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Abstract: Smdying fish parasites is coacial fior understanding their ecological impact, improving aquacalre practices, snd reducdng the sk of
ZoONOHC Tansmission, ts protecting the enviromment, enhancing fish farmine, and ensunng public bealth safety. The =ills of 12 commercial fish
species were examnined for their parasites in the Gulf of Bejaia, Alzenia Several parasites were idenfified amons these g1l hosts. Mine crustaceans:
Clavells adumca, Lemaea sp., Clavellisa emareinata, Macbranchis cveniformis, Hatschekia nmlli, Lemsnthropus krover, Calisns elonzams,
Gnathia marleyi, and Calizus sp., six monogensans: Bivaging pagrosomi, Fajonchocotyle bats, Mioocotyle enythrni, Squalonchocotyle squali
Paradiplozoon sp., and Tristoms integmom. snd one Himedines, Trachelobdella ibrica were identified. In this smdy, we provide a new locality
record from the Alzerizn Sea for B batis, 5. squali and C. elongams. Moreover, this paper presents new host and locality records for B. pagroson
Kevwords: fish gills, parasite distmibution, bioediversity, Bejaia area, Algerian waters.

1. Introduction

The respiratory organs of fish are the gills. In addifion to their respoatory funchons, they provide acid-base regulation,
cemoregulztion, and excretion of mirogen compounds (Foberts and Souath 2011). Because of their close melahonship with the
environment, the zlls are an mportant site as an entry pomt for pathogens. They are often the main target organ for polhutants and
are sensitive to poor water quality and the presence of hiclogical pathogens such as viruses, bactenia, fimgi, and parasites (Roberts
and Smuth 2011; Newotmy 2021). Thevefore, 1t is offen infected and damaged by causative agents, including ectoparasites, such as
mOnogeneans, parasific copepods, 1sopods, and leech parasites (Famdam et al., 2020; Ramdam et al., 2021a; Ramdam 2023a;
Famdami and Ramdane 2024). The attzchment of ectoparasites and their forazing activities can provoke zill lesions and cause
alteration to the zill filaments, resulting in disruption of the respiratory process (Suliman et al, 2021; Vankara et al., 2022). Parasite
sean can also lead to economic losses in commercial species of fish (Rameshkumar and Favichandran, 2014; Paredes-Trujillo et al ,
2021). For example, sea lice (Lepeophtheirus salmeoniz) are a major 1ssue m salmon farming, causing armual losses exceeding 51
billion globally due to reduced zrowth, decreased market value, and high treatment costs (Costello, 2009, In freshwater aquaculture,
tapeworms such as Bothriocephalus acheilegnathi have caused sigmficant losses, particularly in A=ia, where infestations in cap
farming result in reduced production worth mulhons of dollars armually (Scholz et al, 2012).

Enowledge of fish parasites 1= not only of paricular interest for fish health but also for understandmg ecological 1ssues and
detecting and treating parasites and diseases as part of marine aquaculiure development (L1 ef 2l 2022}, and Algeria 15 no excephion
to this devastation (Meddour et al., 2011).

In the Gulf of Bejaia, Algena, vanous fish species bost a diverse amray of parasihe crgamsms that can sizmficantly affect their
health and ecological finess. Sardinalla aurita (round sardinella), Mullus barbarus (red mmllet). and many other spectes have been
reported to harbor a vanety of parasites, inchuding trematodes, copepods, nematodes, and microsponidians (Famdam et al., 2022h;
Famdami et al., 2023b). In Xiphias gladius (swordfish), copepod parasites have been associated with histopathological alterations
in mmscle tissue, resulting m compromused finctionzlity and fitness (Famdani et al., 2021b). Histological analy=1s of nematode
infestations in fish musculature has revealed movodeseneration, charactenzed by the loss of stiated texture in pmscle fibers and
associated skin damage (Famdam et al, 20223).

However, knowledze about marme fish zill parasites in Algerian waters remains relatrvely poor. This study examimed the zills
of several commercially valuable manme fish species for parasites to improve owr knowledge of manne parasite biodiversity in
Alzenian waters,

1. Materials e Methods

The Gulf of Bejaia, located on the eastern coast of Algeria (36°45'21.13" W, 5°05'3.59" E), represents a sigmficant ecological
and economac zone along the northeastern Mediterranean. This repion, charactenized by a Mediterranean climate, supports diverse
manne ecosystems and high levels of brological productvity. Economucally, the zulf plays a vital role, with fishing and martme
trade through the Port of Bejaia contnbuting substantially fo Alzena’s local and national economies.

