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INTRODUCTION 

The Sardine waf; among the most important fishes contributing to the Egypr tian Mediterranean fisheries. Prior to 1966, huge quantities of Nile flood water 
was annually disobarged to the sea tbrough Rosetta and Damietta mouths of 
the Nile during the period from August to November. The fertilizing effect of 
the Nile flood water initiated the developmeot of luxuriant phytoplankton, bloo
ming off the Nile delta during autumn months. 

The Sardine fish used to be attracted in big shoals to this region to feed, 
thus becoming vulnerable to the fishermen's gill-nets. The landings of tbis fish 
during the autumn season varied between 6000 and 8000 tons, or approximately 
40-50 percent of the total catch from the Mediterranean fisheries of Egypt. 

Since 1966, tbis condition no longer exists as a result of the construction of 
the Aswan High Dam and the storage of all the flood water infront of the dam. 

Tbe two species contributing to those oatclJes, namely Sardinela maderensis 
Lowe and Sardinella aurita Ouv. & Val., are however fished in small quantities 
througbout the year by tbe shore - seines, particularly in summer. The summer 
catches consist of maturing fish whose gonads are ripening in preparation for 
spawning. As a matter offact, a clear contrast in the condition of the fish existed 
between the fatty well-fed fish of autumn and the emaciated fish of summer. 

This paper embraces the results of a study on the age and rate of growth 
of the two species. The study of age was based on reading winter annuli and 
growth zones on the scales and expressing them in terms of fish length. 

Sucb a study was previously carried out, but not in detail, by EI-Maghraby 
(1960) and Nassif (1961). The present wotk could be considered as the first 
comprebensive study on this subject on these two species in Egypt. 

A study of the growth history of fish as recorded on their scales bas been 
long aplied by fishery biologists, Hoffbauer (1899); Walter (1901); Dahl (1907), 
1909 and 1910-; Lea (1910) ; Taylor (1916) ; Van Oosten (1929); Graham (1929) 
and others. 

Lea (1910) was however the first to modify the basis of age determination 
and to introduce a new approach in his growth studies on the Olupeid fish Clupea 
harengus (herring)' Since then, his procedure bas been widely adopted in fishery 
biology investigations. 

The growth studis of the two species of Sardinella were attempted on Mediter· 
ranean samples by Fage (1920); Navarro (1952); Dieuzeide (1950) ; Ananaides 
(1951); Dieuzeide and Roland (1957); Ben-Tuvia (1960); EI-Maghraby (1960) 
and NasEif (1961). 

Growth studies on the two species were also done in West Africa by Postel 
(1955) and 1960) and Rossignol (1955). 
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MATERIAL AND METHODS 

Random samples were obtained from the eommerci~l catch from Anfoushy 
Abu-Kir, EI-"Meadia fish markets from September 1964 to August 1965. Samples 
were available most of the year round, except that S. maderensis was very scarce 
in December 1964 and March 1965. The frequency of mmples examined eacb 
month varied from once to thres times. 

The ~alnple was taken as soon as possible to the laboratory. Tbe total 
length and total weight of each fish in the sample were taken to respectively the 
nearest 0.5 em. and gram. A number of seales was then taken from jnst bebind 
the pectoral fin below the lateral line. 

Age determination was based on scales taken during the period of investi
gation from 432 fish, S. maderensis, and 393 fisb, S. aurita. Five to six scales 
were picked from a pOl'ition just posterior to the pectoral fin below tbe lateral 
line of each fish, were cleaned in 10% hydrogen perox:ide for 15 minutes, then 
mounted dry between two slide:;. Examination of these scales was carried out 
by prnjecting them on the sorBen of a microfilm-reader (magnification x 17). 

The magnified distances from tbe focus of each scale to the successive annuli, 
as well a:; t]Je total radius of the scale (on a diagonal line between the focus 
and the margin) were determined. 

RESULTS 

A.-The body·scale relationship of S. maderensis ani S. aurita : 

The nRe of ::;cales in age determination is lased on finding the nature of the 
relation between the fi~h body length and a particular dimension ofthe scale. 
This dimension is represented by a radius passing from tbe scale focus to its 
outer margin. 

It is a know fact that the length of the scale is directly proportional to the 
body length. The relation between thi~ is practically constant over a wide range 
of fish length provided that the scales are taken from the appropriate body region, 
(Lea, 1910). Other workers applying this postulation to various fishes established 
a linear relationship between these two dimensions according to either of the fol
lowing equations: 

L = b'S 

or 

L - a + b. S 

where, L total length of fiisb, 

S - linear dimension of scale (scale radius), 

Il, h. = are constants. 
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From respectively 432 and 393 fi"h of S. maderensis and S. aurita, the data 
concerning total fish lengtb, the whole scale dimensions and tbe scale dimension 
at each winter ring were taken. 

