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SUMMARY

In the present investigation, 39 morphometric
measurements were used to study intra- and inter-
specific patterns of variation of Bagrus bayad and
Bagrus docmac populations from the Nile at Assiut
(27° N) and Giza (30° N) areas. In order to reveal
such patterns of variation, analysis of variance,
bivariate allometric coefficient, cluster analysis
and canonical variates analysis were applied. It
was found that application of canonical variates
analysis on the head and depth measurement sets
provided greater separation  between sexes,
populations and species considered than did the
general and fin measurement sets.

INTRODUCTION

The fishes of the genus Bagrus represent an economic
importance in Egyptian fisheries and fish culture. However, few
studies on the various biological aspects of Bagrus species
from the Nile of Egypt are available (EL-SEDFY, 1977; HASHEM,
1977a,b, 198la,b and HASHEM & EL-TABBAKH, 1981).

The aim of the present investigation is to examine the
patterns of morphometric variability in Bagrus bayad and Bagrus
docmac from the Nile at Assiut and Giza ditricts. It is hoped
that the results of the present study may give a contribution

to a better view of the taxonomic status of the aforementioned
species.

MATERIALS and METHODS

In the present investigation, random samples of 10 males
(292-349 mm in standard length “SL") and 98 females (160-426 mm
in SL) of Bagrus bayad and 34 males (226-545 mm in SL) and 35

1988 - August 1989; also, random samples of 29 males (188-466
mm in SL) and 24 females (175-640 mm in SL) of Bagrus bayad and
27 males (180-640 mm in SL) and 27 females (224-390 mm in SL)
of Bagrus docmac were collected from Giza (Latitude 30" N) fish
markets during the same period.

For each fish, .39 morphometric Mmeasurements were made on
the left side up to the nearest millimeter using a divider and
measuring board. The following is a list of such measurements
which are diagrammatically represented in figure 1; each
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measurement is labelled on this figure by its number indicated
in such a list. Those morphometric measurements included:
1- Standard length (SL).
2- Fork length (FL). £
3- Snout length (SNL).
4- Eye diameter (ED).
5- Postorbital length (PTOL).
¢- Head length (HL).
7- Interorbital width (10W).
7- Internasal width (INW).
9- Predorsal length (PRDL).
10- Postdorsal length (PTDL).
11- Preventral length (PRVL).
12- Preanal length (PRAL).
13- Postanal length (PTAL).
14- Pectoral pelvic length (PTPVL).
15- Pelvic anal length (PVANL). 16- Body depth 1 (BD1).
17- Body depth 2 (BD2).
18- Caudal peduncle length (CPL).

. 19- Caudal peduncle depth (CPD). 20- Mouth width (MW).
21- Ventral caudal length (VCL). 22— Head depth (HD).
23- Head width (HW).
24~ Nasal barbel length (NABL).

25— Maxillary barbel length (MXBL).

26- Outer mandibular parbel length (OMBL).
27— Inner mandibular barbel length (IMBL).
28- Postdorsal origin length (PTDOL).

29- Posteye length (PTEL).

30- Postdorsal end length (PTDEL).

31~ Adipose caudal length (ADCL).

32- Dorsal fin base length (DFBL).

33- Anal fin base length (AFBL).

34~ Adipose fin depth (ADFD).

35- Dorsal fin spine length (DFSL).

36- First dorsal fin soft ray length (DFRL).
37- Pectoral fin spine length (PFSL).

38- Ventral fin spine length (VFSL).

39- Anal fin spine length (AFSL).

The aforementioned measurements were treated in terms of

the following measurement sets:
i= General measurement set which includes PRDL, PTDL, PRVL,
PRAL, PTAL, PTPVL, PVANL, CPL, VCL, pPTDOL, PTEL, PTDEL and
ADCL.
2= Head measurement set which includes SNL, ED, PTOL, HL,
oW, INW, MW, HD, HW, NABL, MXBL, OMBL and IMBL.

Assiut Vet. Med. J. Vol. 28, No. 56, January 1993.




3~  Fin measurement set which includes DFBL, AFBL, ADFD, DFSL,
DFRL, PFSL, VFSL and AFSL.
4~ Depth measurement set which includes BD1, BD2, cpp and HD.

In the present investigation, the mean + standard
deivation and the range of the morphometrie indices

To clarify intra- and inter-specific variations of the
aforementioned Bagrus Speccis, the analysis of variance ANOVA
and sum of Squares simultaneous test procedure (SSSTP) were
applied on the morphometric indices. Also, cluster analysis was
applied on such indices and canonical variates analysis (CvA)
was applied on the morphometric sets of raw data and indices
(relative to SL or HL}. In cluster analysis, the morphometric
indices were coded according to MEKKAWY (1991) using SSSTP.

In the present study, the simple power function or
allometric equation of HUXELY (1932):

- Y = ax?
was used, where Y and X are dependent and independent variables
respectively and a and p (the allometric coefficient) are
constants. The parameiers - a and b ‘of this equation were
estimated by fitting a 1linear equation to the logarithmic
values of Y and ¥ according to the Jeast Square method. This
leads to an equation of the form:
' log Y=log a + b log X

Moreover, the type of allometry was determined by
estimating the confidence limits of the allometric coefficient,
i.e. whether growth reveals isometry (I), Negative allometry
(=) or positive allometry (+). The type of allometry was found
to be helpful for studying intra-and inter-specifiec variations
of the Bagrus Populations considered.

The programs of ANOVA, SSSTP (SCKAL and RHOLF, 1981), cva
(BLACKITH and REYMENT, 1971), cluster analysis and linear
regression (DAVIS, 1973) were modified to fulfil the

computer system in the Computer Centre of Assiut University.
The first three canonical variates {CVL, “CVIT "arid CVIII) were
only considered in the present study since they explained the
highest percentage of the total variability.
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RESULTS

The mean (X) # standard deviation (sp) and the range (R)
of 38 morphometric indices of Bagrus bayad and Bagrus docmac
samples considered in this investigation are given in tables
(1-4). These Tables give a preliminary jdea about intera-and
inter—-specific variations of the aforementioned species.

