthly accounts 
as per ARFlS format w.e.f. 141997. This will facilitate for financial planning, accounting and 
audlthrg in en efficient manner. 

Thh envisages on-line access by scientists to the 

Intemetknal databases and sdentific literature 

New databases on Indian agricultural and socioeconomic research and development 

External databases accessible through the World Wide Web. 

Efforts are being made for CD-ROM libraries. As a tint step the ARlS Cells and 
libraties am linked for communication thnwgh network. 

Information to Research Managers for decision making related to 

Effective planning, prioritization of research and development 

Monitoring and evaluation of scientiftc research 

Management of physical, personnel and financial resources and 

Organizational restructuring and policy initiatives. 

The databases are to be developed at divisional level and integrated for Research 
Management by Heads of Division, Project Coordinators, Directors, A m ' s  and DDG's. 

INTERNET is a N e w  of Networks. The present n e w  is thrwgh National Informatics 
Centre Gate Way (NICGW), IMERNET is a Global Information Highway and an universal 
database of knowledge 

The networks and computers operating at different placas/environments are knitted to 
the INTERNET by a common TCPfiP communication protocol, which is a protocol for 
exchanging information (TCPIIP: Transmission Conbol ProtocoMntemet Protocd) 
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Some of the lnternet services are Electronic Mail (E-Mail), Liitsennn, USENET (News 
Groups). TELNET (Remote Login) and File Transfer Protocol (FTP). Some of the Navigating 
Tools are Gopher, Veronica, Archie, Wide Area Information Server (WAIS) and Workl Wide 
Web (WWW). 

History of INTERNET 

1969 : Pentagon sponsored Advanced Research Project Agency (ARPA) in USA 
This resulted in Packet Switching Technology and Routing 

1970 : TCPllP (the set of rules were developed) in USA 
USA encouraged Educational cornmunlty to use ARPANET 
TCPllP is built into UNlX OS 

1980 : Emergence of national Science Foundation Network (NSFNET) by USA 

1983 : 500 hosts on lnternet 

1986 : 2,300 hosts 

1987 : 28,000 hosts 

1993 : Internet sprouted multimedia w~ngs 

1995 : 5 rnlllion hosts 

2003 : Crores of hosts 

The growth of lnternet is not a fluke or a fad, but the consequence of unleashing the 
power of individual creativity 

INTERNET Maintenance and Development 

1979 : lnternet Configuration Control Board (ICCB) was set up to guide the technical 
evolution 

1983 : lnternet Architecture Board (IAB) was set up 

(i) to explore current trouble areas and offer possible solutions by lnternet Engineering 
Task Force (IETF) and 

(d)  to look into long term usability and explore development of new technology by lnternet 
Research Task Force (IRTF) 

1993 ' Cooperative Management by 
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I INTERNIC (Internet Nefwork Information Centre, A Consortium) 

Registration Se~ic. 

Assignment of IP Address and Registration of Domain Names 

Host Name and INTERNET Addmscto 

In order to uniquely identify a host on the Internet, each host is assigned a unique IP- 
Address. The IP address is a 32-bit code 

A host name is made up of domain names separated by periods 

A Doma,ri Name System (DNS) service translates a host name to an IP address 

INTERNET standard domain names 

The lntemet Nehvork Information Centre has specified a set of standard top-level domain 
names that form the basis of both a geographical and non-geographical naming system viz., 

COM Commercial organizations 

EDU . Educational institutions 

GOV . Government institutions 

MIL . Military groups 

NET Major Network support centers 

ORG : Organbationsother than the above 

IM : International organizations 

Country code: 2 character identifier like IN for India, AU for Australia 

A domain represents country name, network, organization etc;., l~ke .in for INDIA, .ch 
for CHINA. .edu for EDUCATINOAL, .gov for GOVERNMENT, .net for Major Network Support 
Centre. Subdomains are like .nic .in for National informatics Centre in INDIA. Harvard edu for 
Harvard University under Educational Network 

Network Gataways 

Agateway has a functional Router, but it connects Networks d different Transmiss~on 
M a n i s m s  like Ethernet and Fiber Optic cabks 

A gateway can also connect nodes that use different protocok Eke TCPllP and X.25 



A Router connects 2 or more different Networks, either owned by same wganiratlon or 
by different organizations 

When a Packet arrives at a Router, it looks at the destination to see whether it is on 
one of the Networks attached'to it, or else it is passed on to the default Router 

File Transfer Protocol (FTP) 

It is a tool for transferring f~les between computers on the Internet 

Ex. > ftp host name . . 

Here host name can be w , n i c . i n  

Anonymous FTP allows a user to login Into an FTP server site with the user name 
'anonymous' and hislher password 

ARCHIE 

Internet is l~ke an enormous library with no card catalog 

Archie is like a mega-l~brar~an, a Cl~ent-Server information system for searching the 
contents of anonymous FTP servers It automatically and regularly creates a single, 
searchable database. It holds information on more than 2.5 million files and their 
locations. It includes files only on servers that provides anonymous FTP 

Archie also offers WHATIS database, which provides a brief synopsis for some 4000 
items in public archives 

Wide Area Information Sewer (WAIS) 

WAlS is a database of databases. It 1s developed as an expertmental venture to explore 
text-based information systems. It is based on a protocol that describes a way for a 
computer to ask another to do searches for ~ t .  WAlS is a Client-Server distributed 
document retrieval system. It provides the interface for the user to formulateand handle 
a query. WAlS also implements weighted t e n  dowment retrieval k t h  relevant feedbad(. 

ELECTRONIC MAIL 

E-Mail is a system in which a computer user can exchange messages with other 
computer users uslng a communicatron network 

It is many times faster than all other mails. It is not as privates a regular letter. E-mail 
requires learn~ng of how to use computer programs and nvolves a Logln and a Password. 
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It can be sent to many people at the same time In can access information and file 
libraries. It is cost-effective and an easy system for exchanging views 

Protoeoh for delivery of E-Mail 

I, Simple Mail Transfer Pmtocd (SMTP) 

I, Post Oftice Protocol (POP) 

Interactive Mail Access Protocol (IMAP) 

I, Unix to Unix Protocol (UUCP) 

World Wlde Web (WWW) 

WWW originated at CERN, the high-energy physics laboratory in Geneva. It is a system 
for creating and browsing distributed hypertexts 

I, Each web site and document has an associated address called Uniform Resource 
Locator (URL) 

I, A web server stores HTML documents and Clients request HTML documents by their 
URL. The Hypertext links machines around the globe 

I, In HTML document, one can embed URLs to different sites across the world. The 
document is read using a browser program 

I, The browrier depicts the links in the documents as an underlined (or highlighted) word or 
phrase 

Example of a few URL is 

ht tp : l~ .yahoo.coml  

Croatlon of 8 Hyper Text based document 

I, The WWW documents a n  authored in Hyper Text Markup Language (HTML) 

i HTML commands which are called tags are embedded within ASCII text 

I, Tags indkate whether the text is a keyword or a link or whether the referenced hypertext 
document is sound, image or video file, as well as the font of the displayed text 

I, The WWW client programs allow to access the WWW on a computer 



Mosaic is a graphic interface browser from the National Center for Supercomputing 
Applications (NCSA) founded by NFS, launched in 1993 

It is an extended version of WWW that supports extensions such as support for 
formatted text with fonts, embedded images, sound, video, and text end voice 
annotation 

A hyper text document contains Tax!. Lnlined Images1 Clickable Image Maps, Swnd 
or/ and video files attached, Highlighted key words 

The keywords (cues) contain hyperlinks to hypertext documents (Hyperrnedle) on 
the same machine or any other machine accessible on Internet 

The method of connection to the requested document Is transparent to the ussr i.e., 
FTP, Gopher, Telnet. HTTP, USENET, Mail, Archie, Finger 

World Wide Web (WWW) Sewer 

It is computer (program) that serves information and software to Internet community 
in the Hypermedia format 

+ A Homepage is a Hypertext document which a server will serve as default. The server 
interprets the requests coming at the server port and the corresponding documents 
are sewed. The rules for working on the incoming request are defined in the server 
configuration rules. Homepage is a top level document of en organization or a 
document that an user frequently visits 

Utilities are available to convert documents from ASCll format or a word p m s s o r  
format to HTML. 

OHot HotMetal:.ASCII to HTML 

RRtpasdkfja1;RRtfto-Wl: RTF to HTML transfer 

Word1 Word Perfect to HTML (commercially available) 

Web Magic: ASCll to HTML (SGI Solution) 

TELNET 

It is remote login and uses the Telnet protocol which is a part of the TCPIIP 

It provides access to computer'ied library catalogs, online databases. weather and 
agricultural reports, health information, current events and many more 





Java chlps. A fami(y of microprocessors optimized for Java 

Solstice Workshop: Java powered network management tools 

Java training: A complete curriculum of instruct~onal and multimedia-based wums 
to teach programmers to develop Java applications, including a certification program to 
validate proficiency 

Java Workshop support: A 900 number phone service provides immediate, 8s 
needed support for Java Work Shop user (USA only) 

Java Programming: One year after its ~ntroduction, Java has grown from visionary 
concept to programming phenomenon to widespread industry adoption. Java is just about 
everywhere. 

In future, there will be only one environment of choice for any enterprise and itwill be 
Java Java frees you from proprietary platforms and operating systems. Java makes 
monolithic applications which are expensive to develop, deploy, and maintain, as well as 
nearly impossible to manage, obsolete with its modular, object oriented design. The Java 
applications can run on every kind of device - PC, Macintosh, UNlX workstation and Server, 
Network computer. Personal Digital Ass~stant (PDA), Cellular phone, even smart appliances 
- requir~ng only that they run Java - enabled browser software. Java is reshaping the 
computing landscape. It represents the goal of network computing from its inception 



MANAGEMENT INFORMATION SYSTEM - AN 
INTRODUCTION 

H.K.De, G.S.Saha and A Antony 

The first formal effort to build an informatlon system that provides the manager with 
problem solving informatton was given the name management information system (Mc. 
Leod, 1995). 11 IS an inforrnat~on resource shared by all managers at all levels in an 
organiration. Efraim (1990) defined MIS as 'A formal computer based system, intended to 
retrieve, extract, and integrate data from various sources in order to provlde timely informatlon 
necessary for managerial decislon making". 

In the past managers sought information from miscellaneous haphazard sources 
and processed the ~nformatton on a personal basis Too often they have failed to obtain 
informaton concerning the impact of a decision in one area on other areas of the company. 

Three changes are now occurring in progressive companies 

1. Management has become system oriented and more sophisticated In management 
techniques. 

2, Information in planned for and made available to managers as needed 

3 A Systamof information ties planning and control by managers to operational systems 
of Implementallon 

The combined result of these concepts IS the management information system. 
Managers have always had sources of ~nformation; the MIS provides a system of informatlon. 
It 1s thus a powerful method for aiding managers in solvlng problems and making declstons 

D a b  Vs. Information 

'Data' usually means raw, unevaluated facts, figures, symbols, objects, events, etc 
When the dale are processed conveying some meaning, it is called '~nformation' Davis and 
Olson (1985) provide a general dehnlton of informatlon which reads as 'lnformation is data 
that has been processed into a form mat is meaningful to me recipient and is real or perceived 
value in currant or prospective actions or declslons". 

I] 1 --+]--.[el 
Fig. 1. Trensfomation of data into information 

Data may be anparable to raw mW&J while in- !O finished products. However, 
the in- to somc ow may be data for his purpose and vice versa. It is like the finished 



product. may some times be the raw material for another products e g , in automobile industry 
say Maruti Udyog Ltd.. the small finished products like the mirrors, wind screens, lighting, 
and other electrical parts produced by other manufacturers may become raw material for 
assembling a Marutl car Because of thls relationship they are oRen used interchangeably. 

The introduction of computers made the processing function much easier. Large 
quantities of data are being processed through computers making available the information 
to users. Raw data enter the system and are transformed Into the system's output i.s., 
information to support managers in decision-making 

Characteristics and Value of lnfonnatlon 

The characteristics of good lnformatlon are its relevance, timeliness, accuracy, and 
cost-effectiveness, reliable, usable, complete and conclse. lnformation has value within a 
specific decision making context It has also value within the context of future decisions and 
actions. 

Some t~mes ownersh~p of ~nforrnatlon creates lots of problems as descr~bed by Stoner 
and Freeman (1994) In any organizat~on, some lndlv~duals pcssess unque informatlon 
Such ~nformabon IS a form of power for the lndlvlduals who possess ~t Many of them wth 
such unique sk~lls and knowledge may be unwllllng to share this lnformatlon to others. 
whlch some t~mes Impede a healthy growth of the organ~zatlon especially, when contcnulty 
of grooming the younger generation by the older 1s needed In any organlzatlon 

Classification of Management lnformation Systems 

Information on various types of management Information systems will help in designing 
a better one Mason and Swanson (1981) describe four types of management information 
systems. They are. data bank informatlon system, predictive information system, decision- 
maklng lnformatlon system and declslon-taking Information system The classification is 
based on the level of support the tnformatlori system provldes in the process of decision- 
maklng. Sachdeva (1990) comprehens~vely presents these four types of systems as given 
below. 

(a) Data Bank lnformation System 

The responsibiltty of this ~nformatton system is to observe, classify and store items of 
data which might be potentially useful to the deasion maker. How the decision maker interpr.st8 
this information or makes use of it for his decision-making is left to him. This type of approach 
is useful where the deccsion is not of a repetiive nature, and hence, its information needs 
cannot be precisely predetermmed; or the strudure of the M i o n  problem is not dearly 
understood and no reasonable methodology for making interpretations from the data can be 



prescribed Many straleglc plannlng decisions fall in this category However, one I~mitat~on 
in a data bank informat~on system is that too much data may be stored because its utility is 
not clearty known in advance. 

(b) Predictive informatlon System 

The system extends from the activities of pure data collection and filing to include the 
drawing of inferences and predictions that are relevant to decision making. The predictions 
are made on the basis of cause and effect relationships that are assumed to exist and have 
been programmed into a simulation model of the system. The decision-making system 
inquires as to 'what-if?' certaln act~ons are taken and certain assumptions are true. The 
~nformatron system responds in the vein of 'if' he does that' then' thls is M a t  he can expect 
to occur No attempt is made to evaluate the outcome Much of the recent development has 
been In this type of informat~on system. lnteractlve systems of this type are called 'Decision 
Support Systems'. 

(c) Decision Maklng informatlon System 

The system goes one step further In the process of dec~s~on-mak~ng and Incorporates 
the value system In the organizat~on or cholce crlterla from amongst the alternatlves Thls 1s 
posslble only d the objectives or goals of the organ~zat~on are clearly deflned and fed to the 
system in precise terms 

In this type of system, the information system presents the best cho~ce to the manager 
tnstead of a set of alternat~ves and thew expected outcomes. This could be represented as 
the experf advrce offered by the information system to the decision maker. But the decision 
maker still has the optlon to rnodlfy or reject the expert advlce. The manager may be aware 
of the assumptions made in the model and the special circumstances of the situation, which 
invalidate the assumptions In most cases, however, he may accept the advice. 

(d) Oacislon Taking Information system 

It is one in which the information system and the decision maker are one Management 
is so confident In the assumptions ~ncorporated in the system that ~t sees fit to relegate ik 
power of taklng decision to the information system. 

The complete elimination of human description in the decision-taking informat~on 
system limits the system to an operational status. This may not have been possible w~thout 
the abtlity of the computer to execute complex programmes so quickly and precisely. Thus. 
the use of computers helps to reifgate decisions to lower and lower levels, and the managers 
at higher lave1 can concentrate on stretsgic issues. 



An over view of the above four types of management information systems indicates 
that they are neither in the chronological order of development in the field of MIS, nor they 
indicate the level of complexity in the information system. While it is true that to support a 
specific decis~on, the decision-taking information system has to be more complex than the 
other three in that order. In reality the data bank information system may support highly 
unstructured and complex decisions. 

The choice of an appropriate management information system primarily depnds on 
the nature of decisions it supports. While unstructured decisions may use MIS- category 
(a), the highly structured one i.e.. production schedules in an industry, may use MlScategory 
(d). Fuflher, Banerjee and Sachdeva (1995) observe that 'as the deep structure of the 
decision problem becomes more and more understood, we may move to higher level of 
MIS i.e., from MIS-category (a) to MIS-category (d)" Since the decisions are mostly 
unstructured in a typical training ~nstttut~on, perhaps, the 'Data bank information system' 
may be appropriate. 

Why MIS? 

In information system design we want to achieve synergism which is simultaneous 
actlon of separate but Interrelated parts that together produce a total effect greater than the 
sum of the individual parts The objective of an MIS is to provide information for decision 
maktng on planning, in~t~ating, organizing and controlling the operations of the subsystems 
of the firm and to prov~de a synergistic organlzatlon IS the process. Following factors are 
respons~ble for renewed interest in MIS. 

1. Technological revolution 

Technological advancement has its impact in every spheres of daily life. Changes 
are contrnutng at an accelerated pace In order to cope with these changes, the manager of 
the future will require large amounts of selective information or the complex tasks and 
decisions ahead. 

2. Research and development. 

The breath-taking rate of the technological change racing through all types of industry 
is due to lncreastng Investments for RbD. Not only these products and supporting operations 
becoming more complex but also the l~fe cycle of products IS being shortened. Managers 
should be aware of the impact of their operat~ons and should provide for better planning, 
better management, and better information to accommodate the effects. 

3. Market orientation: 

Research organizations must keep abreast of the factors Mat influences demand for 
technolog~cal solution. Today's manager must deal with an enormously high product mortality 
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rate. New industr~es are being born over might The computer and electronics industr~es 
pfwide dramatic examples 

4. Intonnation explosion: 

lnformation explosion has profound impacts upon the complexity of management 
and organizations As decision makers, the manager is essentially a processor of information. 
The modern manager knows that the ability to obtain, store, process, retrieve and display 
the right information for the right decision in vital. To remain ahead of competitors and to 
keep pace with the technoiogical revolution and its impact on the firm's products or senices. 
the manager must keep abreast of selected information and organise it for dec~sion-making. 
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DESIGNING OPTIONS IN FISHERY EXPERIMENTS 

0lk.p K. Pandr 

In any scientific pursuit, experimentation forms an integral component of research. 
An experiment should able to answer certain queries with accuracy and reliability. It starts 
with a problem, an answer to which IS sought from the analysis of a set of observation, 
collected from the experiment. However, these observations are subjected to some facton, 
which are beyond the control of experimenter called nuisance factors. In addition, it is 
accepted without much argument that the observations generated satisfy certain crucial 
assumptions so that valld inference could be drawn. If at all any deviation observed against 
the crucial assumption then separate statistical methods are used to bring it back 

Designing aspect of experiment varies broadly In accordance w~th the subject. In 
agncultural experiments, plots or the fields are the experimental units to study the vanetal 
effects or other agronomical aspects of crop sctence. For anlmal science experiments which 
requires a long stretch of tlme to draw conclusion takes herd effect and mating type into 
consideration for designing. On the other hand, fishery experiments in particular inland 
fishery require pondstwater body as the experimental unit. 

The other very important constderations we have to have are the exact nature of the 
problem and the available resources which should optimally offset each other. The queries 
In fishery experiments may be 

(i) to study the var~ety effects of different fishes 

(11) to study the pond effect in fish growth and development 

(tli) to study the performances of fish varleties in a given pond 

(tv) to study the growth rate of flshes in different time period. 

Due to resource constraints, the experimenter does not enjoy unlimited degrees of 
freedom. Therefore, the designing has to be made based on the real objectives of the study 
in a gtven setttng to achieve accuracy and reliability 

Preliminaries 

In a scientifically planned experiment, desired observations or data are generated to 
analyze for drawing conclusions. These observalrons are supposed to be governed by a 
number of influencing factors that are contemplated well before the execution of the 
experiment. In fact, the designing asp& of the experiment is solely and absolutely dependent 



on the nature of lhe governing factors Statistically, a model which is an equation or a set of 
equations representing the behavior of the system can represent the whole process. As 
biological experiments are generally Influenced by numerous mlcro and macro factors, 
unexplainable random components creep into the model In the form of error substant~atfng 
tha statistiil nature of it The statrstical model involves assignable factors called parameter 
of interest which regulate the system In a big way and all unassignable random factors 
having more or less impact on the model, clubbed to be termed as error component. Now, 
His the scientific acumen of the exper~menter to choose important parameters to be kept in 
the model for estimation and test~ng hypothesis leaving the rest as the part of the error 
component. In general, there are two types of model viz linear and non-linear model. Models 
having parameters linearly set called linear models where as non-linear setting of parameters 
attribute to the non-I~nearfty of the model Non-Ifnear models can again be classified as 
intrinsically llnear and fntrfnsfcally non-hear. Here, we are deal~ng w~th the hear f~xed 
effect models for fishery exper~ments. 

Gonenl Setting for Experiments 

Suppose an experiment generates observations such as y,.y,,y,,. . y, These 
observations which follow certaln dish~but~on may be called random var~ables are controlled 
by certain number of attrfbutable factors called parameters. In matrlx notation, it can be 
expressed as 

Y .  (nxl) vector of generated observat~on y,,y,,y ,.... . . .  y,. 
X. non random matr~x of observat~on vs parameter of order (nxp) 

p: (pxl) vector of parameter of fnterest p,,p ,,I\,,...p, 

e (nxl) vector of random errors whlch IS normally dfstr~buted w~th mean zero and 
constant varlance I e e -N (0. I n') 

Our object~ve IS to estimate p and thelr lfnear combfnatrons Even though there are 
bu r  types of est~matton ava~lable In I~terature, ordlnary least square (OLS) has been found 
suitable given the situatfon. Th~s cnvolves choosing (3' as the estimates of p wh~ch mtnlmlzes 
the sum of squares of error i.8. mlnim~ze 

e'e = (Y- Xp)'( Y- Xp) with respect to p. 

Salving (e'ddp) = 0, we obtain the normal equations as 

xxp X'Y. 
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If X and hence X'X IS full rank, then unique solution exists and given by 

0'. (X'X)-'X'Y 

which is used for regression analysis. But, when X is not of full rank i.e. X'X is singular 
giving I X'X 1 = 0, then the solution of the normal equatlon can be obtained by using the 
concept of generalized inverses. That is 

pa= (X'X).X'Y, 

Where. (X'X )-' is a g-inverse of X'X and is not unique in givlng solutions to the 
normal equation. But it offers invar~ant solutions to the estimable functions of parameter of 
interest, which is required for the comparatwe experiments. 

The sum of square due to error (SSE) is defined as 

SSE = (Y-Y')'(Y-Y' )=(Y- Xb')' (Y- Xp') 

= y'y -pA'X'y 

= Y'[I - X (X'X) X'] Y 

As X (X'X ) X' IS invar~ant so all so the SSE The expectation of the SSE IS glven by 

E (SSE) = E (Y'[I - X (X'X) X'] Y) 

= $[n- rank (X)] 

Thls ~mpl~es cr7' =SSEl[n- rank (X)] = Mean Square Error (MSE) 

From the model, we can parttion the total sum of square (SST) in to Sum of square 
due to model or regression (SSR) and Sum of square due to error (SSE). The model Y= Xp 
+e glves 

Y'Y= p'XXI1 + WX'e +e'Xp*e'e 

E (Y'Y) = p'X' E (Y) + E (e'e) 

Y'Y = p"XfY + e'e that IS 

SST=SSR+SSE 

In SSR, the sum of square due to mean is ~ncluded and can be adjusted as 

SSR, = SSR - n-' (\'Y)2 

Here, the degree of explanation of the model can be given by R2 =(SSR I SST) which 
IS not the only tool rather one of the many tools avallable in the literature. On the basis of 



normality, the F-.test is used to know the slgllificance of the parameters, which also include 

mean. Thus, 

F (R,) = MSR,I MSE for the parameters excluding the mean effect and 

F (M) = SSM I MSE for the mean These are the calculated value compared with 

the tabulated F-value at different level of significance to accept if F, is less than F, or 

reject if otherwise, the null hypothesis. As stated for estimable functions only, the estimates 

are invanant tothe solubon of the normal equations. It is valid for establishing the confidence 

intervals for the estimable functions That is, on the basis of normality, the symmetric100 

(l-a) % confidence Interval for the estimable function q' p is having the lower limit q' P -a" 
t ,,,, (d2)(q' (X'X)- q)In and upper confidence limit q' p+ uA t ,,, (a/2){q' (X'X). q)lR. 

Derlgnlng Optlonr 

Asstated earher, deslgnlng aspect of the experlment absolutely based on the ObjeCtl~es 

end the env~ronment where ~t IS conducted If the objective IS to compare different vartettes 

or species of fish then the experlment may be taken In a pond or In many ponds which acts 

as envlronment In fishing experiments In the following sub heads posslble situations have 

been elucidated 

I. One-way Clar8lficatlon 

Here, the experimenter may intent lo evaluate the comparative advantage of different lines 

of fish taken in e pond. Since the experiment has been taken in a pondlenvironment, the variabil~ty 

in 0b~rvBtlOn of fish Qrowth is regulated primarily due to variety only. The suggested suitable 

model for the observation generated horn the experiment is as follow. 

Y, = )I + a, +e, 

for in 1,2, . . . ,p (vaneties) and j = 1,2. . . .n, (observations) 

Where, Y, is the jm observation for the invariety of fish 

p is the general mean effect 

4 is the effect of ith fish variety 

e, Is the random error which follows e, - N (0, lo2). 



Example 

To study the growth performances of three fish varieties an experiment has been 
conducted in a given pond from which the following data haw been generated. 

The follpwing data are presented in model form as. 

Fish Vahty 

v1 
. vz 

v, 

74=Y,, = p + a, +e,, 

68=Y,, = p + a, +el, 

77=Y,, = p + a, +el, 

76=Y,, = p + n2 +e2, 

80=Y,= )I + a, +eZ 

85=Y,,= p + a, +el, 

93=Y,= p + a,+eu 

We obta~n the normal equations for the follow~ng model as X'X X'Y that is 

Wetght (gm) 
74.68.77 

76.80 

85,93 

And, the estimates of parameters. I)'= (X'X)'X'Y Here, the generalized inverse has 
been taken for X'X as the sum of last three columns equal the first column, which makes 
the determinant zero. 

Here, p' = (tlJ1[O Y, Y2 Y,]' 

The total sum of square (TSS), here can be partitioned into Sum of square due to 
variety (SSR,), Sum of square due to mean (SSM) and Sum of square due to error (SSE) 
in the ANOVA for testing the null hypothesis. Let the null hypothesis be H,: a, = a, = a,=0 as 
against alternate hypothesis H,: a, = a, = a,&. In the above exampk, F (R,) is 7.56 which 
ts more than the table value and thus implies signifmnce of variety effect in the total variability. 



As it is bund above, p and U'S are not estimable individually, rather 11 + a, estimable 
and the estimates are given by (n,).'Y, . For the above experiment, two independent and 
orthogonal comparisons can be done to study the variety performances. These are 

(1) est (a, - a,) =(r + a,) dr + 4) = (n,).' Y, - (n,)"Y, and 

(2) est (a, - u,) =(r + a,) 4 p  + 4) = (n,).' Y, - (n,).'Y, with variances 

(I) variance (est(a, - aJ) =([(1)2/3] +[(-1)2/2]) dA and 

(11) vahnce {est (a, - u,)) =([(1)213] +[(-lr12]) dA Then the confidence interval at a 
given level of significance can be found out using the formula cited earlier. 

II. Th. Two-way Nmbd Clrrrlficrtlon 

Sometimes, it may so happen that one pond performs better than other even though 
both are stocklng the same varieties of fishes, due to diverse micro climatic variations. In 
such situation, the research interest may be to compare the productivity of ponds and also 
thq growth of fish species in a given pond. The empirical model suggested here is the two 
way nested model glven by 

Y, = p + a, +b +e, for i= 1,2,. .. .p (ponds) 

Here, Y, is the kmobservation for jm var~ety in in pond 

p is the general mean 

4 is the effect of i" pond 

p, Is effect due lo jth var~ety in ith pond and 

e, is the error term as defined earlier. 

Ponds 
P I  

P2 

: 

Vanety 
v1  

V2 
V l  

V2 

v3 

Observations (Cm) 

5 

8,lO.g 

8,lO 

6,2,1,3 

3,7 



The normal equations X'Xp* X'Y are 

- Y... - 
Y I . .  

Y  2 . .  
YI 1 .  
Y  1 2 .  
Y 2 I .  
Y 2 2 .  
Y 2 1 . ,  

This shows that and a are not estimable individually rather (p+a,+P,) are estimable 
and its estimates are given above. Then ANOVA can be found out using the given formula 
for the F-test and ultimately finding the confidence interval for the estimates. 

Ill. The Two-Way Cross Classlflcation 

When the experimenter feels that both the pond effect and line effect of the fishes are 
equally important, one may opt for two way crossed c lass i f i  designs Here, the model is 
defined as 

Yy = g + a, +p, +e, 

for i= 1,2.. . . .p (lines) and j=l ,2 , .  .. .q, (ponds) 

Here, Yv is the mU*- for imvariety in j pond. 

)I is the general mean 

a, 1s the effect of im line1 species 

p, 1s effect due to jth pond and 

e, is the error term as defined earlier. 

If the interaction effect of im line in jm environment is to be stud& then it can be 
included in the model and rest of the analys~s can be done as defined earlier. 
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METHODS OF FACTORIAL EXPERIMENTS 

Jitendriya Sanngi 

Factorial experiments had their origin in agricultural sciences and have since been 
widely used in diary sciences, medical sclences and also marine sciences. These 
experiments study the effect of few dominant factors on a target variable called yield. Each 
factor is applled at a fey levels, each level referring to a dose or quantity of the factor. The 
effects of the factors are ~(multaneously studled in a single experiment. The aim is to study 
each factor individually and also all them collectively to study the behaviour of a factor tn the 
presence of the other factors 

To f ~ x  the Ideas, let us cons~der how the productivity of a vanety of rice is influenced 
by a fertilizer F which can be applied in two doses f,,f, and irrigation I to be applied at two 
levels I, (lower), and I, (higher) The relevant experiment is to take a fertlllty homogeneous 
block (B), div~de it into four equal plots and apply the combmations (fJ,), (fJ,), (f,l,), (f,l,) to 
them by lottery This is a single replication of the experiment. If a large plot is available, 
several replicat~ons may be included in the experiment to increase the precision of our 
fi-. The yields of all four combinations may be denoted as [fJJ, [fJ,], [f,ld, and [f,l,]; 
available for each repllcal~on, constitute the data to study the effect of fertilizer and irrigation 
on yield. The above experiment is briefly called a 2 x 2 or 2' factorial experiment, the two 2's 
referring to the levels of the two factors. 

Consider a z3 factorial experiment with three factors each at 2-levels denoted by (a. 
A). (b. B), and (c, C) respectively. A replication consists of a homogeneous block divided 
into 2a8  plots. To each plot a, a combination ijk may be applied where i, j, k = 0. 1. Symbol 
0 stands for level 0 and 1 for level 1 of each factor. Thus. 110 means application of first two 
factors at Level 1 srnd the third factor at Level 0. The yield in the S* r e p l i t i n  for ijk may be 
denoted as S (ijk) and T (ijk) denotes the tots1 yield against ijk. 

I 

Thus T (ijk) = S (ijk), when, there are r r e p l i i s  
9.1 

The mdn effect of fedor 1 or A is the weraga of the i nc rmn ts  due to Level 1 over 



Level 0,of factor A, over all the combinations of the other two factors. taken over all the 
replications. Thus 

The main effects of B and C are defined similariy The interaction of A and B is a 
measure of the effect of one of these factors in the presence of the other. Thus, 

The interactions AC, BC are similarly defined. Finally, interaction ABC is defined as 

The above results can be more simply written by indicating the levels of the factors 
by capital letters or their absence, lower levels of all 3 factors being simply written as 1. The 
main effects and interactions are a simple combination of capital letters. The table below 
indicates - adding the total yields of the corresponding treatment combinations with + sign 
and subtracting them for negat~ve sign. The signs can be simply obtained by multiplying 3 
factors 
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Maln effects and interactions for a 2' Factorlal Experlment 

Main effects and interactions 

Mom facton: Each at two levels 

In any real experlment, the outpuVyleld may be Influenced by several factors and 

their interactions, over which the exper~menter has no control. For example, mllk yield of a 

cow may be Influenced by 11s breed, ~ t s  age, the feed glven to the cow, the environment 

where it lives, and may be many others These factors do not operate in isolation but interact 

with each other in a complex way. In case of 4 factors each at 2 levels, we have 2' = 16 

factor combinations We denote the factors as 1, 2, 3. 4 and the factor comblnatlons as 

(X,X,X,X,) where X, = 0 or 1 represent~ng the lower or higher level of factor 1=1.2.3,4 Here 

(0101) refers to a factor comblnatlon wlth factors 1,3 applied at lower. 2, 4 applied at higher 

levels. There are four main effects 1,2, 3.4. 'C,=6 second order interactions which may be 

denoted as 12, 13. 14. 23, 24, 34, 'C,= 4 third order interactions denoted as 234, 134. 124, 

123; and one fourth order interaction denoted by 1234. All the 16 factor combinations 
contribute to each interaction with + or - sign. The rule regarding which factor combination 

is + and which is - is given below. 

AC 

A0 

ABC 

(1) (1111) is always positive. 

t 

+ 

(2) For the interaction say 124, all ( X , w , )  is positive for which 1 .X,+l .X,+O.X,+l .X, = 
1 or 3. All (X,X,X,X,) is negative if the above sum is 0 or 2 or 4. 

+ 
+ 
+ 

The above (wo rules may be used to compute each main effect or interaction from 

+ 
+ 

+ 
+ 

+ 

+ + + 



each replication and then the average may be calculated. These averages measure the 
corresponding main effects and interactions. 

Confounding In factorial designs 

In general, if n factors are considered important for tha yield/wtput; the feetoriel 
experiment requires 2" plotslexperimental units, so that each fector combination can be 
assigned to one unit in a single replication. The ideal requirement for a study of 
factors and their interactions is that barring the factor combination dillarences, the unihare 
otherwise homogeneous; so that any difference in yields/out@ts cen be embutsd to the 
factor combination differences. The principle of local control dictates that other extraneous 
differences should be minimized by controlled experimentation. In real life situations that 
arise in studies in agriculture, biolog~cal, and medlcal sciences; the investigator has no 
control over the units available to him. The experiment is managed by picking up unit that 
are relatively homogenous so that the experimental error is minimized. In many situations 
like an agricultural or drary farmlexper~ment the desired number of 29n i ts  may not be 
available without including units which bring in experimental errors through heterogenelty. 
More heterogeneity introduces extraneous errors that conceals real differences between 
situations -which we want to know. In statistrcal language, this reduces the discriminating 
power of the tests we apply to test significance. 

In prelim~nary or exploratory stud~es, n can be limited and only few important factors 
may be included for study A better alternative may be to keep as many factors as may be 
considered important and try all the factor cornbinallons in more than one block, adjusting 
the factor combinations in such a way that unimportant higher order inleractmns get mixed 
with the blocks. For example, if n = 5 and 2' = 32 homogeneous units are not available, we 
can accommodate 32 factor combinations in two blocks each of size 16 such that the 
h~ghest order Interacton ABCDE includes the difference between the blocks as a component. 
and therefore cannot be estimated. This princ~ple is known as confounding. It leads to loss 
of information on unrmportant higher order Interactions to gain experimental precision. In 
our earller notatron, for a single replications of a Z5 experiment, interaction ABCDE = 
((ABCDE) + (CDE) + (BDE) + (BCE) + (BCD) + (ADE) + (ACE) + (ACD) (ABE) + (ABD) + 

(ABC) + (A) + (0 )  + (C) + (D) + (E) - ((BCDE) - (ACDE) - (ABDE) - (ABCE) - (ABCD) - 
(AB) - (AC) - (AD) - (AE) - (BC) - (BD) - (BE) - (CD) - (CE) - (DE) - (l))l16. 

Here, there are 32 factor combinations requiring 32 homogeneous units for a one- 
replication trial. Since 32 homogenous units may not be available in practice, we can have 



twu blocks each of i 6  hbmogehous units From the 32 factor combinations given above. 
those appearing with posnive sign can be allocated to dd b l k k  at random and the balance 
combinations with negative sign to the second block at random. In this experiment, estimating 
ABCDE from the yields of the two blocks will include one component due to difference 
beween the two blocks Thus ABCDE cannot be estimated as it is confounded or inextricably 
mixed with the bkck effects. 

Construction of designs by confounding glven interactions of higher order 

Slngls intoraction, In a factorial experiment, all factor combinations should be allocated. 
each to one unit of one replica'on Units of a replication should be homogenous to reveal 
factor differences. Many homogenous units are often not ava~lable To control experimental 
errors, we can select two or more homogenous blocks to make one replication. For a z4 
experiment wth 16 factor combinetons, we may select 2 blocks eech with 8 unlts to make 
a replicate. Here, there are four maln effects say A, 0. C, D; 'C, = 6 second order interact~ons 
AB, AC, AD. BC, BD. CD; four thlrd order and one fourth order interact~on ABCD. The 
model is such that higher and higher order interactions make smaller and smaller 
contr~but~ons to the yield. Thus, the h~gher the order or an interaction, the less Important 
becomes its s~gnificance in our study. 

The 16 factor combtnat~ons can be accommodated in two blocks of 8 units, 
confounding a higher order interaction, say ABCD. The rules below indicate how the factor 
combinalwns are to be allocated to the two Blocks, say Block Block II and I. 

(1) For each factor combination, construct a vector (X,X,X3X4) such that X,=l if the ith 
factor occurs at Vie htgher level In the combination. X,=O otherw~se, i = 1. 2, 3, 4 To 
illustrate, with the factors wr~tten as A. 0,  C, D; combination ABD glves the vector 
(1101), CD gives the vector (0011). 

(2) All factor combinations for wh~ch (X,+X,+X,+X,) is an even number i e .0,2, or 4 w~ll 
po to one Block. A factor combination for which (X,+X,+X,+X,) is an odd number 
goes to the other Block. The break up is shown below: 

Block I - ABCD, AB, AC, AD, BC BD, CD, I 

Block II - ABC, ABD, ACD, BCD. A. 0, C, D. 

(3) The above rule applies to any number of factors where the highest order interaction 
k confounded. If any other interaction is confounded, (X,+s+X3+X,) should be 
changed to include only those Xi's which are included in the interaction at higher 
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level For example while confounding BCD, change (X,+X,+X,+X,) to (X,+X,+X,) in the 

above rules. 

Several Interactions: Suppose in a 2'factorial experiment, homogeneity conditions require 

block size to be limited to 8. We will need 4 blocks BI, Bll. Blll, BIV to accommodate the 32 
factor combinations in one replication. More than one interaction will have to be confounded 

with the blocks. Suppose we wish to confound interactions ABC, and ADE. The rules to 

construct the blocks will be as follows: - 

(1) For each factor comb~nation construct the vector (X,%X,X,X,) such that X,=l if the 
ith factor occurs at the htgher level in the combination. X, = 0 otherwise. 

(2) For each vector (X,X,X,X,X,), calculate S,=(X,+X,+X,) corresponding to ABC and 
S,=(X,+X,+X,) corresponding to ADE. 

(3) In BI, tnclude cornbinattons for whlch both S, and S, are even. In Bll, include 

combinations for whtch S, IS even and S, is odd. In 8111, include combinations for 

which S, IS odd and S, even In BIV, include combinattons for which both S, and S, 
are odd. 

Note that S,+S, = 2X,+X,+X,+X,+X: whtch IS even or odd accord~ng as (q+X,+X,+X,) 
IS even or odd Hence the lnteractlon BCDE corresponding to (%+X,+X,+X,) will automatiilly 

be confounded in thls allocation The allocation of factor combinations with ABC, ADE, and 

BCDE confounded IS grven below - 

BI - 1. BC, DE. ABD. ABE, ACD. ACE, BCDE 

Bll - D, E, AB. AC. BCD. BCE. ABDE, ACDE 

8111 - 8 ,  C, AD, AE, BDE, CDE. ABCD. ABCE 

BIV -A, BD. BE, CD, CE, ABC, ADE. ABCDE 

The above des~gn estimates all the other 31-3.28 main effects and interactions, 

since they are free from block effects 

Analysis of factorial deslgns: Illustr.tlve examples: 

Example 1: - The layout and the yields of a 2, factorial experiment, conducted in four 

replications are gtven blow. Analyze the data and interpret your findings. 



OIIlqu dG- ... BbMwmatia and Stelistics in Fishehes Rssssrd 

Replication Factor combinations and yields (in brackets) 

I 1 (20) A (26) B (25) AB (31) 

I1 A (24) B (27) AB (27) l(22) 

111 B (28) AB (29) l(24) A (25) 

IV B (28) A (27) l(25) AB (30) 

Subtracting 25 from each yield, and re-writ~ng the yields systematically, we get. 

Correctcon factor (C F ) = 18'116 = 20 25 

Total S S = 144-20 25 = 123 75 

Replicat~on S S = %(4+0+36+100) - 20 25 = 14 75 

Factor cornb~nat~on S S = %(81+4+64+289)-20 25=89 25 

ErrorSS 1 .12375 -1475 -8925~  1975 

S S of lndlv~dual comblnatlons (YATES) 

Factor comb Totals 

20.25 

20'11 6=25 
11 64 

17 9 -2 0 25 



Ba&lbmalicsMd s t a t i s t i c s i n F i s i m i w & ~  

ANOVA 

The 5% critical value of F, ,, is 3.71. The 1% critical value of F ,,,is 6.99 and F ,,,is 
10.04. Hence, we have the following findings - 

(1) There is no significant difference between replications. 

(2) Both A and B significantly improve the yield An INTERACTION AB is negligible and 

should be ignored 

(3)  Application of B gives much better results than application of A But the factor 

combtnation AB should be avoided (See Yates table) 

Example 2 (DAS AND GIRI) 

The following table glves the plan and the y~elds of a 23 factorial experiment involving 

three factors N, P, Kin block sue of four plots each Analyze the data and give your comments 

3 
Pk 
1 

nk 

pk 

"P 

143 

70 

103 

142 

1 54 

5 6 

n 

P 

npk 
n 
k 

187 

68 
73 
109 

93 



ar io?.dDm. .nd slslifflcr m Fisheribs Re- 

This is a 2' des~gn In which NPK has been confounded in each replicate We use 

Yates method lo find the S S, due to the main effects and interactions except NPK 

S S due to treatments = S3n+S:p+Sk+Smp+S7nk+S2pk=16313 

S'NPK being totally confounded IS Included in error Sum of Squares (S S ) 

Raw Iota1 S S = 413814 

Corrected total S S = 413814-360640=53174 

Block S S = 1/4{[468:+546:+563-'+553'+469+343:]-C F ~369382-360640-8742 

Error S S -53174-16313-8742=28119 

Analysh of Varlance 

Variance ratlo 



The above analysis indicates the following points. 

1. Experimental error overshadows the contrlbutmn of both K (potassium) and P 
(Phosphorus). 

2 Experimental error also dominates the Mock differences 

3. The small negative contribution of NKP in Yates table confirms that confounding 

NPK was a step in the right d~rectlon. 

4 Nitrogen (N) has the maxlmal contribution to Improving yield. Combining nitrogen 

with potassium 1s of no advantage Combtning nitrogen with phosphorus ~ u c e s  the 

yield (See Yates table for negatlve NP) 

It appears, th~s experiment glves more exploratory information than results which are 
of tmmediate application value. 
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TECHNIQUES FOR ANALYSIS OF DATA WITH 
REPEATED OBSERVATION 

When a character in an experiment is measured over time, the researcher is usually 
interested in examining the rate of change from one time period to another. For example, 
when a m a r c h e r  measures weight at d~fferent growth stages, interest is usualiy on the 
effects of treatment on the growth pattern (or the rate of change over time) based on weight 
rather than on the effects of treatment on we~ght at the individual stage. In other words, it is 
important to determine the interaction effect between treatment and stage of observation, 
but that cannot be done if the analysis of vanance is obtained separately for each stage of 
obss~ation. Hence, the common approach IS to combine data from all stage of observation 
and obtain a single analysis of variance 

Many stud~es rnvolve making repeated measurements over a period of time or space 
on each experimental unit, whlch may be a plot, fish or plant. For example. 

Length measures al dtfferent growth stages. 

Weekly gain in the weight 

Dally soil moisture content of a plot 

Weekly yield of a fruit crop 

Repeated measurement experiments are of two types 

1. Each experimental unit receives the same treatment during the course of the 
expenment. 

2. Each experimental unlt receives a sequence of treatments over successive perlods 
of t~me during the course of the experiments 

Here, we wll only cons~der the former type of repeated measurements experiment 
The preclse experrmental des~gn IS not Important slnce all methodolog~es covered are 
applicable to any design To s~mplify the d~scussion, a s~mple experiment arranged in a 
Randorn~zed Complete Block Destgn wth p treatments occumng In b blocks is used Data 
ale &ken atm es $. t, 1, from each of the N = pb expenmental unlts An example of data 
from th~s type of experiments is shown In Table 1 It shows the weight of SIX specles at 20, 
30,40, and 50 days 



Univadate Procedures 

Analysis could be carried out for each of the r times but with these analyses the 
change of treatment effect over time cannot be evaluated. Hence, what is needed in an 
analysis, which provides a test for the interaction behveen treatment and time? Two mrs 
are frequently made in carrying out this analysis. The first arises from assuming an inconed 
model and the second from assuming an incorrect covariance structure. 

Table 1: Weight of six species at 20,30,40, and 50 days 

-- 
Species Block I 20 days 1 3O*p I 40 day 1 SO dayn 

S 1 1 26.2 37.0 62.5 62.0 

2 27.0 40.4 54 6 68.3 

3 26.4 38.2 60.8 64.0 
4 28.9 43.9 60.1 67.2 

S2 1 27.9 39.5 58.9 89.5 

2 27.0 36.0 60.8 87.1 

3 26 9 41 .O 61.6 70.6 
4 27.5 37 5 59.2 67.9 

S3 1 29.4 38.7 60.7 70.1 

2 27 8 38.5 60.9 75.8 

3 28.1 38.7 59.2 70.8 
4 28.9 43.0 56.1 71.1 

54 1 28.9 39.5 61.9 64.9 

2 33 5 46.0 62.5 77.0 

3 24.1 41 .O 53.5 67.8 

4 28.6 43.7 55.5 89.6 

S5 1 25 8 44.1 61.6 68.8 
2 27.1 37.4 65.0 69.1 

3 28.8 39.5 63.4 70.8 
4 33.1 43.9 61.6 71.5 

S6 1 28.8 45.0 70.0 76.4 
2 28.6 44.2 86.3 72.4 

3 32.9 52.9 62.9 83.2 
4 35.6 50.9 88.8 74.6 



Incorrect model for fep8at.d mum: 

The Rrst common error in the analysis of repeated measures is to analyze the data 
as if Ume were a factor crossed with treatments ~n a factorial experiments. This incorrect 
~ P l y r l r  b shown In Table 2. 

