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Abstract

The occurrence of the pharaoh cardinalfish, Apogonichthyoides pharaonis (Bellotti, 1874), is documented for the first time from the
Libyan waters, after two subsequent findings reported in September and November 2020 in the far eastern region of the country. The
location of these findings represents the westernmost area of distribution in the southern Mediterranean for this species, which has
the western Indian Ocean and Red Sea origin and which entered into the Mediterranean via the Suez Canal.

Keywords

Non-Indigenous Species (NIS), Lessepsian migration, Suez Canal, citizen science, southern Mediterranean, spear fishing

Introduction

There is only one member of the cardinal fish family
(Apogonidae) native to the Mediterranean, the Mediter-
ranean cardinal fish, Apogon imberbis (Linnaeus, 1758),
while at least five non-indigenous members of the same
family have been recorded to date from the basin. These
include the spotfin cardinal, Jaydia queketti (Gilchrist,
1903), the Smith’s cardinalfish’ Jaydia smithi Kotthaus,
1970, the broadbanded cardinalfish, Ostorhinchus fas-
ciatus (White, 1790), the Indian Ocean twospot cardi-
nalfish, Cheilodipterus novemstriatus (Riippell, 1838),
and the pharaoh cardinalfish, Apogonichthyoides phar-
aonis (Bellotti, 1874), all introduced via the Suez Canal

(Lessepsian migrant fishes) (Rothman et al. 2013; Irmak
and Engin 2015).

Apogonichthyoides pharaonis is native to the Red Sea,
the Persian Gulf, and the western Indian Ocean (Gon
2000; Gon and Randall 2003). The species was first re-
corded in the basin at Port Said, Egypt, in 1924 (Norman
1927) and later off the Palestinian coasts before 1946,
misidentified as Apogonichthyoides taeniatus (Cuvier,
1828) (see Haas and Steinitz 1947; Golani 2010). The
species was subsequently recorded from Cyprus in 1961
(Demetropoulos and Neocleous 1969), Lebanon in 1962
(George et al. 1963), from south-eastern Turkey in 1984
(Mater and Kaya 1987), from Syria in 1992 (Sbaihi and
Saad 1995), from the south-eastern Aegean Sea, at Symi
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Island, Greece, in 1982 (Zachariou-Mamalinga 1990),
and at Rhodes Island, Greece, and the Datga Peninsula
region, Turkey, in 2002 (Corsini-Foka et al. 2004; Oz et
al. 2007) (Fig. 1). The species is currently classified as an
established non-indigenous species in the Levantine Sea,
being regularly caught as bycatch in the artisanal fishery
(Carpentieri et al. 2009; Anonymous 2010) in relative-
ly shallow waters of Egypt (Ragheb et al. 2019), Turkey
(Bilge et al. 2019), Cyprus (Iglésias and Frotté¢ 2015),
Lebanon (Carpentieri et al. 2009), and Greece (Corsi-
ni-Foka et al. 2014; Corsini-Foka and Kondylatos 2015).
In this study, the record of 4. pharaonis is documented
for the first time in the Libyan waters, being the species not
yet reported in recent literature on marine non-indigenous
species of the country (Shakman et al. 2019 and references
therein; Abdelghani et al. 2020; Bariche et al. 2020; Osca
et al. 2020). The locations of the two subsequent findings
of A. pharaonis described in this paper represent the west-
ernmost Mediterranean area of colonization of this non-in-
digenous fish along the southern shores of the basin.

Material and methods

On 19 September 2020, a spear fisher submitted photos
to the social media citizen science platform for Libyan
waters called ‘Marine Biology in Libya’ (https:/www.
facebook.com/MarineBiologyinlibya) of an unknown fish
he had just caught. The catch was made on rocky bottom
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interrupted by sand at a depth of approximately 1.5 m,
along the coast of the Al Burdi (Bardia) region in the far
eastern extremity of Libya, not far from the Egyptian bor-
der (31°46'45"N, 25°04'40"E) (Fig. 1). The same sports
fisher preserved in a freezer the specimen (specimen A),
which was retrieved by one of us (SAM), to enable the
assessment and measurement of its main morphometric
and meristic attributes. Measurements were taken with a
caliper to the nearest 0.01 mm, following Bauchot (1987).
The sample is stored in formaldehyde solution at the fish
collection of the Omar Al-Moukhtar University, El Bayda,
Libya. The specimen was identified following Gon (1986,
2000), Gon and Randall (2003), and Golani et al. (2013).