From Table 5, discrimination between Assiut and Giza
populations of B. bayad was recorded only in the indices of
SNL, INW, PRAL, pPTPVL, BD1, BDZ, vCL, HD, HW, NABL, IMBL, PTEL,
AFBL and AFSL. Discrimination petween Assiut and Giza
populations of B. docmac WwWas revealed in all morphometric
indices considered except those of ED, PTDL, MW, MXBL, PTDOL,
DFBL, ADFD, DFSL, DFRL, PFSL and VFSL. Interspecific variation
petween B. bayad and B.docmac wWas displayed only in the indices
of IOW, PTDL, PTPVL, PVANL, CPD, MW, HD, HW, MXBL, DFBL, AFBL,
ADFD, DFSL, DFRL and PFSL.

Using ANQOVA and SSSTP, sexual dimorphism was recorded in
B.bayad of Giza and B.docmac in Assiut and Giza as regards the
indices of PRAL (£=2.712; 4 and- 276 4.F; P < 0.05) and AFSL
(F=2.811; 4 and 576 d.Fy P % 0.05). No sexual dimorphism was
recorded in B. bayad of Assiut.

The constants 2 and b of the allometric equation and the
confidence limits of the allometric Setficient b ol the
morphometeric measurements of B.bayad and B.docmac under
investigation are given in tables (6-11). Such tables show
that, at 0.05 level of significance, the isometric measurements
outnumbered the allometric ones in males of B. bayad in each of
Assiut and Giza populations, in males of B.docmac of Assiut and
in females of B.docmac of Giza. By contrast, the allometric
measurements outnumbered the isometric ones in females of
B.bayad in each of Assiut and Giza populations, in males of
B. docmac of Giza, in combined sexes of B.bayad of Giza and in
combined sexes of B.docmac 1in each of Assiut and Giza
populations. The isometric measurements  Wwere equal to
allometric ones in females of B.docmac of Assiut and in
combined sexes of B.bayad of Assiut. Also the aforementioned
tables show the type of allometery (isometry, positive
allometry or negative allometry) and accordingly intra-and
inter-specific variations in the morphometric measurements of
B. bayad and B. docmac can be revealed.

Cluster analysis of the coded morphometric indices (Fig.
2) give two main clusters; the first includes Assiut and Giza
populations of B.bayad (1,2,3 and 4) and the second includes
Assiut and Giza populations of B.docmac (5,6,7 and 8). The
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first cluster divides into two subclusters corresponding to
males and females of B.bayad of Assiut (1 and 2) and males and
females of B.bayad of Giza (3 and 4). Also the second cluster
divides into two subclusters corresponding to males and females
of B.docmac of Assiut (5 and 6) and males and females of
B.docmac of Giza (7 and 8).

The results of CVA’S carried out on the morphometric sets
considered are given in tables (12 & 13) and figures (3-6).
Table 13 shows that such analyses exhibited different
intraspecific (sexual and geographic) and interspecific
patterns of size and shape variations.

DISCUSSION

Morphometric indices of fishes were found to be of
taxonomic importance in seX, race and species identification by
many Iinvestigators (PAGE and BRAASCH, 1976; NELISSEN, 1978;
EZZAT et al., 1979; RISCH and THYS van den AUDENAERDE, 1981:
KHALIL et al., 1982, 1984; HAUG & FEVOLDEN, 1986; MEKKAWY, 1987
and MAHMOUD, 1988, 1991). In the present study, it was possible
to reveal intra- and inter-specific variations in B. bayad and
B.docmac populations considered by comparing means of the
morphometric indices studied. Also, such variations were
displayed by the application of ANOVA and SSSTP on the
aforementioned indices.

The type of the allometric coefficient was considered by
GOULD (1966) to be of taxonomic value. The type of allometry
was used to study intra- and inter-specific variantions in some
fish species comprising Mugil cephalus (GRANT and SPAIN, 1975),
Spectrunculus grandis (NIELSEN and HUREAU, 1980) Chrysichthys
magnus, Gephyroglanis longipinnus and Gephyroglanis gigas
(RISCH, 1981), Mormyrus kannume (MEKKAWY, 1987), Clarias lazera
(MAHMOUD, 1988), Cichlasoma citrinellum (MEYER, 1990), Labeo
horie and Labeo forskalii (MAHMOUD, 1991). In the present
investigation, it was possible to reveal intra~ End
inter-specific variations of B.bayad and B.docmac populations
from Assiut and Giza according to the type of allometry of the
morphometric measurements considered. _

~ KARAKOUSIS et al. (1991) mentioned that the wuse of
morphological characteristics has some limitations and
disadvantages. According to them such characteristics that they
are polygenically inherited, have- low heritability and are
subject to considerable environmental plasticity. Thus, unless
specific characters are known to have a genetic basis,
multivariate analysis of a set of phenotypic characters is
regarded as a more appropriate method than the use of a single
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character for determining the extent to which populations or
species may be genetically diverse (SMITH and CHESSER, 1981).
Multivariate methods have been used for investigating intra-and
inter-specific morphometric variations in fishes py several
authors (WINANS, 1985; MacCRIMMON & CLAYTOR, 1986; MEKKAWY,
1987, 1990; CAWDERY & FERGUSON, 1988; MAHMOUD, 1988, 1991;
HEDGECOCK et al., 1989; MEYER, 1990; - KARAKOUSIS et gl., 1991;
SHEPHERD, 1991 and MEKKAWY & MAEMOUD, 1992). In the present
study, intra-= and inter—specific‘morphometric variations were
revealed in B.bayad and B. docmac populations considered Dby
using canonical variates analysis and cluster analysis. Also,
it was found that canonical variates analysis on the head and
depth measurement sets provided greater separation between
sexes, populations and species than did the general and fin
measurement sets.

