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ABSTRACT

This study provides a comparative analysis of the stomach contents of the
Lessepsian  migrant pufferfish, Lagocephalus suezensis (family
Tetraodontidae), across two distinct populations: the native population
along the Hurghada coast (Red Sea, Egypt) and the migrant population
along the Derna coast (Eastern Libyan Mediterranean Sea). A total of 283
specimens were collected monthly between January and December 2022
using trawl nets at depths ranging from 15 to 50 meters. The investigation
focused on annual and monthly diet compositions, ontogenetic shifts in
feeding habits related to fish length, and overall feeding intensity. The
results indicate that L. suezensis is a generalist carnivore with a preference
for benthic invertebrates, though diet composition varied significantly
between the two locations. Along the Derna coast (n=133), crustaceans
were the predominant prey group (55.7%), followed by bony fish (22.3%),
marine worms (14.4%), mollusks (4.4%), and foraminifera (3.2%).
Conversely, the Hurghada population (n=150) primarily consumed
mollusks (41.3%), supplemented by crustaceans (26.4%), bony fish
(17.9%), echinoderms (11.3%), and incidental sediments (3.1%). While
mollusks, crustaceans, and bony fish were present in the diet throughout the
year and across all size classes at both stations, clear ontogenetic shifts
were observed. The consumption of mollusks, marine worms, foraminifera,
and echinoderms decreased as fish size increased, whereas the preference
for larger prey, such as crustaceans and bony fish, showed a positive
correlation with fish length. Feeding intensity also exhibited seasonal
fluctuations: in Derna, peak activities were recorded during spring (82.3%)
and autumn (68.9%), while the Hurghada population reached its maximal
feeding rate in autumn (82.4%). These findings highlight the adaptability of
L. suezensis to different environments and its potential impact on local
benthic communities.
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1. INTRODUCTION

The Mediterranean Sea is currently recognized as a significant hotspot for
marine bio-invasions, impacting nearly all marine taxonomic groups [29].
The continuous influx of Red Sea biota into the Mediterranean, a
phenomenon observed since the opening of the Suez Canal, has
consistently drawn the attention of the scientific community [15, 16, 19].
Invasive alien species are substantial contributors to anthropogenic
environmental changes within the Mediterranean ecosystem [31].
Numerous species exert detrimental socioeconomic effects on the region.
For instance, Lagocephalus suezensis, a pufferfish species, possesses no
commercial value. Its substantial populations are primarily sustained by
intensive feeding on native commercial fish and invertebrate stocks, such
as cephalopods, which are economically significant for fisheries and locally
exploited. Although Lessepsian species may lack direct commercial
importance, they consume vast quantities of fish, macrophytes, and benthic
invertebrates, all of which are crucial components of the marine food chain.
The proliferation of pufferfish species has increased following their recent
migration through the Suez Canal into the Mediterranean Sea. Currently,
ten migratory and native species of the family Tetraodontidae are found in
the Mediterranean. However, studies specifically addressing this issue
along Libya's eastern coast remain limited [1, 17, 35]. Lagocephalus
suezensis, a species of pufferfish belonging to the family Tetraodontidae, is
indigenous to the western Indian Ocean. Its presence in the Mediterranean
Sea was first recorded in 1977, and it has since expanded its distribution
throughout the Eastern Mediterranean Basin. This species can reach a total
length of 18 cm and typically inhabits sandy and muddy bottoms at depths
up to 40 meters [39]. It significantly impacts the surrounding ecology and
Is presently considered one of the most detrimental invasive species in the
Mediterranean Sea, also posing considerable inconvenience to fisheries
[41]. In Libya, L. suezensis has become a major concern for artisanal
fisheries due to its large population and its capacity to damage fishing gear
with its powerful tetragons and attack fish caught in nets and lines.
Furthermore, L. suezensis contains tetrodotoxin (TTX), a potent neurotoxin
that can be lethal to humans, thereby presenting a significant risk to
consumers [1, 27]. Previous studies have documented a total of 83 native
fish species, 4 species endemic to the Mediterranean, 20 non-indigenous
species of Lessepsian origin, and two expanding taxa from Gibraltar [7].
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High abundances of certain pufferfish species have been observed in the
Gulf of Bomba [5]. Additionally, research indicates a correlation between
the descriptive morphological measurements of the skeletal structure and
the swimming and locomotor patterns of the silver-cheeked toadfish [6].
This study represents the first investigation into the diet and feeding habits
of Lagocephalus suezensis along the coasts of Hurghada in the Red Sea,
Egypt, and Derna in the Mediterranean Sea, Libya.

