


For histological purposes, samples of E. chlorostigma were collected 
by fishermen at the Hurgho.da Marine Biological Station. These samples 
were fished by hook and line and then kept alive by pulling them in a special 
perforated-woody boat kept under water behind the main boat. They were 
transferred for sometime to special aquaria. The alive fishes were dissected 
and the gonads were cut into small pieces and fixed using aqueous Bouin's 
fluid or Zenker formol. These pieces were then dehydrated in ascending 
grades of ethyl alcohol, cleared in terpineol, and then embedded in paraffin 
wax. Sections of 6-8 microns thick were cut. They were then stained with 
lIaematox~lin-Eosin, Mallory's triple-stain and mounted with D.B.X. 

For the study of the fecundity, the ripe or nearly ripe ovaries only were 
removed intact from the fishes collected during the spawning season which 
extends from May to July. In the present study, analysis of 38 ripe female 
ovaries was carried out. For each female from which the ovaries were 
taken for fecundity determination, the following data were recorded: total 
length to the nearest 0101., total weight to the nearest gm., gutted weight 
to the nearest gm., and date of capture. The ovaries were preserved in 
5% neutral formalin. The two ovaries were then weighed. Two sllbsamples 
of about 0.1 to 0.2 gm. from each ovary were weighed to the p"-' rest f' .00] 
gm. and then crumbled in large Petrhlic;hf's containing water. The number 
of ova ready to be spawned in each sUbsample was counted. The absolute 

.and relative fecundity were then calculated. The diameters of the ova 
ready to be spawned in the four subsamples were also measured using 0. 

calibrated ocular micrometer. 

Age was determined by scalemetry 

GOliad Structure: 

Accroding to Smith (i965), the gonads of all hermaphroditic serranids 
are similar in gross appearance. In case of E. chlorostigma each gonad 
consists of a hollow sac, lying below and behind the posterior par~ of the 
air bladder and connected with it by mesenteries. The right ovary is usually 
larger than the left one. The two ovaries join posteriorly forming a common 
oviduct which open to the exterior by the female genital opening, 
immediately behind the anus. The urinary bladder and common urinary 
duct are. closely bound to the posterior face of the common oviduct, and 
open to the exterior by the urinary opening, just behind the female genital 
opening. The gonads are covered externally with a thick perltoneallayer. 

Maturation and Spawnil1g Seasonality: 

1. Description or maturity stages: 
In the' present analysis, the maturity stages system given by Munro (1979) 

was followed. This system was used by Thompson and Munro (1978) in the 
study of maturity stages of serranids from the Caribbean Sea. The system 
J. as (ollows: 
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FIg. (1)
 
Percentage frequency dIstrIbutIon of ova - dIameter in
 

ripe female·Eplnephelus chlorost1~
 

from the Red Sea.
 

According to Pitt (1970), the length at which 50% of fish reach sexual 
maturity (L50) is considered to be the length of onset of its sexual-maturity. 

From Figure (2), it is clear that for the females of E. chlorostigma from 
the ned Sea L50'= 28.0 em. in total length. This total length corresponds 
to three years of age. Starting from lengths of 22.0 em., sexually mature 
females are frequent. At lengths more than 34.0 em., all females examined 
are sexually rna ture. 

On the other hand, the size and age of onset of sexual maturity of males 
could not be determined in the present investigation, since all collected 
males were found to be active or ripe. It can be concluded that males 
of E. chlorosUgma sexually mature before being vulnerable to the fishery. 

Sex natio and Sex Reversal: 

The study of the length distributions of the collected males and females 
is very important as being an evidence of protogynous hermaphroditism. 

l~rom Table (2) and Figure (3) it is obvious that all young fishes ranging 
in total length from 14 to 30 em. were found to be females. Starting 
from .lengths of 30.0 to 56 em., a broad overlap of the length distributions 
of the sexes was encountered, while at lengths more than 56 em., all the 
examined fishes were found to be males. 
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length frequency distribution of immature and inactive and active
 

females per length group during the spawning se&~ons of
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Fig. (3)
 
length frequency distribution of male and female
 

Eplnephelus chlorostlgara from the Red Sea.
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Table (2J
 

Length-frequency dlstrlbutlon 0' ... le and 'e..le E. chiorostlpi
'I'0Il the Red Sea. Ind tha percentage 0' ...les In success he length groups.
 

