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SUMMARY

The bivariate size allometry of Chrysichthys auratus was estimated by
the application of the power function equation of HUXLEY (1932) on
certain- morphometric characters in terms of its parameters. The bivariate
allometric concept was expanded for multivariate data by JOLICOEUR'S
(1963) approach and the presence of multivariate allometry was revealed
by ANDERSON'S (1963) test. Also, the allometric nature in the morphomet-
ric indices of the species studied was determined and discussed. According
to the patterns of bivariate and multivariate allometry exhibited, sexual
dimorphism and rtacial differences in Chrysichthys auratus were evident.
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INTRODUCTION

In animals, shape changes during ontogeny and phylogeny are the rule rather
than the exception. Such situations are termed allometry. Some attempts to extend
the allometry concept to more than two dimensions simultaneously have been made
in the past. These attempts include some based on factor analysis (BAKER, 1954 and
HAMMOND, 1957), multiple regression (REYMENT, 1960), and the use of the first princip~-
al component of the correlation matrix of logarithms (TEISSIER, 1960). Because the
results of such attempts have not met with general acceptance, the multivariate gener-
alization of allometry suggested by JOLICOEUR (1963) has served as the basis for
most subsequent work in this area. Although JOLICOEUR'S (1963) approach has been
applied to numerous data sets, many questions about the multivariate generalization
of allometry equation persists (SHEA, 1985). One of these questions relates to whether
JOLICOEUR'S technique does, in fact, provide an effective multivariate generalization
of bivariate allometry.

GOULD (1966), having in mind the bivariate sense, defined allometry, in its broad-
est sense, to designate the differences in proportions correlated with changes in absolute
magnitude of the total organisms or of the specific parts under consideration. BROWER,
et al (1978) interpreted this definition to indicate that for multivariate case, more
than one source of allometry might exist. This means that, for example, during the
ontogeny of a single species one source of allometry might be attributed to overall
size increase; certain dimensions could provide a second source of allometry and so
on. In the present investigation, using certain morphometric characters, it is intended
to estimate the bivariate and multivariate size allometry of the sexes and certain
races of Chrysichthys auratus from the Nile in Egypt. Moreover, the multivariate gener-
alization of allometry will be cross-cheked against the bivariate results in order to
test the accuracy of JOLICOEUR'S (1963) approach.

MATERIAL and METHODS

The present study is based on the examination of random samples of Chrysichthys
auratus (95-206 mm in standard length) which were collected from the Nile at Assiut
(Latitude 27°N) and Giza districts (LATITUDE 30°N) through the period December
1989-December 1990.

The morphometric measurements were recorded from fresh adult specimens follow-
ing the work of MEKKAWY (1987) as a quide for the choice of measurements. The
morphometric measurements of each fish examined were made on the left side up
to the nearest miilimeter using a divider and a measuring board. The morphometric
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measurements recorded for each specimen are diagramatically represented in Fig.
1; each character is given a number. 2

In the present investigation, the simple power function or allometric equation

of HUXLEY (1932):
b

y = aX,
was used, where y and X are dependent and independent variables respectively and
a and b, the allometric coefficient, are constants. The parameters (a & b) of this
equation were estimated by fitting a linear equation to the logarithmic transformations
of y and x according to the least square method. This yields an equation of the form:

logy =loga+blog x

Moreover, the type of allometry was determined by estimating the confidence
limits of the allometric coefficients, i.e. whether growth reveals isometry (I), negative
allometry (-) or positive (+) allometry.

According to JOLICOEUR (1963), the most suitable manner to generalize the bivari-
ate allometric equation is to use the first principal component (PCI) of the covariance
matrix of logarithms. In the present investigation, JOLICOEUR'S (1963) approach was
taken into consideration and the presence of multivariate allometry in the first vector
of the log-transformed morphometric characters considered was testified by ANDERSON'S
(1963) test. This means that if such a vector was equal to:

1 1 1
( == ) =y weesy === )v
Ve o p
where p is the number of variables considered in each set, all proportions of the
fish would remain constant as its size increased.

The sources of allometry in the morphometric indices (relative to standard length)
were discovered by comparing the results of principal component analysis of such
indices with “those of bivariate allometry. DAVIS (1973) computer programs of linear
regression and principal componnet analysis (PCA) were modified by the author to
fulfil the requirments of the present investigation. These programs were executed
on VME 2900 computer system in the Computer Centre of Assiut University.

: RESULTS

The parameters (a & b) of the power function equations and the confidence
limits of the allometric coefficients are given in Tables 1-4. Tables 1-3 show that
at 0.05 level of significance the isometric characters outnumbered the allometric ones
in all cases except in the combined sexes of Assiut and in the combined samples (Assiut
+ Giza). However, if the significance level decreases to 0.01, the isometric characters
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3

Table 1: The allometric coefficient of males and females of Chrysichthys auratus of
Assiut (Egypt) derived by the bivariate power equation (b) and multivariate
approach (m). The lower (CL1) and upper (CL2) confidence limits of b and
the types of allometry (] : isometry; +: positive allometry; -: negative allometry)
were also given, R = correlation coefficient between m & b.