2 .MATERIALS AND METHODS

2.1 Derna coast

Derna, a city and harbor, served as one of the primary sites for sample
collection. It is geographically situated at Latitude 32° 16" North and
Longitude 22° 39’ East (Fig. 1), approximately 146 km west of Tobruk and
91 km east of Al-Baida city. The harbor, with a depth of 35 meters,
provides modern facilities and robust protection along an otherwise
exposed coastline. It features numerous berths and quays across various
sections, accommodating commercial shipping, fishing vessels, and sport
fishing boats. The target species, Lagocephalus suezensis, was captured
using trawling nets, trammel nets, and longlines.
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Fig. (1). Derna coast site, Mediterranean Sea, eastern Libya

2.2 Hurghada coast

The Hurghada coast, extending approximately 36 kilometers (22 miles)
along the Red Sea, was the second sampling location. Its coordinates are
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27°1528"N 33°48'42"E (Fig. 2). Fishing operations in this area are
typically conducted using artisanal longlines, gillnets, and trammel nets at
depths ranging from 1 to 10 meters. It is important to distinguish between
gillnets and trammel nets: a gillnet consists of a single mesh panel, whereas
a trammel net comprises three mesh panels—a central panel of small mesh
size flanked by two outer panels of larger mesh sizes.
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Fig. (2). Hurghada coast site nortHern Egyptian Red Sea

2.3 Collection of Samples

Monthly samples of pufferfish specimens were collected randomly from
both the Derna and Hurghada coasts over a 12-month period in 2022.
Samples obtained from Derna, Libya, were transported to the Fish Biology
Laboratory at the Faculty of Sciences in Derna. Conversely, samples
collected from Hurghada, Egypt, were transferred to the Fish Biology
Laboratory, Department of Marine Sciences, Faculty of Science, Suez
Canal University.

2.4 Methodology

For each specimen, total length (TL) was recorded to the nearest
centimeter, and total weight was measured to the nearest gram. This was
performed for 133 fish samples from the Derna coast and approximately
150 specimens from the Hurghada coast. Each stomach was longitudinally
incised, and its contents were carefully scraped into a small Petri dish
containing a minimal amount of water. The degree of stomach fullness was
visually estimated and categorized into six levels: empty, trace, quarter full,
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half full, three-quarters full, and completely full, as described by Hyslop
[28]. Diet composition and feeding intensity were analyzed in relation to
months and seasons throughout the study period. The stomach contents of
fresh specimens were meticulously examined under a binocular
microscope. Prey items were sorted and identified to the lowest possible
taxonomic level using established keys and field guides [12, 13, 17]. To
analyze the food and feeding habits of the two species, the percentage of
numerical abundance (%N) was calculated using the formula: %N =
(number of prey / total number of prey) x 100 [28].

3. Results :
3.1 Annual diet composition

The variety of food items was large. However, crustaceans supplemented
by bony fish, marine warms, mollusks, foraminifera, echinoderms and
sediments. formed the major food groups for Lagocephalus suezensis in
both stations (Fig. 3). In Derna coast crustaceans made up of 55.7% by
volume composition of the bulk of the diet which represented by shrimps,
crabs, isopods whereas bony fish (22.3%) coming in the second position of
importance such as Siganus rivulatus, Mullus surmulatus, Mullus barbatus,
Liza ramada, Liza aurata and lithognathus mormyrus. Marine warms
(14.4%) such as polychaeta and oligochaeta followed by mollusks (4.4%)
which represented by cephalopods, bivalves and gastropods and small
amount of foraminifera (3.2%). In Hurghada coast mollusks made up of
41.3% by volume composition of the bulk of the diet which represented by
cephalopods and bivalves whereas crustaceans (26.4%) coming in the
second position of importance such as shrimp, crab, lobster and amphipods.
Bony fish (17.9%) such as Abudefduf sexfasciatus, Acanturus nigrofuscu,
Amphiprion bicinctu, Atherinomorus lacunou, Bothus pantherinu, Caranx
sexfasciatus, Cephopholis miniata, Chaetodon lineolatus, Siganus lurids
and Liza caranita. Echinoderms (11.3%) followed by small amount of
sediments (3.1%) (Fig. 3).

AJST, Arraid Journal of Science and Technology, Vol. 3, No. 1, Published on June 30, 2026 5



Araid Journal of Science and Technology (AJST ) i 4 I I I Az g a sl i) .
Higher Institute of Science and Technology-Al Shmokh g I | I t;ﬂ‘ gl o shall sl sexd

60

50

a0

30

20 P
Al

: - w N

M
Crustaceans Bony fish w::::: Mollusks Foraminifara Sediments Echinoderms

Food items (%)

= Durna 5.7 223 a4 aa 2.2
= Hurghads 264 17.8 a1 a3 113

Fig. (3): The diet composition of Lagocephalus suezensis in Derna, and Hurghada
coasts during the period from January till December 2022.

3.2 Monthly Variations in Diet Composition

During the current study, food items happened throughout the year.
Throughout the year, the main food sources for Lagocephalus suezensis
were crustaceans, bony fish and mollusks (82.4% in Derna and 85.6% in
Hurghada) (Table 1&2). Throughout the study period, Table 1 displayed
monthly changes in the food content of 133 Lagocephalus suezensis fish'
stomachs on the Derna shore. In January and February marine warms was
not present while foraminifera was absent in November and December.
Crustaceans had the highest nutritional content (67.9%) in January. Bony
fish are most abundant in May and June (32.3% and 34.4%, respectively).
February is when mollusks have the highest values (9.4%).
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Table (1). Monthly variations in diet composition of 133 Lagocephalus suezensis in
Derna coast during the period from January till December 2022

