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Abstract. Red mullet Mullus barbatus, Linnaeus, 1758, is a benthic marine fish. Because of its wide 
geographic distribution and close association with sediments, red mullet is commonly used as a sen-
tinel species for pollution assessment along the Mediterranean coast. A total of 500 specimens were 
examined from the Gulf of Bejaia, eastern coast of Algeria, from June 2018 to June 2019 by X-ray 
radiography and histopathological examination. We observed for the first time in Algeria complex 
spinal column deformities (kyphosis, lordosis, and scoliosis), vertebral coalescence, vertebral fusion, 
missing of one pelvic fin, caudal fin abnormalities, congested cheek, lymphocystis, ovary malforma-
tion, and asymmetric testis. Additionally, fibrosis, inflammatory reaction, melano-macrophage centres, 
necrosis, atresia, and disturbance of normal tissue were detected by histopathology examination.
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introduCtion

The Algerian coast is under a significant anthropogenic 
pressure (Benkhadda et al. 2020; Mankou-Haddadi et 
al. 2021). Specific mining operations, several facto-
ries (agro-food), and waste dumps (metallic mercury, 
pharmaceuticals, pesticides, etc.) are frequently located 
upstream of waterways flowing into the Gulf of Bejaia 
(Aissioui et al. 2021).
The emergence of various deformities that may indicate the 
presence of ecosystem disturbances can be used to track 
and monitor changes in fish habitats (Gavruseva 2020). 
Abnormalities are irreversible, natural or anthropogenic 
deviations from the typical morphology of wild fish (Di-
vanach et al. 1996). Lymphocystis disease is one of the 
oldest and most widespread viral diseases of fish (Borrego 
et al. 2017). Different types of gonad malformations such 
as hermaphroditism, asymmetry, atrophy, segmented, 
branched gonads were described in many fish populations 
(Hliwa et al. 2011; Rajasilta et al. 2016). Skeletal deformi-
ties (kyphosis, lordosis, scoliosis, vertebral coalescence and 
fusion, fin abnormalities) are a major factor that affects the 
production cost (Berillis 2015).
Due to its extensive geographic distribution and close 
association with sediments, the red mullet is considered 
one of the most crucial sentinel species for the Mediter-
ranean (Porte et al. 2002; Regoli et al. 2002). Mullus 
barbatus Linnaeus, 1758 is a marine demersal fish that 
lives at depths of up to 300–400 m. This fish in particular 

is one of the most important targets of bottom-trawl 
fishing operations (Tserpes et al. 2019).
In Algeria, many studies have been carried out on 
M. barbatus such as parasitism (Boualleg et al. 2010; 
Ramdane et al. 2010), reproduction (Hebbar et al. 
2012), mortality (Hebbar and Boutiba 2015), popula-
tion dynamic parameters (Bensahla Talet et al. 2016), 
feeding habits (Boudraa et al. 2018), contamination of 
red mullet by heavy metal (Atoui et al. 2019; Aissioui 
et al. 2021). However, no studies have investigated the 
anatomical and histological abnormalities of this spe-
cies in this region.
Fish anomalies are frequently easy to identify macro-
scopically and thus offer an important advantage over 
other methods, especially for researchers operating in 
the field without access to laboratory equipment (Jawad 
and Abed 2021).
The objectives of the present paper were to report and 
describe for the first time the abnormalities in M. barbatus 
from the Gulf of Bejaia. The possible causes supposed to 
be involved in these abnormalities were discussed.

materials and methods

sample collection and treatment
The sampling area corresponds to the commercial 
fisheries from the Gulf of Bejaia, in the eastern coast 
of Algeria (Figure 1). From June 2018 to June 2019, a 
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total of 500 specimens of M. barbatus, ranging between 
98 to 225 mm in total length (TL) were examined. The 
total and standard length and weight (W) of all speci-
mens were measured to the nearest 0.1 mm and 0.1 g, 
respectively. Sex was identified.

sample examination
Any macroscopic abnormalities were registered: verte-
bral deformities, fins, gills, skin, mouth, eyes, liver and 
gonads malformations. Morphological abnormalities 
were photographed with a digital camera Fujifilm 16 
Mega pixel.

radiographic examination
Two specimens have shown vertebral anomalies. They 
were then subjected to photography and radiography. A 
normal specimen caught from the same fishing locality was 
also radiographed and used for comparison. Radiological 
images were also taken in both lateral and dorso-ventral 
positions of each fish to show the type of the malformations 
by Standard radiograph Stephanix ex 600.

using the radiographs
To assess the degree of abnormality in the anomalous 
individuals, we measured the height of the curvature of 
the spinal column (HC). This is the distance between the 
tangent to the apical vertebra and a straight line pass-
ing through the base of the two vertebrae that limit the 

curvature. The depth of curvature (DC) was calculated 
with the following formula: DC = (HC / SL) × 100  
(SL = standard length fish) used by Louiz et al. (2007). 
The angle of vertebral abnormalty was measured from 
the deformity’s centre.