W vt Males Females
char.cters ™ . ™ .
b (k] o2 b (s8] o2
S'L 1.10 1.07 1 0.88 1.26 1.19 1.15 « 1.08 1.22
£ 0.57 0.58 - .37 0.78 0.63 0.62 - 0.55 0.7
riaL 1.21 1.20 « 1.06 1.35 1.07 1.04 1 0.98 1.09
Hi 1.1 1.10 1 0.99 1.22 1.01 0.99 1 | 0.95 1.03
Ll 0.9 0.92 1 -| 0.63 1.20 1.12 1.08 | 0.99 1,16
Tt 1.10 1.081 | 0,79 1.38 1.07 1.01 1 | 0.88 1.13
L2 0.87 0.85 1 0.58 1.02 1.02 0.97 1 0.88 1.05
koL 1.21 1191 | p.92 1.47 1.03 1.02 1 | 0.9 1.08
PibL 1.07 1.06 I | p.s8 1.14 1.05 1.03 « 1.01 1.06
P 1.14 1.13 » 1,06 1.20 1.06 1.05 « 1.02 1.07
PHAL 1.10 1.10 « 1.04 1.16 1.00 1,00 | 0.97 1.03
PoiL 1.07 1.06 « 1.02 1.11 1.02 1.02 + 1.01 1.03
Paw 1.06 1.05 1 0.92 1.19 1.10 1.09 « 1.03 1.15
PN 1.01 1.02 1 0.80 1.2¢ 1.02 1.01 1 0.93 1.09
Bl 0.72 0.70 - 0.41 0.98 1.23 1.18 + 1.09 1.28
n2 0.61 0.61 - 0.29 | 0.93 1.20 1.15 « 1.06 1.24
e, 0.85 0.85 1 0.69 1.01 0,93 | 0.92 - 0.87 0.97
Gy 0.77 0,76 - 0.53 | 0.99 1.04 1.00 1 0.93 1.06
K. 1.32 1.22 1 0.95 1.58 1.16 1.13 + 1.03 1.24
Via 0.30 0.91 - 0.83 | 0.9 0.98 0.97 I 0.94 1.00
HL 0.95 0.92 1 0.70 1.14 1.1 1,071 0.99 1.14
HL: .27 s 1.03 1.43 1.12 1.08 + 1.03 1.13
D UL 0.85 0.87 1 0.7 1.03 0.83 0.a11 0.61 1.00
M. 0.52 0.48 - 0.15 0.80 0.93 0.88 I 0.75 1.01
0L 0.94 0.93 1 0,53 1.33 0,95 0.91 1 0.81 1.01
Lo 1.02 1.00 1 0.62 1.37 0.9% 0.921 0.80 1.04
Pi0 0.91 0.91 - 0.35 0.97 0,93 0,93 - 0.90 0.95
Pl .21 20« | 103 | 137 1.07 1.05 « | 1.01 1.09
P1JCL 0.95 0.96 I 0.89 1.02- 2.9 0.96 - 0.93 0.98
Al L 0.83 0.83 1 0.65 1,01 0.72 0.72 - 0.66 0.79
DL 1.02 0,981 0.80 1.16 1.04 1.01 1 0.9% 1.06
AL 8L 1.25 1.19 1 0.87 1.51 1.08 1.03 1 | 0.9 1.13
ALD 1.27 1.16 1 0.64 1.69 1.12 .07 1 | 0.98 = 1.17
i . 0.94 0.1 - 0.47 0.55 0.82 0.80 - 0.72 0.87
Di.L 0.82 0.78 1 0.46 1.09 1.39 1.31 + 1.16 1.46
Pl 1.04 1.021 0.75 1.28 0.95 0.92 1 | 0.85 1.00
W 0.73 0.69 - 0.40 2.9 0.99 0,96 | 0.88 1.05 i
i 0,936 0.992

* &2 Fig. 1,



Table 2: The allometric coefficients of males and

approach (m). The lower (CL1) and upper
the types of allometry (1 : isometry; + positive allometry; -:
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females of Chrysichthys auratus
of Giza (Egypt) derived from the bivariate power equation (b) and multivariate
(CL2) confidence limits of b and

- correlation coefficient between m & b.