NUlllber Fish
Totl I Length 0' Percentlge 0' 
Group (CII.) .. lesFEMALE MALE TOTAL 

14.0 - 15.9 1 0 1 0 
16'.0 - 17.9 2 0 2 0 
18.0 - 19.9 16 0 16 0 
20.0 - 21.9 19 0 19 0 
22.0 - 23.9 20 0 20 0 
24.0 - 25.9 23 0 23 0 
26.0 - 27.9 33 0 33 0 
28.0 - 29.9 17 0 17 0 
30.0 - 31.9 23 2 25 8.00
 
32.0 - 33.9 31 3 34 8.82
 
34.0 - 35.9 44 3 47 6.38
 
36.0 - 37.9 41 4 45 8.89
 
38.0 - 39.9 33 20 53 37.74
 
40.0 - 41.9 45 21 66 31.82
 
42.0 - 43.9 34 29 63 46.03
 
44.0 - 45.9 33 15 48 31.25
 
46.0-47.9 21 8 29 27.59
 
48.0 - 49.9 18 18 36 50.00
 
50.0 - 51.9 10 23 33 69.70
 
52.0 - 53.9 4 29 33 87.88
 
54.0 • 55.9 1 11 12 91.67
 
56.0 - 57.9 0 3 3 100.00
 
58.0 - 59.9 0 6 6 . 100.00
 " 60.0 - 61.9 0 1 1 100.00
 

469 196 665
 

sex rltto M : F . 1 : 2.39 

The percentage of males in successive length groups shows fluctuations 
in its value from total length 30.0 to 47.9 cm. At total length 48 cm., 
50% of the catch were foud to be males. After this point, the percentage 
of males increases steadily until it reaches 100% of the catch at lengths 

ranging from 56.0 to 60.0. 

From the above mentioned results, it is clear that the mean size at 
which sex reversal takes place in case of E. chlorostigma to be at a total 
length of 48.0 cm. Table 2 shows also that the male female ratio is 1 : 
2.39. 
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Fecundity: 

The fecundity of a fish Is generally defined as the total number of ripe 
eggs produced by one female in a spawning season or in a year. On studying 
fish fecundity, two terms are usually applied. The'le are: 

a. Absolute feundity: denoting the total number of ripe eggs in the ovary. 
b. Helative fecundity: denoting the number of eggs per unit length or 

weight of the fish (Nikolsky, 1963). 

The fecundity of a fish is not a stable character, but varies according 
to the species, and' to the changes In the environmental conditions. 
Sometimes there are changes in the fecundity of one and the same species 
in the different years and different localities (Nikolsky,1963). 

From ova diameter analysis, it is obvious that the ripe ovary of a female 
E. chlorostigma possesses two types of oocytes. The first type 1"epresents 
the immature ova having diameters ranging between 0.1 to 0.3 mm. These 
ova are very minute in size, transparent and could be considered to 
represent the oocyte stock. The other type of oocytes are either yolked 
eggs or transparent ones. These are larger oocytes which aFe probably 
destined for spawning in the next season. The yolked eggs are rounded 
and opaque yellow in colour; with diameters ranging between 0.4 to 0.7 
mm. The large transparent eggs are more advanced and have diameters 
ranging between 0.8 to 0.9 mm. They are more or less oval in shape. lienee, 
our counts for fecundity estimation of E. chlorostigma were based on 
the yolked and transparent eggs. Moreover, the ripe ovaries (Fig. 4) taken 
from females in the spawning season (May to July) were only used. 

Fig. (4)
 
Photograph of ripe ovary of a female
 

Ep1nephelus chlorost1gsa
 
340 mm. total length.
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Fig. (5)
 
Relation between Log absolute fecundity and Log total length of
 

.E,lnephelus chlorostlgma from the Red Sea. (The
 
straight line represents the· calculated values
 

and the dots represent the observed ones).
 

Relation Detween Fecundity and Total Weight: 
From table (3) it is clear that the Log total weight (gm) - Log absolute 

fecundity relationship gave the highest correlation coefficient. This 
relationship can be represented by the following equation 

Log F = 1.4959587 + 1.3495826 Log Wt. 

Where F is the absolute fecundity and Wt is the total weight in gm. 
The graphical representation of this linear relationship is shown in Figure 
(6). Table (5) gives the mean observed, clliculated and relative fecundity 
per total weight group of E. cWorostigma. From this table, it is noted 
that tile values of the relative fecundity l'Ungcs from 151.14 to 775.59 
per gm. 

Relation Between Fecundity Bnd Age: 
Fishes of the different lengths and weights were assorted into age gTOUpS 

as previously determined by scale measurements. The relationship I)etween 
the fecundity and age was based on fishes of age groups Ill, IV, V, VI Hnd 
VII. Table (3) shows that for fecundity - age relationship, the highest 
correlation coefficient was obtained by the log - log relationship. This 
relationship can be represented by the following formula 

Log F =3.643215 + ~.6i4.~54{HJog t 

Where F is the absolute fecundity and t is the age in years•• 

• This linear relationship -is graphically represented in figure ('1)r, TI'nbl'1 
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Epinepllela chIoros tfgllll frOil the Red Sea.
 