Food itsmm
Corustmcemm Bony

Month=s L L=N = Tish Adarvime wWarmes S E VETEY P Foraminifern
(ijg;.EJ 9 GF.e =20.8 Fay 2.2 2.1
Fab. 11 57.8 22.9 A 9.4 0.9
@, A0 52,7 A4 21,1 b T | 5.8
A, 12 ARG L =1.1 n.o A,
Moy 13 a48.7 32.3 10.7 8.4 2.7
HLEE. 10 501 b e o 13.3 1.1 .1
Sl 12 54,3 =232 159 .8 1.8
Aug. 10 51.5 =25.3 17.5 =1, =} 1.2
SEcp. 15 S0.7 =21.3 13.1 2.4 1.5
L=1 51 LIS ] E=15 N =T ] 188 =3 1.3
Moy, 11 Ll I 157 =07 B e | P
Deo. 10 557 21.6 20.6 2.1 P
i3 133 55.7F 22.3 444 <144 3.2

Table 2 displayed monthly changes in the diet composition for 150
Lagocephalus suezensis stomach specimens on the coast of Hurghada over
the course of the study. November and December did not have any
echinoderms. Sediments was absent in January and February. Mollusks had
the highest nutritional content (51.2%) in January. Crustaceans are most
abundant in May and June (30.6% and 35.8%, respectively). Bony fish
have the greatest values (25.6%) in December. Echinoderms (15.7%) in
October. March saw the first appearance of sediments (5.8%).

Table (2). Monthly variations in diet composition of 150 Lagocephalus suezensis
in Hurghada coast during the period from January till December 2022

Food items

\
| __Months | No. | Mollusks | Crustaceans BI';:lI.I‘ Echinoderms | Sediments ‘
‘, (;3{,'1‘,, 14 51.2 24.5 9.6 14.8 | A |
| Feb. 12 46.3 17.7 221 13.9 | A \
. Mmar. 11 38.1 19.4 21.1 15.6 | 5.8 \

Apr. 13 29.7 29.9 21.1 14.5 | a7 |
May 13 | 394 30.6 14.9 127 | 24 |
Jun. 12 | 391 ass | 129 114 | 1 |
Jul. 11 42.3 25.2 15.9 11.8 | 4.8
Aug. 12 346 28.1 22.1 12.1 | 3.1 \
Sep. 14 44.5 26.3 1343 13.7 | 2.4 |
__©Oct. | 12| 401 | 219 | 199| 157 | 25 |
Nov. 16 | 474 25.1 20.4 A [ 71 |
Dec. 10 407 29.6 256 A _ 4.1 ‘
% 150 41.3 26.4 17.9 11.3 , 3.1 |
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Remarks : Data expressed as percentage, (A) No food in month occurred

3.3 Feeding habit in relation to fish size :

The total length of Lagocephalus suezensis population classified into 6
classes ranged from 10.5cm to 22.4 cm with 1.9 cm interval in Derna coast
(Table 3). Prey size differed between large size individuals, which had
ingested the large size prey, whereas the small sized fish ingested the small
size prey. Crustaceans, bony fish and mollusks, were found in all length
groups for Lagocephalus suezensis. In the present study marine warms,
mollusks, foraminifera and echinoderms decreased as the size increased
while crustaceans and bony fish increased as the fish size increased. The
percentage of crustaceans in food items grew from 47.6% in the length
group of 10.5 to 12.4 cm to 64.8% in the next length group, which was the
biggest, in the 20.5-22.4 cm group. Bony fish had the highest percentage
(31.9%) in the 20.5-22.4 cm length category. Marine warms recorded
14.1% in length groups 10.5-12.4 cm, dropped to 3.6% in length groups
14.5-16.4 cm, and subsequently vanished in the subsequent length groups.
Mollusks in the length group of 10.5-12.4 cm had the highest value
(19.1%). Foraminifera initially appeared in length groups 14.4-16.4 cm by
6.5%, but in length groups 20.5-22.4 cm, they dropped to 1.6% (Table, 3).

Table (3). The diet composition of different size classes of 133 Lagocephalus
suezensis in Derna coast during the period from January till December 2022

Size groups | i Food items
(cm) No. | Crustaceans | Bony fish | Marine warms | Mollusks | Foraminifera
10.5-12.4 | 22 47.6 19.2 14.1 19.1 B
12.5-14.4 | 25 53.9 20.3 12.5 13.3 B
14.5-164 | 21 | 544 | 223 3.6 13.3 6.5
16.5-18.4 | 290 | 59.5 | 282 B 9.8 2.5
18.5-204 | 22 62.9 29.9 B 5.5 1.7
20.5-22.4 ’ 23 64.8 31.9 B 1.7 1.6
Remarks : Data expressed as percentage, (B ) No food in size occurred

The total length of Lagocephalus suezensis population classified into 8
classes ranged from 4.5cm to 20.4 cm with 1.9 cm interval in Hurghada
coast (Table 4). Crustaceans, bony fish and mollusks, were found in all
length groups for Lagocephalus suezensis. In the present study mollusks
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and echinoderms decreased as the size increased while crustaceans and
bony fish increased as the fish size increased. Sediments appears for the
first time in the longitudinal group 10.5-12.4cm at a rate of 2.5%, then
decreases to record the lowest rates 0.1% in the length group 18.5-20.4cm.
Echinoderms recorded 12.2% in length group 4.5-6.4cm then decreased to
5.4% in 10.5-12.4cm and disappears completely from the food list in the
following length groups (Table 4).