Males Females
mrphﬁtri; . .
characters L] =

b ol oz b cL1 a2
SNL 1.02 1.00 1 0.32 1.13 1.12 1,10 I 0.95 | 1.2%
E0 0.82 0.79 1 0.52 1.06 0.80 0.79 - 0.61 | 2.9%
PTOL L | 1.09 1 | 0.95 1.23 1.04 1.031 0.93 | 1.4
HL 1.06 1.04 1 | 0.95 1.13 1.01 1011 0.94 | 1.07
10w 1.07 1.02 1 0.78 Y.27 1.12 1821 0.94 1.30
INW1 1.17 1,11 1 | 0.80 1.42 0.96 0.95 1 8.7 | 1.13
14W2 0.93 0.90 1 0.68 1.13 0.65 0.65 - 0.51 | 0.78
PROL 1.04 1.021 | 0.9 1.10 1.03 1021 0.96 | 1.09
PTOL 1.02 1.01 1 0.95 1.07 1.03 1.021 0.98 | 1.07
PRWL 0.96 0.96 1 0.89 1,03 1,02 1.02 1 0.9 | 1.07
PRAL 1.03 1,03 1 0.9 1.04 1.0t 1011 0.97 | 1.65
PTAL 1.02 1.01 1 0.9 1.05 0,99 0.991 0.94 | 1.04
PTPVL 1.02 1,03 1 0.84 i1 1.02 1.03 1 0.89 | 1.17
PVANL 0.99 0.99 1 0.7 1.20 1.06 1.06 1 2,93 | 1.19
BD1 0.99 0921 0.48 ¥.3h 1.18 1.17 » 1.01 1.21
802 2.77 0.74 - 0.53 0.96 1.07 1.05 1 0.91 | 1.2
cPL 0.84 0.83 - 0.7 0.95 0.88 0.88 1 0.74 | 1.02
cPD 0.79 0.75 - 0.59 0.90 1.01 1.00 1 0,84 | 1.16
M 1,35 1.3 1 0.% 1.63 1.27 1.26 + 1.09 1.4
vL 0.94 0.93 1 0.86 1.01 3.98 0.9 I 0.92 | 1.05
HD 1.08 1.06 1 0.86 1.26 1.08 1.04 1 091 | 117
HW 1.13 1.10 1 0,93 1.23 1.14 1.13 1.02 | 1.24
DADL 1.02 1.01 1 0.80 1.24 1.08 1.06 1 0.87 | 1.26
ML 0.50 0.86 1 0.52 | 1.2 1.26 1.22 1 0.99 1.45
JFAL 0.83 0.84 1 0.5 1.13 1.17 1131 0.86 1.39
IMAL 0.93 0,9 I 0.58 1.21 1.47 1.44 .11} w1
PTDOL 0.90 0.90 - 0.84 0.97 0.96 0.9 1 0.91 1.02
PTEL 1.10 1.09 I 1.00 1.18 1.10 1.09 1 1.00 | 1.18
PTDEL 0.84 0.82 - 0.67 0.9 0.% 0.3 1 0.91 | 1.0t
* AbcL 0.89 0.86 I 0.63 1.08 0.97 0.97 1 0.77 1.16
DFBL 0.92 .91 1 0,75 1.07 1.04 1.03 1 0.9 1.1%
ADFBL 0.83 0.80 1 0.50 1.10 0.9 0.90 1 0.66 | 1.14
ADFD 1.24 1.181 0.36 1.50 1.23 1,211 0.3 | 1.43
DFSL 0.83 0.80 I 0.56 1.05 0.72 0.71 - 0.50 | 0.91
DFRL 1.3 1.231 0.30 1.5 1.19 1.13 1 0.70 | 1.55
PFSL 0.87 0.84 1 0.60 1,08 0.77 0.77 - 0.57 | 0.97
Wil 1.90 0.57 ! 0.73 1.16 1.08 1,021 0.79 | 1.24
[ R 0.990 0.997
* cee Tig. 1.
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Table 3: The allometric coefficients of combined sexes of Chrysichthys auratus of
Assiut and Giza, Egypt, derived from the bivariate power equation (b) and
multivariate approach (m). The lower (CL1) and upper (CL2) confidence
limits of b and the types of allometry (I : isometry; + : positive allometry;
-t negative allometry) were also given, R = correlation coefficient between

