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plot, the "Gulland and Holt plot*, commonly used
by fisheries scientists to estimate the parameters
of t h e von Bertalanffy growth function
(VBGF)(Gulland and Holt 1959; Pauly 1984).
This extension was initially used for the analysis of coral fish growth (Pauly and Ingles 1981),
and the first application of this method to aquaculture data was presented by Pauly a n d Hopkins
(1983, see Appendix I). The method needed further
validation, however, and this was performed by M.
Prein in the context of a n MS thesis (Prein 1985)
which used data from the Philippines.
The conclusions were encouraging, and this led
to a decision to continue this work in the form of
a doctoral thesis, completed five years later (Prein
1990). The character of the second phase of this
investigation of the applicability of multivariate
methods to aquaculture was strongly shaped, however, by a chance meeting in Lima, Peru, in early
March 1985, of Dr. B. Hepher with D. Pauly,
where t h e former informed the latter of his encouragement of similar work being conducted a t
Dor Station in Israel by Ms. Ana Milstein and associates. **
We decided to cooperate a n d found a farsighted donor, in Germany, to support that cooperation.
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Abstract
This contribution presents the rationale for the other chap-.
ters in this book, to which it serves as introduction. We discuss /
sequentially: our emphasis on tilapia (Oreochromis spp., Fam.
Cichlidae), modelling of pond aquaculture, exploratory and confirmatory methods for multivariate analysis, the relationships
between multiple regression and analysis of variance and the
rationale for sharing and analyzing "old",public domain data, all ,
with emphasis on tmpicaVsubtropica1 aquaculture systems.
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Introduction

This contribution presents the rationale for the
&plication of multivariate statistics, especially of
(MR), for
of data
aquaculture systems, and for o u r choiccd of commercial a n d experimental c u l t u r e of t i l a p i a
(Oreochromis spp., Fam. Ci~hlidae).~for
the case
studies included in this book.
The version of MR given most emphasis in
this volume is t h e extended Gulland a n d Holt
plot, i.e., a multidimension extension of a bivariate
;

*ICLARM Contribution No. 443.

Why Tilapia for This Book?
,

Aquaculture of tilapia (Pisces, Cichlidae) has
progressed much i n t h e p a s t t h r e e decades
(Balarin a n d H a t t o n 1979; Pullin a n d LoweMcConnell 1982; Fishelson and Yaron 1983; Pullin
e t al. 1988). The main regions of production increase are several Asian countries and Israel. The
culture of tilapia has so far expanded little in Africa (Huisman 1986; Balarin l988), although these
fish are endemic to the continent (Fryer a n d Iles
1972; Trewavas 1983; Pullin 1988), and in Latin
America (Verreth et al. 19871, where it was introduced. However, interest in tilapia culture is widespread throughout the tropics (Pullin 1985, 1991).
Tilapia can tolerate a wide range of environmental conditions, such a s temperatures (Kutty
and Sukumaran 1975; Balarin 1988) and dissolved
++Ourdedication of this book to Dr. B. Hepher is thus not only
to express our respect: he i s the one who made this book happen.
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oxygen levels (Dusart 1963;Peer and Kutty 1981;
Fernandes and Rantin 1987; Ojda 1987;Tsadik
and Kutty 1987). They can be grown commercially
a t high stocking densities (Hepher and Pruginin
1981),tolerate frequent handling and are resistant
to fish diseases. Tilapia thrive on diets such a s
detritus (Vaas and Hofstede 1952; Bowen 1981,
1982; Hofer and Schiemer 1983; Salvadores and
Guzman 1983;Moriarty and Pullin 1987;Pauly et
al. 1988),phytoplankton and zooplankton (Le Roux
1956;Doha and Haque 1966;Moriarty 1973;Saha
and Dewan 1979; Hepher 1988). The locations of
the tilapia culture experiments and commercial
production systems analyzed in this volume are
depicted in Fig. 1.
A marked disadvantage of tilapia for aquaculture is their ability to reproduce early in life. This
leads to overpopulation in the ponds and "dwarfing" of the fish (Lowe-McConnell 1958;Iles 1973).
These can be overcome either through monosex
culture, based on manual sexing or hormonal sex
inversion (Sanico 1975; Wohlfarth a n d Hulata
19831, t h r o u g h polyculture with predators
(Hopkins e t al. 1982) or hybridization with other
species (Wohlfarth and Hulata 1983).

