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ABSTRACT

Catch of red mullets, Upeneus spp., occupies the fifth order among the commercially
important species in the trawl fishery of the Gulf of Suez and its adjacent area. Red mullets
were found in about 61% of the trawled stations, spreading over most of the Gulf and the
adjacent area. They were found in sandy and sandy muddy bottoms. CPH of Upeneus spp.
increases southward to reach its maximum in the adjacent area. Mean length of U.
japonicus increases southward but decreases in the adjacent area. El-Sokhnna Bay, the
eastern side of the south of Gulf and the adjacent area may act as nursery grounds for U.
japonicus. Depth had a significant effect on the catch per hour (CPH) of Upeneus spp. and
on the mean length per trawling operation of U. japonicus Daytime 12:00-18:00 hr showed
significantly higher mean CPH of Upeneus spp. with a smaller mean length of U.
japonicus. Semidiurnal tidal current has no significant effect on CPH of Upeneus spp.,
while it significantly affects mean length of U. japonicus. Full moon phase exhibited
significantly higher mean CPH of Upeneus spp. and larger mean length of U. japonicus.

* Corresponding author: PO Box 371, Suez, Egypt.

Mamuris et. al., (1999) studied the
genetic differences among four mullid
species and found some of them are

INTRODUCTION

Rational management of commercially

important fish stocks requires monitoring
changes of their abundances. Scientific
bottom trawl surveys are the most reliable to
estimate the abundances of the ground fishes,
overcoming the uncertainties inherent in
using commercial catch data. Natural
behaviour of the fish stocks may influence
the reliability of the bottom trawl surveys
(Godg, 1994). Diurnal, feeding habit, bottom
depth or fish density induced horizontal or
vertical migration alter the availability of the
fish stocks and hence their catchability
(Beamish, 1966; Engds & Soldal, 1992).
Modeling the dynamics of the fish vertical
migration and distribution using the involved
environmental and biological parameters is
essential to have adjusted abundance indices
(Godg, 1994).
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genetically close. Goatfishes feed on small
benthic crustaceans, worms, mollusks and
small fish (Hureau, 1986; Vassilopoulou &
Papaconstantinou, 1992; Labropoulou et. al.,
1997, Platell et. al., 1998). They are reef
dwellers. They have long chin barbels with
which they probe the reef surface or sandy
bottoms around it. Once a goatfish locates a
prey with its barbels, it sucks it up with its
flexible,  slightly = subterminal  mouth.
Goatfishes could be either nocturnal or
diurnal, depending on the species (Moyle &
Cech, 1989).

Fishermen usually have difficulties to
separate goatfishes (Mullidae) into different
species. Therefore, they are considered in the
commercial catch statistics as one catch
category. Annual catch of the mullids



constitutes the fifth category in the trawl
catch hierarchy (Yousif, 1991).

Landings of goatfishes from the
Gulf of Suez and adjacent area suffer deep
fluctuations (Fig., 1). No doubt, the ground
fishery of mullids in the Gulf needs routine
scientific surveys in order to find out the
appropriate scientific management tools. The
present study is to shed light on some
behaviour features of mullids to bottom
trawling. Using such information is essential
during the data analysis of the bottom trawl
survey for good precision and accuracy of the
results.

MATERIALS AND METHODS

The present data were collected through
an experimental bottom trawl survey during
the period 25 November — 4 December 1998.
The National Institute of Oceanography and
Fisheries, NIOF, had conducted that survey
in north-west of the Red Sea, in the Gulf of
Suez and its adjacent area (Fig., 2). The
surveyed area was randomly covered by 84
bottom trawl operations. Planning of the
survey and sampling on deck followed the
standard procedures, referring to FAO/UNDP
(1975), Gulland (1975) and Sparre and
Venema (1992).

Boat Specifications:

Length of the boat was 23.75 m., width
was 6.5 m. and powered with 450 hp main
engine. The boat was equipped with
motorized winch, echosounder and an
electronic device for navigation to record the
rout and the speed.

