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GROWTH PARAMETERS

Since this new method allows for VBGF growth parameters to be
derived from aquaculture experiments, the values of Loo and K
reflect the quality of the culture system.

PAULY (1978) gives values of Loo and K for Nile tilapias from
lake Tiberias in Israel:

35.7 cm K
33.3 cm K

0.501
0.538

males Loo
females Loo

HOPKINS & CRUZ (1982), based on a preliminary analysis of their
data, derived estimates of K for experiments with different
livestock types:

2.93

PIG K
K = 4.06

CHICKEN

The value for K derived in this study is 5.409 indicating more
rapid growth 1in aquaculture compared to fish from wild habitats.
For each interval (n = 713) a different value of Loo was
produced. These can therefore be used to evaluate the overall
productive potential in the pond, since the interactions among
the variables and their combined effects on growth are all united
in one term. The calculated values of Loo range from 15.8 to 25.6
cm. The intervals leading to the lowest values for Loo had
following environmental values in common:

interval Loo environment
No.
434 15.8 small ponds (400 m2)
446 15.8 Livestock type: DUCK
452 15.8 manure input 35 - 77 kg dmat/ha*day
436 15.8 A.M. oxygen 60 - 70 %
484 15.8 ample rainfall (11.9 - 12.2 mm/day)
448 15.9 Tow wind (37 - 51 km/day)

radiation about 320 ly/day
time: Sept. - Oct. 1978

Contrastingly the highest values for Loo are:

interval Loo environment
No.
251 25.9 large ponds (1000 m2)
262 24.5 Livestock type: PIG
663 23.9 manure input (81 - 113 kg dmat/ha*day)
231 23.8 A.M. oxygen 0.6 - 7.9 %
257 23.8 low rain (0.4 - 2.8 mm/day)
279 23.9 moderate winds (133 - 275 km/day)

radiation (415 - 453 1y/d)
time: Oct. - Dec. 1979
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Generally, the same trend is reflected here as in the multiple
regression equation. Especially the effect of the oxygen variable
is elucidated.

GROWTH PREDICTION

The derived parameters of the von Bertalanffy growth function
allow for prediction of growth and therefore final yields and
simuitaneously considering changes in the environmental vari-
ables.

'CLOSE-RANGE" PREDICTION

The model oproved adequate to closely predict fish endlengths in
the sample data set on which it was developed. Since the slope of
0.991 is aimost unity, a correction factor for model bias needs
not to be introduced.

A test of the model, predicting endlengths in the part of the
data not initially considered for model construction, also proved
highly significant. The slope of 0.987 likewise is very close to
unity. The model therefore proved valid also on data of similar
experimental design.

' LONG-RAMGE' PREDICTION

Starting from the stocking length in all 116 experiments the
harvest endlengths over all intermediate intervals could be
predicted with good precision. This quality of the new method
thus appears to make it a primary candidate for management
decisions in aquaculture.

DISCUSSION OF THE METHOD

When employing the method, three points must be carefully
considered in design, execution and analysis of experiments. The
first two concern data collection, the third refers to technical
procedures in construction of the regression equation:

1. Adequate sample sizes are crucial. The dependent and the
primary predictive variable are based on size measurements
conducted on a population sample. Any bias produced here will
have severe consequences on the precision of final inter-
pretation and growth prediction. This problem was unmistakenly
pointed out by LOVSHIN (1984), who gave lucid examples of the
problems one encounters when "only? intending to obtain a
representative sample of a fish pond population. Even when
sampling as much as 20 ¥ of a population, the computed
averages missed the real population mean by 4 % at best and by
20 % at worst!

A comparision with the procedures followed here (Table 5 )
leads to the conclusion that the sample sizes in the
ICLARM/CLSU experiments were small and must be regarded as an
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important source of error for the whole method. Also, sampling
problems are indicated by the very large variation in growth
rates at respective sizes in Fig. 24 , where 19 cases have
highly improbable negative values.

Also, the seining procedures should be carefully designed,
since fish quickly learn to evade the gear (CHERVINSKI 1980).

Total No. Tilapia
number of pond size stocked % of population
tfish/ha m2 per pond sampled
20000 ' 1000 1700 2.9
10000 1000 850 5.9
20000 400 680 7.4
10000 400 340 14.7

2.

Table 5. Calculated relative sample sizes of the different ponds
and stocking densities. Absolute sample size was 50
fish ( HOPKINS & CRUZ 1982).

Bias in the environmental variables will always be a
consequence of the interval duration resulting from the
maximum possible frequency of fish sampling. Variations over
the day and over the whole interval will be amalgamated into
one single value to reflect the central tendency 1in the
interval. The derivation of this statistic by simply averaging
the data may produce make-believe effects through "averaging-
artefacts". Therefore, having only few values, non-symmetric
distributions or outliers, the median should always be chosen
as a measure of central tendency (SNEDECOR & COCHRAN 1982,
SACHS 1984).

According to the rules of multiple regression (i.e. ortho-
gonality of predictors), independent variables that show high
correlations with other independent variables, should not be
entered into a regression equation, thus avoiding collineari-
ty. It is always assumed that the effects of the independent
variables on the dependent variable are direct, linear and ...
independent. Since the inclusion of mean length as the first
variable s obligatory, the researcher's options will be
limited in that variables increasing or decreasing closely
with Tlength should not be introduced into the equation. Here
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important explanatory information may be lost. Therefore it is
the job of the researcher to investigate the interrelation-
ships causing the correlation and eventually decide to "bend
the rules" for the sake of a better explanation of growth,
while being aware of the potential collinearity problems. Not
including these correlated variables in the regression may
lead to their effects remaining undiscovered. The use of path
analysis may prove here to be very helpful.

