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SUMMARY

A thorough morphometric study is carried out on
fry, juveniles and adults of M. cephalus, L. ramada and
L. saliens living at Lake Manzala. Linear regressions
of total length on various body length criteria are given
for both the fry and juveniles (fish smaller than 80 mm)
and the juveniles and adult fishes (longer than 80 mm).
Most of the characters show slight or no differences
between observed and the calculated values. However,
the calculated values of peduncle length and to a less
extent interorbital width, and the considered lengths
of the first dorsal, ventral and anal fins are found to
vary from the observed value for both the small and
large fishes of the three species in the lake.

Some of the regression lines show no change from
the fry to the adult stages and the lines for the adult
appear to be a mere continuation of the lines of the
small fishes., Such a condition is reflected by fork
length and preventral length of the three mullet species.

The regression lines of some characters of one species
are found to coincide with those of the corresponding
ones of another species. The lines of the prefirst dorsal
length of the small fish, and thosc of the fork, standard,
preanal and presecond lengths and the length of the
pectoral fin of the larger fish, of the three species are
found to coincide.

INTRODUCTION

Mullets are widely distributed in many parts of the world
especially the tropics and subtropics. They are considered as im-
portant foodfishes in the countries that lie in these zones. Their
farming is practised in many countries (Thomson, 1963, 1966).

Five species of grey mullets are found in the coastal waters of
the Mediterranean off the shores of Egypt namely Mugil cephalus
Liza ramada, Liza saliens, Liza aurata and Chelon labrosus. Their
fishing grounds are the coast of the Mediterranean Sea and the
coastal Deita lakes : Manzala, Borollos, Edku and Mariut. During
1962—1968 Lake Manzala mullet fishery constituted 60-—80% of
the annnal country yie'd of mullets.
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The present contribution attempts to show morphometric differ-
ences between the three mullet species living at Lake Manzala which
are Mugil cephalus, Liza ramada, and Liza saliéns, and between
them and the same species at another locality. Moreover, the rate
of increase of body part with total length is followed during two
Gifforent svages of Wik,  Fxarminanon of many specimens can ndh-
cate the best characters to distinguish between the species over a
wide size range. Regression analysis of the original data as a tool in
the mterprelation of relative growth is used in addition to the use,

in one case, of the body dimensions expressed as percent of total
length.

-

The morphologica] characters were selected through precedent
and experience. The precedent was established by several workers
who attempted thorough morphometric studies on mullets (Keste-
ven, 1942, 1950 ; Thomson, 1954; Anderson, 1957, 1958; Ezzat,
1965; Bishara, 1967), and other fish (Hile, 19485 Ricker & Merri-
man, 1945 ; Scattergood, 1952 etc.). Most of the recent workers
on mullet did not explain how they selected the various length crite-
ria, but undoubtedly they were guided by previous workers in this

field.
MATERIAL AND METHODS

The following morphometric measurements were recorded for
each species :

1. Total length (T.L.), from tip of snout to the end of the
caudal fin.

2. Fork length (L.C.F.), from tip of snout to the end of the
medium) ray of the caudal fork.

3. Standard length (S.L.), from tip of snout to the origin of
tthe caudal fin.

4. Predorsal T distance (D,.) from tip of snout to insertion of
the first dorsal fin.

5. Predorsal II distance (D..) from tip of snout to insertion
of the second dorsal fin.
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6. Preventral distance (V.), from tip of snout to insertion of the
ventral fin.

7. Preana) distance (A.), from tip of snout to insertion of a2nal
fin.

‘8. Head length (H.), from tip of snout to the operculum edge.

9. Preorbital distance (Sn.), from tip of snout to the anterior
margin of the eye.

10. Interorbital width (I.0.), the distance measured by the
divider across the head between the uppermost rim of the
eye.

11. Eye diameter (E.), distance between the anterior and post-
erior margins of the eye.

12. Body depth (B.D.), the greatest vertical part of the body
under the first dorsal fin.

13.. Peduncle depth (Pd. D.), the narrowest part posterior to
the position of the anal and anterior to the caudal fin.

14. Peduncle length (Pd. L.), the line joining the posterior point
of the origin of the anal fin to the origin of the caudal fin.

15. Length of pectoral fin (Pct. L.), from its base to its end.
16. Length of ventral fin (V.L.), from its base to its end.
17. Height of the first spine of the first dorsal fin (D,. H.).

18. Height of the anal (A.H.), the longest ray from its base to
its end.

All measurements were taken on the left side of freshly caught
fish.. These morphometric measurements are based on the examina-
tion of 103, 95 and 141 fry of total length ranging from 14-80 mm.
of M. cephalus, L. ramada and L. saliens, and of 248, 245 and 216

longer fish up to 550, 400 and 300 mm of the same speccies, respec-
tively.