Histological study
The target tissues including the white nodal on the 
caudal fin, asymmetric testicles, ovarian affected tis-
sue, and cheek congested tissue were prepared for the 
histological examination by fixing in 10% neutralized 
formalin solution. The samples were then dehydrated in 
increasing ethanol concentrations (70 to 100%), cleared 
in xylene and embedded in paraffin wax. Histological 
sections of 3 µm thickness were then performed us-
ing a Leica RM2025 rotary microtome. Sections were 
mounted on glass microscope slides, stained with 
Mayer’s haemalun-eosin, and mounted with Canada 
balsam. They were then examined and photographed 
by light microscopy with an integrated camera.

results

Cheek congestion
A 155 mm (TL), 115 mm (SL), and 36.4g (W) fish 
showed clear signs of erythema and swelling in the left 
cheek (Figure 2 A). There were no other anomalies in 
necropsy.

Figure 1. Location of the Gulf of Bejaia (Ramdani et al. 2021).
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Histopathological findings revealed multiple lesions. 
A marked inflammatory response within the dermal 
connective tissues was detected. Fibrosis and melano-
macrophage centres (MMCs) infiltrating underlying 
adipose and muscular tissue were also identified. Necro-
sis of muscle fibres disturbing the normal tissue was 
also recognized. Alongside these lesions, no infectious 
agents were found (Figures 2 B, C, D, E).

Skeletal anomalies
spinal deformities
The measurements of two abnormal fishes were 165 mm 
(TL), 132 mm (SL), and 47.1 g (W) for the first one, 
and 180 mm (TL), 140 mm (SL), and 74.8 g (W) for the 
second abnormal fish. The normal specimen measured 
was 164 mm (TL), 131 mm (SL), and 49.6 g (W).
Compared to the normal column radiographs (Figures 
3 A, B) radiological imaging indicated the presence of 
three types of curvatures observed in the two specimens 
of M. barbatus examined in this study: scoliosis (S-
shaped vertebral column), lordosis (V-shaped vertebral 
column), and kyphosis (Λ-shaped vertebral column). 
Morpho-anatomical examination revealed no deformi-
ties in the mouth or fins.
In the first case, scoliosis was visible externally. The 
fish’s spine was twisted sideways (Figure 3 C). The 
vertebrae (v) involved in this scoliosis were the 9–16th v. 
The 12th v was located at the centre of the deviation. The 

value of the angle “A” was 176° and the depth of the 
curvature was 2.8 mm. Ribs, intervertebral spaces, and 
vertebral thickness were all normal (Figure 3 D).
In the second case, externally, the fish appeared to be 
compressed when compared to the normal fish. Lateral 
deviations with three humps in different sizes of the ver-
tebral column were observed. Besides every two humps, 
the fish revealed a concavity. The lateral line was disrupted 
in several places (Figures 3 E, G). According to X-ray 
radiographs (Figures 3 F, H), the whole spinal column’s 
vertebrae appeared to have been affected by this defect 
and showed varying degrees of abnormalities. This tera-
tology consisted of a complex spinal column deformity, 
a continuous case of kyphosis-lordosis-scoliosis from the 
head to the tail. The vertebrae forming the 1st kyphotic arch 
were the 1st–8th v, with the 4–5th v at the top of the arch, 
followed by the 1st lordotic arch containing the 5–14th v, 
with the 9th v at the bottom of the arch. The lateral side of 
the spinal column showed double lateral deviations (F) and 
(G). The 1st scoliotic arch comprised the 12–17th v, and the 
2nd scoliotic arch included the 18–23th v. The 2nd lordotic 
arch (D) involved 15–20th v, with the 17–18th v located at 
the bottom of the arch. It was restricted between the 2nd and 
the 3rd kyphosis arches (C) and (E). The vertebrae forming 
the 2nd kyphotic arch were the 10–17th v. The 3rd kyphotic 
arch comprised the 18–23th v, with the 14th v and the 20th v 
at the top of the arch, respectively.
The angles “A”, “B”, “C”, “D”, “E”, “F”, “G” in the 
2nd specimen had the following values: 98°, 118°, 142°, 