In the present study, intraspecific {geographic)
variations }n each of B.bayad gnd B.docmac populations from
Keqiut (27 N} and Giza (30 N) can be attriputed to
environmentally ;nduced phenotypic differences. Further genetic
and electrophoretic studies necessary to determine wheather
such populations constitute separate genotypic entities or do
not.
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Fig.1: Schem
on th

considered. ADF, Adipose dorsal fin; AF,anal fin; CF, ecaudal
fin; DF, dorsal fin; PF, pectoral fin; VF, ventral fin.L.V.:
lateral view; D.V. ‘dorsal view; V.V.: ventral view. The
numbers are the same as those of the list of the morphometric
measurements given in materials and methods.

ol

3.44947 2.0267 - o.6087

Fig.2: Dendrogram from weighted pair group method cluster analysis
on Euclidian distance matrix of coded morphometric indices
of Bagrus populations. -

1%2: Males and females of B.bayad of Assiut.
3%4: 'Males and females of B. bayad of Giza.
5&6: Males and females of B.doemae of Assiut.
7%8: Males and females of B.docmac of Giza.
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Fig.3: Plots of scores of CVI,CVII and CVIII derived from CVA
carried out on general measurement set of Bagrus populations
(A & B: raw data; Cc&D: indices).

———- Males of B.bayad of Assiut.
Temales of B.bayadof Assiut. i
-.-. Males of B.bayad of Giza. -
_x-x Females of B.bayad of Giza.

.... Males of B.doecmae of Assiut.
_o-0 Females of B.docmac of Assiut.
-w-w Males of B.docmac of Giza.
_xx- Females of B.docmac of Giza.
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carried out on fin measurement
(A & B: raw data; C & D:

-—- Males of B.bayad of Assiut.
— Females of B. bayad of Assiut.
-.-.Males of B.bayad of Giza.
-x-x Females of B. bayad of Giza.

set of Bagrus populations
indices).

....Males of 8. doemac of Assiut.
-o0-0 Females of 8. doemae of Assiut.
Males of B, doemae of Giza.
—xx- Females of B.doemac of Giza.
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Table (5): Results of ANOVA and SSSTP on the morphometric indices of
Bagrus populations considered showing the effects of
species (8) and locality (L).

Morphometric Morphometric:
index@ s L © indexg s L
FL 0.13 4, W4 + HD 37.08% 12.46% 4+
SHL 9.76 B.65% ++ HW 169.24% B.25% ++
ED 4,27 0.69 NABL 6.64 20.29% ++
PTOL 2.53 6 T1® MXBL 432.10% 0.07
HL 0.05 5.68% + OMBL 8.37 2.68%
I0W 353.21* 2.99%+ IMBL 9.37 5.92%++

-~ INW : 2.20 17812 &+ PTDOL 0.48 1.19
PRDL 0.83 4. 78% + PTEL 0.14 6.22% 4 4
PTDL 46.95*% 2.45 PTDEL 2.06 3.81%°
PRVL 10.73 3.UT* 4+ ADCL 5.91 3.60%+
PRAL 2.43 7. 60% 4 DFBL 82.11% 1.56
PTAL 6.33 3.49% + AFBL 31.01% 14,94+
PTEVL 35.24% 6.59% ++ ADFD B7.u0% 0.24
PVANL 26.0u% 4. 77%t DFSL 37.58% 0.23
BD1 1.33 26.37%++ DFRL 79.85% 0.09
BD2 2.03 46.76% ++ PFSL 345.88% 0.04
CPL 16.30 5.30%+ VFSL 0.02 .01
CPD 121.14*% 12.06%+ AFSL 2.53 16.75% ++
MW u66.38% 538
vCL  6.60 13.6u4%++

# Significant difference at 0.05 level:

@ For abbreviations refer to materials and methods.

+ Locality difference in B.docmac .
++ Locality difference in each of B.bayad and B. doemac.

Assiut Vet. Med. J. Vol. 28, No. 56, January 1993.
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‘Table (6) :Bivariate allomatric coefficient (bl of morphomstric measurements of
gach of males and females of Bagruys bayad of Assiut at Egypt,

Marphometric Males

Females
measurement®
b CL1 cL2 a b cL1 CL2 a
; 0.832 0.871 0.9393 1. 587 0.881 - 0.968 0.993 1.178
SNL . Ba55E 0.088 1.013 1.363 0.936 - 0.891 - 0.98}  0.146

0.356 =0..705- 1.417 1,434 0,488

0.467 1.153 0.443 0.980

0.421 0.571 0.823
0.944 1.015 0.167

0.839 0.838 (0.521
0.938 1.031 0.074
0.530 0.888 0.180
0.582 1.069 0,855
0.972 1.016 0.545
0.953 1.007 0.5B8
0.981 1,028 0.B66
1.032 1.067 0.812
0.870 1.059 0.258
0.756 1,286 0.197
1.073  1.185 0.087
1.153 1.288 (0.042
G0.942  1.055 0.199
1.008 1.156 0.038
0.870 © 0.975 0.168
0.884 1.053 0.453
0.876 1.042 0,122
0.837 0.964 0,241
0.543 0.788 0.718
0.580  1.254 1,053
0.690 0.929 0.897
0.627 0.B88 - 0.541
O-882 - 27035 . 0,572
0.888  1.060 0.213
0.860 1.018 0.502
0.868 1.035 0,198
1.033 1.134 (Q.102
1.003 1.078 0,288
1.217 404 0,813
0.861 0.976 0.185
0.864 I.051 0,275
6.%04 1.016 0.134
0822~ 0,852 0.219
-0.855 0.848 0.210