Table (4). The diet composition of different size classes of 150 Lagocephalus suezensis
in Hurghada coast during the period from January till December 2022.

Size groups ’ Food items
(cm) No. | Mollusks | Crustaceans Bony fish | Echinoderms Sediments
4564 31 54.6 19.2 14.1 12.2 B
6.5-8.4 27 53.5 27.9 18.5 115 B
8.5.10.4 22 ‘ 42.5 28.3 19.6 9.7 B
10.5-12.4 17 ‘ 238 38.2 30.2 5.4 2.5
12.5.14.4 10 21.3 46.2 30.8 B 1.7
145164 | 12 | 137 51.9 329 B 1.6
16.5-18.4 15 11.0 53.3 354 B 0.3
18.5.20.4 16 7.5 54.7 37.7 B 0.1

Remarks : Data expressed as percentage, (B ) No food in size occurred

3.4 Feeding intensity:

In Derna coast, Lagocephalus suezensis specimens with stomach half full, almost full
and full of food ranked b% constituted 56.7% of all analyzed individual, whereas those
with stomach that were empty or with traces of food and quarter full ranked a%
represented 43.3% of the total specimens (Table 5). The feeding activities were quite
high during spring (82.3%) and autumn (68.9%). There are minimal rate of feeding
intensity recorded in winter (41.8%) and summer (33.8%) (Table 6).
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Table (5). Monthly variations in the intensity of feeding of 133 Lagocephalus suezensis in
Derna coast during the period from January till December 2022

The degree of distension of the stomach [
Months Nﬂos':f Empty | Trace | 1/4 a% 12| 3/4| Full b %
‘ (é’g;z') 9 22.3 21.1 | 168 60.2 16.0 | 10.2 | 136 39.8
| Feb. 11 93 | 50 442! s8s 15 |400] A | 415
Mar. 10 25.5 A A 25.5 24.0 | 27.1| 233 74.4
Apr. 12 15.9 A A 15.9 13.9 | 20.0 | 50.1 84.0
May 13 11.4 A A 11.4 13.1|48.3 | 27.2 88.6
Jun. 10 33.1 226 |11.8] 67.3 328| A A 32.8
Jul. 12 5.3 224 |335] 61.2 13.9 | 10.1 | 148 38.8
Aug. 10 21.2 227 | 283! 70.2 871 A |211 29.8
Sep. 15 23.2 2.2 A 25.4 15.4 | 15.1 | 44.1 74.6
Oct. 10 20.0 120 | 2.3 34.3 11.3111.2|43.2 65.7
Nov. 11 22.1 1.7 A 33.8 12.8 | 24.4 | 29.1 66.3
Dec. 10 20.1 12.5 | 23.3| 55.9 10.3 | 11.4 | 22.4 44.1

|Average | 133 | 433123 56.7£13.5 |

Remarks : Data expressed as percentage  (A) = No food in month occurred

Table (6). Seasonally variations in the intensity of feeding of 133 Lagocephalus suezensis
in Derna coast during the period from January till December 2022

Seasons Nf?:;. I?T Empty | Trace 1/4 Yo 1/2 3/4 | Full Yo
Winter 30 17.2 | 12.9 | 28.1 58.2 9.3 | 20.5 | 12.0 41.8
Spring 35 17.6 B B 17.6 | 17.0 | 31.8 | 33.5 82.3

Summer 32 19.9 | 22.6 | 23.8 66.2 | 185 | 3.4 | 12.0 33.8

Autumn 36 21.8 8.6 0.8 31.2 | 13.2 | 16.9 | 38.8 68.9

Remarks : Data expressed as percentage (B) = No food in season occurred

In Hurghada coast, Lagocephalus suezensis specimens with stomach half
full, almost full and full of food ranked b% constituted 50.1% of all
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analyzed individual, whereas those with stomach that were empty or with
traces of food and quarter full ranked a% represented 49.9% of the total
specimens (Table 7). The feeding activities were quite high during autumn
(82.4%). There are minimal rate of feeding intensity recorded in winter
(43.9% ), spring (33.8%) and summer (40.2%) (Table 8).

Table (7). Monthly variations in the intensity of feeding of 150 Lagocephalus
suezensis in Hurghada coast during the period from January till December 2022.

The degree of distension of the stomach
Meonths ﬂﬂiﬁt Empty | Trace | 1/4 & Va 1/2 | 3/ | Fun b %
{::gé] 12 51 222 21.5 58,8 14 2 11 .4 15 6 41,2
Feb. 13 5.9 244 | 38.6 G9.8 103 | 66 | 14.4 30.2
Mar. 11 231 i 5] 11,6 &67.32 328 A A az2.8
Apr. 14 5.3 22.4 | 336 1.2 12.8 | 10.1 | 14.8 38.8
May 15 21.2 227 | 263 70.2 a7 A |21 z29.8
Jun. 11 5.3 234 | 335 1.2 12.9 | 10.1 | 14.8 38.8
Jul. 12 223 211 | 16.8 80.2 15.0 | 10.2 | 13.8 39.8
Aug. 11 10.9 6.5 | 40.6 58.0 1.8 | 401 | A 42.0
Sep. 15 15.9 L) A 15.9 13.9 | 20.0 | 50.2 4.0
Oct. 11 11.4 A B 11.4 13.1 | 48.3 | 27.2 B88.8
Nov. 12 23.2 22 A 25.4 154 | 15.1 | 44.1 74.6
Dec. 13 16.0 10.2 | 13.6 39.8 223 | 21.1] 16.8 60.2
Average 150 48.9410.7 50.129.5