Tilapias are excellent model species for genetic
research because of their worldwide importance in
warmwater aquaculture and their short generation. These qualities make them very attractive for
investigating the application of genetics in aquaculture, from conservation of genetic resources to
breeding programs (Pullin et al. 1991).
Tilapia can be reared in a wide range of culture systems, ranging from normal earthen ponds
or sewage stabilization ponds (Hey 1955;Edwards
1992; Edwards and Pullin 1990; Bartone et al.
1985; Gaigher and Toerien 1985; Baozhen 1987;
Cointreau 1987), net cages (Armbrester 1971),
flowthrough tanks (Uchida and King 1962) and
raceways (Balarin a n d Haller 1983) to
recirculation systems in tanks and silos (Mironova
and Skvortsova 1967; Meske 1980; Spotts 1983;
Zentrum fiir Angepasste Technologie u n d
Sozialokonomie Langenbruck 1983;Rennert and
Steffens 1985; Provenzano and Winfield 1987).
They also tolerate both freshwater and seawater
(Hopkins e t al. 1986; Cheong et al. 1987). The
bulk of the commercially produced tilapia though,
is grown in freshwater, earthen ponds a t locations
in the intertropical belt, where these fish serve as

Fig. 1. Locations of data sources for multivariate analyses of tilapia growth presented in this volume (dots): Israel, Kuwait, Malak, Peru,
Philippines, United Kingdom and Zambia.

a n important protein source for the local human
population. Three types of systems of tilapia culture in earthen ponds can be distinguished (Pullin
Extensive pond systems receive no or only
low levels of energy and nutrient input
and low management requirements. These
a r e conducted i n monoculture or i n
polyculture with various species a t low
densities, receiving no or only little fertilization in form of organic manure. These
systems rely mainly on the natural productivity of the pond environment. Some
forms of integrated crop-livestock-fish
farming fall into this category (Schroeder
1986; Little and Muir 1987).
Semi-intensive pond systems receive intermediate levels of energy inputs (mainly in
form of labor) and management efforts.
Ponds a r e well-kept by their operators,
with intermediate stocking densities, and
receive sufficient applications of manure,
fertilizer and simple feeds in form of rice
bran, sorghum or grain meals. Most forms
of integrated crop-livestock-fish farming
systems a r e of the senii-intensive type
(Pullin and Shehadeh 1980; Little and
Muir 1987; Edwards et al. 1988).
Intensive pond systems require high levels
of energy inputs (in form of electricity or
fuel), manure and fertilizer applications,
with direct feeding of the fish with artificial feeds, i-e., pellets. Partly, aeration is
applied on a nightly schedule. Tilapia are
grown in polyculture with different species,
such a s carp, mullet, catfish, gourami and
prawn (Hepher and Pruginin 1981).

Models in Pond Aquaculture
A multitude of factors interact dynamically in
fishponds and influence fish production. Some of
the factors are uncontrollable (e.g., meteorological
variables), while others may be regulated through
management (e.g., stocking density, manure, fertilizer and feed applications, aeration, pond design
and water exchange). Their interactions and their
resulting effects on fish growth are only partly
understood. Pond managers and scientists strive to
make the behavior of these systems more predictable, particularly as the systems themselves undergo internal changes over a culture cycle. The
ultimate goal is to have a mathematical model
which describes the fishpond system to a required