I
&
PTOL 0.810 I
0:ZB5 T 30.831 1.018 1.081 0.888
aw 1:341 T 5004269 2,013 0.030 0.984
INW * 1.896 I =-0.035 3.815 0.000 0.758
ROL 0.896 I 0.674 1.118 0.BB61 0.825
TOL 0.888 I  0.B18 1.160 1.004 0.994
RVL . 0.870 1 0.578 1.161 1.073  0.980
RAL 1.044 I 0.683 1:404 D.8557 ] p0g
TAL 0.991
TPVL. 0. 825
VANL 0.850
1.112
1.231
0.770
1.3583
0.781
0.987
1.108
0.578

I 0.774 1.208 0,864 1.050
I 0.461 1.389 0,428 1.014
I::8.125 _1.574 0.523 71.p11
I:.0.203- .1.832 0.097 1.128
I.-0.494 1.967 0.038 1.275
I 0.043 1.491 0,749 (0.9598
I 0.897 1,810 0.008 1,083
I 0.371 1.212 0.362 0,923
150712 .J.222 Q0.F27 1.Ma
I 0.415 1.800 0.050 0.959
I 0.134 1.022 1.577 0,300
ABL =0.571 I -2.375 . 1.233 915.276 U.E66
XBL -2,181 I -13.001 8.619 534.3x105 0,917
BL 0.235 I -0.891 l.461 18,801 0.81C

I

I

I

I

I

I

I

I

i 3

I

I

I

I

rHHI+H++HH+HHHHlH|HI

BL 0.155 -1.3548 1.857 16.682 0.747
ToOL 0.830 0.388 1.271 1.840 1.009
TEL 0.802 0.541 1.262 0.442 1,030
TDEL 1.007 0.590 1.425 0.454 0.989
DOCL 0.360 -0.723 2.642 0.194 0.952
FBL 0.336 0274 “1.718 DA73 1083
1.204 0.808 ~1.789 Bo3i5 ‘1l
0.720 =0.,710 2,150 ©0.378 ¥i3ip
1.294 0.450 2.138 0.021 0.918
1.100 -0.810 ~3.108 0.121 ©0.957
0.894 -0.106  1.894 0.203 0.960
1.024 -0.025 2,072 0.104 0.887
0.684 -0.188 - 1,916 0.265 .0.901

|HHJ+++HHHHI|H|

1

I=.disometry, -=npegative allometry, + = positive allometry .,

CL1 and CLZ= confidence limits for bivariate allomtric coefficient(b) .
a= constant of allometric equatiaon.

* For abbreviations refer to materials and methods.
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Table (7} :Bivariate allometric coefficient (b) of marphometric measurements of each
of males and females of Bagrus bayad of Giza at Egypt.

Morphometric Males ~ Females
measurements®
b cLl CLZ a b cLl CL2 a

PL 0.9%8 1 0.887 1.009 1.061 0.993 - 0.987 0.959 1.083
SNL 0.5879 - g.826 0.932 0.18B 0.848 = 0.803 0.803 0.238
ED 0537 = 0.432  0.842 0.508 0.B01 - 0.508 p0.695 0,345
PTOL 0.988 1 0.942 1.029 0.162 1.017 I 0.978 1.055 0.1386
HL G812 = p0.878 0.948 0.458 p.926 - 0,898 0.854 0.426
I0wW 0.902 - 0.847 0.958 8.121 0.870 - 0.785 0.945 0.144
INW 0.858 - p.796 0.922 0.148 0.886 - 0.841 p.932 0.128
PROL g.958 - 0.820 0.0a6 0.474 0,965 - 0,838 0,983 0.459
PTDL 0.978 1 0.948 1.008 0.584 0.993 I 0.974 1.013 0.546
PRVL 1.001 I 0.9879 1.023 0.498 1.035 + 1.010 1.061 0.408
PRAL 1.017 I  0.985 1.038 0.830 1.057 + 1.039 1.076 0.498
PTAL 1.040 + 1.021 1.0S8 0.635 1.083 + 1.011 1:115 0.562
PTPVL 1.030 I 0.885 1.07% 0.230 1.088 + 1.053 1.124 0,183
PVANL 0.982 I 0,913 1.051 0.226 1.046 I 0.982 1.108 0.158
801 1,011 1 D0.802 Y.a%2] Bilhs 1.007 I 0.836 1.078 0.1B1
B02 g.926 I 0.812 1.041 0.213 g.982 I 0.802 1.082 0.158
EPL p0.850 T 0.896 1.004 0.258 p.974 I 0.825 1.023 0.227
CPD 0.959 1 p.870  1.047 0.075 1.014 I 0.975 1.054 0.053
MW p.960 I  0.8382 1.028 0.135 p,933 - 0.891 0.875 0.158
VCL 1.008 I 0.982 1.034 0.478 0.931 - 0.885 0.977 0.737
HD 0.997 I  0.858 1.135 0.107 p.781 - 0.708 0.854 0.357
HW 0.944 I 0.844 1.044 0.183 0.937 1 0.867 1.007 0.131
NABL 0,348 - 0.130 0.527 4,088 0.414 - 0.245 0.584 2,596
MXBL 0.539 I 0.071 1.006 8.676 0.688 - 0.589 0.778 4,004
omMeL p.700 - 0.448 0.953 1.265 0.678 - 0.568 0.791 1.359
IMBL 0.520 - 0.324 0.716 1.874 0,599 - 0.457 g.740 1.151
PTDOL ! 1.036 I 0.692 1.380 0. 466 1.033 + 1.002 1.064 0.498
PTEL 1.037 1 70.352 3,221 0,213 1.012 I 0.860 1.044 0.243
PTDEL p.708 I 0.214 1.204 2.242 1,012 T -0.8987 1.038 0.442
ADCL 0.818 1 0.682 1374 -B.255 p.g9s8 I 0.880 1.048 0.188
OFBL 0.994 I 0.842 1.048 0. 167 1.037 I 0.998 1.0786 0.130
AFBL 1.024 T 0.841 1217 0.2986 1.018 1 0.938 1.087 0.3189
ADFD 0.983 I ~ D0.601 1.325 0.080 0.893 - 0.787 0.988  0.127
DFSL 0.846 I 0.848 1.043 0.158 0.B852 - 0.766 0.93339 0.271
DFRL 0.791 I_  0.585 -1.01B 0.705 0.777 - 0.865 0.888 0.775
PFSL g.991 I p0.815  1.167 0. 113 0.924 I 0.844 1.004 0.162
VFSL p.798 - 0.681 0.918 0.380 g.775 - 0.689 g.862  0.408
AFSL o,ala = 0,721 - 8,915 g.322 §.862 - 0.718 D. 884 0.354

I=isometry, —=negative allemstry, + =positive allometry.