80ulw of v*rl.tkn DogmoffrndOm 
Bbok b - 1  

Tnrtmrcrl P-1 
Thu r -  1 

~rmtmonl x TM @ - l ) ( r - ~ )  
E m  (V-I)(b- 1) 
Totll rN -1  

Such an analysis will lead to serious errors in the test of significance of the effects 
under study because comparisons between tcmes are made on the same unit and therefore 
less variable than those between treatments Furthermore, they are sequential and hence 
may be rut* cone(atsd. 

The second error arcses from assuming a split plot desisn which corrects the first - . .  
proMsm wtth the previous deslgn but not the second concerning the correlation between time 
psnods. This error mav be serlous when the correlat~ons between time ~f?r l~dS are uneaual 
 he split plot anelyss.for the data in table-1 1s shown In table-3   ere'. the treatments'are 
considered as the macn plols and the tlmes as subpbts. 

Table 3: Spllt plot malysis of data in Table 1. 

Under the assumption of equal conelation between time penods, the analysis in 
Table 3 may be performed. 
A ~ i y s h  d npertrd d#.watbnr using orthogonal contrasts: 

An altomati analysis, w h i i  ia valid no matter what au toada t i on  pattern exists, 

SOWXI of vmlrtion Degree of hw&m MS F PvF 
Block 3 8.20 0 49 0.6967 
Tre.tmsnt 5 127.18 7.54 0.0010 

Ei-fOr (8) 15 16.87 
T h e  3 851 1 . I4  1217.79 0.0001 

Tm@me~W x T h e  15 10.76 1.54 0.1237 

E m  (b) 54 6.98 
TatA 95 

I ' 



is to partition the subplot section of the analyss using orthogonal conbasts. The cham of 
contrasts depends on the interest of the experimenter If for example, the interest IS to cornpan, 
the growth responses over time, !he use of orthogonal polynomials may be appropriate. The 
subplot part of the split-plot analysis may then be partitioned as in Table-4. 

Table 4: Partitioning using orthogonal contrasts 

Source of variation , Tme linear (L) 1 
L x Blodc b - 1  
L x Treaaent 
Error (L) 

T~me Quadratic (Q) 
Q x block 
Q x Treatment 
Error (Q) (b- l ) (P- l )  
Time Cublc (C) 1 

CxBlock (b - 1) 
/ C x Treatment (P- 1) 
L Error (C) (b- l ) (P- l )  

The advantages of this analysis are that it examines directly interactions of intemt 
between the treatments and the repeated measure and the different contrasts are 
Independent (because of orthogonality) so that the d~fferent tests are aim independent and 
have the correct level. 

However, there is a question as to whether to use a pooled enor term [Error (b) of the 
original split plot analys~s] or a partdioned (indiv~dual) error terms in table-4. Many Scientists 
have recommended that the individual erron be routinely used because they ybM better 
control of type I error and of independent statcstrcal tests. The pookd error m y  be uMd 
under the unlikely conditions of homogeneity of partitioned ermrs, and of poor power of 
partitioned errors. 

1. Determine Me orthogonal mntrestr to be used from tables. For example thaihogod 
polynomials to be used for four equally spacad time parbds are the f d b g :  

Total 1 1 1 1  

Linear -3 -1 1 3 



Quadratic 1 -1 -1 1 

Cubic -1 3 -3 1 

The last row 'Total' is included to provide the main plot part of the analysis. 

2. Evaluate each linear functbn for each of the experimental units. For the data in 
Table-1, the m u b  are in Table-5. 

3. Run snalyrh of veriencn for each function (dumn of tabled) using the basic design 
of the experiment. For our example, the basic design is RCBD and the resulting 
ANOVAs are the following: 

4. Divide each of the sums of squares with the sum of the squares of the contrast 
coefkiits. For our example, the dmsors are 4,20,4 and 20 for total, Linear, Quadratic 
and Cubic, respectively. The resulting ANOVA table is as follows: 

lowc*ol 
vulrt lon 
Blodc 
fmtatmmt 
E m  (a) 

Ths sums of squares for the main plot part of the analysis ate given under the total 
cdumn. The mean squares and F-values are computed in the usual manner. 

W3m Of 
tnrclom 

3 
5 

15 

Sum d squrm 
Total U w r  Qumdmtk CUMC 

bawc* d 
vuwlon 
Wodc 
TfWt~nml 

E m  (a) 

5. Compute the Linear, Quadratic and Cubic sums of squares from the totals in Step 2 
by squaring these values and d~v~d~ng them with the product of the total number of 
observations and the sum of the squeres of the contrast coefficieots. For our example: 

98.49 
2543.76 
1012.26 

Dqm of 
trwdom 

3 
5 

15 

733.12 
1052.06 
756.09 

Sum of sqwm 
Total Unerr Owdntlc Cubic 

89.67 
235.92 
216.86 

24 62 
635.84 

253.06 

986.73 
998.69 

3539.74 

36.65 
52.60 
37.80 

22.41 

58.98 
54.21 

49 33 
49.93 

176.98 



Table 5: Evaluated linear functions for data In Tabkl. 

Speciea Block Total Linear Qurdntk Cubic 
-- 

S1 1 187.7 132.9 -1 1.3 40.7 

2 190.3 138.1 0.3 -1.3 

3 189.4 135.4 8.6 -30.2 

4 2Ml.l 131.1 -7.9 -10.3 

S2 1 195.8 144.2 -1.0 -16.6 
2 190.9 145.1 -2.7 -34.3 

3 200.1 151.7 -5.1 -18.1 
4 192.1 142.9 -1.3 -24.7 

S3 1 198.9 144.1 0.1 -25.3 

2 203.0 166.4 4.2 -19.2 

3 196.8 148.6 1 .O -18.8 
4 199.1 139.7 0.9 2.9 



D.rpnr d Erpubmnt~ . Bb- end StaUstics in F i M s  Rssm 

6 Enter the sums of sqtiqres from steps 4 and 5 to table-4 The resulting ANOVA is as 
follows ,_- - - - --- *_ _ _ _ ___ _ I _- _ - 

Degree o' Sums of Mean 
venatm freedom squares squares 

- - - .- 
Prob I 

1 25099 66 25099 66 9958 93 0 000 1 

Errw (L) 15 

auadratic (Q) 1 91 26 91 26 2524 o 000 1 
Q x block 3 22 41 7 47 2 069 

Q x Treatment 5 58 98 11 79 3264 

Error (a) 15 54 21 3 61 

Cubtc (C) 1 343 40 343 40 

C x Block 3 49 33 16 44 

C xTrsabnent 5 49 93 9 98 0 846 

Error (C) 15 176 98 11 79 . - - -- - - - -- -- - - - - - - - - - 

7. If a tlme x Block effect is not significantly different from its corresponding error and 
the error degrees of freedom is small. say 6 or less, then the sums of squares of the 
two effects can be pooled and used as error tenn. In our example, the error degree of 
freedom is sufficiently large, henca, no pooling is necessary. 

8. The result shows that the linear, quadrattc and cubic effects of time are significant 
and the hear  and quadratic effects vary signifiintty from one species to the other. 

Slmpk problem: Analyslr of repeated obornatlonr through Statistical package: 

An experiment was conducted in a fandomized complete Mock design to compare 
ths growth mtes of six species. Wergnt was measured at 20. 30. 40. and 50 days. To 
analyze the data fdkwlng arrangements rnny be done. 
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Sample data set for repeated observation analysis 

VOOl Species 
V002 Rep 
V003 DAY 20 WEIGHT AT 20 DAYS 
V004 DAY 30 WEIGHT AT 30 DAYS 
VW5 DAY 40 WEIGHT AT 40 DAYS 
V006 DAY 50 WEIGHT AT 50 DAYS 

1 1 26.2 37.0 62.5 62.0 , 
1 2 27.0 40.4 54.6 68.3 
1 3 26.4 38.2 60.8 64.0 

1 4 28 9 43.9 60 1 67.2 

2 1 27.9 39.5 58.9 69.5 

2 2 27.0 36.0 60.8 67.1 

2 3 26.9 41.0 61.6 70.6 

2 4 27.5 37.5 59.2 67.9 

3 1 29.4 38 7 60.7 70.1 

3 2 27.8 38.5 60.9 75.8 

3 3 28.1 38.7 59.2 70.8 

3 4 28.9 43.0 56.1 71 1 

4 1 28.9 39 5 61.9 64.9 

4 2 33.5 46.0 62.5 77.0 

4 3 24.1 41.0 53.5 67.8 

4 4 28.6 43.7 55.5 69.6 

5 1 25.8 44.1 61.6 66.8 

5 2 27.1 37.4 65.0 69.1 

5 3 28.8 39.5 63.4 70.8 

5 4 33.1 43.9 61.6 71.5 

6 1 28.8 45.0 70.0 76.4 

6 2 28.6 44.2 66.3 72.4 

6 3 32.9 52.9 62.9 83.2 

6 4 35.6 50.9 69.8 74.6 

Cutm! h t W a  d Fmttwtu (CIFA) 259 



Sample Output: 

The fdbwing ANOVA results will be displayed on the text editor. 

1. ANOVA labk for each orthogonal contrast 

WANCED ANOVA FOR VARIATE TOTAL 
Vaftsls MX)7 TOTAL 
LN S V DF SUMSOF MEAN F RATIO PROB ER 

SOUARES SQAURES LN 

1 REP 3 98 49 32 82 049 0700 3 
2 TREAT 5 254376 508 75 754 0001 3 
3 RESIDUAL 15 1012 26 67 48 

TOTAL 23 3854 32 158 89 
(CORRECTED) 
BALANCkD ANOVA FOR VARIATE LINEAR 
VPrlate M 0 7  TOTAL 
LN S V DF SUMS OF MEAN F RATIO PRO0 ER 

SQUARES SQAURES LN 

1 REP 3 7 33 2 44 485 001 3 
2 TREAT 5 1052 2 10 417 001 3 
3 RESIDUAL 15 7 56 050 

TOTAL 23 2541 1 10 
JCORRECTED) 
BALANCED ANOVA FOR VARIATE QUAD 
Van* M 0 7  TOTAL 
LN SV DF SUMS OF MEAN F RATIO PRO0 ER 

SQUARES SQAURES LN 

1 REP 3 580 1 86 2 07 0 147 3 
2 TREAT 5 14 74 294 3 26 0034 3 
3 RESIDUAL15 13 55 O W  

TOTAL 23 33 80 1 47 
_(CORRECTED) 
BALANCED ANOVA FOR VARIATE CUBIC 
VoMs  V007 TOTAL 
LN S V  DF SUMSOF MEAN FRAT10 PRO0 ER 

SQUARES SQAURES LN 

I REP 3 2740 9 13 1 38 028 3 
2 TREAT 5 27 74 5 54 0 85 053 3 
3 RESIDUAL 16 98 32 6 55 

. . .  
TOTAL 23 15347 6 87 
(CORRECTED) 
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2. Table of means- 

TABLE OF MEANS FOR FACTORW. 
MEANS FOR EFFECT REP 
.................................................................................................................... 

REP NOS TOTAL LINEAR QAUO CUBlC 
1 6 199.350 14.3317 -1.77917 -4.24165 
2 6 202.217 15.0817 -0.495833 -3.44721 
3 6 201.183 14.8350 -0.7625W -1.95278 
4 6 204.950 13.6217 -0.862501 -1.83810 
SE (N = 6) 3.35371 0.28984 0.388075 1.04529 
5% LSD 15 DF 10.1093 0.873687 1.16979 3.15071 
................................................................................................................. 
MEANS FOR EFFECT VARIETY 
................................................................................................................. 

VARIETY NOS TOTAL LINEAR QAUD CUBIC 
1 4 191.875 13.4375 -1.71875 -3.43749 
2 4 194.725 14.5975 -0.63125 -3.80415 
3 4 199.450 14.9700 -0.38750 -2.51665 
4 4 199.500 13.8950 -0.57500 -1.05832 
5 4 202.375 144225 -1.48875 -4.02915 
6 4 223.625 15.4525 -1 .&0375 -1.97082 
SE (N = 4) 4.10744 0.354987 0.475282 1.28015 
5% LSD 15DF 12 3813 1,07006 1.43270 3.85881 

3. SUMMARY TABLE: 

ANOVA SUMMARY TABLE 
F- PROBABILTY VLAUES FOR EACH EFFECT IN THE MODEL SECTK)N-1 

VARIETY GRAND MEAN STANDARD DEVIATION C OF V 1 REP 
1 VARIETY 1 (N = 24) ISDI MEAN I NO.BASED ON BASED 
ON 

TOTALSS 
RESlD SS 
TOTAL 24 201.93 12 605 6 2149 4.1 0.6998 0.0011 
LINEAR 24 14.462 1.0511 0.70997 4.9 0.0149 0.0142 
QUAD 24 -0.97500 1.2141 095058 97.5 0.1467 0.0342 
CUBIC 24 -2.8194 2.5832 2.5603 90.8 0.2831 0.5392 

Syaaested Readinas: 

Cole, J.W.L. and Grizzle, J.E. (1966). Application of multivariate analysis of verima to 
repeated measurement experiments. Biiehice. 22,810-28 

A n w s  of repealed measures. Chapman 8 Hall. London 



ANALYSIS OF VARIANCE (ANOVA) FOR FIELD RESEARCH 
Arun Kumar Panda 

Statistical data, obtained from sample surveys, experiments or any series of 
measurements, are often so numerous that they are virtually useless unless they are 
meaningfully condensed or reduced. Many researchers find it very difficult to draw any 
intomtion from such a huge data. Some time they present the data just as they are and let 
hem speak for themselves. On other occasions, it may be necessary only to group the data 
and present the muA In tabular or graphical form. However, most of tlm time data have to 
be summarized further and more debcrtptive studies are required to discover answers to 
thequesrtbns of 'who, what, when, where and, sometimes, how" it is made. In the explanation 
bvel, the rewrchers anernpt to explain a phenomenon using appropriate hypotheses. 

Now the question arises as Lo which type of hypotheses are to be used and which 
slatisttcel tool is to be used. It is my observatton that many researchers prefer to use good 
statistical software packages for the better collected data, to draw wrong or bad conclusions. 
These stabsbml tools have been used just because they are available. And not because of 
its proper uss value So a good researcher should dectde whtch tool to be the best fit for a 
pertccuhr anirlysis 

Many of the researchers are already exposed to the commonly used tools l~ke Factor 
analysis. Cluster analysts. Dwtmtnate analysis. Probit and logit analysis, Path analysis, 
Profile analysts and analysts of factortal expertments Here in thts paper we will discuss the 
use ofAnalysi6 of Mr~ance (commonly known as ANOVA) in general and two-way analysis 
with fephwtton and without repllcahon in partcular. 

Suppose 3 v a M c n  of flsh-feed resulting the following increase in weight of 9 fishes. 

A B C 

370 gm. 110 gm 240 gm. 

220 gm 120 gm. 50 gm 

Mean Y, 250 gm. Y, 150 gm Y, 180gm. 

The question to be answered by ANOVA is basic. Are there signlficent differences 
batwswr Me meen wights of 3 varieties of fish-feed? 1.e. is there any significant differences 
batwen thew three means or it is only due to chance causes. So for comparing the means 



of more than two populations or groups, we use ANOVA For two means, we use 1-test 
(which may be for single mean, or for difference of means or for peired 1-test) and the 2-test 
for small samples and large samples respectively. But for t h m  or for more groups, we use 
ANOVA It gives an overall comparison of means and investigates whether the populat~on 
means are likely to be same or d~fferent. If they are found to be different, then them am 
other tests to verify which pair of means has a significant di f femw. 

ANOVA is called the two-way ANOVA or two-factor ANOVA, H the data Is ctesdfied 
according to two characteristics or factors. At each combination of the I m l s  of the two 
factors, there may be more than one data value. This is called replication. When there are 
replication, it is possible to estimate the interactton or the joint effect of the two factors on 
the response being studied. When there are no replications, we can still perform two-way 
ANOVA but interactton can not be estimated The underline model is given by: 

Y, = p+a,+fil+cq for i = 1,2.3.. .. m 

forj = 1,2.3 . . . .  n 

where 11 IS the grand mean, at IS the effect of tm treatment, p, IS the effect of the jm 

block and t, are independent, normally d~stributed random var~ables hav~ng 0 mean and 
the common variance a? Here we restr~ct the parameters by Imposing conditions that Xu, 
= 0 and 'p, = 0 In th~s model the two hypotheses we use are 

H,, a,=a,=a,= .................. a, = 0 

i e the means of the first factor do not differ sign~f~cantly 

H, P,=p,=P,=. . . . . , .  I$ = 0 

1.e. the means of second factor do not differ sign~ficantly. 

And in either case the alternat~ve hypothesis is that, at least one of the effects is 
different from zero. In case of ANOVA with replkatlon." the interaction between the two 
factors is not significant" wll be the third hypothesis. The test criterion is the F-ratio and the 
null hypothesis is rejected whenever the calculated F-ratio exceeds the critical value. 

Like all stabstical procedures. ANOVA has certain conditions whlch must be fulfilled 
to ensure the validity 

1. The population from whch the sample is dram must be normally d~stributed. 



Normality may be checked by Me Rankit procedure And if the data are known to be 
not narmelly dktfibuted, than a suitable normalizing transformation must be introduced. 

2. Data must be unbiased. Randomizalion should be incorporated while performing the 
test and collecting the data. 

3 The variances within each group should not be significantly different from each other. 

4. Replwtion must be built into the design of experiment. 

One more important thing is to be noted that the I-test and the ANOVA procedures 
are alternative and mutuatiy consistent method for assessing the significance of differences 
In the meens of two groups of data 1-test is restricted to comparing the means of only two 

groups where as ANOVA for any number of groups 

Rofmncn: 

A.C.Wardlaw. Pracbcal Statist~cs for experimental B~ologists. 

K.V.S.Sarma. Stat~stics Made Simple Do it Yourself on PC. 

Richard A. Johnson, Miller and Freund's Probability and Stat~stics for Engineers 



FUNDAMENTALS OF SAMPLING THEORY & ITS 
APPLICATION IN AQUACULTURE 

A j H  Kumar D a  

Introduction 

A collection (1 = {L', .b', ......I/, 1 of N (given) well-defined, identifiable and 
observable objects under which certain valid conclusions are to be drawn is called a finlte 
population. N is called the population size. The objects U,'s a n  called the sampling units. 
The list of all sampling units with identification numbers 1, 2....,N is called the sampling 
frame. 

Let y be a study variable having value Y, on U, (i=1.2 ..... N). Let 

y=(,;.k; ...... I;.) .  

We assume that Y, can take any real value, positive or negative (including zero); 
1: E R , ,  the real line, hence. E R,  . the N-dimensional Euclidian space. 

A parametric function 0 is a function of the arguments Y,.Y,,. . .  ,Y,, i.e.. 

The parameten of part~cular ~nterest are: 
7 

Population total = Y = xf: 
'*I.. - t 

Populat~on mean = Y = - 
Population varmnce = 0') =- 

6, 
Populabon coefficient of variation = (', = - . P * 0 P 

P 
Population ratm = R = -= 

.Y 
A'" 

Population proportion = PA = - N 

where N, is the number of units in the population possessing some attribute A. 

In a sample survey the purpose of the survey statistician is to estimate the paramten 
by taking a sample i e.. a part of the population and by observing the values of y only on the 



unlts selected rghe sample The stat~stlrlan wants to make an ~nference about the populat~on 

by observing only a part of it Thls 1s essent~al and some times the only pract~cal method of 
~nkrence about the character~st~cs of a populatlon when a total count of the populat~on IS 

not poss~ble or 18 very costly or destrudrve 

Any finite ordered sequence of unlts from U of the form 

where 1 5 I, 5 N for 1 5 k 5 n(s )  and n(s )  < m IS called a sample and n(s) is called the 
sample slze. It may be noted that In the above defin~tion of the sample, units need not have 
to k distinct. If v ( s )  IS the number of d~st~nct In s, we call it the effectfve sample size. The 
collection of all possible samples from U is our basic sample space S' 

S=(s) 

A sampllng desrgn D (S' P) over U 1s a probab~llty measure P defined on S' If S 1s a 
subset of S' and P(s)>O ~f f  5 t $ then effectively we can replace S' by S and we may 
rewrite the des~gn as D (S, P) The above definltron of sampl~ng des~gn covers every 
conceivable method of draw~ng samples, as corresponding to any glven method There IS a 
collection of poss~ble samples w~th appropr~ate probab~l~tles attached wlth each sample 

A stal~stlc T based on a des~gn D=D (S. P) IS a real-valued funct~on defined over the 
samples S={s) such that, the value T, of T IS a funct~on of the y-values of only those untts of 
the populatlon U Ihat occur In s A stat~stlc when used to estlrnate a parametric funct~on IS 

called an est~mator of The expected value or the average of the estimator T IS glven by 

where P, IS the probabllity assoc~ated wlth the sample sand denotes the sum over all 
posslble samples s The b~as, varlance and mean-square error (mse) of T defined by 

= x(7: -of< 
8 .  \ 

= V (T) + B'(T) 



If T is an unbiased estimator of I e , E (T)= then M (T)=V (T) The standard error 
(s e.) and root-meanaquare-error (r-mse) are defined by 

s.c..(T) = Jqq 
r - r n s e ( ~ ) =  

respectively. 

Given a design D and ahmaton T, and T, of the same parametric function , both 
defined over D, T, is said to be uniformly better or simply better than T, if 

M ( T ) < M ( T , ) ,  forall 

with strictly inequality holdlng true for at least one value o f .  

In this article some commonly used sampling techniques are discussed in brief along 
with the estimates of some important parameters [Cochran (1 977), Mukhopadhyay (2000). 
Murthy (1967) and Sukhatme et al (1984)] Also the estimated variances of the estimates 
are given 

Simple Random Sampling (SRS) 

Slmple random sampllng IS a method of drawlng a sample from a populatlon such 
that each and every unlt In the populatlon has an equal probability of belng Included In the 
sample 

From a population of N unlts we select one un~t by glving equal probability 1IN to all 
units Thls IS best done wlth the help of random numbers We make a note of the unlt 
selected and return r t  to the populatcon If this operation IS performed n tlmes, we get a 
slmple random sample of n units, selected wlth replacement (SRSWR) If, however, this 
procedure is continued (111 n drstrnct units are selected and all repebttons are rgnored, a 
s~mple random sample of n units selected wlthout replacement (SRSWOR), is oblalned 
The later procedure is exactly same as retaln~ng the unit selected and select~ng a further 
un~t wth equal probab~l~ty from the un~ts that remaln In the population 

The use of random numbers for drawing a random sample from a finite population 
may be illustrated by means of an example 

Example: A list of 42 landing places during a certain month with the number of boats 
landing (y) IS given below: 



We shall 8 e k t  two random samples of 10 landing places (i) with replacement and 
(il) wlthout replacement from the above population. 

The land~ng places are already serially numbered from 1 to 42 Now N=42 is a two- 
digit number. 

1 (Direct A D D ~ Q ~ :  

We shall use a W i g i t  random number table since N=42 is a W i g i t  number. We 
shall mndder twod~git random numbers from 01 to 42, rejecting the numbers greater than 
42 and 00. We shall start from any number of the random number table. We can move In 
any random way we I~ke, it can be vertically downward or upward, to the r~ght or to the left 
We start at random from a number in the lZh column and lU row and move vertically 
downwards. The numbers selected from the random number table (given in Appendix) are 
given in the following table: 

R~ndom No. taken horn the table 

13 

Serial No. as selected 
SRSWR I SRSWOR 

13 13 



The random samples of size 10 with replacement and without replacement consist of 
the observations 

4,8,7,14,11,0.15,12,12,8 

and. 4,8.7.14.11.0.15.12,12,5 respectively. 

In the above procedure a large number of random numbers is rejected Hence, a 
commonly used devlce I e , remainder approach IS employed to avotd the rejectton of such 
large numbers The greatest two-dtgtt number whlch IS multiple Of 42. IS 84 We consider 
twod~glt numbers from 01 to 84 reject~ng the numbers greater than 84 and 00 By ustng 
two-dlg~t random numbers as above, we prepare the foliowlng table 

The random sample of slre 10 wlth replacement and without replacement consist of 
the 0bSe~ationS 

and. 4.10.7.8,7,14,9,11,15,12respect1vely 

When n untb are sekcted from a population of N unlts with SRSWOR, the number of 

possible samples is(:). Here order of drawing is ignored The probability of selecting any 

one of these possible samples is /it). 
When n unds are selected from a population of N untts with SRSWR, the number of 



posslble samples (order of drawlng to be taken account) IS Nn and the probabiltty of selecting 
any one of these possible samples IS 1/N" 

It IS noled that the probability of draw~ng any unit at any draw IS same for SRSWR 
and SRSWOR and equal to 1IN That IS 

Suppose a sample of n unlts is drawn from a populabon of N units with SRSWOR In 
I 

th~s case, the sample mean 1: = - is an unbiased estimator of the population mean L 
h 

I e E( [ a )  = ? and an unbiased esttmator of the variance of is given by 

( I -  f ) s  ' 
\*(-y) = .--L. 

n 
2 1 "  

where f = nlN = sampling fract~on and 3 ,  = -I()', - Y)' = sample mean 
n-1 ,.I 

square. 

Unbiased estimaton for the population total and population proportion P are given by 



where P=N,IN 1s the populalion proportion possessing some attribute A and m is the 

number of units out of a random sample of sue n possessing that attribute A and their 
unbiased estimated variances are glven by 

p i -  and, 
and. ~ ( p )  = ( I  - f )  

n - I  

- 
1. 1' 

An estimator for the population ratlo = - is gwen by = '1 and an estimate of variance 
,Y X 

of the ratlo estimator, to the first order approximatlon. IS glven by 

1 "  
where \,, = -- -ZO, -.i)(.v - i) and r = sr,/sYs, IS the sarnplecorrelat~on coetkclent ! I - I , ,  

In case of random sarnpllng, WR, the est~rnates of variances of the est~maton can 
be obtalned by puttlng f=O In the above expressions 

In case of simple random sarnpllng, the population variance a,'can be estimated ' 
IS estlmakd by 5 ,'the sample by the Populatron correlat~on $oefflcient f'' ,,, 

mrrelat~on mefficrnt r = %, , and the regresslon coeffictenI of y on x In the popuiat~on 

8,. =d%.r IS estimated by $pie regresslon coeffiClLnf 4, = '~ 
Stratified Random Sampling 

If the population is heterogeneous, thls may be divided into sub-populations (called 
strata), whlch are homogeneous within and heterogeneous between themselves as much 
as possible. Then random sample may be drawn from each stratum separately. This type of 
sampling is known as stratified sampling. 

The criterion. which enables us to classify various sampling units into dtfferent strata, 



is termed as 'stratifying factor' Some of the commonly used stratifying factors are age, sex, 
educational or Income level, geographical area, economic status and so on. Examples of 
stratification critefii used in biological and agricultural experiments are soil fertility pattern. 
stress level, bller size, sex of fish, different specks of fish and so on. 

The e f f i n c y  of the stratifed random sampling design, relative to the simple random 
sampling design, will be high only if an appropriate stratfkabon technique is used. 

Let the population consisting of N individuals with mean L and variance be 

stratified into L strata, the number of individuals in the hm stratum being N, with mean 

and variance ah2 so that = h: . We may write 
h-I 

I 

and P = 1 WAI; where W,=N$N 
h-I 

Let us take a random sample of size n by selecting n, lndlviduals from hm stratum such that 
1. 

nh = n .  Let Yh, represenl the jmmemberofthe hnsample, where h=1.2,. .. ,L; 1 = 1.2 .... ..n,. 
h-l 

Let .F, and shl be the sample mean and sample mean square for the hm stratum where 

Unbiased estimators for the population mean F ,  the population total Y and the 
populatton proportion P are glven by 

=P. = tu:%.f = Nir and k. = i % P h  respect~vedy and their estimatl 
h-I h-l 

variances a n  given by 

. (c .) .~~*'( l-~)';  
h-i nh 



P,! (1 - I)* 1 and 1'(kt)=iwh2(1-fb)-"----- ~ ~ - 1  
n, - 1  

Were f,= nJN, and p, IS the sample proportton rn the hm stratum. 

B - - Yu 
An estimator for the population ratro R = -= is glven by = Z- 

X X" 

Allocation of sample size to strata 

( i )  Proportional allocatlon: 

In this allocatron, n, K N, i.e n,=nW, 

This allocat~on, known as proport~onal allocatlon, was originally proposed by W e y  
(1 926). 

( i l)  Optimum allocation: 

The simplest cost function is of the form 

Within any stratum the cost is propohonal to the size of the eample but the cost per 
unit C, may vary from stratum to stratum The term C, represents an overtiead cost. We 

have to find n, such that V ( y .) is minimum for a specified cost C= C 1 .  TO solve this 

problem we are to minimize the expression 

aF 
with respect to n, and equatmg - to 0, one gets 

an, 



whers S,' is the populet'i mean square for h th stratum. Thii is knom, as optimum allocation. 
An important special case arises i f  Ch= C' , that is, if the cost per unit is the same in all 

stroturn. The cost becomes C' = C,+n. In this case 

Thls allocation is some times called Neyman allocation, after Neyman (1934). In 

partlcular if S,=S,= ...= S,, one can see that Neyman allocation reduces to Bowley's 

proporthnal allocation. We thus notice that proportional allocation is optimum when S,'s 

are ail equal If terms in 1/N, are ignored relative to unity, than it can be shown that 

v~(id<vd;d 5 ~ 4 ; ) .  

Sy8trmrUt Random Sompllng 

A sampl~ng technique in which only the first unit IS selected with the help of random 
numbers and the rest get selected automatically according to some predesigned pattern is 
known as systematic random sampling. It is also referred to briefly as systematic sampling. 
Suppose N units of the population are numbered from 1 to N in some order. Let N = nk. 
where n Is the sample size and k is an integer, and a random number less than or equal to 
k be ~ k c t d  and every km unit there after. The final sample is called evecy km systematic 
sampki end such a procedure termea linear systematic sampling. If N+. nk and every km unit 
be Indudd in e circular manner till the whok list is exhausted, t will be called circular 
a y r t m ~  sampling. 

Systematic sampling is simple and it is widely used in various types of surveys i.e., in 
census work, forest surveys, milk yieM wrvep and in fisheries etc. because in many 
Mustions it provides estimates more etkient than simple random sampling. 

Let a random number r from 1 to k be selected. The OW iandom number r is 
known ss the random start and k is called the sampling interval. In thk procedure, the 



sample comprises the units r. r+k, r+2k ... . .,r+(n-I) k The technique wRI gawatd k system* 
samples with equal probabilny. 

Case-2 [Ntnk] 

In this case, the present sampling scheme will give rise to samples of unequal sire. 
k is taken as an integer nearest to Nln. Then a random number is chosen horn 1 to k and 
every k* unit is,drawn in the sample. Under this condition, the sample size is not necessarily 
n and in some cases it may be (n-1). 

Circular Systematlc Sampllng (CSS): 

The disadvantages of LSS regarding the actual sample size being different from that 
required and the sample mean being a biased estimator of the population mean when N Is 
not a multiple of n can be overcome by adopting a device, known as circular systematic 
sampling This device consists in choosing a random start from 1 to N and selecting the unit 
corresponding to this random start and thereafter every kn unit in a cyclical manner UII e 
sample of n units is obtained, k being the integer nearest to (Nln). That is, if r is a number 
selected at random from 1 to N, the sample cons~sts of the units corresponding to the 
numbers 

{r+jk), if r+jk s N 
j = 0,1,2 ,...., (n-1). 

and (r+jk-N), if r+jk >N 

In selecting n units from a population of N (=nk) untts with k as the interval, there are 
k possible samples and let ,F, be the sample mean of the P possible sample (r=1,2,. . . . k). 
Then the sample mean j,, is an unbiased estimator of the population mean y .  It can also 
be shown that in case of clrcular systemat~c sampilng, the sample mean is an unblesed 
estimator of the population mean 

An unb~ased estimate of the variance is not available for a systematic sampJe Mh 
one random start because a systematic sample is regarded as a random sample of one 
unit. Some biased estimators are posstbb on the basls of a systematic sample. If tm, or 
more systematic samples are available, an unbiased esOmate ofthe variance of the estlmeted 
mean can be made. 

Instead of selecting a single sample of size n, if it is selected in the form of m 
independent systematic samples each of size t (integer) such that n = mt then unbiased 
estimate of is given by 



- I "  r. = - xi, where J? with the estimated variance as 
m 

The above sub-samples are called interpenetrating sub-samples defined by 
Mehalanobis (1 946). 

In cluster sampllng the whole populat~on IS dtvtded lnto a number of clusters each 
consisting of several sampllng units Cluster sue may defin~tely vary from cluster to cluster 
Then some clusters are selected at random out of all the clusters The advantages of 
cluster sampling from the pornt of view of cost arlse malnly due to the fact that collectron of 
data for nearly unlts IS easler faster, cheaper and more convenient than observing unlts 
scattered over a region 

The cluster sampl~ng IS useful In many practical surveys where ltsttng of population 
un~ts is not available but the same may be avarlable for small segments of the populat~on 
For example. In a crop survey In a dlstrlct 1st of plots In the dtstrd cannot be avarlable but 
list of vrllages may be easily ava~lable Here vlllages will be treated as clusters In a rlce 
field exper~ment list of panlcles rn the field is not available but lrst of h~lls may be avarlable 
In such case hills w~ll be cons~dered as clusters 

Suppose a fin~te popubtton is dlvided lnto N mutually exclus~e clusters having MI units 

in the P cluster (i=1,2, .., N). Let Y, be the value for jm unit in the im cluster (j=1.2 .... ., Mi; - 
i=1,2,. . . . N). Let be the mean for im cluster and Y be the overall population mean where 

Suppose n clusters are selected with SRSWOR and all the units in the selected 
clusters are surveyed. An unbiased estimator of IS given by 



where is the mean of the i" sample cluster and the estimated variance b 

Gc)= (1 - f ) sb2  

n 

Unbiased estimators for the population total Y and the overell population pmportlon 
P are given by 

respectively where p, is the proportion of units belonging to the specified catsgory in the I" 
sample cluster and their estimated variances are 

2 
( 1 - f )  " MI 

and, V ( k ) = m ~ ( T ~ ~ - k )  

F 
An estimator for R = -- is given by X 

and 

where 



Twoatage sampling has been found to be very usefulin practice and this procedure 
&being commonly used in large-scale surveys. Two-stage sampling consists in first selecting 
the cluster end then wkcting a specified number of elements from each selected duster. 
In such rampling designs, dusters w h i i  form the units of sampling at first stage are called 
tha first stage units (fsu) or primary aompling units (psu) and the elements within dusters 
srs caHsd second-stege units (ssu). The main advantage of this sampling procedure is 
h t ,  al the first-stage, the frame of fsu's is required, which can be prepared easily. At the 
recond-stage, the frame of ssu's is required only for the selected fsu's. This design is more 
flexlbk 88 it permits the use of different wlect~on procedures in different stages. 

For example. If we are Interested in obtaining a sample of households with pisciculture 
88 principal occupation from a particular block, the first stage units may be villages and the 
Mcond stage units wlll be househdds in the villages. Since the samples are selected in 
stepes, His possible to draw samples of units a b r  property utilizing the information collected 
in the preparatton of sampltng frame at that stage. In selecting villages as fsu's, one may 
stratify villages according to their sizes and may use the stratified PPSWR-sampling 
procedure Again, while preparing lists of households belonging to each selected village. 
one may collect some easily available information such as size of households, water area 
of the households, type of dwelling etc. Such information may be suitably used for the 
drawing of samples at the second stage. The efficiency of two-stage sampling can be greatly 
enhanced by proper use of such information. 

Suppose the populalion consists of N fsu's, the i" fsu comprising of Mt ssu's. The n 
fsu's are selected at the first stage and from the in selected fsu, m, ssu's are selected. Let Y, 

ba thevalue of the chemcter y on jn ssu in the in fsu in the'population, j=l,2,.. . ,M,; i=1,2.. .. .N. 
Let 

v. - $Y, - po(lu(.tmn tow IM Ih. I* hu: 

V, . .?L. popu- m u n  b r  th. i* h. 
M, 



1 " s', = - Z(Y, - ) - population variance for me I* hu; 
4 - 1 1.1 
1 

S'. = - I S 2 ,  = population variance wilhin fsu's. 
N ,.! 

Let y, be the value of the character yon the jm ssu In the imselected k u  in the sample, 
j=1,2 , . . . ,  m,; 1=1.2 ,..., n Let 

y =+-I- +- - sample mean per ssu 

X m  z m ,  
r 1  

sl., = -2- f(y* - p, f 
m, - 1 ,., 
1 " 

s'. = - 1 s'., 
f l  ,.! 

I, = -"- c mpttng fraction at the f i  d ramplw: 
N 

f,, = 3 = rarnpltng kaam foc (he I" fw at the ucond ataga d umphp 
M, 



Simnle Random Samplina WlthoVt Replacement at Both Stmdg 

Suppow a rompin of n tsu's is sskcted with SRSWOR and from the P Wetted fw 
a sample of m, ssu's is selected for each i = 1.2. .... n again with SRSWOR. Unbiased 

wtimrton for Y and f are given by 

respectively and unbiased estimators of v(&) and v (? )  are 

It may be noted that for calculaling ?, and v ( p , )  the value of a is not required. If 

the value of is known in advance, can be obtained from (6.2) and (6.4). 

In practice, M, is not known and is estimated by 

. ,j ~ M X  
& = N$+ and an estimator of 1 is given by = 4- = -, t ~ ,  (6.5) 

I.1 

The estimated variance of fH is given by 



NM " & 1 "  
N in particular, MI = M, m, = m v i, Y =, Y, and d = - xYl 

I.l n 

and (6.3) and (6.4) reduce to 

nm 

respectively. 

Y 
An estimator of population ratio R = - is given by z 

(6.7) 
and estimate variance 1s 

N "  where z=-CM,~ , .  
n ,.? 

(6.8) 
In large scale s .rveys. ~t is desrraMe to select the fsu's with replacement, since it 

enables us to get an esbmate of Me sampling vartance of the estimator without having to 

calculate separately the estimates of the within and between components. Suppose the 

sampling s done with SRSWR at the first stage and with SRSWOR at the second stage, 
the estimates of Y and -?given in (6.1) and (6.2) remain unbiased and unb~ased variance 

estimators of $ and 7, are given by 



and "(0 = respectively. 
(NM)) 

A sample deslgn whlch provldes a single common weight to all sampled observations 

in estimating the populallon mean, total etc is called a self-weighting design and the 

corresponding est~mator IS called a self-weighted estlmator. The estlmator (6 1) 1s not 
rn 

generally self-welghted If --' - 2 (a constant), i.e a constant proportion of ssu's, is sampled 
M, 

from each selected tsu, then 

becomes self-weighted Again 

1 
where rT,= --Em, 

N ,., 
M 

so that = 9 x C y , .  
nm ,., ,., 

In large-scale surveys, it is always desirable that the weight is the same for every unit so 
that (i) tabulation becomes simpler, (ii) anaiysls becomes easier, and (iii) cost is minimized. 
Another advantage of lhe self-we~ghting design is that it gives a constant sample size from 
each selected fsu. 



Exampk 

In a survey for estimating the impact of a comprehensive development prom tor the fish- 
farmers (FFD Project) in West Bengal, 8 villeges were selected out of 47 In a block in the 
district of Burdwan by SRSWOR and a sample of househdds war mbchd by SRSWOR 
from each selected village. The fdlowing tabla gives the total number d w s  wlth 
piscicultun as Principal occupation (M,) and water-area (in Salak) (houmhdd size) of tha 
sampled households in each s~lected village. 

(Source: FFD-Survey in West Bengal, 1991, I.S.I.) 

We want to estimate (a) the total water-area of the block, (b) the mean water-area per fish- 

farming household h e n  it is gtven that fi = 12 and lij is not known and (c) the per- 
cap~ta water-area in a fish-farming household. 

Let Y and Z be the total water-area and the total number of persons in the fish-farming 
households in the block. In this example, N.97, n-8. 



. i ~ . n  - 
67.44 

When Is not known, 

We can also find the estimated variances of the above estimators using the 
expressions (6.3), (6.4), (6.6) and (6.8) respectively. 

Whenever the units vary in sue, s~mple random sampl~ng IS not an appropr~ate procedure 
as no Importance is given to the size of the unlt. Such ancillary lnformat~on about the size of 
the unlb can be utilized in selecting the sample so as to get more efficient estimators of the 
papuletion parameters 

Now, we shaU discuss probability propMtional to size (PPS) sampling procedure. There are 
two methods of selectiocl: 

(i.) Cumulative total method 

(ii.) Lehiri's method 



Cumulative total method 

Let the size of the P unit be X, (i=l,2.. . . ,N), the total being X = ,Y, . We associate 
the numbers 1 to X, with the first unit, the numbers (X,+l) to (X,+%) with the second unit 

and so on. A number R is chosen at random from 1 to X and the unit with which this number 

is associated is considered as selected. Clearly, Me i" unit In the population is being wkbd 
with a probability proportional to X,. If a sample of size n k required, the procedure is repeated 
n times with replacement of the units selected. This procedure of selection is termed 
cumulative total method, since this method needs cumulative of the sires. 

Lahin'k method 

Lahiri (1951) suggested a method of PPS selktion, which dbes not require a 
cumulation of the sizes at a#. It consists in selecting a number at random from 1 to N and 
noting down the unit with the corresponding serial number, provisionally. Another random 
number IS then chosen from 1 to M, where M IS the maximum of the sizes of the N units or 
some convenient number greater than the maximum sue. If the second random number is 
smaller or equal to the size of the unlt provisionally selected, the unit is selected into the 
sample If not, the entlre procedure is repeated unttl a unit is finally selected. For selecting 
a sample of n units with PPSWR, the above procedure is repeat4 till n units are selected. 

An example: A district has 10 different Rural Development Programmes consisting 
of 76,50.30,26.40,50,34,27,60,90 water units, respectrvely. 

We shall select ~1 sample of four Rural Development Programmes wlth the replacement 
method and w~th probabll~ty proportional to the number of water units In the programmes 

In cumulative tctal method. the f~rst step in the selection of programmes IS to form 
cumulative totals as shown below 



To select a programme, a random number not exceeding 483 is drawn with the help 
of a random number table. Suppose the random number thus chosen is 343. 

It can be seen from the cumulative btals that 9" programme is selected uxresp~d ing 
to the random number 343. Similarly, we select three more random numbers. Suppose 
Uleare numbers are 472,212 and 059. Then the programmes s e w e d  corresponding to 
these random numbers are lP, Sm and 1" respectively. Hence, a sample of 4 programmes 
selected with probability proportional to sue contains the gm. lom. 5m and 1" programmes. 

Now we select a sample of 4 programmes using Lahiri's method. In this example, 
N.10, M=9O. First we have to select a random number from 1 to 10 and a second random 
number from 1 to 80. Referring to the random number table. the pair is (8,23). Here 23 < X, 
3 27. Hence. on unit is selected in the sample. We choose another parr (2,48). Here 48 < X, 
= 50. Thus 2m unrt is selected In the sample. We choose another palr (7. 55). Here 55 > X, 
= 34. So the pair (7, 55) IS rejected. Choosing two parn, we can have (10, 70), (6, 38). Here 
10" and 6" units are selected in the sample. Hence, the sample consists of the programmes 
with wnal numbers 8.2.10 and 6. 

We consider a populatron of N units and Y, be the value of the characteristic under 
study for im unit of the popubt~n (1=1,2,.. . .N) Suppose further that P, = X, 1 X be the probabrlrty 
that the im unlt is selected in a sample of one such that rP,=l. Suppose a sample of n units 
is drawn with PPSWR. Further, let (y,, p,) be the sample observation and the initial probability 
of the unit selected at the i" draw, i=1.2. ... ,n. An unbiased estrmator for the population total 
Y Is given by 

with it's estimated sampling variance 

A simple problem arises to take samples from large catches of fish caught by 
commercbl. It is often impossible to take data on all the spechem captured by expenmental 
means or commsrcisl c a t c h ,  whether on shipboard or at landings, or elsewhere Since 



the total mass of specimens at hand on a given day (say) is regarded as a semple, selection 
of smaller groups fw examination is usually called sub- ss-. In wb a m m ,  W 
objective is to obtain data free from any systematic bicn d ~ d  (O thd sampling p a d u r n .  
Commonly sub-sampling has been resorted to for data on length, weight sex, scale or 
bone specimens for age determination, stage of sexual maturing. stomach contents and 
other similar characteristics. 

Sbatifi random sampling is particuiarfy useful ths krgs sarnpk b a- 
classified into groups i.e. catches in successive net hauls, ssw of lish, dlllerent * of 
fish, different size gmups ek. that are known or suspeded t o w  in respectto the c h e W  
being examined. Each of these gmups ie then a stratum to be sampted inddpendentty by 
Me system of random numbers. The mean values of length, for example in each stratum 
can be estimated. Then these estimates can be combined by giving suitable weights to 
yield the estimate for the whole populabon. The weights an, taken as the size of the stratum. 
In section 3 it is observed that when variances within strata are equal, propoctial stratified 
sampling typically minimues variability. 

Now the problem is to estimate the total catch of fish on a particular day of 12 hre. (6 

am to 6 pm) at a particular fishing center on the coastal area. Hen the unit is an hour end 

the characteristic (y) IS the catch of Rsh. Also the number of boats (x) landing every hour 

was counted. Here x may be taken as an ancillary variable. If all 5s are known then the 

sample maymbe drawn with probability proportional to x. Then the unbiased esllmator of Y is 

given by Z(Y, P, ) f n where p,=x/X. Here auxiliary charader (x) Is used In sskrctlon 
,-I 

stage as wall as estimation stage. But if a random sample is d m  then the usual unbbsed 

estimator of Y is N ;and the ratio estimatorof Y is Y,=(>I;)x. But in thiscase information 

on x is used only in estimstion stage but not in selection stage. 