degree of precision. With such a model, predictions
of fish growth and production can be made, while
simultaneously considering variations, for example,
of water temperature and stocking density. Management decisions can be made and culture strategies can be planned according to economic constraints and market demand (e.g., fish size or harvest date).
Several modelling applications to aquaculture
systems exist (Allen e t al. 1984; Bernard 1986;
Balchen 1987; Cuenco 1989). Usually, when these
applications deal with fish growth, the models pertain to species of high market value, such a s catfish (Miller 1985; Cuenco e t al. 1985a, 1985b,
1 9 8 5 ~Machiels
;
and Henken 1986, 1987; Machiels
and van Dam 1987; Machiels 1987), trout (Sparre
1976; JQrgensen 1976; Sperber et al. 1977; Elliott
1979; From a n d Rasmussen 1984), eel
(Houvenaghel and Huet 19871, gilthead seabream
(Unger 19831, lobster (Botsford et al. 1974, 1975;
Botsford 1977; Rauch e t al. 1975; Botsford and
Gossard 19781, or shrimp (Azizan 1983; Huang et
al. 1976; Polovina and Brown 1978; Griffin e t al.
1981, 1984; Leung et al. 1984).
Bioenergetic models of Nile tilapia
(Oreochromis niloticus) growth were developed by
Melard (1987) and Ross e t al. (1988). For studying
the production of Nile tilapia in ricefields, van
Dam (1989) suggested two modelling approaches,
i.e., an empirical multiple regression model and a
dynamic simulation model. Bhattarai et al. (1986)
published a model of Nile tilapia growth i n
septage-fed ponds, based on nitrogen loading rates.
McDonald (1984) developed a set of equations describing phytoplankton ingestion by blue tilapia
(0. aureus) and its effect on the algal concentrations. Griffin et al. (1980) presented a bioeconomic
model of tilapia production in a chicken manurefed wastewater treatment system.
Common to most of these models is the need
for detailed information on the quality and quantity of nutrients available to the fish i n form of
feeds or phytoplankton and on oxygen content.
Models exist to represent such variables in the
pond environment (Piedrahita 1988). These models
enable estimation, for example, of plankton availability to the fish (Patten 1968; Piedrahita 1984;
Piedrahita et al. 1984; Svirezhev et al. 1984; Laws
et al. 1985; Smith and Piedrahita 1986) and diurnal oxygen dynamics (Busch e t al. 1977; Boyd et
al. 1978; Romaire 1979; Romaire and Boyd 1979;
Meyer a n d B r u n e 1982; Meyer e t al. 1983;
Piedrahita e t al. 1984; Piedrahita 1988). The

variables required to parametrize these models are
numerous though, and are not routinely measured
in most pond experiments. F u r t h e r , published
models a r e usually calibrated u s i n g t h e very
dataset from which they were developed and are
therefore valid only for very similar environments.
When aquaculture systems a r e not well-studied
(i.e., when detailed measurements of the pond environment a t short intervals are not made), models
cannot be developed without making highly simplifying assumptions.

Multivariate Analysis of Pond Aquaculture
An alternative to these mechanistic, or "internally descriptive" models (Piedrahita 1988), is the
development of empirical models, based on statistical relationships. In pond experiments, only a limited number of variables can be measured, usually
inputs and outputs, i.e., the internal processes of
the pond ecosystem are treated a s "black boxesn
(Pauly and Hopkins 1983; Piedrahita 1988). Given
some knowledge on the pond ecosystem, however,
causal hypotheses linking inputs and outputs can
be formulated, which can then be tested for statistical significance, based on measured data.
In aquaculture research, the statistical methods used for the derivation of empirical relationships are mostly univariate or bivariate in nature
(e.g., t-test, correlations, linear regression, etc.).
The common approach of the analyses is to deduct
key relationships between variables in the systems
or to rejectkonfirm hypotheses formulated a priori,
through pairwise comparisons of variables.
To move beyond this, two approaches are possible. Either available data from experiments initially designed for analysis with univariate or
bivariate methods can be assembled and standardized, then reanalyzed using multivariate methods.
This approach is the one t h a t was used throughout most of this book. The alternative is to design
and conduct new experiments for the explicit purpose of analysis with a particular multivariate
method. The advantage of the former approach is
that large amounts of data from all kinds of experiments, species and systems are already available in the desk drawers of many laboratories all
over the world. The disadvantage is that the "experimental design" will have shortcomings; these
will generally reduce the extent to which the insights gained are a s innovative and far-reaching as
initially hoped for. The latter approach permits
the researcher to exploit the full analytical potential of a given method. However, the experiments

that are required will be costly and time-consuming.