Measurements of body proportions of fish less than 100 mm
long were recorded to the nearest 0.1 mm using a binocular micro-
scope provided with a moving stage. Measurements of body
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proportions for fish longer than 100 mm were taken to the nearest
millimetre. These measurements are the actual distance between
two points and not the distance parakel to the midline of the body
and between perpendiculars. However, an additiona] number of
mullet ranging in length from 35 to 100 mm were measured using
the divider. It was noticed that there were no differences in lengths
when compared with those measured under the binocular micro-
'scope. 'The number of M. cephalus, L. ramada and L. saliens whose
measurements were taken using the former and the latter methods
is 12, 64 & 45 and 138, 56 & 99, respectively.

RESULTS

Lincar regressions were employed in relating the total length
T.L. (independent variable, X), to the various body and fin lengths
{(dependent variables, Y). The regression equation is Y = a + bX.
Two regression lines were calculated for each measurement,
one for fish with length less than 80 mm and one for longer
specimens up to 550 mm in M. cephalus, 400 mm in L. ramada and
300 in L. saliens. . Asan example for comparative purpose, a regres-
sion equation for all length ranges of L. saliens is also given for each
measurcment.

The calculated constants, “a” & “b” are given in Table 1, and
all results are represented in Figs. 1-3, from which the following
points are worth mentioning.

Differences of calculated body parts from their observed averéges

In M. cephalus and L. ramada considerable variation is observed
in Pd. L. while 1.O., D..H., V.L.. and A.R. show moderate varia-
tions. In addition, observed averages of A. & V. of M. cephalus,
Sn. & Pct. L. of large (more than 80 mm) M. cephalus and Sn. of L.
ramada differ from their regression lines. In L. saliens only mode-
rate variations are found in V.L., A-H., Sn. & E. of all fish length
range, and in D,. of large fish (> 80 mm).

All other length criteria show very slight or no difference bet-
ween the observed and calculated values. ,
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Comparison of regression lines
When following the regression lines of both the small ( < 80 mm)
and larger fish, it is found that, L.C.F., S.L. & V. of the three species,
mn addition to B.D. of M. cephalus, Pd. D. & E. of L. ramada and
! D,., D, A., BD. & Pct. L. of L. saliens, show a uniform rate of inc-
reasc with total length throughout the size range. On the other hand
the two regression lines of I.O. in the three species, show the greatest
change in rate of increase with T.L., gradually followed by Pd.L.,
' D.H., AH. & V.L. of M. cephalus, Pd. L., AH. & V. L. of L.
ramada and E., Sn. & V.L. of L. saliens. A slight change is obse-
rved m H., Pct. L. & Pd.D. of M. cephalus, H., BD., D:,, A, D,. &
Pct. L. of L. ramada and Pd. D. of L. saliens. The degree of inflec-
tion in the rate of increase of the other measurements with T.L.,
varies with body part and species.
The general equation for all length ranges of L. saliens was found
to give better results for S.L., D:. & A. than those given by the two
. regression cquations for the smal! and large fish, while no difference
‘ was found in case of LCF. D,.. V.. BD.. and Py J. Iy _2pm pf
IRt (A f/.L., 0. H, AH, Pd.D. & Pd.l.. the results
given by the equations for small and large fish separately were less

deviated from the observed values than the given by the general equa-
tion.

Biometric differences between i he mullet species

_In order to recognize biometric differences between the three
Species, comparison of the corresponding regression lines for the small

. I
?nd large fish (S 80 mm long)for cach measurement is represented
m Figs. 4 & 5.

No difference, in small tish, ‘s found in D,. of

speci«:s, in AH., A & V. of M, cephalus and Lthia}gl;zic
and in L. C. F. & S. L. of L. ramada and L. saliens. 1y lar :3
fish, the regression lines for LCF,S 1., A, D. & Pct L if
the three species, coincide. as well as these for Sy, of M, .ceph.alus
and L. saliens and for BD. VI, & LO. of M. cephaliis and 1

ramada. In small fish, slight difference is shown by V.L., HE., Pd L
& Pd. D. of the three species, by L.C.F. & S.L. of ,M. ce,pka.lus.
and bY A. & V. of L. ramada. However, there is a marked diffc‘j
tence n Pet. L. & B.D. of the three species and in A.H. of I. ra?ﬁ-
ada. The maximum difference is observed in 1.0, Sn & D H
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of the three species. Fish larger than 80 mm show a slighit
difference in E., AH., D,. & Pd. D. of the three specics, and in
BD. of M. cephalus and L. ramada, while a slightly higher
difference is observed in V., Pd.L. & D,.H. of the three species.
Marked difference exists in V.L.& 1.0.0of L.saliens,and the highest
difference is found in H. of the three species, in Sn. of L. ramada
and in B.D. of L. saliens.

Total body length of fry in mm.

Fig. 4. Comparative representation of regression lines of the morphometric
characters on total length of the fry of the three mullet species

The biometric differences between the three species described
above are based on the regression lines, i.e., on “b” and “a”.
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According to previous investigators the body dimensions were
expressed in percent of standard or total length, The small fish
less than 80 mm long of the three species when treated in this way,
showed that their biometric differences follow the values of the
grand averages of the ratio of body part to T.L. much more than the
value of “b” (Table 2),

DISCUSSION

In the present study, the plots of the studied body parts against
tota’ length of the three mullet species in Lake Manzala, to which
appropriate regression have been fitted, indicate that linear relation-
ship between variables is adequate (Figs. 1-3). The analysis shows
measurement variations in some length criteria. However, a close
agreement 1s found between the observed and calculated values of
fork length (L.C.F.), standard ength (S.L.), prefirst dorsal distance
(D,.), presecond dorsal distance (D-.), head length (H.), body depth
(B. D.), peduncle depth (Pd. D.), and length of pectoral fin (Pct. L.)
of both the small and large fish of the three species.

