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Abstract Upeneus guttatus and Upeneus pori are the most common Mullidae species inhabiting the

Gulf of Suez and mainly caught by the trawl fisheries. Reproductive biology of the two species was

studied during the fishing period from September, 2013 to May 2015. The monthly gonad maturity

development and the monthly gonado-somatic index (GSI) sequence of U. guttatus and U. pori

revealed prolonged spawning activities throughout spring and summer seasons. The sex ratio was

1:2 for the two species in favor of females; it differed statistically from the expected 1:1

(X2 = 65.4 in U. guttatus and 70.4 in U. pori). The length at which 50% of the population attains

sexual maturity (Lm50) is 11.35 ± 0.32 and 11.47 ± 0.25 cm for males and females respectively in U.

guttatus, where it was 10.56 ± 0.21 cm in males and 10.60 ± 0.18 cm in females of U. pori. Abso-

lute fecundity increased as the fish length and weight increases. Observed absolute fecundity ranged

from 142,925 ± 5621 to 86,940 ± 3364 eggs for the length range of 12.0–18.0 cm in U. guttatus and

from 8773 ± 560 to 71,400 ± 3219 eggs in total lengths of 11.0–16.0 cm for U. pori, with a low

value of standard error ranging between 0.28% and 4.9% in both species and high correlation coef-

ficient (R2 > 0.96).
� 2016 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Family Mullidae has many common names including goat fish
or the Red Mullets, it forms the most commercially and eco-
nomically important bottom trawl species distributing along
the Gulf of Suez, it is highly valued as a food and has a high

local market price. Goatfishes are found throughout tropical
and temperate waters of the Atlantic, Pacific and Indian
Oceans, including the Red, Mediterranean and Black seas.

They are coral reef dwellers, small to medium-sized with two
widely-spaced dorsal fins (Bray, 2012). Goatfish are character-
ized by a unique feature that they have a pair of barbels on the

hyoid arch that referred to behavioral adaptations (Kim,
2002). As a result of the special feeding behavior, goatfishes
of Suez,
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have great importance in food chains and in the whole ecosys-
tem as they participate in the re-suspension of bottom sedi-
ments and nutrients into the surrounding water area causing

attraction of other fish species (Uiblein, 2007; Rajan et al.,
2012). Mullidae is represented in the Suez Gulf by four genera,
Upeneus, Parupeneus, Mulliochthys and recently the Mediter-

ranean endemic genus Mullus that have migrated to the Suez
Gulf (Sabrah, 2015 and Ahmad et al., 2016). The genus Upe-
neus is the most dominant. In the Suez Gulf 5 species of the

genus Upeneus were recorded genetically, namely Upeneus gut-
tatus, U. vittatus, U. tragula, U. pori and U. moluccensis
(Uiblein and Heemstra, 2010). All these species are tropical
and subtropical that migrated to the Mediterranean Sea via

the Suez Canal (Golani and Ritte, 1999). Very little is known
about the reproductive strategy of the most common U. gutta-
tus and U. pori, the only relevant studies addressing the biolog-

ical characteristics of some upeneus species in Egypt were
conducted by Sabrah (2006) and Sabrah (2007) on U. japonicas
and Sabrah and El-Ganainy (2009) on U. vittatus, U. tragula

endemic the Suez Gulf. In Turkey, Ismen (2006) studied the
age, growth, mortality and reproduction of U. pori.
Motomura et al. (2012) recorded U. guttatus for the first time

in Japan. While El-Drawany (2013) in Lybia coast and
Ramadan and El-Halfawy (2014) in the Mediterranean Coast,
Egypt; studied the fishery and the reproductive biology of U.
pori Çiçek (2015) studied the sustainability and gear selectivity

of U. pori in Turkey.
Goals: Most of the Egyptian marine fish resources are over-

exploited specially the Gulf of Suez. Information on the mat-

uration and spawning is to establish basic knowledge on the
reproduction of the most economic goatfish in relation to fish-
eries in order to promote sustainable exploitation of these mar-

ine resources for getting the maximum stock biomass.

Materials and methods

Sampling area

Samples of the Red Mullets (Mullidae) were collected from the
commercial bottom trawling boats operating in the Gulf of
Suez (Fig. 1) and landing at Attaka fishing port during the per-
iod from Sep. 2013 to May 2015 (data from two fishing sea-

sons). The Gulf of Suez fishery is seasonal, generally starts
from 1st September throughout the end of April every year.
Samples of May, 2015 were brought from the artisanal boats

that used small trawl fishing units and operating with licenses
during the Gulf closed season.