Ove~ew
of Methods
for Multivariate Analysis
Multivariate analysis techniques can be classified in two different ways (Backhaus e t al. 1989):
t h e first of these distinguishes t h e individual
methods according to the requirements towards
the data to be analyzed. The second classifies the
methods according to application-oriented criteria.
With the first type of classification, the data
required for analysis either exist or are still to be
collected. The quality of the data depends, among
others, upon t h e mode of measurement. Some
variables a r e relatively easy to measure (e.g., fish
length) and others a r e extremely difficult (e.g.,
natural food availability in a fishpond).
The numbers assigned to a certain variable are
a r r a n g e d on a c e r t a i n scale, which i s e i t h e r
nonmetric (with nominal and ordinal scales) or
metric (with interval or ratio scales). I n some
cases, nominal variables can be expressed metrically in form of dummy variables (see below).
The second way of classification of analysis
methods distinguishes between mainly exploratory
(or structure-identifying) methods and mainly confirmatory (or structure-testing) methods (Mosteller
and Tukey 1977; Tukey 1977; Backhaus e t al.
1989). These two criteria can be described a s follows:
1. Exploratory methods a r e m u l t i v a r i a t e
analysis methods aimed primarily a t identifying interrelationships and structures
among the variables.
I n this case, a t the beginning of the
analysis, the researcher does not have a
precise understanding a s to which relational interdependencies exist in a dataset.
Methods which can identify possible relationships in a dataset are factor analysis1
principal component a n a l y s i s , c l u s t e r
analysis a n d multidimensional scaling
(Backhaus e t al. 1989).
2. Confirmatory methods have the primary
aim of testing the hypothesized relationships between variables. The researcher
h a s a n understanding of the interrelationships based on theoretical reasoning or
logical conclusions from known facts, and
these lead to the formulation of hypotheses
which are then tested and quantified. The

relevant multivariate methods are correlation analysis, MR analysis, canonical correlation, analysis of variance (AV), analysis
of covariance (ACV), discriminant analysis,
conjoint analysis and the LISREL (Linear
Structural Equation Modelling) approach
to c a u s a l (or p a t h ) a n a l y s i s (Morrison
1 9 7 6 ; M a r i n e l l 1 9 7 7 ; H a f a n d Cheaib
1985). Application of these methods to
a q u a c u l t u r e m a y be f o u n d i n M o r i t a
(1977), J a n a and De (1983), Prikyrl and
Kepr (1984), E k n a t h a n d Doyle (1985),
Milstein e t al. (1988, 1989) a n d P r e i n
(1985, 1987, 1990).

Ezploratory Methods
Exploratory methods h a v e in common t h a t
they are mostly applied to datasets with numerous
variables collected to answer a specific question.
Here, t h e methods a r e used to reduce t h e large
amount of individual information embedded in distinct variables and objects into a few key components representing the major elements or relationships in the data. Factor analysis is used to reduce the number of variables in a dataset to few,
central, "zero-loading" variables. Cluster analysis
combines t r a i t s of objects, and not variables, to
describe groups (or clusters) in which the objects
are very similar to each other in relation to their
descriptive traits (variables). Within a cluster the
objects should be homogeneous, whereas the clusters should be heterogeneous among each other.
Multidimensional scaling (MDS) only searches for
global similarities between objects (which are not
described by variables) and attempts to depict the
measured similarities in a space of least possible
dimensions (Backhaus e t al. 1989).
Confirmatory Methods
In all hypothesis-testing methods, the variables
are divided into dependent and independent variables, and the researcher is assumed to have a n a
priori understanding of t h e basic relationships
among the variables before conducting the analysis. In MR, hypothesized relationships between one
dependent variable and several independent variables can be tested.
If the independent variables are measured on
a nominal scale, and the dependent variable on a
metric scale, then analysis of variance is applied.
On the other hand, if the dependent variable is on
a nominal scale and the independent variable is