The average observed scale radii (x 17) of S. maderensis oflengths between 
75-170 mm. are given at each 5 mm length interval in T'lble (1). Both the males 
and females were conl>idered separately, but as no signifiaant diff0rences exist 
between the tW() sexes, the scale radius of b0th wece treated bgether. The 
calculated scale radii and the b0dy-scale ratio were then dflrived for the 
combined sexes. 

Similarly tIle corresponding values for S. auriia are given in Table (2) for the 
length range 80 to 230 mm. at 5 mm, length range. 

It is clear from these tables that the values of the ratio L/S showed constancy 
all along the length range studied. Thedirect proportionality formula representing 
the body - scale relation viz. L/S = b was used and the value of b fer each 
species was caloulated as an average of the ratio L/S for the whole length range. 
The value of b was found to be as follows: 

S. maderensis 2; 703 

S. aurita 3.170 

The relationship between total fish length and the scale radius of the two 
species is graphically represented in Figures (1) and (2). The straight line 
represents scale radius values as oalculated from the nbove mentioned formula. 
In the same figures the average emperical values of the scale ndius are ah·o 
given. The fitness of the line to represent the body scale relation is ind:t ated 
from the close equality of tbe calculated and observed values. 

To derive the fish length at each year of life as indioated on the scale by 
different winter rings, the following simple proportionality formula was used 
for back-calculation: 

. L 
S 

where, In length of fish at the end of n year, 

SII - length of fish-scale at the end of n year, 

S total scale-radius and 

L observed total length of the fish. 
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TABLE l.-BODY-SCALE RELATIONSHIP OF S. maderensis. 

Total 
length I
 
(mm) No. 

-

-75
 

100
 

105
 

110
 

115
 

120
 

125
 

130
 

135
 

140
 I
 

145
 

150
 

155
 -

160
 

170
 -
-

F 1 I u.d,"'=i-I Combin'dMale 
Cllla e I ned sex BexeB----- I 0.10u1,"'d

Boale radius LISBcale BPalc Beale Boa Ie ( X 17)
 
radius No. "di" No.1 "diU' I No. "diu. 
(X 17) (X 17) I (X 17) (X 17) 

25.50 2.94- 27.751 25.50 1
- -
8 38.42 37.88 2.645
 37.0035.80 1
 44.00 14
 

12
 39.6938.86 22
 38.85 2.657 39.26 3
 40.00 

16
 40.69 19
 40.48 2
 40.60 40.70 2.7141.00 37
 

10
 41.13 11
 41.97 26
 42.29 42.55 2.725
 45.30 

15
 43.26 14
 43'.64 2.733
 48.67 32
 43.93 44.40 

7 44.64 2
 2.6946.92 7 48.14 16
 46.46 46.25 

21
 46.65 8
 48.84 2.6646.13 16
 53.06 45
 48.09 

22
 50.05 10
 48.77 52.43 2.5759
 53.97 91
 49.94 

25
 51.72 20
 51.03 26
 54.40 51.79 2.5759.58 71
 

18
 52.98 8
 52.58 12
 61.13 38
 55.43 53.64 2.62 

12
7 53.14 26
 55.02 55.49 2.7251.88 7 62.29 

4
 56.62 4
 56.62 57.34 2.74- --
5
 58.30 6
1
 56.00 57.92 2.765:J .19
--

3
 60.39 3 60.39 62.89 2.82-- -
- -

166
 432
124
 142
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TABLE 2.-BODY SCALE RELATIONSIUP OF S. aurita 

Male Female 
Undetermi

ned sex 
Combined 

sexes 

I 

Total ---- Calculated 
Length 
(mm) No. 

Bea Ie 
radiuB No. 

Beale 
radiuB No. 

I Bcale 
radiuB No. 

Beale 
radiuB 

LIS scale radius 
(x 17) 

