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The VBGF can also be expressed for growth in weight as:

Wt =W_(1- exp (-K(t-to)))*b @
where W_ is the weight corresponding to L,

K and 'to are as in (1)
and b is the exponent (generally near or equal to 3) of the 1ength-we1ght rela-
tionship of the form ‘_

W=alL"b 3

“The growth parameters (K, L and/or W_) were all estimated from size-at-
age data in the literature cited. All estimates refer to aquaculture growth ex-
periments laetmg at least three months and conducted with fish :atocked at
weight usually not less than 10 g. Most estimates were obtained usmg the
ETAL computer program (Gaschiitz et al 1980) which allows consideration of
seasonal growth oscillation when these were manifested in the data.

In cases where the growth curve in weight did not exhibit the typical S
shape of a VBGF for weight growth (resulting in irrealistic values of W_ when
fitted to the data) an alternative to the VBGF was used to describe growth ie.
logistic curve of the form

Wt=W_/ (1 + Exp(-G(t-ti))) @

where G is a constant of dimension 1itime
ti is the age of fish for which Wti = Wy /2 (Moreau 1987)

This equation was ﬁtted to data usmg the Microsimplex routine of
Schnute (1983). Equatlon (4) implies that growth rate dW/dt is maximum

when Wti = W_/2 i.e. at ti. Maximum growth rate can thus be computed
from -

(dw/dt), = W_* G4 ®)

fn the VBGF, on the other hand (see Pauly 1979 in Moreau et al 1986),
maximum growth rate is defined by

(@w/dt) = (/9) * K * W, ®

Hence if W, and G have been estimated using equation (4), dw/dt max
can be estlmated usmg equation (5) equated to- equatlon (6) and the latter
solved for K;

- Al welghts are in g live weight, all lengths are standard lengths in em
and all values of K are in year-1. )

Comparisons of growth performance were done follovnng Moreau et al
(1986) and Pauly et al (1988) on the basis of the index
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0'=1log K+ 2*log L_ )

as defined by Pauly and Munro (1984). The values of @' thus obtained were
then plotted in two graphs comparing the growth of hybrids and their parent
species. These comparisons all refer to all male hybrids except in the case of O.
mossambicus * O. niloticus where both sexes are involved.

The arithmetic mean and its standard error have been computed for the
index 0' for those Tilapia hybrids in which three or more data sets are avail-
able. Similar information is provided for the four most important parental spe-
¢ies: O. aureus, O.niloticus, O. mossambicus and O. hornorum.

Results

A compilation of the growth parameters and @' values are shown in
Tables 1 and 2 while mean @' values .and associated statistics of well docu-
mented hybrids and parent specxes are presented in Table 3. A summary of
comparisons between hybrids and parent ‘species for all cases in Tables 1 and
2, i.e. mainly cases in which hybrids'and parent species have been grown in
various systems is presented in Figure 1. In three groups of hybrids out of
four, the growth performance of hybrids was, on an average, intermediate to
that of the parent species. Only one case, (0. mossambicus * O. niloticus),

Table 3. Growth performance index and relative statistics for some tilapia hybrids and their
parental species (n=number of studies : ije; Sets of K and L_ values.

o o' o'

Hybrid? or species; Location (% males) n  min mean max s.e c.v
0. mossambicus x O. hornorum?® (100) 13 295 - 3.24 3.86 0.06 7.0
O.mossambicus x O.niloticus® (33) 9 298 3.22 3.39 0.05 4.7
O.niloticus x O.aureus® (100) 25 2.84 3.2 3.5 0.03 5.3
O.niloticus x O.hornorum® (100) 11 3.08 3.28 3.54 0.05 48
Red tilapia O.niloticus x O.mossambicus 8 28 3.04 3.29 0.06 5.5
Thailand (80)
O. niloticus

(50) ¢ 43 2.64 3.17 3.59 0.03 6.5

(100) < 27 2.95 3.3 3.72 0.04 6.4
O. mossambicus

(50) ¢ 17 263 3.14 3.5 0.06 73

(100) ed 16 2381 3.36 3.61 0.06 7.2
O.aureus

(50) ¢ 16 283 3.11 3.33 0.04 4.7

(100) <4 11 283 3.18 342 0.05 5.7
O. hornorum

(50) ¢ 5 277 2.88 2.97 0.03 2.6

(100) <4 2 296 3.15 334 0.13 6.0

amaternal x paternal species
bfrom Table 1

cfrom Pauly et al (1988).
dfrom Table 2
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Table 4. Growth performance index of tilapia hybrids and parent species cultivated under
the same culture system.

