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Abstract

Background Two cymothoid isopod species, Livoneca redmanii Leach, 1818 and Anilocra alloceraea Koelbel, 1878,
have been discovered throughout the research period. These species have been morphologically compared to other
closely related species. Their species sequences have been determined using mitochondrial cytochrome ¢ oxidase
subunit | (COI) gene fragments and compared to previously identified Livoneca and Anilocra species. The present
study aims to provide a detailed morphological description along with parasitological indices of the L. redmanii
species in the Mediterranean, which has previously been described in Egypt by several researchers using various
misidentifications.

Results According to the study findings, Livoneca redmanii was accidentally introduced into Qarun Lake with fish fry
from the Mediterranean Sea. The morphological and parasitological descriptions of Anilocra alloceraea and L. redmanii
are discussed. Additionally, A. alloceraea species is considered the first to be documented on the Egyptian marine
coast.

Conclusions Livoneca redmanii species can rapidly adapt to favorable conditions and be found among the most
prevalent species in Egyptian marine environments. Our study supports the description of L. redmanii males, as well
as some additional morphological features of both cymothoid species females. The discovery of these species

in Egyptian waters has extended their geographic distribution. Additionally, this study marks a significant advance-
ment in our knowledge of the dynamics of some parasitic isopod distribution among their preferred species as well
as a critical step toward identifying the species that indeed inhabit Egyptian waters.
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Background
The family Cymothoidae Leach, 1814, of parasitic iso-
pods has gained increasing global attention in recent
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confused and misidentified (Aneesh et al. 2018; Hadfield
and Smit 2020). Much of the existing data on the biodi-
versity, distribution, range, and host records of this fam-
ily appears inaccurate due to the difficulty in confirming
or rejecting existing species reports (Smit et al. 2014).
Despite recent studies (Hadfield and Smit 2020), many
cymothoid species still require revision to provide reli-
able data for future research on this critical group of
fish parasites from both an ecological and economic
perspective. Works on the parasitic cymothoid fauna of
Egypt near the Mediterranean are still sparse, and little is
known about this understudied group’s effects on marine
fish in Egypt’s waters. Lately, 15 species from the family
Cymothoidae have been reported from Morocco, 16 spe-
cies from Algeria, 11 cymothoid species from Tunisia,
and 12 from Egypt (see Geba et al. 2019).

Among the most significant genera of cymothoids is
the genus Livoneca Leach, 1818. Since this genus was
initially described by Leach in 1818, it has had several
taxonomic issues (Bruce 1990). Livoneca sp. is known to
prefer the branchial cavities of their host species (Aneesh
et al. 2018). Bruce (1986) classified and described Motho-
¢ya Hope, in 1851, and tried to list Livoneca with simi-
lar characteristics. He also made note of the inconsistent
morphology of the species that are now classified as
belonging to Livoneca. Only three species were accepted,
and the remaining have problems in their taxa, as well
as around 11 species that have been accepted for other
genera. According to WoRMS, 2023, there are now 26
species in this genus, of which three are recognized (L.
redmanii, L. bowmanii, and L. ovali), although the major-
ity of species within this genus were improperly assigned
after its founding.

Livoneca redmanii is one of the cymothoids that are
most frequently seen on the Gulf and Atlantic Coasts of
the USA, according to previous reports and a reason-
ably high number of publications. L. papernea Trilles,
Colorni, and Golani, 1999 and Lironeca desterroensis
have both been described from the Red Sea and Brazil
since Bruce (1990) genus revision, respectively. Since the
males of this species have not yet been described, there
have been various recent attempts to characterize L.
redmanii, e.g., Bakenhaster’s 2004 description of L. red-
manii juveniles. Furthermore, they have been recorded
several times from Lake Qarun, the Suez Canal, and the
Mediterranean with different misidentifications by many
researchers (see Geba et al. 2019). Researchers have been
perplexed by the difficulties of differentiating between
species as a result of these taxonomic overlaps between
these genera and one another, and in an effort to clear up
these overlaps, we offered a supplementary morphologi-
cal description of Livoneca redmanii females as well as
the description of males.
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Anilocra Leach, 1818, is known to be the most diverse
species of the family Cymothoidae, attached to the
body surface of its hosts. According to Aneesh et al.
(2021), this genus involves 56 accepted species known
worldwide. Thus far, there are 62 valid species within
this genus, with two species not accepted (one has
been synonymized with species in the genus Nerocila,
and one is considered nomen nudum), according to
WoRMS, 2023. Anilocra species from Egyptian waters
have not been well studied from a morphological per-
spective; other than three species of the genus Anilocra
have been reported within our countries, these species
have not been confirmed by any of the modern classifi-
cation methods. Therefore, these species need a taxo-
nomic review (see Table 1). Koelbel 1878, described
Anilocra alloceraea (Koelbel 1878) as a new species
from the Sumatra Sea, but the host was not named.
From specimens obtained on Stolephorus indicus (van
Hasselt 1833) in Indonesia and Australia, and later
reported from Singapore by Bruce (1987), this species
was re-described (Bruce and Harrison-Nelson 1988).
However, the illustrations provided by both suggest
that they belong to the same species.