Remarks : Data expressed as percentage  (A) = No food in month occurred

Table (8). Seasonally variations in the intensity of feeding of 150 Lagocephalus suezensis in
Hurghada coast during the period from January till December 2022

The degree of distension of the stomach
No. of
Seasons fish Empty Trace 1/4 Ya 1/2 3/4 | Full Y
Winter 38 2.0 18.9 28.2 56.1 15.6 12.7 15.6 43.9
Spring 40 19.9 22.6 23.8 66,2 18.6 3.4 12.0 33.8
Summer 34 12.8 16.7 30.3 | 69.8 | 10.6 | 20.1 9.6 | 40.2
Autumn 38 16.8 0.7 B 17.6 | 141 | 27.8 | 40.5 | 82.4
Remarks : Data expressed as percentage  (B) = No food in season occurred
4 .Discussion
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The food and feeding habits of family Tetraodontidae have been studied by
many authors [2, 25,35]. This study indicates that different trends are
present between the two populations in terms of the main preferred food
item nearly the same nutrients, with different percentages, are in the
stomach of each. Lagocephalus suezensis feed on a wide variety of prey
types: In Derna coast, feed on crustaceans supplemented by bony fish,
marine warms, mollusks and foraminifera. this agrees with the findings of
[17, 19, 23]. In the current study, the nutritional list was consistent with
some previous studies, such as a study in Island of Crete, southern Greece
[21]. In Hurghada feed mainly on mollusks supplemented by crustaceans,
bony fish, echinoderms and sediments this agrees with the findings of [4,
20, 35]. In gulf of Suez the target species feed on cephalopods such as
squids and cuttle fishes, crustaceans particularly crabs and several species
of bony fish [33]. Also, past studies indicate that the diet of L. suezensis is
highly variable, but mostly carnivorous, as reported for several other
Tetraodontidae species [17,18,26,38] Generally, the food extent demands
and ability for food acquisition increase with fish development [21].
Analysis of L. suezensis diet in Turkey’s Mediterranean Sea showed that
the fish is carnivorous and crustaceans are its major food items [2], the
numbers and size prey taxa increased with size of the L. suezensis due to
the ability of larger fish to consume a wider range of prey sizes than
smaller fishes, this phenomenon appeared to be true for L. suezensis of the
present study. The feeding intensity of L. suezensis showed a significant
difference in both stations. In Derna, the feeding activities were quite high
during spring and autumn for L. suezensis before and after the spawning
season [24]. While in Hurghada the activities were high during autumn this
coincide with the spawning season in the end of spring and summer [35]
and in agreement with observations carried out on the target species from
the Gulf of Suez , Egypt by [4]. During spawning time, fish need more
energy input in order to meet the reproduction requirements [32].

5. Conclusion

The present study has demonstrated that L. suezensis exhibit some degree
of selectivity in their feeding habits since they exploit, almost exclusively,
crustacean, bony fish, marine warms, mollusks, foraminifera, echinoderms
and sediments. Therefore, the two population of Lagocephalus suezensis in
Derna coast, Mediterranean Sea, Libya, and Hurghada coast, Red Sea,
Egypt waters are specialist carnivorous especially on benthic invertebr.

AJST, Arraid Journal of Science and Technology, Vol. 3, No. 1, Published on June 30, 2026 12



Araid Journal of Science and Technology (AJST ) i 4 I I I Az g a sl i) .
Higher Institute of Science and Technology-Al Shmokh g I | I t;d\ gl o shall sl sexd

6. References

[1] Arakawa, O.; Hwang, D. F.; Taniyama, S. and Takatani, T. (2010). Toxins of
Puffer Fish That Cause Human Intoxications. Coastal Environmental and
Ecosystem Issues of the East China Sea: pp. 227-244. .
https://www.researchgate

[2] Aydin, M. (2011). Growth,Reproduction and Diet of puffer fish Lagocephalus
sceleratus (Gmelin, 1789) from Turkey's Mediterranean Sea Coast. Turkish
Journal of Fisheries and Aquatic Sciences. pp 11:589-596.
https://www.trjfas.org

[3] Artliz, M.L. and N. Kubang, (2015). First record of the Lessepsian migrant
Lagocephalus sceleratus (Gmelin, 1789) (Tetraodontidae) in the Sea of
Marmara. Thalassas, 31(2):55-58. https://www.reabic.net

[4] Ali, A.; EI-Ganainy, A. and Ahmed A. (2015). Reproductive biology of
Lagocephalus scelertaus in Mediterranean and Red Seas, Egypt. Egypt. J.
Aquat. Biol. & Fish., 19 (4): 103 — 114. https://journals.ekb.eq

[5] Abziew E.A.F. (2016). Fisheries statues in Derna coast, Eastern Libya. Int. J.
Adv Res. Biol. Sci. 3(4):. 109-116._http://s-0-i.0rg/1.15/ijarbs-2016-3-4-16