m & b.
Assiut Giza Assiut + Giza
Morphome tric
- b b b
characters a [ ] [ ]
b e | o2 b oL | o2 b | a2
SN 117 1012+ 11,05 (1,19 [1.09 (1,681 [0.95 [1.19 [1.14 1.10 + | 104 [1.06
£D 0.62 10.61 - f0.54 0.68 |0.80 |0.80 - [0.64 |0.95 |0.65 |0.54 - U.56 [0
PTOL 1,07 11,04 1 10.58 | 1.09 1,09 [1.071 0.99 |1.16 [1.07 [1.031 0.9 |1.08
Sanl ¢ 1.02 10.99 1 f0.96 | 1.03 [1.04 1,031 [0.98 | 1.08 |1.02 [1.001 Jo.97 [1.08
10w 1.09 £1.051 10.97 | 1.13 J1.11 [1.001 [0.95 | 1,24 |1.09 [1.051 [o.s8 1.12
1M1 1.06 10.98 1 10.86 | 1.10 [1.08 [1.041 |0.86 {1.23 [1.03 |0.96 1 |u.ss 1.06
) 0.9 10931 10.85 | 1.02 |0.80 |0.78 - [0.64 |0.92 |0.92 |0.87 - |0.80 0.95
PROL 1.05 1 1.04 1 10.99 f1.08 |1.34 |1.031 [0.99 |1.08 |1.04 |1.031 [1.00 |1.06
PTOL 1.05 1 1.03 « f1.01 [ 1,06 [1.03 | 1,021 (0.9 | 1,06 [1.08 |1.03 ¢ |1.01 | 108
PRVL 1.06 11.06 + 1.04 1,08 /1.00 [1.001 [0.95 | 1.04 |1.05 |1.06 o |1.02 |1.06
PRAL 1.00 11,001 f0.98 {1.03 [1.02 [1.021 |0.99 | 1.05 [1.02 |1.01 1 |o.99 1.03
PTAL 1.02 11,02 ¢ 1,01 | 1.03 [1.00 {1,001 [0.97 [1.03 [1.02 |1.01 + [1.00 1.03
PTPRL 110 11,09 ¢ 11,03 f 1.4 J0.01 {1,031 [0.92 [ 1,14 [1.08 [1.07 + |1.02 1.12
PYANL 1.02 £1.011 0.94 [ 1.09 [1.02 [1.031 [0.92 [1.15 [1.02 [ 1021 [1.9% 1.08
801 118 104 e 11,00 | 1,23 11210 {1,071 [0.86 | 1.28 [1.17 [1.12 4 | 1.0 1.21
802 114 11,09+ 1,01 f1.18 10.95 [0.931 |0.80 [ 1.06 [1.09 |1.951 |o.98 1.12
chL . 0.92 [0.91 - 0.36 | 0.9 (0.3 |0.87- |0.78 | 0.96 [0.91 |0.90 « 0.8 |0.94
cPD 101 10.96 1 10.69 | 1.03 {092 |0.90 1 [0.79 | 1.01 [0.37 |02 » 0.87 | 0.9
M 1,16 11,001 10,98 [ 1.22 11,38 [1.33« 1,07 | .59 [1.18 |1.13 » 1.01 | 1.24
VL 0.97 10.9% - 0.94 |0.99 [0.9% [0.97 1 |0.92 | 1.01 |0.97 |0.97 - 0.4 |u.99
HD _ 1.09 11,04 1 12,97 | 111 [1.06 [1.06 1 [0.95 | 1.17 | 1.08 | 1.05 1 |o.99 1.1
Hi 111 11,08 ¢ 11,02 f 113 11295 [ 103« f1.05 | 1,22 111 [ 1080 | 108 |10
DADL 0.84 10.82 - |0.65)0.99 1.05 [1.051 [0.9 | 1,19 |0.89 [0.85 1 |o.7s |10
ML 0.88 | 0.82 - |0.70 [ 0.9 [1.11 |1.08 1 0.88 [ 1.28 |0.93 |0.88 - [0.73 |0.98
OMAL 0.94 10.89 - 10.79 [ 0.99 |1.06 1,021 |0.33 | 1.21 [0.95 [0.91 - |0.82 |0.39
IMAL 0.9 0.90 1 0.79 | 1.02 [1.26 | 1,221 [0.98 | 1.45 | 1.01 |0.96 1 |o.85 | 1.06
PTDQL 0.93 10,53 - 10.91 [ 0.95 10,53 [0,94 - | 0,90 [0.98 [0.33 [0.93-"{0.31 [o.9s
PTEL 1:08 | 1.06 + 11,02 ) 1.10 1.10 [ 1.10 + [ 1,08 | 1,16 [1.08 [ 1.06 + | 1.03 | 1.10
PTOEL 0.9 [0.96 - 0,94 | 0.98-0.91 [0.50 - | 0.82 | 0.97 | 0.95 [0.9¢ - |2.92 | 0.97
AdcL .73 (0.73 - 10,67 | 0.80 [0.54 [0.931 [0.78 | 1.07 |0.78 [0.78 - |0.72 | u.sa
DFBL 1.03 [ 1.00 1 £0.95 | 1,05 0.98 |0.98 1 | 0.89 | 1.08 [1.01 [o0.58 1 |o0.9¢ | 1.08
ADFEL 1.09 | 1.04 1 f0.95 | 1.13 [0.88 0.87 1 |0.68 | 1.05 | 1.02 | 0.98 1 |0.89 | 1.06
ADFD 102 1 1071 10,86 | 1,97 | 126 | 121 | 1,00 | 1241 [ 1,18 {1081 |o.s9 | 147
DFSL 0.81 ) 0.73 - 1 0.71 1 0.85 | 0.75 0,75 - | 0.59 | 0.91 |o0.80 | 0.77 - | 0.1 | 0.3
DFRL 1233 1 1,25 ¢ 11,12 f 1,40 | 1,19 | 1,161 [0.86 | 1.46 | 1.20 | 1,22« | 1210 | 1.38
PFSL 3.36 0.93 - | 0.85 | 0.99 | 0.81 | 0.80 - | 0.65 | u.96 [9.92 | 0.90 - | 0.83 | 0.96
VFSL 0.97 7. 9:93 1 10.35 f 1.01 [ 1.02 ) 1,001 | 0.86 | 1.15 [0.97 1 o.04 1 |0.87 | 1.0
- R 0.985 0.9%4 0.959