Between January and June 2022, a parasitological study was conducted on the zills of 12 commercially mmportant fish species
from the Gulf of Bejama. The samplng strategy was influenced by the availability of fish, parieulary for species that are less
frequently caphwed in the remion. A total of 539 fish specimens were collected from commercial landmgs, focusmg on species that
are both economically sigmificant and commonky consumed by the local population. The mlls were meticulously dissected to
indrvidually exapune each zill arch and its associated filaments. Each mll filament was mspected for visible signs of parasiic
infestations, such as attachment pomnts, cysts, or external crgamisms, enswring a thorough swvey of the zll swfaces. Followmg
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dissection, the mlls were immediately mmersed m 25 ml glass jars contaming distlled water and promptly transported in a cooler
box to the Laboratory (LZA) at the University of Bejaia for fiurther exammation.
The gl arches and filaments were separately examimed mmder the B5-30104A Binocular Sterec Microscope (objectve 2x).
Parasites were removed from the glls, washed and cleaned m water. Copepod parasites were cleared m 85% lactic zcad for 1 to 2 B
b and stored m 98% alechol for fimther examination. Monogenean parasites were cleared with lactophenol (Carbonell o al | 1999)

j— -

and stored in pure zleohol (98%) for further examumation. The parasites were photographed using the LEICA DM300 microscope

camera (mamifactured by Leica Microsystems, headquartered m Wetzlar, Germany’) under the hght nucroscope and 1dentified using

wdentification keys (Wilkams and Luey Bunkley-Wilhans, 1996). =
Parzsitological mdexes (F (%) Prevalence; Im: Mean infensity; Am: Mean abundance) were calculated according to Bush et al.

{1997) (Table 1).

W0 asfrrreg g pf il Fodd oy umineyy for
i Afesissamani of Vatrrbeerey Parmifshop

Tamzites Parasites faomlly Parasites gems Tarasites species i PR
Eoaps
Monogeneans Diplozoidae Paradiplozoon Paradiplozoon sp.
Palombi, 1040 Alhmeroy, 1974
idye Baird | Trisroma Cuwier, Tristome igeTiom
1853 1817 Ciesing, 1850
Hewabothrizdae Rajanchocorie Rajonchocotyie barr
Price, 1841 Cerfontaine, 1889 Cerfontaine, 1809

Squailonchocoie Squaionchocoie
Cerfontaine, 1809 sguaii MacCaThmm,
1931

Microconile Van
Baneden & Hasze,
18463

Yamazmi, 1963

Naobranchia
Hesse, 1863

Clavella Cam,
1815 (Strom, 1762)

Claveliisa Wilson | Claveliing emargmana
CH. 1915 (Frever, 187)
Lernanchropus de Lamanrhropus
Blainville, 1512 mwzg?:edm.
Carlrgus Mullsr Caligus elongans
DF. 1785 Nordmamn, 1832
Caiigus p.
Hatrehekin muilf (van

Beneden, 1851) i T
mahia I L ERRE
muarigyi Farquharson, ; T
Sonit & Sikkel 2012

Larmaea sp.

Trachelohdeila
Infirica (Grobe, 18300
(i) [ =

T T I o MarCh/2025

Table 1 — Infaction rates of parasite species recorded per host fish. MEF: Fhanber of the examined fishes; MIF: Munber of the infested fishes;
P Mumber of parasites; P (%): Prevalence; Im: Mean mtensity; Amc Mesn abnmdance.
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3. Resulis

Paraates from groups of crustaceans, monogenesns, and Hirudmea were 1dentified among thess @il hosts. The morpho-
anatormczl analyas identfied nine crustacean parasite species: Clmeella adunca (Strem, 1762), Lenasa sp., Clavelliza emarginata L
(Erever, 1847), Nachranchia cygniformiz (Hesse, 1863), Hatschelia mulli (Van Beneden, 1831), Leananthropis oyeri (Van T 17 ]