[6] Abziew E.A.F. ; Buzaid, E. K.and Hussein, N. 2024. Anatomy of Vertebral Column of
the Silver-Cheeked Toadfish Lagocephalus Sceleratus on Derna Coast, East, Libya.
Libyan Journal of Ecological & Environmental Sciences and Technology (LJEEST)
Vol.. 3 (1): 69 — 73. DOI: https://doi.org/10.63359/6500w460

[7] Abziew E.A.F. 2025. Degradation Factors on Marine Fisheries in the Coastline of
Dernah, East Libya. Libyan Journal of Ecological & Environmental Sciences and
Technology (LJEEST) Vol.. 3 (1): 12-24. DOI: https://doi.org/10.63359/5mw93y26

[8] Abziew, A. F.E and Sayed Mohamed Ali. (2016). Historical records of the
Lessepsian migrants, the dusky spine foot fish Siganus luridus (Ruppell, 1829)
and the marbled spine foot S. rivulatus (forsskal, 1775), in the eastern coast of
Libya Mediterranean Sea. International Journal of Fisheries and Aquaculture
Research.2(3): 13-33._https://www.eajournals.org

[9] Ayas, D., Giirlek, M., Ciftci, N., Dogdu, S.A., Akbora, H.D., Moez, S., &
Turan, C. (2019). Length-weight relationships of pufferfish species
(Tetraodontidae Bonaparte, 1832) from Mersin Bay, Northeastern
Mediterranean Sea. Proceeding of Next Generation Biometry Workshop and
Course, Iskenderun, Turkey, 18-25. https://dergipark.org.ir

[10] Cortés, E., (1997). A critical review of methods of studying fish feeding based
on analysis of stomach contents: application to elasmobranch fishes. Canadian
journal of fisheries and aquatic sciences,54 (3), 726 738.
https://cdnsciencepub.com

AJST, Arraid Journal of Science and Technology, Vol. 3, No. 1, Published on June 30, 2026 13


https://journals.ekb.eg/

Araid Journal of Science and Technology (AJST ) i 4 I I I Az g a sl i) .
Higher Institute of Science and Technology-Al Shmokh g I | I t;d\ gl o shall sl sexd

[11] Chartosia, N., Michailidis, N., Constantinou, A., Karachle, P.K., 2021.
Shedding light on the diet of the Lessepsian yel lowspotted puffer Torquigener
flavimaculosus Hardy and Randall, 1983 in the Eastern Mediterranean. Acta
Adriatica, 62 (2), 199-208. https://acta.izor.hr

[12] Denadai, M.R., Santos, F.B., Bessa, E., Bernardes, L.P., Turra, A,
(2012). Population biology and diet of the puffer fish Lagocephalus laevigatus
(Tetraodontiformes: Tetraodontidae) in Caraguatatuba Bay, south eastern
Brazil. Journal of the Marine Biological Association of the United Kingdom, 92
(2), 407 412. https://pubmed.ncbi.nim.nih.gov

[13] Devi,S. and Sivan,A. 2017. diet diversity in tetraodontid fish, lagocephalus
spadiceus (richardson) using conventional and dna barcoding approaches.
Journal of Aquatic Biology & Fisheries | Vol. 5. pp. 203-209.
https://ejournals.epublishing.ekt.gr

[14] Demirel, N., Ulman, A., Yildiz, T., & Ertér-Akyazi, P. (2021). A moving
target: Achieving good environmental status and social justice in the case of an
alien species, Rapa whelk, in the Black Sea. Marine Policy, 132(2): 104687.
https://www.sciencedirect.com

[15] Frimodt, C., (1995). Multilingual illustrated guide to the world's commercial
coldwater fish. Fishing News Books, Osney Mead, Oxford, England. 215 p.

[16] Gobashi, F. (1996). Marine Invertebrates. Qatar University. Qatar.
https://journal.utripoli.edu.ly.

[17] Golani, D.; Ozturk, B. and Basusta, N. (2006). The Fishes of the Eastern
Mediterranean. Turkish Marine Research Foundation, Istanbul, Turkey.259 pp.
https://scispace.com.

[18] Galil, B. (2009). An examination of the genus Philyra Leach, 1817 (Crustacea,
Decapoda, Leucosiidae) with descriptions of seven new genera and six new
species. Zoosystema 31:279-320. DOI: 10.5252/22009n2a4

[19] Golani, D. (2010). Colonization of the Mediterranean by Red Sea fishes via the
Suez Canal—Lessepsian migration. In: Golani D, Appelbaum-Golani B (eds),
Fish Invasions of the Mediterranean Sea: Change and Renewal. Pensoft
Publishers, Sofia-Moscow, pp. 145-188. https://www.scribd.com.

[20] Gomes, R.; Christidis, G.; Peristerak, S. and Tserpes, G. (2025). The diet and
feeding habits of Lagocephalus sceleratus in the eastern Mediterranean: A case
study carried out off the island of Crete (southern Greece). 26(1): 97-114.
https://ejournals.epublishing.ekt.qgr.