Another proMm is (D astimate # tha number of h h  in a popul8tion i.e. h a pond. A1 
first a samph of size m bi taken from the popuwn snd they ara marked ortaOged end 
returned 0 the population. A second sample of siw c fish is secured from the populatbn 
and the nunber of marlred fish canted am decrignatsd r. Thsn hs eslim&ed Y.L* of N is 
(mdr). 

-timetor k based on the assumption that the proportion of marked fish in a 
wndan sMIple is am same as the proportion of a known number of marked fish in the 



populatm. This rnelhod IS referred to as the Petenen method It is noticed that the recapture 
sampie i.6. the second sample of site c IS drawn w~thout replacement The variance of the 

estimated population number it? estrrnated by A'' ( N -m)( f l  c)/rnc ( N  -1). 
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Mshalanobis, PC. (1946). Recent experiments in stattst~cal sampling in the Indian statistical 
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Murthy, M N (1967) Sampllng Theory and Methods Stahstlcal Publ~shlng Soc~ety, Calcutta 

Sukhatme, P V,  Sukhatme, B. V., Sukhatme, S and Ashok. C. (1904). Sampling theory of 
Survey with appl~cat~ons. IOWA Slate Un~versity Press, U.S.A 
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EXPERIMENTAL FINDINGS - WHAT TO PRESENT AND 
HOW TO PRESENT 

Ravi R. Saxem, A K Roy and Rltu Saxena 

The researcher's responsibility does not stop with the completion of data analysis. 
The last and most important task for any researcher is the summarization and presentation 
of research results. Raw data left unsummarized, is of no value in the researcher's files. 

The purpose of writing the report of an experiment is to put research findings in a 
form that can be easily undenlood by all interested readers. Consideration must be given 
to the people whom you are targeting as readers and the others who may also be interested 
in reading it later. The paper to be written should be intelltglble 13 all likely readers. Results 
need to be presented in a concise format and interpreted In rela!lon to the objectives and 
their implications discussed for past or future work. 

Before wrltlng the paper, the objecirve of the experiment must be clear. The researcher 
must know what questions the study wants to answer. The presentation would summarize 
the collected data for the reader and should highl~ght the importance of important features 
of the data in relation to the objectives of the study. 

Enough lnformation shouM be glven regarding stabsttcal methods used in the expenment 
and in the analysis to let others repeat the experiment and analysls if they desire 

For scientific papers, avo~d using local unlts Instead, use SI units (System International 
h a s )  to make the write-up more readable for all types of readers. 

In general, for agricultural research, sclentlsts present lnformation on the descnpt~on 
of environmental factors, experimental materials, and experimentzl design and methodology 
lnformation on the results of data analysis vary with the treatment tested, the characters 
measured and the statistical procedures used 

1. What to Present 

Objectives of the study should be clearly stated to assist the reader in understanding 
what the author aims to answer. With studies becoming more multidisciplinary that specific 
for a single d~scipline, it is of particular importance that the objectives of the study are 
clearly understood. This would ensure that staff of different disciplines does no unnecessary 
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data collections or duplicated analyses so that the results of the required analyses can be 
written in a clear and organized form. 

Study and Sampling Design 

The design and sampling strategy used need to be documented at the onsel of a 
study for future referrals. In the report, the structure of the design and the regions and f a n  
sizes of an experiment need to be specified in order to allow the reader to picture what 
actually happened in the conduct of the experiment. This also includes the use of 
randomization, the method of selection and the location of samples 

Data Collection 

A brief statement of the measurements collected should also be clted w~th a slmple 
summary for each variable (I e . mean value with an indication of its varlablllty) in order to 
give the reader a hint of the outcome of the trial 

Analysis 

A full descrtptlon of the step-by-step analysis does not require reporting unless the 
analysis done 1s unusual or exclusion of I: #ill lnhlbit the reader from understanding the 
paper However a brief descripl~on of what was done should be stated expl~citly 

It IS not necessary to present analysls of varlance tables and ANOVA F-values unless 
the objective of the paper is to explore the details of the analysis itself 

The use of stat~stical software such as SAS, Genstat, Systator M-stat should also be 
cited However, thls needs no elaborate descrcptlon unless the analysis done is performed 
only on a parttcular version 

Precision 

In presenting the analys~s results of a study usually the estlmated mean values or 
estlmated parameter values from some model fitting process are included And because 
they are esttmates they are subject to random varlatron A measure of the precision of the 
size of varratlon would indicate Ule reliability of the est~mates The standard error of the 
mean (SEM) the standard error of the difference between two means (SED), the least 
significant difference (LSD) and the coefficient of var~at~on (CV) are all used for this purpose 

The standard error of the means is presented as an indicator of reliability. An objection 
to the SEM 1s that it may be misused to compare treatment means. In such cases, the 
SEDs are needed. An argument against the LSD is that some researchers feel that they are 
being forced to accept d~fferences at specific levels. The CV is often misused since 



researchen sometimes forget that the CV is applicable to one character onty Researchers 
rornetimes tend to ignore other characten if one character givm a nrlativdy high CV. A set 
of percentages of diseased fishes contains the same information as the corresponding set 
of percentages of healthy f~shes, but the two CVs are very different because the mean of 
ons b 100 minus the mean of the other. Conventionally, it would be better to present either 
the standord error of the mean or the LSD along with the comsponding degrees of freedom. 

The pmmtaW~ of contrast8 of maan values depends on the obpcbves of the study. 
Whatever m s u r e  of precision is us&. R is important to present the degrees of freedom of 
the vrirncs estimate akmg wlth them. 

When linoer regressbn procedure is used to fit a model to quantitative variables, the 
best model achieved together with its precision should be reported. This is best indicated 
by standard errors attached to the coemcimnta of the parameters. An indication of the fit of 
the model to the data given by R2 or the coefficient of determination may also be useful. 
However, presenting this is not enough without the model itself, and their standard errors. 

Mkrlng V a I w  and Outlkn 

Report missing values if there are any and how they were handled. Any omission of 
outliers should also be reported 

Tnnrfonnod Means 

When mean values need transformation to a different scale such as logarithm before 
analysis, this transformed scale should be noted and the calculated values presented with 
their corresponding standard error on the same scale. 

The number of digits to be retained really depends on the purpose of the tabie and on 
how the miter perceives the reader will use the results. Farmers may not need the details a 
scientist may need. 

In converting raw data into a d i n t  unit the converted dab should only be as accurate 
as the measurement For example, yields measured to 1 glm2 are only precise to 10 kglha. 
So. the maximum pre&ion for such raw data in Vha would be up to two decimal places. 

Means have more precision than the raw data and can be presented by including an 
edditknal slgntficant digit. This is so only if such extra precision is needed to add insight or 
to allow readers to do further computetions. 
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Transformed means, on the other hand, could have one additional signifcant digit 
than the actual means to help in getting close to the value of the raw data in back 
transformation. 

LSDs require one more decimal place than the means in order to allow recalculation 
of standard errors. When presenting both standard errors and LSDs, the values may have 
the same number of significant digits as the means. 

For CV, round the value to the nearest percent (%). 

When there is a need to present ANOVA F values (which is rare), present the values 
up to one decimal place only Write '4" if the value is less than 1. 

In regression analysis, the correlation coefficients should have one additional 
significant digit as the means, while the regression coefficients should the same number of 
significant digits as the mean 

2. How to Present 

Tables 

A table IS a means of communication between an author (researcher) and his readers. 
The researcher must plan the deslgn and layout of the table as carefully as choosing the 
words and sentences used in the text Tables should not repeat information from the text or 
from any pictorial display, although the main features of tables will be referred to in the text. 

A table should have a clear headlng, which states ~ t s  purpose without need to consul 
the text The var~ables involved should be specified along with the units and any associated 
treatments. 

According to the function tables may be distinguished in five types: 

The first type IS intended to prov~de quantltatlve support for text statements or to 
clardy a complex argument These tables are the most useful, being appropriate to almost 
all forms of scientific writing. The entries must be short, direct and to the point, and should 
talk to readers as fluently as does the surrounding text, wherein every entry contributes to 
the overall ~mpact. 

The second type is wanted solely for archive and reference purposes. The associated 
text explalns what the tables contain, but the tables are not conceived as enlightening to the 
text. It may be used for research communication but is commonly appears as appendices 
to the text. 



The thlrd type serves both the functions of the first two types concurrently. This type 
is the most difficult to pbn. The information shoukl be well absorbed and reduced to rernwe 
irrelevant materiils. In this type, it 1s Important to give sharp focus on the important points 
and the less important points g ~ e n  less emphasis. 

The fourth type is used for lectures and other oral pre~ntations. These tables must 
be kept simple. The message given by the table should be chprehensible within a very 
limited time (30 seconds), otherwise, A will do little to help the readers, 

The last type Is used to aid the exposition of statistical mathads or other scientific 
techniques. This type does not follow rigid rules except that it must be clear and must be 
needed by the reader to understand the discussion. 

These types are not always apparent, but writers who are aware of their specific 
functions will not design tables unsuited for this purpose. In writing research reports, tables 
of types 1 and 3 are most commonly used 

The sue of a table Increases dramat~cally by the number offactors and factor levels 
tn the expertment One way to reduce such tables IS by restrlct~ng the table to those parts of 
speaal Interest For experiments where there IS no pnor knowledgeon Important ~nteractfons 
tables could be restr~cted to the means for the main factors and those tnteracttons, whlch 
are s~gnlficant or are deemed to be of Interest Sub-tables could then be presented for the 
htghest-order stgnlficant lnteract~on of tnterest, wth all margtnal means for the correspondtng 
bwer-order lnteract~ons The reader will then have all that 1s needed to understand the 
rsauYs 

Footnotes in a table should be minimized and should be reserved for expanding row 
and column headlngs and for highlighting h~dden irregularities. 

It Is important to pay attention to the spacing of the rows and columns of a table In 
terms of readability. Avoid spacing that are too far apart because the eye has to travel 
lurther and thls interrupts the thought process of the reader. On the other hand, if the columns 
are too close, one value is difftcult to distinguish from the next. A suitable balance should be 
found to give the table a good appearance. 

The numerical results on tables play just as important a part in distributing informabn. 
as does the text of a paper. The tables must be presented in a clear concise form from which 
the m d e r  can readily extract the salient points. A reader must be enticed to study Ma 



table so its general appearance must please the eye. The information given must be enough 
to satisfy the reader's needs and should be presented in an uncluttered manner. 

Graphs 

An alternative form of numerical presentation is through the use of graphs. The use 
of graphs in final papers helps the reader digest results of analyses. As In presenting results 
in tables, graphs should not repeat information already in the text or in a table and, it should 
be fully understandable even if removed from the paper. 

It 1s often convenient to present treatment means in graphical form when they can be 
related to the levels of some quantitative factor. When this is done, care should be taken to 
ensdre that the independent varlable is plotted along the horizontal axis and the dependent 
variable IS plotted along the vertical axls. Both axes should be clearly labeled and the unlts 
marked 

A measure of precision must be shown on the graphs, a useful measure is an LSD bar. 

There are 4 types of graphs commonly used in presenting research results. 

Llne I Scatter plot Graph 

Thls IS usually used for presentlng the relationship between two quantitat~ve vanables. 

When the equat~on of a response curve is calculated, the scatter of the points from 
which it was derived should be shown as well as the curve itself Thls is to illustrate the 
degree of variability of the means about the calculated curve of best fit. 

Bar Graph 

Usually used for presentlng d~screte data such as frequency distr~bution and 
percentage data It IS also used to emphas~ze striking differences between treatments or 
relative pattern of change among groups of treatments when the treatments are qualitative. 

Pie Chart 

This IS commonly used for presenting striking differences in the relative magnitudes 
or relatlve proportions of different components of a whole unit. 

Suggested Readings 

Gornez, K A and Gomez, A. 1984. Statistical procedures for Agricultural Research. 2m Ed. 
John Wiley and Sons, New York. 
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OPERATIONS RESEARCH IN DECISION MAKING 
Arun Kurnar Panda 

Wtth population explosion and consequent shortage of food, every country is facing 
the problem of optimum allocation of land to various crops in accordance with climatic 
condltlons and available of facilities. Similarly the problem of optimal distribution of water 
from the various water resourns is faced by every statelcountry. The problem of distribution 
of agricultural product or marine product, which has very small shelf life, is nothing new. 

To wive many moresuch problem ths ctecrsion makers lend themselves in quantitative 
environment where they can take better decision. Operations Research is essentially a 
mlkction of mathematical techniques and tools, which in conjunction with a system approach, 
are applied to solve many practical decision problems. 

The three phases of the scientific method on which OR approach is based are: 

Judgment phase or Premodeling function wh~ch includes recognition of a need (the 
percaplion that some action needs to be taken or perhaps taken better), selection of an 
appropriate objective and the values of various var~ables related to this objective, application 
of the appropriate scale of measurement, formulation of an appropriate model. 

Research phase or modeling phase which includes data collection, formulation of 
hypothesis end model, model solution (manipulation of the input data to produce results), 
model validation and sensitivity Analysis. 

Interpretation of results and impl~cations and behavioral and technical change 
requirements estimation In both short run and long run conditions are included in post 
modeling phase or action phase. 

MODELING IN OPERATIONS RESEARCH 

A model in the sense used in 0 .R is defined as a representation of an actual object or 
situation. It shows the relationships and inter-relationships of action and reaction in terms of 
cause and effect Models do not, and cannot represent every aspect of reality because of 
the innumerable and changing characteristics of the real life problems. 

A model IS constructed to analyse and understand the given system for the purpose 
of improving its performance. The reliability of the solution obtained from a model depends 
on the validity of the model in repwn t i ng  the system under study. 



W l s  can be classified based on (i) Structure (Physical model and symbolic model) 
(ii) Time Reference (Static and Dynamic models) (iii) On Degree of certainty (deterministic 
and probabilistic) or (iv) On Method of solution (Analytical or simulation models) 

In general, OR models can be solved either by 

(i) AnalyOcal (or Deductive) Method where a mathematical equation is given in terms of 
variables and the values of such variables are substiited. Optimisetbn techniques 
such as calculus, finite difference etc. are used to solve it. Or by 

(ii) Numerical (or Iterative Method) where a general algorithm is app l i i  to obtain a 
specific numerical solution. By trial and error, with a set of ~ l e s ,  the improvement is 
made. An improved solution is replaced to the previous solution. The process of 
getting an improved solution is repeated until such improvement is not possible further. 
Or by 

(iii) Simulation technique, which is based on logic and random samples that form a 
probability distribution that represents the real-life system. Solution is extracted by 
conducting experiments on the model. 

Models in OR take the form of equations, A simple structure may be 

Where U is the utility or value of the system's performance, 

X, are the controlled variables, 

Yl are either constant or uncontrolled var~ables that effect U and 

f is the relationship between U and XI, YI  

In addition, one or more equations or in equations are required to express that some 
or all of the controlled variables can be manipulated within limits. The performance equation 
(a decision) and the set of constants (a system) constiiute a model of the system. 

The function f may consist of a set of computational rules that may be referred to as 
an algorithm. Algorithm permits us to compute utility (U) of performance for any specified 
set of values of the controlled and uncontrolled variables, but does not permit the finding of 
optimal values of the controlled variables directly. Usually we can also specify a procedure 
for selecting successive trial values of the controlted var iaks so that they converge on the 
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optimal solution For same algorithms the cost of flnd~ng the best solution may be 

excessive when compared with its Improvement over a good solution that can sometimes 

be found with selective ease Each time we compute U from a new set of X, for specified 

values of Y, From this information we may conclude that another set of X,- values will yield 

an improvemenl If we can estimate the slze of the improvement in advance of detailed 

Computations, we can compare it with the cost of calculat~on and decide if further trials are 

justified or not. 

STEPS INVOLVED IN SOLVING A PROBLEM 

The flow d~agram glven below represents the methodology that a decision-maker 

follows. 

5 

(Source - Quantitative Techniques for Management Decisions, J.K.Sharma. Page-13) 

System 
('hcuiziiil: n pt~~Itciilar a+cl 

I<c;~l \r.orld problem ol'rculity trhicl~ lwcJ\ ;tttcn~ton 
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Basic Operations Research Models 

1 .  Allocation model. Allocation models are used to allocate resources to activities in 
such a way that some measure of effectiveness (objecl function) is optimized. Linear 
programming problems, ~nteger programming problem, transportation problems, and 
assignment problems are some of allocation models. 

2. Dynamic programming models: In this model the problem is divided into stages or 
sub-problems and than solve these subproblems sequentially until the solution to the 
original problem is obtained. 

3. lnventory model: it deals with the problem of inventory, how much to order, when b 
order etc. 

4. Waiting line model: It establishes a trade-off between the cost of providing service and 
the waiting time of a customer. 

5. Network model: PERTICPM techniques are used to plan and control a large-scale 
project. 

6. Game theory model: These models are used to characterize the behaviour of two or 
more opponents, who compete for the achievement of conflicting goals. 

7. Replacement model: It deals with the optimum time to replace equipment. 

8. Sequencing model: What should be the sequence of a number of tasks to be per- 
formed with minimum elapsed time and m~nimum idle time for machines. 

9 Simulation model. W~th repettion of a process simulation model provide an alterne- 
tive solution to the decision maker. 

10. Markov-cham model. These models are used for analyzing a system which changes 
over a period of time among various possible outcomes or states. 

Many real life 0.R models requlre long and complex mathematical calculations. Com- 
puter softwares like QSB+, Excel. Lindo are some of popular packages to solve an O.R. 
problem. 

References 

Principles of Operations Research for Management, Frank S. Budnick and et al., Richard D. 
Irwin, Inc. Homewood, Illinois. 

Quantitative Techniques for Managerial Decisions, J K.Sharma. Mac Millan India Ltd. 
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OUTLlER - THEORY 

Satyabrata Pal 

An outlier in a set of data is an observation (or a subset of observations) which 
appears to be inconsistent with the remainder of the set of data. The above statement 
Implies that the outlier 'appears to be incons~stent" in the set or is not a 'genuine member' 
of the population from which the set of observations is taken. Formal discussion to distinguish 
among extreme observations: outliers; contaminants follows. 

Untvariate sample: Suppose x,,x,.. . . . . ..,x,, are n O ~ S ~ N ~ ~ I O ~ S  (from a distribution denoted 
by F). An ordered sample is represented as x,,,, x,,,, x,", where the extreme observations 
are: x,,, -minimum observation and xin, 1s the maximum observation, x,,, B x,"~ can be 
declared as outl~ers only after examining 'how they appear in relation to the postulated 
model F" Any dtstribution is represented by its probability density curve. 

x,ll x,21 ("J 

x,,, 8 x,", not outlying 
X1" 1) x,"8 

xin, IS an upper outlier 

~. , -. .. . - ,- - . 
,,' ,/ -,\\ /' ,7 -.. 

(C) / '  ,. ',, (d) , F ' , " 
,' /' 

k, 
\%. -. . . - .-. 

XI, XXXXXXXXXXXX XI") x(n.1, Xin, 

Contaminants *(x ,,,, 8 x,~,) is an outlier palr 

Extremes, Outliers and Contaminants 

Extremes values may or may not be outliers. Outliers are atways extreme values. 
Case (c) Distribution G has a larger mean than F. (x) shown points are contaminants. 
Contaminants may appear as extremes but need not be so [In case of (c) one of the shown 
points is an upper extreme, the other shown point is in midst of the sample. But x,,,, whilst 
an extreme and a contaminant, is not an outlter.] 
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In case (d), x,,,, is a nonextreme contaminant but an element of the outlier pair (x,* 
,,, x,",) with respect to F. 

Observation: Outliers may or may not be contaminants. Contaminants may or may 
not be outliers. 

In what follows our strategy (objective) regarding the w t l i  will be spelt out when 
we have b analyse the data. The objectives are: (i) How b d e w  outliers? (ii) What to do 
about o u t l w  if they are present? 

It can beobscrved that outliers can erise in: (i) unlvmiab 61.; (U) bhriate data + (slwdmd) 
e.g.. regression analysis (model), designed expwimenls (AOV model), time m!+c data; (lil) 
Multivariate data (unstrudured); ( i )  directional data; (v) sample survey data; 

A passing reference to the second objective indudes the following discussions: if 
found present the procedures are: 1) accommodation of the outlier, and 2) mjectlon of the 
outlier. To tackle outliers robust methods are used. Usually, sample mean is greatly a W e d  
by outliers but sample median is not affected. 

Formal (AOW model for CRD Robust Analvgja 

j=rnean=Jm =G.M.  p = Grand Median. 

h, = Jt0 -GM. h, = Med for i-th tr. - G. Med = yIn, 

8, = yi - y, = residuals 6, = y, - y,,,, = residuals 

The only dlfticulty with robust analysis is that we do not know the exact distribution 
and hence no exact test exists; the test procedure is based on approximate theory. But the 
advantage with the robust analysis is that the outlier, if exists, can't do any harm to the 
analysis even if they go undetected. For 2), before rejection we perform discordancy tests 
In order to be sure that the observation is statistically unreasonable i.e., if x,,, seems to be 
an outlier, we have to check whether x,,, is significantly large in relation to the distribution of 
x,", (variable) under F (the distribution from where the sample is arising), i.e., we have to 
test whether x,,,, is really a discordant upper outlier, at the level (say, 5%) of the test. Some 
measures for Discordancy tests are:\ 
1. , - X I  1 Or. [ XI,,,, - x,,,, y u; ( if u is unknown, replace a by s ) 

- 
X[", - XI*', x,, - x' X,) - X 

2. - or. or, 
X,*l) - X,~, 5' s 

(functionally related) 



- 
x,.t-" ",,,t-~"~,,ll 
P 

or. - ~f X,", 1s found to be d~scordant, a test for x,~,, has to be 
XI", -XI11 X,") - 4 2 ,  

done wlth the help of the statrsltc (x, ,  ,, - y ) /  r '  [Note ;i and s' are to be calculated 

from the set of observat~ons, x,,, x ,,,, , x , ~  ,,I 

" a 9 ,  -'r,rl 

4 y(r.s,p,q) = r-- where r, s p, q are chosen conveniently (Dixon Statlstlc) 
,,I -- .", ,,I 

/ I ~ ' ~ ( Y ,  i ) '  ~ ~ ~ ( , x , - - ~ i ) '  
: and ;--; 

1- - Y )  1. 

Accommodation approach Accommcdatton of outlters 1s normally dole by uslng estlm?: ,,n 

or testlng procedures whtch are robust agalnst the presence of oulltdrs Such procedures 
are used In sltuatrons (a) where one does never have a very accurate knowledgf ol the 

true underlylng d~strlbut~on (b) the performance of the classical tests or estimates 1s ve y 

unstable under small changes of the underlylng dlstrlbutlon (c) lose very lttlle efflclency for 
an exactly normal law but show a much better or more stable performance under devtatlons 
from 11 In fact robustness stgnlf~es lnsensltrvtty to small devlatlons from the assumpttorrs 
The questlon arlses 'what klnd of small devlatlons The answer IS (a) "d~str~buttonal 
robustness agalnst Inherent alternatives and robustness agalnst contamlnatlon' Robust 
procedure for parameters of a normal dlstrlbut~on based on data belteved ln~tlally to come 
from a normal population are also robust agalnst the poss~b~llty that the sample (sample 
observat~ons) comes from some other d~slr~butlon posslbly gamma or Cauchy not too 
dlssrmllar wlth normal dlstrrbut~on but perhaps somewhat skew or flatter tailed However 
such procedures do not guarantee that they wlll provlde good robustness against outlle's 
artslng from contamlnatlon In th~s srtuatton the sample may well have a hlgh probablltty ;f 
conforming to the requtred normal model but we need to accommodate the occasions' 
extreme contaminant The above drscussron tmpltes that the robust procedures need to 
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perform satisfactorily under alternative models of the kinds which generate outliers. Robust 
methods extend well beyond the prospect of contamination as the form of departure from 
the null model. Outlier procedures, in turn, are concerned with more than accommodation 
(robustness under a contaminated model) and include tests of discordancy for outher 
rejection, identification, and so on [if our interest is specifically directed to inferring 
characteristics of the basic model F, irrespective of the presence and nature of the 
contaminants, then outliers will have nuisance value and we will wish to employ robust 
methods of analysis to minimize their impact; here the aim is accommodation (per se), and 
any test of discordancy is likely to be irrelevant, except for the rare and extreme prospect of 
rejecting discordant outliers prior to the inference process]. Any statistical test must inevitabty 
examine two hypotheses: a null hypothesis, or a working hypothesis, which will be retained 
unless significant evidence is found to support ~ t s  rejection, and en alternative hypothesis in 
favour of which the working hypothesls may need to be rejected. For a test of discordancy 
of outliers, the working hypothesis will express some basic probability model for the 
generation of all the data with no contemplation of outlier; the alternative hypothesis expressas 
a way in which the model may be modlfied to Incorporate or explain the outliers as reflections 
of contamination. A working hypothesis may be framed as H: data xl (j = 1, 2, . . . . , n) arise 
as ~ndependent 0bSe~ationS from some common, but unspecified, distribution F or, H: 
xlE F (j = 1. 2, . .  , n), or in real life data, the hypothesis may be: the data arise as a random 
sample from an exponential distribution with scale parameter Q ( which may or may not be 
specified In value) or from a homoscedastlc hear regression with normal error structure. If, 
on the basis of a discordancy test, we adjudge an outlier (or a small group of outliers) to be 
discordant we implicitly reject the working hypothesis in favour of some alternative hypothesis. 
Clearly, we must know what alternative hypothesls is being adopted! We next consider 
some of the possible forms of alternative hypothesis for d~scordancy tests The different 
forms of alternative hypotheses are, (I) deterministic alternative. (2) inherent alternative, 
(3) mixture alternative, (4) slippage alternat~ve, (5) exchangeable alternative, and (6) other 
alternatrve forms A brief discuss~on on the ~mportant alternative hypotheses IS given below: 

Deteministic alternative. This covers the case of outl~ers caused by obvious ~dentifiable 
gross errors of measurement, recording and so on. Such alternative hypothesis is entirely 
specifc to the actual data set and the observed offending observations. Thus if our data, x, 
(j = 1. Z , . .  . .. n) contain one observation, say x,, which has ckady arisen from a mistaken 
reading or recording, we immediately reject any basic model, F, for the whole data set in 
favour of an alternative model which says that ali x, (j+. I) arise at random from F whilst x, is 
quite different and requires rejection (or correction, or repeat reading). No discordancy test 
is needed. R e m n  of the initiil model in favour of the alternative is deterministically correct. 

-- 
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Inherent 8Rrmattve: This case arises when there is a possibility that outliers have appeared 
in the data merely am a rsflsctin of a greater degree of inherent variability then we initially 
anticipated. Perhap, what we thought was a sample from a normal distribution was really 
from a "flatter taiW' dtstributin. Upper outliers may reflect, say, that an initial assumption 
of a gamma distribution is best replacad with a lognormal distributiin. Thus where outliers 
reflect a larger measure (or different form) of inherent variability than is encompassed in 
somebnk:modd,F ,Lmaybe~ le toe~thkbyop~ngthework inghypothesrs  
H: xlF (j = 1, 2, ..., n), that all observations arise from the distribution, F, with a suitably 
c h w n  alternaWe hypothesis. H,: x,G that all observations arise from a distribution G. 
under which theoutlien no longer occesion the earlier degree of nonconformation. F and 
(3 m y  be diikrent fully spdfied disblbutions, or may be distinct general parametric families 
d distributions. Here there are constraints in the form of G in that it must have potential to 
yield outliers, e.g., its kcat in  may be shifted to one side or the other of that of F or it may 
have larger dispersion or longer tail In one direction. It cannot have similar location and 
smalkr dispersion, since we would not expect it to manifest outtimrs in this case. 

Mlxture 8Rrrn8tlve: Rather than assuming that the outliers may reflect an unexpected 
degree or form of inherent variability, we m~ght admit the possibility that the sample reflects 
low-level contamination from a population other than that represented by the basic model. 
We assume that such foreign sample members, or contaminants, show themselves as 
outliers. Here the altemative hypothesis H, x,(l- ) F + G (j = 1,2,. ... , n), which declares that 
outliers reflect the (small) chance that observations arise from a distribution G, quite different 
from the initial model F. Such an altemative hypothesis will be called a mixture alternative; 
the constraints on possible forms of G may be taken as those were described in the discussion 
of inherent altemative model. As with the inherent type of alternative, we confront the 
dichotomy, H: x,F (j = 1.2 ,,... , n) versus H, ~ ( 1 -  ) F + G (j = 1, 2 ,,.... n), and it is promoted, 
supported, and best analysed on a broader basis than the degree of surprise endangered 
by the presence of one or two outliers in the data. But if the sample size and the mixing 
parameter, are small, it may be that the outliers alone focus our attention on the possibility 
of mixture model. 

Slippage 8kemtivs: The most common type of altemative hypothesis as a model for 
contamination is what we shall refer to as the slippage altemative. In its most general form 
h slippage alternative states that all observations apart from some pmaibed small number 
k (1 or 2, say) arise Independently from the initial model F indexed by location and scale 
parametem, p and a ',whilst the remaining k are independent observations from a modmed 
vemion of F in wittit91 p and cr2have been shifted in value (in either direction, 'typically 
incnrasad). F b generalty taken as a normal distribution. Examples of normal slippage 
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alternative, reflecting shifts of locations. x,, j = 1. 2,, , n-1 form a random sample from N 
( p  , a 2(known)) under the null hypothesis and that under the alternative hypothesis, & 

arises independently from N ( ,u + a o  '. '), wth the value of an unknown. In another example, 

in the alternative hypothesis one of the x;s comes from N ( p +a, o. l ) ;  which one is unknown. 
It may be any one of the x, with equal probabilities, lln: or in a non-Bayesian framework th~s 
extension is (exchangeable alternative) H': one of H,' ( I  ~ 1 . 2 ,  ... n) holds, where H,': x, is 
distributed as N ( p +a, cr ') for all I If we are concerned with a contaminant arising from a 
shift in scale (or dispersion) rather than location, we would take as the conesponding slippage 
alternative hypothesis. H" one of the H,": x, 1s distributed as N ( / I ,  b 0 ') for all i, (the value 
of b is greater than 1). 

In what follows, procedure of a test construction is discussed. 

Statistical bases for construction of tests 

Bes~des lntultlvely based procedures, two w~dely applicable methods, namely, 
maxlmum Irkel~hood rabo pnncrple ar~d the pnncple of local opbrnalrty extst The construction 

of the tests depends. ~n the f~rst Instance on the alternative hypothes~s employed to account 

for the outher In an exponential sample. Our working hypothes~s is 11 : .u, c 1.' (j = 1, 

2. . . , n) declaring that all the observat~ons x, . ... . ,  x,, belong to the dtstribut~on F with 

denslty 0 ,~  ''I 0 belng unknown Let us have a sl~ppage altcrnat~ve // statlng that n - I  

0b~e~at l0nS belong to F and the remalnlng one, x,,,, say, to the exponenttal dlstnbutton G 

wlth denslw ).a,. "'' (x e" 0,i. < 1 ) We may wnte !I  : A = 1 agnillst 17 : 1 < I The log 

Irkellhood of the observat~ons on hypothes~s H IS l,,,((I) = nlog0-n0.T ( I ) ,  where 

s the mean IS the of x ,  ,xn L,, (0) IS maxlmrzed by 11 =l I i ' ,  and its rnaxlmlzed value 

1s L,, = -11 l ogy  -1, . .  . . (2). On hypothesis j7 , the log likelthood observation IS 

Lo (0 .2)  = 11 log 0 + log j, - ( n  - I)[)?'- /.O.Y,, . .(3), where F '  IS the mean of x,, x,, ... ..., 

x n ,  I . , ,  ( 0 .  ) IS max~mized when t?/(I)-(n- 1)s'-i..~,, =Oand1//2-ox,, =(I 

provided A 5 1 . 1.e , when Q = I /  sq  and /i = 7'1 x, , provided x,, 2 P' . Its maxim~zed value 

is accordingly 2, ~f s,, + .T ' otherwise it IS, I,,, = -(n - I )  logy'- log x, - 11 .. . .(4); The test 

statistic based on the rnaxlmum Ilkellhood ratlo is{Li, - i,, ) . This is equq to zero if x,< y * .  
n - ) .  

whileifxPe7: ~ t r  ~I,~-.i)loy?+lo~:,,-n~o&~]=-(n-l)log-- n-1  1% T , W h ~ 0  

T = s , , , i  .. .(5, 



The maximum likelihood ratio test is equivalent to rejecting H when T is large. Strictly 

speaking, we are not in a position to use this test because we do not know which of the 
observetkns is the discordant one belonging to G if ij is We. In practice this observation 
is assumed to be x, the other outlier, and T,,=x,,/ I- is used as test statistics. If it were not 
fw the pnnenw of the outlier we would not be moved to query H or to test the strength of 
the evidence for A .  This is an intuitive justification for the use of T,,, but TI,, is not the 
maximum livslihood ratio test statistic for the ij we specifd. There are two ways in which 
ws could bgitknately establish TI, as the appropriate test statis-. The first faces up squarely 
to the fact that our desire for a test of discordancy stems from our reaction to one specifc 
observation: namely, the greatest observation, x,,,. An alternative hypothesis can be set up 
which reflects this, in the form p' : x ,,,, x ,,,,..., x ,,-,, belongs to F; x,,, belongs to G. This 
hypothesis, which we may call the hypothesis of labeled slippage, identifies the extreme 
observation as the only possible discordant value. If y,. ......y,,, is a random sample from F 
and y,is a random ObSe~atiOn from G, we can think of our ordered sample x,,,. ... . .. , x,nlas 
a pefticular realization y,, y ,,... ...., y, in which the observation y, turns out to be the largest. 
Thus the likelihood under fi'is P(x ,,... .,x,) where, P(y, ..., y,) is the likelihood of y ,.... y, 
conditional on y,<. .. <y,,,<y,. Now each y,(j=l, ... . ,n-1 ) may be regarded as the time to first 
cwent in a Polsson process of rate A o ; by superposing these n processes, assuming them 
independent, and considering which event occurs first, the probability that y, is the smallest 
o f t h e y ' e i s s e e n t o b e 0 l [ ( n - ~ ) ~ t ~ 8 ] = ~ i ( n - 1 + 1 ) .  

Continuing stepwise, we get P(y, < ... < y,) = l l [ (n - 1 + A)(n - 2 + 1) ...( 1 +A)] 
... . .. (6). Hence the log likelihood of the observation on fj' is 

"-1 

La(@,R)=  nlog@+ -@(e-x,,,)-Aex,,) +I lo&(j+L) .,,(7). This 1s maxi- 
1-1 

mbed 

"-1 

when nf @-@+x,,, -Ax,,, = Oand llA-Bx,n, +C(j+IZ)" =O. The maximizing 
1.1 

value of 2 ,  say, must therefore satisfy 



The maximized value of L,.(B, A )  comes out to be 

Under H, the log likelihood is nlog$ - n% - log n! with maximized value 

Hence i, - !:,.depends on the observatiins in tenns of Tin, and only, and is, 
therefore, a function of TI", ,since in view of (8) is a function of TI,, only. In this example. 
therefore, the discordancy test statistrc T,,Is equivalent to the maximum likelihood ratio test 
statistrc in the labeled slippage formulation. 

The second way in which Tin, is establrshed directly as the appropriate test statistic is 

by a multiple decision procedure applied to a set of n atternatwe hypotheses 

fi, : x\ comes from G (some part~cular i) 

x, comes from F (jei) for i = 1,2. . .n 

The dec~sion crlterlon IS that of rnaxlmtzlng the probabil~ty of adopting the correct H ,  
when slippage has occurred, subject to a prescribed probability of correct adoption of the 

bas~c hypothesis H and to certain ~nvariance conditions (index permutation, positive changes 

of scale, arbitrary changes of origin). In the present situation of an exponential basic model, 

changes in location are inappropriate and the procedure leads to adopting fi,, if T, is 

maximized when j=i and IS sufficiently large Thus the appropriate test statistic is precisely 

Ti", 



EXPLORING STATISTICAL DATA ANALYSIS 
FEATURES IN MS-EXCEL 

P. K. Satapathy and A. Antony 

In aquaculture research, stabstm has a m a p  role to play The bme spent In collecbng, 

compiling, analys~ng stat~sl~cal data and taklng approprlate timely acbon creates a gap in 

aquaculture, where timely action IS very much essential This gap can be reduced by tak~ng 

help of computers In complllng and analyslng statlstlcal data which will save t~me as well as 

manpower and will help In taklng appropriate action In approprlate time Electronic 
spreadsheet has a major role to play In this context even ~f w~th the user havlng little or no 

programming knowledge Wtth most widely used office automat~on package, I e MS-Off~ce 

MS-Excel in one of the components wh~ch conslsts of spreadsheet application, in whlch 

account~ng balance sheet calculat~ons stat~st~cal data analysis graphical presentatlons 

etc are posstble with few key strokes and mouse operation only EXCEL has several 

capablllties which Include openlng of a workbook enterrng and edltlng data bulldlng formulas 

tocalculate values nianaglng list of data, formatting data creatlng a chart savlng a workbook 

openlng and savlng files from other spreadsheets linking documents from other 

spreadsheets dala analys~s etc 

Starting Microsoft Excel Double-click the Microsoft Excel icon in the program manager. 

The M~crosoft Excel Window appears. If necessary, enlarge the window by clicking 

maximize button in the upper-right corner of the window. A new file can be created by Flle - 
SavelSave As or by cl~cklng save button and givlng approprlate file name Cllcking the 

Open button can open an existing file. Click~ng the Open button is equivalent to choose the 

Open command from the F~le menu Many of the commands on the menu bar have equivalent 

toolbar buttons. Either the command or the button can be used depending on preference In 

the Directories box. double-cllck~ng of the directory should be done to go to other directories. 

Most of the work done in Microsoft Excel is on a worksheet. A worksheet is a grid of 

rows and columns Each cell is the intersechon of a row and a column and has a unique 

address or reference. For example, the cell where column B and row 5 intersect is cell 8 5  
Cell references are used while writing formulas or referring to cells. Generally, you first 



s e w  the cell or cells you want to work with, end then entsr data w choose a command. 
Selected cells appear highlighted on your screen. The acWve cdl is tho d l  In whlch data is 
entered when you start typing. Only one cell is active at a tlm. A heavy border show the 
active cell. 

To change the active call: Move the mouse pointer into tha respective cell and di .  

To scroll through the work8h.a: Move the pointer to the down ~r row  In ths vertkd sand 
bar on the right edge of the window and then click. The workshwt rwdb down one row. 
Click the scroll bar area below the scroll box. The wodrshlwt walls dom one sawn. 
Move the pointer in to the scroll box. Hold the mouse button down, move the pointer back to 
the top of the vertical scroll bar and then release the mwse button. This is celled dm~~krg). 

Entoring Formulae: Place the cursor in the cell where you want to write the formula. Write 
the formula starting with equal (=) sign and then press enter key. 

To copy the forrnula to the other columns drag the fill handle from 09 through C9 and D8 

F~sh produdton from vanous ponds (In kg) 

Roh Calla I Mnael I 

Example: To gcit the rum of wll B) md 81 in cell 815. Phw the c u m r  In coil 8111. 
T y p  the forrnuk * 84+85; than pmr enter k.y. 



If you combine several operators in a single formula, Microsoft Excel performs the 
operations in the order shown below: 

A. ., . Negation % Percent 
A Exponentiation ' and I Multiplication and divison 
+ and - Addition and subtraction 8 Text joining 
s < > <n >r o Compari~on 

If a formula contains operators with the same priority, Microsoft Excel evaluates the 
operators from left to right. If you want to alter the order of evaluation, use parentheses to 
g m p  expressions in your formula. 
EX :- 2+4*5 = 22 

(2+4)'5 = 30 

There are three types of references: relative references, absolute references, and mixed 
references. In relat~ve references while copying formulas, references to cells change while 
in absolute reference (used with $ sign) formula, reference is absolute and does not change. 
Mixing of both references is called mixed references. ex:- relative (Al), absolute ($A$l), 
mixed (A$l), m~xed (SAI). 

There are three types of reference operators. 

Range (colon). 82 02 
Union (comma): 84, D4 
Intersection (space): 87:D7 C6:CB 

Sortlng Data In a Ilst: Select a single cell in the list. Choose Data - Sort 

Analyslr of Data: 

Step-I Select Tool from Menu bar. 

Step2 Select Data Analysis from the Pull Down Menu. (If it is not available, it can be made 
available by Tools - Add-Ins - Analysis TookPak) 

Step3 Select required Analysis from the Analysis Tool box 

Step4 Select OK. 

Step4 Select OK. 

Step-5 Type the dam range in Data box and other information needed for analysis 

Stsp.6 Select finish. 

The output obtained from step4 can be saved by opting File - Save. Selecting the 
range of worksheet to be printed and opting File - Print can do the printing. 



The Analysis ToolPak includes ANOVA: Single-Factor; ANOVA: Two-Factor with 
Replication; ANOVA: Two-Factor without Replication; Covariance; Correlation; Descriptive 
Statistics; Exponential Smoothing; F-Test: Two-Sample for Varianoes; Histogram; Moving 
Average; Random Number Generatton; Rank and Percentile; Ragmssion; 1-Test: Paired 
Two-Sample for Means; t-Test: Two-Sampie Assuming Equal Variances; !-Test: TwoSample 
Assuming Unequal Variances; and r-Test: Two-Sam~le for Means. 

ANOVA: Single-Factor: The s~ngle-factor ANOVA tool performs a simple analysis of 
variance, which tests the hypothes~s that means from several samples are equal. The dab 
arrangement and analysis opt~ons should be done In the follow~ng manner 

/ ~ r G l -  G r G p 2  ~r6;&- /' 
60 

I 66 
71 

AVOVA 

AVOVA - 

75 32 
* * -  ..- 

64 ' -, .-,,w- 

1 66 36 
67 '-U f&-GL 

f --*I " l r 
70 M, 

I ? * ?  -..,* - d. 

65 78 63 . , u L  

i 66 66 61 f 

55 
I - 55 64 "- ..-> 

S~ngle Factor 
SUMMARY 

Groups Coirril Surrr Averago Vananco 

G I O U D ~  9 596 66 22222 3544444 

- - - 

Soum of Vanahon SS df - MS F P-value F cnl 

Between Groups 9176296 2 4588148 4887176 0015334 3402832 
WRhln Groups 2203 558 24 91 81481 



AUOVA! Two-Factar with Replkation: The hvo-factor with replication ANOVA tool performs 

an extension of the single-factor ANOVA that includes more than one sample for each 
group of data. The arrangement of data should be as follows: 

SUMMARY G m w l  Gmup2 Group3 Total 
Expt-1 

Count 4 4 4 12 
Sum 

Avenge 
Variance 

Expt-2 

Count 4 4 4 12 
Sam 267 240 253 780 
Average 86.75 60 63.25 63.33333 
Var~nnce 4.916667 312 10.91667 97.69897 

Total 

Count 8 8 8 

Sum 541 419 506 
Avenge 67.625 52.375 63.25 
Variance 20.26786 267.4107 5.928571 

ANOVA . - .  . 

Source of Variation SS -.----- dl MS F P-vnlw, Fcrif 

Sample 121 5 1 121 5 1380682 0255295 4413863 
Columns 9865833 2 4932917 5605587 0012809 3554561 
lnteract~on 34975 2 174875 1987216 0166033 3554561 
Wlh~n 1584 18 88 
Total 3041 833 23 
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ANOVA: Two-Factor Without Replication: The two-factor without replication ANOVA tool 

performs two-factor ANOVA that does not include more than one sample per group. The 

data in the following input range includes temperature readings, in Celsius, taken from a 
pond at different depths. The depth variable is measured in feet. The readings were taken 
on four different dates. 

SUMMARY Count Sum Average Vatfance 

1 4 97.2 24.3 0.92 
2 4 93.7 23.425 1.055833 

Date 1 11 152.4 13.85455 58.43873 
Date 2 1 160.3 14.57273 63.38818 
Date 3 11 172.4 1567273 5962618 
Date 4 11 178.9 16.26364 60.46655 

Central Institute of Fmhwater Aguacultun (CIFA) 313 



Barnbnnettcs and S t a t ~ s t ~ s  fn hshenes Research 

Source 01 Vnn;Ilrorl SS -- -- --. - dl --  MS F P-value F cnl 

ROWS 2407 421 10 240 2421 434 8274 1 3E-29 2 16458 

Columns 38 62 3 12 87333 23 30015 5 53E-08 2 922278 

Error 16 575 30 0 5525 

Total 2457 616 43 

Covariance and Correlation: The following illustration sliows an input range that could be 

used in either a covariance or a correlation problem The data is arranged In columns 

The Covar~ancc tool relurns the average of the product of deviations of data points 

from their respective means Covariance IS a measure of the relationsh~p between :wo 
ranges of data 

'The use of Covariance tool is to determine whether two range5 of data niove t o r l ~ r ~ i ~ ~ r  
that 15, whcther largc. values of onc set are assoc3a:ed with large values of the other ( ~ ) , ~ s I ~ I v c :  
cova:i,~rice) wlicther small values of one set are associated w!th large valut,. 01 tne a h e r  

(riegative covnrinrice), or whether the vnlues In thc t i v ~ ~  sets arc unrelated 

Correlation: T h i ?  Correlation tool measures the relaticr~sliip be!ween two da!a set< !!I51 
;Ire: scaled to be ~ridt~pt.!ndr,i:! of the unll of rnt,.xiire i I!(. p?ptllal. ,n c:;-~!ill?: c:. c ? - ' ~ i  ,:' ;. 
r i ! tui i~<~ Ihc COV;~II;IIICL' of IAW d ~ l a  set5 div1c!cj L r ,  t l ~ i  p rA, l - !  of t!!ut, ~ I h i ~ ~ I ~ i r d  " - ~ t . i .  

Oiie can use the Corrt:l~t!on 1301 t3 de tu r .~ , t~e  @;!1~:11~. ni.c L:YA *,.:!i r. -.jt. ' :. + 

chat 1s wticlher large values of one set are assu~dtea %!<I  i:~::~t.v;i di.5 cf rh, ,I+.IC, 1, ' . . 
coriel~l ior i) ,  whether small valucs of one set are asscci.qti!ci w . : ~  large ~a!u;.c. .:!I;% . ; I .  

