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STATISTICAL DESIGNING OF AQUACULTURE EXPERIMENTS

T. Jacos
Central Marine Fisheries Research Institute, Cochin-682 031

ABSTRACT

Experiment is the main 100! of a researcher. The effect of factors or treatments can be assessed
only by testing them experimentally, Several factors like composition of stock, density of stock,
feeding level, depth of water and salinity come into play in aguaculture experiments. Sometimes the
problem may be one of developing a low-cost technology which can be gainfully employed by small
and marginal farmers, Here again a number of factors under study act and interact. The main diffi-
culty in such situations is that effects of extraneous factors very often mask the real treatment effect.
One way to overcome this difficulty is to use homogeneous experimental material. However there are
very many practical limitations to achieve suchan end. A statiscally platined experiment attempts to
minimise effects of heterogeneity in experimental units from treatment comparison, reduce experimental
error, provide unblased estimates and ensure validity of test of significance, The paper discusses at
length the various statistical requirements in experimentation with special reference to coastal aqua-

culture sysiems,

INTRODUCTION

For rooD or for fun, fish farming has been in
practice since ancient times. In the course
of centuries the area of farming expanded and
technological innovations found their place.
From ecarlier pond system culturing have
grown to include flowing water and enclosure
systems not only in the inland waters but also
in estuaries, backwaters and opensea. Today,
in several countries of the world, scientifically
managed fish farming has become an accepted
method for augmenting fish production (Brown,
1977).

Compared to the inland waters, marine en-
vironment is often aggressive and the task of
evolving mariculture methods suiting different
ecosystems is quite formidable and a good deal
of research in this direction is in progress
(Bardch ef gl., 1971). In India too, scientists
are deeply involved in research to improve the

traditional methods of coastal aquaculture and
to develop production technologies which are
feasible and economically viable.

The main tool of a research worker is experi-
ment. The effect of factors or treatments can
be assessed only by testing them experi-
mentally. Several aspects like depth of water,
salinity, composition of stock, density of stock
and feeding levels come into play in aqua-
culture experiments., As many factors act
and interact a difficulty faced is that effects of
factors extraneous to those under study mask
the treatment comparisons under test., A
statistically planned experiment attempts to
reduce the effects of extranecous factors from
treatment comparisons and has many desirable
properties. The paper explains the need for
statistical designing and discusses various
situations in coastal aquaculture experimenta-
tion where statistical designs can be gainfully
employed.
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NEED FOR STATISTICAL DESIGNING

It may look strange that while statisticians
themselves do not generally conduct experi-
ments they express their claim to have a say at
the stage of planning as well as at later stages.
It is the scientific nature of an experiment
which compels the need for meeting statistical
requirements (Kempthorne, 1972). Statistical
designing of an experiment involves the for-
mulation of a scheme or a lay out plan, where
the placements of treatments in experimental
units are specified to suit the requirements of
the particular problem keeping in view the
requisite  statistical principles. The . term
‘ treatments * is used here in a general way and
may mean species, levels of feeding, doses of
stimulant, stocking densities, etc,

Variability in experimental material is an
inevitable freature in any field of research.
Consider for example two prawn culture ponds
kept under conditions as similar as possible
with the same extent of area, species, stocking
density, otc. At the time of harvesting one
would find that the yield of one poand is different
from the other. This may be attributed to
the uizcontrolled variation inherent in the pro-
duction process. Consider another two pondg
again kept under almost identical conditions
except that in one pond supplementary feeding
is given, Here again, at the time of harvesting
the vields would be found to be different,
Can we attribute the difference straightaway
to the effect of levels of feeding? We cannot,

May  be the supplementary feeding did not

contribute anything to the difference in yield
and the difference could be purely due to the
inherent uncontrofled variation. Differences
aro expected even when similarity is main-
tained in the two ponds. One might then
say that if the difference is quite high it can be
attributed to the difference in the level of
feeding, But how high the difference should
be to attribute it to the level of feeding? 'The
answer becomes quite subjective, Thus varia-
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tion introduces a degree of uncertainty into
the conclusions that are drawn from the results.
A mathematical measure of uncertainty is
probability, the theory of which enables us to
make numerical statements about uncertain
outcomes, But unless the planning is made
taking into consideration statistical principles
it would not be apt to make such statements
regarding the outcome.