Particulary with respect to correlated predictor variables,
other muitivariate methods show promise to identify effects
among and between tese variables and growth. These methods
are: canonical correlation, multivariate analysis of variance,
discriminant analysis and factor analysis.

The new method applied here is thought not to replace but to
suppiement common procedures in the analysis of aquaculture
experiments which do not permit the simultaneous concideration
of tne effect of several factors on fish growth. It has
superior qualities though, in that it allows for growth
prediction on the basis a growth function widely used in
fishery research.
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PATH ANALYSIS

A path diagram was designed with the growth prediction equation
obtained above. Here all predictive variables have a direct path
to the dependent variable, since the diagram is the result of a
single multiple regression equation (Fig. 33):

BODS5
-0.55
035 OXYGEN —=2 GRATE
-0.50 Lo
/ 083
LMEAN / 088
POND
SIZE RESIDUAL
EFFECT

Fig. 34. Path diagram of "Extended Gulland-and-Holt" equation.

The predictor with the strongest influence on growth rate is mean
length, obviously in line with the Gulland-and-Holt method as
the backbone of the whole structure. The other variables show
considerably smaller influence, led by percent oxygen content,
although with a negative sign. A1l these variables contribute to
a certain extent to the overall explanation of variance in growth
rate.

There 1is a relatively high correlation between mean length and
oxygen content. Mean early morning oxygen content decreases with
experiment duration in the ponds (Fig. 18 ), as mean length
increases (i.e. both variables change with time). The misteading
negative sign of the path coefficient has been discussed above.
In reality it dincorporates the positive effect of increased
nutritional supply on growth. Likewise, the high negative
correlation between manure BOD5 and oxygen content suggest a
depressing effect caused by increasing manuring rates, revealing
a compound path running via oxygen content.

The strong relationship found earlier between wind and water
temperature is reflected by the high correlation between them.
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In an effort to elucidate the causal relationships in a system in
more detail, the available data was used to devise more elaborate
diagrams followed by different multiple regressions.

The analysis is restricted to the available variables, since no
particular chemical and microbiological water and soil parameters
and fish nutrition (zoo- and phytoplankton, etc.) data were
availablie.

Of the many models conceivable, the general structure contained
in the model above is the basis of all (Fig. 34).

0.12

RADIATION
WATEMP LMEAN

\
o

‘S
®

MANURE-45 i
UR OXYGEN —=—» GRATE

/
0.74 N
BOD5 / /

o

PON D 0.38 POND 0.57
AGE SIZE
RESIDUAL RESIDUAL
EFFECT EFFECT

Fig. 35. Path diagram showing more detailed effects on oxygen
regime, maintaining the general structure of the
"Extended uulland-and-Holt" equation.

The amount of directly predictive paths on growth rate is reduced
to three. The high influences of mean length and oxygen content
and their interrelationships were mentioned above.

The central variable is the early morning oxygen content. The
highly interwoven causes for its variation were described above.
Discussions here will mainly refer to relationships depicted by
the path diagram that were not mentioned earlier. The respective
negative influences of radiation, water temperature, and manure
data show considerably less influence than the age of the ponds.
As known to fish pond owners, older ponds reach high productivity
levels much faster after stocking than newly excavated ones. Also
a residual effect of manure loading in the sediments may be a
reason for this effect.

As denoted above, the early morning oxygen content mainly
reflects the plankton content in the pond. In interpreting the
path diagram one should bear this fact in mind. Increasing
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radiation will lead to higher plankton content and Tlower A.M.
oxygen levels, therefore the negative sign. Similarly, the very
weak effect of increased temperature leads to slightly higher
production rates. Wind occurs mainly in the dry season with high
temperatures and amounts of radiation, referring to above
mentioned variables. The regular afternoon breezes have an
oxygen-stripping effect on the prevailing supersaturations, thus
reducing the oxygen storage for the coming nightly depletion
(SCHROEDER 1975). Increased manure amounts and BOD of the manure
obviously cause plankton blooms that in turn affect oxygen
consumption at night. As no positive effects of direct variables
on oxygen content are identified, the overall negative influence
on oxygen is united into a strong negative compound path between
oxygen and growth rate.

The residual effect accounting for unexplained variance in oxygen
content is lower than the residual coefficient for growth rate.
The oxygen dynamics therefore are explained to a greater extent
than are the variations in growth rate. This is obvious in view
of the tremendous variation in growth rate data. Possible sources
of error in their assessment have been discussed above.

Situated between weather-, manure-, pond parameters and oxygen
data, the above mentioned missing variables could, if quantifiea
in a similar context, add to an overall explanation of an
integrated aquaculture system. The effect of their measurement
and inclusion in this type of analysis are questions left for
future studies.

Beyond this, two further advantages of the method should be
mentioned. Instead of standardised coefficients, "concrete", i.e.
unstandardised coefficients (KIM & KOHOUT 1975) may be inserted
into the causal scheme, thus permitting to uncover causal
relationships in a system which are directly transferable to
other similar systems. The second advantage is the capability to
jdentify the effects of unmeasured, or even not explicity defined
variables in a system (for details see LI 1975).

In agriculture, path analysis models comprising up to 32
variables have been conceived (DORFEL & NEUMANN 1973, RASCH
1983). Given the necessary data, more extensive analysis in this
respect seems rewarding.
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