Sampling strategy

In the laboratory Mullidae specimens were identified and sep-
arated into different species (as it constitutes more than 10 spe-

cies belonging to four different genera). Our study is based on
two species of genus Upeneus (U. guttatus and U. pori), as it is
the first time to evaluate the reproductive pattern of these spe-
cies in the Gulf of Suez. Total length was measured to the near-

est 0.1 mm for each sample. Total weight and ovary weight
were recorded to the nearest 0.01 g. Sex was determined by
examination of gonad either by the visual assessment or under

a binocular microscope. Spawning season was estimated based
on the availability of gonad maturation during the study per-
Please cite this article in press as: Sabrah, M.M. et al., Sexual maturity, spawning ac
Red Sea. Egyptian Journal of Aquatic Research (2016), http://dx.doi.org/10.1016/j.
iod and the monthly gonado-somatic index (GSI). Maturity
stage was evaluated in different months, based on the scale
described by King (1982) with some modifications. Maturity

stages were classified into six stages, (I) Immature, (II) Devel-
oping/Recovery, (III) Maturing, (IV) Ripe, (V) Running/
Spawning and (VI) Spent according to their development.

The monthly gonado-somatic index was calculated according
to (De Viaming et al., 1982) formula: (GSI = gonad weight/-
total body weight � 100). For determining the size at sexual

maturity (Lm) for males and females in each species, the per-
centage frequency of immature and mature fish during the per-
iod of gonad maturation (March to September) was used to
group the fish into 1 cm length group, then the maturity curves

(King, 1995) were fitted to estimate the size at Lm50. Absolute
fecundity was estimated by gravimetric method, based on
counting ova number in a known weight from 35 gravid

females collected during the spawning months. The observed
absolute fecundity (F) in each sample was estimated according
to the equation:

F ¼ Ovary weight=sample weight � no: of ripe eggs in sample

The relationships of absolute fecundity with total length of
the two species were done by the least square equation (Holden
and Raitt, 1974) as: Fabs = a Lb. The relationship between

absolute fecundity and corresponding weight represented by
a linear regression with an equation of:

Fabs ¼ aþ bWt
Results

The present study is based on 659 fish samples of U. guttatus
with a length range of 9.0–19 cm TL (211 males, 413 females

and 35 juvenile or immature). 476 fish samples of U. Pori ran-
ged in total length from 9.0 to 16 cm (130 males, 304 females
and 42 juveniles). There were no observed ripe males or

females smaller than 9.5 cm through all the collected samples.
Mullidae species composition

Family Mullidae from the Gulf of Suez constituted more than
10 species which belong to four genera. Genus Upeneus is the
most widely distributed Red Mullets in the Suez Gulf. It con-
stitutes a high proportion of U. guttatus (35.8%), U. tragula

(34.2%), while U. vittatus, (17.7%) and U. pori (10.5%)
framed a relatively low proportion. The other Mullidae species
constituted about (1.8%), (Fig. 2).

Sex ratio

Samples of length group 8.0–8.9 and some of length group 9.0–

9.9 couldn’t be distinguished as male or females so they were
grouped as immature or juveniles. The grand average of sex
ratio during the study period showed percentage of 33.8%

and 66.2% (1:2) in U. guttatus and found to be 30% and
70% (1:2.3) in U. pori for males and females respectively.
The overall sex ratio M:F was 1:2, which deviate significantly

from the expected ratio 1:1 in favor of females in both species,
(P < 0.05, X2 = 65.4 in U. guttatus and X2 = 70.4 in U. pori).
Monthly sex ratio confirmed the expected 1:1 during
tivity, sex ratio and fecundity of two Mullidae species dwelling the Gulf of Suez,
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Figure 1 Gulf of Suez fishing area.

Figure 2 Family Mullidae species composition at the Gulf of

Suez during the study period.

Table 1 Monthly variations in sex ratio of Upeneus guttatus from

Month Total No. of Fish Male

No. of Fish %

Sep.013 41 10 24.4

Oct. 75 12 16.0

Nov. 72 36 50.0

Dec. 95 20 21.1

Jan. 42 14 33.3

Feb. 82 27 32.9

Mar. 88 36 40.9

Apr. 46 18 39.1

May 015 83 38 45.8

Total 624 211 33.8

* Highly significant at 95% confidence limit.
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November and May in U. guttatus and during September,
March and May in U. pori (Tables 1 and 2). In respect to
the length distribution of males and females in U. guttatus
and U. pori samples, females were predominant in all length

groups and they were bigger in size than males in U. guttatus
(Fig. 3). Sex ratio showed highly significant values in large
length groups from 14.0 to 17.0 cm (X2 ranged from 6.3 to

32.0, P < 0.05) of U. guttatus (Fig. 3), the rest of the length
groups exhibit no significant differences (X2 ranged from 1.1
to 3.6, P > 0.05). On the other hand sex ratio between length

groups of U. pori differs significantly from the theoretically
expected ratio of 1:1 always in favor to females(X2 ranged
from 10.2 to 29.0, P< 0.05 with a length range of 11.0 to

16.0 cm), (Fig. 3).
the Gulf of Suez.

