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ABSTRACT

A total of 570 herbivorous fishes (Sarpa salpa, Siganus luridus and Siganus
rivulatus) were collected from the western coast of Libya during the period
from May 2013 to June 2014. Samples were taken directly from fishermen
then transferred to the laboratory in Marine Biology Research Center, in order
to take different measurements such as; total length and total weight for each
fish. Livers and stomachs have been taken and weighed. The results showed
that in the herbivores fishes, S. luridus was more abundant, shows more ability
to occupating the niche, and compete the other herbivores fishes. Moreover,
this study showed that the seagrass and algae are important diet for both
species; also there is no high competition between these species in this area of
the south Mediterranean. This study tried to fill the gap of knowledge and
document some important biological aspects on both species in Libyan waters.
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INTRODUCTION

migration called the Lessepsian migration (Por, 1978),

these species are increased and some of them have been

After the opening of the Suez Canal in 1869, the
diversity in the Mediterranean has been changed because
a lot of non-indigenous marine species have penetrated
the Mediterranean, and most of these species have
distributed along the north and south coasts, this

established well (Golani, 2002, 2010; Golani et al.,
2015; Bariche, 2012). S. rivulatus and S. luridus belong
to Siganidae which is a small family of herbivores,
widely spread in the Indian Ocean and Western Pacific
(Woodland, 1983). These fishes have invaded the
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Mediterranean from the Red Sea through the Suez
Canal; these two species were recorded for first time in
Libyan coast in 1970. (Stirn, 1970), and they have
become a commercial species in the south
Mediterranean (Shakman and Kinzelbach, 2007b;
Shakman et al., 2009). The alien marine species are one
of the most reasons impacting the biodiversity in the
Mediterranean (Galil, 2007; Coll et al., 2010), which
represent about 5% of native marine species in the
Mediterranean (Zenetos et al., 2012). Both Non-
indigenous fishes S. rivulatus and S. luridus compete
with native fish S. salpa, where it has declined in
abounndce and in some cases may replace, because it
feeds on the same algae and seaweed (Sala et al., 2011).
In recent years, there has been considerable interest in
studying the impact of these species on local flora and
fauna in the Mediterranean (Bariche et al., 2004,
Azzurro et al., 2007; Galil, 2007; Golani, 2010). As well
as in the Eastern Mediterranean (George, 1972; Hussein,
1986; Yeldan and Avsar, 2000; Saad and Sabour, 2001;
Bariche et al., 2003). Several studies emphasised that
these species compete with local species, including S.
salpa, on space and various food resources (Bariche et
al., 2012). Feeding habits of S. luridus and S. rivulatus
in the Red Sea have been studied by (Lundberg, 1980;
Lundberg et al., 2004). In the Mediterranean, different
studies of feeding habits have been conducted for S.
salpa in Italian coast (Criscoli et al., 2006), and in the
southern France (Havelange et al., 1997). Moreover,
different studies have been conducted on S. luridus and
S. rivulatus in the mediterranean (Hamza et al., 2000;
Shakman et al., 2009, Sala et al., 2011). Due to the lack
of information on these species in the Mediterranean,
therefore, this study addressed the feeding habits of non-
indigenous fishes (S. rivulatus and S. luridus), and
native fish Sarpa salpa as well as the species
composition with herbivorous fish.

MATERIALS AND METHODS

then opened with the dissecting scissors, and the food
was discharged. The size of the stomach was given from
0 to 4, giving zero to the empty stomach and the number
one given to the filled stomach 25% completely filled
with 100%. The food content is discharged into a petri
dish with drops of pure water to ensure separation of the
contents by using a special needle under the binocular
microscope with different magnification forces,
corresponding to the size of the prey components
according to Hyslop, 1980 (Shakman et al., 2009). The
preyes were sorted into groups according to the
taxonomic class, then, each group was weighed
separately. The size of each group was determined in the
food content compared to the rest of the prey in the same
stomach. The prey is 100 per cent according to Cachia et
al., 1991, 1996) The total number of undigested preyes
is low compared with the digested, weighed and then
placed in 70% alcohol flasks, to be stored and classified
to the nearest taxonomic category, using Cachia et al.
1996 and De Haas and Knorr, 1979); the data have been
analysed by using different questions in Excel.