(negative correlation), or wtietherthe values in the twc sets are i ~ ~ r e l a t e d  (zer:, i:lrri .:'I. 

- the corrclal~on tends lownrd zero) Urilike covaidnce correlat~on is ~ndc-pui~~d~~: i t  o r  III:. 

un~ts of measurement 

- - 
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Regression Performs linear regresslon analys~s Regress~on fits a llne through a set of 
ObSe~at l~nS using the 'least squares" method Regresston IS used In a w~de variety of 
applications that seek to analyze how a slngle dependent vanable IS affected by the values of 
one or more independent var~ables For example, several factors affect an athletes 
performance including age, sex, he~ght, and we~ght Regress~on apportions shares In the 
performance measure to each of these four factors based on a set of performance data You 
can then use the regression results to predlct the performance of a new, untested athlete 

lnput Y Range. Type the reference for the range of dependent data you want to analyze. 
The dependent data should be typed In a s~ngle column. If you include a report label in the 
first row of the input y range, you must select the Labels check box or Microsoft Excel 
dlsplays a message. 

lnput X Range. Type the reference for the range of Independent data you want to analyze. 
Microsoft Excel orders independent variables In ascendlng order from left to right, using 1, 
2 ,  3, and so on for the variable names In the summary output table. The maximum number 
of input ranges is 16. 

Constant Is Zero. Select the Constant Is Zero check box to force the regression line to pass 
through the origin 

Labels. If the first row in the input range includes report labels, select the Labels check box. 
If your input range does not contain labels, clear the Labels check box. Microsoft Excel then 
generates the appropr~ate data labels for the summary output table 

Confidence Level Select the Confidence Level check box ~f you want an add~tional level 
~ncluded in the summary output table In the Confidence Level box, type an addltlonal 
conf~dence level that you want Mlcrosoft Excel to apply to the regresslon in add~t~on to the 
default 95% conf~dence level 

Output Range Type the reference for the upper-left cell of the range where you want the 
summary output table to appear Allow at least seven columns for the summary output 
table. The summary output table Includes the followtng: 

ANOVA table 

Coefficients 

Standard error of y estimate 

r2 values 

Number of observat~ons 

Standard error of coefficients 

Central Indiutm of Fmhwater Aqu~cunure (CIFA) 31 5 



New Worksheet Ply. This option Inserts a new ply into the workbook The current ply resides 
in and pastes the results into cell A1 of the new ply Use the box next to New Worksheet Ply 
to optionally name the new ply. 

New Workbook This option creates a new workbook, adds a new workbook ply in the new 
workbook, and pastes the results into cell A1 of the new ply. 

Residuals: Select the Residuals check box if you want to Include residuals in the residuals 
output table. 

Standardized Residuals: Select the Standardized Residuals check box if you want to include 
standardized residuals in the output table 

Residual Plots: Select the Residual Plots check box if you want Mlcrosoft Excel to generate 
a chart for each independent var~able versus the residual 

L~ne Fit Plot Select the Line Flt Plot check box ~f you want Microsoft Excel to generate a 
chart for predicted values versus the o b s e ~ e d  values 

Normal Probability Plot Select the Normal Probab~lity Plot check box if you want Mlcrosoft 
Excel to generate a chart plotting normal probability plots. 

Descriptive Statistics 

The Descriptive Stat~stics tool generates a report of univariate statistics for data in 
the Input range The output values generated by the Descriptive Statistics tool are: Standard 
deviation of sample (sample variance), kurtosis, and skewness. These outvuts are der~ved . . 
using the same algorithms used by the built-in functions STDEV, VAR, KURT, and SKEW. 
respectively 

Sampb 1 Sample 2 Sample 3 
1.2 4 2  120 

25 87 40 
36 114 40 
2.8 9.1 130 
4 8  4 2  120 
1 8 6.6 20 
22 79 40 
51 122 40 

ample 1 Sample 2 Sample 3 

m a n  3 Mean 8 0375 Mean 68 75 
Standard E m  0 493168 Standard 1.M9989 Standard 16 19496 

Error Error 

W1.n 2 65 W i a n  8.3 Med~an 40 

Mode M A  Mode 4.2 Mode 40 
Slamdafd Dwialmn 1 394889 SCMdard 2.969818 Standard 45.80627 

Deviation Deviation 

- - 
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Sample 'Jarlance 1 945714 Sample 8 819821 Snrnple 2090 214 

Var~ance Vanance 
Kurlos~s -0 99487 Kurtosis .1 07644 Kurtosis -2 07672 
Skewness 0 498569 Skewness -0 03177 Skewness 0 570952 
Range 3 9 Range 8 Range 110 
M~n~mum 1 2 Min~mum 4 2 M~nimum 20 
Maximum 5 1 Maximum 12 2 Maximum 130 
Sum 24 Sum 64 3 Sum 550 
Count 8 Count 8 Count 8 

t-Test: Paired Two-Sample for Means Performs a two-sample palred student's t-Test 
T h ~ s  form of the t-test tests whether a sample s means are dlstlnct It does not assume the 
variances of both populat~ons from whlcti the data sets are drawn are equal A palred test 1s 
appropr~ate whenever there IS a natur,li pairlng of observations In the samples sucli as 
when a sample group IS tested lw~ce before arid after an experiment The two Input ranges 
of data must contaln the same number of data polnts 

Varlable 1 Range Type the reference for the first range of data you want to analyze The 
data must occupy a s~ngle column or row on the worksheet If any data polnts In the range 
of data are nonnumerlc Mlcrosoft Excel d~splays a message 

Var~able 2 Range Type the reference for the second range of data you want to analyze The 
data must occupy a single column or row on the worksheet If arly data polnts In the range 
of data are nonnumerlc M~crosoft Excel dlsplays a message 

Output Range Type the reference for the upper left cell of the range where you want the 
output table to appear 

If the flrst row or column of your Input range contains labels, select the Labels check 
box 

If your input range does not contain labels, clear the Labels check box Microsoft Excel 
then generates the approprlate data labels for the output table (Variable 1 andvarleble 2) 

Sample 1 Sdlnplc 2 
1 2  4 2 
2 5 8 7 

3 6 11 4 

2 8 9 1 

4.8 4 2 
1 8  6 6 

1 22 7 9 
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Alpha Type the conf~dence level for the test The default alpha value is 0 05 If  the alpha 
value is nonnumeric or outside the range 0. 1, M~crosoft Excel dtsplays a message 

Hypothesized Mean D~fference Type the number that you want for the shift in sample means 
A value of 0 indicates that the sample means are hypothesized to be equal 

1-Test. Palred Two Sample for Means 

Mean 3 8 0375 

Varlance 1 945714 8 819821 

O b S e ~ a t l ~ n S  8 8 

Pearson Correlation 0 415546 

Hypothesized Mean D~fference 0 

df 7 

t Stat -5 26532 

P (T<=t) one-tall 0 000583 

t Cr~t~cal  one-tail 1 894578 

P (T<=t) two-tall 0 001 167 

t Cr~t~cal  two-tall 2 364623 

1-Test: Two-Sample Assum~ng Equal Variances: Performs a two-sample students t-tes; 
Thts form of the t-test assumes that the means of both data sets are equal and IS referred 
to as a homoscedastlc t-test You use t-tests to determ~ne whether the two samples niearls 
are equal 

t-Test: Two-Sample Assuming Unequal Variances: Performs a two-sample students t- 
test Thls form of the test assumes thal the variances of both ranges of data are unequal 
and IS referred to as a heteroscedastlc 1-test Use a t-test to determine whether two sample 
means are equal and when the groups under study are d~stlnct Use a paired test v,IIen 
there IS one group before and after a treatment 
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BUILDING UP MODELS IN FISHERY RESEARCH 

Satyabrata Pal 

Introduction 

Human endeavor to translate the Interplay of actlons and interacbons of the factors 

governlng the natural phenomena m a more explic~t form eas~ly comprehensible, so as to 

generate nice ~nterpretat~on useful for dec~s~on mak~ng act~v~t~es, is eternal T h ~ s  endeavor 

has glven birth to the concept of models, whtch serve as sc~ent~fic representat~ons of the 

behavior of such phenomena Thus a model IS a mechanism to develop the relat~onsh~p, In 

mathematical terms, between the lnterplaylng factors (var~ables) In a natural phenomenonl 
sc~ent~fic exper~mentf system More spectfically a model IS an expresslon In mathemat~cal 
form between the output (dependent) vartables and the Input (independent) variables reveal~ng 
the truth behind the system In the process to excavate the truth, the real~zat~on of uncertainty 
and variat~on governlng such phenomenonl system led h ~ m  to enrich the content I~nferent~al 
power of the model by lncorpordttng approprtate elements wit:? respect to these In the model 
Most of the models used In present days contatn such elements embedded In the fabric of 
these 

T h ~ s  article deals with the fishery models involving growth and t~me var~ables. The 
growth variables include length and we~ght of fishes Some useful models, (a) length over 
t~me, (b) weight over time, and (c) we~ght over length have been discussed and methods of 
their fitttng have been discussed. 

Growth Models 

A dynam~c model based on length determines the body slze (length) of fish as a 

function of age (ttrne) The mathernat~cal model developed for lnd~v~dual growth by Von 

Bertaianffy (VB) has been shown to conform to the observed growth for most of the f~sh 

specles and ~t IS regarded as a cornerstone In f~shery biology The expresslon of the model 

1s glven below 

L , = L , ' [ I -  exp (-K* (t-to, ) ]  ( I ) ,  where 

L , = Length of the ftsh at the end of Isfe-t~me (In fact, it is the maxtmum length), 

L, = Length of fish at time t. 

K = value of the growth parameter (curvature parameter) or growth rate, and 

to = the time point when the fish has zero length 
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.* 
I--.--------* 

Von Bertalanffy graph plot 

Blologtcally thls It,) IS not mean~ngful as the growth beglns at hatchlng when the 

larva has already a certafn length 

The above parameters are to be est~mated from a glven set of data 

In the following, some slmple explanations are presented 

If t = 0, then Lo = L , ' [I- exp (-K' tc)] meaning thereby that the length of the larva 

has a certaln value at birth The growth of flsh beg~ns at hatch~ng when the larva has a 

certain length 

It IS a fact that the growth rate of fish varles wlth age as age increases growth rate 

decreases The growth feature is represented by the follow~ng expression 

Let .lL (1) =L (t+ .it) + L (I) then zL (1) I \t = a + b L (1) ( 2 )  

The VB growth equatlon can also be written as nL (I) I At = K' (L , - L (t)) (3)  
where by comparing (3) wlth (4) we get K = -b and L , = -a/b (4) 

An easy way to flnd out the values of K and L , from the data IS as follows 

Define L' (1) =[L (t+ At) - L (t)] 12, Plot AL (1) 1 At versus L' (t) 

A best finlna straioht l ~ n e  can be drawn bv hand. OR, a rearession llne can be 
between the dependent variable, hL (t)lbt and the independent variable. L' (1). 

When a straight line IS drawn by hand, the gradient, b, of the l ~ n e  gtves the value of - 
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K Further from the lqtercept a of the slra~ght Ilnt. the value of L ,can be ohtslned 
from the relat~on L , = -a/b The physical lnterpretatlon of the parameter L IS that at L the 
value of the quantity, ( I L  (1) I ht) or rate of growth, IS zero 

Rearesslon llne approach 

The regresslon coefficient estimated from the data ((.\L (t) I I t ,  L' (I)) glves the value 
of -K L , can be estimated from the Intercept 

Von Bertalanffy gave the following procedure for estirnallon of the constants, L ., K. I, 

Procedure of Estimation of the Constants 

Recall (I) - In (1- L (I)  I L ,, : -K' to + K' t (5) 

The above equatlon suggests that In (1- L (t) I L ,, 1s a h e a r  equatlon In t 

Flrstly an estlrnate of L , IS ~nserted as an Input Any one of the followcng conslderabons 
may act as guide 

(a) In small sample length of the largest f~sh may be used as an estlmate of L , 

( b ~  In large sample, average length of ten largest flshes may be used as an estlmate 

(c)  The value of L , as obtalned from the regresslon equatlon 3 

(d) Select that value of L , aroulld the value obtalned In (c), whlch minimizes the R- 
square value 

From (5) ~t IS clear that - In (1- L (1) I L ,, 1s a llncar regresslon functlon In t Thus from 
the estimated regression coefflc~ent and the Intercept the values of K and to can be obtalned 
In fact the value of the regresslon coefflclent 1s equal to K and the value of the Intercept= - 
K' toor t,, = - Intercept I ,' 
Example 
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Recalling the VB equation. L (1) = L ' [ I -  exp (-K' (t-tc )]. . (6), the procedure is to obtain a trial value of L by 
mnsidenng the regression equaton of .\L it) 1 U = s + b L+(t) The detailed procedure of obtaining the tnal value is 
given in Table I. 8 
Table I c. 

I t L (t) AL(t) AL L+(t) (AL (~+(t))' AL SS SS SP Corr. Reg. lnte L(m) / 
(tY (09 (t)' ( 3  (L+(t)) (L+(t), Coeff. Coef. rcept 

9 8215 O O X  0 0 X  821;5 OOm625 67 445'6 020531 

I0 8375 015 015 83 00225 €889 I245 

I 1  8625 025 025 8 5  00625 ' 2  2 1 2 5  

12 8R75 025 025 875 00625 765625 2 1875 

a9625 3 2  3 2  82 35 13275 627 7156 2328 03'65 I 1  2'35 -11676 0 3 . x 1  - 0503 74% 12 il 

02939 7 4 % 3  

3' 

$ 
From the above table, the regression equatton of AL (t) 1 At on L+(t) IS. 2 
AL (t) 1 At = .7426 - -0603 L+(t) and K= .0603 8 L = .7426/.0603 = 12.31 A tr~al value of L can be taken as 12. W~th $ 
This trial value a linear regression equation of -In (1- L(t)l12) on t is fitted and the procedure is described in Table II 8 
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The rcsonrc of flttlng IS to minlrn'ze errors or to obta~n a greater vsiue of R2when the 

crlterlon of selection IS R2 Among the three sets of parameter values (L,, K, to) of VB 
model, the set whlch has a greater value of R2. IS better Among the three fittings VB plot 

wlth value of L , as 11 IS best as ~t has the maxlmtlrn value of R-Square 

A plethora of models can be trled for cases (a) (b), and (c) mentioned at the beglnnlng 

These are Llnear, Quadratic, Cublc. Exponentlal (different forms). Growth, Power. S-curve, 

Logarlthmtc Loglstlc (expressions of the equations related to the models are glven below) 

All these are parametric models Nonparametrlc and semi-parametrtc models have also 

great potentlallty They can be used to get very precise fittings Researchers and students 

may apply the fitting of such models on the real- llfe data set presented In the example 

SPSS package may be used to f ~ t  pararretrlc models Uslng S Plus package can 111 non- 

paramelr~c models VB model can also be fltted uslng nonlinear optlmlzatlon techniques 

Such a fit Increases the R-square value when compared w~th that In case of a deterrninlstlc 

111 described In thls article 

Parametric Models 

Linear bo + b,*t L . - . _i 1 
Quadratic ~ Po + bl*t + b2* t2 i 
Cubic I---- I bn + bq ' t + b?' t2 + b>* t3 I 

Compound 

G r M h  -- .. .. - 
Logarithmic 1 bo +biln(t) -- - - -- - -- -- 
Inverse --- -- -- -4 

I 

Exponent~al - -- - - -. .- --- -- 

Logistic -- l/Il!u + (b,, blt)] 

Power bo tb' 
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MODELING IN AQUACULTURE 

A.K. Roy, P. K. Satapathy & A. Antony 

Introduction 

Aquaculture IS a m~xture of specles and facll~t~es and envlronment Each specles has 
unlque requirements for hab~tat, envlronment and nutnt~on The reproduction, phys~ology 
and pathology may vary between d~fferent cultured specces The facllltles ranges from 
backyard d~tch to tank to ponds, from Indoor to outdoor, from freshwater to brack~sh water 

to saltwater from conf~ned to ocean from monoculture to polyculture The processes that 
take place tn these facll~t~es are In the most part are slmllar yet some are dlverse e g . 
feed~ng pelted d~et  to prawn plankton to nursery reared one, spawnlng fry fish vs seedtng 
shellfish Some aquaculture system IS ~ntenslve some extenslve and some semi ~ntens~ve 

Aquaculture Pond IS generally cons~dered as a 'black box' Therefore 'black box' 
research approach of data explorat~on or knowledge d~scovery IS generally taken In order to 
understand the aquaculture systemlprocess Thls approach IS concerned wlth only practical 
conslaeratlons, that 1s w~th the pred~ctlve val~d~ty of solut~on and tts appl~ed reference and 
not wlth the nature of the underly~ng mechanism or its relevance for any 'theory" of the 
underly~ng phenomena As opposed to hypothesls testlng des~gned to ver~fy prlor hypothes~s 
about relations between var~ables (e g lhere 1s correlat~on between plankton concentration 

and growth rate of f~sh)  Exploratory Data Analysls (EDA) IS used to ~dent~fy systematlc 
relat~ons between var~ables when there are no prlor expectation as to the nature of those 
relat~onshlps In a lyp~cal EDA process, many var~ables are taken Into account and compared, 
uslng variety of techn~ques In search of systematlc patterns 

Aquaculture Facilities 

The phys~cal plant used for the purpose of produc~ng flsh (e g . pond, aerator, net. 
pen, etc ) 

Modeling in Aquaculture 

Durlng the past decade aquaculture has been tnvolved In developing breeding and 
culture technologies for growing and production of varlous indigenous and exotic species of 
carp and prawn. In the process a good knowledge and understanding has been achieved 
regarding how growth IS affected by nutr~tion, feed rate, temperature, humidity, season of 
the year, species composition, ratlo, aeration, etc. It may be stated thata good understanding 
exists between state variable, central variable and parameten. Therefore, the modeling, 
Identification and control many aquaculture process and facilities is relatively easier and 
useful. There are many kinds of models some of which are defined below. 
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Refore going into details it is necessary to give definitions of some keywords which 

are important to the subject of this commun~cation. 

Modeling - It is the representation of the system by a mathematical analog which glves the 

relationsh~p between state varlables. Central var~ables and parameters. 

State varlables - These are varlable that quantlfy conditions and constituents in a system 
or othetwise describe the status of the system at a given point of time (e.g., physical variable 
like water temperature, turbidity, chemical variables like pH, DO, NH, and biological variables 
like number of fish, growth, biomass) 

Control variable - These are varlables, those can be manipulated and that cause state 
variables to change (e.g rate of feedlng, fertllizatlon rate of oxygenation) 

Parameters -These numbers whose values quantlfy the effect of control varlables on the 
state var~ables (e g , speclflc growth rate mortality rate, thermal capacity) 

Aquacultural Process - Act~vlt~es or operations that are conducted for the purpose of 
producing aquatlc anlmals and plants (e g , feedlng ha~estlng controlling the environment) 

Uses of models 

Before golng for developing any model the following questions must be made 

I) What IS the eventual use of model 

11) What type of model IS to be developed 

III) What varlables are to be Included 

IV) What varlables can be assumed to be constant 

v) Whlch factors can be dlsregarded 

VI) What s~mpl~f~cat~ons are acceptable for the Intended purpose of the model 

VII) What are the consequences of the slmpllflcat~on? 

Various types of Models 

Models of an aquaculture enterprise havlng together models of three major subsystem 
namely (i) blological models (11) physical models and (iil) economic model 

Blologlcsl model 

The biological mcdel is the heart of the total subsystem model. The role of the blological 
model is, of course, to describe the response of the organlsm to thelr total environment. To 
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descrtbe the response af the f s h  to the water condit~onr to feed availability, to other 
Inhabitants and to other aspects of thelr environment. Formulation of biological models is 
empirical Good experimental design and data analysis provide the foundation for a good 
empirical model. 

Physical model  

The physical model describes mathematically how the physical process and facility 
relate to the aquatic environment They simulate the relationship between the control variables 
and state variables These relattonships generally are based on engineering principles that 
can be formulated wlth a mechanistic approach 

Economic model  

The ulttmate success of aquaculture IS measured ultimately by prohts Management 
and operatronal decisron must be founded upon thelr economlc Impact The purpose of the 
economlc model IS to incorporate costs of ptiyslcal Inputs and value of outputs produced 
The most important thlng IS that operational rn,~n~pulat~on of control varfables must reflect 
the subsequent ~mpact on costs and revenues 

Models of aquaculture systern are t i~g 'ly dlvcrse whlch ~tself IS a technical hdrr~er 
Main diificulty In oevelop,ng models of -iqua~ulture operations 1s tnsufflclent knowlecloe of 
the dynamic system biological response < j r i ( l  l t l r  env~ronmental interd~tiori Under tht above. 
circumstances the follow~ng multivartate methods may be used 

Multivariate Exploratory techniques 

Multlvartate Exploratory technique. designed speclflcdlly to ldentlfy patterns In 
multlvarlate data sets are cluster analysls ractor analysls dlscrtrnlnant functlon analysls 
rnult~d~mens~onal scaling long-ltnear d ~ l d l y s ~ ' ~  ~ar.onlCal corrplatiorl stepwlse Iirlear drtd 
non-hear analysls (e g leglt) regress,orr r j r ~ ~ l y .  15 correspondence ~nalys ls  etc 

Exploratory methods 

Exploratory methods are mostly applied to datasets with numerous var~ables collected 
to answer speciflc quest~ons Here methods arfL used to reduce rhe large amount of fndtvldual 
information contamed In dlstlnct variables and objects Into a few components representing 

the major relatlonshlp In the data Factor analysts IS used to reduce the number of varlables 
In a dataset to few central variables Cluster analysls combines tralts of objects and not 
varlables to descr~be groups Mult~d~mens~onal scaling only searches for global slrnllarltles 
between objects and aims to deplct the measured s~mllar~tfes In a space of least posslble 
dirnenslon 
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Confirmatory methods 

It is well known that in all hypoU1eses testing methods, the variables are divided Into 
dependent and independent variables and it is assured that the researcher is assured to 
have an a prior understanding of the basic relationsh~ps among variables before conducting 
the analysis. 

Demonstration of  Exploratory Data Analysis 

In thls comrnunlcat~on, steps In blophyslcal modellng w~th the help of an illustrated 
example have been described The dataset taken for ldentlfylng and quantlfylng the Influence 
of varlous blotlc and ab~otlc factors on the growth of L roh~ta cultured In sewage fed flsh 
culture ponds of Wastewater Aquaculture Dlvlslon of CIFA, Rahara, 24 Parganas (N) W B 
durlng 1982-83 The data conslsts of th~rty-SIX sets of monthly we~ght Increment (SGR) 
Sampllng data along w~th corresponding representative values of blotlc and ablotlc factors 
are also taken A sample of 15 samples of sets of data IS presented In table 1 for 
comprehension and analyses and demonstrat~on 

Multiple Linear Regression 

For studylng complex aquaculture problems coverlng flsh growth. pond ecology and 
environmental parameters exploratory data analysis can be done uslng multiple linear 
regression models whlch can be expressed as 

Where v Speciflc Growth Rate (% per day) of Labeo rohita and b,, b,. ... . and b,, 
are the regression coefficientsof the independent var~ables X,, X2. . . .  ...  and X,, respectively 

Again where 

x, = BOD ( P P ~ )  

X, = NH,-N (ppm) 

X, = P,O, ( P P ~ )  

X, = Alkalinity (ppm) 
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X, = Chloride (ppm) 

X, = Free CO, (ppm) 

X, = Temperature ("C) 

X,, = Plankton (no.11: log transformed value) 

X,, = Initial weight of Rohu 

Multiple regression analys~s following forward select~on, backward elimination and 
stepwise regression were done using SPSS software package and using standard methods 
(Draper & Smith. 1981). 

The model assumes that there is a normal distribution of the dependent variable for 
every combination of the values of independent variables In the model. For example if fish 
weight is dependent variable and plankton concentration and dissolved oxygen (DO) are 
the independent variables, it is assumed that for every combination of plankton and DO. 
there is a normal distribution of ftsh welght and though the means of these distribut~ons may 
be different but all have same variance. 

Descriptive values of the biotlc and ab~otic factor used in the present study are 
presented In table 2 

Correlation matrlx 

First step in developing a model and for understanding the complex aquaculture 
process with all independent variables IS to calculate a correlation matrix for all variables. 
Table 3 shows the matrix of correlation between the dependent variable (SGR) and each 
independent variables as well as the correlation between the independent variables. A 
perusal of table 3 shows that sign~ficant correlation exist between SGR and each of DO, 
NH,-N, INTWT and LnPL Slgnlflcant lntercorrelation between the Independent variables 
between BOD & Alkalinity; DO & Initial wt, and Av P & NH,-N can substantially affect the 
results of a multiple regression analysis. 

Determining Important Variables 

In multlple regressions, one may want to assign relative importance to each 
independent variable. For example one might want to know whether plankton concentration 
is more important than DO level in a pond in predicting SGR of fish. In this situation two 
approaches are there depending on which of the following questions are asked. (i) How 
important are DO and Plankton when each one is used alone to predict SGR, (ii) How 
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lmport-lnt nre DO R Plankton when the) 7rrt I-P-' lo predict SGR along wlth 31'1er Independen* 
varlables in the regression equatlon The first questlon can be answered by examlnlng the 
correlatlon coefflclent between SGR and each of Plankton and DO It IS apparent from the 
table-3 that strong correlation exists between SGR 8 Av P ( 655) SGR and DO ( 604) anc! 
SGR 8 NH,-N ( 464) and SGR 8 plankton ( 405) and negatlve s~gnlficant relationship between 
SGR and lnitlal welght - 520 The larger the absolute value of the correlatlon co-efficleht 
the stronger the h e a r  association Therefore one would asslgn Av P more tmportance as 
a predictor vartable of SGR followed by DO inltlal wt NH,-N and plankton When the 
Independent varlables are correlated among themselves, the unlque contribution of each IS 

dlff~cult to assess and second quesllon 1s considerably complicated 

Beta Co-efficient: 

It 1s lnapproprlate to Interpret the B s regression coefflc~ents as lndlcators of relatlve 
Importance of valiables Actual magnitude of co-efficient depends on the un~ts In wh ch the 
varlables are measured If all Independent varlables are measured in the same unlts thelr 
co-efic~ent are dlreclly comparable Regresslon co-efficient of different units are romparable 
when all varlables are expressed In standardized (2 score) form (Table 4) They are also 
affected by the correlatlon of Independent varlables and do not reflect the importance of the 
varlous Independent varlables 

Part and Partlal Co-efficients: 

Another way of assessing the relatlve importance of lndependent varlables 1s to 
conslder the increase in R- when a varlable is entered Into an equation that already contalns 
other Independent varlables Thls Increase 1s R7 change = R'- R,,; where R,, 2 is the square 
of the multtple correlatlon co-efficient when all Independent varlables except I th are In the 
equatlon A large change In R ind~cates that a varlable provides unique informatton about 
the dependent var~able that IS not available from the other Independent varlables In the 
equation The slgned square root of the increase IS called the partlal correlation co-eff~cient 
It 1s the correlatton co-efflclent between Y and X,when linear effects of the other Independent 
varlable have been removed from X, If all the dependent var~ables are uncorrelated the 
change In R2, when a varlable IS entered into the equatlon 1s slmply the square of the 
correlation co-efficient between that varlable and the dependent vanable The values of R2 
change presented in table- 4 8 5 tndicates that with the addltlon of each of the vartable to an 
equatlon, how much R2 change occurs It may be noted that ~t does not indlcate what 
proportion of unexplatned var~atlon this Increase constitutes From table 5 it can be seen 
that R' change In case of temperature is maximum followed by BOD, pH, and alkallnlty 
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Building a Model 

Before considering several formal procedures for model building, tt IS necessary to 
examlne some of the consequences of addlng and delet~ng var~ables from regression 
equations Selection of vartable may be done uslng statistical software package like SPSS 
uslng backward ellminatlon forward select~on or stepwlse procedure Forward select~on 
starts wlth no independentvariables In the equat~on and sequenbally enters them. Backward 
ellminatlon starts wlth ail the vanables In the equatlon and sequentially removes them 
Stepwlse select~on of Independent varlables IS a comblnatlon of backward and forward 
procedures in SPSS package two removal crlterla are available The flrst IS the rnincmum 
F value that a varcable must have In order to remarn In the equatlon Vanables with F values 
less than th~s  F-to-remove (FOUT) are ellgrble for removal Second criterion available is the 
maxlmum probability of F-to-remove (POUT) that a variable can have 

Summary of Forward selection of variables at different steps wlth F. R2 ti Ad) RZ 
values IS presented In the table-6 From the table-6 it can be seen that through forward 
selection procedure at steps no 1-5 Av P DO INITWT, LnPL and Free CO, are selected 
F-test reveals h~ghly significant result In all cases It 1s well known that R' (coeff~cient of 
determlnatloni IS a measure of the goocltres? of 111 of a particular model and R20f 0 doc's not 
necessarily mean that there IS no associat~orl between var~ables Instead. ~t ~nd~carr.s that 

there is no h e a r  relat~onsh~p Charges in R'value can be observed at step 1-5 H~ghe,t R2 
value was observed in case of Av P which ~ndlcates ~ t s  importance In the growth of L roh~ta 
In sewage fed ecosystem All selected five variables together explaln 80 96% of the total 
varlabll~ty In SGR of the test species 

The sample R tends to bean optlmlsticest~mate how well the model fits the populat~on 
The model usually does not f ~ t  the population as well as it flts the sample from which 11 IS 

cier~ved The adjusted R'attempts to correcl R. to more closely reflect the goodness ot f ~ t  of 
the model In the popuiation From above table adjusted R '  IS not found far away lornr H' 

Statistics o f  Variables not in  the Equation 

In the table-7 In the column lebelled Beta in is the standardlsed regression co-eff~cient 
that would result ~f the var~able were entered Into !he equatton at next step The t 'e;t and 
level of s~gn~ficance are the hypothesis that the co-effic~ent IS zero The partla1 correlation 
coefficient wlth the dependent var~able adjusts for the varlables already In equatlon From 
statistics calculated for vanables no1 in the equation, one can dec~de what variable should 
be entered next 
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Checklng for Violation of Assumptions 

In this particular case residuals are plotted against predicted variables as against 
each independent variable. The distribution of residuals should be checked for normality. 

Looking for Influential Points 

Among the important influence measures is the leverage of a case. The leverage for 
a case describes the impact of the observed value of the dependent variable on the prediction 
of the fitted value. 

Measures of Collinearity 

Collinearity refers to the situat~on in which there is a high correlation between 
independent variables. The tolerance of a variable is commonly used as a measure of 
collinearity. Another important factor IS the variance lnflat~on factor (VIF) which is deflned as 
the reciprocal of the tolerance. Tolerance and VIF values of the present analysls are furnished 
In table-7. If the varlance inflation factor increases so does the varlance of regression co- 
efficient 

Elgen Values and Condition Indexes 

Two useful tools for examining the collinearity of a data matrix are the eigen values of 
the scaled, uncentred cross product matrix and decomposition of regression varrlance 
corresponding to the eigen values. 

Eigen values of the scaled, uncentered cross-product matrix to see ~f some are much 
larger than others If this is the case, the data matrix is said to be ill conditioned, small 
changes In the values of the Independent or dependent variables may lead to iarge changes 
in the solution. 

There are as many near-dependencies among the variables as there are large 
conditions indices. Table-8 shows the eigen values and condition indexes for the present 
example. It can be seen that the last two eigen values are much smaller than the rest Their 
condition indexes are 9 889 and 12.517 respectively. 

Variance proportions 

The variance of each of the regression coefficient, including the constant, can be 
decomposed into a sum of components associated with each of eigen values. If a high 
proportion of variance of two or more coefficients is associated with the same eigen value. 
there is evidence of two or more coefficient are associated with the same eigen value, 
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there is evidence for a near dependency Consider the column Av P It is seen that 1 .l9% of 
the variance of the co-efficient is attributable to the first eigen value, 4.98% to the second 
and 0.53% to the sixth. Looking at the last eigen values, it is seen that it accounts for 86% 
of the variance of the constant, about 77% of variance of DO and 29.6% of initlal wt. This 
ind~cates that these two variables are highly dependent. Since other independent variables 
have small variance proportions for the sixth eigen value, it does not appear that the obse~ved 
dependencies are affecting their coefficient. 

Durbin -Watson Test (d) 

Residual statistics and Durbln-Watson Test value 1s presented in table-9. From the 
table, it is observed that Durbin-Watson test value was found to be 1.68 The possible value 
of the statistic range from 0 to 4 .  If the residuals are not correlated with each other, the 
value of d is close to 2. Values less than 2 mean that adjacent residuals are negatively 
correlated In the present case slnce d value 1s found 1.68 which is less than 2, it may be 
interpreted that adjacent residuals are positively correlated 

Interpretation and Validation o f  Model 

The fitted equation with Av P DO lnlhvt LnPL and Free C 0 2  as predictor vanable 
are capable of explain~ng 80 96% of total vartabllity in the growth of L roh~ta The model 1s 
a very good fit All the Identifled variables play important role In the sewage fed ecosystem 
where no suppielnentary feed were provided to fish whlch suwlved on the natural growth of 
plankton which was again dependent on nutrient status of the pond 

Reference 

Drapher, N. R and H. Smith, 1981 Applied regression analysis, 2m Edition, New York, pp. 
407 
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Table 1: A sample of 15 sets d Spectfic Growth Rate of Labeo rohtta and average 

valuea of various blotlc 6 abiotic factors 
8oD W pH Av.P NHY Allulinl Chlorlde INITWT S0R LnPL F d 0 2  Temp. 

(m) (ppm) ( P P ~ )  ( P P ~ )  (wm) (9) (Wday) (No.lL) ( P P ~ )  (0%) 

Table 2: Descriptive statistics of biotic 6 abiotic factors used in the present analysis 
of L. rohita culture experiment. 

Variable Mean SM Dev FUnge Mlnlmum Maxlmum 

A v  P (PPm) 35 46 208 .03 2 10 

NH~-N(PP~) .99 1 25 600 .00 6.00 

SGR(% per day) 1.412 1 363 7 42 .29 7.71 

FREECOZ(ppm) 3 34 2.43 900 1.00 10 00 

LNPL (NO n )  5.35 1.89 7.49 2.3026 9.7965 

00 (W) 7.44 2.67 13.20 1.20 14.40 

TEMP ('C) 23.76 4.36 12 40 17.80 30.20 

CHLORIDE (ppm) 108.03 11.20 50.00 100.00 150.00 

I N I w  207.42 160.65 486.90 15.00 501.90 
ALKALINIM(pip) 230.56 66.182 64.00 126.00 390.00 
SGR: SpcwRc gmwth rate. LnPL: Log !ransfomad value of Plankton, l N l W  Initial wight of Rohu. TEMP: 
T w p e n M  



Table 3: Correlation Matrix of the biotic 6 abiotic parameters of sewage fed eco- 
system 
SGR BOD DO PH AV.P NHcN ALKALlNl CHLORIDE INlTWl LnPL TEMP FREECOl 

SGR 1 W O  

BOD -028 1 W O  

W 604 -316 1 OOO 
PH 324 311 -078 1 OOO 

AV.P 655 340 179 386 1 OOO 

NHcN 464 182 193 087 660 1 000 

ALKA 152 520 -248 516 519 239 1OOO 

CHLO - 166 070 - 204 023 - 265 - 151 - 096 1 000 

INITW- 520 272 -492 - 177 - 166 131 -010 270 1 COO 

LnPL 405 053 321 076 258 209 069 281 1 1 1  1OOO 

TEMP 007 -272 298 -100 029 193 033 -150 -099 068 1 W O  

FRCOI- 183 169 -312 -105 -128 094 -080 133 552 -178 -112 1OOO 

Table 4: Sumary Statistics of Backward Elimination 

Method: Enter 

Step MultR Rsq. AdjRsq. F(Eqn) SlgF RsqCh FChSlgCh Varlrble Betaln 
Correl 

1 In: FREECOZ - 1830 -.I830 

2 In. ALKALINI .I380 ,1517 

3 In: TEMP -.0169 ,0071 

4 In: LNPL ,3794 ,4047 

5 In CHLORIDE -.2948 - 1656 

6 In: NH4-N ,3725 ,4638 

In: PH ,3565 ,3243 

In: BOD -.I454 -.0284 

9 In: INITWT -.7320 -.5201 

10 In: DO ,2069 ,8042 
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Table 5: Summary Statistics of Backward Elimination 

Memod: Backward Criterion POUT .I000 

BOD DO pH A V P  NH4-N ALKALI CHLO I N M  LnPL TEMP FREECOZ 

SLep MultR Rsq AdjRsq F(Eqn) SigF RsqCh FCh SigCh Variable Beialn Conel 

12 9195 8454 7836 13 673 000 -0001 016 900 Out CHLORIDE - 1656 

13 9188 8441 7902 15644 000 -0013 210 651 Out ALKALlNl 1517 

14 9172 8413 7943 17 898 000 -0028 462 503 Out NH4-N 4636 

15 9125 8327 7909 19 909 000 - 0086 1 472 236 Out BOD - 0284 

16 9091 8264 7905 23 016 000 -0062 1 046 315 Out PH 3243 

17 8998 8096 7779 25513 000 -0168 2 815 104 Out TEMP 0071 

Table 6: Summary of Forward Selection of variables at different steps with F, R2 L 
Adj Rz values 

step No. Varlables F Slg. F R' Adj R' 

I. Av. P 25.59 .OOOO ,4295 ,4127 

4, LnPL 23.78 .OOOO ,7542 ,7225 

5. Free C02 25.51 .OOOO ,8096 ,7779 

Fttted equation 

i(SGR) = - .8084 + 4.4365 (Av.P) + .I339 (DO) + .I660 (Free COI)  
- .0099 (INITWT) + .2209 (LnPL) 
(R2 = .8096; P< .0001) 
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Table 7: Measures of Collinearlty -tolerance and VIF 

------------ Variables not in the Equation-------- 

Variable Beta In Partial Tolerance VIF Min Toler T Sig T 

BOD -.053345 -.I02754 ,706423 1.416 ,457801 556 ,5823 

PH 098389 ,198336 .773702 1.292 ,440655 1.090 2848 

NH4-N ,153854 ,235595 ,446454 2.240 405558 1.305 ,2020 

ALKALlNl -.062444 -.I10003 .590882 1.692 ,462348 -.596 5558 

CHLORIDE.039211 ,075993 ,715130 1.398 ,465374 ,410 ,6845 

TEMP -.I36778 - 297471 900580 ,110 ,461298 -1.678 1041 

Table 8: Measures of Collinearity - eigenvalues and condition indexes 

Number Eigen value Cond ----.......-.--..-.-.----.Varian~ Proportions 

Index Constant DO AV.P lNlTWT LNPL FREECOl 

- - 
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Table 9: ResMuals Statistics 

Min Max Mean Std Dev N 

'PRED -.I636 5.8122 1.41 16 1.2261 36 

'RESID -1.1868 1.4071 ,0000 ,5946 36 

'ZPRED -1.2847 3.5890 .COO0 1.0000 36 

'ZRESID -1.8476 2.1908 ,0000 ,9258 36 

Total Cases = 36 

Durbln-Watson Test = 1.68172 
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FRESHWATER FISH - POND ECOSYSTEM 
- A SYSTEM DYNAMICS MODEL 

Pratap K. J. Mohapatra 

The Interactions among the hydro biological entities of a fishpond ecosystem tend to 
be dynamic, nonllnear, and circular (forward and backward). System dynamics modelinp 1s 
well su~ted for deplctlng such systems The fish-pond ecosystem dynamlc model considers 

f~sh, zooplankton, phytoplankton perlphyton bacterloplankton, benthos, detrltus feed ano 
d~ssolved oxygen and deplcts thelr ~nteract~ons as causal-loop dlagrams ano stock-flow 
dragrams Energy asslmllated IS considered as an Important factor for flsh growth Bolh thc 
model structure and the parameter values are finallzed by following the theoret~cal constructs 
available In the literature and after maklng many round of dlscusslons wlth ClFA sc~entlsts 
The modelgenerated fish we~ght matches remarkably well wlth actual values obtalned durlng 
the experlments The values of the model-generated variables do not show anv ~mplauslbl~ 
behavlour Thls work IS an outgrowth of our attempt to develop statlstlcal and dynamlc 
models based on a huge amount of data that ClFA had collected In coursc of a large 
number of pond and yard experiments ~ t s  sc~entlsts had conducted over a perlod of around 
two years The maln 0bjectlve of the experlments was to study the effect that varlous types 
of feed, fertlllzer and management practices have on fish growth Multlple llnear r~grcssior : 
of prlmary and secondary producers wlth the nutrients and hydrologl~al paramelr 1; tlav.. 
resulted In rather low values of R2 ranglng from 0 2414 to 0 43595 Analys~s of varln.r:e was 
carrled out on the data wherefrom we could obtaln factors that s~gn~f~cantly aflcr,! varlou: 
primary and secondary producers 

It IS common knowledge, however, that a fishpond ecosystem involves a number of 
forward and backward lnteractlons among ~ t s  components. We have therefore gone for 
simultaneous equation modeling of the system where we have used two-stage least squares 
method and got an R2-value of 0 886 

The slgnlflcant Improvement In R-value IS, however, not an lndlcatlon of ~ t s  dynamrc 
explanatory power Further, durlng the experrments, data were collected at only d~screte 
time polnts, separated by one month. The dynamlcs of the prlmary and secondary produces 
are governed by short time constants. Therefore, data do not represent the true nature of 
the dynamics of most of the producers A system dynamics model representation gets over 
these difficulties. 

The objectives of the fishpond ecosystem dynamics model are to 

1 Capture the nonllnear and dynamlc lnterrelatlonshtps that are known to exlst among 
varlous entitles of a flshpond ecosystem, In the form of a model structure 
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2 Use available knowledge of previous research results to develop causal hypotheses 
among these entities, develop the model equations, and estimate the parameter 
values. 

3. Generate t~me-valying behaviour of the system that should match wlth the actual 
behaviour obtained in the experiments. 

4. Forecast the dynamics of the system in different conditions 

Causal-Loop Diagrams and Flow Diagrams 

Fig. 1 is causal-loop diagram that shows a reinforcing loop joining fish weight and 
increase in fish weight. 

Fig. 2 shows how fish weight depends on not only the fish weight, but also the feed 
from zooplankton, phytoplankton and benthos, the uptake-rate of detritus, and the amount 
of externally applied feed. 

We see in Fig 3 that whereas the fish weight reinforces its won growth (a property of 
a positwe feedback loop); the biological maximum limits it (a property of negative feedback 

loop). 

The causal-loop diagram for zooplankton is shown in Fig.4. In this figure, we recognize 
that the blrth rate of zooplankton increases with its own number, and with feed from 
bacterioplankton and phytoplankton. 

Fig 5 combines the zooplankton-related variables with those of the fish 

Proceeding along the food cham in this manner, we get the aggregate causal-loop 
diagram for the complete fishpond ecosystem (Fig. 6). We note that feed and fertilizer are 
externally applied to the pond and hence they are treated as exogenous to the system. All 
other var~ables, such as zooplankton, phytoplankton, bacterioplankton, benthos, periphyton. 
and detritus are treated as endogenous, i.e. internal to the model. 

Greater insights Into the causal relationships are obtained and greater amount of 
details are considered when the fishpond ecosystem is conceptualized in terms of physical 
stocks and flows. 

We envisage fish, feed, phytoplankton, zooplankton, benthos, detritus, periphyton, 
and bacterioplankton as stocks whose values rise whenever flows take into them and fall 
whenever flows tale place out of them. The flow diagrams (Fig. 7 through Fig. 15) for the 
fishpond ecosystem differ from the causal-loop diagram (Fig. 6) in the following ways: 

1. Flow diagrams indicate the types of variables - stock, Row, or auxiliary. 
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2 We consider the role of energy when we depict the effect of consumption of different 
types of feed on the growth of fresh weight, zooplankton number and benthos. 

3 The causal relationships are more definitive and lend themselves to direct 
mathematical modeling. 

Initial Values and Parameter Values 

The initial values of stock variables are taken as under 

Fish: 

Feed: 

Detritus: 

Zooplankton: 

Phytoplankton: 

Benthos: 

Periphyton: 

Bacterioplankton: 

Dissolved Oxygen. 

19.8 Kg (without feed) 

46.1 Kg (with feed) 

0 (Kg) 

0 (Kglm) 

500 (No./\) 

10,000 (No.11) 

50 (No./rn2 

4 (No.lm2) 

5,000 No./litre 

5 rngllitre 

Var~ous parameter values were selected based on theoretically recommended value:.. 
and on d~scussion with ClFA sc~entists. Some of the parameter values are as follows 

Pond Size: 

Pond Volume: 

Fish Growth rate (normal) 

Energy-to-Wt Conversion Factor 

Assimilation effictency. 

Feed Energy Content: 

Zooplankton Energy Content: 

Phytoplankton Energy Content: 

Bacterioplankton Energy Content: 

Detritus Energy Content: 

1 Kg fish consumes 0.014 Kg of feed per day 

20% available feed is wasted everyday 

400 (m2) 

500 X 10 (litre) 

0.3% per day 

0.001 KgIKcal 

10% 

3500 K caVKg 

4 X 10 callKg 

3.5 X 10 caVKg 

0.08 callKg 

400 caVKg 
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- 10 days for wasted feed to get converted to detrltuc 

- Phytoplankton reproduction rate = 60% per day 

- Phytoplankton consumpt~on by ftsh 500 000 pplkglday 

Average life span of phytoplankton 15 days 

Benthos energy growth factor: 22.727 (no./k cal) 
(consumption of perlphyton + detritus) 

Assimilat~on efficiency for Benthos. 0 15 

Perlphyton Energy Content. 

Detritus Energy Content 

Periphyton Formation Factor: 

1.9 k callgrn 

400 k callkg 

O.8lday 

Periphyton consumption factor by Benthos. 0.06 gmlb-nolday) 

Per~phyton consumption factor by f~sh 0.00005 grnlkglday 

Fresh detritus formed from fertilizer. 3.3% 

Bacterioplankton reproduction fraction: 50% per day 

Avg. Life Span of BP, 0.4 day 

BP Consumption rate by ZP. 0 (negligible) 

Temperature of water: 

Stock density: 

Chlorophyll per phytoplankton: 
0.001 

COD per phytoplankton. 