[21] Hyslop, E. J. (1980). Stomach content analysis. A review of methods and their
application. J. fish. Biol. 17: 411 — 429. https://onlinelibrary.wiley.com

[22] Honda H. (1984). Food acquisition patterns in some demersal telosts, Tohoku.
J. Agric. Res. 35 (1), pp. 33-54. https://link.springer.com

[23] Hammoud, V., Salama, L., (2016). Food and feeding habits of the invasive
puffer fish Lagocephalus sceleratus (Tetraodonti dae) in the Syrian marine

AJST, Arraid Journal of Science and Technology, Vol. 3, No. 1, Published on June 30, 2026 14


https://pubmed.ncbi.nlm.nih.gov/

Araid Journal of Science and Technology (AJST ) i 4 I I I Az g a sl i) .
Higher Institute of Science and Technology-Al Shmokh g I | I t;d\ gl o shall sl sexd

waters. Journal of King Abdulaziz University-Science, 28 (2).
https://www.researchgate.net

[24] Hussain, N.; EI-Maremie, H.; Ali, R. and EI-Mor, M. (2020). Food and feeding
habits of Lagocephalus sceleratus in some areas of the eastern coast of Libya.
International Journal of Fisheries and Aquaculture Research 7 (2):, 20-36.
https://eajournals.org.

[25] Ishag, I.; Fitori, A. and Atia, R. (2022). Length-Weight Relationship and
Condition Factors of Lagocephalus sceleratus Collected from Libya’s Eastern
Mediterranean Sea, Tobruk Coast, Libya. Egy. Aqu. Bio. & Fish 26(4): 745-
754. Journal of Fisheries and Aquatic Sciences, 11: 589-596.
https://ejabf.journals.ekb.eg

[26] Kasapidis, P., Peristeraki, P., Tserpes, G., Magoulas, A. (2007). First record of
the Lessepsian migrant Lagocephalus sceleratus (Gmelin 1789) (Osteichthyes:
Tetraodontidae) in the Cretan Sea (Aegean, Greece). Aquatic Invasions, 2(1),
71-73. http://www.aquaticinvasions.net

[27] Kapiris, K., C. Apostolidis, R. Baldacconi, N. Basusta, M. Bilecenoglu, G.
Bitar, D.C. Bobori, Y.O. Boyaci, C. Dimitriadis, M. Djurovi¢, J. Dul&ic, F.
Durucan, V. Gerovasileiou, M. Gokoglu, D. Kousoubas, E. Letkaditou, L. Lipej
(2014). New Mediterranean marine biodiversity records (April, 2014).
Mediterranean Marine Science 15(1):198-212. htips://www.fishbase.se.

[28] Masuda, H., K. Amaoka, C. Araga, T. Uyeno and T. Yoshino, (1984). The
fishes of the Japanese Archipelago. Vol. 1. Tokai University Press, Tokyo,
Japan. 437 p. https://www.scirp.org.

[29] Mohamad, S., Fadhilah, 1., 2013. Morphology and Stomach Content Analysis
of Green Rough-backed Puffer Fish, Lagocephalus lunaris from Kuching,
Sarawak. Borneo Journal of Resource Science and Technology, 2 (2), 67-70.

[30] Morris, J., & Vugia, D. (2021). Food borne Infections and Intoxication. Fifth
Edition. Elsevier Inc. 596 pp. https://www.researchgate.net

[31] Pillay, T. V. R. (1952). A critique of the methods of study of food of fishes.
Journal of the Zoological Society of India4: 185-200. DOI: 10.1139/c|fas-54-3-
126

[32] Por F. D. (1978). Lessepsian migration. The influx of Red Sea biota into the
Mediterranean by way of the Suez Canal - Ecological studies 23, Springer-
Verlag, Berlin, Heidelberg, New York, ss. 228.
https://www.semanticscholar.org

[33] Pauly D. and Christensen V. (2000). Trophic levels of fishes. In: Froese R.,
Pauly D. (eds.) Fishbase 2000: Concepts, design and data sources. ICLARM,
Manila, Philippines. 1. https://www.researchgate.net.

[34] Pejchar, L., Mooney, H.A. (2009). Invasive species, ecosystem services and
human well-being. Trends in Ecology and Evolution, 24(9), 497-504.
https://www.sciencedirect.com.

AJST, Arraid Journal of Science and Technology, Vol. 3, No. 1, Published on June 30, 2026 15


https://eajournals.org/
https://www.scirp.org/
https://www.researchgate.net/

Araid Journal of Science and Technology (AJST ) i 4 I I I Az g a sl i) .
Higher Institute of Science and Technology-Al Shmokh g I | I t;d\ gl o shall sl sexd

[35] Reynold, J. E., Haddoud, D. A., & Vallet, F. (1995). Planning for aquaculture
development in Libya: A review. Tripoli/Rome: FAO, 94 pp.
https://www.fao.org

[36] Sabrah, M.; EI-Ganainy, A. and Zaky, M. (2006). Biology and toxicity of the
puffer fish Lagocephalus scelertau (Gmelin, 1789) from the Gulf of Suez. Egy.
J. Aqu. Res. 32(1): 83-297. https://www.academia.edu.