Figure 2. Photographs showing congested cheek. a: Fish with congested cheek; B: Fibrosis and inflammatory cells infiltrat-
ing underlying adipose and muscular tissue. Melano-macrophage centres (MMC). Gross vessel (black asterisks). C: Fibrosis 
and inflammatory cells infiltrating underlying muscular tissue. D: Melano-macrophage centre (MMC) infiltrating underlying 
adipose tissue. E: Necrosis of muscle fibres (black asterisks). Scale bar: a = 1 cm, B, E = 100 µm, C, D = 50 µm.
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144°, 153°, 133°, 144°, respectively, with depths of 
11.57, 11.43, 6.79, 5.21, 4.5, 5.79, 4.36 mm, respec-
tively.
Irregular intervertebral spaces and vertebral coalescence 
in different regions have been detected. This includes 
the 11–14th, 15–17th and 18–19th vertebrae. Vertebrae fu-
sion has been identified at the 19–21thv. Many deformed 
neural and haemal spinesin lordotic and kyphotic arches 
have been observed.
Caudal fin abnormalities
Caudal fin deformity was visible on the fish body im-
mediately. Anomalous caudal fin has been observed in 
13.2% of specimens (130–178 mm (TL) and 21–74.5 g 
(W)). Different caudal fin anomalies (asymmetric fins, 
wavy rays, reduced fins, deformed shape) have been 
also observed (Figures 4 B, C, D).

lymphocystosis
Externally, the infected female fish with measurements 
of 140 mm (TL), 114 mm (SL), and 29.6 g (W) showed 
a white nodule with the average length and width of 3 

mm and 2 mm, respectively. The nodule was multilobu-
lated, exophytic, presenting a cauliflower-like cutane-
ous mass protruding from the caudal fin of fish. No 
significant internal signs were detected after necropsy 
(Figure 5 A).
The histological slides revealed that the lesions col-
lected from the caudal fin of the infected M. barbatus 
exhibited pathognomonic signs of disease: cytomegaly 
of dermal fibroblast cells, with a granular cytoplasm, 
contains basophilic inclusions (Figure 5B), surrounded 
by a hyaline capsule (Figure 5C). No significant inflam-
matory process was detected around the cysts.

Gonad abnormalities
testes asymmetry
One male fish with the measurements of 152 mm (TL), 
123 mm (SL), and 39.1 g (W) showed a noticeable 
disproportion in the size of both lobes. The right one 
revealed swelling and shortening (Figure 6 A). Both 
lobes were distinctly separated, and no microscopic 
disorders in this testis were noticed.

Figure 3. Photographs illustrating spinal deformities in M. barbatus. A, B: Radiographs showing normal vertebral column. C, 
D: Specimen showing scoliosis. E, F, G, H: Specimen showing a complex spinal column deformity (E, F: kyphosis-lordosis; 
G, H: double scoliosis). Scale bar = 1 cm.
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Figure 4. Photos showing fin deformities. A: Missing pelvic fin (red asterisk). B, C, D: Caudal fin deformity (red arrow). 
Scale bar = 1 cm.

Figure 5. Photos of caudal fin showing lymphocytosis. A: Caudal fin infected by lymphocystis cells. B: Histological view of 
lymphocystis cells (N: nucleus; H: hyaline capsule). C: Photo showing bodies inclusions in infected cells (see red arrows). 
Scale bar: A = 0.5 cm; B = 300 µm; C = 50 µm.

Ovary malformation
One female fish in ovulation phase, with the measure-
ments of 175 mm (TL), 147 mm (SL), and 66.7g (W) has 
shown asymmetric lobes. Its left lobe had an ovary cyst 
with a mild strangulation from the normal part which 
was more transparent than the whole organ. Yellow-
ish masses like a group of mature ovocytes were also 
observed (Figure 6 B).
Histopathological examination indicated a mature ovary 
with a disorganized architecture. The presence of atresia 
foci and melano-macrophage centres has been noted at 

this stage of the study (Figure 6 C). Unknown crescent-
shaped structures were also observed (Figure 6 D).

disCussion

Abnormalities are well documented in fish populations 
from different parts of the world (Sindermann et al. 
1978; Divanach et al. 1996; Smith et al. 2002; Gavruseva 
2020). Fish anomalies are frequently easy to identify 
macroscopically and thus offer an important advantage 
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over other approaches, especially for researchers operat-
ing in the field without access to laboratory equipment 
(Jawad and Abed 2021). However, there is no published 
information concerning malformations on M. barbatus 
of the Algerian coast. Here, we report our first observa-
tions on deformities in this species in this area.
In adult farmed rainbows, some dermal changes and 
histopathological similarities to our case (Figure 2) have 
been reported. Typically, only one side of the head was 
affected. This is the case of swelling and redness of the 
cheek/jaw region, extensive inflammation surround-
ing the cartilage, infiltrated muscular and connective 
tissues, which are visible microscopically (Cano et al. 
2021). The inflammatory process may be initiated by 
biological, chemical, or physical agents. It may persist 
and develop into a chronic reaction because an acute in-
flammatory reaction cannot be resolved, either because 
of the injury-causing agent’s persistence or some inter-
ference with the body’s normal healing process. When 
the inflammatory injury involves tissues that cannot 
regenerate or when there is a significant amount of fibrin 
exudate, the area of exudate becomes covered in con-
nective tissue, which transforms it into a mass of fibrous 
tissue. The damaged tissue is gradually reabsorbed and 
replaced by fibrosis (Kumar et al. 2004).