(X 17) (x 17) (x 17) (x 17) 
- - -- _. - - - --

80 - - - - 4 23.6 4 23.6 3.39 25.24 

85 - - - - 2 24.5 2 24.5 3.47 26.81 

90 - - - - 6 26.7 6 26.7 3.37 28.39 

95 - - - - 2 30.:l 2 30.2 3.15 29.97 

125 - - - - 1 38.0 1 38.0 3.29 39.43 

135 - - - - 1 45.7 1 45.7 2.95 42.59 

140 1 48.3 8 47.8 16 47.4 25 47.6 2.94 44.16 

145 1 50.0 10 48.1 23 48.!) 34 48.4 3.00 45.74 

150 2 47.2 10 49.0 18 49.8 30 49.3 3.04 47.32 

155 2 50.7 5 50.8 19 51.1 26 51.0 3.04 48.90 

160 5 49.0 4 50.1 24 51. '7 33 51.1 3.13 50.47 

165 3 52.6 2 51.9 11 54.8 16 54.0 3.06 52.05 

170 4 52.3 7 50.8 11 55.:3 22 53.3 3.19 53.63 

175 9 54.2 6 54.0 7 57 .~~ 22 55.1 3.18 55.21 

180 10 57.3 11 56.3 4 58.1 25 57.0 3.16 56.78 

185 7 60.1 23 58.7 2 59.'t 32 59.0 3.14 58.36 

190 15 61.1 13 59.9 1 55.0 29 60.4 3.15 59.94 

195 7 61. 7 16 61.7 5 61.8 28 61.7 3.16 61.51 

200 10 63.9 14 62.8 1 64.3 25 63.3 3.16 63.09 

205 4 64.0 10 64.1 - - 14 64.1 3.20 64.67 

210 1 69.0 10 66.4 1 64.0 12 66.4 3.16 66.25 

215 - - 2 68.0 1 65.0 3 67.0 3.21 67.82 

230 1 70.0 - - - ~ 1 70.0 3.29 72.56 
- - - - - - - -

Total 82 151 160 393 
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5 ARDINELLA MADERENSIS 
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FlO. 2.-The relation between total length and scale radius of S. aurita. 
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B.-Time of annulus formation : 

Assumping that the annulus (winter ring) is laid down annually on the scale 
at a particular time each year (Van Oosten 1929), the procedure adopted to 
know the time of annulus formation is as follows: 

I.-The increment added to the scales after the last formed annulus is 
measured' 

2.-This is then transformed to length inorement by the use of scale propor
tionality formula. 

In Tables (3) and (4) the length increment values of respectively S. made
rensis and S. aurita for different age groups are recorded monthly. As data for 
separate sexes were not available throughout the year, the monthly tracing of 
the increments for each sex was not possible. The monthly increment was there~ 

fore traced from the data of both sexes combined (including fishes of undeter
mined sex). 

It is observed from Table (3) that the annulus shows itself in S. maderensis 
almost at the edge of the scale in the few fishes examined in March. An extra 
growth is indicated in April by an increment on the scale. This was found to equal 
(in terms of fish length) 11.2 mm for age-group 1 and 4.7 mm for age-group II. 

The new growth was observed on the scale of S. aurita earlier in March and 
it was found to be equivalent to 8.4 mm of fish length for age-group I and 4.3mm 
for age-group II. Unfortunately data on the scales of this species was lacking in 
February; but it is most probable that the annulus appears in some individuals 
in this month. February and March could thus be taken as the earliest months 
in the year when the annulus could be shown on the scales of the two species 
In few individuals it has a later appearance in Mayor even in June. 

C.-Length distribution of age groups: 

In order to show the length distribution of age-groups, fishes that have 
completed the full season's growth were only considered. 

The numbers and percentages of different age groups recorded in S. maderen
sis and S. aurita at 5 mm length interval are given in Tables (5 ) and (6). The 
percentages are graphically represented in Figures (3) and (4). 

It was not easy to detect the true annuli from the false ones in the scales of 
S. maderensis for lengths larger than 170 mm. In the large fish the annuli become 
confused with each other. It is obvious from tables (5) and (6) that the large 
range considered in S. maderensis (100-170 mm) covered only 3 age groups namely: 
I, II and III. In S. aurita on the other hand 4 age groups are represented within 
the length range 135-230 mm. Fishes of 0 group are presumably represented by 
individuals smaller than 100 mm (S. maderensis) and 135 mm (S. aurita). 
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TABLE 4.-MoNTIlLY INCREMENTS (mm) OF 8. aurita 

Undetermined sex Male 

Date 

0 I II 0 I II III 

- - -

September, 1964. - 41. 7 (32) 17.5 (2) - - - -
October - 43.9 (9) 19.7 (3) - - - -
November. 148.6 (62) 42.6 (24) - - - - -

December - - - - - - -

January, 1965. - - - - - - -
February - - - -

I - - -

Marcl1 170 (1) 57 . (7) 35.1 (1) 160 (1) 61.4 (20) 32 (3) -
3 (1) 10 (5) 3 (1) 

April. - - - - 63.3 (9) 22.5 (2) 30 (1) 

11.6 (6) 

May - - - - 7.3 (3) 7.8 (6) 15 (3) 

-
.Tune . - - - - 60.7 (7) 8.5 (4) 

23 (1) 
July - - - 145 (1) 22.5 (2) -

Auguflt . 87.1 (14) - - - 43.6 (5) 13 (1) 10 (1) 