On 17 November 2020, a recreational fisherman
posted pictures of the second specimen of 4. pharaonis
(specimen B) on a Facebook group of spear fishing lovers
(https://www.facebook.com/groups/377703789082199/?ref=sh
are). The fish was captured with a fishing rod at 2 m of
depth, on a mixed rocky and sandy bottom, off Tobruk
city (32°04"20"N, 23°58'09"E), western to the previous
site (Fig. 1). The sample was returned to the sea. The
specimen was identified through examination of photos
taken immediately after its capture.

Results

The specimen A, slightly damaged, featured the follow-
ing meristic characters: D1: VII; D2: I + 9 (the fourth
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Figure 1. Locations and dates of first records of Apogonichthyoides pharaonis in the Mediterranean Sea, updated with the two
findings in Libyan waters in 2020 (red bullets; A. specimen from Al Burdi; B. specimen from Tobruk).
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soft ray broken); P: 15; A: I + 8; V: I+ 5; LL: 24; Gill
rakers: 17. The fish measured 52.92 mm in total length
(TL), 40.81 mm in standard length (SL), and weighed 2.6
g. The main proportions were: body depth 2.2 and head
length 2.4 in SL; snout length 4.7, eye diameter 3.3 and
upper-jaw length 1.9, all in head length; caudal peduncle
depth 1.2 in its length; peduncle length 5.1 in SL. The fish
presented a body laterally compressed, pale brown with
two distinct dorsal fins, pelvic fin origin under the base of
the pectoral fin, truncate tail, and large eye size. Color in
fresh specimens: four dark vertical bars, the first running
under the first dorsal fin, the second under posterior half of
the second dorsal fin and extending to the tip of the spine
of the second dorsal fin and to the tip of second spine in
anal fin, the third, faint, on the caudal peduncle and the
fourth on caudal fin base (Fig. 2A, B); a dark caudal spot
visible (Fig. 2A, B); a black and silvery ‘eye-spot’ (ocel-
lus) on the right flank of specimen A (left side damaged)
and on both sides of specimen B, within the first black
vertical bar under the lateral line (Fig. 2A detail, B); an-
terior part of first dorsal fin dark, second dorsal and anal
fins dusky (except the dark extension of the second bar),
pectoral and caudal fin pale, ventral fin dusky. The gross
morphology and livery of the two specimens, along with
the morphometric and meristic attributes of the specimen
A were generally consistent with 4. pharaonis, as de-
scribed in Gon (2000), Gon and Randall (2003), Goren et
al. (2009a) and Golani et al. (2013). The common TL of
the species ranges between 5 cm and 8 cm, with a maxi-
mum of 12 cm (Golani et al. 2013). Citing Gon and Ran-
dall (2003), the smallest mature female ever recorded for
the species had a TL of 3.4 cm. The A. pharaonis speci-
men A recorded in the presently reported study can be thus
considered to represent a young adult stage of the species.

Discussion

The gross morphology and livery of A. pharaonis is sim-
ilar to that of the congeneric and sympatric Apogonich-
thyoides pseudotaeniatus (Gon, 1986), A. taeniatus, and
Apogonichthyoides timorensis (Bleeker, 1854), following

Gon and Randall (2003). Apogonichthyoides pseudotae-
niatus differs in lacking a bar on the caudal peduncle. In
A. taeniatus, the second bar originates at the rear part of
the second dorsal-fin base, usually fades out on the mid-
dle of the body, and does not extend onto the second dor-
sal fin. In addition, 4. taeniatus has a caudal spot, but no
bar on the caudal-fin base and 5—6 narrow dusky stripes
along the body, which are never present in A. pharaonis,
and usually 3 median predorsal scales. The color pattern
of A. timorensis is similar to that of 4. pharaonis, but the
first never has an eye-spot between the lateral line and
pectoral fin, and its bars are less distinct. Furthermore,
according to the same authors, A. pharaonis is similar
to Apogonichthyoides nigripinnis (Cuvier, 1828), whose
distribution is restricted to the eastern Indian and western
Pacific oceans, while A. pharaonis occurs in the western
Indian Ocean. Also, both species have the ocellus below
the lateral line, but A. nigripinnis lacks the two wide dark
bars below the dorsal fins. They differ furthermore in
some morphometric and meristic characteristics.