Fishing set specifications:

The trawl net was of the Italian,
Mediterranean type, length 27 m., ending
with a 5.5 m covered codend. The headline
was 2.2m while the ground rope was 2.4 m.
The headline was furnished with 16 floats.
The ground rope was supported by 11 chains,
each chain was 1.5 kg.

The otter board was made of steel,
weighing 115 kg. The otter boards were
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attached to the two sides of the net by two
sweep lines; each was 200 m in length and
200 kg in weight. The sweep line ended at 9.0
m very thick part (El-Lappan) at the vicinity
of the net.

Description of the surveyed area:

This survey covers the area between
latitude 29° 49.5'N of the Gulf down to 27°
56' at the south of the Gulf. The area between
latitude 27° 56' and 27° 30' is what we call the
adjacent area. The Gulf was of longitudinally
4 sectors (I, II, IIT & IV) and the fifth sector,
S, was the adjacent area (Fig., 2). Using the
main navigation channel as a geographical
separator, the eastern and western sides of the
Gulf were considered separately, in addition
to the main channel.

e Latitudes of the proposed sectors
and regions for the Gulf of Suez.
Data analysis:

On deck, no segregation according to
species was done. All species are collected
and aggregated into one catch category.
Therefore, CPH was investigated for the
whole catch category of the red mullet
species. However, samples taken for further
study were separated into species. Upeneus
japonicus was the most dominant species in
the most collected samples and constituted
about 70% of these samples. Thus, length
frequency analysis was only done for that
species.

To find out the relationships of the
different variables, the multiple regression
module and the nonlinear module with Quasi-
Newton method were used. The comparison
between groups was performed using the
non-parametric  Kruskal-Wallis ANOVA
method (Bhattacharyya and Johnson, 1977),
in the STATISTCA Package V5.0. Using
such method was to ensure the results and
avoid the critical assumptions of the
parametric methods. The significant p value
(p<0.05) is bolded and underlined in the
tables of the results.
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The following terms were used:

Length (cm.): It is the total length measured
from the tip of the snout to the posterior end
of the upper fork of the tail (to the nearest 1
cm).

CPH (kg/hr): Tt is the catch weight of the
trawling operation of Upeneus spp., in
kilograms, divided by the duration of the
trawling operation, in hours.

RESULTS

Catch of the red mullets was found to
comprise the following species; Upeneus
japonicus, U. tragula, U. vittatus and U.
sulphureus. It was found that Upeneus
japonicus constituted more than 70% of the
samples collected on deck of family Mullidae
from the bottom trawl fishery in the Gulf of
Suez.

i. Geographical Distribution.

Red mullets were fished from 51 stations
(Fig., 2), constituting about 61% of the total
trawled stations (84 stations). Eastern and
western sides of the Gulf, the main channel
for navigation and the adjacent area, all
yielded red mullets.

ii. Regional distribution:

1. CPH of Upeneus spp.

a) Both sides of the Gulf, (Table, 1):
Eastern Side: The percentage of the number
of the trawling operation that yielded mullids,
with respect to the total number of the
trawling operations in the region, were 36%,
0%, 90% and 75% for the first, second, third
and fourth regions (El1, E2, E3 & E4)
respectively. In the second region (E2) no red
mullets were detected in the catch. The
smallest CPH was noted in the first region
(E1), 1.5 kg/hr. The highest CPH, 6.0 kg/hr,
was caught from the fourth region (E4).
Mean catch rates for the eastern three
regions, E1, E3 and E4 were not significantly
different, p<0.3983.

Western Side: The percentage of the number
of the trawling operations that yielded
mullids, with respect to the total number of
the trawling operations in the region, were

33%, 28%, 66% and 100% for the first,
second, third and fourth regions (W1, W2,
W3 & W4) respectively. The second region
(W2) produced the smallest CPH, 0.5 kg/hr,
as compared to the other regions of the same
side. CPH increased southerly, as in the
eastern side, to attain its maximum, 12.9
kg/hr in the fourth region (W4. Means of
catch rates from the western four regions
were not significantly different (p<0.1227).