- -
(77) (72) (7) (2) (57) (17) (6) 
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(NUMBER OF FISHES STUDIED IN PARENTH.ESES) 

Female 

o I II III o 

59.7 (10) 25.3 

59.2 (24) 19 

(4) 

(2) 

170(1) 

150(1) 

-

-

-

-

62.3(14)31.7 (3)

5.7 (3) 5.5 (2) 

45.7 (7) - _ 

10.4 (8) 

59.8 (4) 20 (4) 17 (1) 

8.5 (10) 6.4 (13) 

54 (6) 8 (2) 21 (3) 

00 (1) - _ 

7.4 (16) 

51 (4) 7.3 (6) -

(2) (107) (36) (4) 

-

-

148.6 (62) 

-

-

166.7 (3) 

150 (1) 

-

-

145 (1) 

87.1(14) 

(81) 

Combined' sexed-

I II III 

41.7 (32) 17.5 (2) -

43.9 (9) Hl.7 (3) -

42.6 (24) - _ 

59.7(10) 25.3 (4) -

59.2 (24) 19.0 (2) -

60.9 (41) 32.3 (7) _ 

8.4 (8) 4.3 (4) 

55.6 (16) 22.5 (2) 30 (1) 

10.9(14) 

59.8 (4) 20.0 (4) 15.5 (4) 

8.2 (13) 6.8 (19) 

57.6 (13) 8.3 (6) 21.5 (4) 

50 (1) - _ 

9.1 (18) 

46.9 (9) 8.1 (7)10 (1) 

(236) (60) (10) 
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It could thus be concluded that: 

In S. maderensis: 

Fishes of Age-group I vary in totallellgth between 100 and 130 mm with a 
mode at 115 mm. 

Fishes of Age-group II vary between 120 and 160 mm with a mode at 
135 mm. 

Fishes of Age-group III vary bdw€£ll 135 and 170 rom with a mode at 
145 mm. 

TABLE 5.-THE NUMBER AND PEIWENTAGE FREQUENCY OF AGE-GROUPS 

AT DIFFERENT LENGTH INTERALR OF S. tJ1,aclerensis 

Age group I II 

... ------ --- 

No~ No.Total length (mm) % % 

-- - -75 
-- -80 -

2 5.71 --100 
4 11.43 -105 -

10 28.57110 -
11 31.43 -115 
6 17.14 1.635120 

10.7833-125 -
2 70 22.885.71130 

32.68100--135 
55 17.97140 - -

11.1134-145 -
2.297-150 -
0.331-155 -
0.331-160 -

- - -165 -
-170 - --

~------------,

30635Total number. 

ill 

---~~._._-

No. 

-
-
-

-
-
-
-
-
-

5 
12 
15 
12 
3 
4 

-
3 

54 

% 

-
-
-
-
-
-
-
--

9.26 
22.22 
27.78 
22.22 

5.56 
7.41 
-

5.56 
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TABLE 6.-TllE NUMBER AND PERCENTAGE FREQUENCY OF AGE-GROUPS
 
AT DIFFERENT LENGTll INTERVALS OF S. aurita
 

Age group 

-

No.Total length (mm) 

135 
140 
145 
150 
155 
160 
165 
170 
175 -
180 -
185 -
190 -
195 -
200 -
205 -
210 -
215 -
220 -
225 -
230 -

--
TOTAL NUMBER 

I
 

1 
14 
18 
14 
13 

6 
1 
2 

; 

II III IV 
I 

% -~.I~ No. % No. % 

1.45 - - - - - -
20.29 4 2.13 - - - -
26.09 4 2.13 - - - -
20.29 5 2.66 - - - -
18.84 7 3.72 - - - -
8.70 20 10.64 - - - -
1.45 11 5.85 - - - -
2.90 15 7.98 - - - -
- 18 9.57 1 4.17 - -
- 20 10.61 1 4.17 - -
- 20 10.64 1 4.17 - -
- 17 9.04 - - - -
- 16 8.51 7 29.17 - -
" 19 10.11 3 12.50 3 33.33 
- 8 4.26 4 16.67 3 33.33 
- 3 1.60 6 25.00 1 11.11 
- 1 0.53 1 4.17 1 11.1] 
- - - - - - -
- - - - - - - 
- - - - - 1 11.11 

-  -  -  --  -  -  - 
188 24 9 

1 

69 

In S. aurita : 

Fishes of age-group I vary in total length between 135 and 170 mm with a. 
mode at 145 mm ; those of age-group II vary between 140 and 215 mm with no 
distinct mode; those of age-group lIT vary between 175 and 215 mm with a mode 
at 195 mm. and those of age-group IV vary between 200 and 230 mm with a mode 
at 205 mm' 

D.-Growth rates : 

For the construction of the growth curves to represent the growth rate of 
the two species of Sardinella, only fif;hes that completed the seasons's growth were 
considered. Mean values of length at time of formation of each annulus were 
back-calculated for separate age-groups. The general growth curve was based 
on the summation of the average annual length increments. This procedure was 
adopted by Hile and Jobes (1941), Hile and Jobes (1942) and Jobes (1952). 
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Sardinella maderensis : 

The lengths ca.lculated for S. rnaderensis at the end of different years of life 
are represented in Table (7). The lengths at the first, second and third annulus 
were found to be respectively 107.2, 135.6 and 146.4 mm. 