Beneden 1851}, Caligus elongais C*Iuldnum, 1832), Gnarhia marleyi (Farquharson, Smat & Sikkel 2012, and Caligus =p. (Fiz. BEEx s

1}, (Tzble 1). 5ix monogenean parasite species were ldentified: Bivagina pagresomi (MMuray, 1931), Rgionchocofuls batiz

(Cerfontzine, 1899), Microconde enythrini (Van Beneden & Hesse, 1363), Sgualonchocopls sguali (MacCallum, 19317,

Paradiplozoon sp., and Trisioma imtegrum (Dhesing, 1850} (Fiz. 2), (Table 1) along wath Ope leech, Trachelobdella lubrica (Grube, :
1840} (Fig. 3}, (Table 1). Several umdentified parasite formes were also collected (Fiz. 4) (Table 1)

The examination of B. beops allowed us to collect a monogenean Paradiplozoon sp. (Fig. 2E), and on X gladinz, the parasite T
imtegrum (Fig. 2F). On 5. acanthias, we harvested parasites species R baviz (Fig. 2B) and £ squali (Fig. 2D). M apwhrini (Fig
2C) collected on P erythrines. On fish host T srachune:, we collected B, Pagrosomi (Fiz. 2A4) and N. cygniformiz (Fiz. 10Y). Parasites
C. adunca (Fig. 1A) and C. emarginata were collected on 5. aurita (Fig. 1C) and. The species L. boyeri (Fig. 1F), C. elongans
(Fig. 1G), and Caligus sp. (Fig. 1) were found on 5. dumsrdli, H mulli (Fig. 1E) were found on the gills host M. barbans, whereas
& marleyi (Fiz. 1H), Lanaea sp. (Fiz. 1B) and I lubrica (Fig. 3) were collected on & aurata. umdentified parasite forms, were
also collected from host fishes E. sncrasicolus (Fig. 4F), from 5. pilchardus (Fig. 4E), M merlangus (Fig. 44 B, C) and from
Xiphias gladius (Fig. 4D0).

W0 asfrrreg g pf il Fodd oy umineyy for
i Afesissamani of Vatrrbeerey Parmifshop

Fm]—pmmuftnumdm:mpmg A Clavells acumca; B: Lemsea sp.; C: Clavellisa emarginata; D Naobranchia cyzniformis; scIENcE

E: Hatschekia mmilli; F: Lemanthropus kroyeri; G Caligus elongams; H: Gnathiz marleyi; I Caligus sp. Scalebar A B, C. DL E;F; G H I,
(G10); 0.5 mm.
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Figure ! — Photo of collected monozenesn pamasites. A: Bhaemtng Pagrosomi; B Rgjonchocoiile banz; . Microcopvle enythrimi; Do
Squalonchocotyle squali; E: Paradiplocoon sp.; F: Tristoma meegrron. Scalebar: A B, C, D, E. F, & (Gx10); 0.5 mm.
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Fiznre 3 — Phow of Himdinea, Trachelobdella lubrica. Scale bar: (Gx10), 0.5 mm.
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— ‘
Figure 4 - Fhotwo nt’umi&nnﬁedparxm forms. A, B, C: parasite forms collected from Merlamgius meriangies; D parasite forms collected from

Xiphigs gladns (see white arrows); E: parasite form collected from Sarding michardus; F: parasite form collected from Engraulis encrasicodus
(see white circle). Scale bar: A, B, C, E. F: (Gx10), 0.5 mm I lom.

Among all the fish, four host species were mfested by monogenean parasites, and three spectes were mfested by crustaceans.
Motably, two of the host species were found to be infested by toro different groups of parasites: T, rachurus was mfested by both
monogensans and crustaceans, while 5. aurata was infested by crustaceans and Hiudnea.