Location: hybrids® or parent sp. (% males) n 9' min @' mean @' max
Taiwan O. niloticus® (50) 4 2.93 3.02 3.11
O. aureus® (50) 5 2.76 2.87 3.02
O. hornorum® (50) 55 2.77 2.88 2.97
O. hornorum x O. aureus® (67) 1 - 3.01 -
O. aureus x O. niloticus® (54) 1 - 3.45 -
O. niloticus (100)® 1 - 3.02 -
O. aureus (100)® 1 = 2.89 "

O. niloticus x O. aureus (100)f° 2 3.06 3.07 3.08
Thailand

O. niloticus® (50) 2 2.92 2.96 3.00
O. mossambicus ¢ (50) 2 2.92 2.95 2.97
O. niloticus x O. mossambicus ¢ (65) 2

2.98 3.01 3.03

3maternal x paternal species

bfrom Table 2

‘from Table 1

dPauly et al. (1988), based on Chotiyarnwong (1971)

suggested that the tilapia hybrids may have a better growth performance than
the parent species. However, productions systems in which people grow hybrids
may have been more sophisticated than the production systems in which the
parent species were raised. In order to account for this treatment effect we
have extracted from Tables 1 and 2 the growth parameters for hybrids and
parent species raised in the same culture system; this led to Table 4 and Fig-
ure 2. All groups of hybrids for which appropriate data are available have
growth performance indices higher than their parent species.

Although the scantiness of the data at hand does not warrant strong
statements, -this result suggests evidence of positive heterosis for growth in F1
hybrids. '

Discussion and Conclusion

Direct comparisons of growth performance between hybrids and parental
species in ponds showed better growth of the hybrids even if it was not re-
garded as a «significant difference». For instance, Smitherman et al (1984,
quoted by McAndrew and Majundar 1989) stated that hybrids O.niloticus * O.
hornorum did not grow better than the all male O. niloticus whereas O.
niloticus * O. aureus exhibited better growth. Lovshin et al (1977) showed that
all males O. niloticus * O. Hornorum grew 18% higher than male O.
niloticus. A similar result was obtained by Dunseth (1977) in a different cul-
ture system. , '

The present paper provides similar information in a culture system basis
but does not allow more general statements. This might come from the limits
of the suitability of the index of growth performance 0' for the present pur-
poses. It might have been intended to be used in conditions which are beyond
its potential sensitivity for growth performance analysis. We have elaborated
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Figure 1: Mean growth performance index and range of Tilapia hybrids (open squares) and their parent species (left: maternal species, right: paternal species).
Hybrid data from table 1; data on parent species from Pauly et al (1988) and table 2; n refers to the number of cases (i.e. sets of L_and K values) and value in brackets
to mean percentage of males. Note that 0' values stem from various culture systems.
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Figure 2: Mean growth performance index and range of Tilapia hybrids (open squares) and their parent species (left:maternal species; right:
paternal species), kept in the same culture system (data from table 4).

E: Kuo and Tian (1985, 1986, 1987, 1988, 1989)
F: Kuo and Tian (1985, 1986, 1987, 1988, 1989)
G: Chotiyarnwong (1971)

H: Kuo and Tian (1984)
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another approach to characterize Tilapia populations based on the concept of
«growth space» (Pauly et al 1996) which will be used for future contributions.

Tilapia hybrids have sometimes been produced not only for growth perfor-
mance but also to obtain or maintain certain phenotype features not appearing
in mother species e.g. the "red coloration” of "red tilapia" not occurring in any
of the parent species (Galman 1987). This paper does not cover red tilapias
whose genetic status is unknown. In addition, there are now non-hybrid red
tilapias. The growth performance and systematic 'status of these fishes should
be compared to one of the other main cultivated Tilapine fish, including non-
red hybrids which were considered here, using also the concept of growth
space (Pauly et al 1996) already mentioned.
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