Recently, specifically in Qarun Lake, several attempts
have appeared to determine the cymothoid species (see
Table 1) which has invaded and drastically depleted
the fish population and lost its role as a foundation
of the fish industry in Egypt. Besides these attempts,
cymothoid fauna did not receive any attention from
Egyptian taxonomists, particularly other than what
was presented by parasitologists such as Hellal and
Youssef (2018), Ali and Aboyadak (2018) , Khalaf-Allah
and Youssef (2019), Mahmoud et al. (2019), Geba et al.
(2019), Abdullah and Hamouda (2022) who confirmed
that cymothoids belong to one species of Livoneca
redmanii Leach, 1818, but without any support illus-
trations. Thus far, studies on these parasitic isopods
(Cymothoidae) are very scarce on marine fish from the
Egyptian coasts generally and the Alexandria coasts
particularly. As a result of this investigation, two spe-
cies of cymothoids, Livoneca redmanii and Anilocra
alloceraea were reported on the Egyptian coast. There-
fore, the current study aims to use Camera Lucida to
determine the diagnostic and morphological charac-
teristics of these species that were discovered on some
economic significance fish from different localities in
Egyptian waters. Additionally, it aims to evaluate the
degree of similarity between the cymothoid species
found in Lake Qarun and those found in the Mediter-
ranean Sea. To achieve this objective, Actinopterygian
fish samples were collected seasonally from several
locations inside Qarun Lake and the Mediterranean Sea
coast of Alexandria.
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Table 1 List of cymothoid species to clarify the acceptability of those species with their host recorded in Egyptian coasts from the

literature cited

Parasite Species Fish Host

Region

References

Acceptability

Anilocra leptosoma Argyrosomus regius

Bleeker, 1857

Anilocra physodes Dicentrarchus labrax
(Linnaeus, 1758) Solea Solea

Anilocra meridionalis Sardinella sp

Searle, 1914

Cymothoa indica Pagrus pagrus,

Schioedte & Meinert, 1884
Cymothoa spinipalpa
Thatcher, de Arujo, de Lima &
Chellapa, 2007

Cymothoa exigua
Schioedte & Meinert, 1884

Argyrops filamentosus

Sciaena umbra

Nerocila orbignyi Tilapia zilli
(Guérin-Méneville, 1832)
Mugil capito,
Dicentrarchus labrax
Solea vulgaris
Solea solea,
Nerocila bivittate Dicentrarchus labrax
(Risso, 1816) Sparus aurata

Lithognathus mormyrus

Renocila threshorum Dicentrarchus labrax,

Mediterranean

Qarun Lake

Suez Canal

Mediterranean

Mediterranean

Suez Canal

Qarun Lake

Qarun Lake & Suez Canal

Qarun Lake

Suez Canal

Mediterranean

Suez Canal and Qarun Lake

Rania and Rehab (2015)

Mahmoud et al. (2017)
Shaheen et al. (2017)
Youssef et al. (2014)

Rania and Rehab (2015)

Abd El Aal and El Ashram
(2011)

Youssef et al. (2014)

Abdel-Latif (2016), Mahmoud
et al. (2016), Shaheen et al.
(2017), and Younes et al.
(2016)

Shaheen et al. (2017)

Mahmoud et al. (2017)
and Eissa, et al. (2020)

Younes et al. (2016)
and Shaheen et al. (2017)

Shaheen et al. (2017)
Eissa et al. (2020)

Samn et al. (2014)
Eissa et al. (2020) and

Reinvestigation is required

Further morphological inves-
tigation is necessary

Reinvestigation is required

Reinvestigation is required

Further morphological inves-
tigation is necessary

Williams & Bunkley-Williams,

Dicentrarchus puncatatus
1980

Reinvestigation is required
Mahmoud et al. (2017)

Tilapia zilli Qarun Lake Shaheen et al. (2017)
Livoneca ovalis Mugil capito Qarun Lake Shaheen et al. (2017)
(Say, 1818) Solea solea
Livoneca redmanii Mugil cephalus Qarun Lake Hellal and Yousef (2018), Valid identification
Leach, 1818 Solea solea Khalaf-Allah and Youssef

. (2019)
Tilapia zilli
Mugil capito Qarun Lake and Mediter- Mahmoud et al. (2017, 2019),
ranean Geba et al. (2019), Abdullah
and Hamouda (2022)

Mothocya sp. Atherinomorous lacunosus  Red Sea Abdelmageed et al. (2022)
Methods Linnaeus, 1758, (21.01+5.57 cm); 160 specimens of
Fish sampling Pomatomus saltatrix (Linnaeus, 1766), (19.09 +3.79 cm);

The current investigation is undergoing seasonal work
from January to December 2021. Throughout the study,
2949 live Actinopterygii fish samples, representing
nine distinct species, were collected from two separate
water localities in Egypt. Of these, 1337 fish samples
were gathered from various coastal areas of Alexan-
dria, which constitutes 357 specimens from Sardina
pilchardus (Walbaum, 1792), with a total length of
15.23+2.18 cm; 234 of Dicentrarchus labrax (Linnaeus,
1758), (16.45 + 2.57 cm); 231 specimens of Mugil cephalus