The mean catch rate of each of the three
eastern regions (El1, E3 and E4) was
compared with that of the paralleled western
regions (W1, W3 and W4). They were not
significantly different (Table, 1). Both the
entire eastern (E) and western (W) sides of
the Gulf showed insignificantly different
means of catch rates (p<0.9113).

b) Along the Gulf and Adjacent Area,
(Table, 3):

In general, CPH increased
southward. The second region (II) produced
the smallest CPH 0.5 kg/hr. The adjacent area
showed the maximum value of CPH, 11.2
kg/hr, with the widest range.

The mean values of CPH from the
areas (I, II, III & V) in the Gulf were not
significantly different (p<0.0582). By adding
the adjacent area, we noticed that the mean
values of CPH of the different sectors were
significantly different (p<0.0323).

2. Length Distribution of U. japonicus:

a) Both sides of the Gulf:

Eastern Side: As was cited before, the
trawling operations in the second region (E2)
did not yield any of U. spp. In general, the
mean length of U. japonicus, fished from the
eastern side, increased southwards (Table, 2)
attaining a maximum size of 13.0 cm, in the
fourth region (E4). The first region (El)
exhibited the smallest mean length, 12.3 cm.
The mean lengths of fish from the eastern
regions E1, E3 and E4 were significantly
different, p<0.0001.
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Fig. (1). Seasonal Landings of Upeneus spp. from the commercial trawl fishery of the Gulf of
Suez and the adjacent area. Data from the General Authority for Development of Fish

Resources.
Western Side Eastern Side
Sector
Region Latitudes Region Latitudes
29°49.5 29° 50
I W1 (Ras Adabiya) £1 (Ras Misalla)
29°23' 0 5\
(Ras Abu Daraq) 29727
29°23' E2 0 4t
0 W2 (Ras Abu Daraq) 29727
29°07' 0 12\
(Ras Zaafarana) 29713
29°07" (Ras Zaafarana) 29° 13
1] w3 \ E3
28°30" (Fals Ras Gharib) 28° 34"
28°30' 0440
W4 (Fals Ras Gharib) 28734
v - E4 )
27°49.5 27° 56
(Umm EI Kiman) (Ras Kenisa)
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Fig. (2). Geographical distribution of trawling operations with Upeneus spp. from the Gulf of
Suez during the autumn survey, 1998.
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Table (1). Regional distribution of CPH of Upeneus spp. in the Gulf of Suez, autumn

survey, 1998.

Reg. ™™ N | Mean | Range +SE | Reg. ™ N | Mean | Range +SE P<
W1 | 9 3 1.4 1.1-2.1 [ 0309 | E1 | 14 5 1.5 0.6-2.5 | 0.396 | 0.8808
w2 | 7 2 0.5 0.4-0.6 | 0.138 | E2 3 - - -

W3 [ 12 8 59 103-23.0] 2.625 [ E3 | 10 9 2.9 1.1-6.1 [ 0.579 | 0.6304
w4 | 2 2 129 |4.7-21.2 | 8241 [ E4 | 20 | 15 6.0 |04-19.5| 1.652 | 0.2330
P< 0.1227 P< 0.3983

W | 30 [ 15 52 103-23.0| 1.868 [ E | 47 | 29 43 10.4-19.5( 0928 | 09113

Reg.: Region, TN: Total number of tows N: Number of tows yielded U. spp, SE: Standard error

In addition, the mid length of the peak of
the length frequency distribution of U.
japonicus increased southwards (Fig., 3). The
trash fish in the fourth region (E4) comprised
discarded small lengths of U. japonicus
which had a peak at mid length of 8.0 cm
(Fig., 4).

Western Side. The first region (W1)
possessed the smallest mean length, 11.8 cm
(Table, 2). The third and the fourth regions
(W3 & W4) showed means of 12.6 cm and
12.5 cm respectively. The fish mean lengths
of the three western regions (W1, W3 and
W4) were significantly different (p<0.0001).

The modal length of U. japonicus also
increased southwards (Fig., 5). The trash fish
of the first region (W1) comprised discarded
small lengths of U. japonicus with a peak at
mid length of 9.0 cm (Fig., 6).