TABLE	 7.-CALCULA'l'ED LENGTH AT THE END OF DIFFERENT YEARd 

OF LU'E OF S. maderensis (Increments in Parentheses) 

Calculated length (mm) at end of year 

Age-group No. of fish 

1 I 2 3 

I 35 113.1 - -
II 306 106.6 135.2 (28.6)' -

TIl 54 106.8 133.9 (27.1) 144.7(10.8) 

Grand Average Incre
ments of length 395 107.2 28.4 10:8 

Sum of Average 
Increment. - 107.2 135.6 146.4 

TABLE 8.-CALCULATED TOTAL LENGTH, LENGTH INCREMENTS, CALCULATED
 

WEIGHTS AND WEIGHT INCREMENTS OF S. maderensis AT DlFFERANT
 

YEARS OF LIFE
 

Years 
of I.ife 

1
 

2
 

3
 

, 
Calculated 

length 
(mm) 

107.2 

135.6 

146.4 

% 
Calculated 

%Increment weight Incrementinorease 
(gm) 

Increago 

107.2 73.22 10.72 10.72 40.64 

28.4 19.40 21.17 10.45 39.61 

10.8 7.38 26.38 5.21 17.75 

• - 
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SARDINELLA MAOERENSIS
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Table (8) is derived from Table (7) to demonstrate the percentage in the 
length increments in tbe different years of life relative to the length value at the 
end (If tbe tbird year. These data were used to trace the growth in length curve 
represented in Figure (5). 

Applying the length-weight formula of S. rnaderensis: 

-5 L2.9176W = 1.2780 X 10 • 

The respective weight values for t}.e lengt,hs a,t tlIC first, second and tllird 
year of life were found to ~e 10.72,21.17 and 26.38 grams. A growth in weigllt 
curve baS{d on the sums of the average increments in weight incll1ded in Table (9) 
was similarly constructed and graphically represented in figure (6). The percen
tage in weight incrlOments in differmt years of life relative to the weigllt value 
calculated for tbe third year are likewise included in Table (8). 

TABLE 9.--CALCULA'l'ED WEIGNTS AT THE END OF DIFFERENT YEARS 

OF LIFE OF S. 'I1w·derensis (Increments in Parentbeoos) 

Age-group 

I
 

II
 

III 

Grand Av. Incre
nlents of weight. 

Sum of Av. Incre
ments 

Ca.lculatcd weights (gra.m~) at end of yel1r 

No. of fish 
31 2 

35 12.53 - -
21.08 (10.54)306 10.54 -

25.72 (5.21)20.51 ( 9.91) 54 10.60 

5.2110.72 10.45395 

26.3810.72 21.17-

The growth curves of lellgth ~llJd weight do not represent the complete 
picture of growtb in S. maderensis. Fisbes older tban age-group. III were 
excluded because tbeir age determil1ation was practically impos;;ible. Ai> 
previously stated, tbe annuli in large fisb are confused together as shown in the 
!:lcale photographs (Fig. 7 "a-e") 



I"'G. 7. 

Fw. 7 u.--dcak of 8, u",rila of leugth ~OO UUll sho\\iu!, 3 -t- years. 



FIG. 7 c.-Beale of 8. aarita of length 145 10m showing I .yea~·s. 

}<'1O. 7 d.-Sellie of S. mwlerensis of length 125 mIll sho\\'ing 1+ years. 



FiG. c.--Sua1o of S. madcTens;s of length 1:35 mm showing 2+ years. 
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Sardioella aurita : 

A similar procedure was followed in S. aurita to obtain the calculat€d 
lengths and weights of diffcrent years oflife. The results are given in Tables (10) 
and (11). In is evident from Table (10) thatthc!engthsI32.3,182.4,208.0 
and 227.8 mm are calculated for this Rpecies at thc end of re::;pcctivclythe first, 
8Ccond, th ird and fourth years of its life. 

The fish weigbt for the calculakd lengths at each year of life could be 
derived by applying the length-weight formula of this species, viz: 
W = 4.314 X 10-6 L3.12. 