210 specimens of Scomberornorus commerson (Lacepede,
1800), (26.45+2.91 cm), and 156 specimens of Umbrina
cirrose (Linnaeus, 1758), (17.66 +1.36 cm). And 1612 fish
samples were collected from Qarun Lake, which consti-
tutes 549 specimens of Tilapia zilli (Gervais, 1848), with
a total length of 12.62+1.14 cm; 576 specimens of M.
cephalus, (17.35+2.13 cm); and 487 specimens of Solea
solea (Linnaeus, 1758), (13.95+2.14 c¢cm). Their parasite
infections, clinical signs, and any apparent abnormalities
were assessed immediately.
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Parasitological investigations and parasitic identification

A total of 860 fresh specimens of two cymothoid species
were discovered among their hosts. Of them, 139 Anilo-
cra alloceraea specimens were gathered from the host
species, Sardina pilchardus. Livoneca redmanii accounts
for the remaining 721 cymothoid individuals; 547 of these
were documented on three host species found in Qarun
Lake, whereas 174 individuals were reported on five host
species that were gathered along the Alexandria coast. In
the MiTA Lab at the Faculty of Science, the cymothoid
parasites width and length were measured to the nearest
millimeter (mm), photographed, microscopically exam-
ined, and then preserved in 95% ethanol for DNA anal-
ysis, while the remaining specimens were stored in 70%
ethanol for morphological research and treated using the
methods outlined in Aneesh et al. (2019, 2020). The pro-
cedures used for appendage dissection, mounting, and
drawing were those described by Aneesh et al. (2019).
Using a stereo zoom microscope (OPTIKA-SFX-33),
and a compound microscope (06AAGPV4541F1Z0),
both equipped with drawing tubes, and using methods
from Hadfield and Smit (2020) the observed mouthparts
and appendages were drawn. Using the multi-focusing
stereomicroscope and image-capturing software (Leica
Application Suit, V, 04), the specimens were micro-
photographed. Taxonomy and host nomenclature are
employed, according to Fish-Base (Froese and Pauly
2021) and Fricke et al. (2021).

Molecular analysis

Cymothoid isopod specimens were maintained in cold
96% ethanol for molecular analysis and kept there until
DNA extraction. Using the D-Neasy Tissue Kit (QIA-
GEN), total genomic DNA was extracted under the man-
ufacturer’s protocol.
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The partial fragment of COI mtDNA was amplified
with the forward primer Loc1490F 5'-TAA CTTCAG
GGTGACCAAAAAATCA-3" and HCO2198R 5 -GGT
CAACAATCATAA AGATATTGG-3" (Menabit et al.
2022) using Polymerase Chain Reaction (PCR) on a mini
thermal cycler (TechGene, USA).

PCR was carried out using GoTaq® Green Master Mix
(Promega Corporation-Madison, WI, USA). Following
were the thermocycling conditions for both sets of prim-
ers: 95 °C for 5 min, followed by 35 cycles of 95 °C for
1.30 min, 51 °C for 1.30 min, 72 °C for 3 min, 72 °C for
7 min, and finally held at 4 °C. PCR outputs. By electro-
phoresis on a 1 percent agarose gel with TAE 1 buffer
supplemented with 2 1 of ethidium bromide and UV
light, the PCR products were examined. The QIAquick
PCR Purification Kit was used to clean the PCR prod-
ucts under the manufacturer’s instructions. ABI 3730XLs
sequencer was used to sequence the PCR products’ two
strands (Sigma Lab, Egypt). Sequences were put together.
Using the BLASTn program, the obtained COI sequences
were utilized to find homologous sequences in GenBank
(Table 2). With the help of MAFFT 7’s online version,
sequences were aligned (Katoh et al. 2019). Using Parti-
tion Finder v. 1.1.1’s "greedy" search method, the opti-
mum substitution model and partitioning scheme for
each DNA partition were determined using the Bayesian
Information Criterion (BIC; Schwarz 1978) (Lanfear et al.
2014). With the proper nucleotide substitution model
established for each codon location, the barcode frag-
ment dataset was divided into first-, second-, and third-
codon positions. For the first codon position, TrNef+ G
was used, for the second, F81+ G, and for the third, TrN,
the proper nucleotide substitution model was adopted.

Phylogenetic reconstruction was carried out using
MrBayes 3.2.3 and Bayesian Inference (BI) (Ronquist
et al. 2012). To calculate the posterior probability (PP)

Table 2 Parasitological indices of cymothoid species at the different marine localities of Egypt

Parasitic species Locality Host species NEF NIF Prevalence Mmi
P.No (%)

Livoneca redmanii Mediterranean Sea Dicentrarchus labrax 234 23 30 9.8 13
Mugil cephalus 231 7 8 30 1.1

