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good accuracy for’each
measurement session since
it verifies the plane of
projection of the image.
The data are filed as Lotus
123 worksheets and are log-
transformed to reduce
homoscedasticity of vari-
ances. To correct for size
effects, each observed
distance is divided by its
estimate. Corrected size
measurements were ana-
lyzed multivariately under
the Principal Component
Analysis and was performed
using the Statistical Ana-
lysis System (SAS) soft-
ware

PC1

o A typical result (Fig. 3)
shows the separation of

Fig. 3. Plot of first two axes from a principal component analysis of
21 morphometric characters of mixed sexes of Oreochromis niloticus
strains: E = Egypt; G = Singapore; H = Ghana; I = Israel; K =

Kenya; S = Sénégal; T = Thailand; W = Taiwan.

the Philippines designed to do linear

measurements of objects on a
photographic image. The program gives

Kenya strain O. niloticus
from a cluster of ‘Phi-
lippine’ and African strains.
This indicates that overall
shape of Kenya strain is
different from the rest of the strains,
being shorter and having a streamlined
body (Eknath et al. 1991). The

overlapping pattern of separation among
the strains (except Kenya) indicate that
these strains are weakly differentiated.
The greater segregation of the Kenya
strain from others supports its sub-
specific status: O. niloticus vulcani, the
other strain being O. n. niloticus
(Trewavas 1983).
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Growth Performance in Fishes: Rigorous Description
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Abstract

The origins and features of the growth
performance index ¢' are reviewed, emphasizing its
ability to express the underlying common
characteristics of a family of growth curves. Some
other aspects of ¢’ are discussed, notably its
correlation, in fishes, with functioned morphology
(e.g., gill surface area for respiration) and its
conceptual links with auximetric grids, another
device proposed by the author for growth
comparisons of fishes.

Introduction

The Random House Dictionary
defines comparison as “the considering

*ICLARM Contribution No. 793.
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of two things with regard to some
characteristic that is common to both,
as the likening of a hero to a lion in
courage”. The growth curves of fishes
even of the same species and population
can be very different, and comparing
them is indeed difficult. This is because
growth relates two variables, (i) size
and (ii) time.

Therefore, when two growth curves
e.g., are to be compared, at least four
numbers are implied, whichr when left

of Patterns as a Basis for Understanding

unconsidered, can quickly lead to con-
tradictions. For example, Kinne (1960)
wrote, upon comparing the growth
curves of guppies:

“The results indicate that the diffe-
rences in growth rate established in
young fish do not persist throughout
life. Initially slow-growing fishes may
surpass initially fast-growing fishes, and
finally reach a greater length-at-age.”

Pauly (1979) attempted to deal with
this and similar problems. One of the
key results was that, given von
Bertalanffy growth curves, when one
plots, for many different fish species,
population-specific values of logK
against their corresponding values of



logL..., the mean siope one obtains is 2.
Hence, in general

logoK = a + 2 logL,, M
with “a” being a species-specific
constant, for which the theory of von
Bertalanffy (1938, 1951) provides ample
theoretical reasons, not discussed here.

The potential uses of this relationship
were described by Pauly (1980a,
1980Db), but received little attention until

reappraisal of work on Caribbean coral

reef fishes (Munro 1983) required an
index for comparing their growth.
Munro and Pauly (1983) then presented

log;K = ¢ + 2/3logW_, @)

This was followed by Pauly and
Munro (1984), where equation (1) was
restyled (with “a” renamed ¢’) and
where a rather embarrassing error in the
original text of Munro and Pauly (1983)
was corrected.

The ¢’ index (i.e., equation 1) has
been widely used, mainly because it
was taught during successive FAQ/
DANIDA training courses in Tropical
Fish Stock Assessment (see contri-
butions in Venema et al. 1988). The
index became also known to aqua-
culturists because JTacques Moreau (of
the Ecole Nationale Supéricure
Agronomique de Toulouse, France) and
I cooperated on a series of papers on ¢’
applied to tilapias (Moreau et al. 1986;
Pauly et al. 1988a, 1988b) and because
others began to write about it in
ICLARM publications (Vakily 1988;
Mathews and Samuel 1990).

This wide use of the ¢’ index
inevitably implied that misunder-
standings as to its applicability would
come up, and Dr. Kevin Hopkins’ letter
to the Editor of Aquabyte (see
Addendum, p. 6) illustrates this. Ob-
viously, his three growth curves for
pond A2, B2 and C2 (Fig. Al) are
“different” (i.e., suggesting different
growth rates for every age or size) just
like the hero and the lion in the above
definition of ‘comparison’ are. But what
is it that they have in common?

What they have in common is
precisely that two times the log of their
asymptotic size (L_), plus the log of

their curvature parameter (K)

leads to a constant (¢’ = 3.40), 207
which itself defines a family of ol
growth curves (Fig. 1B). 6l

As might be seen, this family ak

of growth curves differs from 12k
that defined, e.g., by ¢’ = 3.00 ol
(Fig. 1A) or ¢’ = 3.80 (Fig. o
1C). 6

Another way of expressing 4L
this is using another concept 2r
proposed for comparing growth 0
performance, the auximetric
grid (Pauly 1979): essentially a C
plot of log K vs log L (or af

W, not considered here). On | = .=
such plots, families of growth | 2 o[
curves such as on Fig. 1 are S el
expressed by points on lines of sE
slope 2 and intercept ¢’, with ar
each point representing a 2r
growth curve (Fig. 2). What °-

Fig. 2A implies, thus, is that
fishes of a certain genotype
will either have a low K and a Lol
high L_ or vice versa, but will .
stay on the same line (i.e., 0
have the same ¢’). 8
Generally, it is stress (Selye 6
1980) which makes L ar
2

o

T T T 17

o0

decrease, and K increases,
which is why I refer to von
Bertalanffy’s K as a stress
factor in Pauly (1979).