RESULTS

A total of 570 non indigenous fishes (S. luridus, S.
rivultus) and native fish Sarpa salpa were collected
monthly from the western coast of Libya during the
period from May 2013 to June 2014. They were caught
from the same habitat (rocky and sandy covered by
seaweeds) by using Trammel net. The fish were
transported in an Ice box to the Laboratory at the Marine
Biology Research Center. All fish were sortied,
numbered and measured (total weight, total length,
standard length and head length), after that the fishes
were sectioned in order to taken weights of stomach,
liver and conads. To investigate the feeding habits, each
stomach was placed after weighting to the nearest gram
in a glass tube containing formalin at a concentration of
5%. The fish data from which the stomach was taken,
the fish number and the date of preparation were written
and stored. The stomach was taken out of the formalin,

Abundance of herbivorous fishes
For herbivores fish, S. luridus was more abundant than

other fishes S. salpa and S. rivulatus (Fig. 1).

50 4 45.05
40 - 36.30
30 -
18.65
> 20 -
g
3 10 -
QD
5 0 T T 1
< S. luridus  S.rivulatus Sarpa salpa
Species

Fig. 2. Relative abundance of herbivorous fishes along the
western coast of Libya

1. Length frequency

Total length of S. salpa has ranged from 14.0 cm to 33.9
cm., and the results showed that the most frequent lengths
of this fish were 20.0 - 20.9 cm. and S. luridus length
ranged between 14.0 cm and 24.9 c¢cm., and the most
frequent lengths of this fish were 21.0 - 21.9 cm. The
length of S. rivulatus was between 17.0 and 28.9 cm and
the most frequent length was 19.0 to 19.9 cm (Fig. 2).
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Fig 2. Length frequency of Herbivores fishes along the
western coast of Libya

2. Food and feeding habits

- Sarpasalpa
The favoured food for S. salpa was varies from season
to season. In the spring, the IR1% of Ulva sp. represents
the highest percentage 36%, followed by 24% Posidonia
oceanica, Cladophora 22% and Gelidium sp. by 11%

(Fig. 3).
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Fig. 4. IR1% of S. salpa in the western coast of Libya
(Summer season)

In the fall season, the main food was Gelidium sp, at
a rate of 49.42%, followed by Pasidonia oceanica,
at a rate of 36.48%, Cladophora sp, at a rate of
6.23%, and Caulerpa sp., at a rate of 4.0%. The
digested food was 3.2%, the algae of Sphasilaria sp
and Dictyota sp was a similar percentage of 0.27%,
and the algae of Polysiphonia sp was 0.14% (Fig. 5).
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Fig. 5. IR1% of S. salpa fish in the western coast of Libya

(autumn).

In winter, the highest percentage of food was
Pasidonia oceanica, at 38.18%, as the main food,
followed by Gelidium sp, at a rate of 17.4%, Ulva sp,
at a rate of 16.86%, Cladophora sp, at a rate of 9.95%,
then digested food, at a rate of 7.25%, Sphasilaria sp,
at a rate of 3.41%, and Enteromorpha sp, at a rate of
3.12%. %, Caulerpa sp, 2.36%, Polysiphonia sp,

Fig. 3. IRI% of S. salpa in the western coast of Libya 1 2294 and Dictyoptris sp, 0.13%; Egg sacs were

(Spring season)

In the summer, the main food of Sarpa salpa was
Pasidonia oceanica (42%), Gelidium sp (28%),
Ectocarpus sp (10%), Ulva sp (7%), Caulerpa sp
(7%) and Sphasilaria sp (0.31%) (Fig. 4).
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Fig. 6. IR1% of S. salpa fish in the western coast of Libya
(winter season).
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- Siganus luridus