Pomatomus saltatrix 160 14 18 8.8 13

Scomberornorus commerson 210 57 95 27.1 1.7

Umbrina cirrosa 145 17 23 1.7 14

Qarun Lake Tilapia zilli 549 104 135 22.03 1.3

Mugil cephalus 576 269 302 56.9 1.1

Solea solea 487 99 110 20.98 1.1

Anilocra alloceraea Mediterranean Sardina pilchardus 357 82 139 23.0 17

NEF No. of examined fish, NIF No. of infested fish, Ml mean intensity, P parasitic numbers
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distribution, phylogenetic trees were built using two
concurrent analyses using Metropolis-Coupled Markov
Chain Monte Carlo (MCMC) for 20 million generations
each. According to Ronquist et al. (2012), topologies were
sampled every 1,000 generations, and the average stand-
ard deviation of split frequencies was found to be less
than 0.01 after the run. By utilizing Bayesian posterior
probability (PP), which classifies PP >0.90 as highly sup-
ported, the resilience of the clades was evaluated. After
eliminating the first 25% of sampled trees as "burn-in," a
majority consensus tree with branch lengths was rebuilt
for each iteration. Additionally, MEGA X was used to
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compute the uncorrected p-distance. GenBank received
newly created sequences.

Results

Molecular analysis

Two COI mtDNA sequences were obtained, one from
Livoneca redmanii with 642 bp and one from Ani-
locra alloceraea with 297 bp. The phylogenetic tree
(Fig. 1) was constructed with a matrix of 42 taxa based
on 702 bp. The specimen recognized by morphology
as L. redmanii clustered with the sequences of the spe-
cies deposited in GenBank in a node with high posterior
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Fig. 1 Phylogenetic tree resulting from Bayesian Inference of partial Cytochrome c oxidase subunit | (COI) sequences showing the relationships

of Livoneca redmanii and Anilocra alloceraea with other isopod species
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probability (PP=1.00). The other isopod, A. alloceraea,
clustered in a node with other Anilocra spp. The posi-
tion of this species is weak; the node does not have great
support. The genetic distances (Table 3) show a small
difference between L. redmanii found in this study and
those sequences reported from Rhode River in the
USA (KX360234, KT959449, and KT959417) and one
(MZ208985) reported from Egypt from an unknown
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collection site. The sequence of A. alloceraea shows a
bigger similarity with Awnilocra clupei (p value=0.06)
(Table 3 and Fig. 1).

Morphological identification and taxonomy
Order: Isopoda Latreille, 1816
Suborder: Cymothoida Wagele, 1989.
Superfamily: Cymothooidea Leach, 1814.

Table 3 Cytochrome c oxidase subunit | (COI) sequences of isopods obtained and downloaded from GenBank used in the present

study
Species Sequence Host Locality Country References
Cirolana yunca MK900688 Yucatan state Mexico Angyal et al (2020)
Mothocya sp. OP430935 Atherinomorous lacunosus Red Sea Egypt Elsaied et al. (2022)
0OP430933 (not published)
Anilocra alloceraea Sardina pilchardus Mediterranean Egypt This study
Anilocra clupei LC159540 Sardinella zunasi Moji Japan Hata et al. (2017)
LC604073 Pempheris sp. Shizuoka Fujita et al. (2021)
LC708256 Hyporhamphus sajori Hiroshima Fujita et al (2023)
Anilocra sp. 1 LC159542 Pterocaesio marri louls Hata et al. (2017)
Anilocra chromis KY562737 Welicky et al. (2017)
KY562743
KY562742
Anilocra brillae KY562751
KY562750
KY562749
Anilocra haemuli KY562754
KY562758
KY562757
Anilocra physodes MK652476 (Welicky and Smit (2019)
Livoneca redmanii This study
KT896506 Egypt Geba et al. (2019)
KT959417 Rhode River USA Aguilar et al. (2018)
KT959449 (not published)
KX360233
KX360234
MZ208985 Dicentrarchus labrax Egypt Abdallah and Hamouda (2022)
0OP430928 Chelon ramada Qarun Lake Ali and Aboy-
OP430930 Solea aegyptiaca thgrggg)'a ﬁgdsilg;é%?ed
OP430931 etal (2022)
OP430932 Coptodon zillii
OP430929
0OP430942 Pomadasys sp. Bitter Lake
0OP430943
0OP430944
OP430945 Dicentrachus sp. Burullus Lake
0OP430946
OP430947
0OP430948
0OP430949 Chelon ramada Manzala lake
0OP430950

OP430951
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Family: Cymothoidae Leach, 1814.

Genus: Livoneca Leach, 1818.

Livoneca redmanii Leach, 1818 (Figs. 2, 3,4, 5, 6).

Body weakly vaulted (Fig. 3A,B), twisted to one side.
Width 5.5-11.0 mm, length 16.9-29.2mm (N=310); for
both non-ovigerous and ovigerous females. Color gen-
erally, light brown (in alcohol); dorsal surface with ran-
domly scattered chromatophores.

Locality: Mediterranean Sea off Alexandria coast and
Qarun Lake, Egypt.

Hosts: Dicentrarchus labrax, Mugil cephalus, Pomato-
mus saltatrix, Scomberornorus commerson, and Umb-
rina cirrose from the Mediterranean Sea. Mugil cephalus,
Solea solea, and Tilapia zillii from Qarun Lake.

Material examined: 8 ovigerous females, 14.0-
22.0mm, 10 non-ovigerous females, 12.0-20.0mm, and 9
males, 10.0-19.0mm, off Egyptian coast of the Mediter-
ranean Sea parasitized of different five hosts; and 10 ovi-
gerous females 16.0-22.0mm, 4 non-ovigerous females,
14.0-21.0mm, and 16 males, 9.0 —19.0mm, from Qarun
Lake parasitized of three different hosts (Table 2).