Lo=20;K=15.8

Lo= 15; K=280

L= 10; K=63.1

Lo= 20;K=6.28

Lo=15; K=112

Le=10; K=251

o'=3.oo—‘
Le= 10; K= 10.0m
L= |

5;,K=444

L]
Lo= 20K =25

Lo= 5; K=400

1 | 1 | I 1 S I S E—

L L
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Age (years)

Examples of stresses are high
temperature, low density of

Fig. 1. Three families of growth curves, each with the same valuc
of ¢* = log;oK + 2logL,,, and all assuming that t; = 0.

food, being low in some A: ¢ = 3.80, for values of L, = 20, 15, 10 and 5.
pecking order, diseases, etc. B: ¢ = 3.40 (as in K. Hopkins’ communication, scc. Ad‘
. dendum, p. 6), for the same values of L as in A.
What these various forms of C: ¢ = 3.00, for L, values as in A and B.

stress' have in common, is that
they cause elevated metabolism;
O, consumption, however,
cannot be increased at will, as
it is ultimately limited by available gill
surface area. Thus, one finds, as
expected, that ¢’ is a strong correlate of
gill surface area (Pauly 1979; Longhurst
and Pauly 1987; Fig. 3). [This stress
also is what induces maturation, and
this is the reason why there is, in fish,
a strong correlation between mean size
at first maturity (L) and asymptotic
size (L), with L_/L_, constant within a
species (Pauly 1984)].

I am aware that things are more
complicated than that, and that not all
fish - not even siblings - react similarly

Note that some of the extreme parameter combinations will
not occur in reality; these examples (all drawn at the same scale
of length and age) nevertheless document how different values
of ¢' define different families of curves.

to a given stress. This is the reason
why growth curves of fish do not, in
reality, align themselves as neatly as
suggested in Fig. 2A, but rather form
clusters of points, such as illustrated in
Fig. 2B.

These clusters can be analyzed and
compared, too, and a first attempt at
this, and an appropriate software called
AUXIM, are presented by Pauly et al.
(in press) (see also Fig. 2C).

Aquabyte
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Fig. 3. Correlation in fishes between the growth performance index ¢° (see equation 2) and
an index of gill size area (= log of a, where a is taken from a relationship of the form: gill
area = a-WY, where W is body weight and d is an exponent ranging from 0.6 to J.9) (adapted

from Pauly 1979, 1985).

Conclusion

The growth performance index ¢’
does not define any specific growth
curve, and hence, if this is what one is
interested in, ¢’ is rather useless, and
even misleading. On the other hand, ¢’
expresses a commonality between the
growth patterns of different fishes. This

4(3) 1991

is useful for stock assessment, to
estimate K from L_, and also may be
useful for evaluation of growth
performance potentials under a variety
of environmental stresses, e.g., under
aquaculture conditions (Pauly 1987;
Mathews and Samuel 1990 ). Let’s hope
there will be no more misunders-

‘tandings.

Auximetric grids for comparison of growth performance in fishes (adapted from Pauly et al., in press).

Shows how the curves in the three panels of Fig. 1 can be represented as points on three lines each defined by its ¢'.

Shows the scatter of points representing lyplcal growth curves of Nile and Mozambique tilapia (Oreochromis niloticus and O. mossambicus), and expressing
the variance around estimates of ¢'; SL = staridard length.
Shows an area-based approach for growth comparison and an overlap index quantifying their (niche?) overlap (here: 0.553, for an index ranging from 0
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Addendum

Dr. Kevin Hopkins of the University
of Hawaii at Hilo (College of
Agriculture, Hilo, Hawaii 96720, USA)
has communicated the following opinion
on the use of ¢’. References cited in
this communication can be found in the
preceeding reference list. - Editor

¢’ is not Suited to Compare Growth
in Pond Experiments

Moreau et al. (1986) proposed a sin-
gle parameter, ¢’, for use in comparing
growth performance of fish. This
parameter is computed from the K and

‘L, of the von Bertalanffy Growth

Function and was-used by Moreau et al.
(1986) to compare 100 tilapia
populations. Another 150 tilapia
“stocks” were compared using ¢’ by
Pauly et al. (1988b). The computation

of ¢’ is a feature in the computer
program to estimate fish growth
parameters by Vakily (1988).

As part of my work with tilapia
growth in pond fertilization experiments,
¢’ has been routinely calculated using
the program of Vakily. Examination of
the results of those calculations casts
considerable doubt on the efficacy of
using ¢’ to compare treatments in pond
experiments. Fig. Al shows the average
length at time of tilapia in three dif-
ferent ponds during a recent experiment
at the Asian Institute of Technology
(AIT) in Thailand. Although ¢’ is
identical (3.40) in all three ponds, it is
readily apparent that the growth
responses were very different.

I suggest that the statement used by
Moreau et al. to start their 1986 papery,
also applies to ¢’: 0

“Growth comparisons of fish based
on a single parameter have been found
to be misleading.”
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Fig. Al Average growth (in cm, total length) of Oreochromis niloticus in three ponds
during an experiment at the Asian Institute of Technology, Thailand (all three curves lead

to ¢'=3.40).
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