PP-no) 

28°C 

20 (noslha) 

0.5 X (1 Ol32700+ 11 0180400) X 

(mg chllpp-no) 

0.5 X (6/32700+22/80400)(mg CI 

Definitions of some of the variables used in the stock-flow dlagrams are as follows 

02 RESP BEN : Oxygen respiration rate by benthos (mgllit.lday) 

02 CONS BEN : Oxygen consumption rate by benthos (mgllit.lday) 

02 RESP FISH : Oxygen respiration rate by fish (mgllit.lday) 

02 RESP PP :Oxygen respiration rate by phytoplankton (mgllit./day) 

02 IN RESP : Oxygen used in respiration (mgllit.lday) 

TEMP : Temperature of water (degree Celsius) 

FWPF : Fish weight per fish (gmlno) 

STOCK DEN : Stocking density (Noha) 
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COD Chemical Oxygen demand (mg C) 

COD PER PP : Chemi i  oxygen demand per phytDpbnkPDn (mg Clppno) 

Model Simulation and Rwutb 

The model presented above was simulated using the VENSIM simulation package. 
The results are presented graphically in figures 16 through 28. 

Fig. 16 makes a comparison of the actual fish weight observed during the experiment 
and the fish weight obtained in the simulation when no feed is applied. The length of simulation 
is taken as 270 days. We find a very close match of the generated values of the fish weight 
with the actual values obtained in the experiment 

Fig. 17 makes a similar comparison of the model-generated and the actual fish weight 
figures when feed is applied daily during a month at 2% of the fish weight (measured at the 
beginning of the month). The length of simulation is again taken as 270 days. One again we 
see a very close match between these two values, particularly up to about 200 days. 

We generally follow a multi-stage validation scheme for system dynamics models. In 
the fish-pond ecosystem model, the original model structure has been verified with the 
available literature and knowledge of the scientists of CIFA. The values of different parameters 
used In the model were obtained from literature and sometimes from the knowledge of 
CIFA scientists. Further, the model-generated behaviour close matched with the actual 
behaviour (Figs. 16 and 17). Thus we consider the model to be a valid representation of the 
causal relationship among various entlties prevalent in a fishpond ecosystem. 

We can use the model in carrying out different tests. 

Flgures 18 through 25 show model results for a length simulation equal to 400 days 
when feed is applied. 

Fig.18 shows the step-wlse growth of feed applied to the pond. This is expected, 
slnce as the fish weight rlses, feed applled also rlses. Flg. 19 shows the variation of feed 
level in the pond. It shows that when feed IS applied to a pond, the level of feed in the pond 
rises. But due to consumption by the flsh and by the wastage that takes place, its level won 
falls. This rise and fall of the feed level In the pond within a month occurs throughout the 
length of simulation (400 days). However, the model shows that average feed level in the 
pond rises in the long term. It means that in the long run, feed application rate is higher than 
the sum of its consumption by fish and its wastage. 

Fig. 20 shows the chaotic dynamics of the number of zooplankton in Me pond. Its 
level varies between 320 and 130. It IS assumed In the model fish consumes the zooplankton 
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but it is not able to totally annihilate it The remaining zooplankton in the pond reproduces 
and grows till it is one again consumed by the fish and its level falls again. 

Fig. 21 shows the variation of detritus We see that the detritus level rises to about 
0.0105 kilogram per square meter. This is takes place due to the fad  that detritus format~on 
rate is higher than the sum of the rate at which it is consumed by the fish and by benthos 

Fig. 22 shows the variation of phytoplankton over time. We see that the phytoplankton 
number systematically reduces from an initial value of 10,000 to about 6,800 over a period 
of 400 days. This systematic fall in the level can be exphned by the fact that the reproduction 
rate of phytoplankton falls short of the combined rate of consumption by fish and zooplankton 
and its own mortality rate. 

Fig 23 shows how benthos level varies over the length of simulation. Benthos number 
in the pond rises, reaches a peak of about 712 at about 160m day, and than it falls to about 
60 The fall in the benthos level can be explained by the fact that thefish we~ght rlses tc e 
high level. Therefore, the consumption of benthos by fish reduces the benthos level after 
the 160m day 

Fig. 24 shows the variation of the level of dissolved oxygen in the pond. The level 
rises from an initial value of 5 milligrams per I~tre, thereafter it reduces very slowly to reach 
a final value of 2.687 milligrams per litre. The rise in the dissolved oxygenlevel takes place 
in the initial period because during that period the phytoplankton number is high (so the 
generation rate is high), and the fish weight is low (so the respiration rate by fish is low). As 
the fish weight rises, the phytoplankton level falls, so the generation rate is low and 
consumption level is high. The combined effect is to reduce the oxygen level in the pond 
Fig. 25 shows the variation of the respiration rate of fish. As expected, it continues to rise as 
the fish weight rises over time. 

Fig. 26 makes a comparison of the fish weight with and without feed for a period of 251 
days. We see that whereas fish weight reaches a level of 88 kilograms with feed compared to 
28 kg at that time h e n  no feed is applied. The effect is feed% thus very prominent. 

Fig. 27 compares, over a period of 550 days, the fish weight figures when feed is 
applied at 2% of the fish weight and when it is applied a! 3% of the fish weight. We note that 
higher percentage of feed results in higher value of fish weight. However, as the carrying 
capacity of the pond is reached, the fish weight for the 3% case does not show the exponential 
rise as it shows in the tint 400 days, but it shows an asymptotic rise instead Fig. 28 and 
Fig. 29 show the effect of partial harvesttng (5% in Fig. 28 and 4% in Fig 29) on the flsh 
growth foc a period of 1000 days. As expected, fish weight at the end of the simulation is 
hitter when 4% fish is helvested out. 
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Summary and Conclusion 

In this paper, we have presented a system dynamics model of a fishpond ecosystem. The 
model is described ~n detail with the help of causal-loop diagrams, flow diagrams, and 
model equations The model structure has been very Intensively discussed with the scientists 
of CIFA and the parameter values have been selected from literature after d~scussing w~th 
the scientists of CIFA. The model has been subjected to different tests. The conditions in 
which the actual pond experiments were conducted were simulated using the VENSIM 
software package. Fish weight generated from the model matched with the actual values 
o b s e ~ e d  In the experiments. Dynamlcs of other primary and secondary producers, feed, 
and oxygen level in the pond, and detritus are all generated. The model-generated beiiaviour 
did not show any implausible behaviour 

The system dynamlcs model thus represents a set e val~d hypothesis for the 
Interactions that take place among the biological, physical, and chemical entities in the 
flshpond ecosystem. 

In the present model the effect of fertil~zer IS considered Indirectly by considering a 
normal reproduction rate of phytoplankton, etc. We believe that the system dynamics model 
can be extended to include the effect of fert~lizer. The model can also be extended to include 
the variations of turbidity, sunlight, alkalinity, and so on. 

Fig.1: Fish Growth 
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Fig.?: Fish Growth - Other Interactions 

Fig.3: Nutrients from different factors for growth of fish 

c . E D ~ W Y T O W A N ) ( I O W  P P D  -PUNSTON 

Fig.4: Zooplankton growth 
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Fig.5: Fish and zooplankton Interaction 

' \ .  
Fig.6: Causal loop diagram for complete fbh pond ecosystem 
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Fig.7: Flow diagram of fish weight 

Flg.8: Flow diagram of feed 
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Fig.9: Flow diagram of zooplankton 
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Fig.10: Flow diagram of phytoplankton 
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Fig.11: Flow diagram of benthos 

Fig.12: Flow diagvm of pertphyton 
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Fig.13: Flow diagram of detritus 

Fig.14: Flow diagram of bacterloplankton 
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Fig.15: Flow diagram of dissolved oxygen 
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Fig.16: Comparison d Actual Vls Model for Fish Weight (without feed) 
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Fig.17: Comparison of Actual Vls Model for Fish Weight (with feed) 
Feed appl~ed dally at the rate of 2% of fish weight (measured at the beginning of the month 

Fig.18: Behaviour of feed application 
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Fig.19: Level of feed in pond 

- - - -- 1, ,*,J, 

~ig.20: Chaotic dynamics of zooplankton 
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- h~s4.I: 

Fig.21: Graph of Detritus (DET) 

Fig.22: Graph of Phytoplankton (PP) 
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Fig.23: Graph of Benthos (BEN) 
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Fig.24: Graph of Dissolved Oxygen 
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Fig.25: Graph of oxygen respiration of fish 
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Fig.26: Simulation of fish weight 
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Flg.27: Effect of feed application multiplier (FAM) on fir weight 
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Fig.28: Effect of partial harvesting (5%) on fish yield 
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Fig.29: Effect of partlal harvesting (4%) on fish yield 
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LINEAR AND NONLINEAR MODELS 

Lalmohan Bhar 

1 Introduction 

Regression analysis is a statistical methodology that utilizes the relation between two 
or more quantitative variables so that one var~able can be predicted from the other, or 
others. This methodology is widely used in business, the soc~al and behavioral sciences, 
the biological sciences including fishery and aquaculture research. For example, fish weight 
at hawest can be predicted by utilizing the relatlonship between fish weights and other 
growth affecting factors like water temperature, dissolved oxygen, free carbon dioxide etc. 
There are other s~tuations In fishery where relationship among variables can be exploited 
theough regression analys~s 

Regression analysls serves three major purposes- (I) description (2) control and (3) 
predlct~on We frequently use equations to sumrnarlze or descrlbe a set of data Regress~on 
analys~s IS helpful In develop~ng such equatlons For example we may collect a cons~derable 
amount of fish growth data and data on a number of biotic and ab~ot~c factors, and a regression 

model would probably be a much more conven~ent and useful summary of those data than 
a table or even a graph. Besldes pred~ctlon, regression models may be used for control 
purposes A cause and effect relat~onship may not be necessary if the equation IS to be 
used only for prediction. In this case it is only necessary that the relationships that existed In 
the original data used to build the regression equat~on are still valid 

A functional relation between two variables is expressed by a mathematical formula 
If Xdenotes the independent variable and Y the dependent variable, a funct~onal relat~on IS 

of the form 

Y = f(X). 

Given a part~cular value of X, the functlon f ~nd~cates the correspond~ng value of Y A 
statistical relat~on, unl~ke a functlon IS not a perfect one In general, the observat~ons for a 
statist~cal relatlon do not fall directly on the curve of relationshlp 

A regression model is a formal means of expressing the two essential ingred~ents of 
a statistical relation 

1. A tendency of the response variable Y to vary as the pred~ctor vanable X. 

2. Scattering of points around the curve of statist~cal relationshlp. 

These two characteristics are embodled In a regression model by postulating that 
there is a probability distribution of Y for each level of Xand the means of these probabil~ty 
distributions vary in a some systematic fashion with X. 
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Dependlnq on the nature of the r@lqt~onqn~p'; between Xand Y regresslon approach 
~ 3 y  oe classlfled Into two broad categu~es 412, h e a r  regresslon models and nonl~near 
-ecjresslon models The response var~able IS generally related to other causal variables 
'hrouyn some parameters The models rtldt are h e a r  In these parameters are known as 
hear  models whereas In nonllnear models parameters are appear nonl~nearly Llnear models 
are generally satisfactory approxlmatlons for most regresslon appllcat~ons There are 
occasions, however, when an emplncally lndlcated or a theoret~cally justified nonllnear model 
IS more appropr~ate 

In the present lecture we shall consider fitting of both linear and nonlinear models, 
which 1s a basis for any scientific research. 

2 Linear Regresslon Models 

We conslder a basic linear model where there is only one predictor variable and the 
regression functlon is linear. Model with more than one predictor variable is straightforward. 
The model can be stated as follows: 

Where Y, is the value of the response variable in the im trial p, and , are parameters, 
X IS a known constant, namely, the value of the predictor variable in the i m  trial, c, IS a 
random error term wlth mean zero and variance cr2 and c,and, are uncorrelated so that their 
covariance is zero. 

Regresslon model (1) IS sald to be simple, h e a r  In the parameters, and h e a r  In the 
predlctor varlable It IS "slmple" In that there 1s only one predlctor varlable, "llnear In the 
parameters' because no parameters appears as an exponent or its multcpl~ed or dlvlded by 
another parameter, and "Ilnear In predlctor var~able" because thls vanable appears only In 
the first power A model that IS lcnear In the parameters and In the predlctor var~able IS also 
called fcrst order model 

2.1 Meaning o f  Regression Parameters 

The parameters 0, and (1 In regresslon model (I) are called regression coefficients. 
(1 is the slope of the regression Ilne. It Indicates the change In the mean of the probability 
dlstr~bution of Y per unlt Increase In X The parameter (0 in Y intercept of the regression 
line When the scope of the model ~ncludes X = 0. (0 gives the mean of the probability 
distribution of Y at X = 0. When the scope of the model does not cover X = 0, (0 does not 
have any particular rneanlng as a separate term In the regression model. 
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2.2 Method of Least Squares 

To find 'good' estimates of the regression parameters (0 and (1, we employ the 
method of least squares. For each observations (Xi Yi) for each case, the method of least 
squares considers the deviation of Y from its expected value: 
-EMBED Equation.3 -. 

In particular, the method of least squares requires that we consider the sum of the n 
squared deviations. This criterion is denoted by Q .  

O =  :(K - P O + P I  xi)' 
1=1 

(2) 

According to the method of least squares, the estimators of Po and P, are those 
values b, and b,, respectively that minimize the cr~ter~on Q for the given observations 

Using the analytical approach, i t  can be shown for regression model (1) that the 
values of b,and b, that mrnlmlzes Q for any particular set of sample data are given by the 

following simultaneous equatlons 

These two equatlons are called normal equat~ons and can be solved for b, and b,: 

where F a n d  Fare the means of the X, and the Y, observations, respectively 
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2.3 Properties of Fitted Regression Line 

Once the parameters estimates are obtained, the fitted line would be 

c . = b + b l X j  

The ith residual is the difference between the observed value Y, and the 

corresponding fitted value $ , i.e., ej = I; - $. 
The estimated regression line (3) fined by the method of least squares has a number 

of properties worth noting. 

1. The sum of the residuals is zero Cei = 0 
i=1 

' I 

2.  Sum of the squared residuals, C" is a minimum. 
;=I  

. n n .  

3. Sum of the observed values Y,-,, the sum of the fitted values Yi ?8 = 18 
r = l  i=I 

4. Sum of the we~ghted residuals IS zero, we~ghted by the level of the predictor 

n 

variable in the i'Vtrial. Z X i e i  = O 
i= l 

5. Sum of the weighted residuals is zero, weighted by the fitted value of the response 

n .  

variable in the i" trial. j;'i = O 
1=1 

6 The regresslon llne always goes through the polnts (X,? ) 

2.4 Estimation of Error Variance .2 

The variance ,2 of the error terms c, In regression model (1) needs to be estimated 

!a abtatn an indication of the varlabillty of the probability distribution of Y. In addition, a 
varlety of Inferences concerning the regresslon function and the prediction of Y require an 
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Z , ,  1 1 .  

Denote by SSE = 20; - = x'; is the error sum of squares or restdual sum 
i=l  i = l  

SSE 
of squares. Then an estimate of is given by. 62 = - 

n-r' 
where p is the total number of parameters involved in the model. We also denote this 
quantity by MSE. 

2.5 Inferences in Linear Models 

Frequently, we are interested in drawing inferences about P I ,  the slope of the regression 
line At tlrnes, tests concerning PI  are of interest, particularly one of the form: 

Ho =PI = O  

ff, = p, ?c 0 

The reason for interest in testlng whether or not PI = 0 is that, when PI = 0 ,  there is 
no linear association between Y and X. For normal error regression model, the condition 
implies even more than no ltnear association between Y and X. for the normal error regression 
model implies not only that there IS no linear association between Y and X but also that there 
is no relation of any kind between Y and X, since the probability distribution of Yare then 
identical at all levels of X. 

h 
An explicit test of the alternatives is based on the test statistic: = 

s(4  1 

where r(h)  is the standard error of b, and calculated as = 1 -.)' 
i= l  

The decision rule with this test statistic when controlling level of significance at a 
is 

if 111 < /(I - a / z n  - p), conclude H,, 

Similarly testing for other parameten can be carried out. 
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7 SSR R ' = - -  SSE - I - -  
SSTO SSTO 

The measure ,42 is called coefficient of determination, 0 < ~ 2  5 1 

In practice K 2  is not likely to be 0 or 1 but somewhere between these limits. The 
closer it is to 1, the greater is said to be the degree of linear association between X and Y.  

2.8 Dlagnortics and Remdlal  Measures 

When a regression model is considered for an application, we can usually not be 
certain in advance that the model is appropriate for that application, any one, or several, of 
the features of the model, such as linearity of the regression function or normality of the 
error terms, may not be appropriate for the particular data at hand. Hence, it is important to 
examine the aptness of the model for the data before inferences based on that model are 
undertaken. In this section we discuss some simple graphic methods for studying the 
appropriateness of a model, as well as some remedial measures that can be helpful when 
the data are not In accordance with the cond~tions of the regression model. 

2.8. I Departures From Model to be studied 

We shall consider following six important types of departures from linear regression 
model with normal errors: 

1. The regression function is not linear 

2. The error terms do not have constant variance 

3, The error terms are not independent 

4. The model fits all but one or a few outlier 0bSe~ations 

5. The error terms are not normally distributed 

6 One or several important predictor variables have been omitted from the model. 

2.8.2 NonlInearIty of Regression Model 

Whether a linear regression function is appropriate for the data being analyzed can 
be studied from a residual plot against the predictor variable or equivalently from a residual 
plot against the fitted values. 

Figure l(a) shows a prototype situation of the residual plot against Xwhen a linear 
regression model is appropriate. The residuals then fall within a horizontal band centered 
around 0, displaying no systematic tendencies to be positive and negative. 

Figure l(b) shows a prototype situation of a departure from the linear regression 
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model that indicates the need for a curvilinear regression function. Here the residuals tend 
to vary in a systematic fashion between being positive and negative. 

Fig. l(a) 

Fig l (c)  

2.8 3 Nonconstancy of Error Variance 

I 

Fig. l(b) 

Fig. l(d) 

Plots of residuals against the predictor variable or against the fitted values are not 
only helpful to study whether a linear regression functlon is appropriate but also to examine 
whether the variance of the error terms is constant 

The prototype plot in Figure l(a) exemplifies residual plots when error term variance 
IS constant Flgure l (c )  shows a prototype picture of residual plot when the error variance 
Increases with X In many biological science applications, departures from constancy of the 
error variance tend to be of the 'megaphone" type. 

2.8 4 Presence of Outlrers 

Outllers are exlreme observations. Residual outliers can be identified from residual 
plots against Xor f . Outliers can create great difficulty. When we encounter one, our first 
suspicion is that the observation resulted from a mistake or other extraneous effect. On the 
other hand, outliers may convey significant information, as when an outlier occurs because 
of an Interaction with another predictor omitted from the model. A safe rule frequently 
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suggested is to discard an outlier only 11 there 1s direct evldence that it represents in error in 
recordrng, a m~scalculatron, a malfunctionrng of equipment, or a similar type of circumstances. 

2.8 5 Nonindependence of Errors 

Whenever data are obtained In a tlrne sequence or some other type of sequence, 
such as for adjacent geographical areas, it is good idea to prepare a sequence plot of the 
residuals The purpose of plotting the residuals agarnst time or some other type of sequence 
is to see if there is any correlation between error terms that are near each other in the 
sequence. 

A prototype res~dual plot showing a time related trend effect is presented in Figure 
l(d), which portrays a linear time related trend effect. 

When the error terms are independent, we expect the residuals in a sequence plot to 
fluctuate In a more or less random pattern around the base llne 0. 

2 8.6 Nonriormality of Errors 

Small departures from normallty do not create any serlous problems Major departures, 
on the other hand should be of concern The normallty of the error terms can be studred 
rnformally by examlnrng the residuals In a vartety of graphlc ways 

Comparison of frequencles when the number of cases is reasonably large is to 
compare actual frequencles of the residuals against expected frequencies under normal~ty. 
For example, one can determine whether, say, about 90% of the residuals fall between f 
1.645 JU?/.I 

Normal probabil~ty plot St111 another possibrlity is to prepare a normal probabilrty plot 
of the residuals Here each restdual is plotted against ~ t s  expected value under normality. A 
plot that is nearly hear  suggests agreement wlth normality, whereas a plot that departs 
substantially from lrneartty suggests that the error distribution is not normal 

2 8.7 Omission of Important Predictor Variables 

Residuals should also be plotted against variables omitted from the model that might 
have important effects on the response. The purpose of this additional analysis is to determine 
whether there are any key variables that could provrde ~mportant additional descrrptive and 
predictive power to the model. The residuals are plotted against the additional predictor 
variable to see whether or not the resrduals tend to vary systematilly with the level of the 
additional predictor variable. 
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2.8.8 Ovew'ew of Tests 

Graphical analysis of residuals is inherently subjective. Nevertheless, subjective 
analysis of a variety of interrelated residuals plots will frequently reveal difficulties with the 
model more clearly than particular formal tests. 

Tests for Randomness: 

A run test is frequently used to test for lack of randomness in the residuals arranged 
in time order. Another test, spec~ally designed for lack of randomness in least squares 
residuals, is the 

Ourtin- Watson lest 

The Durbin-Watson test assumes the first order autoregressive error models. The 
test consists of determining whether or not the autocorrelation coemcient ( p , say) is zero. 
The usual test alternatives considered are: 

The Durbin-Watson test statistic D is obtained by using ordinary least squares to fit 
the regression function, calculating the ordinary residuals: e, = Y, - Y, , and then calculating 
the statlstlc 

Exact critical values are difficult to obtain, but Durbin-Watson have obtained lower 
and upper bound dLand dU such that a value of D outside these bounds leads to a 
definite decision. The decision rule for testing between the alternatlves is: 

if D > d,, conclude H, 

if D <d,, conclude H, 

if d ,  -< D 5 d,, , test is inconclusive. 

Small value of D lead to the conclusion that p >O 

Correlation Test for Nonnalify: 

In addition to visually assessing the appropriate linearity of the points plotted in a 
normal probability plot, a formal test for normality of the error terms can be conducted by 
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calculating the coefftc~ent of correlation between res~duals e, and their expected values 
under normality. A hlgh value of the correlation coefficient is indicative of normality. 

Tests for Constancy of Error Variance: 

Modified Levene Test. The test is based on the variability of the residuals. Let e,, denotes 
the in residual for group 1 and e, denotes the im residual for group 2. Also we denote n, and 
n, to denote the sample sizes of the two groups, where: n, + n, = n. 

Further, we shall use F, and F2 to denote the medians of the residuals in the two 
groups. The modified Levene test uses the absolute deviations of the residuals around their 
median, to be denoted by d,, and d,2: 

- 
d, ,  =/c,,, -41. d,, - F 2 /  

With this notat~on, the two-sample t test statistic becomes. 

Where 17, and 17, are the sample means of the d,, and do, respectively, and the 

pooled varrance 9 is 

If the error terms have constant variance and n, and n, are not too small. I ;  follows 
approximately the t d~strlbut~on with n-2 degrees of freedom. Large absolute values of 1; 

indicate that the error terms do not have constant variance. 

Tests for Outlying Observations. 

(i) Elements of Hat Matrix: The larger values reflect data points are outliers 

(ii) WSSD, WSSD, is an important statistic to locate points that are remote in x-space. 
WSSD, measures the weighted sum of squared distance of the im point from the 
center of the data. Generally ~f the WSSD, values progress smoothly from small to 
large, there are probably no extremely remote points. However, if there is a sudden 
jump in the magnitude of WSSD,, this oflen indicates that one or more extreme points 
are present. 
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(i10 Cook's D, Cook's D, is designed to measure the shift in f when im observatlon is not 

used in the estimation of parameters. Di follows approximately ~p,n-p-l)(l-a), 

Lower 10% point ofthis distribution is taken as a reasonable cutoff (more conservative 
3 

users suggest the 50% point) The cut off fcr I)i can be taken as - . 
n 

(iv) DFFITSi: DFFlT is difference in ih component of (.$ - .$(i)) It is 

suggested that LV-F'17',Yj be used to flag off influential 0bse~at ions 

(v) DFBE7'ASl(,) Cook's 11, reveals the Impact of lm obse~at lon on the entlre vector 

of the est~mated regresslon coeffic~ents The lnfluent~al obse~atlons for lnd~v~dual regression 

coefflc~ent are ~dentlfied by nI.'13Ll'ASJ(,) 1 = 1.2. . p + 1 ,  whereeach DpBETAS,(,, 

IS the standardzed change In h ,  when the ~'"observat~on 1s deleted 

(vi) C'O~'K..lTIO, : The impact of the I'" observatlon on varlancecovanance rnatnx of 

the est~mated regresslon coefflc~ents IS measured by the ratlo of the determinants of the 

two varlance-covar~ance matrices Thus COVRATIO reflects the Impact of the lrn observat~on 

on the preclslon of the estlmates of the regresslon coefflc~ents Values near 1 indlcate that 

the 1'" observatlon has llttk effect on the prmston of the estlmates A valve of COVRATK) 

greater than 1 lndlcates that the delet~on of the IP observatlon decreases the preclsion of 

the estlmates a ratlo less than 1 lnd~cates that the delet~on of the observat~on Increases the 
3 ( ~  + 1)  

preclsion of the est~mates Influentla1 polntsare lndlcated by I c o I ' H A I ~ ~ ,  - 11 > - 
n 

( I )  FI :,IRA 710,  : The statlstlc detects change In varlance of j', when an 0bseNati0n 1s 

deleted A value near 1 lndlcates that the I" observat~on has negl~g~ble effect on varlance of 

, , A value greater than 1 lndlcates that delet~on of the I" observat~on decreases the preclslon 

of the estlmates, a value less than one Increases the preclslon of the est~mates 

2.8.9 Overview of Remedial Measures 

I f  the simple regression model (1) is not appropriate for a data set, there are two 
basic choices: 

? Abandon regression model and develop and use a more appropriate model. 

2 Employ some transformation on the data so that regression model (1) is appropriate 

for the transformed data. 
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Each approach has advantages and disadvantages The first approach may entail a 

more complex model that could yield better insights, but may also lead to more complex 

procedure for estimating the parameters. Successful use of transformations, on the other 
hand, lead to relatively simple methods of estimation and may involve fewer parameters 

than a complex model, an advantage when the sample size is small. Yet transformation 

may obscure the fundamental interconnections between the variables, though at times they 

may illuminate them. 

Nonlinearity of Regressron Function: 

When the regression function is not linear, a direct approach is to modify regression 

model (1) by altering the nature of the regression function. For instance, a quadratic 

regression function might be used 

or an exponential regression function: 

When the nature of the regresslon funct~on is not known, exploratory analysis that 
does not requlre specifying a particular type of function is often useful. 

Non-constancy of E m r  Variance: 

When the error variance is not constant but varies in a systematic fashion, a direct 
approach 1s to modify the method to allow for this and use the method of weighted least 
squares to obtain the estimates of the parameters. 

Transformations are another way in stabilizing the variance. We first consider 
transformation for linear zing a nonl~near regression relation when the distribution of the 
error terms is reasonably close to a normal drstribution and the error terms have appmxlmately 
constant variance. In this situation, transformation on X should be attempted. The reason 
why transformatron on Y may not be desirable here is that a transformation on Y, such as 

y1  = f i  , may materially change the shape of the distribution and may lead to substantially 

differing error term variance. 

Following transformations are generally applied for stabilizing variance. 

(1) when the error variance is rapidly increasing Y' = log,, Y or y1 = fi 
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(2) when the error variance is slowly increasing, yr = y2 or Y' = /?xp(Y) 

(3) when the error variance is decreasing. Y' = 1 I Y or Y' = &p(-Y) . 

Box - Cox Transforniations: 

t is difficult to determine, which transformation of Y is most appropriate for correcting 
skewness of the distributions of error terms, unequal error variance, and nonlinearityof the 
regression function. The Box-Cox transformation automatically identifies a transformation 
from the family of power transformations on Y. The family of power transformations is of the 
form: yf = yA, where is a parameter to be determined from the data. Using standard 
computer programme it can be determined easily. 

Non-independence of Errors: 

When the error t e n s  are correlated, a direct approach is to work with a model that 
calls for error terms. A simple remedial transformation that is oflen helpful is to work with 
first differences. 

Nonnorrnality of Errors. 

Lack of normality and non-constant error variance frequently go hand in hand. 
Fortunately, it is often the case that the same transformation that helps stabilize the variance 
IS also helpful in approximately normalizing the error terms. It is therefore, desirable that the 
transformation for stab~l~z~ng the error variance be utilized first, and then the residuals studied 
to see if serious departures from normality are still present. 

Om~ssion of Important Variables: 

When res~dual analysis indicates that an important predictor variable has been omitted 
fr3m the model, the solut~on is to modify the model. 

Outlying Observations: 

'ahen outlying observat~ons are present, use of the least squares and maximum 
likelihood estimates for regression model (1) may lead to serious distortions in the estimated 
regression function. When the outlying observations do not represent recording errors and 
should not be discarded, it may be desirable to use an estimation procedure that places 
less emphasis on such outlying observations. Robust Regression falls under such methods. 

The use and interpretation of a multiple regression model depends implicitly on the 
assumption that the explanatory variables are not strongly interrelated. In most regression 
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-r~plirntinns the explanatory var~ahles are not orthogonal Usually the lack of orthogonality 

is not serious enough to affect the analysis. However, in some situations the explanatory 

variables are so strongly interrelated that the regression results are ambiguous Typically. I[ 

IS fmposslble to estimate the unlque effects of individual varfables in the regression equatlon 

The estimated values of the coefficients are very sensitive to slight changes in the data and 

to the addition or deletion of variables in the equation The regression coefficients have 

large sampling errors which affect both Inference and forecasting that is based on the 

regression model. The condition of severe non-orthogonality is also referred to as the problem 

of multicollinear~ty. 

The presence of mult~coll~nearity has a number of potent~ally serious effects on the 
least squares estimates of regresslon coefficlents as mentioned above. Some of the effects 
may be easily demonstrated. Mult~colllnearity also tends to produce least squares estimates 

that hi are too large in absolute value 

2 9 1 Detection of Multicollinearity 

Let R = and R - I  _ ,'I denote simple correlat~on matrlx and ~ t s  Inverse Let i i 
1 = 1.2 ( 1  , A,) denote the elgen values of R The following are 

common ind~cators of relat~onships among independent variables 

1 S~mple par-wlse correlat~ons I,,, 1 - I 
I 

2 The squared multiple correlat~on coefficients R: = - > O Where denote 
,.I1 

the squared multiple correlation coefflc~ents for the regresslon of x,on the rernalning 

x variables. 

3. The variance inflat~on factors, I ' IF]  = r" > 10 and 

4. eigen values, 2, = 0 

The first of these ind~cators, the simple correlation coeffic~ents between pairs of 

independent variables rjj , may detect a simple relationshtp between xi and x j  . Thus 

r.. = I implies that the im and jm variables are nearly proportional I '11 
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The second set of indicators. R:, the squared multiple correlation coefficient for the 

regression of xi on the remaining x variables indicates the degree to which is explained by 

a linear combination of all of the other input variables. 

The third set of indicators, the diagonal elements of the inverse matrix, which have 

been labeled as the Vanance Inflation Factors, VIE;. . The term arises by noting that with 

standardized data (mean zero and unit sum of squares), the variance of the bast squares 

estimate of the im coefficient is proportional to ,ii. > 10 is probably based on the 

simple relation between Ri and . That is corresponds to$ > 0.9. 

2.10 example 

Table 1 

* 
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Trbk 2: Indkrtom of Influential Observations 
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Table 3: Indicators of Influential Observations 
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Table 4:  Reqrcssion Coeff~cients and Summary Statistics 

Description 

.- . . - . --. -. 1 I t  = ) ~ !  1 3: 

3. Nonlinear Regression Models 

l i I r ( r 1 = 6  

Andrcws fn=ZG) 
.- 

LAV in1261 

In l h ~ s  section we introduce very briefly the concept of nonl~near regression models 

Wtien lhnear rcgresston model fails to describe a situation we try to explore whether there 

is any other relat~onship exists between the resporise var~abie and the expianalory variables 

In rlonltncar models at least one parameter appears nonl~nearly 

b, 

1 3  

Siqnio~d or S sti,jped growth curves are w~despread ~n b~ology agriculture 

englneerlng and econornl:s lnclud~ng f~sher~es and aqiiaculture Such curves starts at so19ie 

f~xcd  polri: and ItiLrrase the~r grdwth rate nionoton~cally lo reach an ~nflectior point a f ~ t r  

this growtli rate decreases to appro act^ asyniptot~cally some f~nal value 1.1 Figure 2 s?o+.s 

four data sets obtd~rieo fror-I d var~ety of veE;etatlvr growth process ail of wh~ch ext>lui' 
s ~ g n ~ o ~ d a l  beliav~or 

7 2 3  

7  06 

7 24 

I i l l ,  

I . J,! 

I 
. ,-'I1 

I ; , ?',.,,, 

1 I ;::~ ,811' 

1 

b, 

0 34 
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Fig 2: Graph of data on four vegetative pmcesses Data Set 1 Pasture regrowth yield 
versus time Data Spt 2 Onior, b i~ lb  plus tops y~e ld  verstls hme Data Set 3 Cocun>her 
cotyledons area v ~ r s o s  time Data Sr t  4 Bear? root cells wafer content versus d~stance 
from growing tip (Data source Ratkowsky (1983) 

Numerous mathematical functions have been proposed for modeling sigmoidal curves, 

many of which are claimed to have some underly~ng theoretical basis Among these are the 

Gompertz, the Logtstic the Richards Morgan-Mercer Flodin and so on The following forms 

of these models are considered 

({, 7 ( L \ "  
Morgan-Mercer-Flodin = - Y +  \ ( I  

I: IS very difficult to corne to any decision about whlch of several competing n~odels 

"s tne data bener when small sample sizes are involved 

qnoiher widely used nonl~near regresslon model is the exponential regresslon model 

The mathemattcal form of th~s  model 1s 

) = {lil*.YP(,q.\l ) 
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Thcs model IS commonly used in growth stud~es where the rate of growth at a ~ I V P I ,  

time X is proportional to the amount of growth remaincng as time'increases, wcth y,, 
representing the maximum growth value. 

3.1 Estimation of Regression Parameters 

Esbmation of the parameters of nonlinear regression model is usually carried out by 

the method of least squares or the method of maximum likelihood. Unlike in linear regression. 
It is usually not possible to flnd analytical expressron for the least squares and maximum 
likelihood estimators for nonlinear regression models. Instead, numerical search procedures 
must be used with both of these estimation procedures, requiring intensive computations. 

The analyscs of nonlinear regresslon models is therefore usually carried out by util~zlng 
standard computer software programs. 

3.2 Example 

To illustrate the fitt~ng and analysis of nonlinear regression models in a simple fash~on, 
we shall use an example where the model has only two parameters and the sample scze 13 

reasonably small In so doing, we shall be able to explain the concepts and procedures 
without overwhelming the reader with details. 

A hypothetccal data is presented in Table 5. A scatter plot of the data is shown In 

Figure 3. Thee relationship between the predictor variable and the response variable 15 

seemed to be exponential. Hence, it was decided to investigate the appropriateness of the 

two-parameter nonlinear exponential model: 

where ci are independent normal with constant variance. The least squares 

criterion Q, here is 

Q =  ?(K - Y ~ E X P ( Y ~ X ~ ) + E ~ ) ~  
i=I 

Upon simplification, the normal equations become: 
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These normal equat~ons are not h e a r  In y,, and and no closed-form solut~on 
exlsts Thus numertcal methods wtll be requlred to ftnd tlie soluttons for the least squares 
est~mates tterat~vely There are a number of numertcal search methods ava~lable In the 
literature The major stat~stlcal computer packages employ one or more d~rect numerical 
search procedures for solvlng nonlinear regresston problems The Gauss-Newton method, 
also known as lrneartzat~on method 1s the most popular method In pract~ce 

Table 5 
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Ser~al No. 

1 

2 

3 

4 

5 

G 

7 

8 

9 

. 

. 
1 4 

15 65 .- . . - 

X, 
2 

5 

7 

10 

14 

19 

26 

3 1 

34 - . -. 

v, 
54 

50 

45 

37 

35 

25 

20 

16 

- 18 
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Using this method, the above model was terminated after three iterations. The final 
regression coeff~c~ent estimates are fO = 56.6065 and f1  =-,03959, and the fitted regression 
function is: 

The error sum of squares for this fitted model is SSE = 49.4593. Figure 3 shows a 

plot of th~s estimated regression function, together with a scatter plot of the data. The fit 

appears to be good. 

Comments. 

1. The chotce of lntt~al start~ng values IS very important with the Gauss-Newton method 
because, a poor cholce may result In slow convergence, convergence to a local minimum 
or even divergence 

A vartety of methods are available for obta~nlng starting values for the regressron 
parameters Often, related earl~er studies can be ut~llzed to provlde good start~ng values for 
the regresslon parameters 

2 Some propert~es that exist for hear least squares do not hold for nonlinear regression 
least squares For example, the res~duals do not necessarily sum to zero for nonl~near least 
squares. Addtt~onally, the error sum of squares SSE and the regression sum of squares 
SSR do not necessarily sum to the total sum of squares SSTO. Consequently, the coefficient 

7 SSK 
of multiple determinations KL = -- is not a mean~ngful descriptive statistic for nonlinear 

SSTO 
regression 

3.3 Model Building and Diagnostics 

The model bu~ldtng process for nonlinear regression models often differs somewhat 
from that for linear regression models. The reason is that the functional form of many 

nonlinear models is less suitable' for adding or deleting predictor variables and curvature 

and interaction effects in the direct fashion that is feasible for linear regression models. 

Validation of the selected nonl~near regression model can be performed in the same 

fashion as for linear regression models. 

Use of diagnostic tools to examine the appropriateness of a fitted model plays an 
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important role in the process of building a nonllnear regression model. Nonlinear regression 

models may not be appropriate for the same reasons as linear regression models. For 

example, when nonlinear growth models are used for time series data, there is the possibility 

that the error terms may not be correlated. Also unequal error variances are often present 

when nonlinear growth models are fitted. 

When replicate observations are available and the sample size is reasonably large, 

the appropriateness of nonlinear regression models can be tested formally by means of the 

lack of fit test for linear regression models. 

Plots of residuals against time, against the fitted values, and against each of the 

predictor variables can be helpful in diagnosing departures from the assumed model, just 

as for linear regression models. 

If unequal error variances are found to be present, welghted least squares can be 

used In fltt~ng the nonllnear regresslon model Alternatively, transformation of the response 
var~able can be lnvestlgated that may stablllze the varlance of the error terms and also 
permlt use of a hear regresslon model 

Note: Thls note 1s prepared on the basis of book "Applied Linear Regression Models" by - 
M.H. Kutner. J. Neter and C.J. Nachtsheim (Publisher. Mc-Graw-Hill? 
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FORECASTING MODELS AND APPLICATIONS 

Dr.G.P.Reddy 

In recent years a tremendous emphas~s has been placed on the improvement of 

decis~on-making skllls both in buslness and government A key aspect o i  dec~sion-making 

skill is the capacity to predlct the circumstances that surround a decis~on a dec~s~on at the 

s~tuat~on Such pred~ct~ons generally handled under the title of forecast~ng have been 

 denti if led as a key part of the dec~sion making process The area forecastlng has been 

studled extensively and re l~ab~l~ty has been developed techn~ques vary considerably 

according to thclr sophistication and usefulness 

Forecasting the future values of an observed time serves as an Important problem in 

many areas including economics, production plann~ng, sales forecasting and stock cap~tal 

Needs and uses o f  forecasting 

Frequently there IS a time lag between awareness of an impending event or need 

and occurrence of that event This lead-t~me IS the main reason for planning and forecastlng 

If the lead-time IS zero or small there IS no need for plannlng If the lead-t~me IS long and the 

outcome of the final event condlt~onal upon ~dent~f~able factors plannlng can perform an 

important role In such s~tuat~ons forecastlng IS needed to determine when an event will 

occur or a need wlse, so that appropriate act~ons can be taken 

Forecasting IS an integral part of the decis~on-making act~vit~es of management An 

organlzat~on establishes goals and objectives, seeks to predict envlronrnental factors and 

then selects act~ons that it hopes w~l l  result in attalnrnent of the goals and 0 b j e ~ t l ~ e ~  The 

need for forecastlng 1s increasrng as management attempts to decrease ~ t s  dependence on 

chance and becomes more sclent~f~c in dealing w~th ~ t s  environment Some of the areas in 

whlch forecastlng currently plays an important role 

Forecasting is a necessary input or tool to planning whether in Business, or 

Government. Forecasting IS a prediction of what will occur in the future, and it is an uncertain 

process. Because of the uncertainty, the accuracy of a forecast is as important as the 

outcome predicted by the forecast. The classification of widely used forecasting techniques 

is presented in the following figure: 
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[ ~ & ~ ; o n  of tllewldety Used Fomcnt ing Techniques ] 

Modpis Models 

Exponential & 
its Extensions 

Modeling for Forecasting 

The following flowchart highlights the systemat~c development of the modeling and 

forecasting phases: 

Model Edtmlion I *  

I - - - - - - I  - - - - -  
- - - - - - - - - - - - - - - - 

Forecasting 

New Obse~aEons 9 Stable? 

Forecasting System: 
The Model-Building and The Forecasting Phases 
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The above modeling process is useful to 

Understand the underlying mechanism generating the time series. This includes 
describing and explaining any variations, seasonality, trend, etc. 

Predlct the future under "business as usual" condition. 

Control the system that is to perform the 'what-if scenarios. 

There are two main approaches to forecasting. Either the estimate of future value is 
based on an analysis of factors which are believed to influence future values, i.e., the 
explanatory method, or else the prediction is based on an inferred study of past general 
data behavior over time. 1.e . the extrapolation method For example, the belief that the sale 
of doll clothing will Increase from current levels because of a recent advertising blitr rather 
than proximity to Christmas illustrates the difference between the two philosophies. The 
former method IS often more difficult to Implement and valldate than the latter approach. 

One of the objectives of econometr~cs IS forecasting meant the predlct~on of values 
of certaln varlables outslde the available sample of data typically a predlctlon for other 
tlmes or places Example forecast of Natlonal Income populat~on electlon outcomes etc 
Assumlng the vector of varlables Y IS to be forecast the problem of forecast IS typically that 
of predlctlng values for Y at a future tlme T+h glven T 0bse~atlons Y, Y, Y,and 
posslbly observat~ons of certaln other varlables The tlme T IS often taken to be the present 
and posltlve tlme and Interval h IS called the forecast horlzon The polnt forecast would be 
v,+,representlng a predlct~on of the values Y at tlme T+h The forecast Interval IS glven by 

P ( Y,., d" Y,., e" Y ,*,, =O 90 

The rate at whlch the ~nterval fans out determtnes what constitutes a short-term as 
opposed to long term forecast Thus a short-term economlc forecast might lnvolve a forecast 
horlzon of one quarter or one-year, where as weather forecast mlght lnvolve a forecast 
honzon of one day 

Modeling the Causal Time Series: 

Multiple regressions are used when two or more independent factors are involved. 
and it is widely used for short to intermediate term forecasting. They are used to assess 
which factors to Include and which to exclude. They can be used to develop alternate models 
with different factors. 

The forecast takes the form: 
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where 7, is the Intercept, ?,, 7:. 7" are coefficients representing the contribution of 
the Independent variables X,, 3 ,.... X,. 

Two widely used methods of forecast control are a tracking signal, and statistical 
control limits. 

Tracking signal is computed by dividing the total residuals by their mean absolute 
deviation (MAD). To stay within 3 standard deviations, the tracking signal that is within 3.75 
MAD is often considered to be good enough. 

Statistical control limits are calculated in a manner similar to other quality control limit 
charts; however, the residual standard dev~ations are used. 

Trend Analysis: 

Uses linear and nonl~near regression with time as the explanatory variable, it is used 
where pattern over t~me have a long-term trend. Unlike most time-series forecasting 
techniques, the Trend Analysis does not assume the condition of equally spaced time series. 

Nonlinear regression does not assume a linear relationship between variables. It is 
frequently used when tlme is the independent variable. 

Modeling Seasonality and Trend: 

Seasonality is a pattern that repeats for each period. For example annual seasonal 
pattern has a cycle that is 12 periods long, if the periods are months, or4 periods long if the 
periods are quarters We need to get an estimate of the seasonal index for each month, or 
other periods, such as quarter, week, etc, depending on the data availability. 

1 Seasonal Index: 

Seasonal index represents the extent of seasonal influence for a part~cular segment 
of the year. The calculation lnvolves a comparison of the expected values of that period to 
the grand mean. 

A seasonal index is how much the average for that particular period tends to be 
above (or below) the grand average. Therefore, to get an accurate estimate for the seasonal 
index, we compute the average of the first period of the cycle, and the second period, etc, 
and divide each by the overall average. The formula for computing seasonal facton is: 
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where 

S, = the seasonal index for im period 

D, = the average values of im perrod, 

D = grand average, 

i = the im seasonal period of the cycle 

A seasonal index of 1 00 for a particular month indicates that the expected value of 
that month is 1/12 of the overall average. A seasonal index of 1.25 indicates that the expected 
value for that month IS 25% greater than 1H2 of the overall average. A seasonal index of 80 
rndicates that the expected value for that month IS 20% less than 1/12 of the overall average 

2. Deseasonallzing Process: 

Deseasonalrzrng the data also called seasonal adjustment IS the process of removlng 
recurrent and periodlc varratrons over a short trme frame, e g , weeks, quarters, and months 
Therefore, seasonal variations are regularly repeating movements In serres values that can 
be tred to recurrrng events The deseasonallzed data IS obtarned by slmply dlvrding each 
tlme serres observatron by the correspondrng seasonal rndex 

3. Forecmting: 

lncorporattng seasonality in a forecast is useful when the trme series has both trend 
and seasonal components. The final step In the forecast is to use the seasonal index to 
adjust the trend projection One simple way to forecast using a seasonal adjustment IS to 
use a seasonal factor in comblnatron wrth an approprrate underlying trend of total value of 
cycles. 