The formulation and testing of hypothesis
are the main features of a scientific method
(Kempthorne, 1972). A researcher postulates
a hypothesis which he would like to verify.
This verification necessitates the collection of
observations through an experiment and the
designing of experiment is concerned with the
pattern of observations to be collected which
should be relevant to his hypothesis. It may
be stressed here that when we draw inductive
inferences from experimental data, every state-
ment of results is subject to some error, an
error about which probability statements may
be made with the aid of mathematical statis-
tics. Only a statistically designed experiment
can permit a valid test of significance involving
probability statements whether 2 particular
difference is due to chance causes or can be
attributed to the real differences batween two
treatments, '

- As indicated earlier the resulis of an sxperi-
ment are affected not only by the action of
treatments, but also extraneous variation which
tend to mask the effects of treatments. This
extraneous variation is conventionally termed
as ‘experimental error’ (or sometimes called
‘error *) where the word *error’ is not syno-
nymous with mistakes, but indicates all types of
extraneous variation (Cochran and Cox, 1973).
There are two sources of experimental error,
one refers to the inherent variability in the
experimental material or units to which the
trestmonts are applied and the other type
refors to the fhilure to standardise the experi.

mental .technique. It is desirable that the
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experimental error is kept as minimum as
possible as otherwise only a large difference
in the -treatment means will be dotected as
significant, Reduction of experimental error
automatically increases the precision, One
way to reduce the error is by ensuring uni-
formity in the conduct of the experiment,
Two other methods to increase the precision
of the estimates are one by providing more
replications and the other by skillful grouping
of units in such a way that the units to which
. one treatment is applied are closely comparable
with those to which another treatment is
applied. Some of the general principles
governing these methods and other related
aspects are elaborated.

Two primary requisites in designing experi-
ments are replication and randomisation.
Replication or repetition of treatments pro-
vides stability to the mean, but more than that
makes it possible to estimate the experimental
error. It also increases the precision of the
estimates of both the treatment mean and the
experimental error.

- Randomisation which means random allo-
cation of treatments to various experimental
unity, ensures that a treatment will not be
unduly favoured or handicapped in successive
replications. It ensures unbiasedness of the
estimates of experimental error and provide
for valid treatment comparisons against the
experimental error (Fisher, 1949). When
treatments are replicated and allocated ran-
domly to the various units we are in a position
to test the significance of observed treatment
differences by the use of test of significance
procedures. Thus it is essential to provide
for adequate number of replications and ensure
proper randomisation at the planning stage
(Panse and Sukhatme, 1964).

Grouping of units often help in reducing the
experimental error. Consider for instance
an experiment with a number of replications,
all the treatments being tried in each replicate,
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The error from any replicate can arise from
sources of variation that affects the units within
the replicate, Variation between replicates
do not contribute to the error. Thus if the
experimental units form a very heterogensous
set, try to group them so that wnits in the same
replicate is as homogeneous as possible while
variation between replicates could be large.
By this process, from the total variation in the
observations the variation between replicates
can be removed resulting in the reduction in
the error variance (experimental error). The
device of reducing errors through suitable
groupings is called local control. Looking
from another angle, if treatments are allotted
to a replication with homogeneous units the
observed differences would reflect the real
differences belween the treatment effects.
The principle of local control is the basis for
experimental designs such as *randomised
blocks® and ‘latin squares’. When the
number of treatments to be accommodated
in a replicate becomes large, the homogeneity
within a replicate tends to be lost and can be
restored by dividing the replication into
smaller blocks which is the basis of ‘confoun-
ding’ in factorial experiments and also various
¢ incomplete blook designs *.

To sum up, statistical designing of experi-
ments attempts to minimise the effects of
heterogenity in experimental units from treat-
ment comparisons, reduce experimental error,
provide unbiased estimates and ensure validity
of test procedures, The test of significance
emanating from the design exerts a sobering
influence on the type of experimenter who
jumps to exciting conclusions that can as well
be ascribed to the natural variation inherent in
the experiment (Cochran and Cox, 1973).