Upon comparing the mean length of U.
japonicus from each region on the eastern

side with that corresponding to it on the
western side, it appeared that they were
significantly different, p<0.0001 for each
couple, with the exception of (E3 &W3).
Regarding the mean length of the entire
eastern side (E) and that of the western side
(W) of the Gulf, they were significantly
different (p<0.0001). b) Along the Gulf and

Adjacent Area:
The mean length of U. japonicus, in the
different sectors, increased southwards

(Table, 3) to attain its maximum (12.9 cm) in
the fourth region (IV), accompanied by the
widest range in lengths. However, the mean
length dropped to be 12.1 cm in the adjacent
area.

The means of fish lengths in the three
areas of the Gulf (I, III & IV) and its adjacent
area were significantly different (p<0.0001).
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Table (2). Regional distribution of the mean length of Upeneus japonicus in the Gulf of Suez,
autumn survey, 1998.

Reg. [ NS | Mean | Range | +SE |Reg.[ NS | Mean | Range +SE P<

W1 | 47 | 11.8 9-18 [0.222( E1 | 124 | 12.3 8-19 0.152 0.0100

w2| - - | - | - |B}| - | - - | - -

W3 (291 12.6 | 10-18 [ 0.078 | E3 | 206 | 12.6 8-17 0.101 0.6771

W4 1241 125 7-17 [0.084 | E4 | 801 | 13.0 | 6-20 0.074 0.0001

P< 0.0001 P< 0.0001

W |579] 125 7-18 [0.056| E | 1131 | 12.9 6-20 0.058 0.0001

NS: Number of specimens

Table (3). Distribution of CPH of Upeneus spp. and mean length of U. japonicus along the Gulf
of Suez and the adjacent area (S) , autumn survey, 1998.

Catch Rate Fish Length
Sector

N Mean Range +SE NS Mean |Range| *=SE
| 8 1.5 0.6-2.5 0.258 171 12.2 8-19 | 0.127
1 2 0.5 0.4-0.6 0.138 - - - -
11 17 43 0.3-23.0 1.285 497 12.6 8-18 | 0.062
v 17 6.8 0.4-21.2 1.7089 1042 12.9 6-20 | 0.060
S 7 11.2 0.9-39.6 5.079 412 12.1 9-18 | 0.079
P< 0.0323 0.0001
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iii. Effect of Some Physical Factors
1. Nature of the sea bottom.

Red mullets were found in sandy
and sandy muddy bottoms. In addition, red
mullets were represented in the shots carried
out in the sea-grass stations. They were not
found in the muddy bottoms.

2. Depth.
a) Effect of depth variation on CPH:

Nearly, all the trawled depths
yielded Upeneus spp. The 51 trawled stations
provided Upeneus spp. varied in depth
between 15.8 and 77.0m, with a mean of 48.3
+ 17.673m. CPH exhibited no clear
systematic change with changing depth (Fig.
7). Mean CPH of the two depth categories <
50m (26 trawling operations) and >50m (25
trawling operations) were 2.5 +0.433 kg/hr
and 8.6 £1.914 kg/hr respectively. They were
significantly different (p<0.0110).

a) Effect of depth variation on mean
length of U. japonicus:
The length distribution of Upeneus japonicus
was studied in 33 stations. The mean of fish
total length (ML), per trawling operation
catch, against the station depth (Dep) showed
the following significant linear relation (Fig.,
8):

ML=11.8 + 0.021 Dep.

The correlation coefficient r of the
regression analysis was 0.510 (p<0.0081).
3. Diurnal variation.

a) Diurnal variation of CPH:

There was no clear relation between
CPH and mid time of trawling operation
(Fig., 9). Mean CPH caught during daytime
was 6.9 £1.577 kg/hr (32 stations) and at
night was 3.1 +0.664 kg/hr (19 stations).
However, these were not significantly
different (p<0.1387).