The main food of S. luridus during the spring are
Pasidonia oceanica and Caulerpa sp (39.9% and
19.2%, respectively), the algae Cladophora sp was
13.0% and the algae Gelidium sp was 8.5%.
Dictyoptris sp algae had a percentage of 8.2% and
Ulva sp had a percentage of 4.9%, while digested food
had a percentage of 3.5%, and Sphasilaria sp algae
had a percentage of 1.2%; And egg sacs, 0.8%,
Flibellia sp, 0.5%, and Dictyota sp, 0.2% (Fig. 7).
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Fig. 7. IR1% of S. luridus fish in the western coast of Libya
(spring).

The main food of S. luridus during summer season was
Dictyoptris sp algae at a rate of 17.4%, followed by
Caulerpa sp algae at a rate of 9.1%, and as for digested
food, it was at a rate of 5.2%, Ulva sp algae at a rate of
4.4%, Gelidium sp algae at a rate of 4.2%, and
Cladophora sp at a rate of 3.9%. %, Sphasilaria sp. by
1.6%, egg sacs by 1.3%, and Dictyota sp. by 0.3% (Fig.
9).
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Fig. 8. IR19% of S. luridus fish in the western coast of Libya
(summer season).

The main food for S. luridus in the fall season included
Pasidonia sp at a rate of 33.8%, followed by Gelidium
sp and Caulerpa sp at a rate of 18.0% and 17.0%,
respectively, and Ulva sp at a rate of 11.6%, and the
digested food was at a rate of 6.3% and Dictyoptris sp
algae at a rate of 4.6%. % and Flibellia sp at 3.6%,
which is a similar percentage with Sphasilaria sp at
3.5%, Cladophora sp moss had a rate of 1.3%, and egg
sacs had a rate of 0.2% (Fig. 9).
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Fig. 9. IR1% of S. luridus in the western coast of
Libya (autumn).

In winter, the main food of S. luridus was the
Pasidonia sp., at a rate of 41.4%, and Dictyoptris sp.,
at a rate of 14.1%. It was followed by Gelidium.sp
moss, at a rate of 11%, and the digested food was at
the same rate, i.e., 11%. The algae Dictyota sp
represented 9%, the algae Caulerpa sp represented
6%, Ulva sp represented 5.3%, and Sphasilaria sp
represented 1.7%, with similar percentages for
Cladophora sp 0.4% and Porphra 0.4%. The Flibellia
sp moss was 0.3%, as in (Fig. 10).
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Fig. 10. IR1% of S. luridus fish in the western coast of
Libya (winter season).

- Siganus rivulatus
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The relative importance index (IR1%) showed that the
main food for S. rivulatus in the spring is Gelidium sp
algae at a rate of 23.0%, followed by Pasidonia
oceanica and Cladophora sp at a rate of 19.5% and
19.4%, respectively, and at a rate of 16.8%, so the
food was on Ulva. sp The algae Caulerpa sp was
6.4%, Ectocarpus sp was 2.7%, Sphasilaria sp was
1.8%, Enteromorpha sp was 1.5%, Dictyoptris sp was
1.0% and Polysiphonia sp was 0.4%, and the digested
food was 5.6% (Fig. 11).
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u Cladophora.sp
m Gelidium.sp
m Sphasilaria.sp
= Polysiphonia.sp
mUlva.sp
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%6 __
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Fig. 11. IR1% of S. rivulatus in the western coast of Libya
(spring).

The results showed that the main and preferred food for
S. rivulatus in the fall season was Gelidium sp., at a rate
of 46%, followed by Pasidonia sp., at a rate of 28%, and
Cladophora sp., and Caulerpa sp., at a rate of 4% and
5%, respectively, and Enteromorpha sp., at a rate of 1%,
and Sphasilaria sp. as well, at a rate of 1%. Digested
food represented by 15% (Fig. 12).