CL1 and CLZ = confidsnce 1imits for bivariate allometric cosfficient (Bl
a= constant of allometric equation.

s+ for abbreviations refer to materials and methods.
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Table(8):Bivariate allometric coefficient ({b) of morphometric measuraments of sach of
males and females of Bagrus doemac of Assiut at Egypt.

Morphometric Malas Females
measurements*
b CLl CL2 a b CLl CL2 a

FL 0.980 I - 0.971 0.588 1,183 0.883 - 0.838 0.989 1.300
SNL 0.958 1 0.892 1.025 0.135 1.013 I 0.8947 1.078 0.098
ED 0.396 ~ 0.328 0,463 1,129 -0.456~ Q,370 0.543 0.794
PTOL 1.124 + 1.079 1.188 0.071 1.071.F . 1.00% 1.3133 0.08s5
HL 1.005 1 (0.868 1.041 0.270  1.004 I - o0.981 1.047 C.2863
I0W 1.109 + 1.025 1.193 0.046  1.123 + 1,024 1.221 0.043
INW 1.273 + 1.019  1.526 0.014 1,342 + 1,155 1.529 d.010
PROL 1.086 T - 0,992 1.079 0.302 1,010 I 0.988 1.053 0.350
PTOL 1.017 T 0.9%0 1.044 0.463 1,006 T 0.97§ 1.037 0.480
PRVL 1.031 + 1.002 1.060 0.430 1.040 1 0.999 1.070 0.408
PRAL 1.050 + 1.020 1.080 0.516 1.038 I 02891 1.080 0.558
PTAL 0.808 I 0.767 1.052 1.321° 1,020 T+ 0,977 1.064 0.690
PTPVL 0.998 I 0.938 1,057 0.306 0.980 I 0.904 1.014 0.384
PVANL 0.985 1 g.308 1.082 0.197 0.999 I  0.899 1.078 0.198
BO1 1.105 1 0.3896 1.214 0.107 1.021°F 0.820 1.122 0.170
BD2 1.100 I 0.898 1.200 0.pg7 0.%82 I 0.859 1.105 0,188
CPL 0.968 1 0.925 1.011 0.252 0.3c8 - 0.858 0.957 0.353
CPD 0.8989 I 0.823 1.055 0.087 0.998 I 0.807 1.080 0.081
MW l.074 1 0.979 1.168 0.083 1.188 + 1,098 1.241 0.049
VCL 0.853 - 0.922 0,984 0.647- 0.919 - 0.877 0.9862 0.774
HD 1.226 + 1.130 1.322 0.p035 1.189 + 1.078 1.300 0.044
HW 1:057 1 0. 992 1.122 0313k 1.083 + 1.002 1.164 0.112
NABL 0.8663 - 0.532 0.794 0.577 0.814 - 0.648 0.s80 0.240
MXBL 0.B08 - 0.516 0.599 5.785 0.756 - 0.B5S5 0.857 2,394
OMBL 0.689 -  0.589 (0,789 1.307 - 0.832 - p.725 0.83g 0.580
IMBL 0.744 - 0,530 0,839 (Q.488 0.865 - 0,730 0.899 0.239
PTDOL 0.8993 I 0.868 1.018 0Q.823 0.853 I 0,902 1.008 0.777
PTEL 10112 = 1,045 S 1.1yl 135 1,058 1 0,899 1.118 0.184
PTDEL 0.983 I 0.957 1.008 0.545 0,938 - 0.889 0.986 0.598
ADCL 0.723 - 0.610 0.837 0.819 0.880 I 0.729 1,031 0.334
OFBL 0.899 I 0.942 1.056 0,349 0.956 I (0.781 1.132 3d.1s80
AFBL 0.817 I 0.718 0,916 0,873 0.B85 - 0,558 0.774 2.057
ADFD 1.051 T 0.926 1.177 0.048 0.8958 I 0,859 1.058 0.083
OFSL 0.915°1  "9.7981 1040 ° B.igs - ghyra s 0.688 0.858 0.419
DFRL 0.870 T 0.735  1.0068 0,447 0.775 - 0.847 0.802 0.742
PFSL 0.943 1 0.802 1.085 0.140 0.818 - 0,722 0.914 0.289
VESL 0.881 - 0.799 0.983 0,227 - 0. 871 T 0796 1.015 0.244
AFSL 0.8867 I

0.886 1.048 0,146 0.871 - 0.782 0.950 0.255

I =isometry, —=negative allometry, *=positive allometry .
CLl and CL2 = confidence limits for bivariate allometric coefficient (b).
@ =constant of allometric equation.