The parzsrolopieal awrvey revealed significant vanability in the prevalence, intensity, and abundance of parasites across different
host species from the Gulf of Bejaia. The prevalence (P¥5) of mfecton vaned widely among host species, with certam associations
showmg extremely hizh mates. For instance, Tristoma integrum in Xiphias gladius and Clavella adunea i Sardinella aurita exhibated
a prevalence of 100%. Comversely, other parasites, such as umidentified forms in Emgranliz encrasicolus, showed mch lower
prevalence rates (20%). Mean mten=ity (Im) and mean abundance {(Am}) also displaved sizmficant mterspecies vanability. Notably,

Sgqualomchocopde squali m Sgualus acanthiaz demonstrated exceptionally hagh vales (Im = Am = §.5), mdicatmgz heavy
infestations mn the affected hosts. (Tabla 1)
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Clavelliza emarginata presented a prevalence of 80% m Sardinella aurita, demonstrating 1ts widespread presence m this host
species. Monogeneans, while linmted in species nchness, showed vanable prevalence, as evidenced by Micoconvle arythring in
Pagellus evythrinus (P = 57.14%). (Table 1).

4. Dbscussion

Chr work foruses on the study of zill parasites collected from several specmies of fish canght m the Gulf of Bejaa A e =
panntulagmalshldvmmradml"‘ fich species, 59 fich. The aim WAS to determuine the taxa of parasites hosted by these fish w HHV P

Fo

species to understand the host-parasite relatonslup. Sooeen species of parasites were dennified. belongmg to three zroups of
ectoparasites: crustaceans, monogeneans, and Hiudinea

The morphology, arangement, and mmber of sclenfied parts of the haptor, as well as the anatomy of different systems, allow i astferrmay uf il Wikl Ausenisiie for
for the classification of the collected monogensan specimens into four distinet fammbes: Dhplozoidae Palombi, 1949 (genus: e Afesistsresen? aof Riteridnery Pvmiabogi
FPavadiplozeon Akhmerov, 1974), Capsahidae Baird, 1853 (gemus: Tristoma Cuvier, 1817), Hexabothmidae Price, 1942, (genus: . #
HRajenchecotyle Cafontame, 1899 and genus: Sgualonchocotyle Carfontame, 1399, Microcotyhidae Taschenberg, 1379 (genus:
Microconde Van Beneden & Hesse, 1863 and germs: Bivaging Yamaguti, 1963).

The species Tristoma intsgrum appears to be closely associated with the host species Yiphias gladius. Its presence has already
been reported m the same host species by Famdam et al {2021} in the Gulf of Bejaia and by Euzet and Chuignard (1961) zlong the
French coasts. As for the species Rajenchoconle bariz and Squalonchorconle squali, they seem to be closaly lnked to the host
species Squalus acanthias. In this study, we provide 2 new locality record from the Algenan Sea. Their presence has already besn
noted by Madlard (1970} 1o the south of France 1o the same host speces. Microcotyle erythring 1s mostly characterzed by its specific
host, Pagellus erpthrinus, as authors provided from Mediterranean Sea, Ulmer and James (1981) from Italy, Jovelin and Tustine
(2001) from France, Eaouachi et al (2010) from Algena and Villora-Montero et al. (20200 from Spain. Bivaging Pagrosomi
infecting Trachurs .rmcbum.. prﬁenisieﬁrrrepqrrofﬂ:us species with a new host and locality record m the Algenan waters.
Previously, this monogensan species was reported to mfect Sparus awrata m Saudi Arsbia by Dajem et al (2019). Genus:
FParadiplozeon has previously been documented to mfect cvprinoed fishes (Al-Masin, 2010; Benovies et al, 2021). In this study, we
report the first record of a Paradiplozoon =p. with the new bost record Boops boops.

The observation of the generzl shape of the body, segmentation, and appendages of crustzceans revezls the presence of six
farmbes: Lemaeopodidae Milne Edwards, 1840 (genus: Nactranchia Hesse, 1863, pemms: Clavella Oken, 1815 and genus: Clavelhsa
Wilson CB._, 1915), Lemanthropidae Eabata, 1979 {genus: Lemanthrepus de Blamalle, 1822), Calimdze Burmeister, 1835 (genus:
Caligus Miller O F_ 1785), Hatschekndae Kabata, 1979 (genus: Harschekia Poche, 1902), Gnathndae Leach 1814 (genus: Grathia
Leach 1814) and Lemaeidae Cobbold, 1879 (germs: Larmaea Linnaens, 1758).