The Apogonidae species known from the Red Sea and
the Arabian Sea live mainly in shallow waters and inhab-
it coral reefs and rocky areas; some species can be found
on soft bottoms, seagrass beds, on silty reefs and on man-
groves (Smith 1961; Gon and Randall 2003; Debelius
2011). Cardinal fish species of the Red Sea are noctur-
nal planktivorous predators, hidden by day (Goren et al.
2009b), but some species are active during sunlight (De-
belius 2011). Among the apogonid migrants, 4. pharaonis
occurs on mangroves, seagrass beds, and on silty reefs in its
native range (Gon 2000) and in the Mediterranean occupies
prevalently seagrass meadows as well as soft bottom habi-
tats (sandy and muddy) (Goren et al. 2009a; Corsini-Foka
et al. 2014; Corsini-Foka and Kondylatos 2015), although
it may be observed in front of rocks, in sandy or weedy
shallow areas (MCF pers. comm.). The specimens of A.
pharaonis under study were found on very shallow rocky
bottom interrupted by sand. The preferred depth range of 4.
pharaonis, which extends up to 50 m, partly overlaps with
the depth range of the native Mediterranean A. imberbis,
which occupies rocky reefs and seagrass habitats at 2—70
m and more (Goren et al. 2009a; Froese and Pauly 2019).

Figure 2. Apogonichthyoides pharaonis from Libya (A. specimen from Al Burdi; B. specimen from off Tobruk).
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In their native range, O. fasciatus inhabits coastal
reefs, in sandy or algal-dominated areas, J. smithi occurs
on silty bottom, and J. queketti is a benthopelagic fish
(Froese and Pauly 2019). In the Mediterranean, all three
above-mentioned Lessepsian migrant species have been
collected on bare muddy-silt bottoms (Golani et al. 2008;
Goren et al. 2009a, 2009b) and a possible reversion of
feeding habits from zooplankton to zoobenthos needs yet
to be determined (Goren et al. 2009b). The last recorded
C. novemstriatus lives in front of holes and under ledges
of coral or rocky reefs; frequently it finds refuge among
the spines of sea-urchins of the genus Diadema in groups
of up to about 30 individuals (Gon and Randall 2003).
In the Mediterranean, C. novemstriatus lives on various
types of hard bottoms and near crevices (Rothman et al.
2013), and it has been observed among the spines of the
already established non-indigenous sea urchin Diadema
setosum in Rhodes Island (Ragkousis et al. 2020). The
present species richness of Lessepsian apogonids, their
rapid spread and abundance within the eastern Mediterra-
nean are potentially of marine conservation and manage-
ment concern for native communities, due to their estab-
lishment in diversified habitats.

It is interesting to note that the pharaoh cardinalfish
is the earliest colonizer of Mediterranean waters among
the Lessepsian apogonids, and it apparently expanded
slowly its distribution in Levantine waters. The other four
apogonid species mentioned above have been all record-
ed from the Mediterranean basin many decades later than
the initial A. pharaonis record, between 2004 and 2010,
and they appear to be extending rapidly their distribution
range in the Levant (Rothman et al. 2013 and references
therein), easily adapting to and establishing in the new
environment. In particular, J. queketti, first recorded in
the southern Turkey in 2004, has been observed in the
south-eastern Aegean waters of Turkey in 2009 and again
in 2014 (Akyol and Unal 2015), while C. novemstriatus,
first recorded along the Mediterranean coasts of Israel
in 2010, has been detected at Rhodes, Greece, in 2020
(Ragkousis et al. 2020).

Nevertheless, it should be emphasized that the succes-
sive enlargements of the Suez Canal could be associat-
ed with the increase of new introductions of tropical and
subtropical species from the Red Sea (Galil et al. 2017)
and that the warming of Mediterranean waters due to
climate change facilitates their expansion (Zenetos and
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