Female Sex ratio X2

No. of Fish % M/F

31 75.6 1:3.1 10.8*

63 84.0 1:5.3 34.7*

36 50.0 1:1 0

75 78.9 1:3.8 31.8*

28 66.7 1:2.0 4.6*

55 67.1 1:2.0 9.5*

52 59.1 1:1.4 2.9

28 60.9 1:1.6 2.2

45 54.2 1:1.2 0.6

413 66.2 1:1.96 65.4*

ivity, sex ratio and fecundity of two Mullidae species dwelling the Gulf of Suez,
ejar.2016.04.007
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Table 2 Monthly variations in sex ratio of Upeneus pori from the Gulf of Suez.

Month Total No. of Fish Male Female Sex ratio X2

No. of Fish % No. of Fish % M/F

Sep.013 55 27 49.09 28 50.91 1:1 0

Oct. 43 6 13.95 37 86.05 1:6.2 21*

Nov. 80 8 10.00 73 90.00 1:9.1 64*

Dec. 42 5 11.90 37 88.10 1:7.4 23*

Jan. 22 7 31.82 15 68.18 1:2.1 2.9

Feb. 31 10 32.26 21 67.74 1:2.1 4.7*

Mar. 59 27 45.76 32 54.24 1:1.2 0.4

Apr. 30 10 33.33 20 66.67 1:2 8.3*

May 015 72 30 41.67 42 58.33 1:1.4 2.0

Total 434 130 30.0 304 70.0 1:2.3 70*

* Highly significant at 95% confidence limit.

Figure 3 Sex ratio evaluation by length groups (cm) for U. guttatus and U pori.
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Monthly variations in maturity stages

The percentage distribution of the different Maturity stages
over the investigated period is shown in Figs. 4 and 5 for U.

guttatus and U. pori respectively (males and female). The
results indicated an extended spawning period from May to
September in U. guttatus and from May throughout the sum-

mer season for U. pori (during the closed season). Immature
fish (stage I) were not encountered in the maturation stages.
The developing/recovery (Stages II) of U. guttatus was found
throughout the study period, with a high ratio during Decem-

ber, January and February. March (spring) is the period in
which the gonad begins maturing again (stage III) with a rela-
tively high proportion >25% of the total samples and increas-

ing by >50% in May. Ripe (stage IV) appears by a small
proportion during April and May >15% and <25%. Spawn-
ing/Running individuals (stage V) appeared for the first time in

September (>30%), while the spent fish (stage VI) appear by
higher proportions during October and November with
>50%. With respect to U. pori (males and females), it took

the same gonad maturation trend in U. guttatus with slight dif-
ferences. As the stage III appear with a peak in March and
April, while stages IV and V showed high abundance in April
and May, whereas stages V and VI appeared by a considerable

amount in September and October.
Please cite this article in press as: Sabrah, M.M. et al., Sexual maturity, spawning ac
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Monthly variation in Gonado-Somatic Index (GSI)

The monthly mean values of GSI for U. guttatus (males and
females) (Fig. 6) started to increase slowly from March to

May and reaching its peak value in September. The highest
mean GSI values for males (0.718 ± 0.155) and females
(3.054 ± 1.819) were seen in September, while the minimum

values were demonstrated in January and February. The
appearance of the gradual increase in GSI indicates that
spawning activities takes place at the summer months (closed
season). The monthly variations in GSI of U. pori (Fig. 6)

revealed that it reached its mean maximum value in May
(2.89 ± 2.119 for males and 3.569 ± 1.982 for females), while
a sudden decrease occurred in September (0.617 ± 0.034 in

males and 0.935 ± 0.173 in females) This sequence proved that
the spawning activity of U. pori occurred by spring and sum-
mer months (see Fig. 7).
Spawning period

Samples used for this study covered nine months, (September–

May), as there were no available data during the closed season
(spring–summer). Analysis of the monthly variation in the GSI
and the sequence of maturity stages development for males
tivity, sex ratio and fecundity of two Mullidae species dwelling the Gulf of Suez,
ejar.2016.04.007
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Figure 4 Monthly variations in maturity stages of U. guttatus from the Gulf of Suez.
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and females of U. guttatus revealed that GSI increased consid-
erably from March until May, while highest values were

demonstrated during September, which indicates that
U. guttatus spawns during summer. On the other hand GSI
of U. pori was increased from March toward May and attained
its minimum value in September, besides that inferred from the

month1y variations in the maturity stages and the occurrence
of the ripe gonads in May, while the spent appeared in Septem-
ber, October and November. These reveal that U. pori spawns

during spring, extending to early summer seasons.