Some USErUL DESIGNS

(?) Randomised block
One of the most commonly used plans is the
randomised block design where experimental
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material is divided into blocks each of which
constitute a single replicate in such a way that
the units within 8 block is as homogeneous as
possible, The treatments dre now mndomly

allotted to the experimental umits within &

block, This increases the comparability: of

treatment effects asthey act under conditions

which.are similar oxcept for the troatments.
For instance in an oxperiment .to seleet
an economic supplementary feed mixture from
among 4 prepared mixtures for prawn culture,
4 ponds all located by the side of the main
water body like the backwater or estuary could
be grouped as ome block or replication and
allot treatments at random.  The next 4
could be ponds running paraliel to the first set,
but more inside the land so that within a block.
salinity and associated features are likely to be
similar, This arrangement takes care to a
good extent salinity gradient likely to be
reducing when moved away from the main
water body. In the experiment if there are 5
replications there will be total 20 ponds. If
all the 20 ponds are more or less similar no
blocking or stratification is required and the
treatments could be randomly allotted over the
entire range of the 20 ponds. Such a design
is called completoly randomised design. How-
ever if heterogeneity in the features of the ponds
is suspected it is desirable to provide blocks
which may help in reducing the experimental
error,

() Latin square -
In randomized blocks one-way restriction is

imposed. If heterogeneity is suspected in two

directions the experimental area can be divided
into, say, rows and columns and treatments
are applied in such a way that each treatment
appears only once in a row and once in a

column. Such an arrangement is called a

latin square design. Through elimination of
row and column effects the residual error.
variance may be very much reduced. Consider
the question of finding out the best spat attach-
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ment material from among say, 4 materials }ike
tile, brick, concrete and asbestos picces, A
raft with 4 poles in rows and 4 in columns can
be fabricated and at the 16 junctions hang ropes
on which the material is tied. The placement
of the 4 materials can be fixed following a
4 X 4 latin square arrangement, Effects of

two-way variation like current direction or
nearness to the exterior portion of the floating
raft could be reduced from comparison between
the quantity of spat collected on the different
materials. If three-way and higher-way group-
ing of treatments is required designs like
gracco-latin squares and hyper graeco-latin
squares can bs attempted (Federer, 1967),
The procedure of using latin and graeco-latin
cubes also could bs explored. With two-way
stratification the latin square controls more
variation than randomised block design result-
ing often.in a smaller error mean square.
However the number of treatments is limited
to the number of rows or columns and for
larga nutmber of treatments latin square design
is not preferced.

(i) Factorial experiments in compfete and
incomplete blocks

Consider an experiment to study the effect
of different levels of protein and energy on
weight of fish in culture ponds. If there are
say; 2 levels for cach factor there will be in all
4 (2% treatment combinations. A group
of treatments which contains two or mope
levels of two or more factors in all combination .
is known as the factorial arrangoment, The
different combinations could be allotted as in

. a randomised block design. The experimentor

could try a  one-factor-at-a-time dapproach.
But the advantage in a factorial experiment is
that not only the main effects, but also the inter-
actions between factors can be studied and
tested for statistical significance,

If the numbor of factors and lovels are large
say 3 factors; salinity, temperature and oxygen
content at 3 levels each, the number of treat.
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ment combinations will be 27. It may be
difficult to get 27 experimental ponds, which
are more or less homogeneous with regard to
factors other than being tested so that the
principle of stratification to reduce experimental
error cannot be implemented, An ingenious
device to overcome this situation is called con-
founding where 2 homogeneous block will not
accommodats the full replication. One repli-
cation is divided into say, 3 compact blocks
such that the units in the smaller blocks are
homogencous, The 27 treatment combinations
can be divided into 3 groups of 9 each and allot-
ted to the 3 compact blocks. However some
of the treatment comparisons will not bz dis-
tinguishable from block differences or in other
words, get confounded with block differences.
Thus some sacrifices have to be made. But at
the planning stage this aspect can be consi-
dered and the scheme can be so formed that
all major and important comparisons are kept
free from block differences, Factorial sot-up
can be easily superimposed in polyculture
eXperiments in pens or in ponds.