* See Fig. 1,
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Table 4: The constant, a, of the allometric power function equation (y = a xb) of !
Chrysichthys auratus of Assiut and Giza, Egypt.
on— female | Male | Female 2:‘" PR | S |
chiractars | Mastut Assiut | Giza Giza Assiut | Giza Ag;:u
SNL 0.082574 |0.052610 | 0.112286 |0.065181 [9.061397 |0.076473 | 0.069173
ED 0.580241 [0.458056 | 0.196177 |0.201964 [0.483000 |0.154183 | 0.417075
PTOL 0.046972 |0.101010 | 0.079720 |0.102565 |0.102503 | 0,085166 | 0.1043us
HL 0.177430 |0.293968 { 0.239193 [0.276595. | 0.297508 | 0.245275 | 2.2577%§ .
10W 0.165982 [0.071117 | 0.097599 |0.056475 | 0.084933 | 0.066001 | 0.085050
N1 0.029172 |0.049504 | 0.034314 |0.070090 | 0,057443 | 0.045420 | u.066224 A
M2 0.170417 [0.088830 | 0.134854 |0.441551 | 0.106442 |0.236892 | 0.14548
PROL 0.136192 [0.328318 | 0.321706 |0.318805 | 0.301890 | 0.308565 | u.308313
PTDL 0.357375 |0.403627 | 0.452992 |0.425067 | 0.406407 | 0.423324 | 0.421329
PRVL 0.278043 |0.412125 | 0.653292 |0.477731 | 0.397465 | 0.534215 | 0.423071
PRAL 0.433366 [0.720338 | 0.609263 |0.673730 | vu.685634 | 0.63772c | 0.67G148
PTAL 0.500111 |0.752443 | 0.766104 |0.872199 | 0.741813 | 0.815693 | 0.765277
PTPML 0.233191 |0.206350 | 0.279468 |[0.232421 | 0.208610 | 9.275401 | 0,2274238
PVANL 0.133914 |[0.20008 | 0.216828 |0.153383 | 0.198815 | 0.172201 | v.183111
801 0.736331 |0.077032 | 0.263951 [0.077214 | 0.096595 | 0.123405 | U.101671
802 1.131552 |0.081763 | 0.629393 |0.130115 | 0.107231 | 0.243113 | 0.135333
cPL 0.378610 |0.281056 | 0.434196 | 0.332730 | 0.293022 | 0.356342 | 0.302443
CPD 0,299%38 |0.092483 | 0.334266 | 0.094208 | 0.111386 | .157165 | 0.134770
" 0.039888 |0,061420 | 0.033018 | 0.032197 | 0.075262 | 0.025493 | 0,u6738%
veL 0.772%5 |0.574318 | 0.687995 | 0,539073 | 0.589415 | 0.582720 | 0,57350u
HD 0.210155 |0.102587 | 0.099649 | 0.113608 | 0.116352 | 0.103343 | 2.112913
Hid 0.066029 |0.130374 | 0.120946 | 0,104677 | 0.132185 | 2.192483 | 0,1303a7
DADL 0.447633 | 0.626405 | 0.204785 | 0.169681 | 0.59265%9 | 0.130543 | 0.430542
L 2.213974 |0,285949 | 0.311277 | 0.051231 | 0.382233 | 0.105977 | 0.2839%2
OOHAL 0.161756 | 0.167508 | 0.237464 | 0,056375 | 0.184546 | 0.038373 | 0.163129
IMAL 0.083084 [0.111889 | 0,129517 | 0.008344 | 0,122055 | 0.025485 | 0,093327
PTDOL 0.925569 |0.889288 | 0.974368 | 0.731529 | 0.880944 | 0.827616 | 0.852311
PTEL 0.081579 |0.169525 | 0.141477 | 0.139921 | 0.162221 | 0,133087 | 0,159104
PTDEL 0.656352 | 0.674652 | 1.325626 | 0.653938 | 0.663457 | 0.390161 | 0.706831
ABCL 0.313608 | 0.542634 | 0.280243 | 0.153555 | 0,521469 | 0.193765 | 0.415204
DFBL 0.146366 | 0.121077 | 0.193636 | 0.112100 | 0,129422 | 0.139075 | 0.1361u8
ADFBL 0.049805 | 0.106472 | 0.373539 | 0.220444 | 0.104543 | 0.265252 | 0.145733
* ADFD 0.030157 [ 0.045507 | 0.025454 | 0.022037 | 0.047674 | 0.022269 | 0.0437s8
DFSL 0.505928 | 0.391325 | 0.371027 | 0.623773 | 0.422215 | 0.5017G7 | 0.446751
OFRL 0.671653 | 0.051124 | 0.070082 | 0,135999 | 0.064984 | 0.108032 | 0.077318
PFSL 0.137100 | 0.219683 | 0.315932 | 0.467316 | 0.2177% | 0.389605| 0.247126
VFSL 0.517858 | 0.134316 | 0.124010 | 0.101792 | 0.162592 | 0.107456 | 0.153076
* See Fig.l.
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ponents (PCI & PCIl) and their variances derived

component analysis carried out on the covariance matrix of

certain log-trans-formed morphome
from Egypt. Chi-square (x?) values to
alimoetry were given. (coefficient x 1000).