Size at sexual maturity (Lm)

During the spawning months (March to September) 64 males
and 110 females of U. guttatus, while 64 males and 84 females
Please cite this article in press as: Sabrah, M.M. et al., Sexual maturity, spawning act
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of U. pori were considered to estimate the size at first sexual
maturity. The estimated Lm50 was found to be mediated

between 11.0 and 11.9 in males and females of U. guttatus with
a mean length of 11.35 ± 0.28 in males and 11.47 ± 0.25 in
females. With regard to U. pori, Lm50 values ranged between
10.0 and 10.9 cm with a mean length of 10.56 ± 0.21 for males

and 10.6 ± 0.18 for females. t-test revealed that there was no
significant difference between sexes in the two species
(P> 0.05).

Fecundity

Absolute fecundity of U. guttatus and U. pori was estimated

based on 35 ovaries of gravid females from each species, which
were taken during the spawning months.
ivity, sex ratio and fecundity of two Mullidae species dwelling the Gulf of Suez,
ejar.2016.04.007
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Figure 5 Monthly variations in maturity stages of U. pori from the Gulf of Suez.

6 M.M. Sabrah et al.
Absolute fecundity-total length relationship

Females sample of U. guttatus ranged in total length from 12.0
to 18.4 cm, while U. pori ranged from 11.5 to 16.2 cm (Figs. 8

and 9). Absolute fecundity was varying from 14,295 ± 5621 to
86,940 ± 3364 eggs and from 8773 ± 560 to 71,400 ± 3219
eggs in U. guttatus and U. pori respectively. It is evident that
fecundity increases as the fish grows in length and the value

of correlation coefficient (R2 > 0.97) revealed a strong correla-
tion between absolute fecundity and fish length. According to
the following equations the relationship exhibited a linear rela-

tionship for both species.
Please cite this article in press as: Sabrah, M.M. et al., Sexual maturity, spawning ac
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F ¼ 12661 ðLÞ � 145290; r2 ¼ 0:99 ðGuttatusÞ
F ¼ 12628 ðLÞ � 137715; r2 ¼ 0:96ðPoriÞ
Absolute fecundity –total weight relationship

The relation between average absolute fecundity and total
weight indicated a linear relationship with high correlation

(>0.96) in both species based on the following equation:
F = 1488 Wt � 17219, r2 = 0.97 (U. guttatus) and
F = 1710L � 14686, r2 = 0.99 (U. pori). It was evident from

Figs. 8 and 9 that fecundity increased as the fish grows in
tivity, sex ratio and fecundity of two Mullidae species dwelling the Gulf of Suez,
ejar.2016.04.007
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Figure 6 Monthly variations in Gonado–Somatic Index (GSI) of U. guttatus and U. pori from the Gulf of Suez.
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Figure 7 Size at first sexual maturity of U. guttatus and U. pori from the Gulf of Suez.
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Figure 8 Mean observed and calculated absolute fecundity per length (cm) and per weight (Wt) groups of Upeneus guttatus from the

Gulf of Suez.
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weight. The absolute fecundity of U. guttatus ranged from
10,320 ± 505 to 86,940 ± 650 eggs for fish weight ranging

from 17.6 to 69 gm, whereas it ranged from 14,510 ± 6167
to 74,800 ± 1838 eggs for fish weight ranging from 17.7 to
54.0 gm in U. pori, with average standard errors ranging

between 1.6% and 3.3% in both species.