Gv) Split-plot

Ta the usual factorial trial, the effects are
estimated with the same degree of precision,
It is quite possible that some factors may pro-
duce much larger differences than others and
in the factorial set-up the precision attained
could be sufficiont to bring out the significance
of the differences between levels of factors
capable of showing large difference, but may
not permit detection of smaller difference,
betweon. the levels of the other factor, (Panse and
Sukhatme, 1964). A device known as ‘split plot”
whete the levels of the 2nd factor which we
wish to compare with greater precision are
assigned to contiguous plots under a common
level of the first factor. This effects greater
local control, Thus each block is divided into
main plots where the level of the first factor is
allotted at random and next subdivide each
main-plot to subplots to whick are allotted
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at random the levels of the second factor, For
instance if 3 species of fish are to b2 compared
in an experiment in pens fabricated in the
inshore water for growth with 2 types of supple-
mentary feeding, instead of putting all the 6
combinations at random in a block of 6 pens,
arrange the three species of fish to three pens
and next subdivide each pen into two sub-pens
to be randomly allotted to the two feeds.
Enough replications will have to bz provided.

(v) General incomplete block

There are situations where a large number of
treatments which are not of factorial type are
to be tried. Then the factorial type arrange-
ment with or without confounding may not
be suitable and one has to look for other pro-
cedures for reducing the block size. The
general incomplete block designs come handy
in such cases, Here the numbsr of units in a
block will ba less than the numbar of treat-
ments. When homogeneous numbszr of units
in a block is quite small these design are useful,
For instance in induced breeding of say,
Sillago sihama by injecting pituitory harmones
one may like to study the effect of the level of
the dose injected. Similar type of fish suited
for the study may be available at a time only
in small numbers say 3 and if 5 doses are to be
tried we can have a plan where number of units
in a block of homogeneous units is 3, The
pattern of allotment of the 5 doses in the blocks
of 3 homogeneous units each can be taken
from the catalogue of plans available (Cochran
and Cozx, 1973). The method of analysis of the
data collected will be complex compared to
some of the designs mentioned earlier,

(v} Switch-over

There are occasions in which treatments
are applied in sequence over several periods on
a group of individuals. Consider an experi-
ment to study the effect of mineral supple-
mentation. of two types in lobsters kept .in
artificial tanks. 1If there are say six groups of
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Iobsters separated and kept in tanks with sub-
partitioning then the two types of supple-
mentation, are given such that half the groups
received say, type A and the other half typs B
in period 1. The lobsters receiving type A
in period 1 will be switched over to got type B
in period 2 and vice versa. Such a dosign is
called switch-over or change-over design
{Federer, 1967). On the other hand if a time
trend is expected in the character under study
a switch-back or a double reversal design will
have to be used. In these procedures & rest
period is to be provided between two treatment
periods so that there is no carry-over effect or
residual effect influencing the treatment during
the second period. However if a reasonably
long rest period is not feasible or the residual
effect is itself a topic of interest the procedure
is to be modified so that direct and residual
effects of treatments can also be measured.

(vif} Rotatable

In factorial experiments with -quantitative
variables like temperature, salinity, amount
of oxygen and level of nutrients the yield or
response say y, can be considered as a fime-
tion of these variables, If we assume a linear
multiple regression of y on the variables,
Xyy X, .« « X4 the lovels of which are controlled
by the experimoenter then the relationship
comes under the modsl

y==Bo+By X1 +B8s Xarb ... Ba Xpte

-Where #’s are the rogression coefficients
"and ¢ random component., From observed
data it would be possible to estimate the co~
efficients by least square procedure and then
the function gives a complete summary of the
results of the experiment. A design which is
specially oriented to study, such response
functions is called rotatable design which has
some additional desirable properties compared
to the usual designs, The lay-out plans for
such designs are available in many publications

(Cochran and Cox, 1973). A second order rota~
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table design which is not very complex can be
used for the determination of the levels of
factors like amount of oxygen and salinity
needed for optimum production.