* For abbreviations refer to materials and methods.
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Table(%) :Bivariate allgmetric coefficient (b) of morphometric measurs-
mants of each of males and females of Bagus doemac of Giza at

Egypt.
Morphometric Males Females d
measgranents* i
b CL3 cLz a b CL1 cL2 a
FL 0,978 - 0,962 0.997 15389 0.886 I D0.871 1.001 1.141
SNL 0.993 I 0.827 1.058 0.114 0.998 I 0.804 1.0982 0.108
ED 0.487 - 0.375 0.588 0.B883 0.390 - 0.250 0.528 1,180

PTOL 1,112 :# 1 T.059 1.186 0.078 1.081 I 0,986 1,167 0.093
HL 1,032 T : 8.991 1,073 - 2:237 0.981 I 0.830 1,031 0,313
I0wW 1.098 + 1.020 1,175 -.- 0x048 1.178 + 1.075 1.280 0,031
INW 1,085 I- 0.975 1155 0.051 1.020 I 0.898 1.142 0.0B64
PROL 1.040 I 0.988 1.082 0.289 0,997 I 0.831 1.063 0.382
PTOL 1.028 I 0.991 1.064 D.440 1.002 I 0.981 1.044 0,506
PRYL 1.059 + 1.026 1.092 0,369 1.027 I 0.364 1.090 0,436
PRAL 1.050 + 1.020 1.078 0.523 1.062 + 1,016 1,109 0.482
PTAL 1.038 + 1.01) 1.065 . 0.642 1.0568 ¢ 1.006 1.108 0.589
PTPVL 0,975 I 0.884 -1.088 0.353 1.028 1 0.930 1,121 0.25%/
PVANL 1.050 I 0.8489 j.150 0.1339 0.568 T 0.822 1.114 0.224
" BO1 1.154 + 1.037 1.270 - 0,073 1.356.% 1.028 1,683 0.023
802 1.121 I 0.993 1.248 0.073 -~ 1.022-+ 1.128 1,515 0.024
CPL 0.927 - 0.872 0.982  0.305 Ov:879:4 0,804 1.054 0,234
CPO : 0,950 I 0.861 1,040 - 0,102 . .1.084 T 0.953 1,215 0.048
MW 1.127 % 1.083 - 15180 g.0683 . 1.102-# 1.018 1.188 0,071
VCL 0.874 1 0.944 1.004 0,560 0.976 T 0.804 1,048 0,558
HO 1.197 + 1.084 1.330  0.D41 1.334 + 1.1860 1.507 0,018
HW 1.105 + 1.032 1.178 0.097 3.128. % 1.020 1l.238 0.084
NABL 0.572 - 0.363 0.781 p.o0g  0.818 I 0.583 1.054 0.224
MXBL 0.646 - 0.533 0.758 4.556 0.B69 - 0.533 0.805 4.008
OMBL 0.750 - 0.624 0.876 0,811 p.ggg I 0.752...1.045 0.386
IMBL 0.773 = 0.B36 0.910 0.417 g.878 I 0.712 1.045 0.227
PTDOL 0.995 I 0.959 1.031 0.6508 1.027 I 0.969 1.085 0.510
PTEL 1.075 + 1.025 1.126 0.168 1.1894 + 1.028 1.360 0,086
PTDEL p0.555 I ~0.033 1.142 5.676 1,017 I 0.986€ 1.068 0.439
ADCL 0.908 I 0.805 1.008 0.285 0.962 I 0.833 1.081 0.215
OFBL 0.961 I 0.854 1.067 §.188 0.958 I  0.854 1.062 0.188
AFBL 0.852 = 0.751 p.953 0,654 0,822 - p.675 0.968 0.793
ACFD 1.012 I 0.858 1.164 0.058 0.922 1 0.733 1.111 0,088
DFSL 0.520 - - 0.847 0.983 p0.180 0.899 I D0.746 1.052 0.203
DFRL pD.818 - 0.699  0.834 0.609 0.894 1 0.s80 1.097 0.378
PFSL 0.883 - 0.783 0.884 0.224 0,848 I  0.587 1.109 0.242
VFSL 0.828 - 0.748 0.910 0.311 0.880 - 0.720 0.888 0.281
AFSL - 0.840 - g.885 0,994 0.185 0.862 - 0,781 p.983  0.243
I =ispmetry, = =negative allometry, + positive allometry .

CL1- and CL2 = confidence limits for bivariate allometric coefficisnt (bl .
a = constant of allometric equation.
* For abbreviations refer to matsrials and methods.
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Table (10) : Bivariate allometric coefficient (b) of morphometric measurements of
combined sexes of Bagrus bayad in each of Assiut and Giza at Egypt.