%5, %l

m Pasidonia.sp
u Cladophora.sp
%l u Gelidium.sp
m Sphasilaria.sp

u D. food

u Caulerpa.sp

® Enteromorpha

Fig. 12. IR1% of S. rivulatus in the western coast of Libya
(autumn).

The main food for S. rivulatus in the winter, Gelidium sp
moss accounted for 30%, and Pasidonia sp moss made
up 28% of the food, followed by Flibellia.sp with 17%,
Dictyoptris sp with 4%, Cladophora sp with 3%, and
Sphasilaria sp with 3%, and the digested food was 15%
(Fig. 13).

m Pasidonia.sp
m Cladophora.sp
m Gelidium.sp

m Sphasilaria.sp
m Filbellia.sp

m D, food

%30 = Dictyoptris.sp

Fig. 13. IRI1% of S. rivulatus in the western coast of Libya

(winter season).

The main food for S. rivulatus in the summer is
Gelidium sp., with a percentage of about 30.0%,
followed by the Pasidonia oceanica, with a percentage
of 28.2%, Flibellia sp., with a percentage of 16.7%,
Dictyoptris sp., with a percentage of 4.2%, and
Cladophora sp., with a percentage of 3.1%, and with a
percentage of 2.9%, the food was Sphasilaria sp. As for
the digested food, it was 15.0% (Fig. 14).

%4

M Dictyoptris.sp
%28 M Food.d

M Filbellia.sp

[ Sphasilaria.sp
%17 g Gelidium.sp

%3
m Cladophora.sp

0,
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Fig. 14. IR1% of S. rivulatus in the western coast of Libya

(summer season).

DISCUSSION

Alien fishes are still spreading throughout the
Mediterranean Sea, and this spread varies according to
the species as well as the time of its entry into the
Mediterranean Sea; However, this has led to a change in
the biodiversity of fish in the Mediterranean Sea, and
this is considered one of the effects caused by this
migration. Some of these species have become
permanent catches and are of economic importance.
There is a difference in the spread of local and invasive
fish species along the Libyan coast. There was an
increase in fish diversity in the eastern region of the
Mediterranean compared to the central region and the
western region of the Libyan Mediterranean (Shakman
and Kinzelbach, 2007a). The percentage of invasive fish
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species relative to native fish species decreases from east
to west along the Libyan coast, and this may reflect that
there is a relationship between the early arrival of
invasive species and their increased abundance
(Shakman, 2008). The Mediterranean Sea includes only
two herbivores: the species (Scaridae) S. cretense and
(Sparidae) S. salpa (Bauchot and Hureau, 1986;
Quignard and Pras, 1986). In addition to the presence of
two invasive herbivorous fish coming from the Red Sea
via the Suez Canal, they are the species S. luridus and S.
rivulatus. The most abundant herbivorous fish during
this study was the red sea fish, S. luridus, followed by
the shellfish, S. salpa, and S. rivulatus. This may be due
to the ability of these invasive species to occupy
habitats, their speed of spreading, as well as their ability
to compete with native species. These results are
consistent with the study conducted in the eastern
Mediterranean in coastal Lebanon (Bariche et al.,
2004).The same study indicates that endemic species
such as S. salpa have declined significantly in the last
seventy years. This study also indicated that there are
some clear examples of the impact of newly settled
species on local fauna, which is one of the most
abundant species in the rest of the Mediterranean, and
this may be due to its competition with Siganus sp.
(Bariche et al., 2004). In this study, there was a
difference in the main food from one season to another.
In the spring and fall, algae were the main food and
seaweed was the secondary food. The results varied in
the summer and winter seasons, as the main food was
seaweed, and algae was the secondary food. Seasonal
differences lead to variation in food preferences and
affect the rate of its diversification; due to the lack of
food in the winter, this species was forced to roam in
search of food. Therefore, this season was characterized
by a diversity of nutrition, and algae and seaweed
appeared as part of the nutritional content recorded.
Researchers conducted in the same area are agreed with
him, including the following: (Steele et al., 2014;
Harmelin- Vivien et al., 1995; Francour, 1997; Guidetti,
2000; Verlaque, 1990; Havelange et al., 1997; Prado et
al., 2007). In the Adriatic Sea, it was found that
seaweed is the main food on which these fish rely on
(Skoko et al., 2004). The Shalaba fish differed in
nutrition and feeding behavior from other species of the
Diplodus family, as most of them feed on crustaceans,
molluscs, algae, and worms (1997) (Pallaro et al., 2006;
Sala and Ballesteros, 1997). Nutritional indicators were
variable according to the seasons of the year for this
species of fish. The nutritional status factor was high
during the spring and low during the winter, while the
liver condition factor was high during the summer,
which is considered a breeding season for this species.
These results differ with several studies conducted in the
eastern part of Libya. Because this study analyzed the
results monthly or as a result of the physiological state
of this species (Shakman et al., 2009). This study
showed that the seaweed Pasidonia oceanica was
dominant in the stomach contents, with a very small