Sites of infection: Gills and body surface

Parasitological indices: In the Mediterranean Sea,
174 individuals of Livoneca redmanii were discovered
among 118 host individuals from five distinct host spe-
cies, which accounted for 980 fish that were investigated.
These host species included Dicentrarchus labrax, Mugil
cephalus, Pomatomus saltatrix, Scomberornorus comm-
erson, and Umbrina cirrose. This isopod exhibits a higher
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prevalence on S. commerson (P=27.1%) compared with
its prevalence on another host (see Table 2). In contrast,
out of 1612 fish specimens that were investigated from
three different species, Mugil cephalus, Solea solea, and
Tilapia zillii from Lake Qarun. Of these, 547 individuals
of Livoneca redmanii were discovered among 472 host
individuals. L. redmanii shows a higher overall preva-
lence in M. cephalus (P=56.99%) compared to other host
species (see Table 2).

For further details on parasitological indices regarding
the seasonal and sexual prevalence of Livoneca redma-
nii and Anilocra alloceraea on their host species in the
Mediterranean Sea, please review the paper provided by
Zayed et al. (2023). As well as the parasitological indices
of Livoneca redmanii parasites on their host species in
Qarun Lake which were provided by Hellal and Youssef
(2018), Khalaf-Allah and Yousef (2019).

Remarks

A lack of descriptive information for the type spe-
cies contributed to the unthinking placement of taxa
into Livoneca. In our findings, the cymothoid species
are categorized as belonging to the Livoneca redmanii,
Leach 1818, since the diagnostic features used to iden-
tify it agreed with the description provided by Bruce
(1990). However, previously the species males were
not described, some further morphological diagnoses
can be added to Bruce 1990 description to completely
support the species. Although there are some generic

Fig. 2 Livoneca redmanii, Leach, 1818, Female. A habitus, dorsal; B habitus, ventral; C habitus, lateral. Scale bar=3.0 mm
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Fig. 3 Livoneca redmanii, Leach, 1818; Female: A dorsal view; B lateral view; E Pleotelson and uropod. Male: C dorsal view; D lateral view; F

pleotelson and uropod. Scale:a and b=1mm

characters and infection-site distinctions between the
genus Livoneca and other genera, it has never been obvi-
ous how to distinguish Livoneca from its related genera
(Trilles 1981). Livoneca looks to be closely linked to other
genera morphologically, such as Catoessa (Schiodte and
Meinert 1884), Elthusa (Schiodte and Meinert 1884),
Ichthyoxenus (Herklots 1870) and Enispa (Schiodte and
Meinert 1884).

In general, cephalic, pereopodal, pleopodal, and ple-
onal features clearly of Livoneca show that it belongs to
the family Anilocrinae (Bruce 1987). Based on morpho-
logical characteristics, this may have witnessed a signifi-
cant divergence from the lineages suggested by Brusca
(1981), but it still fits. The following were clarified by
comparing the genus Livoneca to other genera:
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Fig. 4 Livoneca redmanii, Leach, 1818; A Antennule; B Antenna; C Maxilliped; D Maxilliped article; E Maxilla; F Maxilla apex; G Mandible; H
Mandibular pulp; I Maxillule apex; J Scale: a=0.5mm, (A, B, C, E, G, H, and J) and b=0.2mm (D, F, and I)

There was little rationale, according to Bowman and
Tareen (1983), for dividing Catoessa and Livoneca.
Despite having similar pleopod shapes, Livoneca and
Catoessa vary greatly in light of the additional informa-
tion on Livoneca that is provided here (Figs. 3, 4, 5, 6).
Catoessa is distinguished from Livoneca by the presence
of a truncate rostrum coupled with a broadly rounded
pleotelson, however, some species of Catoessa have a tri-
angular pleotelson, also C. scabricauda has an acute ros-
tral point and C. gruneri has a rounded rostral point and
posteriorly narrowed pleotelson. Livoneca and Elthusa
genera may be easily separated from one another. The

extremely slender pereonite 1 and the antennule being
bigger than the antenna indicate that it may be real-
located to another, potentially new genus, therefore
it is obvious that it cannot be kept in Livoneca. At that
time, neither Livoneca nor Ichthyoxenus had a descrip-
tion of their type species. Schiodte and Meinert (1884)
described Livoneca redmanii, the genus type species,
but the original specimen has never been identified. The
merus of L. redmanii pereopods 6 and 7 are more clearly
lobbed (Fig. 5), the lateral border of the pereonites is not
thickened, and the pleonites overlap one another laterally
(Fig. 3). This species varies from Ichthyoxenus species in
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Fig. 5 Livoneca redmanii, Leach, 1818; Female: pereopods 1-7 (A-G). Male: pereopods 1, 2, 3, 6, and 7 (H-L, respectively). Scale:a=1mm

these ways. However, the figures given by Menzies et al.
(1955) of Livoneca appear identical to the material at the
hand of Enispa, the only difference being in the supina-
tion of the maxilla of ovigerous females. The isopod para-
site from the Mediterranean Sea was therefore firmly
identified as L. redmanii. Regarding variations within
the genus Livoneca, Livoneca redmanii is distinguishable
from its congeners by having the uropod rounded apices,
which are shapedly as opposed to acute in L. bowmanii,
and exopod shorter and broader than endopod unlike the

one in L. desterroensis which having exopod longer than
endopod. As a result, our work supports the description
of the males, additionally, some supplementary diagnoses
for the females, as follows.