[37] Seetha, P.K., Balachandran, R., Zacharia, P.U. (2023). Puffer fish fishery
along the Kerala coast and biology of the smooth-backed puffer, Lagocephalus
inermis (Temminck & Schlegel 1850). Marine Biological Association of India
65 (1): 97-101. DOI: 10.6024/jmbai.2023.65.1.2328-11

[38] Shakman, E. (2008). Lessepsian migrant fish species of the coastal waters of
Libya: Status, biology, ecology. PhD Thesis, Universitat Rostock, 125s
Rostock. species. Zoosystema, 31: 279-320. https://rosdok.uni-rostock.de.

[39] Tortonese, E., (1986). Tetraodontidae.. p. 1341-1347. In P.J.P. Whitehead, M.-
L. Bauchot, J.-C. Hureau, J. Nielsen, E. Tortonese (eds.) Fishes of the
northeastern Atlantic and the Mediterranean, UNESCO, Paris Vol. 3.Wetherall,
J. A, 1986, A. https://www.biodiversitylibrary.org.

[40] Taskavak, E., M. Bilecenoglu and K.B. Kunt, 2002. Range extension of three
lessepsian migrant fish (Fustilaria commersonii, Sphyraena flavicauda,
Lagocephalus suezensis) in the Mediterranean Sea,. J. Mar. Biol. Ass. U.K.
82(4):525-526. https://www.researchgate.net

[41] Ulman, A., Kalogirou, S., Pauly, D., (2023). The Dynamics of Maximum
Lengths for the Invasive Silver-Cheeked Toadfish (Lagocephalus sceleratus) in
the Eastern Mediterranean Sea. Journal of Marine Science and Engineering,
Verlag, Berlin, 228 pp. DOI: 10.3390/|mse10030387

[42] Zenetos, A.; Cinar, M.; Papadopoulou, M. P.; Harmelin, J.; Furnari, G. And
Andaloro, F. (2005). Annotated list of marine alien species in the Mediterranean
with records of Mediterranean. Marine Science, 6 (2): 63-118. DOI:
10.12681/mms.186

AJST, Arraid Journal of Science and Technology, Vol. 3, No. 1, Published on June 30, 2026 16


https://www.biodiversitylibrary.org/

Araid Journal of Science and Technology (AJST ) i 4 I I I Az g a sl i) .
Higher Institute of Science and Technology-Al Shmokh g I | I t;ﬂ‘ gl o shall sl sexd

Lagocephalus suezensis (Clark & Gohar, 1953)¢ru gead! FL g3l dSacd £1380) 5 giaa Julas
oY) el e A8y 4 Jalu g Jawgiall sl e 4 Jalu B

s sile juaill e |
3 )3 Aadlay ¢ Al gle g Auandall 3 ) gall B ¢ 2l gle Al

family ) ble oo (L. SUEZENSIS ) (oomsndl Flii gl ASaud 33an (5 sine Jilad Joa Aulja Sy gl

( Tetraodontidae
e AT ¢ siall ad) e D dali e (J5Y) e senall Cua ¢ ridline (e sana b 5 jaledll
Al aladiuly 2022 ssennds i m Led Ae 283 4o sana lo gan o jea¥) el e 283l Jalu
(Al (g de st de game e A0 AU, (Jlall g AR pUaill Gl ity ¢ Sl3al) AUsill A8 3
sl il jll de sama oa <l 8l CulS ¢(133=22all) A3 0 Jalu sl Jlad | L lal) ol jlaadll dals
(%d4) Slsa Ny «(%14.4) ol Gludlls ((%22.3) daedaall el laali ((%55.7) dany
(%41.3) Aty oulasl JS30 @l )l (150=a2ad) 280,80 dali 8 Jiadl iy (%3.2) bl
(%3.1) 505 ¢(%11.3) Aall LS k5 (%17.9) Aalaal) Mol 5 (%26.4) by il Al
b aaall Gl aaen e 5 alal) Jlsh 31300 aUail) 8 dpadaall @llansl) 5 cly il 5 by a5l ol 5 Lain g
b HAaal g 4yl laall g il & 1) Bl (ddn) s ¢daal g Ay sl Y gt Clas o (cpilaaall SIS
Alaw¥l 5 by il Jia dlaaa SV Gl @) Juadi jedal o b cllan) ana 50l pe alall LS 5
Lalall 55,0 calads A0 8 fhpan se bl Apaall ABUS ¢ jelal LS Al J shay Tilany) Ul ) cdpalaall
& A A Jare il ) B0 2l e Juas et (%68.9) a5 (%82.3) gl Jlad D
e Allall 50l e o sl Lol il sda Lalud (%82.4) iy Al Juad i) ae aill e

el dllenY) o) il e Jainall La il g dabisall

¢ o giall M\&scLJJ&u&scwﬂ|tu}ﬁ\:\&uc;\M\@fmd&jﬁ:Zg\auﬁ‘ﬂ&m\
el el e ¢ d8s el dals

AJST, Arraid Journal of Science and Technology, Vol. 3, No. 1, Published on June 30, 2026 17



Araid Journal of Science and Technology (AJST ) i 4 I I I Az g a sl i) .
Higher Institute of Science and Technology-Al Shmokh g I | I é;ﬂg gl o shall sl sexd

AJST, Arraid Journal of Science and Technology, Vol. 3, No. 1, Published on June 30, 2026 18