Makrng a Forecast At thls pornt of the analysrs after we have completed the study of 
the time serles components we now project the future values In makrng forecasts for the 
next few perrods The procedure IS summarrzed below 

Step 1 . Compute the future trend level using the trend equation. 

Step 2 : Multiply the trend level from Step 1 by the perrod seasonal index to include 
seasonal effects. 

Step 3 : Multiply the result of Step 2 by the projected cyclic rndex to include cycliceffects 
and get the frnal forecast result 
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Simple Moving Averages: 

The best-known forecasting methods is the moving averages or simply takes a certain 
number of past periods and add them together; then divide by the number of periods. Simple 
moving averages (ma) are effective and efficient approach provided the time series is 
stationary in both mean and variance. The following formula is used in finding the moving 
average of order n, ma (n) for a period t+l, 

MA,., = ID, + Dl., + ... +Dl.,.,] 1 n 

where n is the number of observations used in the calculation 

The forecast for time period t + 1 is the forecast for all future time periods, however, 
this forecast is revised only when new data becomes available. 

You may like using Forecasting by Smoothing Java applet, and then performing some 
numerical exper~mentation for a deeper understanding of these concepts. 

Weighted Moving Average: 

Very powerful and econom~cal They are widely used where repeated forecasts 
required-uses methods like sum-of-thedigits and trend adjustment methods. As an example, 
a weighted moving averages is' 

Weighted MA (3) = w,.D, + w,.D,, + w,.D,, 

where the weights are any posltive numbers such that: w l  + w2 + w3 = I .  A typical 

weights for thls example is. w, = 31(1 + 2 + 3) = 316, w2 = 216, and w, = 116. 

Exponential Smoothing Techniques: 

One of the most successful forecasting methods IS the exponential smoothing (es) 
technique. While the simple moving average method IS a special case of the es, the es is 
more parstmonious in ~ t s  data usage. Moreover, it can be modified efficiently to use effectively 
for time serles with seasonal patterns It is also easy to adjust for past errors-easy to prepare 
follow-on forecasts, ideal for situat~ons where many forecasts must be prepared, several 
different forms are used depending on presence of trend or cyclical variations. In short, an 
es is an averaging technique that uses unequal weights; however, the weights applred to 
past observations decline in an exponential manner. 
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Where: 

D, is the actual value 

F, is the forecasted value 

7 is the weighting factor, which ranges from 0 to 1 

t is the current time period 

Notice that the smoothed value becomes the forecast for period t + 1. 

A small ? prov~des a detectable, and visible smoothing. While a large ? provides a 
fast response to the recent changes In the time series and a smaller amount of smoothing. 
Notice that the exponential smoothing and simple moving average techniques will generate 
forecasts having the same average age of information if moving average of order n is the 
integer part of (2-?)I?. 

An exponentlal smoothing over an already smoothed time series is called double- 
exponential smoothing In some cases, ~t mlght be necessary to extend it even to a triple- 
exponentlal smoothing. Wh~le s~mple exponentral smoothing requires stationary condition, 
the doubleexponent~al smoothing can capture hear trends, and tripleexponential smoothing 
can handle almost all other business time series. 

Smoothing techniques, such as the Moving Average, Weighted Movlng Average, 
and Exponential Smoothing, are well suited for one-per~od-ahead forecasting as implemented 
in the following Java applet Forecasting by Smoothing. 

Data filtering 1s w~dely used as an effectlve and efficient time senes-modeling tool by 
applying an approprrate transformation technique. Most time series analysis techniques 
involve some form of filtering out noise In order to make the pattern more sallent 

Differencing: 

A special type of filtering which is particularly useful for removing a trend. IS simply to 

difference a glven time serles until it becomes stationary. This method is useful in Box- 

Jenkins modeling. For non-seasonal data, first order differencing is usually sufficient to 
attain apparent stationarity, so that the new series is formed from the original series. 

Adaptive Filtering: 

Any smoothing becknques such as moving average, which includes a method of 
lesnarg from past erras, can respand b changes in the relative importance of trend, 
seasonal, and random factors. In the adaptive exponential smoothing method, one may 
adjust ? to allow for s h i m  patterns. 
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Hodrick-Prescott Filter: 

This is a smoothing mechanism used to obtain a long-ten trend component in a 
time series. It is a way to decompose a given series into stationary and non-stationary 
components in such a way that their sum of squares of the series from the non-stationary 
component is minimum with a penalty on changes to the derivatives of the non-stationary 
component. 

Kalrnan Filter: 

The kalman filter is an algorithm for sequentially updating a linear projection for a 
dynamic system that is in state-space representation. Application of the kalman filter 
transforms a system of the following two-equation kind into a more solvable form: 

x ,+,=Ax,+Cw ,,, and y,=Gx,+v, in which. A, C, and G are matrices known as functions 
of a parameter q about whlch inference is desired where: t is a whole number, usually 
indexing tlme; x, is a true state variable, hidden from the econometrician; y, IS a measurement 
of x with scaling factor G, and measurement errors v,, w, are innovations to the hidden x, 
process, E(w,+,w,')=l by normalization (where, ' means the transpose), E(v,v,)=R, an unknown 
matrix, estimation of whtch is necessary but ancillary to the problem of interest, which is to 
get an estlmate of q. The Kalman filter deflnes two matrices S, and K, such that the system 
described above can be transformed into the one below, in which estimation and inference 
about q and R IS more stra~ghtforward; e g., by regression analysis. 

q,,=Az,+Ka,, and y,=Gz,+a, where z, is defined to be E,,x,, a, is defined to be y,-E (y,.,y,, 
K is defined to be limit K, as t approaches infinity. 

The definition of those two matrices S, and K, is itself most of the definition of the 
Kalman filters: K,=AS,G'(GS,G'+R)I, and S,,=(A-K,G)S, (A-K,G)'+CC'+( RY , K, is often 
called the Kalman gain. 

Neural Network: 

For tlme series forecasting, the prediction model of order p, has the general form: 

Neural network architectures can be trained to predict the future values of the 

dependent variables. What is required are design of the network paradigm and its parameters. 

The multi-layer feed-forward neural nehvork approach consists of an input layer, one or 

several hidden layers and an output layer. Another approach is known as the partially m w ~  
neural nehvork that can learn sequences as time evolves and responds to the same ingut 
pattern differently at different times, depending on the previous input patterns as ~ 4 .  None 
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of these approaches IS superlor to the other In all cases however an addrt~onal dampened 
feedback, that possesses the characteristtcs of a dynamlc memory, will Improve the 
performance of both approaches 

Outlier Considerations: 

Outl~ers are a few observat~ons that are not well fitted by the 'best" available model 
In practice, any observatron wlth standardized resrdual greater than 2 5 In absolute value IS 

a candrdate for being an outher In such case one must first rnvestlgate the source of data 
If there IS no doubt about the accuracy or veracrty of the observatron, then rt should be 
removed, and the model should be refitted 

Whenever data levels are thought to be too hlgh or too low for "busmess as usual' 
we call such po~nts outlrers A mathemattcal reason to adjust for such occurrences is that 
the majorlty of forecast technrques are based on averaging It 1s well known that ar~thmet~c 
averages are very sensttrve to outher values therefore some alterahon should be made In 
the data before contlnulng One approach IS to replace the outher by the average of the two 
sales levels for the perrods whlch ~mmed~ately come before and after the perlod In questton 
and put thrs number In place of the outlrer This rdea IS useful ~f outl~ers occur rn the mlddle 
or recent part of the data However ~f outl~ers appear In the oldest part of the data we may 
follow a second alternattve whrch 1s to s~mply throw away the data up to and rncludrng the 
outller 

Probabilistic Models: 

Uses probabilistic techniques, such as Marketing Research Methods, to deal wrth 
uncertainty, glves a range of posslble outcomes for each set of events. For example, one 
may wish to identify the prospect~ve buyers of a new product with~n a communtty of slze N 
From a survey result, one may estrmate the probability of selling p, and then estlmate the 
slze of sales as Np w~th some conf~dence level 

An Application: 

Suppose we wish to forecast the sales of new toothpaste in a community of 50,000 
housewives A free sample IS given to 3 000 selected randomly, and then 1,800 lndlcated 
that they would buy the product 

Using the binom~al distribution w~th parameters (3000, 1800/3000), the standard error 
is 27, and the expected sales is 50000(180013000) = 30000. The 99.7% confidence interval 
is within 3 times standard error 3(27) = 81 times the total population ratio 50000/3000; i.e.. 
1350. In other words, the expected sales are within the range of (28650, 31350). 
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Combination of Forecasts: 

All forecasting models have either an implicit or explicit error structure, where error is 
defined as the difference between the model prediction and the 'true" value. Additionally. 
many data snooping methodologies within the field of statistics need to be applied to data 
suppl~ed to a forecasting model. Also, diagnostic checking, as defined within the field of 
statistics, is required for any model, which uses data 

Using any method for forecasting one must use a performance measure to assess 
the quality of the method Mean Absolute Deviation (MAD), and Var~ance are the most 
useful measures However MAD does not lend itself to making further inferences, but the 
standard error does For error analysis purposes variance is preferred since variances of 
independent (uncorrelated) errors are additive however, MAD IS not add~tive 

Regression and Moving Average. When a time series is not a straight line one may 
use the moving average (MA) and break-up the time series into several intervals with common 
straight line with positive trends to achieve linearity for the whole time series. The process 
involves transformation based on slope and then a movlng average within that interval. For 
most business time series, one the following transformations might be effective: 

slopelMA, 

log (slope), 

Log (slopelMA). 

Log (slope) - 2 log(MA) 

Evaluation of forecasting Performance 

The forecasttng performance of the econometric model is judged on the basis of the 
difference between predictions (Pi) and actual value (Ai) The smaller the difference between 
predictioris and actual values of the dependent var~able, the better the forecastlng 
performance of the model 

H. Theil has suggested a systematic measure of accuracy of the forecasts obtained 
from an econometric model. This measure IS called inequality coefficient and is defined by 
the expression 

U = + Square root [6 (Pi-Ai)2 I(6Ai2 In)] 

If Pi =Ai, then U=O, and we say that model attain perfect forecasts. If U > 1 the predictive 
power of the model is worse. The numerator of the inequality coefficient is the root mean 
square prediction error and it is important term in this measure. Further insight into the sources 
of the forecast error may be obtained by the decompos~tion of inequality coefficient 
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Bias proportion U, = (P - A)' I 6 (Pi - Ai)' I n ) 

Variance Proportion Us = ( Sp - S,)' 16 (Pi - Ai)' I n ) 

Covariance proportion U, = 2( I-R,) sp SA I 6 (PI - A I )~  I n ) 

P and A are the means of prediction and actual values 

S, and S,are standard deviations of predictions and realizations 

R, is the correlation coefficient predicted and realized changes. 

U, + U, + U, = 1 

Conclusion 

Forecasting is an important phenomenon In the present day world. Forecasting is an 
integral part of the decision-making activities of management. There are many forecasting 
procedures available such as subjective, univariate and multivariate models .The forecast~ng 
methods fall into two categories such as quantitative and qualitative methods .In the 
quantitative methods econometrics models and filtering models are very common. Besides 
these programming, simulat~on models are also used for forecasting. 
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ON FORECASTING ASPECTS OF 
WATER RESOURCES TIME SERIES DATA 

Dileep K. Panda 

A sequence of observations taken at a regular interval of time for a random variable 
is called time series. Time series models are intended to mimic both the deterministic and 
random nature of the variables in both time and space. The main objective of time series 
modeling and analysis are 

1. understanding the dynamic or time dependent structure of the observations of a 
single series called univariate tirne series analysis, and 

2 exploring the relationship among several series called multivariate time series 

In the present context, we have considered the univariate time series of the annual 
rainfall in Orissa to study the stability and forecast~ng aspects. In hydrology the spat~al and 
temporal nature of time series is extremely complex in terms of flash floods and irregular 
droughts and some common character~stics found in such type of data are: 

Distribution (normal, skewed, symmetric, heavy tailed) 

Outliers 

Cycles (seasonal, weekly, tidal, durinal ) 

M~ssing value 

Censored data (less than values) 

Senal correlabons. 

For better clarity and comprehension, the theoretical aspects of statistical procedures 
for stability and forecasting analysis have been illustrated with annual rainfall data of Orissa 
In the last century i.e. 1901-2000 Here, the overall steps have been outlined as follows 

A Substitution of mlssing values 

Plotting the observations over reading occasions to study the stationarity, 
normality and independent aspects to validate the testing procedures . Finding overall trend of the tirne series and make suitable transformations, 

Suitability of the model using different selection criteria such as 

1. Level of significance of all parameters taken in the model 
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2 Norniality ~ i id tp indtr icc and ranclonines; of the error est~mates 

3 lnslgnlficant autocorrelat~ons 

4 LGW Akaike Information Criterion (hlC) 

I. Regression based approaches for stability and forecasting analysis 

The simple linear model considered here IS 

Y, = [lo + I\, X, + e, t= I 2, 100 

Y = Rainfall on time t" (dependent var~able) 
I 

XI =T~me or occasions (Independent vanable) 

= Intercept 

I!, = the slope of the model 

e, = the random error term whlcri is independentif and ldent~cally distributed with 
mean zero and constant variance r c N (0 "'1) 

Regress~on is performed by est~mating the unknown true Intercept and Slope 1\0 

and 111 with bO and b l  cstlrnates der~ved from data The above parameters are 
est~mated generally uslny the ordinary least square (OLS) by niinlmlzlng the sum of 
Squared dev~at~ons of the observed values froni their expected ones I e 

Assumptions 

1 Y IS llnearly related to X 

2 Data used to fit the model are representative of the data of Interest 

3 The variance of the reslduals IS corlstant that is homoscadast~cs and ~t does not 

depend on X 

4 The restduals are Independent 

5. The reslduals are normally d~strlbuted 

The assumption of the normal distribution IS lnvolved only when testing the hypotheses 
Here, the testable hypotheses of interest is 

Null Hypo. No trend in rainfall i.e.H, : p;= 0, as against 

Alternate Hypo: Trend exist i.e.Hl : I),? 0 
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After solving the normal equat~ons t h ~  OLS estimates of Y IS glven by 

= b, +b,X, , where b, 8 b, are the estimates of 11, & 11, The properties of the least 
square solutions are 

The assumptions above should be fulfilled to make b o g  b, the minimum variance 
unbiased estimators of p, 8 I{, 

The mean of the residuals (e,) is exactly zero 

The mean of the predlctlons equals the mean of the observed responses 

The regression should pass through the centro~d of data 

The variance of the predlct~ons is less than the variance of responses unless R2=l. 

1. Step by step procedures 

2. Plotting the Data 

3. Plot Y versus X and check the following things 

4 does the relationship look linear 

5. does the variablllty of Y look markedly different for levels of X? 

If the plotted data does not look h e a r  then llnear~zatlon can be made through sultable 
transformat~ons Agaln ~f any seasonal or cycllcal pattern IS bang followed may be explored 
If the varlance IS not constant that 1s called heteroscedasticity then power transformations 
are used to stablllze the varlance 

After treatlng the X and Y according the situations clted above, the parameters are 
est~mated through OLS and slgnlf~cance of the parameters are studled through t- 
test If the parameters are not s~gii~f~cant then the model cons~dered IS not acceptable 
othervv~se the resldual study IS done 

Three types of res~dual plots will clearly present whether or not the regression model 
adheres sufficiently to the assumptions to be used 

1 Reslduals VS Predicted Y Look for two possible problems v ~ z  Curvature and 
Heteroscadastlc~ty 

2 Residuals VS Tlrne To see if there IS any pattern of distr~butlon over tlme If 
there IS no deflned pattern then the residuals are random noises Other wlse, 
there IS evldence of seasonallty, long-term trend or correlation In the residuals 
Trend or seasonal~ty suggests addlng a new term to the regression equations 

3 Norinallty of Reslduals Examlne the distr~bution of residuals uslng a boxplot 

stem and leaf histogram or normal probability plot If they devlate much from 
the normal theory then the varlous confidence Intervals prediction intervals 
and tests described below will be inappropriate 
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(1) hypothes~s tests will have low power 

(ii) confidence intervals will be too wide 

Here, the simple regression has been fitted for the rainfall versus the time and seen 
that the R2 is very low i.8. 0.056 and it can be observed that the residuals are serially 
correlated. To improve the model fitting through log transformation has not yielded much as 

obvious from the figure below. 

II. Dummy Regnnsion 

When the data are collected quarterly or monthly, each observation is influenced by 
one of the seasonal effects. Then, it is logical to include their effects in the model as dummy 
variables. The linear relationship may be expressed for quarterly observations as 

Y E A R  
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Rainfall =4953 .1.812 Y e a r  

600' 
+ + 

400- + + 
+ + +  + 

Y e a r  

In-rain = 10.058 -0.0014 Y e a r  

0.4 i 1 

Y e a r  

AdlRsq 
0.0561 

RMSE 
199.34 

N 
la, 

Rsq 
0.0789 

AdjRsq 
0.0695 

R MSE 
0.1436 

Central lnstitulr of Freshwater Aquacutture (CIFA) 403 



ModsLng 6 Forecastrng Brornformabcs and Statrstfcs ~n Ffshenes Research 

Y,  = li, + [I, X, + Z [I,, Q ,  + e,, where, 

0 ,  = 1, if the observat~on IS influenced by I!" quarter 

= 0 . otherw~se for all I= 1.2.34 

After adjusting with the intercept to avo~d co linearlty the equation deflned as 

Y ,= I~ ,+ I I ,X ,+ l~ ,L iQ , ,+ I~ ,qQ, ,  +IJ,,Q-,+e, 

For monthly observations, it is expressed as 

Y, = I\,, + [I, X, + Z Q,, + e;, where, 

Q,, = 1 i f  the observation is ~nfluenced by I" month 

= 0 , otherw~se for all I= 1 2 3 12 

Ill. Univariate Time Series Modeling (ARIMA approach) 

In th~s case it is bel~eved that each observat~on ~n the serles is being ~nfluenced by 
the past value (s) and some d~sturbance terms Hence the 0bSe~ati0nS in the serles recelve 
memory from the past values or in other way around they carry forward some effects to the 
future observalion The stat~stical expression for th~s IS 

Y ,= f iY t , ,Y , , .Y , , .Y , , .  . e : )  

The observatiori Y; is governed by 

(1) functional form f ( )  

(2) number of lag 0 b S e ~ a t i 0 n ~  Y,, for I =  1 2 p 

(3) structure of the error term e, 

Auto Regressive Process of order p AR (p) 

The form IS Yt = Ob,Yt-, + et ]=I  2 p wh~ch may be expanded as Yt = blYt-I + 

+bpYt.p + et w~th the assumption that et IS a wh~te noise For a h e a r  funct~onal form 
with one laq and a white noise disturbance the above function y~elds to a first order auto 
regressive AR(1) Process expressed ~n the form Yt = blYt-1 + et 

Moving Average of order q M A (q) 

As the observatlon IS funct~on of ~ t ' s  lag values there is every reason to belleve that the 
error term IS also a funct~on of ~t 's  past values in the sense that ~t IS not a white nolse Then the 
above model becomes complicated and specifled by a term called Moving Average MA (q) 

process wlth et = ut - glut-1- g2ut-2 - gqut-q where ut IS assumed to be whlte nolse 
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ARlMA (p, d, q) process 

Methodology for ARlMA 

Stationarity Detection 

Model Selection 

Prediction 

Stationarity is a requirement for ARlMA fitting. A time series is said to be stationary 

when the observat~ons fluctuate about a fixed mean level with constant variance over the 

observational period. In other words, the overall behavior of the series remains the same 

over time. The stationarity of a series can be detected from the run sequence plot of the 

observations or the errors. The residual plot above shows that the series is not stationary. 

The stationarity can be brought back through transformation and differencing of the series. 

If the non-stat~onarlty is due to seasonal effects, then seasonal differencing makes the 

series stationary. Here, the annual rainfall of Orissa has been transformed to logarithm 

form and differenced once to make the series stationary quite obvious from the auto 

correlation plot below. 

The strategy for model selection can be explained through three main phases: 

a. Tentative specification and identification of a model 

b. Efficient estimation of model parameters 

c. Diagnostic checking of fitted model for further improvement 

While analyzing the time series considered here. ARlMA (1.1,2) fits comparatively 

well over other alternatives. The detail analysis is given below. 
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- 5 0~0- Confidence L m t s  

Lag Number 

Transforms natural log, dtfferenae (1 ) 

FINAL PARAMETERS: 

Number of residuals= 99, Standard error =O .145;Log likel1hood=51.722; AIC- -95.445. 
SBC= -85.06. T analysis of variance ind~cates that the total error sum of square is 2.038 
with 95 degrees of freedom. The res~dual variance is 0.021. 

Table: Parameters of ARlMA (1,1,2) 
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Parameters 

AR1 

MA1 

MA2 
YEAR 

B 

0.928 

0.149, 

0.813 

-0.0007 

SEB 

0.179 

0.209 

0.167 

0.0026 

T-RATIO 

5.166 

-0.712 

4.863 

-0.267 

APPROX. 
PROB 

0.000 

0.478 

0.000 

0.789 
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Diagnostic Study. the validity of the selected model along with the assumptions can be 
ensured through the diagnostic study such as distribution and independence of the error 
terms. In the above figure, the distribution of the error looks like normal distribution even 
though not absolutely normal. Agan, the 95% confidence intervals have been presented. 
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COMPUTER SIMULATION MODELING FOR AQUACULTURE 

A.K. MAJl 

Basic and rellable data on soil resources have become the imperative need of the 
day for scientific utilization of this natural resource in augmenting production of food, fibre, 
fuel and other vital necessities of the increasing human and animal population for the very 
sustenance. The Royal Commission on Agriculture in India, as early as in 1928, recognized 
the value of soil resource mapping for viable land use planning. Later in 1972 the Task 
Force on Land and Soil Resources of the Planning Commission again stressed on the need 
of resource inventories with the ultimate aim of developing plan for putting the limited soil 
resources in best possible utilization, thus entrusting a heavy responsibility on the shoulders 
of the soil scientists of the country for the development of suitable land use plan depending 
on soil-eco-system, local needs and socioeconomic condition. For developmental planning 
the evaluation of the land for their various suitabilities is of prime importance. 

Land suitability evaluation is the process of assessing the suitability of land for a 
specified kind use (Dent 8 Young, 1981). The FAO's (1976) method of land evaluation 
contained several key innovations like 'land utilization types" a technical t e n  which replaces 
the common term 'land use', 'land qualities' (the attributes of the land which directly influence 
the suitability for one or more uses) which depends on the land characteristics (the attributes 
of the land which can be measured or estimated). The land qualities may be edaphic, 
climatic, agronomic, geographic or related to hazards The evaluation studies based on the 
FA0 guidelines are one of the widely accepted procedures. This procedure is based on the 
manual methods of land evaluation. However, it is time consuming and error prone as 
many tables are to be referred and compared and involves much repetitive system. There 
are different levels of detail in the technical procedures of land evaluation. 'Qualitative Land 
Evaluation' is based on simple procedures whereas 'Quantitative Land Evaluation' is carried 
out wlth more detailed procedures To each the srtuat~on, several attempts have been made 
to automate the system of land evaluation. 

Computerised Land Evaluation 

The notable advancement in this dlrectron was the development of land evaluation computer 
system (LECS) by Wood and Dent in 1983. However, this system had certain limitations for 
universal applrcat~on, In the biophysical domain, the variability of land data can be accounted 
for by application of dynamic 'Simulation Models'. For this purpose we require integrated 
system comprising of: 
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A database mayagement system storing information on climate, soil, land use, use 
Ilmitations, demographic pattern, crops, commodities and infrastructure facilities. 

, Computer aided analytical tools to assess physical land performance under given 
technological conditions. 

Analytical tools for evaluating the adequacy of alternative 'Land Use' options for a 
given socioeconomic or environmental conditions. 

These integrated systems are available as software packages developed based on 
various objectives under varyrnp conditions. Over past three decades simulation models 
have been developed for quantitative estlmate of growth and production of major agricultural 
crops. The development of AUSCANE programme by Jones et al. (1988) simulates the 
mrJpr physical and,biological processes of the agricultural system including weather, soil 
temperature, hydrology, water ersion, nutrients, crop growth and yield and crop management 
practices in Australia. 

The Automated Land Evaluat~on System (ALES) developed by Rossctter and Van 
Wambeke (1989) IS a framework w~thout any frxed cr~terra ahd allows the evaluators to 

bull6 the~r own "expert system' using thrs software land can be evalu?ted both for physlcal 

and economlc surtabllRy classes at project state or reg~onal level The deta~ls of the expert 
system and model bulldrng uslng ALES are discussed later on Before that we take a look 

to the basics of expert system 

Expert System 

Expert system (ES) 1s one of the most popular forms of computer-based artlfic~al 

~ntell~gence whlch s~mulates characterlstlcs of human intell~gence and its sensory capabll~tres 

(Hayes-Rath et a1 1983) It offers promlse for lmmed~ate appllcatrons in solv~ng problems 
based on computer programs It can solve cr~tlcal problems by mak~ng logical deduct~ons 

very rapidly The development of an ES requlres knowledge of computer speclaltst agricultural 

sc~ent~sts w~th the feedback from growers and extensron workers Fig 1 shows various 
component of expert system 

Knowledge base: It IS repository of the knowledge which includes facts, judgments, rules. 
intuition and experience about a particular problem. 

The first step to build up a knowledge base system is Knowledge acquisition In 
this process, experts from different fields provide detailed information on successful 
production technology based on information available on soil types, weather conditions, 
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ALES has six components. 1) a framework for a knowledge base describing proposed 
land uses, in both physical and economic terms; 2) a framework for a database describing 
the land areas being evaluated; 3) an inference mechanism to relate these two, thereby 
computing the physlcal and economic sultablllty of a set of map units for a set of proposed 
land uses; 4) an explanation facility that enables model builders to understand and fine- 
tune their models; 5) a consultation mode that enables a casual user to query the system 
about one land use at a time, and 6) a report generator. 

The program is highly interactive, and takes full advantage of the PC video display 
and keyboard. It is designed to be self-explanatory, with pop-up windows for menus, data 
entry forms, 'why? explanations, and other dialogues, as well as context-se~sitive help 
screens. Function keys control most operations The program user can choose to interact 

with ALES in any human language to which the display text has been translated. Special 

attention has been given to the creation, editing, and display of decision trees. In addition, 

model builders can define their own help texts, or annotations, that can be displayed by the 

model user at appropriate po~nts In the evaluation 

ALES is a framework within whlch evaluators bu~ld their own models; it does not by 
itself contain any knowledge In the term~nology of knowledge-based systems (Waterman, 
1985) it is a shell, which provldes a reasoning mechan~sm and constraints the evaluator to 
express inferences using this mechanism Within this shell, evaluators build their own 'expert 
systems', which can then be used to evaluate land Thus ALES is a computerized realization 
of the FAO's Framework, and models with~n the system are computerized real~zations of 
specific evaluatron exercises. 

Model Bullding 

Land evaluation models are bullt In the following manner. First, the evaluator builds a 
preliminary version of the model, by: (1) selecting a few representative land utilization types; 
(2) expressing these in terms of thelr most important land use requirements; (3) determining 
which land characteristics are available to form the basis of evaluation (i.e. making an 
inventory of available data sources); (4) constructing decision procedures to relate land 
characteristics to land use requirements; and (5) determining prices and interest rates. 

After building the preliminary model the evaluator selects some representative or 
w&Iunderstood map units, and he or she collects land characteristic data for these, entering 
them into the database. Then the evaluator uses the program to compute and display 
evaludion matrices, which show five kinds of ratings for each map unit for each land utilization 
Pype, rranely: (1) physical suitability subclasses, (2) economic suitability classes, (3) predicted 

412 CenM Institute of F~hva lac  Aqurullure (CIFA) 



Bloinfomlat~cs and Statistics in Fisheries Research MwleNiq 6 Forecasting 

Fig.2. Example of a methodology for "Expert System" development 
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gross margin, (4) expected yields of crops or other outputs, and (5) ratings for single land 
qualities. 

Once the preliminary model has been completed, the evaluator may extend it to a 
wider set of land utilization types. ALES allows the evaluator to copy entire land utilization 
type definitions, and then to modify the copies to reflect differences in, for example. 
management method, or economic assumptions. Figure 3 shows the flow in building a 
model. 

The ALES Knowledge Base 

A knowledge base is a structured representation of the facts and inferences needed 
to arrive at decisions. Some of the items are single facts, for example, the purchase price of 
an input, the length of a rotation, or the optimum expected yield. More interesting, however, 
are the forms in which the evaluator's inferences are represented within the knowledge 
base. 

Decision trees 

Decis~on trees are hierarchical rnultiway keys in which the leaves are results (e.g. 
severity levels of land qualities), and the interior nodes of the tree are decision criteria (e.g. 
land characteristic values). The model builder constructs these trees, and they are traversed 
by the program to compute an evaluation using actual land data for each map unit 

Decision trees have several advantages for expressing inferences in context Most 
notably, both the model builder and user have an explicit representation of the reasoning 

process used to reach a decision. Trees may be traced by hand or with the aid of the 
program's 'why?' screens, thus affording insight into the model builder's logic. Trees are 
typically constructed with the most differentiating criteria at the highest levels. 

Economic Analysis 

ALES can be used to build models for physical land evaluation only. However, its full 
benefit is obtained when both physical and economic evaluations are computed. Models 
can provide the land use planner with a realistic estimate of the economic suitability of each 
land unit for each proposed land use. ALES compares land use options by gross margin 
analysis. This kind of analysis considers only cash flows, so that capital costs are accounted 
for only by interest payments, and not by repayment of principal. All economic calculations 
am standardized to units of (Currency area-lyr'). 
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Fig.3. ALES program flow 
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The ALES Database 

Each evaluation model also has its own database. This is a list of the map units 
whose suitabilities are to be determined accord~ng to the model A homogeneous map unit 
is defined by a list of data values for the various land characteristics used in the model. A 
compound map unit is defined by a list of its homogeneous constituents, along with the 
proportion of each constituent in the compound unit. The economic suitability of a compound 
unit is computed as a linear combination of the economic suitabilities of its constituents 

Land characteristic values may be multiple-valued, each value having an associated 
linear probability. These probabilities are propagated through the computation, possibly 
resulting in a multiple-valued evaluatton result. In this way a simple probabilistic analysis 
can be performed from data that vary in time, such as rainfall. 

Data may be entered from the keyboard or read from a dlsc flle in a s~mple interchange 
format that can be produced by most database programs and spreadsheets Sets of data 
can be wr~tten to dlsc ~n th~s same format in order to transfer them to other databases 

ALES and Other Data Processing Systems 

ALES does not attempt to perform every function that might be needed ~n a land 
evaluation project F~gure 4 shows the interfaces between the program and other components 
in a complete system 

ALES results can be Interacted with GIs packages l~ke  IDRISI. Info-component of 
Arc-Info is capable of accepting ALES database 

A Case Study 

For demonstrat~ng the use of this program towards evaluation of sites for ascerta~ning 
the feas~bility of construction of a pond with an objective to cultivate flsh 

Land Utilization Type 

Fish cultivation tn a divers~on pond This indicates our objective as to construct a fish 
holding structure (pond) fed by streams in the landscape and rainwater. 

Input 

We need to specify the input for proper management and also economic suitability 
analysis. In this case we consider labour, lime, manure, baby fish to be applied in this 
project with thelr unit and price. We also require to specify one time as well as annual input 
fo distinguish between one time and recurring expenditure 
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Fig.4. ALES and other data processing systems (Rossltor, 1990) 

W' 

- public nporlr  

Output 

Output will be fish which requ~red to be produced at certain qual~ty dependtng on the 
s~tuat~on 11 1s grownlcultivated T h ~ s  output w~ l l  be considered as the determining factor for 
assessing the economlc suitabil~ty of the pond 

Land use requirements 

A few land qual~ttes are selected which will be utilized in land evaluation For this 
purpose we take the following land qualities which wtll form the base for evaluation These 
land qualit~es will be dependent on the land characteristics of the soils of the concerned 
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map unitslsoil unit. In this exercise five land units named as A. B, C. D and E with raring so11 
properties were taken for demonstration. 

Potential for construction - ppc 

Water quality - Wq 

Water availability - wa 

Land characteristics and their class limits 

The above land qualities will be determined by one or more than one land 
cher&ristics (LCs). For example, water availability will depend on length of rainy season, 
depth of soil, soil permeability, texture, etc, whereas water quality will depend on pH of the 
water. Their valueslamount will determine the limitationlseverity of the condition. In this 
case the land characteristics and their class limits are given in Table-1 

/ LC Code Dascrlptive name # of classes Units LC lower 
limit 

Class # Class code Class name Class 
l~mlt 

rm Length of nlny season 3 Months 0 

1 stiort 6 

2 rned~um 10 

3 long 12 

cfc coarse fragment content 5 %volume 0 

1 1 few 3 
2 2 some 14 

3 3 many 35 
4 4 excess~ve 55 
5 5 extreme 100 

ctr coarse fragment size 4 cm(diameter) 0 

1 fg fine gravel 2.5 

2 Cg coarse gravel 7.5 
3 r rocks 25 
4 b boulders lo00 

sd soil depth 3 cm 0 
i 

1 s shallow 75 
2 rn modsratefy deep 200 

3 d deep IOOD 
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steep 30 

coarse 
medium 
line 

Decision trees 

4 valk very alkaline 14 

pe permeability of subsoil 3 

1 S slow 
2 rn moderate 

Decision trees are the major element in ALES which help us in making decision. 
Some decision trees are presented here to understand now we arrive at evaluation decision. 

4 

wt water temperature 

I c (cold) [O-16"C] . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '4 (impossible) 
2 t (temperate) [16-23"C] . . . . . . . . . . . . . . . . . . . . . . .  >pH (pH of water) 

1 vacid (very acid) [0-4 pH] .. . . . . . . . . . . . . . . . . . . .  '4 (impossible) 
2 acid (acid) [4-6 pH] ............................ >pe (permeability) 

1 s (slow) ................................... '2 (needs extra lime) 
2 m (moderate) ..................... ........ = l  
3 r (rapid) ................................... '3 (lots of lime) 

3 n (neutral to slightly alkaline) [6-9 pH] '1 (no limitation) 
4 valk (very alkaline) 19-14 pH] ........... '4 (impossible) 

3 (warm) (23-3500C] ................................ =2 
4 (hot) [35-100oCI .................................. '4 (impossible) 
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ws source of water 

1 raln . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  >rs (length of rainy season) 

I short (10-6 months] . . . . . . . . . . . . . . . . .  >pe (permeablllty) 

1 s (slow) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '2 (moderate) 

....... 2 m (moderate) .. . . . . . . . . . . . . . . . .  ... '3 (low) 

3 r (rap~d) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *4 (very low) 

2 medium ([6-10 months] . . . . . . . . . . . . . . .  >pe (permeabil~ty) 

1 s (slow) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '1 (high) 

2 m (moderate) . . . . . . . . . . .  '2 (moderate) 

3 r (rapid) . . . . . . . . . . . .  '4 (very low) 

3 medium (110-12 months] . . . .  >pe (permeab~llty) 

. . . . . . . . . . . . . . . . . . . .  I s (slow) '1 (high) 

2 m (moderate) . . . . . . . . . . . . . .  'I (h~gh) 

3 r (rap~d) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '3 (low) 

1 rlver . . . . . . . . . . .  =1 

. . . . . . . . . . . . . . . . . .  . . . . . . . . . .  I 1 sprlng '4 (very low) I 
Proportionate yield decision tree- This example depicts how the product~on will be affected 

due to thls land quallty. 

wa water availability 

'1 

2 2 (moderate) ' 67 

I 4 4 (very low) ' 0  I 
? [???I ? 

Thereafter, we compute for both physlcal and economlc su~tabllity based on the land 

characteristics values of the map un~ts which are stored in ALES database. 
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Fig.5. Evaluation screen 

Fig 5 shows the computer screen where the land uttl~zat~on types are shown at the 
top and below ~t the su~tabll~ty classeslsub classes are shown aga~nst each so11 untt The 
value 1 ~ndlcate htghly suttable for construct~on of a pond for f~sh  culttvat~on where as 2 
lnd~cates moderately sultable The suff~x to the su~tab~l~ty number lndlcate the l~rn~tat~on due 
to the land qual~ty For example, 2 ppclwa lnd~cates moderately su~table area where the 
potentla1 for constructlon and water avallabil~ty posed l~m~tat~ons to rate ~t a5 moderately 
sultable 

The model also allows us to go to 'why' mode to know the details of the evaluation 
results and why that results were obtained. Fig. 6 shows the example. Editing facilities are 
also ava~lable to flne-tune the model 

Conclusion 

The exerctse demonstrated the use of ALES program In suitability evaluation of land 
parcels for aquaculture. It is a very qulck, correct and latest method to understand 'model 
build~ng' and its utillty in land suitability evaluation. 
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Fig.6. 'Why' screen 
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STATISTICAL AND BlOMETRlCAL TECHNIQUES IN 
BIOLOGICAL CLASSIFICATION 

Ritu R Saxena, Ravi R Saxena and A K Roy 

The need for better analytical tools to analyze the data in aquaculture leads to major 
developments in statistics. These tools play a significant role in the analysis and interpretation 
of data. Improvement in carp culture through genetic techniques is the only alternative for 
increasing the carp production and its quality when area of pond is fixed. For better hybrids 
or efficient strains for higher production it is essential to collect the data on the genetic 
diversity among the different carp species on the basis of traits. Therefore, sound statistical 
procedures are needed in the design of experiments as well as in the analysis of the data. 
This involves, the use of variability stud~es and the use of multivariate statistical techniques 
l~ke  correlations, path coefficients. D2 analysis and other classificatory analysis. 

A. Methods for assessment of variability: 

Range: It IS the d~fference between maxlmum and mlnlmum value. The main feature is to 
assess the crude measure of variability in breeding populations. 

Standard deviation: It is the square root of the arithmetic mean of the squares of the 
dev~ation measured from the mean In other words, it IS the square root of the variance. It is 
less affected by fluctuation of sampling and ~ t s  value is always definite. It is based on all the 
observat~ons of a sample. 

Var~ance: It IS defined as the average of the squared deviat~on from the mean or ~t IS the 
square of the standard deviation It IS an effective measure of variabil~ty, wh~ch permlts 
partit~on of var~atlon Into varlous components 

Variance = ;I X: - ( ( 2  X)' I N) I N - 1 ) 

Coefficient of  variation (CV): The ratio of standard deviation of a sample to its mean 
expressed in percentage IS called as coefficient of var~ation It is used for the study of 
varrat~on S~rnple measures of var~ability can be worked out from both un- replicated and 
repl~cated data In breed~ng, PCV, GCV, ECV are est~mated from the corresponding variances 
The outcome can be Interpreted In such a way that if a sample in which CV is higher would 
have greater variation than the one, which has lower. In other words, when CV is high the 
sample is less consistent or more variable and when the sample is low, it is more consistent 
or less variable. 
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C.V. (%) (S.D. 1 X bar) ' 100 

where, C.V. = Coefficient of variation 

S.D. = Standard deviation 

X bar = Mean 

Standard error: It is the measure of the mean difference between sample estimate of 
mean (X bar) and the population parameter (p). It is estimated by dividing the estimates of 
standard deviation by the square root of number of observations in the sample, and is 
denoted by SE. 

S.E. = S.D. 1 (N)ln 

where, S.D. = Standard deviation 

N = Number of observations 

Other important tools 

Test of slgniflcance: 

The statistical procedures, which are used to decide whether the differences under 
study are significant or non-s~gnificant, are known as tests of significance. For practical 
purposes, sample may be regarded as large if it is more than 30 and small if it is equal or 
less than 30. In breeding examples, significance of Z test or t test between the selected 
sample and base population ind~cates effectiveness of selection. 

For Comparison of two means following tests are suitable: 

1. Z-test: sample slze is large 

2. t-test: sample size is small 

The calculated value of Z or t is compared with their table value at appropriate degrees 
of freedom. If the calculated value is grater than table value, it is considered as significant 
and vice versa. In breeding, significance Z or t test between the selected sample and base 
population indicates effectiveness of selection. 

Comparison of several means: 

The significance of difference among several means is tested by F test. It requires F 
value, which is based on analysis of variance. 

The calculated value of F is compared with table value of F at desired level of 
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significance and appropriate degrees of freedom. If calculated value is greater than the 
table value its is considered as significant and vice versa. 

Analysis of variance: 

The statistical procedure, which separates or splits the total variation into different 
components, is known as analysis of varlance It is useful in estimating the components of 
variance. It provide base for test of significance and helps in partitioning of total variation 
into two main parts viz.. variation between carp species and variation within carp species. It 
permits estimation of three types of variances - 

i. Genotyp~c variance: (b2 g) = (MSt - MSe) 1 r 

11. Phenotypic varlance: (b2p) = 6' g + bZe 

~ i i  Environmental varlance: (02e) = MSe 

These different types of variances estimate three different coefficients of variability: 

2. GCV (%) = (d2 g 1 X) * 100 

where. b2 p = Phenotypic variance 

b2 g = Genotypic variance 

02 e = Env~ronmental variance 

X-bar = mean 

MSt = Mean sum square due to treatment 

MSe = EMS = Error mean sum of square 

r = Number of replicatron 

If the value of genotypic coefficient of variation (GCV) is higher than PCV, it indicates 
that there is little influence of environment on the expression of character. Selection for 
improvement of such character will be rewarding. If the value of PCV is higher than the 
GCV, it means that the apparent variation is not only due to genotypes but also due to the 
influence of environment. Selection of such traits somet~mes may be misleading. If the 
value of ECV is higher than the PCV and GCV, it indicates that environment is playing a 

Central lnst~tute of Freshwater Aquaculture (CIFA) 427 



Gemtkai Slatistics Bioinfmtics and Stelistics in Fisheries Research 

significant role in the expression if such character. Selection for the Improvement of such 
character will be ineffective. 

Heritability and genetic advance: 

Heritability and genetic advance are ~mportant selection parameters. Heritability 
estimates along with genetic advance are normally more helpful in predicting the gain under 
selection than heritability estimates alone. The ratio of genotypic variance to the phenotypic 
variance or total variance is known as heritability. It isexpressed in percent. Thus, heritability 
is the heritable portion of phenotypic variance. It is a good index of the transmission of 
characters from parents to the offspring. Heritability is of two types: 

Broadsense hetitability (h2J: It is the ratio of genotypic variance to the phenotypic variance 
or total variance. It is calculated from total genetic variance, which consists of additive, 
dominance, and epistat~c variance 

h2,, = (Vg I Vp) ' 100 

where, Vp and Vg = Phenotypic and genotypic varlance respectively. 

Narrow sense heritability (hZnJ: It 1s the ratio of add~t~ve or f~xable genet~c varlance to the 
total or phenotypic varlance It IS calculated from the following formula: 

where, D = additive genetic variance, Vp = phenotypic variance 

Genetic advance as percent of mean: 

Improvement in the mean genotypic value of selected species over the parental 
population is known as genet~c advance. It is the measure of genetic gain under selection. 
The success of genetic advance depends upon three main factors: 

- Genetic variab~lity 

- Heritabil~ty 

- Selection intensity 

GS = (k) (Vp) '/, (VgNp) 

or 

GS = (k) (h) ' SD (P) 
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where. GS = Genetic advance under selectlon 

k = selection differential (2.06) 

S.D. (P) = Phenotypic standard deviation 

h = heritability 

Genetic advance as percent o f  mean = /GS/ mean} ' 100 

High heritability accompanied with high genetic advance indicates that most likely the 
heritability is due to additive gene effects and selection may be effective. High herltabillty 
accompanied with low genetrc advance IS rndrcative of non- additive gene action. The high 
heritability is being exhibited due to favorable rnfluence of environment rather than genotype 
and selectlon for such tra~ts may not be rewarding. Low heritability accompanied with high 
genetlc advance it reveals that the character is governed by additive gene effects The low 
herltabllity is be~ng exhibited due to environmental effects. Selection may be effective in 
such cases Low herrtabllrty with low genetrc advance it lndlcates that the character is highly 
rnfluenced by envrronmental effects and selection would-be ineffective. 

Genetic Divergence: 

Genetic divergence plays a significant role because hybrids between lines of diverse 
orlgln generally display a greater heterosis than those between closely related parents 
Genetic dlverslty arlses due to geographical separatron or due to genetlc barr~ers to cross 
ability 

The number of clusters represents the number of groups In whrch a population can 
be classlfled on the basis of D' analysls The dlstance between two clusters is the measure 
of the degree divers~ficat~on The greater the dlstance between two clusters the greater the 
dtvergence and vlce versa The genotype falling ~n the same clusters are more closely 
related than those belonging to another cluster In another words, the genotypes grouped 
together ~n one cluster are less d~vergent than those whlch are placed In a different cluster 
It provldes lnformatron about relatlonshlp between two clusters 

8. Methods for indirect selection: 

Correlation coefficient: 

It refers to the degree and dlrectlon of association between two or more than two 
variables. It 1s represented by r A positive value of r shows that the changes of two variables 
are rn the same direction i e, high value of one variable are associated wlth high values of 
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other and vice versa. When r is negative the movements are in opposite direction i.e. high 
value of one varlable IS associated with low values of other. 

rq = Cov (X, Y) I (V (X) V (Y))ln 

The main features of correlation coefficient are: 

- The significance of correlation is tested with the help of table value at n-2 degree of 
freedom. 

- It is independent of the unit of measurement. 

- It is value lies between-1 and +I 

- They are of three types, viz., simple or total, partial and multiple correlations. 

Slmple correlation: 

The association between any two variables is termed as simple correlation or total 
correlation or zero order correlation coefficient. It is of three types: 

(0 Phenotypic correlation: The association between two variables, which can be directly 
observed, is termed as phenotypic correlation. It includes both genotypic and 
environmental effects, and therefore, differs under different environmental cond~t~ons. 

(li) Genotypic correlation: The inherent or heritable association between two variables is 
known as genotypic or genetic correlation. This type of correlation may be either due 
to pleiotropic action of genes or due to linkage or more likely both. If the association 
between two traits (whether positive or negative) remains the same in the parental 
populations as well as segregating populations, it means the association is due to 
pleiotropy. This type of correlation is more stable and is of paramount importance for 
a breeder to bring about genetic improvement in one character by selecting the other 
character of a pair that is genetically correlated. 