The means of CPHs carried out in
the afternoon, 12:00-18:00 hr (18 trawling
operations) and those of the other times (33
trawling operations) were 10.1 + 2.538 kg/hr
and 3.0 £ 0.470 kg/hr respectively. They
were significantly different (p<0.0065).
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b) Diurnal variation of mean length of U.
japonicus:

The catches of trawling operations
performed during the time interval 12:00-
18:00 hr showed smaller means of lengths of
U. japonicus (Fig., 10). Mean length caught
during the time interval 12:00-18:00 hr (16
stations, 1472 specimens) was 12.4 £0.023cm
and at the other times (17 stations, 588
specimens) was 13.1 +0.028. They were
significantly different (p<0.0001).

4. Semidiurnal tidal current.
a) Effect of tidal current on CPH:

The mean CPH of the low tide (26
stations) was 6.7 £1.810 kg/hr and that of the
high tide (25 stations) was 4.3 £0.990 kg/hr.
They were not significantly different
(p<0.6376).

b) Effect of tidal current on mean length
of U. japonicus:

The mean length of the low tide
(1239 specimens, 17 stations) was 12.2
+0.020 cm and that of the high tide (821
specimens, 16 stations) was 13.2 £0.026 cm.
They were significantly different (p<0.0001).
5. Lunar cycle.

a) Effect of lunar cycle on CPH:

Moon dates (8", 9™ and 10™), the
first three days of the spring tide, showed
higher catch rates (Fig., 11). The mean CPH
of these three moon dates (22 stations) was
10.0 £2.043 kg/hr. The mean CPH of the
remaining moon dates (29 stations) was 2.1
+0.340 kg/hr. These two means of catch rates
were significantly different (p<0.0001).

b) Effect of lunar cycle on mean length of
U. japonicus:

Moon dates (7" and 8") showed
larger means of fish lengths of trawling
operations catches (Fig., 12). The mean
length of the specimens caught during these
moon dates (8 stations, 428 specimens) was
13.7 £0.021 cm. The mean length of the
specimens caught during the remaining moon
dates (25 stations, 16.32 specimens) was 12.3
+0.018 cm. These two means were
significantly different (p<0.0001).
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Fig. (7). CPH against depth for U. spp. caught from the Gulf of Suez and adjacent area, during
autumn survey, 1998.
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Fig. (8). Mean length against depth for U. japonicus, and the fitted line, caught from the Gulf of
Suez and adjacent area, during autumn survey, 1998. (The arrowed points are outliers).
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Gulf of Suez and adjacent area, during autumn survey, 1998.
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DISCUSSION

The bottom trawl survey of the present
study showed that fishing grounds of
Upeneus spp. constitutes more than 61% of
the total trawlable area in the Gulf of Suez.
Generally, the percentage of the fishing
grounds for Upeneus spp to the trawlable area
increases as we go southward, on both sides
of the Gulf. It attains a maximum value in the
adjacent area. All the trawling operations in
the adjacent area yielded Upeneus spp.

Concerning CPH of Upeneus spp., on
both sides of the Gulf, eastern and western of
each area may form one unit. As in the case
of the fishing grounds, the CPH increases
southwards along both sides of the Gulf and
attain its maximum in the adjacent area. It
may be concluded that the most productive
area is on the south of the Gulf and the
adjacent area. The distribution of the coral
reefs increase southward along the Gulf to
attain the highest distribution in the adjacent
area. Such environment saves a proper habitat
for Upeneus spp. Moyle and Cech (1988)
reported that goatfishes are reef dwellers,
they use their barbells to probe the reef
surface or sandy bottoms around a reef for
benthic invertebrates or small fish.

According to the present results, it has
been found that the mean length of Upeneus
japonicus, increases as we go southwards on
both sides of the Gulf. The west side of the
first area, El-Sokhnna Bay, (W1) and the east
side of the fourth area (E4) are characterized
by the small fishes, including juveniles. El-
Sukhnna Bay yields relatively high catch
rates and small lengths of U. japonicus. It is a
shallow wide Bay bordered by much of
inshore distributed coral reefs. El-Sokhnna
Bay is the richest region along the Gulf in
zoobenthos (EIMP, 1999 and Emara, 1999)
that can be considered as the main food items
for adults and juveniles of this species
(Moyle and Cech, 1988; Sommer et al.,
1996). Such environment saves the proper
context for living of U. japonicus.