The prefirst dorsal distance is slightly less than half the standard
length, i.e., the first dorsal fin s situated nearly at the mid-point bet-
ween the snout tip and the base of the caudal fin, and the anal fin
is slightly in advance of the second dorsal. These results agree with
those given by Thomson (1966) and can be deduced from the factor
“b” (Tab'e 1)whose values for the prefirst dorsal distance are less
than half the corresponding ones for the standard length; and those
for the preanal distance are less than for the presecond dorsal dist-

tance (D-.).

It is well known that a species can exhibit morphologically dif-
ferent populations. These morphometric differences can arise as
a result of changes in the local environment during the phenocritical
period of development or they may be genctic differences resulting
from natural selection during long periods of geographical isolation
(Hubbs, 1926; Hart, 1952; M cHugh, 1954; Howard, 1954; De Sylva
et alii, 1956, etc.), However, the gencral froms of various relation-
ships for mullet species at Lake Manzala are-in close agreement with
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those previously given for the same species either in Egypt (Bishara,
1967) or other localities in the world (Kesteven, 1942 ; Ezzat, 1965).
This is reflected by the approximate values of “b” representing the
slope of regression of differcnt body parts on total lengths of the three
mullet species (Table 3). These findings confirm the conclusions
of De Sylva et alii (1956) who showed that mullet, sometimes,
belonging to distinct geographical localities, have the same regression
coefficients. However, a remarkable heterogenity 1is noticed.
Bishara (1967) has shown that the calcualted values for some body
parts obtained from Ezzat (1965) equations are not correct proba-
bly due to some error when computing these equations. Such
errors lead to abnormal values of “b” like that of Ezzat's prefirst
dorsal distance (D..) of M. cephalus and the preventral distance
of M. capito (Table 3) ; the Y intercept “a” may be abnormal
like that of the prefirst and presecond dorsal distances of M. capito
which equals to -22.36 and -29.87, respectively. Nevertheless,
Ezzat’s (1965) observed values of most measurements (Tables 14
and 24) in addition to those of Bishara (1967) are comparable with
those of the present corresponding findings. Ezzat’s (1965, Table
48) standard, preventral and preanal distances of L. saliens are
exceptionally high and contrary to what is expected the pre-
anal distance is always larger than the presecond dorsal distance.
The value of “b” of the body depth by Kesteven (1942) is different

since it was determined as maximum width by trial,

Inspection of the graphs of the calculated regression lines
(Figs. 1—3) suggests that the location of point of inflection varies
with the body part and that some parts have little or no inflection.
Where there is no inflection, the calculated regression lines for
individuals longer than 80 mm has the same slope “b” and is mere-
ly an extension of that for smaller fish. This is shown by the

standard length (S.L.) and the prefirst dorsal distance (D1.) of the
three species as given in table 1.

Thus, from the above account the regression coefficient is
found useful in comparison between the relative position of the
different body parts, and in comparison of one character either

of different species in onc locality or of one species in different
localities.
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Marr (1955) gave examples to demonstrate that presenting the
data on body proportions in the form of ratios or regression of
ratios, as opposed to the regression analysis of original variates
are inefficient and may often lead to erroncous interpretation.
Furthermore, Kesteven (1950) preferred to express the different
body dimensions by covariance and regression equations which he
proved their validity in marine species as herring and mullets.
The latter author objected to the use of numerical ratio between
the dimensions of two body parts, i.e. indices, as tools for identific-
ation of races or species in marine species. However, the present
data suggest that grand averages of the ratio of body parts to
total length of the mullet small fishes are close to the values of
“b” in the corresponding regression equation except for eye dia-
meter (E.), interorbttal width (I.O.), preventral distance (V.) and
the length of ventral fin (V.L.) (Tables. 1 & 2). It has been
shown that the difference of regression lines of a body part on total
length of the small fish of the three species follows the values of
the grand averages of the indices more than values of “b”, especi-
ally when the difference exists from the very beginning of early
life. Kesteven (1942) found that indices for immature M. cepha-
lus, particularly the head (H.)) and trunk length indices, differ
semewhat from the indices of older fish.

The present results show that indices calculated for M. cepha-
lus from Lake Manzala are nearly the same as those given by Tho-
mson (1954) for the same species from Australia and adjacent
seas (Table 4). The values in table (4) are identical except for
body depth (B. D.), interorbital width (I. O.; and height of the
first spine of the first dorsal fin (D:. H.). The difference of these
latter parts may mostly be due to non-identical measured parts,
e.g., the last item (D:. H.) is given by Thomson (1954) as the longest
height of the first dorsal fin while it represents the height of the
first spine of this fin, in the present study.
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