representation of the brown algae Dictyota sp. during the
spring. In summer, the brown algae Dictyoptris sp. was
dominant, followed by the green algae Caulerpa with a
small representation of the algae Dictyota sp., as was
observed. In fall season, seaweeds dominated, followed
by the green algae Caulerpa sp. and the red algae
Gelidium sp., with a very small representation of the
green algae Cladophora sp. In winter, the predominant
stomach contents were seaweeds, followed by brown
algae Dictyoptris sp, with a lesser representation of
algae species Cladophora sp, Caulerpa sp, and
Prophyra sp. During the study year, it was observed that
seaweeds dominated as the main food, followed by
brown algae Dictyoptris sp. The result obtained can be
explained by the fact that the high index of relative
importance of seaweeds and brown algae is not an
indication of the black potato fish’s preference for them,
but rather the reason is due to its targeting of a wide
range of seaweeds and algae (Lundberg and Golani,
1995). This result was similar to what was found in the
Red Sea (Lundberg and Golani, 1995), where S. luridus
fish is mainly consume brown algae such as Lobophora
variegata, and species of Sargassum spp. (Lundberg and
Lipkin, 1979). In the Gulf of Agaba, brown algae were
the preferred (major) food (Lundberg and Lipkin, 1979;
Lundberg and Golani, 1995), but they also consume a
wide range of algae and seaweeds. This study was
similar to what was found on the eastern coast of Libya
(Shakman et al., 2009), where brown algae was mainly
consumed, and it was the source of food in the fall, but it
was observed that its consumption shifted to red algae in
the winter. This same transformation from brown algae
to red algae and green algae has been observed in Greek
waters in the fall and winter seasons and is due to the
frequent consumption of brown algae (Stergiou, 1988).
This may be due to the specialized digestive tract to
digest coarse brown algae and the increased ability to
Benefit from it (Lundberg and Golani, 1995). The
change in nutritional indicators is not significant during
the seasons of the year, because these species do not rely
on food even during the breeding season (Shakman,
2008). These results are also similar to a study
conducted in the eastern part of Libya (Shakman et al.,
2009). This species prefers an environment rich in
meadows of Pasidonia, so parts of it are present in the
gastric content, and they form part of the volume of the
main food. The food in the gastric content reflects the
presence of seaweeds in the first place, the most
important of which is Pasidonia oceanica, followed by
the red algae Gelidium sp. As for the presence of egg
sacs It refers to occasional feeding, which was also
present in the stomach content of Red Sea fish
(Lundberg and Lipkin, 1979, Lundberg and Golani,
1995), and molluscs and polychaete worms were among
the stomach content in the southern Mediterranean fish
of the eastern Libyan coast (Shakman et al., 2009). It
can be confirmed from the results of this study that algae
of the species Cladophora sp., Gelidium sp., and the
seaweed Pasidonia oceanica were found to be dominant
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in stomach contents in the spring season, as this season
is characterized by the highest nutritional diversity of
marine algae. The explanation for this is due to the
suitability of the environmental conditions that enjoy the
abundance and diversity of food in this season. In the
fall, red algae Gelidium sp. and seaweeds dominated,
with a very small presence of algae of the species
Enteromorpha.sp, Sphasilaria sp., Caulerpa sp. In the
summer, red algae Gelidium sp. and seaweeds were
dominant, with a very small representation of algae
species Dictyoptris sp., Sphasilaria sp., and Cladophora
sp. As for the winter season, the red algae Gelidium sp.
and sedgeweeds were dominant, with less representation
of the algae species Cladophora sp., Sphasilaria sp., and
Dictyoptris sp. This result was similar to what was found
in the southern Mediterranean (Shakman et al., 2009). It
was noted that seaweed consumption is important in all
seasons and did not change significantly over the year.
In this study, red algae contributed to more than half of
the fish’s diet. S. rivulatus This matches exactly with a
study in the Red Sea Lundberg and Lipkin, 1979). In the
Eastern Mediterranean, green algae contributed more
than 60% of the diet during the spring, and brown algae
contributed 89% during the fall (Lundberg et al., 2004).
In the study of Shakman et al (2009) in Libyan waters,
the consumption of green algae was more evident in the
spring and summer, and brown algae in the fall, and the
source of food consumed in the winter was red algae.
Although the available data on the Red Sea are not
extensive and still few information on seasonal study,
they indicate that fish feed on a wide range of green
algae and red algae species.