(iii) Environmental correlation: This type of correlation is entirely due to environmental 
effects. In other words, this is due to error variance. This is of less importance, as it 
is not heritable and stable. 

All the three types of correlations viz., simple, partial and multiple correlation 
coefficients can be estimated from both unreplicated and replicated data. But phenotypic. 
genotypic and environmental correlations can be estimated from replicated data only. 
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From un-replicated data: 

where, N = Number of observations 

X&Y = Two variables 

From replicated data: 

- ANOVA for all the characters included in the study 

- ANCOVA for all the character combinations 

- Using respective variances and co variances three types of correlations are worked 
out as- 

rp= P COV (X,Y) I {PV (X) 'P V (Y))ln 

rp = G Cov (X,Y) 1 {GV (X) 'G V(Y)) l n  

re = E Cov (X,Y) I (EV (X) 'E V(Y)) l R  

where, rp = Phenotypic correlation coefflcient 

rg = Genotyp~c correlation coefflcient 

re = Environmental correlation coefficient 

Correlation may interpreted as If the value of r is significant, the association between 
two characters is high. If the value of r bears negative (-) sign it means that increase in one 
character will lead to decrease in second and vice versa. If the value of genotypic correlation 
coefficient (rg) is higher than the phenotypic correlation coefficient (rp), it means that there 
is strong association between these two characters genetically, but the phenotypic value is 
lessened by the significant interaction of environment. 

Path analysis: 

Path analysis is simply a standardized partial regression coefficient, which splits the 
correlation coefficient into the measures of direct and indirect effects. It measures the direct 
and indirect contribution of independent variables on dependent variable. Wright flrst 
developed the concept in 1921. Path analysis is of three types: 

- Phenotypic path 

- Genotypic path 

- Environmental path 
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The phenotypic path spllts the phenotypic correlation coefficient into the measures of 
direct and indirect effects, while genotypic path and environmental path is estimated from 
the genotypic and environmental correlation coefficients, respectively. Simple path can be 
worked out both from replicated and unreplicated data, but phenotypic, genotypic and 
environmental path can be estimated from replicated data only. The estimation of path 
analysis is as:\ 

Estimation of variances and co variances for all the characters and their combinations 
respectively 

Calculation of all possible simple correlatlon coefficients among independent and 
independent variables which is equal to n (n-I)/  2 where n 1s the number of variables 

Then path analysis is carried out It consists of three steps viz calculation of (a) 
dlrect effects (b) indirect effects and (c) residual effects 

Before estimation of direct effects a line diagram known as path diagram is 
constructed It is constructed with the help of simple correlation coefficients among varlous 
characters under study The dependent variable is kept at one side and all ~ndependent 
variables on the other side 

Results can be interpreted as follows if the correlation between yleld and cnaracter is 
due to direct effect of a character i t  reveals true relationship between them and directs 
selection for this trait will be rewarding for yield improvement If the correlation IS mainly due 
to Indirect effects of character through another component tralt Indirect selection through 
such trait will be effective in yield Improvement If the direct effect IS positive and high but 
the correlatlon is negative in such situation direct selection for such trait sh3uld be practiced 
to reduce the undesirable indirect effect If the value of residual effect is moderate or high, 
it indicates that besides the character there are some o t h ~ r  attributes which contributes for 
yield 

C. Methods for the choice of parents and breeding procedures 

Hybr~dization is the most important technique for breaking barrlers and evolvlng 
varieties having built-in high potentlal The selection of suitable parents for hybridization is 
one of the most important steps in a breeding programme Selection of parents on the basis 
of phenotypic performance alone 1s not a sound procedure since phenotypically superior 
lines may yield poor recombinants in the segregating generations. It 1s therefore, essential 
that parents should be chosen on the bass of their genetic value There are several 
biometrical techniques for the evaluation of varieties or strains in terms of their genetic 
make up, viz., diallel, partial dlallel, line x tester etc. 
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D. Methods of assessment for varietal adaptability 

Varletal adaptablllty to env~ronmental fluctuatrons IS Important for the stabll~zatlon of 
production over years and reglons Stablltty analysls IS useful In the ~dent~ficat~on of adaptable 
genotypes over chang~ng environments There are d~fferent types of stablllty analysls models 
for thls purpose such as 6nley and Wllklnson model Eberhart and Russell model Perklns 
and Jlnks model and Freeman and Perklns model 

Example: Say f~fteen genotypes (1 to 15) are to be arranged in three replications The 
present investigation will be undertaken with the following objectives: 

- to evaluate the available genotypes1 treatments for two different characters 

- to estimate variability, heritability and genetic advance 

- to study inter-relationship among the characters under study. 

- to flnd out the important traits1 variables by path-coefficient analysis and, 

- to examine the genetic divergence 

We may use any statistical package for analys~s for the easy process of the data 
SPAR 1 developed by IASRI, New Delhi has been used. The data on thlrteen characters of 
fifteen genotypes in three replications may be arranged as follows. 
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Output through statistical package 

ANALYSIS OF VAR 

SOURCE D.F. MEAN SUM OF SQ F-VALUE 

CHARACTERS 1 1 

REP 2.0.61156250E+02 0.38229780E+01 

TREAT 14.0.58343900€+03 0.36471730E+02 

ERROR 28.0.15997018E+02 0.1 0000000E+01 

CHAR 1 TREATMENT MEANS 

125.53 146.00 141.87 158.33 136 13 165.87 167.13 133.23 161.40 138.40 147.67 132.33 
154.53 164.13 162.87 

S.E. OF DlFF BET TWO MEANS: 0.32656820Et01 

GRAND MEAN= 149.0289 COEFF. OF VARIATION= 2.6838 

CHARACTERS 2 2 

REP 2 0.35479736E+00 0.108331 70Et01 

TREAT 14 0.45579921 E+01 0.13917100E+02 

ERROR 28.0.32751029E+00 0 10000000E+01 

CHAR 2 TREATMENT MEANS 

7.80 6.73 5.87 5.77 5 7 3  6.73 7.63 5.23 7.006.33 5.63 5.90 8.47 6.23 
9.73 

S.E. OF DlFF BET TWO MEANS= 0.46726880E+00 

GRAND MEAN= 6.7200 COEFF. OF VARIATION= 8.5161 

- -- 
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CHARACTERS 3 3 

REP 2 0 14101562E+01 069076750E+00 

TREAT 14 046160156E+02 022611630E+02 

ERROR 28 020414342E+01 0 10000000E+01 

CHAR 3 TREATMENT MEANS 

S.E. OF DlFF BET TWO MEANS= 0 11666000E+01 

GRAND MEAN= 25 5756 COEFF OF VARIATION= 5.5865 

CHARACTERS 4 4 

REP 2 0 36562500E+02 060335930E+00 

TREAT 14 038922589E+04 064230590E+02 

ERROR 28 O60598214E+02 0 10000000E+01 

CHAR 4 TREATMENT MEANS 

S.E OF DlFF BET TWO MEANS- 0 63560060E+01 

GRAND MEAN= 175 5249 COEFF OF VARIATION= 4.4350 

CHARACTERS 5 5 

REP 

TREAT 

ERROR 

CHAR 5 TREATMENT MEANS 

S.E. OF DlFF BET TWO MEANS= 0.15900650E+02 
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GRAND MEAN= 36 6422 COEFF OF VARIATION= 53 1470 

CHARACTERS 6 6 

REP 

TREAT 

ERROR 

CHAR 6 TREATMENT MEANS 

S E OF DlFF BET TWO MEANS= 0 65925190E+01 

GRAND MEAN= 213.7645 COEFF. OF VARIATION= 3.7771 

CHARACTERS 7 7 

REP 2 0 12443542E-01 0.28844120E+01 

TREAT 14 0.31938461 E+00 0.74033330E+02 

ERROR 28 0 43140650E-02 0.10000000E+01 

CHAR 7 TREATMENT MEANS 

S E. OF DlFF BET TWO MEANS= 0 53628750E-01 

GRAND MEAN= 1.8782 COEFF OF VARIATION= 3.497 

CHARACTERS 8 8 

REP 2 0 17783203E+01 0.55376970E+OO 

TREAT 14.0.91358512E+02 0.28449080E+02 

ERROR 28. 0 32112994€+01 0 10000000E+01 
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CHAR 8 TREATMENT MEANS 

S.E. OF DlFF BET TWO MEANS= 0.14631700E+01 

GRAND MEAN= 16 8133 COEFF. OF VARIATION= 10.6583 

CHARACTERS 9 9 

REP 2.040140625E+02 036907750E+01 

TREAT 14 0.20827213E+03 0.19149820E+02 

ERROR 28.0.10875933E+02 0.10000000E+01 

CHAR 9 TREATMENT MEANS 

S.E OF DlFF BET TWO MEANS- 0.26926980E+01 

GRAND MEAN= 43 9793 COEFF. OF VARIATION= 7 4987 

CHARACTERS 10 10 

REP 2 0.94970703E-01 0 14374460E+01 

TREAT 14 039459520E+01 059724660E+02 

ERROR 28 0 66069058E-01 0.10000000E+01 

CHAR 10 TREATMENT MEANS 

7.93 7.50 8.03 7.90 7.30 593  6 0 0  7.70 8.23767 9 7 0  8.30 6.00 5.70 
6.13 

S.E. OF DlFF BET TWO MEANS= 0 20987150E+00 

GRAND MEAN= 7.3356 COEFF OF VARIATION= 3.5040 
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CHARACTERS 11 11 

REP 2. 0.48660278E-01 0.36886850E+01 

TREAT 14.0.17466627E+OO 0.1 3240550E+02 

ERROR 28.0.13191768E-01 0.10000000E+01 

CHAR 11 TREATMENT MEANS 

S E. OF DlFF BET TWO MEANS= 0.93779060E-01 

GRAND MEAN= 2.1533 COEFF. OF VARIATION: 5.3338 

CHARACTERS 12 12 

REP 2. 0.98968506E-01 0.25445740E+01 

TREAT 14 0.64819915E+00 0.16665810E+02 

ERROR 28 0.38893938E-01 0 10000000E+01 

CHAR 12 TREATMENT MEANS 

3.52 3.27 3.71 3.59 3.59 3.02 3.10 3.45 4.143.83 4.37 2 8 6  2.90 2.95 
2.98 

S.E. OF DlFF BET TWO MEANS= 0.16102580E+00 

GRAND MEAN= 3 4191 COEFF. OF VARIATION= 5.7680 

CHARACTERS 13 13 

REP 2. 0.24768066E+01 0.16085670E+01 

TREAT 14. 0.37442034E+02 0.24316800E+02 

ERROR 28. 0.15397600E+01 0.1 0000000E+01 
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CHAR 13 TREATMENT MEANS 

S.E OF DlFF BET TWO MEANS= 0.10131670E+01 

GRAND MEAN= 12 8731 COEFF OF VARIATION= 9.6392 

GENOTYPIC CORRELATIONS 

PHENOTYPIC CORRELATIONS 

1 1000 0.375 0 842 0 016 0.399 0410-0 510 0417-0.630-0.545-0 504-0 232-0.211 

2 0.375 1.000 0.479 0.011 0.085 0.078-0.444 0.115 -0.134 -0.492 -0 245 -0.360 -0.158 

3 0.842 0 479 1.000 -0 174 0 413 0 218 -0 502 0.174 -0.51 8 -0.522 -0.527 -0.179 -0.424 

4 0.016 0 011 -0.174 1.000-0 424 0 677-0 215 0 439 0 032 -0.238 0 069 -0 294 0.711 

5 0.399 0.085 0.413 -0 424 1 000 0.1 53 -0.312 -0.044 -0.361 -0.333 -0.259 -0.188 -0 419 

6 0.410 0 078 0.218 0.677 0.153 1 000-0.646 0.381 -0.351 -0.708-0.205-0.614 0.261 

7 -0.510-0 444 -0 502 -0.215 -0.312 -0.646 1 000 -0.059 0 185 0.718 0.314 0 541 0.041 
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PHENOTYPIC PATH 

1 0.051 -0.035 -0.063 0.003 0.031 0.087 0.026 0.383 -0.662 -0.499 0.312 0.153 

2 0.019 -0.094 -0.036 0.002 0.007 0.016 0.022 0.106 -0 141 -0.450 0.152 0.238 

3 0.043 -0.045 -0.075 -0.036 0.032 0.046 0.025 0.160 -0.544-0.478 0.327 0.119 

4 0.001 -0,001 0.013 0.206 -0.033 0.143 0.011 0.404 0.034 -0.218 -0.043 0.195 

5 0.020 -0.008 -0.031 -0.087 0.079 0.032 0.016 -0.041 -0.380-0.305 0.161 0.125 

6 0.021 -0.007 4.016 0.140 0.012 0.211 0.033 0.351 -0.369 -0.648 0.127 0.406 

7 -0.026 0.042 0.037 -0.044 -0.025 -0.137 -0.051 -0.054 0.194 0.657 -0.194 -0.358 

8 0021 -0.011 -0.013 0.091 -0.003 0.081 0.003 0 920 -0.686-0.281 0 161 0.096 

9 -0 032 0.013 0.039 0 007 -0.028 -0.074 -0.009 -0.601 1.050 0.366 -0.200 -0.133 

10 -0.028 0.046 0.039 -0 049 -0.026 -0.150 -0.036 -0.282 0.420 0.915 -0.310 -0.489 

11 -0.026 0.023 0.039 0.014 -0 020 -0.043 -0 016 -0.239 0.338 0.457 -0.620 0.138 

12 -0.012 0.034 0.013 -0.061 -0.015 -0.130 -0.027 -0.133 0.210 0.676 0.129 -0.662 

RESIDUAL= 0.0301 

NO OF OBSERVATIONS IN EACH CLUSTER 

SUM OF SQUARED DEVIATIONS FOR EACH CLUSTER 

'RESIDUAL SUM OF SQUARES= 0 28894810E+01 

.CLUSTER NO 7CONTAlN FOLLOWING CASE NUMBERS 

M A N S  OF VARIABLES (ORIGINAL) 

SKI. DEVS OF VARIABLES (ORIGINAL) 
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000  0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

CLUSTER NO 2 CONTAIN FOLLOWlNG CASE NUMBERS 

14 

MEANS OF VARIABLES (ORIGINAL) 

164.13 6.23 30.20 128.73 85.3325740 1.46 12.00 31.795.70 1.93 2.95 5.61 

STD. DEV.S OF VARIABLES (ORIGINAL) 

0.00 0 0 0  000  0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

CLUSTER NO 3 CONTAIN FOLLOWING CASE NUMBERS 

2 3 5 81012 

MEANS OF VARIABLES (ORIGINAL) 

137.99 5 97 21.65200 16 24 94223 38 1.98 17.50 47 31 7.75 2.27 3.45 15.70 

STD DEV S OF VARIABLES (ORIGINAL) 

5.24 0.52 0.57 5.28 776 967 0.24 2.70 3.20 0.36 0.33 0.35 2.30 

CLUSTER NO 4 CONTAIN FOLLOWlNG CASE NUMBERS 

6 7 13 15 

MEANS OF VARIABLES (ORIGINAL) 

162 60 8 14 29.58 193 85 38 57238 48 162 19 75 41.11 6.02 2 01 3 00 13.24 

STD DEV S OF VARIABLES (ORIGINAL) 

567 1.28 0.72 1191 11.06 10.73 0.24 6.13 9.330.08 0.07 0.09 1.90 

CLUSTER NO 5 CONTAIN FOLLOWING CASE NUMBERS 

11 

MEANS OF VARIABLES (ORIGINAL) 

147.67 5.63 26.33 133 03 27 63 140 70 2.51 10.67 49.49 9 70 2.23 4.37 10.48 

STD. DEVS OF VARIABLES (ORIGINAL) 
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0.00 0.00 0 00 0 00 0 00 0.00 0 00 0 00 0 00 0.00 0.00 0 00 0 00 

CLUSTER NO 6 CONTAIN FOLLOWING CASE NUMBERS 

4 9 

MEANS OF VARIABLES (ORIGINAL) 

159.87 6.38 28.33 152.90 45.47 191.73 1.89 19.67 36.53 8.07 2 10 3.86 10 79 

STD. DEV.S OF VARIABLES (ORIGINAL) 

2.17 0.87 2.64 9 8 5  273  7.17 0.30 7.07 9.94 0.24 0 1 4  0.39 0.75 

SUMMARY STATISTICS- 

AVERAGE DISTANCES OF CLUSTER MEMBERS FROM CLUSTER CENTROIDS 

0 000 0.000 1.708 1 884 0 000 1 712 

DISTANCES BETWEEN CLUSTER CENTROIDS 

1 0.000 

Suggested Readings 

Slngh R.K. and Choudhary B.D. ( 1977) Biometrical Methods in Quantitat~ve Genetic 
Analysis. Kalyan~ Publishers, New Delhi. 
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SELECTION STRATEGIES FOR MORE THAN ONE 
CHARACTERS IN LIVESTOCK 

Amrit Kumar Paul 

Introduction: 

One of the important components of bunging improvement in metric trait in both 
plant and an~mal breedlng is selection of individuals to be used as parents. In particular, 
when genes act add~tlvely, it is the appropriate method for changing the genetic constitution 
of a populat~on. Select~on here means breed~ng from the 'best' individuals, whatever 'best' 
may be The ways in which the theory of quant~tative genetics can help in this are first by 
show~ng how to choose individuals with best breeding values and second by predicting the 
outcome so that different breeding schemes can be compared. The simplest form is to 
choose individuals on the bass of their own phenotyp~c values. However, when the heritability 
of the character is very low, selection based on ind~viduals may exploit the information from 
other sources such as relatives are generally employed The use of information from relatives 
1s of great s~gnif~cance not only for ~ t s  effic~ency for the genetlc improvement In characters 
of low her~tability but also from the po~nt of econom~c gain, wherein even a small improvement 
of the response w~l l  repay the extra effort of apply~ng the best technique 

In practlce however the value of lnd~v~dual IS not conflned to one character but IS 

dependent on several characters Because of this very reason it therefore becomes 
necessary to look into those procedures wherein we can apply select~on pressure for several 
characters of economlc Importance s~multaneously This IS generally defined as multi-tra~t 
select~on The characters to be cons~dered for simultaneous selection wtll obv~ously depend 
on a large extent upon thelr genetic s~gn~ficance and economlcvalues By genet~c significance 
of a character it is meant by ~ t s  responsiveness to select~on whrch In turn depends on the 
magnitude of tts heritabil~ty and ~ ts  association wlth other characters Now the basic quest~on 
arlses is how the selection is appl~ed to component characters so as to achieve the maxlmum 
irnprovement of economlc values7 There are several poss~ble procedures one m~ght select 
in turn for each character singly ~n successive generat~on known as tandem select/on or 
one m~ght  select for all the characters at the same t~me but ~ndependently, rejecting all 
ind~v~duals that fall to come up to a certain standard for each character regardless of their 
values for any other of the characters and popularly known as method of rndependent 
CLJ//IIJ~ levels In addition to these two methods there 1s another method known as Index 
select~on based on prlnclple of maxlmlzlng the net economlc value by simultaneously 
selecting all the component characters together by associating them with appropriate weights 
accord~ng to the~r relative economic Importance their heritabtlrties and the genetic and 
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phenotypic correlat~ons between the dlfferent characters. The practice of selectlon for 
economic value IS thus a matter of some complexity. The component characters have to be 
combined together into a score or index in such a way that selection applied to the Index will 
yield the most rapld posslble improvement of economic value. F~nally, the rate of genetic 
improvement in a specifled quantitative character mostly desired like yield characteristic 
etc. can also be increased if the variation in this character due to one or more auxiliary 
traits, particularly at the environmental level is minimized as far as possible. In this situation, 
selection is made on the basis of an index expressed as deviation of the phenotypic value 
of the tralt from its expected value predicted w~th the help of auxiliary tralts. Such an index 
is called phenotypic index. The genetic improvement on the basis of such a selectlon 
procedure depends on the number of auxil~ary traits, the heritabilities of the traits and genetic 
as well as phenotypic correlations between pairs of traits. The practical usefulness of this 
Index is that the prior knowledge of the est~mates of genetic parameters is not necessary 
for constructing the phenotypic index. As such, it is very easy to adopt this procedure. 

The only practical problem with independent culling is the difficulty in choosing proper 
truncation points for traits In order to obtain desired genetic gains. In many occasions, the 
general solution for opt~mum truncation points are not possible and In that case one has to 
depend on the values from numerical multivariate integration. The procedure of multivariate 
Integration is a very costly and time consuming process and many a times, solutions may 
not be available because it is basically based on non-linear equation solving technique 
wherein convergence is not sure to be attained. In order to solve this problem Xu and Mulr 
(1991) proposed a procedure known as transformed culling procedure wherein expl~c~t 
solutions can be made available without solving multivariate integrations Th~s  method 
may be superior to conventional independent culling method and selection index method. 
There was, however, a need to compare this method with the phenotypic index either 
theoretically or empirically along with the conventional selection procedure In the absence 
of theoretical comparisons, thus the gap of comparison of dlfferent selection strategies was 
filled up empirically (Bhat~a et a1 1996). 

An attempt had also been made to study the relative efficiencies of the three 
procedures viz, selection index, phenotypic index and transformed culling method. 

Genetic Gain (AG): 

It is defined as the difference of mean genotypic value of the selected individuals 
( c s  ) and mean of the whole of the population before selection ( z o ) .  It is expressed as 

A G = &  -Zo (1) 

446 Central Institute of Freshwater Aquacunure (CIFA) 



Bioinfcnmatcs and Statistics in Fisheries Research Genetical Stalistics 

Economic Gain: 

Economic gain is the product of genetic gain and economic weight of the character. 
Thus, the total economic gain can be obtained by the sum of the product of genetic gains 
and economic weights of different characters. 

Selection Index: 

Selection is practiced for all the characters s~multaneously by using index of the net 
merit of an individual constructed by taking together the scores for each character. 

The method glven by Fisher (1936). Hazel (1943), Smith (1936) and reported in Jain 
(1982) for constructing selection index and working out of genetic gain is as under. 

Let P, be the phenotypic value of I-th character and G, and E, represent genetic and 
environmental values of the same character respectively. It can be written that 

Let = CalGi  be a linear function of genetic value and a, as corresponding economic 
value. i=l 

As G cannot be measured, H cannot be used as a criterion for selection. For 
overcomin this problem, an index 4 

I = CblP, 
1=1 

IS constructed whlch IS based on phenotypic value P, and b, The b,'s are obtaining in such 
way that correction between H and I is maximized, i e 

CoviH.I\ 

On maximizing r,!, the solut~on for b, can be obtalned from 

Where P is the phenotypic variance-covariance matrix, G IS denoted as genetic variance- 

covariance matrix and a as vector or economic weights. 

The expected genetic advance is 
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Where q is denoted as the percentage saved by selection and z is the ordinate value 
corresponding to q value of normal integral table. 

Phenotypic Index: 

The method given by Narain and Mishra (1975) and reported in Narain (1990) has 
been followed for constructing phenotypic index and to work out of ~ t s  genetic gain. 

The general procedure for constructing the phenotypic index IS by considering n 
aux~l~ary characters x, (k=l 2 n) related to the rnaln tralt y Taking phenotyplc values and 
breeding values of x, and y expressed s deviation from the population means as P(x,) 9 
P(y) and A(x,) and A(y) respectively and h(,k and h2,y, represent corresponding herltabilltles 
and at the same tlrne they represent corresponding genetic variances assuming phenotyplc 
variances are of varlous unlty Without considering the auxiliary character the expected 
genetlc gain by y is 

where i stands for intensity of selection. 

The phenotyp~c index is 

where b, is part~al regresslon coefficient of P(y) on P(x,). On consideration of auxil~ary 

characters the expected genetlc gain IS 

Where b ~ ( ~ ) l p  is regresslon coefficient of A(y) on [,and f i ( l p )  IS the phenotypic standard 

deviation of I,, bA(y)lp can be obtained as follows. 

Where R', = (R,,.R ,;....... R,) and R, is phenotypiccorrelation coefficient between y and x,. 

R stands for (n x n) correlation matrix of phenotypic correlation coefficients R ,  between the 

awiljary traits. 
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c, = (C,. C, .. . .  .. C") 

with C, = r,, h 2 ( x k )  / hZII, where r, stands for genet~c correlat~on co-eff~ctent between y 

and x The expression for d:,p ) IS 

The final expression for AH' = of phenotypic index is then obtained 

AH' = ih2 ( I  - R ~ R - I R O ) - ~ / ~  
(Y 

Transformed culling- 

In the method of Independent cull~ng level select~on 1s made s~multaneously for all 
the characters, but Independently rejecting all indiv~duals that fall to meet the mlnlmum 
standard for any tra~t The only problem faced In thts method IS to obtaln the optimum 

pants of truncit~on. In practice, expl~cit solution of truncation points IS d~ff~cult and one has 
to depend on mult~ple lntegratlon Recently a new method IS developed by Xu and Mu~r  
(1991) for th~s  purpose The main alm of thts method IS of us~ng tr~nsformation to make the 
or~ginal characters uncorrelated or orthogonal For this method, mult~ple Integration is not 
needed for flndtng opt~mum truncation points It IS s~litable for gettlng e~ther des~red genet~c 
galns for a variate proportion selected or optimum aggregate economlc galn for a f~xed total 
proportion selected As discussed earl~er here :oo the difference between the mean 
phenotyp~c values of the offspr~ng of the selected parents and whole of the parental generation 
before selection IS known as selection advance or genetlc advance 

According to Falconer (1981) response based on single character can be expressed 
as 

R = h2S (13) 

Here h2 stands for heritabil~ty of the character and S stands for selection differential. 
Following Xu and Muir (1991) in case of mult~ple trait select~on, ~t can be wrltten as 

A G  = bgx 3X (14) 

Where ilG is (kx l )  vector of genetic gains, k is number of traits of genetic importance, 
bps stands for (kxn) matrix containing regression co-eff~cient of g (vector of breeding value) 
and x (vector of phenotypic value) and Ax as (nx l )  vector of selection differential for X , n 
is the total number of characters being phenotypically measured with 
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box = G P.l 

the AG= G P-'Ax 

here G P '  refers to the rnult~variate heritability matrix and Ax multivariate selection 
differential. 

Now AX = PG.lAG (16) 

In the general case, traits for which genetic improvement is desired may not be the 
same as those selected. In that case, G 1  may not exist and there is no unique solution for 
Ax. But the best choice among all possible solutions for Ax is that which minimizes overall 
selection intensity with value as 

i = (Ax' P 'Ax)lU (17) 

Using the above princrple, the solution of Ax can be obtained: 

Ax = G'(GP.'G') AG (18) 

The next step is to find truncation points corresponding to x. To overcome the problem of 
multiple integration, the original traits are thus first transformed into a set of uncorrelated 
variables. One of the methods of such type of transformation is Cholesky decomposition 
method. As P is definite matrix, it can be written as 

P = T'T 

where T is upper triangular matrix. Since the inverse of the traingular matrix remains 
traingular, inverse can be used as transformation matrix to convert the original traits into a 
new set of uncorrelated variables, Z 

The transformation is 

From the above equation it can be written as 

From this hz, a vector of truncation points u , can be obtained by using of such tables. 
as those given by Falconer(l981), relating selection intensity, &,with proportion selected, 
q, and truncation points of the normal distribution u,. It can be written as: 
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Where u, = PROBIT (I-q,)  (28) 

optlmum truncation can be obta~ned by taklng part~al derivatives of AH wlth respect to u and 
equatlng these derlvatlves to zero 

Where, 

6un AZI 
and 

~ U I  

SNj Sun 
Therefore, on substituting the values of -- and g,i 

fill 1 

or W'Gti(&i - u i )  = w'Gtn(&,, - u,) = r 

Where T is a constant taken such that 
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To solve for r and the optimal u, a system of (n+l )  non-linear equations is constructed 
based on relationshtp given by equations (30) and (31) 

Thls set of non linear equations in u and r can be solved iteratively using 
multtdimensional Newton's method in the following way: 

For getting soluttons at the (I + 1)th tterat~on, solut~on at the I-th iteration are adjusted 
by the inverse of the matrix of partial derivatives evaluated at the t-th iteration i.e. 

6fl 
Where G= w'G t, [ , i~,(.&~ - u , )  - 11 
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The final solutlon for can be obtained when -Ifr r[:] evaluated at the t- 

th iteration IS sufflc~ently small 

IS a good starting value for r ,  where c IS the truncation polnt corresponding to the total 
proportion selected p and b=Pi G'W. 

Starting values of u'O' will be obtalned after substituting r'" into equation (30) 

Relative Efficiency: 

The total economic galn obta~ned by the three methods Select~on lndex (I), Phenotyplc 
lndex (P) and transformed Cullhng (T) as R,, R,and R, respect~vely can be obtalned as 

(a) Relat~ve efficiency of Transformed Culling vs Selectlon lndex 

= E,,, = 
RT - - 
RI 

(b) Relat~ve efflc~ency of Transformed Culling vs Phenotyplc lndex 

RT = E,,F, = - -- 
RP 

(c) Relatlve efflclency of Phenotyplc lndex vs Selectlon lndex 

R P 
= E  Pi1 = - - -  R, 

Illustration: 

The 2 sets of real data used by Naraln et a1 (1979) were utilized One set of real data 
taken Into conslderatlon 1s for fitting of an overall select~on Index based on d~fferent characters 
The other set of real data 1s used for studylng the d~fferent select~on strateg~es to have 
lmprovement In yleld characterlstlcs In the flrst sltuat~on the Interest IS not conflned to one 
speclfic character so the procedures used for comparison are only selection Index and 
transformed culling methods w~th  glven economlc weights of component characters and 
proport~on selection In the later case, the data were used for lmprovlng the deslred y~eld 
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characteristics and thus selection index, phenotypic index and transformed culling were 
appl~ed. The first data set pertains to halfsib families of 14 randomly selected daughters of 
each of 15 cocks. The characters studied were number of eggs, egg weight and period of 
maturrty. The second set of data considered are of 51 0 non-rnbred ewes in a flock malntalned 
at the Sheep Breeding Stat~on, Hissar. This data consisted of fullsib families of 22 sires. 
The characters considered were birth weight (kg) and first clip wool yield (g). In both the 
situations, the sum of squares and sum of products for different characters for the various 
components of the analysis of var~ance have been utilized. The characters are also assigned 
different economic weights. 

The data with pre-assumed set of parameters have a vast set of combinations of 
genetlc and phenotyprc parameters but all the select~on strategies considered are for the 
improvement of the specrflc character. The combinations were, however, not studied for 
overall selectron improvement as Xu and Mulr (1991) have already discussed. Here, the 
maln emphasis is on the comparatrve performance of phenotypic index vis-a-vis selection 
index and transformed cull~ng method. To study the performance under various situations, 
attempts were made to Include all those parameter comblnatrons so that almost all the 
important cases are taken Into conslderat~on The varrous cases cons~dered by Bhat~a et a1 
(1996) are when (I) the aux~lrary trart IS poorly genetlcally and phenotyp~cally related to the 
rnain trarts (11) the auxiliary trart is highly genetlcally and phenotyp~cally related to the maln 
trart (111) one of the aux~liary characters IS phenotypically poorly but strongly genetically 
related to the maln trart and (tv) one of the auxtl~ary characters IS phenotyp~cally strongly 
but genetrcally poorly related to the marn trait L~ke-w~se the combination of 2 auxilrary 
characters wrth glven parameters are also cons~dered In addltron to the magnrtude of both 
phenotyprc and genetlc correlat~ons the~r srgns are also accounted The heritabilrt~esof the 
rnain tralt and auxilrary tralts are also allowed to vary 

To compare different selectron strateg~es based on the first set of live data on poultry. 
the economrc we~ghts for character number of eggs, egg weight and per~od of maturity 
were 8,5 and 2 respectively Further economic galns at a given proportion of selection of 
0.2 were worked out for selection index and transformed culling strategy. The ultimate 

estimate of economic gains from selection index and transformed culling were 77.8337 and 
76.1154 wtth the relatrve efficiency of E,, as 97.79. The loss on account of transformed 
culling was not substantial 

In live data set on sheep all the 3 methods were used (Table 1). Selection rndex was 
superior in comparison to phenotypic index and transformed culling, genetic gains showed 
low values due to phenotypic index both at 1 and 50% proportion of selection probably 
because of the fact that genetically both main and auxiliary traits are highly related to each 
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Table 1. The values of total economic gain for character y along with relative efficiencies by 

Proport~on Econom~cga~n - _ _  Rela_tiv&effi~encv 
Select~on Select~on Phenotypic Transformed ET,, ETIP EP,, 

Index (I) index(P) culling(T) 

other. The her~tabilrty of birth weight was also of lower magnitude. This will reduce the 
reliab~lity of the phenotypic values, which in turn will definitely affect the net economic gain. 

Table 2. Total economic gain for character y along with relat~ve efficienc~es by using 3 
selection procedures,(with assuming unit phenotypic variance for each of the two traits 
poorly both at genetic and phenotypic level) 

h2 Economic gain Relative efficiency 

Y X I  I P T E T I ~  ET,P Epii 

p=O.Ol; rp=0.2 and rp=0.2; r,=0.2 and 0.2 

p=0.50; rp=0.2 and 0.2 r,=0.2 and -0.2 
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Genetic gains obtained under selection index are almost in all the cases (Table 2) 
more than the corresponding values under phenotypic index and transformed culling. In 
some cases, however, the values corresponding to transformed culling were more than 
either of selection and phenotypic rndex. The economrc gains increase wlth Increase in the 

values of her~tabilities for both y and x traits. Tha performance of phenotypic index is 
intermediate in most of the cases. The point is of great significance in favour of phenotypic 
index because in addition to its reasonably good performance about genetic gains, 
construction is very easy and does not requlre the prior knowledge of genetic parameters, 
The loss on account of fitting of phenotypic index in comparison of selection index is also 
not substantial as relative efficiency ranged from 92.78 to 99.59%. 

At 1 % proportion of selection, the estimates of genetic gains are more in contrast to 
the corresponding values of proportion selection 0 50 This is in agreement with the theory 
(Falconer 1981) that response due to selectron is inversely proportional to the proportion of 
selection, if other things are held constant The lower the proportion, the higher the intensity 
to selection and thus higher the response. Values remain same if the signs of phenotypic 
and genetic correlations are interchanged. 
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USE OF DIFFERENT STATISTICAL PROGRAMS IN QUANTITATIVE 
GENETICS AND SELECTIVE BREEDING STUDY 

Kanta Das Mahapatra 

Introduction 

Role of selective breeding in increasing production level is well established in 
Agriculture and animal husbandry. Today the high yielding crops and land animals are totally 
depending on genetically improved domesticated breeds. This has not been true for 
aquaculture. Proper exploitation and utilization of genettc potential is lacking in aquaculture. 
Less than 2% of the total output of the aquaculture production is coming from improved 
breeding program. Aquaculture species are thus genetically much closer to their wild counter 
part than the land anlmals and plant species. During the last few years it has been well 
documented that high selection response can be obtained in fish as well as in shell fish for 
economlc important tralts like growth, disease resistance, flesh quality etc. 

Taking all these Into considerations a project on genetlc Improve of Rohu particularly 
for better growth performance through selective breed~ng has been lnlttated at the Central 
lnst~tute of Freshwater Aquaculture (CIFA) Bhubaneswar durrng the year 1992 In 
collaboratton wtth the lnstltute of Aquaculture Research (AKVAFORSK), Norway The maln 
aim of the project is to develop a natlonal ftsh-breedlng plan and to provide the rlght seed 
producing procedures to the hatchery managers In the country leadlng to quality seed 
productton To analyze data generated durrng the selectton work drfferent statistical program 
can be used In an effective manner Ranklng of tndlvldual according to their genet~c merit 
accurately IS the basrc atm of any software used In the breed~ng programs Some of the 
programs are discussed here whtch can be appl~ed In quantitative genetlcs study to determine 
d~fferent parameters used In the selectrve breedtng programs 

Statistical Analytical System (SAS) 

SAS software 1s a combination of a statistical package, a data base management 
system and a high level programming language. It can be used to describe a collection data 
and produce a variety of statistical analyses. SAS package has following functions and 
advantages. 

It is integrated suite of modular products designed to meet a range of focused 
information needs. 

This software targets and solves industry specific problems. 

- -- 
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Allows to easlly performing virtually any type of statistical analysis. 

Comprehensive to perform the most sophisticated multivariate analysis 

Functional and built around the 4 data-driven tasks crucial to every application 

data files 

Access I 
-6 

Manage 

r q .  

SAS program has 2 kinds of steps 

1) Data step ( used to create SAS data set) 

2) Proc step (Used to process SAS data set) 

SAS data set can also be created from excel or dbase f~ le through rmport and export menu. 

SAS software has three w~ndows but at tlme two windows can be v~sual~zed 

J Program Ed~tor- Input program 

J Output- report results 

J Log- error or the program outcome 

SAS programs has follow~ng rules 

J Statements end with a semi-colon (;) 

J Upper case lower case IS equivalent 

J Words are separated by blanks or operators 

J Many statements can be on one line or one statement per line 

J Reading of external data by INFILE statement 
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4 Varlable should be defined In the INPUT statement 

J $ sign before character variable in the input statement 

The mixed procedure 

The mixed procedure fits mixed linear models (models with both fixed and random 
effects). A mixed model is a generalization of the standard linear model used in the GLM 
procedure. One can analyze the data with several sources of variation instead of just one. 

Some features of MIXED model are as follows, 

Covariance structures, including simple random effects, compound symmetry, 
unstructured data 

GLM typegrammar using MODEL. RANDOM and REPEATED statements for model 
specification and CONTRAST, ESTIMATE AND LSMEANS statement for inferences 

Appropriate standard errors for all specified estimable linear combinations of flxed 
and random effects and corresponding t- and F test. 

Capacity to manage unbalanced data 

Ability to create a SAS data set corresponding to any printed table 

The inbreeding procedure 

The inbreed procedure calculates the covariance or inbreeding coefficients for the 
pedigree. PROC INBREED is unique in that it handles vary large populations 

The inbreed procedures has two modes of operation. One mode carries out analys~s 
on the assumption that all the individuals belong to the same generation The other mode 
div~des the population Into non-overlapping generations and analyzes each generation 
separately assuming that the parents of individuals in the current generation are defined in 
the previous generation. Proc inbreed also compute average of the covariance or inbreedrng 
coefficient within sex categories if the gender of individuals is known. 

Strain comparison and heterosis estimation 

The diallel cross is an efficient design for evaluating the performance of purebred 
and crossbred stocks or lines. In complete diallel cross each stock is crossed with itself and 
all other stocks. For each species that may be stripped artificially the following mating 
procedure should be followed to obtain an equal contribution of genes from each cross and 
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from each individual within a cross. For each stock, milt from a given number of sires are 
used to fertilized with an equal number of eggs from a given number of dams of the same 
and of each of the other stocks. Thus both crosses between the pure stocks and all possible 
cross combinat~ons between stocks ~nclud~ng reciprocal are produced. 

A complete design may provide estimate of additional genetic effect of each stock. 
overall heterosis, general heterosis for each stock and specific heterosis for each cross. 
Following formula can also be used to determine above-mentioned aspects. 

Pn = mean phenotype of all purebreds 

X ,,,,, = mean phenotype of all crossbreds 

Pjli = mean phenotype of one purebred 

= Pn+gjll+gm jli (here gm is the maternal effect) 

hl.. = average heterosis for all crosses 

_I% - hy = X n(n-1)- Pn 

h'U = average heterosis for reciprocal cross 

hl,= average strain heterosis 

gl ,  = average ~ndividual effect of each strain 

Estimation o f  phenotypic and genetic parameters 

Estimation of phenotypic and genetic parameters IS essential in the design of genetic 
improvement programs. They include phenotypic and genetic variances and covariance 
and their linear functions such as heritability and phenotypic and genetic correlation. They 
enable the prediction of genetic gain and of correlated responses in genetic improvement 
program. Before analysis of data, it should be edited. Errors or anomalies should be detected 
prior to analysis. Any observation deviating more than three standard deviations from the 
mean may be checked properly. Pedigrees have to be correct or they can cause biases. 
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Data have to be checked for consistency. As environmental sources of variation we can 
usually identify some sources such as sex, pond, batch as fixed effect. Age is regarded as 
continuous effects. 

P= M+G+E 

Where P= Phenotype 

M= Population mean 

G= Genetic component 

E= Environmental component 

G= A+D+l 

Where A= add~t~ve genetic component 

D= Dominance dev~ation 

Dominant and Epistatic interaction is difficult to estimate with accuracy. As they are 
disrupted by meiosis in every generation. They are often ignored and go Into other 
components. 

The mean (m) includes several env~ronmental effects like, 

Fixed effect such as pond, sex, batch etc, continuous effect like age and other 
environmental effects like common environmental effects, maternal effects and residual 
environmental effects. 

It is important to know the proportionate amount of V, so that we can predict whether 
the selection w~l l  be effective. The proportionate amount of VD that can be controlled by V,is 
called heritability (h,). Heritab~lrty describes the percentage of Vp that is rnherrted in a 
predictable and reliable manner, because her~tability describes the genetrc component that 
is not disrupted by meiosis 

Breeding objectives and selection indices 

Selection indices have two main uses such as it combines information from different 
relatives for population trait and it combines the genetic merit for different traits in an aggregate 
breeding value. The information regarding different traits may vary widely. Some coming 
from an animal relatives and some from the animals own performance for traits which, are 
expressed once or repeatedly during its life. These factors make wise selection a complicated 
and uncertain procedure. In addition, fluctuating, vague and sometimes erroneous ideals 
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often cause the improvement resulting from selection to be much less than could achieved 
if these obstacles were overcome. 

Steps in designing breeding programme 

Following steps may be considered in designing breeding program 

Production system 

Breeding system and breeds 

Formulation of objectives of the system and calculation of economic values (weight) 

Development of selection criteria and estimation of selection parameters 

Design of animal evaluation system 

Design mating for selected animals 

Design system for expansion 

Monitoring and comparing alternative programs. 

The most important decision in any animal improvement program is the choice of 
breeding objective. A badly chosen objective will lead the genetic progress in the wrong 
direction. There may be conflicts to the fragmented nature of production chain, Interest of 
the breeders, multiplier and producers may differ. The breeding objectives or the aggregate 
genotype is about where to go. But the selection index is about how to get there. The 
selection index is a linear function of recorded characters used as a basis for selection. It is 
derived so that the correlation between the index and the aggregate genotype are maximised. 
Such a linear function includes characters of the animals and its relatives to predict and 
improve the aggregate genotype. The overall economic merit can be thought of as a breeding 
value of a new trait. 

While developing breeding objectives, the starting point should be the determination 
of an equation for economic benefit derived from a population. Genetic improvement typically 
takes place in a very small fraction of the population, which is multiplied and disseminated, 
to the production systems. Breeding objectrves should be defined for the production system. 
Instead of using specific relatives, parameters may be estimated from the complete pedigree. 

Trait of selection can be of four types i.e 

Production traits 

Morphometric traits 

Reproductive traits 

Quality traits 
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Among all traits growth rate occupies the top in the list of preference. 

Role of population size in selection programs 

Some of the considerations we often make about genetic improvement assume we 
are working with populations of infinite size but in reality we are always working with population 
of finite size. If the population size is of finite size then rate selection response declines, the 
maximum response is reduced and the selection limit is reached faster. The Inbreeding 
coefficient increases and that may have undesirable effects. Rate of inbreeding can be 
calculated from effective population size 

F=112 Ne after 't' generations F, = 1-(1-(112Ne)t 

Response per generation R= I h 4 
Under inbreeding 6, 1s reduced by 

6,-, = 6, (1-F) '' 
Aim of any selection IS to Increase frequency of favorable alleles. Chance of misslng 

out in favorable alleles incretlseswith reduced Ne. When all are fixed, we are at Ilmit. It IS 

accepted that rapid inbreeding is more harmful than gradual mild inbreeding. Incidence of 
genetic defects increases For a rate of Inbreeding of - 1% per generation 50 brood fish 
pairs or more are required. . , 

Selection lndrx Program (S IP)  

se~edtion index theory plays an important role in teaching animal breeding It can be 
used to determine the expected response to selection. The department of Animal breedlng 
and the department of lnformatlcs have worked on the development of user-fr~endly program 
to calculate selection indexes. Johan Van Arendonk developed the program. The program 
SIP can calculate many selection indexes. These selection indexes may be based on 
economic value as desired gain or on a combination of both. The program is written In 
Turbo vision. The program can create a number of temporary files, which can be deleted 
after leaving the program. The program will start in DOS promt. The important steps in 
operating SIP is as follows, 

First we have to set trait dialog box. 

Then we have to set rp and rg boxes. 

Next we have to set group dialog box which includes additive genetic relationship 
and number of observation. 
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Then we have to set genetic relation dialog box 

Common environment box is the next to be filled in 

Sources of index is marked next 

Breeding goal is set next 

And finally through calculation box index can be calculated. 

Genetic Parameter Estimation in Excel (GPEX] 

GPEX runs in Excel 97 or higher versions. Size is about 60 MB for analysis of about 
5000 observations. User is not required to have advanced programming skills. To some 
extent it could be a good alternative to ustng top of the line statistical packages in est~mation 
of genetic parameters. It can handle unbalanced data and handle 48 full sib groups with 
maximum 150 progeny per full sib groups It can calculate genetlc parameter like intra- 
class correlation, additive genetic, environmental and phenotypic variance, covariance, 
correlation, heritability. It can also predict breeding values based on calculated genetic 
parameters from data and accuracy also can be calculated. 

PEST 

Pest 1s a software package for multivariate prediction and estimation. It covers fixed, 
random and mixed model Pest read raw data and translates class codes like month name 
integer or character identification of animal into internal representation. Identification can 
be up to 16 characters long. A parameter flle contains commands to pest. It consists of 
input data description, the statistical model, output, data transformations etc. Pest is written 
in FORTRAN 77. It consists of around 15000 lines of source code in 250 routines. PEST 
provides very general and flexible strategies to solve mixed model equations. Its objective 
has not been to maximize memory requirements. Together with the large amount of program 
code PEST does require a certain mlnimum amount of processing capability. 