The weight values at each y~r of life were found to be respectively 17.97, 
46.89,68.49 and 87.87 grams. The increments of length and weight at e.wh 
year of life and their percent3ges relative to their values at the end of the fourth 
year of life are given in Table 12. 

The growth rate in length and weight of S. rruulerensis and S. aurita could 
be easily compared from Tables (7), (9), (10) and (11). To facilitate the compari
son, the growth in length and weight of both species are graphically represented 
in figures (8) and (9). 

TABLE 10.-CALCtJLATED TO'l'AL LENGTR AT TRE END OF DIFFERENT 
YEARS OF LIFE OF S. aurita (Increments in Parentheses) 

Valculated length (mm) at end of year
No. of

Age-groups fish I 

1 2 43I
 
I 

I 69 149.1 ---
II 188 126.8 -178.4 (51.6) -

III 24 133.2 -175.7 (42.5) i~WO (24.3) 

IV 9 118.2 206.1 (19.8)157.4 (39.2) 186.3 (28.9) 

Grand Av. Incre- I 
ment of length .. 290 132.3 19.850.1 25.6 

ISum of Av. Incre
ment. . 132.3 182.4 208.0 227.8-

1 
'. 
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TABLE 11.~CALCULATED WEIGHTS AT THE END OF DTFFERENT YEARS
 

OF LIFE OF S. aurita (Increments in Parentheses)
 

Calculated weights (gram) at end of year 

Age-groups 

I
 

II
 

III 

IV 

Grand Av. Acreent 
and weight. 

Sum of Av. Incre
ment . , 

No. of 
fish 

69 

188 

24 

9 

290 

-

1 

26.08 

15.74 

18.34 

]2.65 

17.97 

17.97 

2 

-

45.65(29.91) 

43.51{25.17) 

30.88{18.23) 

28.92 

46.89 

-
3 4 

-  -

- -

- -
65.19(21.68) -
52.25(21 .37) 7l.63{19.38) 

21.60 19.38 

68.49 87.87 

TABLE 12.-CALCULATED TOTAL LENGTH, LENGTH INCREMENTS,
 

C.ALCULATED WEIGHTS AND WEIGIIT INCREMENTS OF S. aurita,
 
AT DIFFERENT YEARS OF LIFE
 

Yere 
of Lifa 

Calcu!. 
Length 
,(mm) 

Increment 
% 

Incease 
Calcu]' 

wt. (gm) Increment 
% 

Increase 

-

I 132.3 132.5 58.08 17.97 17.97 20.45 

2 182.4 50.1 21.99 46.89 28.92 32.91 

3 208.0 25.6 11.24 68.49 21.60 24.58 

4 227.8 19.8 8.69 87.87 19.38 22.06 
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E.-The tbeoretical growtb rate of S. a:trita: 

It was possible to find the theoretical rate of growth of S. aurita because 
four year-groups were represented in the S<'l.mples. The pre~ence of at least 4 years 
age-groups are necessary for adopting the procedure stated below. 

Unfortunately, it was not possible to carry this theoretical treatment in 
S. maderensis owing to the absence of data on fishes older than 3 years. 

In order to determine theoretically the maximum length attained by the fiah, 
the following procedure was followed. 

Ford-Walford's transformation curve (Walford, 1946) was applied to the 
data. In constructing this curve the total body lengths at ages (t) = 1, 2 
and 3 years are plotted along the X-axis against the lengths at ages (t+l)=2, 
3 and 4 years I1long the Y-axis. The points fall along the straight line which 
is considered by Walford a8 a transformation of the growh curve. This is 
graphically represented in (Fig. (10). 

As the exponent value in the length-weight relationship for S. aurita is equal 
to 3.12, hence it can be stated that the growth of these fishes conforms to 
Von Bertalanffy's growth equation which is as follows: 

I = Loo [1 - e-k (t-to)]t 

where, It total length at (t) years, 

Loo aflymptotic (maximum) body lengtb, 

k coefficient of growth. 

t years of life, 

- a parameter indicating the hypotheical time III which the 
fish would has been at zero size. 

The values of Loo and k can be deduced from Walford's transformation 
curve. The ultimate lengtlJ, i.e. 100 can be located graphically at the point 
wlJere the length at age (t) equi3ls the length at age (t + 1). This point is located 
where the straight line intersects a bisector drawn at 450 thrrough the zero point. 

The slope of the straight line in Ford-Walford's transformation curve 
(Figurel0) equals to e-k from which k oan be deduoed. 