26 



• 
• 

T
ab

le
 

(5
)


 
Th

e 
..

an
 

ob
se

rv
ed

, 
ca

lc
u

la
te

d
 a

nd
 

re
la

ti
v

e 
fe

cu
nd

it
y 

pe
r 

to
ta

l

 

.e
Ig

h
t 

gr
ou

p 
o

f 
E.

 
ch

lo
ro

st
t,

.a
 f

ra
. 

th
e 

Re
d 

Se
a.


 

T
ot

al
 

W
ei

gh
t 

(g
m

.) 
N

o.
 

o
f 

Pl
ea

n 
O

bs
er

ve
d 

A
bs

ol
ut

e 

C
al

cu
la

te
d 

A
bs

ol
ut

e 
~

 

R
el

at
iv

e 

F
ec

un
di

ty
 

Ra
ng

e 
M

ea
n 

F
is

h 
F

ec
un

di
ty

 
F

ec
un

di
ty

 
(F

 I
 
..

. 
) 

-
-
­

,...' 
33

0 
-

42
9.

9 
35

4.
25

 
4 

82
13

8.
?J

 
86

38
9.

91
 

23
1.

87
 

43
0 

-
52

9.
9 

51
5.

00
 

1 
77

83
5.

08
 

14
31

41
.8

5 
15

1.
14

 
53

0 
-

62
9.

9 
57

4.
50

 
2 

19
56

85
.8

6 
16

59
00

.8
5 

32
0.

62
 

''o
J 

-::
:l 

63
0 

-
72

9.
9 

73
0 

-
82

9.
9 

66
2.

50
 

75
2.

00
 

2 4 
21

93
92

.9
8 

32
03

59
.1

3 
20

10
86

.1
6 

23
85

90
.0

6 
33

1.
16

 
42

6.
01

 
83

0 
-

92
9.

9 
87

1.
71

 
7 

28
10

60
.7

3 
29

12
28

.4
0 

32
2.

42
 

93
0 

-
10

29
.9

 
96

4.
83

 
6 

27
78

68
.3

2 
33

39
80

.9
3 

28
8.

00
 

10
30

 -
11

29
.9

 
11

20
.0

0 
1 

25
36

05
.3

0 
40

84
41

.9
9 

22
6.

43
 

11
30

 -
12

29
.9

 
11

70
.0

0 
1 

52
03

27
.8

0 
43

32
40

.5
0 

44
4.

72
 

12
30

 -
13

29
.9

 
12

75
.0

0 
2 

80
36

41
. 3

0 
48

65
20

.6
9 

63
0.

31
 

13
30

 -
14

29
.9

 
13

63
.3

3 
3 

47
80

68
.3

9 
53

25
51

.5
8 

35
0.

66
 

14
30

 -
15

29
.9

 
15

20
.0

0 
2 

11
78

89
9.

00
 

61
67

64
.7

5 
77

5.
59

 
15

30
 -

16
29

.9
 

16
00

.0
0 

1 
68

35
27

.6
0 

66
09

72
.4

9 
42

8.
20

 
16

30
 -

17
29

.9
 

16
80

.0
0 

-
-

70
59

60
.0

0 
17

30
 -

18
29

.9
 

17
80

.0
0 

-
-

76
32

53
.9

9 
18

30
 -

19
29

.9
 

18
75

.0
0 

1 
22

71
10

.3
0 

81
87

36
.9

2 
12

1.
13

 
19

30
 •

 
20

29
.9

 
20

20
.0

0 
1 

94
86

20
.8

0 
90

53
22

.8
9 

46
9.

61
 



(6) shows the mean observed and calculated absolute fecundity per age 
group of E. chlorostigma from the Red Sea 

Table (6)
 
The mean observed and calculated absolute fecundity per age group
 

of E. chlorostf~ from the Red Sea.
 