tric

characters of Chrysichthys auratus
testidy the presense of multivariate

Sex separated Combined sexes
Morphometric

i ‘::::: ::’:::: d zﬂ: F;'I‘::' Assiut Giza Assfut + Giza

PCI | PCINf PC1 ] PCII PCI (PCII|PcI|rcIl PCI PCII PCI PClI PCI | PCII

SL 183 | 000f 157 | 010 | 162 -007 | 155 |-028 | 159 033 158 | =010 | 160 | - uzs
SNL 130 | ua3| 187 ] -007 | 166 0J3 (174 }-097 | 186 | - 083 173 051 | 183 073
ED 094 [-113| 098 | 048 | 133 -241 1123 | 075 | 098 054 126 03 | 104 015
PTOL 198 {-014 1684 022 | 182 [-025 | 162 -056 | 170 | - 028 172 051 | 170 038
HL 132 |-010| 159 | 009 172 [-044 [157 | -035 161 | - 025 164 027 | 103 us4
10w 154 | 157 175 | -061 173_| 061 [174 | -217 173 | - 013 176 107 | 173 usl
N1 179 | 134 169 | -037 | 190 =176 (149 |-176 | 168 | - 207 17 262 | 165 33
INW2 143 | 094 160 | -005 | 151 -100 {101 | -057 | 157 ] - 081 126 163 | 148 151
PROL 197 | 157 162 016 169 | 025 | 160 | -033 | 167 033 164 | - 018 | 167 | - on1
PTDL 175 | 004 165 o002 166 | 016 [160 | -025 | 166 013 1821 - 031 | 166 | - 017
PRVL 185 |01 166 | 009 156 | 018 |158 | -063 | 169 023 158 013 | 167 | - w09
PRAL 180 |-d20( 153 | -000 167 [-017 [157 | -073 | 161 020 161 006 | 162 |- 010
PTAL 174 |-006| 160 | 017 165 [-015 | 153 | -053 162 031 198 | - 001 | 162 | - unt
PTPWL 172 |-012| 173| o006 165 | 102 [159 | -107 175 036 160 [ - 041 [172 |- u3s
PVANL 164 1-145] 180 | -u04 161 =114 | 164 | -089 161 045 162 004 | 103 |- 040
BDY 117 | 360 194 | -054 | 162 580 [134 [-094 | 188 074 173 ) - 234 | 187 |- 274
BD2Z 100 | 387] 139 | -089 126 | 158 | 166 | ;082 182 014 150 | =021 J174 |- 124
P 136 | 032 146 [ -003 | 135 US55 | 136 | 001 | 146 059 136 | - 058 | 145 |- o9
CPO 126 [-110| 154 | -060 | 128 023 1157 [-129 | 160 | - 032 145 | - 014 [ 155 |- u1ny
M 216 |-230( 183 [ -039 | 219 =383 (197 |-094 | 184 | - 226 218 509 | 189 |- 5819
yCL 147 | 028 | 153 -612 152 [-018 [152 | 002 | 154 034 152 | - 023 | 155 |- 0s3
"HD 154 { 203} 174 |-072 | 176 083 f162 |-070 | 172] - 032 167 | =07 | 173 |- uss
Hu 207 [-088( 174 | -002 184 1-019 1177 | -0s6 | 177 ] - 056 131 075 | 178 13
DADL 139 |=113] 131 | 3560 166 | 043 [168 | -083 | 133 868 165 | = 100 | 143 |- 181
ML 085 [-184] 146 | -111 145 §-313 |195 | 186 | 140 - 145 176 074 | 149 uz7
oMAL 153 [-354| 149 | -035 | 143 L188 1181 | 172 | 149 - 152 167 u49 | 153 185
WAL 167 |-423( 151 | 009 151 |-201 229 | us0 152 - 158 199 200 | 161 301
ProoL 149 | 003) 145 | 022 146 | 035 [ 148 | -051 147 059 146 | -~ 048 | 149 |- 063
PTEL 197 | 048] 168 | 009 179 1 043 {170 | -077 1 07 174 | - 011 | 172 |- 002
PTDEL 155 | 002{ 151 | o2 137 | 010 |148 | -040 152 057 143 | =21 | 151 |- 053
ADCL 136 | 033) 113 [-023 | 144 =018 1150 | 103 | 116 019 148 | - 005 {:2¢ |- 031
DFBL 166 | 110 164 | -029 150 | 065 [152 | o059 164 | - 004 155 | - 077 | 162 |- 055
ADFBL 204 | 194] 169 | -062 134 |-073 1141 | 025 172 | - 037 139 075 | 163 030
ADFD 206 |-116( 176 | -123 201 |-0% [ 191 | 007 178 | - 137 196 013 | 182 |- 001
DFSL 121 | 085 130 | -031 | 135 | 225 12) 197 | 129 023 Ny =277 (127 |- 178
DFRL 134 |-113] 218 | -089 212 | 214 {185 | 814 2n 077 188 | - 530 | 206 |- 403
PFSL 169 | 107] 150 | o020 | 142 21 [120 | 117 | 152 Ucbh 122 | =221 | 147 |- 167
VFSL 120.| 019 157 | 047 163 | 113|162 ] 013 153 | - 008 161 | - 084 |15 |- 100
Variance 135 | 009 ZOJ'J 008 | 139 | 010 | 185 008 | 196 003 151 011 | 185 | = go09
Svariance [is 33 > 1538105973 315 |74 3435 543 Bul48 4 103 (79 267 3,064 | 75,352 u.36% 77.963 1.589