ASREML 

ASREML estimates varlance component under a general m~xed model by restricted 
maxlmum Ilkellhood (REML) Its scope covers genetlc multlvarlate, repeated measures, 
spatlal and multi-env~ronment analyses The program IS developed by Dr A R G~lmour and 
others of Australia It uses the average ~nformatron algor~thm and sparse matr~x techn~que 
to eff~ciently solve large mixed models The user Interface IS bas~c and assumes a good 
understand~ng of the models that can be f~tted the results may need to be ~mported Into 
another statlstlcal / reporting program for further processing ASREML enables l~mlted 
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testing of some fixed effect In the model ASREML is available in complied form of MSDOS. 
Windows . We need an ASCII editor to prepare the data and parameter file before running 
ASREML. Base name IS In the name of as command flle Output file names are generated 
from the Input name by chang~ng f~ le extension from .as to .ars whlch is primary output file 
summaries the data, iteration sequence, the final variance parameters and solutions for 
fixed effects .pin is an input file required for predicting means and functions of the variance 
components when the P option is specific. .pvs is the report produced with P option. In 
ASREML blank space In the data set can be taken care by "'" mark. 

Conclusion 

Determlnation of breedlng value i.e. genetic merit of the individual is very important 
in Selective breedlng studies Success In selective breeding program depends on the correct 
ranking of individuals according to ~ t s  genetic merits. Different statistical packages are being 
utilized for this However, SAS and ASREML proved to be most effective programs for the 
analysis tiowever, other programs can also be utilized for determining different parameters 
for selective breedlng studies. 
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SOME STUDY OF HERITABILITY OF ALL OR NONE TRAITS 
IN LIVESTOCKS 

Arnrit Kurnar Paul 

1. Introduction 

There are many characters of economic importance in animal and plant breeding 
which are polygenic in inheritance but their phenotypic expressions show discontinuities. 
For example, the number of piglets in a litter may differ between sows, on as in resistance 
to diseases, the character is expressed in "all or none" fashion, that is, either alive or dead. 
Although lacking a continuous distribut~on, such characters are known to be multifactorial in 
their inher~tance The relationship between polygenes and expression of such characters 
comes about through the establishment of 'threshold', that is, individuals whose genotypic 
values are above the threshold fall In one visible class whlle ~ndiv~duals whose values are 
below the threshold appear in the other Since the genotypic values are polygenlcally 
determined the frequency of lndivldual (phenotypes) above and below a particular threshold 
depends upon the dlstribut~or~ of their genotyp~c values above and below of the same 
threshold Thus there are two separate scales for the description of the phenotyp~c values 
The underlying polygenic distribution whlch IS contlnuous arid the vls~ble phenotyp~c 
dlstributlon whlch is d~scont~nuous and the two scales are connected by the 'threshold' - a  
point of d~scontlnulty This IS a point on the contlnuous scale which corresponds w~th the 
discontinuity In the vislble scale For thls reason characters whose inherltance 1s mult~factor~al 
but exhlbit all or none or one-or other kind phenotyplc expression are called threshold 
characters and the view point that a contlnuous distribution of genetlc and environmental 
effects underlies the d~scontinuous distrlbutlon of the phenotypes 1s known as the threshold 
model flrst lnt~oduced by Wright (1934) In study of on inherltance of dlg~t number In gulnea 
pigs The estimation of heritability of all-or-none tralts IS facilitated by assumlng the threshold 
model Robertson and Lerner (1949) gave the method of estimation of her~tab~lity of all-or- 
none tralts particularly In the v~ab~llty of poultry They recommended arc-slne transforrnatlon 
for analys~s In binomial data The threshold model IS analysed by different ways malnly by 
using 

(I) Binomial model approach 

(ii) Angular transformatlon method 

(lii) Dempster-Lerner method 

(IV) Beta-blnomial model approach 
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2. Model when the response Is binomlally distributed: 

This method utilizes the concept of analysis of variance of binomial response 
variate.Let there be S sires in a given herd with ith sire having n, daughters in the first 
lactation such that n, 2 5 for all i= l ,  2, ... S. Suppose the number of daughter of the ith sire 
surviving to second lactation is a, for i=1,2, ... S. This means that for ith sire (n,-a,) daughters 
were culled after the first lactation. An estimate of the phenotypic value of the overall 
survival to second lactation (p) in the herd is then given by : 

Following the technique discussed by Bait et a1.(1992) in the case of cattle and 
Robertson and Lerner (1949) in the case of poultry, it can be considered forjth daughter of 
the ith stre (i=1,2. . S, j= l ,  2...,n,) a random variable Yo which takes the value one if jth 
daughter survives to second lactation and takes the values zero if she does not survive to 
the second lactation. One can perform an analysis of variance of Y,, with two sources of 
variation as between sires (9) with (S-I) d.f. and within sires (W) with (1n;S) d.f. with an 
ultlrnate goal to obtain an estimate of the component of variance due to the difference 
between sires similar to the situation of continuously distributed variables. The analysis of 
Y, and expectation of different components of mean squares in the present situation can be 
found by including S, the effect of the ith sire affecting the survival of his daughters which is 
treated as a random effect wlth mean zero and variance as 02, and e-,,, the random effect 
for the survival of the jth daughter belonging to ith sire. Like Y,,, here el is a Bernoullian 
var~able with parameter P. That is el takes the value one with probability P and takes the 
value zero with probability (I-P). We then have E(e,,) = P and V (el) = P (I-P). Under this 
situation the expectation of sum of squares is E(W) = (N-S) P (I-P) and E(B) = (S-1) [P(l- 
P) + Ku2,)] where N is the total number of daughters 

Thus, the expected value of the mean sum of squares between sires as 

468 Central Institute of Freshwater Aquaculture (CIFA) 



Bioinfonnefics end Stetistics in Fisheries Reseanh Genefical Statistics 

- C a ,  
Taking an estimate of P by the overall phenotypic survival I' = - C 11, 

an estimate of oSZ is obtained as : 

Now it IS known that variance of the means of the sire groups i.e ,'is nothing butcovariance 
between half sibs and as such equal to one quarter of the genetic variance. Thus for a;, 
the genet~c varlance w~l l  be from 

Now for developlng a relationship between heritablllty of survlval (h,'), genetic variance of 

surv~val (mil2), and overall phenotyp~c survival value (P) ~n the present situation, it isassumed 

that the genotypic values for surv~val of N ind~v~duals (all the daughters of d~fferent sires 
with phenotypic values as Y,,) be g,, g,. ,g, w ~ t h  overall mean genet~c values as 

- I N  

!2 = , e . ,  and variance (F) 
111 - I 

The phenotypic value for the survival of the mth ind~vidual is gtv + em where em is the 
N 

environmental component. Since the expected values of c,,, is equal to zero so the 
"3.1 

mean genotypic value of the populations is equal to mean phenotypic value = ?j. 
lncidently in actual studles the mean phenotypic value lies between 0 and 1. The mean 

genotype of survivors which is designated as i, to distinguish it from the mean genotype of 

all the individuals (&I is then given by 
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N N 

Under the assumptions 1 &ern and em both equal tozero i.e. there is no correlation 
"l - I m l 

between genotype and environment and mean of environment deviations is zero we get. 

-. ~- 
Taking g = I) we get, 

The expected response in the survival over the two periods of time is thus given by : 

Now utilizing the concept of regression of genotype on phenotype for estimation of 
heritability one can work out regression of later lactation genotype survival on the earlier 
phenotypic survival. This of course will not give the true measure of heritability but an upper 
limit of heritability i.e. repeatability. As such denoting this repeatability by h,2 as the guess 
estimate of heritability of survival by the following regression equation. 

Mean genotypic value of survivors - Overall genotypic mean = Regression of genotypic 
on phenotypic sunfival (Mean phenotypic value of survivors - Overall phenotypic mean) 
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4 a 
F~~~ (7) above g = h:(l - P) or i: = A 

~ ( 1  - P) 

Putting back in terms of 6; one can get 

6 2 

ii; = 4 A  
~ ( 1  - P) 

B - ?(I - P)(s - I )  ,..-- 
- P(I - P) 
- 

K(S - 1) 
1 

The data on survival according to sire group can also be looked upon as (2 x S) 
contingency table giving the number of survivors and non-survivors of each the S sire groups. 
The heterogeneity Chi-square for the table is 

x6 = 7 with (S - I )  d .  f .  
~ ( 1  - P) 

in terms of this xZ, the heritability can then be expressed as : 

Since E(xZ) is (S-1) this shows that h,Z depends upon the excess of the observed x2 
above its expected value. Cochran (1936) has shown that for small numbers the expected 
value of x2 is slightly greater than (S-1). The exact expression of this expected value with a 
constant number in each of S groups is given by : 
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In the present case, however, n is required to be replaced by K In order to take Into 
account the different number of observations in the various sire groups. It is also possible 
to give some estimate of the standard error of the estimate of heritability, since the method 
uses above is similar to the determination of the intra-class correlation in the case of 
continuous variation. Fisher (1941) has shown that in the case similar to that discussed 
above and using the same symbols. 

Where t denotes the intra-class correlation and n is to be replaced by Kin the present 
case S~nce heritability IS equal to 4t the standard error of the estimate of heritability is 
given by 4a,, which IS only a rough estimate. 

3. Use of angular transformation for the binomial distributed response 

Following Bhatia (1992) the above method involves conducting the analysis of variance 
for a binomial variable and IS therefore not strrctly valid, slnce in each case the variance is 
not independent of mean. Further, it is also noted that the heritability obtained by using the 
analysis of variance on the raw binomlal data is the heritability on the binomial or P-scale. 
Heritabilities determined on the P-scale however, cannot be compared between populations 
unless they have the same average incidence of the trait under consideration. This is 
because a fundamental requirement of analysis of variance that the error variance be equal 
in all sub-groups and be independent of the mean, is not met for binomial data with only two 
classes. As such it is desirable to use an angular transformation which makes the variance 
independent of mean and therefore, justifies the use of analysis of variance technique. 

Following Snedecor and Cochran (1967), first convert the ones and zeros in the 

1 
various sire groups to proportions. For zero the proportions is - and for one the proportion 

4n, 

(., - a) 
is . This empirical device suggested by Bartlett (1947) improves the equality of 
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variance In the angles. These proportions are then transformed to angles by using 

Sin2f3 = P or O = sin-' 6. Denoting the proportion corresponding to one and zero 

as P, and P,'respectively and then transform them to angles 0, and 0,' respectively. Having 
obtained these transformed values i.e, angles, the analysis of variance between and within 
Sire group's component is conducted in the usual way. Such an analysis of variance giving 
the expected value of the mean sum of squares in terms of as2 (between sire component 
variance) and a: (within sire component variance) is given in Table below: 

Sources d . f .  S.S. A4.S. E ( M . S . )  

B e t ~ l e e n s i r e ~  ( S - I )  B,, B'  cr;+~a:. 

Within .sires , I )  It ' ,  M" 0 ,  2 . 
I= I - 

Totc~l N-l  
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This gives t, the intra-class correlation co-efficient as 

Now h,Z = tlr where r is the genetlc relationship In our case w~th half sibs r takes the 
value 0 25. As such, 

The standard error of the heritability co-efficient as given in Backer (1967) is 

4. Dempster and Lerner method 

For binary trait Dernpster and Lerner (1950) method for estimating individual narrow sense 

heritability which Gianola (1979) showed to be a special case of the more general solut~on 

The estimate of heritability is designated by h2,,. 

ih,, = 46; (6) x [I$ (Z' ) ] - I  

Where 4 denotes the Gaussion probability density function evaluated at the threshold 

Z for expression at the binary scale [Z' = $-' (P)] and qam2(6) is the estimate of the family 

variance component obtained from ANOVA method of binary trait. 
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5. Beta-binomial model approach 

For a threshold character showing binomially characteristics, it is assumed that such 
a random variable of the probability is distributed as beta distribution and hence called beta- 
binomial model. Denote the two levels of response by success and failure. Let x, denote 
number of successes among the n,, observations in the jth subgroup in the ith treatment 
group, where I 5 j 5 m, and 1 5 i 5 t. 

Assume 

where p, 1s a random variable from beta distribution with density function. 

The beta d~stribut~on can be bell shaped, U shaped J shaped or reverse J shaped 
according to the values of a, and 

The marginal distribution of x,,, 1s then beta-binomial with 

Following Magnussen and Kremer (1995) three sets of beta parameters: one for 
phenotypic family probabilities, one for the family probabilities and finally one of the additive 
genetic probability are assumed for obta~nlng beta binomial based her~tability estimates 
based on the model of Su, a binary trait data is 

p-, = P + P, + py, (24) 

where Pyk is the probability of observing the binary trait (6) on the kth individual in the jth 
block of family i, p is the over all population probability (fixed effect) and the remaining p's 
are the random contribution due to the family effect and residual effects respectively. From 
this model the three [Phenotypic (pf), family (f) and additive genetic (a)] variance components 
0,2(fj), 0: (6) and 0; (8) can be obtained via a one-way analysis of variance performed on 

the binary data (6$,). 
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Phenotypic family probabilit~es [P,,) are assumed to follow a beta distribution : 

where n, is the number of observations in the family i. Likewise farn~ly probabilities [P,J are 
defined as the sum of the overall mean (p) and an additive family effect. 

1) (,,, = p + P, with - Beta (a,, 13,) (26) 

Assuming that the famikes consist of half sibs the following conceptual model IS used 
for the addltive genetic family probabilities [I  

= P + 0 5 P, w~th - Beta ((la, /in) (27) 

Sample estimates of the above probabilit~es are obta~ned from the data as 

J), ,d I 1) = C .-2 
1 "I,,,,, 

Estimates of the three sets of parameter can be obtained In a general way 

Where the subscript t denotes the type of parameter [t = f (family), pf (phenotypic 

family mean), or a (additive genetic)] and 6; (6) is the corresponding variance component 

estimated from the analysis of varlance of the simulated b~nary trait (5 ) .  

Following Searle eta/ ( 1992) the conditional mean family probability in the selected 
population is expected to be 
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where t = (f, pf, a) denotes the effect under consideration. The shift in mean due to 
- 

this selection i e .  (P,,, - P) is considered to be a response to selection from which the 

expected realized heritability of the trait under selection can be estimated. 

The estimate of selection response 

+-I(Pt,&) - +-'(F) (33) 

Now the beta-binomial estimate of the "realized" individual narrow sense heritability is 
computed as 

h2 = Expected response to selection/phenotypic selection differential 

The beta distribution parameters can be used to compute the family mean heritability 
by taking the ratlo of the additive family vartance to that of phenotypic family variance. 

An alternative formula of the family mean her~tability rooted in the beta-binomial 
model can be derivgd from @e expected ratio of the "realized" selection response in family 
mean probability ( ~ r s  - P) to the selection response at the phenotypic family mean 
level . Transforming this ratio of responses to the scale of the tntrtnsic variable Z vla the 
inverse to its cumulative distribution funct~on yield an estimate of the realized family mean 
heritabil~ty. 
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6. Estimates of the heritability on raw data 

The data generated by Monte Carlo Simulation, follows the half sib model 

Z,lr = 11 + S, + e, (37) 

The true heritability or heritability on raw data is heritability which is computed using 
the original half sib simulated data without changing to a binary data or threshold character. 

The individual narrow sense heritability 

46; (7,) 
hi,, = 

6;  (Z) + 6: (Z) 
the estimated components are derived from an analysis of variance (Henderson's Method 
Ill, Searle eta/., 1992) applled to the above model 

True family mean heritability is 

6. Il lustration 

Paul (1997) cons~dered a half s ~ b  analys~s of an lntr~nslcally mlxed process under 
Independent polygenlc and environment influences In a completely randomized block des~gn 
In a glven population the process was expla~ned by a standardized Gausslon varlable (Z) 
wlth a mean zero and var~ance one Whenever Z exceeds a certaln threshold value sav 
2' an outwardly observatlon character ( A )  IS expressed Thls character 1s d~chotomous o r  
a b~nary scale and has a value of 1 for presence and 0 for absence 

The linear model for the observable var~able Z IS 

Z-,, = 11 + S + e ,, 
where Zv, IS the observat~on on the kth ~ndlv~dual In ~ t h  famlly of jth block 

11 IS overall mean 

St 1s ~ t h  fam~ly effect 

el, is the residual effect whlch cons~st of plot, block and error effects. 

S, - N (0, a:) and e,,, - N(0, ae2) 

Transformation of the Intrinsic variable Z to a binary tra~t (6) on the outward scale 1s 
done as follows : 
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hi"= 1 for Z,,k c 2' or 4 (2 ,) 5 p 

= 0 for Z,,, > Z' or (Z,,,) > P 

where t) denotes the curnulatrve probability function of a normal distribution and P 
denotes the population probability of observing the dichotomous character (6) . Data are 
simulated by using the above half sib model so that variance of Z is 1. Sire's values (S,) are 
simulated as normal variate with mean zero and variance of 0.0125,0.025,0.0375,0.05 and 
0.0625. Errors i.e environmental values (e,,& are simulated as a single Gaussian variable 
with mean zero and variance of ( I - )  The thresholds used are P=0.05,0.10,0.15,0.20,0.25 
which were the probabilities of observing the binary trait Simulations are generated for 
experimental designs with n,am=(50,100) and n,,,=(3.5) and plot of size of five observation. 

Data were generated using the different parameters of herrtability of stayability ( = 
0 05, 0.1, 0.15, 0.2, 0.25). For these parametrlc values samples were generated for 100 
sires wlth 5 daughters per slre arranged In 5 blocks Once the data were simulated then it 
was transferred to categorical data wlth the help of five-threshold probablllty (P = 0 05, 
0 10 0 15 0 20 0 25) True est~mate of her~tab~llty were calculated from original simulated 
data Taklng average over the threshold probabllitles the average estimated values are 
tabulated ~n Table 1 From Table 1 ~t 1s seen that In all the parametrlc value of herltablllty, 
the true 
Table 1: Average estimates of individual narrow-sense heritability (h2) and family mean 

herltabll~ty ( hf )o f  herdlife for various values of given h,: (heritability of stayability) Number 

of Sire=100, No, of daughter-5, No, of block=5 

Estimate 11: 4 0 5  11 -0.10 h,: =0.15 hf =0.20 h: =0.25 
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heritability based on original data is close to the parametric value. The standard error 
obtained is also less as compared to the other estimates. Both narrow sense beta-binomial 
( and Dempster-Lerner estimates have found to close to the true value. In case of beta- 
b~nom~al  estimates, the standard error for almost all sltuatlons particularly in the case of 
heritability below 0.1, were on the lower side for beta-binomial as compared to Dempster 
Lerner method. 

In parentheses are the average standanl deviations. 

In case of family mean heritability, the beta-binomial family mean heritability estimate 

(hj (beta)] and realized family mean beta-binomial estimate h:,.,,,,,were better than 

family mean heritability of true sense heritability estimate (hj(, ,) .  From Table 1 it is clear 

that standard errors are decreasing with the increase in heritability ~n case of family mean 

heritability. 

8 Relative root mean square error 

The comparison of different methods is done on the basis of same measure of its 
precision. As all the estimate are not unbiased so the estimates of variance may not give a 
clear picture. In order to account the magnitude of the bias and as well as some measure 
of precision a measure called relative root mean square error is defined as 

0 5 

E (estimate - ' true value'). 
RMSE % = 

' true value' 
' I  x 100 

Family size 100 and block size 5: From Table 2 which depicts the results for fam~ly 
size 5, the root mean square errors are m~nimum for orlginal data points followed by beta 
binomial method for all values of heritability of stayabilltyln the Table 3 the results are 
tabulated for different points of threshold probability. This table clearly shows the role of 
threshold probability or point of truncation on the root mean square error. With more data 
points it has found that the relatlve root mean square error decreases for all the procedures 
of estimation. These two tables further reveal that in case of lower heritability and lower 
threshold probability the relatlve root mean square is highest and in higher heritability and 
higher threshold probability it shows lower values. 
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Table 2: Relative root mean square error(RMSE%) of selected estimates of heritability of 

herdlife. Familly sue is 100 and block size is 5 

Estimate I l i , ‘ , l  ,I /11>,/ 
hj,hal h.8) hi 

hA21 

h4=0,05 141.237 156.687 279.549 275.549 58.0479 360.516 

Table 3:Relative root mean square error (RMSE%) of the estcmate of herdlife. Family size 

is 100 and block size is 5. 

Estimate I,: ,,,,,*, II,;,, /lj,h,,, ~ ~ i i v . l , h . h , l  

/, =o 05 124 331 138.983 166.137 163.424 

p = O  25 55 935 55 5419 128 069 124 496 

- - - - 
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APPLICATION OF SOFTWARES IN MOLECULAR 
GENETIC ANALYSIS 

P. K. Meher, A. Barat and P. Das 

Abstract 

In fish breeding, molecular genetic markers can be used to investigate the genetic 
diversity present in the population to be used as brood stock. The breeding population can 
also be tested for Hardy-Weinberg equilibrium. The bands yielded from both dominant and 
codominant molecular markers such as Allozymes, RAPD, AFLP, RFLP, microsatellite etc. 
are converted into numerical data matrix to use in different genetic data analysis software. 
Plenty of software and computing materials are available in Internet and standalone Personal 
Computers. These are easlly available and most of them are free to download from Internet. 
Here few selected programs are d~scussed, which are widely used globally. 

The development of DNA technology over the last few decades has led to the possibility 
of developing several numbers of genetic markers for plant and animal genomes. The main 
sources of markers are mitochondria1 DNA (mt DNA), rninisatellites, micro satellites and 
anonymous nuclear sequences assayed using highly specific PCR primers or by using the 
RAPD technique Concomitant with the rapid infiltration of DNA based technology into 
molecular genetics laboratories has been the infusion of computers, softwares and online 
databases into the daily activities of many molecular geneticists. The identification of 
abundant, highly variable loci, detectable by a wide variety of techniques has led to a revolution 
in the way researcher view and analyses levels of variation. We will here discuss about 
current computer programs in this area to characterize the DNA profiles and data analysis 
for intra and inter population structure, phylogenetic inference and parentage determination. 

Programmes 

Various types of programmes are available now in the Internet. Some of these 
programmes are used for codominant and some are for dominant markers. 

I. Genetic Data Analysis (GDA) version 1.1 

The authors of this programme are Lewis and Zaykin (2000). GDA uses a data file 
format known as NEXUS. NEXUS files are plain text files, which can be viewed by any 
programme that is capable of displaying standard ASCII text files. These data files can be 
created by any word processor. 

Analysis consists of a table of descriptive statistics, tests for Hardy- Weinberg and 
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pairwise disequllibrium, llnkage disequllibrium coefficients, estimation of F-statistics, 
bootstrapping over locr, genetic distances between populations and a dendrogram based 
on genetic distances. 

Descriptive statistics include mean sample sizes over all loci, mean number of alleles 
per locus, the proportion of polymorphic loci, the mean number of alleles per polymorphic 
locus, the expected heterozygosity, the observed heterozygosity and an estimate of the 
fixation index (f,,). Tests can be performed for any departure from Hardy-Weinberg equilibrium 
at individual loci through an exact test and linkage disequilibrium will also be tested for all 
possible pairs of loci. Bootstrapping options include outputting a list of replicate estimate of 
f (=f,,), F (=F,) and Theta (=F,,). Jackknifing across populations to obtain variances of F- 
statistics estimates for individual lociis also available The genetic distance measures will 
be clustered using the UPGMA (Unweighted Pair Group Method using Arithmeticaveraging) 
and a tree depicting these phenetic relationships among populations will be drawn. 

2. GENEPOP version 3.4 

GENEPOP IS another population genetic software package authored by Raymond 
and Rousset (1995) Thrs software runs on any Wlndow processors including Pentiums I1 
and Ill without any need for extended memory. It is not protected and available free of 
charge. Haplord or d~plold codominant data of micro satellite markers can be analysed wlth 
this software. 

Thls software estimates, I), exact tests for Hardy-Wernberg equilrbrium, for population 
differentiation and for genotyping disequilibrium among pairs of loci, ii) F-statistics and other 
correlations, allele frequencies etc and iii) analysis of isolation by distance. 

GENEPOP provides P-values for Hardy-Weinberg equilibrium, linkage drsequilibrium 
and population differentiation by Exact tests, either by complete enumeration or by Markov 
chain methods. The U-test for heterozygosity excess or deficiency is also available. Global 
Hardy-We~nberg test across loci or across populations is another option for GENEPOP. F- 
statistics or Rho-statistics can be calculated for all populations or all pairs of populations. 
The matrix for F ,  values can be used for isolation by distance by the ISOLADE programme 
using rank correlation coefficient. 

GENEPOP allows the transformation (ecumenicism) of the data input file toward 
other formats required by other programmes, which is unique for this software. 

Comments: Above these two programmes are specific for genetic analysis of codominant 
markers like microsatellite. 
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3. POPGENE (version 1.30) (Yeh and Boyle,1996) 

POPGENE is a user-friendly Microsoft@ Window-based computer package for the 
analysis of genetic variation among and within natural populations. The current version is 
designed specifically for the analysis of co-dominant and dominant markers using haploid 
and diploid data. It performs most types of data analysis encountered in population genetics 
and related fields. It can be used to compute summary statistics (8.g.. allele frequency, 
gene diversity, genetic distance, F-statistics, multilocus structure, etc.) for (1) single-locus, 
single populations; (2) single-locus, multiple populations; (3) multilocus, single populations 

and (4) multilocus, multiple populations. This latest version also includes modules for 
quantitative traits. The software programme opens in two windows namely data display 
window and dialog boxes, it is menu dr~ven and very easy to run by selecting the menus 
from the task bar. The popgene have prov~sion for dominant and codominant marker levels, 
Each have Haploid or Diploid data analyses provision , each again have provision for 3 
population levels like single population, groups or multiple population, at last estimation of 
single locus or multi locus genetic parameter can be assigned. 

4. Arlequin 

Laurent Excoffier of the Computational and Population Genetics Lab of the Institute 
of Zoology, University of Bern, Switzerland (1aurent.excoffier (at) zoo.unibe.ch), Stephan 
Schneider, and David Roessll have released Arlequin version 2.001, a program for population 
genetics analysis. It does many klnd of analyses for different kinds of molecular data of 
RFLP, AFLPs, minisatellites, sequences, mlcrosatellites, allozymes etc. It est~mates gene 
frequencies, testing of llnkage d~sequilibrium, and analysis of diversity between populations. 
It enables us to compute variety of genetic distance measures including of Jukes and Cantor, 
the Kimura 2-parameter distance, and the Tamura-Nei distance, each of these with or without 
correction for gamma-distributed rates of evolution. It can also compute a M~nimum Spanning 
Tree network Arlequin has its interactive "front end" written in Java, and requires the Java 
Runtime Environment. The software and a PDF documentation f~le can be downloaded 
from http:Illgb.unige.chlarlequinl. 

5. TFPGA ( Tools for Population Genetic Analyses) 

This is a Wlndows based programme for the analysls of allozyme and molecular 
population genetic data. Mark P Miller developed this programme in 1997 from Northern 
Arizona University. This can analyse both haploid and diploid data and also dominant and 
co dominant. This s o h a r e  needs around 1 MB of hard disk space and any Pentium 
processor can do it. 
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The programme can estimate allele frequencies for diploid dominant markers by 
either as the square root of the frequency of the recessive genotype or by Taylor expanston 
The analysis menus are descriptive statistics, F-statistics, Genetic Distance, Hardy-Weinberg. 
UPGMA. Exact Tests and Mantel Test 

Asslgnment Test 

More information regarding population structure and gene flow can be available now 
with assignment test using highly variable microsatellite and RAPD marker. This test was 
developed originally by Paetkau et al (1995) for population differentiation. It was based 
mainly on frequency statistics using the likelihood of each genotype in each of the population. 
Individuals are correctly asslgned to the population with the highest likelihood. The available 
softwares are as follows: 

1. GENECLASS 1.0.02 (Cornuet et.al 1999; http:llwww.ensam.infra frlURLB). 

This programme involves both the frequency model and the Bayes~an model wlth 
leave one out option The simulation - exclusion approach proposed by Cornuet et a1 
(1999) computes a probability that the individual belongs to a population by simulating 10000 
genotypes and a p= 0 001 A threshold P-value IS fixed according to the requ~red certainty 
of exclusion Each individual was assigned to the population in whlch it had the highest 
probabllrty of occurring When an allele ~n the individual to be assigned is absent from the 
po~ulatlon sample the estimate of the corresponding allelic frequency is equal to zero 
lead~ng to a likelihood of zero and hence elim~nating de facto this population However the 
allele rn question may be rare in the population so that it was not represented In the sample 
(Cornuet et a1 1999) If the individual probability IS lower than the decided threshold in a 
populat~on ~t cons~ders that the ~nd~vidual does not originate from the population Thus an 
rnd~vidual was considered as correctly assigned to a populat~on when it was excluded from 
all of the non-origln populat~on (e g P< 0 001) but not from the true population of origin 

2. Structure (version 2) ( Prltchard and Wen 2002; http'llpritchard bsd uchicaclo edu) 

It is a model based clustering method using genotype data. The genotype data includes 
microsatellites, SNPs and RFLPs. The programme is divided into two steps. First step 
involves the estimation of number of population (K) and second step involves the assigning 
of individuals to each of the population with highest percentage of membership (q). 

3. Asslgnment Calculator (B~ustowski  1998); http:llww.bioloav.ualberta.calib~usto/ 
D o h . ~ h ~ .  

This programme is an interactive one, therefore to run this software one has to log on 
to the website and use it. This calculates the assignment probabilities of the individuals to 
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the most probable populations. That is, if individuals whose source population is  unknown 
and we wish to find out the population in which the~r genotype are most likely, then this 
porgramme will help us The input data can be directly imported from a Popgene file. 

ANALYSIS1 CALCULATION 

Genetic Distance- Similarity 

Nei (1987) described the definition of genetic distance as " the extent of gene 
differences between populations or species that is measured by some numerical quantity ". 
Various genetic distance measures have been used now for analysis of molecular marker 
data for the purpose of genetic diversity analysis. The commonly used measures of genetic 
distance using binary data are.(i) Nei and Li (1979). (ii) Jaccard's (1908) coefficient, and 
(iii) Social and M~chener's (1958) simple matching coefic~ent. 

Genetic similarity (GS) between individuals 1 and j was estimated according to the 
formula given by Nei and Li (1979). 

GSu=2N, l I (N,+N) 

where N ,,is the number of bands common in individuals i and j and N,and Nlare the 
total number of bands in individuals iand j ,  respectively, with regard to all assay units Thus, 
GS reflects the proportion of bands shared between two lndivlduals, and ranges from 0 (no 
common bands) to 1 (all bands identical) 

Genetic dissimilarity (GD) was calculated as: 

Jaccard's coeff~c~ent (GD) takes Into conslderat~on only matches between bands- 
alleles that are present and Ignores palrs ~n wh~ch a band or allele s absent In both ~nd~v~duals, 
where as Sokal and M~chener's GD a Euclidean measure of d~stance whlch takes Into 
account of mrsmatches and matches and glves equal welght to both In estlmatlng genet~c 
d~stance 

Phylogenetic tree construction: 

1) Genetic distance based 

2) Genetic similarity based. 

For the analysis and comparison of the DNA profiles, a set of distinct, well-separated 
bands were selected. The genotypes were determined by recording the presence (1) or 
absence (0) of these bands only. Two assumptions were made for the analysis of the RAPD 
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data I) markers from different loci d ~ d  not migrate to the same position on the gel II) each 
band was assumed to represent the domlnant genotype at the locus, whereas lack of the 
same band in another individual was assumed to correspond to the alternat~ve homozygous 
recessive genotype ~n the Hardy- Welnberg equil~brium (Lynch and Milligan, 1994) 

This matrix data can be used to construct a UPGMA dendrogram using SAS (v. 8.0 
or latest) or Quantity One (BIORAD) or Tree Programs from NTSYS-pc, v. 1.6 (Rohlf, 1992). 
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AN ECONOMETRIC ANALYSIS OF SHRIMP FARMING 

P. K. Katiha and Chinmoy Chakraborty 

Introduction 

In view of the existence of productive agro-climatic and soil-morphological conditions, 
a dynamic estuarine river system and unique network of productive bracklshwater 
aquaculture has emerged in the coastal states of lnd~a It is immensely suitable for the 
shrimp/shrimp+f~sh culture providing h ~ g h  valued export quality shrimp. The Indian 
contribution of world shrimp export is at 6% (Katiha ef a1 , 2003).Unfortunately. investment 
in shrimp farming has slowed down (Hempel. 2000) In recent years due to lack of interest 
among the entrepreneurs. Therefore, it is pertinent to work out and compare the economlc 
feas~b~lity of varlous shrimp farming system The stud~es on cost and returns for shrlmp 
production are scanty, therefore, In depth analysis w~th  identif~cation of bottlenecks, yield 
gaps and constraints is the need of hour It may lead to harness the potent~al for shr~mp 
farming through inculcating entrepreneurs' interest. This may also help the financial 
institut~ons for reconsidering loan procedure and further investment in this enterprise 
Cons~dering, over one third of nat~onal potential area for the enterprise and its sustainab~l~ty 
over past decade, the study mainly concentrates on shrlmp farming in the state of West 
Bengal 

Methodology 

There are three types (vlz extenslve, mod~fied extenslve and semi-~ntens~ve) of shr~mp 
farming system preva~l~ng In thls state lnformat~on regard~ng polyculture of P monodon In 
case of extens~ve system and monoculture of P monodon for mod~f~ed extenslve and seml- 
lntenslve systems were collected uslng a structured quest~onnaire The data thus procured 
were tabulated and analysed uslng simple average method The cost and income analyses 
of d~fferent management systems were worked out to cater the need of the 0bjectlVeS of the 
study Comparative economlc analys~s was done to ~dent~fy the most profltdble one 

I. Cost and income analysis 

Capital cost included total cost incurred during farm design and construction and 
purchasing of assets viz. aerators, pumps etc. This was estimated for three different 
management systems. Fixed cost included land rent, cost of diesel used for farmhouses 
through out the year, cost of depreciation and interest. The depreciation cost was estimated 
at the rate of 10% per annum on capital cost. The interest on capital cost was calculated at 
the rate of 8% per annum. Farm specific cost included license fees, telephone bills, 
consultancy fees, farm maintenance charges and cost of food required for farm boys. 
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Shrimp and fish are the only output in bracklshwater aquaculture. The total quantity 
of flsh and shrimp harvested and sold were recorded from all the management systems. 
The cost and return components and their composition considered (Bhatta, 2004) in the 
present study are given below. 

Total cost = Variable cost + Fixed Cost 

Vanable Cost = A, + Pq +A,+A,+A,+A,+ A;+ A,+ \+A,, 

Where, A,= Cost of seed; h= Feed cost; A,= Inorganic fertilisers; 

A,= Organic fertillsers; A,=Growth promoter; 

A,= Health management cost; A,= Harvesting cost; 

A,= Transportation cost; h= Diesel cost for pumping; 

A,, = Farm specific cost 

Fixed cost = Land rent (B,) + Diesel cost for farm house (B,) 

Total revenue (R) = Return from flsh sale (R,) +Return from shr~mp saie (R,) 

Gross profit (GP) = Total revenue (R) - [Var~able (A) + Labour cost] 

Net profit (NP) = Gross prof~t (GP) - [F~xed cost (B) + depreciation+ interest] 

11. Comparative economic analysis 

The comparative economic analysis was done to identify the most profitable shrimp 
culture system for adoption in farm level Non-discounted measure (e.g Pay back period) 
and discounted measures (Net present value, Beneflt cost ratlo & Internal rate of return) 
were used to appralse the economlc viability of d~fferent types of management systems. 
But for the purpose of simplicity only pay back period IS mentioned. 

Pay back period 

It simply est~mates t ~ m e  required to recover the Initial Investment out of expected 
earnlngs from the investment before any allowances for depreciation. It was estimated by 
following formula: 

C 
T = 

E 

Where, T= Pay back period 

C= Initial investment Cost 

E= Average annual profits expected from the investment before depreciation 
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Result and diacusslons 

I. Cost a n d  income analyses 

Variable cost 

The important aspects of variable costs are availability of inputs. The stocking density 
has a major role in the production and it has a close bearing on returns to farmers The 
growth rates of P monodon vary depending on the rate of stocking and prevailing 
environmental conditions Scarcity of P monodon seed and exorbitant price hike of post 
larvae and outbreak of white spot disease resulted in under stocking in 'bhery'. 

Good quality of seeds at reasonable price during stocking period is one of the key 
issues for success. Next to seed, feed is the second most important input in shrimp culture. 
Good quality of formulated feed is very essentral to obtaln faster growth of P monodon 
Brennan et a/. (2000) Investigated that investment in higher quality inputs had a positive 
effect on yield and income in the brackishwater region of the Mekong Delta, The cost of 
feed can be reduced by using feed with improved conversion ratio and by lowering the feed 
price. The feed conversion ratio can be improved by avoiding wastage of feed and uniform 
distribution of feed during feeding. If the molting stage is recognized, daily feed quantity can 
be reduced to minimrze the feed cost. Shrimps have to be harvested immediately at 
marketable size, failure of which can lead to more expenditure on feed (Annamalai, 1994). 

Fertilization and supplementary feeding both were used simultaneously to enhance 
the yield. The coastal water of West Bengal is highly productive and therefore cost of fertilisers 
can be reduced by proper water exchange in pond. The next important item was cost of 
diesel for pumping. Location of farms, biomass of the ponds and water quallty fluctuations 
were the few direct or indirect regulatrng factors involved with the costs of diesel. The 
material input included inorganic and organlc fertilisers, feed, growth promoters etc, Inorganic 
fertilisers commonly used in this farming system were SSP and Urea. Organic fertilisers 
included cow dung. 

The average quantity of inputs used under various shrimp production systems is 
mentioned in Table 1 

The cost structure for different grow out technologies of P monodon farming indicated 
that cost of inputs fluctuated according to intensity of their use across different systems. 
The maximum cost was for high input semi-intensive system. The lowest cost was for low 
input extensive polyculture due to absence of major inputs. In this experiment, variable cost 
(Table 2) was estimated at Rs. 0.17 lakh hr'crop.' for extensive system. It was observed 
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Table 1: Inputs used in different farming system in West Bengal. 

ha.' crop'' 

Management system -- 
Modified Semi- 

Purpose Item Unit Extensive extensive intensive Average 
Pond Labour nos. 1.00 2.00 3.00 1.45 
preparation Bleaching powder kg 2.90 263.W 358.68 39.81 

Zeolite kg 34.00 282.16 17.88 
Lime kg 85.70 3029.00 2678.14 423.41 

Grow out 

culture Urea kg 0.50 0.43 

Phosphate kg 1.70 1 49 
Sulphate 

Poultry excreta 

Cow dung 

MOC 

Feed 

Egg 
V~tamin powder 

Vitamin tablet 

Health Protozoan 

management Fungal 

Bacterial 

Viral 

Gas absorbent 

Probiotics 

Bottom sanitizes 

Harvesting Labour nos. 0.10 12.00 5.98 1.16 

Wooden box nos. 1.00 0.02 

Sack nos. 1 .OO 0.79 

Bag net nos 1 .OO 1 .OO 0.2 

Ice kg 1803.00 1879.00 223.31 

Bucket nos. 1.20 31.00 47.00 5.7 

Rs. 2.55 lakh hx'crop.' for modified extensiveand Rs. 3.82 lakh ha.'cropq for semi-intensive 
system. The Average variable cost was estimated at Rs. 0.53 lakh ha"cropl. 
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Fixed cost 

Brackishwater fish farming involves high capital investment (Ghosh, 1990). In this 
study, capital cost (Table 3) was estimated at Rs 0.21 lakh ha-' in extensive system The 
capital cost in modified extensive system was Rs. 1.02 lakh ha-' but in semi-intensive system, 
it was very high constituted about Rs. 4.30 lakh ha-' primarily due to cost of aerators, more 
number of pumps, pipes etc. The Average capltal cost for shrimp farming was estimated at 
Rs. 0.48 lakh ha.'. The total fixed cost was Rs 0.17 lakh ha-' crop-' In extensive system 
(Table 4). It was observed Rs.0.36 lakh ha'crop-' in modified extensive and Rs. 0.97 lakh 
ha.'crop.' insemi-intensive system respectively with an Average average at Rs 0.22 lakh 
ha.' crop.'. 

The land of all the 'bhery' in North and South 24 Parganas was privately owned with mult~ple 
ownershtp. Katiha (2002) studied that the number of landowners vaned from 150 to 300. 
These were leased out through open auction. The auction was generally done in November 
to December In few cases, although, the water body was leased out to individual, but the 
lease amount was shared by more than one person. The lease period varied from 1 to 4 
years 

Table 2: Variable costs of different management systems. 
IRs ha.' croo") 

- 
494 Central lnst~tute of Freshwater Aquaculture (CIFA) 



Bioinformatics and Statistics in Fisheries Research Genetical Statistics 

Table 3: Fixed costs of different management systems. 

Valuation of  out  put  

The price of fish and shr~mp varied accord~ng to the grade and quality. The average price 
received by the farmers in extensive system was estimated at Rs. 105 Kg.', which included 
both fish and shrimp component. It was observed Rs. 277 kg '  in modified extensive system 
and Rs. 287 kg-' in semi-intensive system (Table 4). The range of price was found Rs. 110- 
340 kg-' during the corresponding period depending on the count (no./kg), condition of 
shrimps and the method of selling. Total revenue generated from shrimp and fish in extensive 
system was Rs. 0.47 lakh ha-' crop-'. This was estimated at Rs. 4.85 lakh ha.' crop' in the 
modified extenswe and Rs. 7.63 lakh ha-' crop' in semi-intensive system with an Average 
average at 1.15 lakh ha-' crop1. The share of fish was 32% of total revenue in extensive 
system. 

Table 4: Returns from different management systems. 
(Rs ha" crop") 
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The cost and income analyses of dtfferent management systems are worked out In 
Table 5 In case of extensive system, the net prof~t was estimated at Rs 0 07 lakh ha ' crop 
' The benefit cost ratio (BCR) was 1 17 The net profit for modified extensive system was 
esllmated at Rs 1 80 lakh ha ' crop ' w~th a BCR of 1 59 Among all the Systems htghest 
net benefit was found Rs 2 63 lakh ha crop' In semt-~ntenslve system wlth a BCR of 1 53 
The net returns were htgher for the management systems w~th  htgher tnvestments The 
Average net benefit In shrlmp farmlng was estimated at 0 33 lakh ha 'crop' with a BCR of 
1 39 Profit was estimated at Rs 15 kg I .  Rs 103 kg ' and Rs 99 kg ' for extensive, modifted 
extenstve and semi-tntensive systems respect~vely Net profit (Rs 6 790 ha ' crop ') was 
very low In extenstve system due to lnjudic~ous exploitat~on of natural fertility through the 
ages and lack of proper management know-how. Thts can be increased by stock entry 
control and intensive management care, which can consequently increase the survival rate 
at the ttme of harvest as well as the growth rate. Cost, return and profltabllity of per kg 
production in dtfferent management systems 

Mtah 8 Islam (1992) projected the profitabtltty of shrtmp farm~ng In Bangladesh 
Although the yteld of shrimps In Bangladesh was low compared with other shrlmp producing 
countrtes the results of the study lnd~cated that it was a prof~table business Begum 8 Alam 
(2002) reported that an outbreak of viral disease In Bangladesh is cr~ppling the shrimp 
farmtng and the economy Pillai 8 Kat~ha (2004) opined that although semi-tntensive shrimp 
farming 1s highly profttable i t  1s constdered rtsky as well because of overstocktng and 

d~sease problems Many companies went to the market to ralse equlty for shr~mp farming 
business and there was a time when shares of such companies were constdered as potentla1 

Table 6: Profitability in different management systems 
(Rs ha ' crop ' i  -- 
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shares. Both the shrimp farming and the share market suffered serious setbacks in recent 
years and consequently, the situation is now considered highly volatile. H~gh profitability 
and trade liberalization policies triggered a spurt in growth of semi-intensive shrimp farming 
in early nineties. But, it has not been put to rigorous financial and economlc analyses so as 
to estimate the alleged trade-off and formulate sustainable pollcies for its development 
(Jayaraman a Selvaraj, 2000). 

11. Comparative economic analysis (cash flow) 

Various farming systems like extensive, modified extensive and semi-intensive have 
their own advantages, disadvantages and own implications with respect to sustainability, 

economics and equity (Rao Krishnan, 2000). Israel et al. (1985) had done comparative 
economic evaluation of different pond culture systems for P monodon, P indicus and P 
merguiensis using standard economic tools and methods of analysis The extensive 
monoculture of shrimps (P. monodon or P indicus) and the extensive polyculture of P 
monodon and other shrimps with milkfish were found profitable. The semi-intensive culture 
system of P monodon or P indicus gave moderate results. Thls is largely due to higher 
capital requirements than the extensive systems (Anon., 1984). 

In this study, cash flow is presented in Table 7. Pay back period was lowest in case of 
modifred extensive (7 months) followed by extensive (24 months) and semi-intens~ve system 
(1 5 months). The Average pay back period was estimated at 15 months Hence, considering 
pay back period modified extensive system was found profitable than other two systems 
due to lowest payback period. 

Conclusion 

The benef~t cost ratio was highest in modrf~ed extensive system (1.59) followed by 
semi-intensive system (1.53) and extensive system (1.17). Among all the systems, proflt 
was highest in modified extensive system. Considering pay back perrod, modifled extensive 
system was found profitable than other two systems, because this has lowest payback 
period. The study revealed that modified extensive culture of P monodon was comparatively 
profitable and commercially viable than other two systems. Based on these obse~ations, it 
can be stated that modified extensive system may be adopted instead of traditional or 
extensive farming in this state and farmers may be encouraged to adopt thls as a profitable 
enterprise. The study concluded that in West Bengal major emphasis on sustainability Of 
the system rather than on increasing fish yield. Following components should hold the key 
to ensure more sustainable production system in this state: 

More co-ordination with the financial institutions to be ensured with special emphasis 

on the Short Term Credits (STC). 
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Table 7: Comparative economic analysis of different management systems. 

Similar to Kishan Cred~t Card (KCC) in agriculture sector, F~sheries Credit Card (FCC) 
may also be ~ntroduced to save their valuable time and assured access to finance in 
need. 

Formations of more self help groups (SHGs) are also required to exchange technology 
achieve cooperation, market information and post hamest activities -this will ensure 
increase yield, assured marketing, more income and ensured repayment 

Considering the high risk factor in shrimp farming, a national level policy may be 
framed and implemented to cover shrimp farming under Aquaculture Crop Insurance 
from social problems like poaching, poisoning, disease as well as natural calamities 
like flood. 
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