ALY YOUSIF AND MANAL M. SABRAH

Accordingly, El-Sukhnna Bay may act as a
nursery ground for U. japonicus. Likewise,
the presence of the small fishes including
juveniles in the trash fishes of the fourth
eastern region (E4) may reveal that it is a
nursery ground for this species also.
Similarly, the adjacent area has the smallest
commercial mean length of U. japonicus. In
addition, it is characterized by the distribution
of many coral reef batches offering an
appropriate environment for the living of the
goatfishes. Therefore, the coastal waters of
the adjacent area might act as a nursery
ground for U. japonicus, as well.

From the present results, it appears that
the fishery grounds of the red mullets are of
sandy and sandy muddy types. Some fishing
areas comprise sea grasses. Sommer et. al.,
(1996) reported sand and mud bottoms for
Upeneus tragula off Somalia. Boraey and
Soliman (1987) found U. sulphureus in soft
bottom off Safaga. Randall et. al., (1993)
stated U. japonicus from sandy bottoms.

In the present study, red mullets are found
at a depth range of 15.8-77.0m. Kumaran and
Randall (1984) reported a depth range of 10-
40 for U. sulphureus. Randall et. al., (1993)
recorded U. japonicus from depth range of
20-200m. Although, CPH may not show a
systematic change with changing depth,
depth greater than 50m may significantly
yields higher CPH more than 3.4 times that is
yielded from depth shallower than 50m.
Mean length per trawling operation for U.
japonicus  significantly increases  with
increasing depth in a rate of 0.021 after the
length of 11.8 cm. Yousif (2004) reported
such phenomenon of increasing length with
increasing depth for Pomadasys stridens from
the Gulf of Suez.

Daytime is more productive and shows
higher mean CPH for red mullets than
trawling operations at night. Mean CPH
caught during the daytime interval 12:00-
18:00 is significantly about 3.4 times that of
the other times. In addition, mean length of
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U. japonicus caught during daytime 12:00-
18:00 was significantly smaller than that
caught in another time. Accordingly, red
mullets from the Gulf of Suez, may behave
active foraging during that time. Moyle and
Cech (1988) stated that depending on the
species, goatfishes can be either nocturnal or
diurnal. Mazzola et. al., (1999) investigated
the diel feeding habits of juveniles of Mullus
surmuletus and derived a unimodal trend in
the daily rhythm of food consumption, with a
peak in feeding between 12:00 and 20:00h.

Considering the semidiurnal tidal current,
the mean CPH of Upeneus spp. during the
low tide is more than 1.5 times that of the
high tide. Mean length of U. japonicus of the
high tidal current is significantly larger than
that of the low current. The small fishes may
not tolerate the high tide, staying in the reef
batches avoiding the high tidal current and
consequently being unavailable for trawlers.
While, large lengths may bear the high tidal
current and being available for trawlers more
than the smaller goatfish sizes. On the other
hand, during low tide, all lengths are active
and being available causing higher catch
rates. Michalsen et al., (1996) attributed the
variation in catches of cod and haddock in the
Barents Sea and Svalbard area, reprted by
Engas and Soldal (1992), to a semidiurnal
rhythm set by changes in the tidal currents.

The mean CPH of Upeneus spp. during
the first three days of the spring tide (full
moon phase) was significantly about five
times the mean rate of the other moon dates.
The mean length of U. japonicus of the
beginning of the spring tide (full moon phase)
was significantly larger than the mean rate of
the other dates. It seems that the relation is to
tide not to the moon phase. Upeneus spp.
may use the relatively high tide of the
beginning of the spring tide to reach the
feeding area that is the fishing ground around
the corals, increasing their availability to
bottom trawlers. During the neap low tide
and the spring vigorous tide, some of the
goatfishes may prefer to probe food in the
coral reefs decreasing their availability to
trawlers.
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