x? HS‘.# m.s' 48287 564,3 522.8 231.3 57,1
*See Fig,l, 5
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Table 6: The first two principal components (PClI & PCIl) and their variances derived
from principal component analysis carried out on the covariance matrix of
certain morphometric indices (relative to standard length) of Chrysichthys
auratus of Egypt (coefficient x 1000).

2 Sex separated Combined sexes
i Male Female Male Female ¢
indices ; Assiut Assiut Giza Giza . i ME:::“
pcl |pcir | pcl |pcil | PCI | eIl | PCI | PCID | PCI | PCII | PCI | PCII| PCI | PCII
SN 065 | 064 | 058 | 089 | 004 |-031 [-002 | 101 | 041 | 121 |-025 |-007 | 04 | 123
ED -032 |-044 | -034 |-028 [-026 | 024 | 015 |-018 |-028 |-034 | 008 |-048 |-013 [-031
PTOL 126 |-001 | 028 | 018 | 022 | 062 |-007 | 0B1 | 009 | 075 | 015 [-042 [-uot | 039
HL 163 | 018 | 041 | 081 | 304 | 069 |[-001 109 | 010 | 173 |-017 |-082 |-603 | 186
10w 019 | 091 | o030 | 085 | 018 |-022 {-059 | 059 | 023 | 094 |-058 | 020 [-008 | 095
IR 008 | 021 | 024 | 010 [-023 | 013 |-022 | 057 | 009 | 039 |-046 |-029 [-011 |07«
INw2 -046 | 036 | 029 | 020 |-033 |-007 |-012 |-033 | 022 | 032 |-047 |-031 [-002 | 057
PROL 216 | 524 | 038 | 128 | o8s | 067 | 023 | 099 | 037 | 172 | 031 |-002 | 034 | 158
PTDL 130 | 039 | o084 | 152 | 078 |-ous | 035 | 042 | 067 | 213 | 053 | 032 | 056 | 194
PRVL 287 |-011 | 058 | 297 | 106 |-187 |-058 | 261 | 041 | 299 |-046 | 109 | 006 | 256
PRAL 372 |-021 | -046 | 585 |-088 |-032 |-110 | 272 |-059 | 472 |-087 | 045 |-083 | 289
PTAL 303 | 017 | -002 | 312 |-035 | 024 |-077 | 245 |-025 | 310 |-042 | 021 |-034 | 252
PTPVL 088 | 021 | 093] 383 | 134 |-289 |-107 | 452 | 083 | 270 |-0w | 274 | 0a4 | 223
PVANL 105 |-163 | -080 | 208 |-138 | 042 |-029 | 035 |-084 | 108 [-030 |-068 |-yod | 004
801 -210 | 238 | 167 )| 036 | 756 |-042 |-006 |-024 | 192 |-079 | 207 | 524 | 196 [-131
802 -217 | 240 | 151 109 | 082 [-234 | 002 | 027 | 15 |[-001 |-011 | 187 | 095 | 03
cPL -144 | 036 | o002 |-146 | 060 | -091 | 007 |-222 | 012 |-170 | 022 | 13 | vau [-169
cPD -039 |-024 | 050 o11 | 018 | -085 | -021 | -032 | 041 | 003 |-008 | 051 | v23 [ 012
M 221 |-175 | 012] 072 |-138 | 224 | -017 | 222 |-u44 | 226 |-199 |[-349 [-10Z | 355
vCL -175 | 061 | -025 |-0se |-045 | -005 | 056 | -252 |-011 |-164 | 029 |-054 | v03 |-185
HO -033 | 170 | o070 | 028 | vao | -037 | -004 | -071 | 070 317 | 916 | 077 | 047 |-0u9
HW 244 |-101 | 042 o076 | 040 | 146 | -028 |--200 | 015 | 162 |-036 |-078 {-006 | 197
DADL -116 | -204 | -091 |-251 | 057 | 060 | -033 | 199 | -060 |-255 | Q62 | 148 |-007 |-338
MBL -271 |-215| 050 |-067 |-102 | 155 | 125 | 229 | 058 |-068 | 035 |-239 | 0»4 | 005
OMAL -003 | -294 | -004 | 040 |-020 | -011 | 062 | 095 | -020 | 0&1 | 014 |-0CA4 |-U09 | 068
IMAL 047 | -154 | 004 008 |-012 | 003 | 017 | 158 [ -011 | 050 |-013 |{-101 |-012 | Q&9
PTDOL -153 | -018 | -058 | -177 | 04y | -265 | -071 | -121 }-025 | 030 | o024 |-291 |-90) [-29
PTEL 214 | 054 | o026 116 | 066 | 065 | -018 | 097 | 009 | 149 | 008 | 011] 006 | 130
PTDEL -145 | -028 | -046 | -154 | 169 | -513 | -036 | -094 | -025 | -216 | 040 | 345 | 004 [-271
ADCL -133 | 038 | -076{-133| 240 | 003 | 045 | -087 | -057 | -154 | 029 |-067 {-021 [-134
oFBL -010 | o074 | o043] 009 | 030 | -087 | 047 | 023 | 049 | 017 | 040 | 023 | 045 | 024
ADFBL 020 | 076 | 069| 035]-028 | -043 | Gba | -062 | 070 | 037 | -023 | -060 | 040 | 093
ADFD <033 | -065{ 040| 004f 003 | 016 | 023 | 003 | 043 | 007 | 008 |-037] 031 ) 921
DFSL 177 | 107 o0as|-0s3| 109 | -106 | 115 | -288 | 062 | -071 | 146 | 132 093 {-1w3
DFRL -193 | -146| 930|-126| 485 | 551 | 951 | 154 | 932 | -025 | 918 | -245| 946 | uB4
PFSL -016 | 084| 035|-044| 133 | -011 | 071 | -202 | 043 | -028 | 117 | 089 | w70 |-070
YFSL -111 | o023l os2l-o151 o4z | -005§ o015 | 129 | 09 | -019 | 032 | 029 052 [-023
Variance 17.19 | 11,99 21.11]10.70{23.96 | 11.50| 29.05] 7.57 | 19.48 | 11,36 | 25,65 [10.57|20.60 }10.20
ZVariance 22.44 | 15.66| 24.22[12.2726.25| 12.71| 36.84 | 9.59 | 21.87 |12.7% | 27.88 }11.43]22.55 {1116
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L.v.