Maxilliped with two terminal spines, and one sub-
terminal spine (Fig. 4C, D); Maxillule with four termi-
nal spines (Fig. 41, ]); Maxilla pectinate scales, with two
spines on inner lobe and two spines on the outer lobe
(Fig. 4E, F); Mandible tapering distally with acute ter-
minal spine as figured (Fig. 4G). Pereonite 1 longest one;
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Fig. 6 Livoneca redmanii, Leach, 1818; Female: pleopods 1-5 (A, C, E, I and G, respectively); Male: pleopods 1-5 except pleopod 4 (B, F, D, and H,
respectively). Scale:a=1mm

pereonites 6 and 7 shortest; coxae 2—7 with acute pos-
terior angles, 2 and 3 may be rounded; 2-8 extended
beyond the posterior border of respective pereonites
(in dorsal aspect). Pereopods length posteriorly steadily

increases, bases lack carinae, carpus and propodus inside
border lack spines, but merus outside border may or may
not have spines (Fig. 5). Pleonites not equal in length and
width (Fig. 3A, C); basis of pleopods 1-5 without stout
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setae on inner margin; basis lateral margin of pleopod
1 without lamellar accessory gill (Fig. 6A); basis lateral
margin of pleopods 2-5 possess dendritic accessory
gills and endopod appendix with lamellar accessory gill
on medio-proximal region; masculinum differ in size;
endopod pleopod 5 with 3-5 proximal folds (Fig. 6E, I,
G); posterior margin of pleotelson sub-acuminate with
shield-shaped, length slightly smaller than width; exopod
and endopod uropodal tapering distally, reached beyond
posterior margin of pleotelson; endopod longer than exo-
pod; uropod rami extending beyond posterior margin of
pleotelson (Fig. 3E).

Male description

Body length 9.0-21.0mm; width 3.5-6.0 mm (N =336).
Like females except for the following, cephalon explicit
from the first pereonite; weakly immersed in the larger
specimen. all coxae reaching approximately 3/4 length of
their respective pereonites; pereopods 1-6 with spines
on propodus and merus (Fig. 4G-]J); Pereonites 4—6 wid-
est (Fig. 3C); pereopod 7 with spines on propodus, merus
and carpus (Fig. 4K); pereopods 1-7 with spine on exter-
nal margin of ischium. Pleonite 1 lateral margin rarely
concealed by pereonite 7; exopod and endopod of pleo-
pods 1-5 with stout setae on inner margin; pleopods 1-3
with five spines on peduncle region (basis); pleopods 1-5
with dendritic accessory gills on lateral part of basis; ple-
opods 4 and 5 (Fig. 5H) with dendritic accessory gills on
medio-proximal region of endopod.

Anilocra alloceraea Koelbel, 1878 (Figs. 7, 8, 9).

Body elongates (Fig. 8A, B); length four times longer
than the width; length 2.3-2.9 mm; width 0.5-0.7mm;
length—width ratio 4.1-4.5 (N =139); in dorsal aspect the
lateral margin slightly convex, dorsum is gently vaulted,
coxae discernible. Body widest at between pereonites 5
and 6; and narrowest at pleonites 5.

Locality: Mediterranean Sea off Alexandria coast,
Egypt.

Hosts: Sardina pilchardus.

Material examined: 6 ovigerous females, 23.0-
29.6mm, 10 non-ovigerous females, 1.80-2.80mm, and 3
males, 1.61-2.56mm, off the Egyptian coast of the Medi-
terranean Sea.

Sites of infection: Mian Micro-niche on the body sur-
face (particularly between the pectoral fin).

Parasitological indices: The host species, Sardina pil-
chardus was found to have 139 Aunilocra alloceraea indi-
viduals on its exterior body surface. The parasite’s overall
prevalence was rather high (P=23.0%) and had a mean
intensity of 1.7 (Table 2), accounting for 24.1% of female
hosts and 21.6% of male hosts, respectively.
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Fig. 7 Anilocra alloceraea, Koelbel, 1878; A habitus, dorsal; B habitus,
ventral; C habitus, lateral. Scale bar=5.0 mm

Remarks
Koelbel (1878) described Anilocra alloceraea from Suma-
tra, and the host was not mentioned. The morphological
characters of A. alloceraea are very close to A. allocer-
aea Bariche and Trilles 2006; A. clupei Williams & Wil-
liams, 1986; A. leptosoma Bleeker, 1857 and A. caudata
Bovallius, 1887. A. alloceraea differs from A. alloceraea
by having the cephalon abruptly narrowed at the level of
the antenna (the cephalon gradually narrowed), maxil-
lule with four terminal spines (three terminal spines),
maxilla with two spines on both the medial and lateral
lobes (maxilla medial lobe with 2 recurved small spines
and a few small setae, and the maxilla lateral with one
spine). Compared to A. clupei, this species has a body
length—weight ratio of 3.3-3.6 (rather than 4.0-4.5 in A.
alloceraea); antenna extending into pereonite 1 (antenna
extending into pereonite 2); anterior margin of head
truncate (anterior margin of head narrowly rounded);
inner lobe of maxilla with one large spine and one small
recurved spine, outer lobe with 2 spines (rather than
inner lobe with 2 recurved large spines; outer lobe with
2 recurved small spines; outer margin provided with very
small folds), furthermore, the molecular analysis showed
152 base pair differences and only 89% similarity.