Discussion

Sex ratio, maturity, gonado-somatic index and the size first
sexual maturity are essential tools for effectively estimating
Please cite this article in press as: Sabrah, M.M. et al., Sexual maturity, spawning act
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the reproductive potential of a population. In the current study
females were dominant along the study months and in all

length groups than males and there was a significant difference
in sex ratio (P < 0.05) from the expected 1:1. It was noticed
also that the percentage of females was higher than males by

about 2/3 during our study and the ratio of males to females
decreases as the fish length get longer. According to Wahbeh
(1992), Yousif and Sabrah (2004) and Cherif et al. (2007),

the predominance of females may be connected with the high
catch ability for females than in males, or due to the high mor-
tality of females, as they are more vulnerable to the fishery.
ivity, sex ratio and fecundity of two Mullidae species dwelling the Gulf of Suez,
ejar.2016.04.007
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Figure 9 Mean observed and calculated absolute fecundity per length (cm) and per weight (Wt) groups of Upeneus pori from the Gulf of

Suez.
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Also, in some species males disappear or migrate to guard their
eggs and juveniles in deep waters. Conover and Voorhees
(1990) stated that differences of sex ratio in a given population

tend to a balanced sex ratio through generations. Conover and
Voorhees (1990) also indicated that high temperature observed
during the late spawning may cause most of the recruited small

fish produced to become males. Chakroun and Ktari (2006)
reported an unbalanced sex-ratio in favor of females in some
species, revealing that the natural mortality may be higher
for males while the females may present a high vulnerability

to the fishing gears.
Upeneus maturity stages were identified according to King

(1982) with some modifications that are more suitable for Mul-

lidae reproductive activity. Maturity stages were classified into
six stages, Immature, Developing/Recovery, Maturing, Ripe,
Running/Spawning and Spent. Monthly distribution of Matu-

rity stages revealed that the maturing and ripe stages were
recorded in March, April with a high peak in May for U. pori
and in September for U. guttatus. A marked increase in

gonado-somatic index (GSI) pattern for the two species in
males and females from March to September synchronized
with those of high percentage of matured fishes. This pattern
is similar to other tropical fishes (Sadovy, 1996). These

sequences probably suggested that Upeneus species from the
Gulf of Suez are characterized by prolonged spawning activity
extending from March along to early September (spring-

summer spawner fish). These results are in agreement with
the previous studies that recorded the same spawning time,
by Ismen (2006) on Turkish U. pori, Sabrah (2007) on U.

japonicus, Sabrah and El-Ganainy (2009) on U. vittatus and
U. tragula from the Gulf of Suez. Tsikliras et al. (2010) con-
cluded that the U. Pori is a late spring–early summer spawner.
Pavlova et al. (2014) on U. tragula from Vietnam. El-Drawany

(2013) in Lybia and Ramadan and El-Halfawy (2014) in the
Mediterranean Coasts studied the reproductive biology of U.
pori and concluded that spawning took place from April

through June with peak activity in May. Emel’yanovaa et al.
(2015) concluded that goatfishes are pelagic spawners and
the maturity stages progression with the time of spawning of

U. tragula took the same trends of that in Upeneus from the
Suez Gulf.

Knowledge of the length at first sexual maturity of fish

helps to predict harvestable size of the fish; hence it has great
benefit in fishery management. Our results indicate that there
were no ripe males or females smaller than 9.5 cm through
all the collected samples. The results revealed that the size
Please cite this article in press as: Sabrah, M.M. et al., Sexual maturity, spawning ac
Red Sea. Egyptian Journal of Aquatic Research (2016), http://dx.doi.org/10.1016/j.
groups 10.0–10.9 cm and 11.0–11.9 cm were considered to be
the length at first sexual maturity of U. pori and U. guttatus
respectively, these lengths correspond to the end of the first

year of their life in both species. The present results are
confirmed by several authors, Sabrah (2007) and Sabrah and
El-Ganainy (2009) concluded that first maturity of Upeneus

japonicus, vittatus and tragula occurred in length range from
10.0 to 11.9 cm. El-Drawany (2013) and Ramadan and
El-Halfawy (2014) pointed that the length at first sexual matu-
rity was 10.0 to 10.9 cm in U. pori. The absolute fecundity of

the two Upeneus species was calculated in relation to fish total
length and total body weight, it showed that the absolute
fecundity increases with the increasing of fish length and

weight. The estimated absolute fecundity of U. guttatus seems
to be close to that estimated by Sabrah (2007) on U. japonicas;
the fecundity of U. japonicas as given by the last author ranged

from 13,640 to 81,965 eggs in a length range from 11.0 to
19.6 cm.

Conclusion

The output of this study revealed that the spawning season of
Upeneus species under investigation extends from March to

September with peaks in May in U. pori and September in
U. guttatus. To achieve sustainable utilization, minimum fish-
ing size should be limited to at least 12 cm and protecting adult
fish while they are spawning in spring-summer. Besides perfor-

mance improvement spawner survival, likewise seasonal clo-
sure from March to September can provide better spawning
chance for females and is considered to be a good fishery man-

agement tool for this fishery area.
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