Fig. l: Schematic illustration of the measurements taken on the
body of Chaysichthys auratus, ADF, Adipose dorsal fin;
AF, anal fin; CF, caudal fin; DF, dorsal fin; PF, pect-
ocal fin; VF, ventral fin.L.V.: lateral view; D.V.:dor-
sal view; V.V.: ventral view.

l. Standard length (SL). 2. Postdorsal length (PTDL).
3. Postdorsal end length (PTDEL). 4. Postdorsal origin
length (PTDOL). 5. Dorsal adipose length (DADL),

6. Adipose fin base length (ADFBL). 7. Adipose caudal
length (ADCL). 8. Predorsal length (PRDL).

9. Head length (HL). 10. Posteye length (PTEL).

11, Snout length (SNL) . 12. Eye diameter (ED) .

13, Postorbital length (PTOL). 1l4. Dorsal fin spine length(DFSL) .
15. First dorsal fin soft ray length (DFRL).

16. Adipose fin depth (ADFD) . 17. Dorsal fin base length(DFBL) .
18. Head depth (HD). 19.Body depth 1 (BD1).

20. Body depth 2 (BD2). 21. Caudal peduncle depth (CPD) .

22, Pectoral fin spine length (PFSL). 23. Ventral fin spine
length (VFSL). 24, Pectoral pelvic length (PTPVL).

25. Palvic anal length (PVANL). 2§. Preventral length (PRVL) .
«/. Caudal peauncle length (C2L). 28, Preanal length (PRAL).
29. Ventral caudal length (VCL). 30. Postanal length (pPTAL).
31. Internasal width 2 (INW2) . 32. Internasal width 1 (INWL1),
33. Maxillary barbel length (MBL). 34, Interorbital width(IOw) .
35. Outer mandibular barbel length (OMAL).

36. Inner mandibular barbel length (IMAL).

37. Mouth width (MwW). 38. Head width (HW).
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Fig. 2 : Plots of scores of PCI and PCII derived from PCA carried out on Tlog-transformed

morphometric data (A) and indices (B) of Chrysichthys auratus

Giza, Egypt.
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