The important characteristics to distinguish A. lepto-
soma from A. alloceraea are body less than four times
as long as wide; antennule article 3 antero-distal margin
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Fig. 8 Anilocra alloceraea, Koelbel, 1878; Female 29, A General habitus, dorsal view; B General habitus, lateral view; C Antenna; D Antennule; E
Maxilla; F Mandible; G Maxillule with Maxillule apex, lateral view; H Maxillule apex, ventral view; | Pleotelson and uropod; J Uropod (Endopod
and Exopod); K Cephalon dorsal view. Scale bars:a=2.5 mm (A, B, I, K); b=0.5 mm (C, D, E, F, G, J) and c=0.2 mm (H)

weakly produced, 1.2-1.4 times as wide as long; pleonite
1 with lateral margin posteriorly produced; Pleotelson
ovate; lateral margins converging smoothly to the cau-
domedial point, in addition, pereopods spines absent.
When comparing A. alloceraea to A. caudata the fol-
lowing suit of characters can be noted; pleotelson of A.
caudata lateral margins weakly convex and posterior
margin biconcave, distinct from lateral margin; in addi-
tion, pleonite 1 lateral margin not posterioriy produced
(Bruce 1986). The description given by Bruce (1986) is

completely accurate, but there are a few morphological
identifications that can be added in addition to the char-
acters already mentioned as head (Fig. 8K) sub-triangu-
lar; anterior margin partly rounded with big eyes; eyes
about half width of head; distance between eyes about
31.1% of head width. Antennule (Fig. 8D) with 8 articles,
extending to the middle of the eye; article 3 with strongly
produced anterodistal angle; articles 4—8 with few termi-
nal setules. Antenna (Fig. 8C) with 10 articles, extending
to pereonite 1; article 5 slightly longer than other articles;
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Fig. 9 Anilocra alloceraea, Koelbel, 1878; Ovigerous female Q: A-G, Pereopods 1-7; H-L, Pleopods 1-5. Scale bars:a=1mm

each anterodistal angle provided few setules at articles
7-10. Mandible palp (Fig. 8F) article 3 with about 7-11
setae on lateral margin and distal segment decreasing in
size to the last setae. Maxillule (Fig. 8G&H) with 4 very
slightly recurved terminal spines at distal end; maxilla
(Fig. 8G) with 2 lobes; inner lobe with 2 recurved large
spines; outer lobe with 2 recurved small spines; outer
margin provided with very small folds; maxilliped palp

with 3 articles; provided with few setae on the outer
margin; distal segment with 3 slightly recurved spines.
Pereon (Fig. 8A) is widest between pereonites 5 and
6, and narrowest at pereonite 1; pereonites 2 and 3 are
shortest, 6 longest; posterolateral margins of pereonite
7 rounded, slightly produced ventrally and extending
more than a quarter of pleonite 1. Pleonites 1-5 gradu-
ally narrower toward posterior; pleonite 1 slightly longest
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and widest with partly covered by pereonite 7, pleonite
5 narrowest. Pereopods size gradually increases to pere-
opod 7 (Fig. 9A-G). Pereopod 1-4 (Fig. 9A-D) dac-
tyls with swelling on the anterior and posterior margin
(both sides), but swellings on outer margin higher than
those on inner margin. Pereopods 1-7 (Fig. 9A-C, G)
carpus with spines on postero-margin; pereopod 5 to 7
(Fig. 9E—@G) with spines on anterior margin of the carpus
and propodus. Pleotelson with lateral margins straight,
strongly turned up; posterior margin scarcely bisinuate
with broad caudomedial lobe, not provided with setae.
Pleopods (Fig. 9H-L) slender, elongate (exopods 2.3-2.5
times as long as wide), endopod of all pleopods shorter
than exopod; endopods of pleopods 3-5 with simple
proximomedial lobe; endopod of pleopod 5 with com-
plexy folded proximomedial lobes with sinuses. These
additional characteristics support the traits described by
Bruce (1986) along with some minor morphological dif-
ferences that prevent this species from being classified as
another species.

Discussion

The findings unequivocally established the parasite
species under examination as members of the family
Cymothoidae. These cymothoid species are classified as
belonging to the genera Livoneca and Anilocra after the
generic characteristics used to diagnose them. It fully
agrees with the description provided by Brusca (1990)
and Bruce (1986). With its congeners in the same fam-
ily, the genus Livoneca did, however, cause generic confu-
sion. Livoneca has been restricted since its establishment
among the cymothoid genera. This main discovery was
reinforced by our drawing of fully developed males and
females, as well as by genetic research that produced
findings that are entirely consistent with those of Brusca
(1981 and 1990) and Bruce (1986).