on a metric scale, then discriminant analysis is
used. The latter method can also be used to test
the results of cluster analysis, where the object
grouping (clusters) a r e regarded a s dependent
(nominally scaled) variable (Backhaus et al. 1989).
The methods listed above assume that all variables are real and measurable. In cases where experimental or n a t u r a l conditions preclude t h e
m e a s u r e m e n t of i m p o r t a n t key variables, t h e
LISREL approach to path (or causal) analysis is
advisable (Joreskog a n d Sorbom 1984). H e r e
unmeasurable variables are accounted for through
hypothetical constructions, termed "latent variables".
A notable example h e r e i s t h e s t u d y by
Eknath a n d Doyle (1985). A LISREL model was
developed by specifying a priori the interrelationship between measurable (or observed) physical
features of fish scales such a s number of growth
checks, circuli counts and spacing between circuli
and the "latent" life history variables to be estimated, namely, pre-maturation growth rate, actual
age and age at maturation. The estimated life history variables were subsequently used for genetic
analysis in fish farms where such fundamental
data were not available.
Another method for use when certain variables
cannot be measured is tetrachoric correlation
analysis (Kendall and Stuart 1974) for estimation
of the "repeatabilitf of relative size of individuals
reared communally when size records are obtained
in the form of dichotomies, i.e., whether individual
sizes are greater or less than population means a t
each census and obtained in situations where individual marking is not possible (Eknath and Doyle
1990).
The above-mentioned methods are not exhaustive and their classifications not always clear-cut.
Here, the focus is on applicability of the methods
to aquaculture research, which does not preclude
t h a t in the future, other methods will successfully
be applied to this field (see below). Details of the
individual methods mentioned here are given in
the respective contributions.

The Relationships between Multiple
Regression and Analysis of Variance
This contribution, and by extension, the volume of which this is the "lead article", reiterate
t h a t multivariate methods exist t h a t are suitable
for analysis of data obtained from aquaculture systems. Reiterating this appears necessary in view of

t h e continued tendency, by 'field-orientated"
aquaculturists, to underutilize the data they obtain
from the costly experiments they conduct, by applying methods that are not powerful enough, or
which cannot account for more than one or two
effects a t a time.
Particularly, we would like to convince the
readers that multiple regression (MR) and its derivatives (e.g., path analysis) and variants (e.g.,
canonical analysis) should be methods of choice for
aquaculturists, rather than analysis of variance
(AV), presently taught as the basic tool for analysis of aquaculture experiments and often used
alone.
Some statisticians see MR and AV as equivalent 'general linear models", and hence, we may
seem a s quibbling about the details of a long resolved issue. This would be wrong, because MR
and AV, while sharing a large part of their assumption and mathematics, are, in fact, taught
and therefore used differently, with a strong tendency for the users of MR to quickly perform the
transformations, contrast coding and other robust
procedures that lead to predictions while AV users
seem forever to argue about whether the rigid assumptions of AV are met, even when i t is used
only for description. Thus, for example Underwood
(1981), in a much-cited review paper, estimated
that only 12% of 151 published papers he examined had used AV "correctlyn. He thus wrote that
"an inescapable conclusion must be that the techniques a r e insufficiently understood by many
workers, despite the many excellent and eminently
readable texts which discuss analysis of variance."
However, given the otherwise high standard of
t h e a u t h o r s of t h e 1 5 1 p a p e r s h e examined,
Underwood (1981) could also have concluded equally "inescapablyn - t h a t something must be
wrong with a technique which i t s practitioners
cannot seem to ever use correctly.
This conclusion is supported by Cohen (19681,
who recalled the trade-off behind AV: hard-to-meet
assumptions which markedly facilitate computations.
With the advent of personal computers, this
trade-off is no longer necessary; Cohen (1968)
wrote on this:
"The MR procedure, in general, requires the
computation and inversion of the matrix of correlations (or sums of squares and products) among
the independent variables, a considerable amount
of computation for even a modest number of independent variables. I t is true that classical AV,