In general, the nutritional diversity of white sigands
individuals was highest during spring, and lowest during
other seasons, with similar nutritional content consumed
in summer and winter as it consisted of Gelidum sp. and
seaweed. This gives the impression that white potato
fish have a high feeding activity throughout the year,
and the results of this study are consistent with studies
conducted in Libyan waters, and it was found that this
species of fish has a high feeding density even during
the breeding and egg-laying season (Shakman et al.,
2009). It is also consistent with a study conducted in the
eastern Mediterranean in Syrian waters, where it was
observed that it feeds all the time without interruption,
even during reproduction (Sabour and Lakkis, 2007).
Another study showed a decrease in feeding activity
during the breeding and egg-laying season (Khumar and
Siddiui, 1989), which is a trend not observed in this
study. It can be said that these fish offer different
mechanisms to avoid competition when food resources
are scarce (Hutchinson, 1965). The exposure of
herbivorous species to competition is less in the
Mediterranean region compared to the Red Sea region
(Bariche et al., 2004, Shakman and Kinzelbach, 2007a),
and therefore the radical changes to the diet are not
significant as long as the food resources are similar in
their original habitat in terms of distribution and

abundance, and these species are similar in some types
of food available in this part of the Mediterranean Table
3.

Table 3. Similarity in food items of herbivorous fishes in
the western coast of Libya (® = Present)

Food items Sarpa Siggnus S_iganus
salpa luridus rivulats
Ulva spp 0] 0] 0]
Cladophora sp 0] 0] 0]
Gelidium sp 0] 0] 0]
Enteromorpha 0] X 0]
Ectocarpus sp [} X [}
Sphacelaria spp ) ) )
Posidonia 0] 0] 0]
oceanica
Caulerpa 0] 0] 0]
racemose
Polysiphonia 0] X 0]
spp
Bangia sp [} X X
Eggs ) ) )
Dictyota spp 0] 0] 0]
Dictyoptris spp 0] 0] 0]
Flibellia sp X ) )
Porphyra sp X ) )
Conclusion

It is concluded that both alien fishes are able to utilize a
wide range of food sources, and can switch between
food groups, according to preference and abundance in
the seasons. Seaweeds were an important food source in
most seasons, in addition to a wide range of algae that
played an important role in the diet. The differences
between invasive species in their food tastes in the new
environment have not changed much, and it appears that
changes in the nutritional index between seasons are not
significant.
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