A wide vanety of crustacean parasites have been documented along Algena's coasthnes, especially within the Gulf of Bejaia.
Motably, Naobranchia cyveniformis was found on species such as Sparus aurata and Boops boops, as detailed by Hafir Mansoun et
al (2017} and Boualleg et al (2011). Addihonally, Clavelliza emarginata mfecting dlosa fallax zlgeriensis was recorded by Hafir
Mansown et al. (2017) and Ramdam et al. (2020), whale Larmanthropus broyeri was identified on the zills of Dicentrarchus labrax
by Boualleg et al (2011). The presence of Haschekia mulli in Mullus barbane was also highlishted by Boualleg et al. (2011).
Furthermore, the Lernasa gemms was notably reporfed from Algerian waters with specific species noted by Barouk et al. 2018
Species from the genus Caligus, particularly noted by Famdane and Trlle 2010, were dentfied m Lithesnathus mormpris and
Mullus barbanis, markmg the first identification of Caligus elongams on the Algeran coasthne. Moreover, this paper presents the

first detection and new host of Grathia marleyd mfecting Sparus aurata m Algena, a parasite ongmally described m the Canbbean
by Farquharson et al. (2012}

Moreover, the collection of unidentified parasite forms from several host fishes indicates the potential for discovering new
parasite species, highhghting the mportance of contmons momtornng and research in manne parastology. This not only aids in

the documentation of brodiversity but also m understandimg the ecological roles these parasites play In marine ecosystems.
Several authors have previously reported the mfection of mlls by the same groups of parazites 1dentified. Cur results did not
show an apparent pathogeme effect Imked to the presence of these paramites (Monogeneans and Crustaceans). Many autheors have
pomted out the existence of pathologies followme zill infactons by parasites. For example, we menhon the mfaction of the glls of
Lates albertiamus by the Monogenean Diplectanum lacustriz, which stmmlates extensive hyperplasia of the branchial eprtheliem

arcund the parasite's attzchment pomt. These cellular changes affect the branchial resprratory funchon and doectly cause the death
of the fish (Olrver 1977; Papama 1991).

The attachment of specimens of Ergasiluz megacheir (Sars G0, 1909) (Copepeds: Ergasihdae) to the branchal flaments of
Cichlids (Fryer 1968) causes erosion. Such erosion processes often lead to significant byperplasia of the epithelim which, when
the mfechon 15 prolonged. can extend over large areas of the zills, causing the fusion and embedding of the lamellas, with the
consequence of a reduction mn the respiratory fimetion of the gills (Kabata 1970; Paperna and Zwerner 1981). The econonue losses
due to the infection result not cnly from the direct damages caused to fish but also from the disfisuement that makes fish raised for MarCh/2025
food and ormamental fish unfit for sale.
Crustaceans were the most frequently recorded parasite group. Sumlarly, Clavelliza emarginata, reported by Famdam ot al.
(20200 m Sardinella aurita, also appeared m this study with 3 sigmficant prevalence of 60%, remforemg its ecological importance
among Algerian fish hosts. The indices of prevalence (P%6), mean mtensity (Im) and mean abundznee (Am) provide a quanfitative
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understanding of host-parasite interactions. For example, Clavella adunca m Sardimella aurita exhibited a prevalence of 100%,
emphasizing a ighly specialized host-parasite relationship. Conversely, Hazchekia mulli m Mullus barbans showed a much lower
prevalence of 14.28%, mdicating less frequent mteractions or differences in ecological mches.

This study adds to the regzional lodiversity with obsarvations of Grathia marleyi In Sparus awrata and Lemanthvopis kroveri
in Sericla dumerili. These findings complement previous reports of crustzcean parasites infecting vanous Algenan fish species
(Famdam and Famdane 2024). The igh prevalence of crustaceans and other parasites mn commercially important species, such as
Sardinella aurita and Mullus barbanis, underscores the potential econormc and ecological mpacts of parasitism. Infestations may
affect fish quality and vield necessitating mmproved management stategies m fisheries and aquamalture.

%, Conclusion

This study enniched cur knowledge of the parasiic fauna m the Gulf of Bejaia, lnghlighting the significance of such research in
understanding ecological relatonships, beodiversity, and the potenfial mmplications for marne resowrce management and
conservaton Further research forusing on the hife cyeles, impact on host fimess, and ecological roles of these parasites could
provide deeper insights into the complex web of inferactions within marine ecosystems.

Acknowledgments: I wish to thank the fishermen who belped us with our samplhng survey.
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