Knowing Loo and k, we can arrive at to from the following equation: 

loge ( = kt - kto 



FIG. 1O.-Ford·Walford'1I transformation growth ourve for S. aurita. 
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The parameters of tlle Von Bertalanffy's equation in S. aurita have been 
calculatd as : 

Loo 260.0 mm 

k 0.531 

to 0.3395 

These parameters are used in the Von Bertalanffy's equation to get the 
theoretical length values at 0, 1, 2, 3 a.nd 4 years of life. These lengths were 
calculated to be as follows: 

Years of life : ° 1 234 

calculated theore
tical length : 43 132.5 185 216 234 

The theoretical length vahws at 0, 1, 2, 3 and 4 years are used to get the, 
hypothetical length-grownl CUlve Figure (11). 

The tlJeoretical weights of S. aurita at each year oflife if> likewise obtained 
from the length-weight fOlmula of this fish, i.e. 

W = 4.315 X 10-6 . r}·12 

By substituting Loo3 .12 for L3 .12, tIle equation become!'. 

12Woo (asypptotic weight) = 4.315 X 10-6 
. Loo3 

. 

Woo 147.8 grams. 

The hypothetical weight values at 0, 1, 2 3, and 4 years of life are found to be 
3f> follows: 

Years of life ° 1 2 3 4 

Calculated theoretical weight 18 51 83 106.5 

These values are used for the graphical representation of the llypotheticl 
growth in weight shown in Figure (12). 

The theoretical length and weight values of the different years-of life are 
compared with the corresponding ones obtined from scale readings in (Table 13). 
The latter values are e:xprCSf,e by the sums of average increments (see Table~, 

10 al:d 11). 
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TABLE 13.-LENGTHS ANE WEIGHTS OF 8. aurita CALCuLATED FROM SUM 

OF INCREMENTS AND FROM BERTALANFFY'S EQUATION 

Length (mm) Weight (gm) 

Years of
 
Life
 Calculated fromCalculated from Calculated from Calculated from 

sum of sum ofBertal" nffy' s Berta Janffy' s 
increments increments equationequation 

-~-----

132.3 132.30 17.97 17.961 

182.4 46.89184.91 51.002 

68.49208.0 215.85 82.723 

227.8 234.04 87.87 106.364 
I 

DISCUSSION 

The straight lines representing the relation between body and scale of 
S. maderensis and S. aurita (Fig. 1, 2), are best to fit this relationship. This is 
pruved by the close fitness of the av~rage emperical values of scale radiu~ to 
these lines. It is clear from the graphs, taM this linear relation passed in both 
species through the origin of the two axis. The direct proportionality formula 
for back culalation is tIms applied; 

The time of annulus formation in both p!)ccis was deduced from tracing 
the growth increments on the scales throughout the year. It takes place in 
S. maderensis in early spring (i.e. in March ) and a month later (i.e. in April) 
a small extra growth was indicated on the scale marking the beginning of a 
H,W growth peried. 

The corresponding time of annulus formation scemfJ to 
8. aurita. A small extra growth zone was indicated f"r thiR c
and it is most probable thDt the annulus is laid in February. 

come 
,pccies 

ear
in 

lier 
March 

in 

In both species, the time of annulus formati(Jn is, however, not the same in 
all fishes. It appears in some individuals in early f,pring wbile in otllCrs it does 
not show until early summer. 

Heald and Griffiths (1967) fuund that the furmation of annulus on the scales 
of 8ardinella anchovia Val. (S. aurita) takes place in February and March in the 
three years old fish. They found that fhhes of age group I furm their first annulus 
in early April. 
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The analysis (',f age-groupq in both ~peci€s has revealed that there is a distinct 
overlapping betw€en successive age-groups (see Table 5, 6, ar,d Figs. 3, 4). 
That is to say, a fi,"h of a particular 1,-,' n;th could belong to 2 or 3 age-groups. 
For instance, fifihes 0f S. madererlsis a.nd 8, aurita of resp,"ctivdy 135 and 175 mm 
toU',llength could belong to age-groups TI and III. This phcnomr)llon is clearly 
illusiirated in the ~calcs photograph3 in figure (7 a-e). 

The discrepa.r:cicR in the calGulr.tcd lengths attained at the end of different 
years of life are obvic'us from (,no age-group te the ne:x:t (see Tables 7 and 10). 
This is particularly so in 8. aurita and it might be attributed to the pressure 
e:x:erted by the new growth Z\lne con the early annuli. The apparent trend of the 
calculated length values is generally to decreaS2 with the increase in age. This 
conf"nns with Lee's phenomcn0n (1920) c.f apparent decreaE'e in growth rate. 

The percentage increase in length in the different years of life (see Til.ble 8) 
dem.r,nstrates that {3. maderensis achieves its maximum increase in length at the 
end vf its first year, 73.22%. Growth f,harply decrease to 19.40% and 7.38% 
in the second and third year of life respectively. 