whose main effects, interactions, polynomial trend
components, etc., are mutually orthogonal, capitalizes on this orthogonality to substantially reduce
the computation required. Whatever computational
reduction there is in AV or MR depends directly
on the orthogonality of the independent variables,
which we have seen is restricted to manipulative
experiments, and is by no means an invariate feature of such experiments.
However, given the widespread availability of
electronic computer facilities, the issue of the
amount of computation required in the analysis of
data [...I dwindles to the vanishing point [...I. The
typical [users] of a typical computer facility require that a computer program which will analyze
their data be available in the program library.
Such programs will have been either prepared or
adapted for the particular computer configuration
of that facility. Unfortunately, it is frequently the
case that the available AV program or programs
will not analyze the particular fixed AV design
which investigators bring. Some AV programs are
wanting in capacity in number of factors or levels
per factor, some will handle only orthogonal designs, some will handle only equal cases per cell,
some will do AV but not ACV, some of those that
do h a n d l e ACV c a n h a n d l e only one or two
covariates. Many will not handle special forms of
AV, for example, Latin squares.
On the other hand, even the most poorly programmed scientific computer facility will have a t
least one good MR program, if for no other reason
than its wide use in various technologies, particularly engineering. All the standard statistical program packages contain a t least one MR program.
[...I In contrast to the constraints of AV programs,
the very general MR program can be particularized for any given design by representing (coding)
those aspects of the independent variables of interest to the investigator according to the principles
which have been described."
We leave i t to the reader to consult Cohen
(1968) for h r t h e r aspects of the interrelationships
between MR and AV.

A Note on Data Manipulations
Cohen (19681, in his discussion of the versatility of MR,emphasized dummy variables, contrast
coding and linearizing transformations, i.e., techniques of which some forms h a v e been used
throughout this book.

1989) and previous applications to aquaculture
have not come to our attention. We recommend its
use for datasets such a s documented in Appendix
11.
Colleagues planning to reanalyze the d r t a in
Appendix 11 and/or analyze similar data might
wish to consider two other techniques, known
since two decades, but which we didn't use in the
MR analyses presented here:
(iii) using a dummy variable to code for
"filled in" values of independent variables;
(iv) using geometric mean or "functional"
MR instead of the predictive model
that is incorporated in most software
packages,
Filling in values of missing data points is necessary to prevent substantial data losses in cases
where one value of the dependent variable (which
is never "filled in" when absent) is matched with a
large number of values for the dependent variables, of which only one might be missing (Prein,
this volume). The various procedures used to fill
in data are outlined in the contributions where
data were filled in. However, in none of these contributions were these observations coded as suggested by Cohen (19681, which would have enabled
evaluation of the technique used for filling in the
missing data (i.e., of the bias induced by the filling-in procedure itself). We recommend that this
procedure be used in future analyses.
Item (iv) is related to the fact t h a t the MR
routine incorporated in software packages uses, in
virtually all cases, plots of Yi on Xi, on the assumption that only the Yi are measured with error