Morphometric Assiut Giza
*
measurement b cL1 oLz & b cL1 cL2 4
FL 0.8817 - 0.9704 0.9930 1.1713 0.9956 I 0.9915 1.0000 1.0777
SNL 0.9277 -  0.8851 0.9703 0.1533 0.8652 -~ 0,8334 0.8969 0,2139
ED 0.5056 -~ 0.4352 0,5761 0.5911 0.5736 - 0,5058  0.6415 0.4083
PTOL 0.9694 I  0.9349 1.0039 0.1774 1.0063 I  0.9805 1.0322 o0.1441
HL 0.8910 - 0.8457 0.9362 0.5140 0.9220 -  0.901% 0,9427 0.4335
I0W 0.9773 I  0.9307 1.0239 0.0772 0.8851 - 0.8403 0.9300 0.1326
INW 0.7996 I  0.589% 1.0097 0.14h2 0.8795 -  0.8441 0.9148 0.1331
PRDL 0.8458 I  0.6275 1.0642 0.8550 0.9636 -  0.9417 0.9854 0.4603
PTDL 0.9915 I  0.9705 1.0125 0.5531 0.9883 I 0.9740 1.0026 0.5615
PRVL 0.9775 I  0.9528 1.0022 0.5738 1.0210 +  1.0047 1.0373  0.4443
PRAL 1.0138 I 0.9947 1.0330 0.6494 1.0408 + 1,0269 1.0546 0.5495
PTAL : 1.0497 + 1.0339 1.0656 0.8126 1.0547 + 1,0253 1.0841 0,586%
PTPVL 1.0076 I  0.9665 1.0488 0.2673 1.0636 + 1.0354 1.0919 0,188%
PVANL 1,027 T  0.7977 - 1.258% 0.1808 1.0219 T 0.9765 1.0674 0,1815
ED1 1.1322 +  1.0790 1.1853 0.0855 1.0110 T 0.9510 1.0710 0,1577
BD2 l.2002 + 1.1319 1.2685 0.0476 0.9614 I  0.8962 1.0265 0,1748
CPL 0.9939 I 0.9413 1.0466 0.2051 0.9658 I  0.9309  .0006 0.2367
CFD 1.0900 + 1.0224 1.1577 0.0361 0.9906 I  0.9466 1.0346 0.0619
MW 0.9205 - 0.8720 0.9690 0.1704 0.9476 =  0.9121 0.9832  0.1453
vCL 1.0221 I 0.5903 - 1.0538 0.4506 0.9637 ~ ~0.9362 0.9913 0.6127
HD 0.8457 I  0.8694 1.0220 0.1308 0.8715 -~ 0.7959 0.o472 0.2149
HW 0.8983 - 0.8401 0,9565 0.2443 0.9428 - 0.8863 0.9994 0.1847
NABL 0.6386 - 0.5214 00,7558 0.8304 0.3834 - 0.2580 0.5089 3.045)
MXBL 0.7876 T  0.4130 1.1622 2,1299 0.6343 -  0,4215 0.8471 5.249]
OMBL 0.8100 - 0.7000 0.9201 0.6957 0.6820 - 0.5548 0.8001 1.3662
IMBEL 0.7436 - 0.6312  0,.8561 0.5502 0.5624 - 0,4476  0.6772  1.4442
PTDOL 1.0129 I 0.9863 1.0394 0.5586 1.0417 I  ©.8889 1.1945  0,4629
PTEL 1.,0207 I  0.9916  1.0u498 0.2235 1.0226 I 0.94%00 1,1052 0.2299
PTDEL 0.9900 I  0.9613 1.0187 0.3998 0.8974 I  0.6739 1.1209 0,8115
ADCL 0.9626 I  0.8803  1.0450 0.1865 0.9564 I 0.8271 1.0657 0.2150
DFBL 1.0876 + 1.0390 1.1362 0.1001 1.020L I  0.9902  1.0500 0,1437
AFBL 1.0525 «+ -~ 1.0157 1.0893  0.2714 1.0251 I 0.9328  1.1175 0.30i1
ADFD 1.2715 +  1.1805 1.3626 0.0161 0.9197 I  0.7509 1.0885 0.1120
DFSL 0.9289 - 0.8734 0.9845 0,1751 0.8949 . 0.832hk 0.9573 0.2116
DFRL 0.9581 1 0.8652 11,0510 0.2743 0.7855 -  0,6704 0.9006 0.7327
PFSL 0.9756 I  0.9204 11,0309 0.1z227 0.9512 I  0.8634% 1.0390 0,1399
VFSL 0.9088 - 10,8453 0.9723 0,1946 0.7859 -- 0.7173 0.8545 0.3861
AFSL 0.9074 - 0.8601 0.9546 0.2026 0.8109 -  0.7509 0.8709 0.3353
Izisometry, - = negative allometry, + =positive allometry,

CLl and CL2 = confidence limits for bivariate allometric coefficient (b),
a= constant of allometric equation,
* For abbreviations refer to materials and methods.
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Table (31]) :Bivariate allometric coefficient (p) of morphometric measurements

of combined sexes of Bagrus doemac in each of apssiut and Giza at
Egypt.
Morphometric Assiut Giza
measurement®
b cL1 cL2 a b CLL cL2 F

FL 0.9735 - 0.9620 0.9851 159253 0.9795 - 0.9612 0.9978 1.1871
SNL ©0.9900 I 0.g481 1.0319  0.111% 0.9974 I ©.9485  1.0463 0.1096
ED 0.4275 - 0.3775 ~0.4TTH 0.9367 0.B653 - 0.3852 0.5466 0.7657
PTOL 1.1041 + 1.0718 1.1365 0.0793 1.1077 + 1.0675 L1.1479 0.0801
HL 1.0098 I  0.9869 1.0326 G.2609 1.0231 1  0.99ut 1.0518 0.2476
I0W 1.1118 + 1.0542 1.169%  0.0457 1.1197 + 1.0638 1.1757 0.0430
INW 1.2837 + 1.1340 1.4335 0.0L34 1.0584 I 0.9923 1.1245  0.0520
PRDL 10260 I ©0.9983 1.0531 0.3196 1.0320 T 0.9947 1.0692 0.3132
PTDL 1.0160 I  0.9957 1.0362 0.u4651 1.0231 T 0.9977 1.0486 0.4502
PRVL 1.0372 + ~ l.0142 1.0601 0.4140 1.0533 + 1.0220 1.0847  0.3784
PRAL L0466 + 1.0230 1.0702 0.5259 1.0527 + 1.0251 1.0803 0.5116
PTAL 0.9636 I  0.8836 1.0376 0.9629 1.0430 + 1.0185 1.0675 0.6209
PTPVL 0.9794 I  0.9H29 1.0160 0.3812  0.9915 I 0.9173 1.0657 0.3163
PVANL 1.0059 I  0.94B6 1.0632 0.1825 31,0311 I 0.9553 1.1070  0.1548
BDL 1.0787 +  1.0058 1.1437 0.1265 1.5025 + 1.0739 1.33M 0.0555
8D2 1.0527 I  0.9796 1.1258 0.1258 1.1690 + 1.0683 1.2697 0.0561
CPL 0.9453 - 0.9165 0.9741  0.2867 0.9377 - ©0.689hl 0.9813 0.2919
CFD 1.0006 1  0.9514 1.0499 0.0807 0.9815 I 0.9118 1.0511 0,0859
1MW 1.1086 +  1.0513 1.1659 0.0683 1.1258 + - 1.0786 1.1731 0.0628
vCL 0.9432 - 0.9177 0.9686  0.6809 0.9738 1  0.9428 1.0048 0.5631
HD 1.19094 +  1.1330 1.2658  0.0410 1.2343 + 1.1368 1.3319 0.0326
HW 1.0758 1.0303 l.l21a 0.171 1.1148 +  1,0593 1,1702 0.0914