Since these species were unintentionally brought from
the waters of Alexandria by fish fry to the Qarun Lake
region, it was necessary to confirm reports of species
that had been introduced. To achieve this aim, many
cymothoid samples were gathered from Lake Qarun and
the Egyptian coast of Alexandria for molecular and mor-
phological investigation. Subsequently, genetic analysis
and the application of modern systematic categorization
techniques enabled Livoneca redmanii parasites inhabit-
ing the Mediterranean Sea to be identified as those from
Lake Qarun.

Here, will list some previous records of cymothoid
species within Egyptian environments. Nerocila orbig-
nyi (Guérin-Méneville, 1832) was found to be the para-
sitic isopod studied by Younes et al. (2016) on Tilapia
zilli (Gervais, 1848) and Solea vulgaris Quensel, 1806. In
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their study of parasitic isopods, Mahmoud et al. (2016);
Rashed et al. (2021); Ali and Aboyadak (2018) recog-
nized two species as N. orbignyi and Renocila threshero-
rum Williams and Bunkley-Williams, 1980. Additionally,
Anilocra, Livoneca, Nerocila, and Renocila are four gen-
era that are represented by the species that Mahmoud
et al. (2017) found as part of their investigation into the
cymothoid isopod invasion of Lake Qarun with infected
fish. He discovered just female Livoneca redmanii pre-
adult isopods, all of which were detected by him. Elgendy
et al. (2018) focused on hematological and histological
alterations while examining the large parasite infection
on 150 T. zillii captured in June 2016. He further identi-
fied all recovered isopods as N. bivittata. The identifica-
tions of isopods made by Mahmoud et al. (2016, 2017,
2019); Elgendy et al. (2018), Younes et al. (2016), and
other researchers (see Table 1) may be inaccurate and
at odds with the current data. This might be because
earlier researchers were unable to use Camera Lucida
drawings for more specific information used in species
identification, and the detected parasite species may
not have referred to a taxonomist who is knowledgeable
in isopods. Additionally, they lacked a thorough under-
standing of the target species’ natural history and likely
life cycle. Geba et al. (2019) confirmed that the para-
sitic species inhabiting Lake Qarun is L. redmanii using
molecular identification. They also noted that only two
recent attempts to diagnose Livoneca have been made
outside of our countries, Bruce (1986) and Brusca (1981),
but that this genus has been recorded many times within
our countries with synonyms for other species (See Geba,
et al. 2019). Hellal and Yousef (2018) correctly described
this species in Lake Qarun; however, they made no asser-
tions and did not provide any data or visual illustrations,
however, genome studies provided further validation and
our genetic findings agree with that presented by Geba
et al. (2019). Following a review of the diagnostic char-
acteristics of the specimens gathered the entire drawings
provided in this study are in perfect accordance with the
description provided by Brusca (1990) for Livoneca red-
manii, and Bruce (1986) for Anilocra alloceraea.

Based on the findings of this investigation, it was dis-
covered that Livoneca redmanii parasitizes a broad vari-
ety of commercially significant fish species; in contrast,
Anilocra alloceraea parasitizes just one host species from
the Mediterranean Sea. The fish fry probably brought
additional cymothoid species into the lake. However,
this study makes it abundantly evident that the parasite
Livoneca redmanii can grow, adapt extremely well, and
withstand environmental circumstances that its family
Cymothoidae peers would not be able to.
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The present study provides information on previously
undocumented fish hosts, together with further taxo-
nomic information that verified these species and gave an
in-depth understanding of them, indicating a connection
between the cymothoid species from Lake Qarun and
species from the Mediterranean. Furthermore, it pro-
vided additional taxonomic details that validated these
species and expanded our understanding of them. From
an economic perspective, a large consortium of Egyptian
experts worked hard to come up with quick fixes for the
issue of salvaging Qarun Lake and getting it back in bal-
ance following the growing issues inside it. By establish-
ing a connection between the species studied from the
lake and the species found in the Mediterranean Sea, this
study has helped to clarify some of the issues surround-
ing it. Careful research is necessary to understand the
processes involved in bringing fish seed to Lake Qarun,
particularly in the case of some fish farms, to prevent
additional financial losses.

Conclusions

In conclusion, the transportation of fish fry from the
Mediterranean Sea to Lake Qarun not only introduced
new species to the ecosystem but also facilitated the
establishment and rapid adaptation of Livoneca redma-
nii. This particular species proved to be highly successful
in its acclimation to the favorable conditions of Egyptian
marine habitats, emerging as one of the most prevalent
species. Furthermore, this study not only provided addi-
tional insights into the morphology of female Livoneca
redmanii but also successfully diagnosed the complete
set of male morphological characteristics. Additionally,
the research findings unveiled the presence of Anilocra
alloceraea as the first species identified on the Egyptian
coast, further expanding our understanding of marine
biodiversity in the region. These findings highlight the
significant impact of species transportation and shed
light on the dynamic nature of ecosystems in response to
environmental changes.
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