We have given little emphasis, however, to
some recent (and some not so recent) elaborations
of these techniques, of which some would probably
have improved our analyses. We mention these
techniques here, in the hope that readers may be
inspired to apply them to our data (see below on
their availability). These techniques are:
least median squares (LMS) methods of
(i)
Rousseeuw and Leroy (19871, along
with their PROGRESS software; and
the ACE algorithm of Breiman and
(ii)
Friedman (1985).
The approach in (i) enables MR analysis to be
unaffected by outliers, a s the technique only uses
the "bestn 50% of available observations. I n the
case of "messy" data such as those freqaently obtained from aquaculture experiments, this procedure has considerable advantages, especially when
the datasets are large, and lots of time must be
devoted to identification of outliers. This technique
was used in only one of the contributions in this
book (Prein, this vol.); we recommend its general
use.
The approach in (ii), a very recent development in statistics, enables the user to identify the
linearizing transformation most appropriate for a
given dataset.
Here, the result is not a set of parameters defining a given MR, but a set of scattergrams (one
per variable, see Fig. 2) describing the "optimal
transformations", i.e., those ensuring linearity of
the variables included in the method.
This approach was only recently introduced
from p u r e statistics into fisheries research
(Mendelssohn and Mendo 1987; Cury and Roy
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Fig. 2. Transformations that would be mquired for a multiple linear regression of growth rate (GR) us length (A),
sex (B) and density (C) of the Nile tilapia data as obtained by applying the ACE algorithm of Breiman and
F'riedrnan (1985) to a subset (N=500) of the Nile tilapia data in Mair and Pauly (this ~ 1 . )the
; transformation in A
suggests that the extended Gulland and Holt plot did not fully linearize the relationship between GR and length;
the two-point transformation in B is as expected from a dummy variable; the transformation in C suggests that
density, when low, is negatively related to GR, but that its relationship to GR changes at higher densities. See text
for implications.

(Ricker 1975). This is not a realistic assumption,
and when the available data scatter widely around
the trend lines, a marked bias occurs, i.e., the partial regression coefficients are underestimated.
This may perhaps be alleviated by using an
MR extension of t h e approach advocated by
Schnute (1984) (which we have not investigated,
however), or by assuming similar errors in the Yi
and X,, in which case geometric mean MR can be
used (Pauly 1986; Prein and Pauly this vol.). We
have not followed up on this issue, however, but
feel that this would be worth pursuing, given the
wide scatter of some of the datasets in Appendix
11.

Rationale for Sharing Data
On Using 'Old' Data
As stated above, one of the incentives behind
this book is to demonstrate the cost effectiveness,
in terms of research output of using data that are
already existing, collected in the context of earlier
experiments (Pauly 1988), instead of conducting
new, costly and time-consuming experiments. In
most aquaculture research institutes, large
amounts of experimental data are routinely produced, and these accumulate over the years. The
experiments are conducted for various purposes
with different approaches, but mostly consist of
factorial designs for testing the effects of different
variables on fish growth. Mostly, these data are
analyzed superficially, only to answer the questions which initially invoked the experiments.
However, these data could serve for further analyses for which more information could be extracted
and further questions answered, particularly if
several datasets are combined, e.g., from different
locations, but with the same species or strains
(Prein and Milstein 1988), or in the context of
meta-analyses (Rosenthal 1984; Wolf 1986; Mann
1990).
'Public Domuin' Data
Given the above, it will generally be useful to
reanalyze 'oldn, existing data, particularly with the
new methods mentioned above. However, this requires a common understanding among aquaculture scientists to share with colleagues the raw
data they have produced, as has been the case, for
decades, in oceanographic and meteorological research and a s practiced by the USAID-funded
Aquaculture Collaborative Research Support Pro-

gram (CRSP), which has deposited hard copies of
their standardized dataset in the ICLARM Library,
and which also will make summaries of these
same data available through FishBase, the computerized encyclopedia on fishes (Pauly and Froese
1991). In spite of problems associated with differences in experimental design, data measurement,
documentation standards, recording formats etc.,
this approach has a high benefithost ratio compared to conducting new experiments. This approach may also help fellow scientists formulate
more sophisticated hypotheses, since they can base
their designs on information extracted from available datasets. Also, scientists without access to experimental pond facilities can cooperate with others that have accumulated data and thereby still
contribute to aquaculture research. This approach
may also help to reduce costly duplication of research. In line with this argumentation, all data
(and original software) used in this "data-rich
book" (Pauly 1993) are available a t nominal cost
to anyone who asks for them either in summary
form, through FishBase, or in full (see Appendix II
for details). We encourage interested colleagues to
'squeeze" these data even more than we have
been able to.
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