0.6u51 0.8u0ol 0.3612 0.6305 0.4828 0.7782 0,6530
0.5696 ©.7298 §, U663
0.6976  0.8767 0.7323
o.7021 0.8973 0.3564
0.9728 1.0316 0.5853

-
-  ©.6255 0.7604 3.4772 0.6497
. Dp.7oLg O.Bu24 0.7962 D.7872
_  0.7175 0.9107 0.3225 0.7997
PTDOL 0.9783 I  0.9534 1.0032 0.6762 1,0022
+

I
PTEL 1.0839 1.0439 1.12%0 0.1586 1.1044 +  1.0420 1.1667 0.1425
PTDEL 0.9668 0.9398 0.9939 0.5950 0.6555 I 0.3021 1.0088  3.3180
ADCL 0.7996 - ©0.7125 0.8867 0.525% 0.9162 = o.8h04  0.9920 0.2736
DFBL 0.9790 I  0.9000 1.0580 0.1672 0.9637 I  0.8929 1.0344 0.1836
AFBL 0.7517 - 0.6B1R 0.8221 1.2685 0,.B8LL4E = 0.7680 0.9212 0.6893
ADFD 1.0018 T 0.9268 1,0769 ©.06u42 0.9898 T  0.8805 1.6991  0.0664
DFSL 0.8459 - 0.7730 0.9189 0.2770 g.gL70 - 0.8520 0.9820 0.1831

-]
m
]
©
(=]
o
B
o
=
i

0.7573 0.9355 p.5048  0.BuOL - 0.7419  0.5382 0.5224
0.8011 0.9647 0.1991 0.8624 - 0.7591 0.9657 0.2238
VESL 0.8697 - 0.7965 0.9430 0.2436 0.8384 - 0.7732 0.9037 0.2945
AFSL 0.9215 - 0.8680 0.8788 _ 0.9886 0O 1856

0.9740 . 0.1912 0.9337 = s

o
oo ]
w
L
[=]
.
o«
oo
N
=]
i

I=isometry, -=negative allometry, += positive allometry -

¢Ll and CL2 = confidence limits for bivariate allometric coefficient (o).
a= constant of allometric equation.
®. for abbreviations refer to materials and methods.
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Teble (12):Canonical variates (CVI-cvIrr) derived from canonical
veariastes analyses carrigd out an certain morphometric
measuramsnts for esch of Bagrus bayad and Bagrug doemaa
from the Nile st Asaiut and Giza {caefficiant x 1p0).

Genzral measursment set
Morpnametric Raw data Indices
- cvI CVIT CVIIT CvI CVII CVITI-

PROL 02 20 11 o3 18 =11

PTOL =33 =02 1o =58 -05 =17

PRVL 18 =13 la 26 =42 a1

PRAL =23 -as Gs =313 -12 =22

PTAL =05 o4 ac -0a 05 -02

PTPVL 69 =41 28 51 =33 ~25

PVANL =03 -28 =10 -a3g =14 21

cPL 58 =42 -a7 49 -39 74

VCL =10 ~27 02 =26 -49 o1

PTDOL oz 42 =09 os a1 13

PTIEL 03 34 =25 12 28 40

PTOEL -a0 =00 -08 oo =03 14

ADCL 04 39 i8 -0s 28 =23

Elgenvalys 2,21 0.33 0.13 2,12 0.42 0.12

% variancs 82,77 12.3s% 4.87 79.70 15.73 4.5]1

Haad measuremsnt set
Morphametric
a ment® Raw data Indicas
cvr Cvir CvrI: cvr cvIz CvIII
SNL 07 . 30 =38 -08 =30 ~66
ED 53 -43 =2% =30 52 ~06
PTOL -36 =30 08 549 22 17
HL =18 01 12 - - -
Iow 52 =17 32 ~61 38 3s
Inw gz -38 04 ~03 20 =02
Hw ia 24 =78 =30 =04 =532
HD =17 =29 1o ~02 27 27
HW 33 37 27 36 =48 14
NABL =21 43 13 12 =36 17
MXBL oo =03 o1 a1 a3 (13§
anBL 01 ~-0s a3 o1 03 os
IneL. =06 08 03 ] -3 =02 01
Elgenvalue s5.30 g g2 0.10 9.58 9.63 0.08
ivariancs 88.04 10.30 1.58 83,08 6.06 0,88
. T e - E—
Fin Measurement sat
Morphomatrig Raw datas Indicas
measuremant *
CvI EvIiI EvVrrr cvr cvrr CVIII
CFBL -04 =01 06 20 -24 ~62
AF BL 32 as =13 18 -08 1is
ADFD 25 o8 og 31 =01 17
DFsL =22 =33 48 =08 1o 35
DFRL oo =10 =18 14 10 =11
PFSL =03 =27 =05 is a1 =53
VFsSL os =50 53 23 25 =23
AFSL -58 74 -85 =75 =93 k1)
‘Eigenvalye 1.82 G6.12 0.07 3.25 0.28 0.04
% variancs 90,55 5.97 3.48 91.55 7.32 1.13
-——-————-——-—-—————5—-————7—f-_1.___-,H_______‘,_.________
Dapth messurement sgt
Morphametric E S e e
measuraments - Raw data Indices
tvr CvIr CvIIx Cvr CvII Cviir

801 ~16 03 -34 -04 -38 27

802 =25 -48 50 =12 =52 =48

Cro 85 =57 =73 97 -24 75

HO ig 15 a3 21 €5 =37

Eigenvalus 2.78 0,18 0.11 7.38 0.47 0.14

* variancas 91.15 5,25 3.81 82,38 5.88 1.75

* Far sbbreviations refur to matarials and muthods,

ed, J. Voi. 28, No.

56, January 1993,
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