Age Group 
(Years) 

HO. 
Of 

Fish 

Hean Observed 

Absolute Fecundity 
Calculated 

Absolute Fecundfty 

• 1 

III 4 82138.23 84924.91 
IV 6 244292.87 184390.82 
V 
VI 

19 
7 

274933.54 
841616.60 

,336439.82 
549917.14 

VII 2 587865.55 833 35.83 

lIermnphroditism: 

Serl"lluid Patterns oC Heramphroditism: 
Smith (1975) had described the different serranid patterns of 

herrnllphroditism. lIe found that members of the genera SerrantJs, 
DipJcctrum and lIypoplectrus are synchronous hermaphrodites with well 
defined ovarian and testicular zones, although both tissues are contained 
within a common gonadal capsule. In this case, male and female genital 
cells ripen at the same time. He also described the genera Epinephelus 
and Mycteroperca as protogynous hermaphrodites in which the male and 
female elements are completely mixed. In this case, the individual functions 
at first as ·a female, tIlen it becomes, by sex inversion, a functioning male. 
He found that Rypticus, Sacura and Chelidoperca to be protogynous 
hermaphrodites .with a similar intermediate pattern of gonad anatomy,

,Jit .which the male tissue is confined to the same region of the gonad as 
melise of Serranus, but the male and female elements lie side by side 
.wltl!DW an in~ervening conneetive tissue wall. Moreover, he found that 
ae~~ .5- "l'anid species appear to be secondary gonochorists, i.e. when 
.It;e·-gOitads pass by a stage of intersexuality, one of the sexual categories 
is hecoqJIng functiopal, While the other is degenerating. 
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Epincphelus chlorostigma exhibits the "Epinephelus type of 
hermaphroditism", described by Smith (1965). It is a protogynous 
hermaphrodite with the entire gonad being formed of 8 mixture of ovarian 
and testicular tissues (Fig. 8). The ovarian tissue functions first, then 
the gonlld transforms into a testis (Fig. 9). This phenomenon was also 
proved by the study of length frequency distribution of male and female 
E chlorostigma from the Red sea (vide infra). All young fishes examined, 
ranging in total length from 14.0 to 29.0 ern., were found to be females, 
While all large fishes, ranging in total length from 56.0 to 60.0 em., were 
found to be males. 

o 

• 

Flg. (8)
 
Photograph of a T. S. of the gonads of a speclmen of Epinephclus
 
chlorostlgma 460 mm. total length. Translslonal stage. ~howing
 

developing testicular tissue and young oocytes not yet
 
reabsorbed. ( X 92 ). T. testicular tissue .
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Table (7)
 
Comparison of sex ratios of the groupers In Jamaican water (Tha-pson
 

and Munro, 1978) and the present study (1983).
 

Species 

Eplnephelus guttatus
 
Eplnephelus guttatus
 
Eplnephelus strlatus
 
/tYCteropen:a wenetlOsa
 
Cephalopholls fulwa
 

.Petro-topoll cruentat_ 
Eplnephelus chlorostl,.. 

(Present Study) 

No. of
 
Specimens
 

31 
244 
38 
SO 

352 
49 

665 

Rate 
H : F 

1 : 5.60 
1 : 2.81 
1 : 0.72 

1 : 0.885 
1 : 2.14 
1 : 6.0 

1 : 2.39 

Area 

Pert Royal reefs 1970 
Oceanic banks 
Oceanic banks 
Oceanic banks 
Oceanic banks 

Port Royal reefs 1970-1971 

Red Sea. 

chlorostigma from the Red Sea: From this table, it is clear that the females 
nre generally more numerous than males. The previous authors explained 
tile increase in-number of males than females in case of Epinephelus striatus 
and Mycteroperca venenosa by the fuct that their collection included 
mostly large fishes. For E. chlorostigma in the Red Sea, it is clear that 
the females are more numerous than males and the sex ratio lies close 
to that of Cephalopholis fulva. 

Thompson and Munro (1978) found the mean size at sex reversal of E. 
gUllatus from tbe Caribbean Sea was 38 em. total length. The mean size 
at sex reversal of E. chlorostigma from the Red Sea was found to be in 
lhe runge of 48 em. total length. 

Fecundity: 

Knowledge about the fecundity of the members of the genus Epinephelus 
is limited in the literature. However, Mikhail (1980), dealing with 
Epinephelus aeneus from Alexandria waters, found that its absolute 
fecundity varies between 183.988 for a fish of 66.0 em. total length and 
3873271 for a fish of 93.5 em. total length. Treasurer (I980) has studied 
lhe fecundity of the perch, Perea fluvjatilis L., from the Scotland. He 
found that its absolute fecundity varies between 6711 and 77978 for females 
ranging from 14.5 em. to 34.5 em. total length. In the present study, the 
fecundity of E. ehlorostigma from the Red Sea was found to vary from 
42718.2 to 1242124 for females ranging from 30.5 em. to 47.0 em. total 
length. This shows that the absolute fecundity of E. chlorostigma is higher 
than that of Perca fluviatilis and lower than that of E. aeneus. 
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