STATISTICAL ANALYSIS

Once a design is fixed the procedure of
analysis follows. We can postulate a mathe-
matical model to represent a design. As an
example the linear additive model underlying
the randomised block design can be written as

Yy =p+Titpytey

where p represents the general mean, = the
effect of treatment, p the effect of block and ¢
the random component, Under a set of
assumptions it is possible to estimate the treat-
ment and block effects. The components of
varigtion duo to treatments, blocks and error
can bz computed and the analysis of variance
Table can bs prepared which facilitates test of
signiﬁcance of treatment differences and draw-
ing conclusions so that appropriate decisions
can ba taken, Similar procedures are avallable
for other designs as well.

Some experimenters do not bother to follow
a design, but try to analysis the data statisti-
cally. Seme others follow a design, but do not

care to follow the appropriate procedure of
analysis, It is essential in scientific experi-

. mentation to follow a suitable design and

analyse the data through appropriate statlstlcal
procedures. .

Much has been talked about the proble‘mbt‘
getting homogeneous experimental units for
allotment of treatments by using local control
methods to reducs the experimental error,
In addition there is a purely statistical pro-
cedure to reduce the error variance called
*analysis of covariance’ where information
on a suifably chosen auXiliary variable is used
to adjust the error sum of squares by sub-
tracting from it the sum of squares due to the
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regression of say yield, on the auxiliary variable
(Snedecor and Cochran, 1967). The technic.[ue
provides a powerful method of reducing
error variance and should be availed of by the
exporimenter wherever possible.

DiSCUSSION

With increase in the volume of research in
mariculture involving prawns, lobsters, crabs,
mussels, oysters, clams, finfishes and seaweeds
there is an excellent scope for the employment
of statistical designs, It is an accepted fact
that mariculture problems have to bs dealt with
a multidiciplinary approach and statisticians
working in fisheries research have an important
responsibility. It is imperative that any
scientific experiment need to b2 statistically
planned so that the emanating data become
amenable to statistical analysis for arriving at
valid conclusions needed for decision-making,

One aspect need to be stressed here, namely,
the provision of enough number of replications
in an experiment. Consider the example of
4 feed mixtures which are tried for economic
evaluation in prawn culture. If the mixtureg
are allotted only one each in four ponds with.
out replications we will get only a single figure
on, say, cost of production of a unit weight, for
one mixture, Thus with four treatments the
character under study will have only four
figures, & single figure for each, and no statis-
fical analysis is possible. One way is to
partition the ponds into 4 sub-ponds which
may provide 16 fignres 4 each for one treat-
ment for analysis. It my be stressed that apart
from reducing experimental error replication
of treatments alone can provide an estimate of
the experimental error essentially needed for
treatment comparisons.
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The question of minimum number of repli-
cations required is of great importance in
coastal aquaculture experiments beacause of
the cost involved and the inherent special
problems, compared to experiments on land.
An jimportant consideration -in determining
the minimum numbsr of replications is that the
test of significance should bs sufficiently sensi-
tive to detect real difference between treatments
as distinguished from variation due to chance
causes. The sensitiveness of the test will
depend primarily on the magnitude of varia-
tion in the expzrimental units with regard to
the charactor under study. If the magnitude
is known the numb2r of replications required for
detecting a particular difference with a certain
level of confidence can b worked out (Federer,
1967 ; Panse and Sukhatme, 1964). In the
absence of any knowledge regarding the ma gni-
tude of variability the number of replications
provided should ba at least sufficient to ensuce
12 degeees of freedom for error. This is jn-
ferred from the fact that the tabulated valus of
*F’ at the conventional level of significance
of 5 per cent ceases to fall off rapidly for
degrees of freedom bayond 12, On this basjs
the minimum numbsr of replications can be
worked out for a pariicular design (Jacob
and Marutiram, 1975). a

In the preceeding paragraphs some guide-
lines in planning experiments have been dealt
with, Some of the standard designs available
in literature which can be used with advantage
in coastal aquaculture experiments have been
enumorated, It may however b2 observed that
considering the experimental resources avail-
able and the special nature of probiems gome
amount of * tailoring ’ may have to bz resorted
to for suiting particular situations.
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