As to the growth in wc,ight, the highest percentage increase is accomplished 
during tre first two years of life. The percentage weight increase (relative to 
tbe cHlcuJat€d wei£ht attr.incd <l,t the third year of life) is nearly equal at the first 
and second years of life (about 40%). 

Tbe growth in length of S. aurita l1:>.s a similar trend as in S. maderensis. 
That is to say, the fish attains its largest percentage increase in lengtb at the end 
of its first year of life (58%), it successively decrcaRes during the E'econd, thIrd 
and fourth years of life to respectively 22%, 11 % and 9%. 

The percentage increac:e in weight in S. attrita (relative to the weight attained 
at the fourth year uflife) are t;ho bibhcst at the second year oflife. In thi" respect, 
it is different from S. rnaderensis which has a high and nearly equal growth 
increase in the first and sec0nd years of life (see Table 12). 

On the whole, it is clear from figurCfl (8 and 9) that the growth rate in both 
lengtb and weif:ht relative to age are higher in S. au,rita th&n in S. maderensis. 

Tbe values of length and weight of S. aurita f\t different years of life as 
calculted from the sum" of average increments and from applying the Von 
Bertdanffy's equation are given in (Table 13). Comparing the values obtained 
from tbe two method, it is obvious that a pronourced difference exist at tbe 
third and fourt,h year of life. 

If the necessary data on fish growth from scale reading are available, Von 
Bertalanffy's euqatiQn is preferred to calculate the growth rate. This is because, 
tbe equativn is based on several pararncters in its construction namely, Look 
dond t". Moreover, the equation can also give the asymptotic length and weight 
of fish througbout its life. 

The growth rate in each of the ho species of ,Sardinella at diffcreni; localities 
inside the Mediterranean Sea as well as at West Africa are given in Tables (14) 
and (15). 
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A close agreement is observed, in 8. maderensis, between the average length 
at different years of life recorded in this investigation and 1hose of Fage (1920}, 
EI-Maghahy (1960) and that of Ben-Tuvi~l (1960). In Algeria, Dieuzeide (1950) 
gave vnly lengths attained by fishes at age groups IV to VI, wbich were not easy 
to determine in our sample. 

As for S. aurita, close ageement is lik0wise observed between our dab and 
those of Ben-Tuvia (1956) in Pdestine ; DiclIzcide and Roland (1957) in Algerian 
watef3. On the other hand, those of Navarro (1920) in Balearic and Canaries; 
Ananiades (1951) in Aegef'on Sea; Lee (1961} in tl>e Gulf of Lion; Postel (1955) in 
Senegal and of Rossignol (1955) in Gabon (Middle Cf,ngo) show somewhat higher 
rate of growth for this species in these areas. 

SUMMARY 

The present study is aimed to give irformation on the age and growth for the 
two most important species of Egyptian Sardine, namely E'ardinella maderensis 
Lowe and Sardinella aurita Cuv. and Val. The results of this study could be 
summalised as followa: 

I.-The relation between the body length and scale radius of both species 
was found to be linear and the equation calculated to represent this relation
ship is given. Annulus formation on the scales of S. rnaderensis takes place in 
March. In April, an extra growth shows itself as small incremet outside the 
newly fOJ med annulus. Annulus formr,ticn takes place in February in S. aurita. 
The time of annulus formation in botb species could be in some individuals as 
late ais June. 

2.-There is a distinct overlaping in the lengths ofthe successive age-groups, 
i.e. a 'fish of a particular length might belong to two or three age-goups. Discre
pancies in the calcultcd lengths attained at the end of different years of life are 
obvious from one age-group to the next in S. aurita. This might partly be attri
buted to a pressure exerted on the inner annuli by the newly formed growth 
zones. As far as the rate of growth in length, it was found that both species 
attain their highest increase in length at the end of the first year of life, the rate 
then gradually decreases in successive years. On the whole, the decrease in growth 
from one year to the next conforms with Lee's phenomenon. 

3.-As to the growth in weight, the highest increase in case of S. maderensis 
is shared between the first and second years of life In case of S. aurita, on he 
other hand, the fish attains its maximum increase at the end of its second year 
of life. 

4.-Using the Von Bertalanffy's equation in S. aurita, the maximum value~ 

of langth and weight attained by this species during its life were found to be, 
260.0 mm. and 47.8 grams respectively. It appears that along the first three 
successive years of life, S. aurita requires more length and weight than S. 
maderensis. 

5.-In S. madere'll sis and S. aurita, close agreement is observed between their 
rates of growth calculated in this study and those from certain localities, the 
gowth rates of S. aurita in other localities are slightly higher. 
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