Adventitious melano-macrophage centres (MMCs) can 
develop within maturing chronic inflammatory lesions 
(Agius and Roberts 2003). In teleost fish, MMCs, also 
known as pigmented cells, include melanin, ceroid/
lipofuscin, and haemosiderin as intracytoplasmic pig-
ments (Wolke 1992), which have been described as 
densely packed clusters of macrophages with a variety 
of inclusions and are commonly found as distinct groups 
in haematopoietic and some other soft tissues (Agius 
and Agbede 1984). These MMCs are commonly used 
as biomarkers for diseases, toxic pollutants, and envi-
ronmental destruction (Agius and Roberts 2003).
This chronic inflammation probably prevents gaping 
and jaw mobility, ultimately preventing feeding. With-
out additional tests and in the absence of a pathogen 
identified on the cheek lesions many probable etiolo-
gies could be attributed: viral, bacterial, and it may be 
a trauma. A possible link to water contaminations was 
also taken into account. Fish exposed to contaminated 
waters can bioaccumulate heavy metals. At a certain 
degree of exposure and absorption, all heavy metals 
are potentially toxic to most organisms (Gümgüm et al. 
1994). According to Aissioui et al. (2021), M. barbatus 
had the highest Cd and Hg levels than other benthic fish 
species found along the Algerian coast, in which Bejaia 

Figure 6. Photos showing anomalous gonads. A: Asymmetric testis. B: Ovary cyst. C: Melano-macrophage centres (M) 
and ovocyts atretic foci (red asterisks). D: Unknown structures (black asterisks). Scale bar A, B = 1 cm, C = 400 µm,  
D = 100 µm.
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coast has shown the highest average concentrations of 
Hg. This is most probably due to M. barbatus’s burrow-
ing attitude, which exposes it to contaminants through 
the sediments.
Naturally occurring skeletal abnormalities are infrequent 
in wild fish populations, either because they are less 
abundant or because the abnormal fish are less viable 
in their natural habitat (Gavaia et al. 2009). Skeletal 
abnormalities are a complex mixture of different bone 
disorders and are not well understood (Berillis 2015). 
Many parts of fish body can be affected by these abnor-
malities: cranium, vertebral column, ribs, and fins (De 
La Cruz-Aguero and Perezgomez-Alvarez 2001). Fish 
anomalies can be divided into two principal categories: 
severe ones that impact fitness, and less severe ones 
that don’t affect survival (Jawad et al. 2019). Kyphosis, 
lordosis and scoliosis are the most prevalent forms of 
deformity seen in fish, which can cooccur in a variety 
of ways (Arbuatti et al. 2013).
Previously, spinal malformations, fusion, coalescence, 
hyperostosis and some minor abnormalities were ob-
served in one specimen of red mullet collected from 
Izmir (Jawad and Akyol 2018). Another one showed 
a lordosis-kyphosis-ankylosis case collected from the 
northern Aegean Sea, Turkey (Jawad et al. 2018). There 
are numerous scoliosis cases similar to our first case 
that have also been reported for other species with vari-
able degrees of severity (Wakida-Kusunoki et al. 2014; 
De Azevedo et al. 2016; Jawad et al. 2019). Our second 
case had similarities to those described in reared Sparus 
aurata (Afonso et al. 2000), Zosterisessor ophiocephalus 
and Aphanius fasciatus from the Gulf of Gabes (Mes-
saoudi 2008, 2009). The spinal fusion seen in this speci-
men is often characterized by the emergence of changes 
in the extracellular matrix contents (ECM) and minerali-
zation of intervertebral sites and arch centre (Ytteborg 
et al. 2010 a). The current specimen may have faced 
unfavourable environmental circumstances that caused 
this malformation. Kranenbarg et al. (2005) suggested 
that the observed alterations in the vertebral bone struc-
ture might be caused by either (1) distorting the normal 
vertebral form or (2) actively remodelling the vertebral 
osteoid bone as a result of external influences.
Since the affected specimens were adults, the case of 
deformation was not lethal, but it undoubtedly had some 
impacts on mobility. The swimming ability of normal 
fish and of fish with skeletal abnormalities were notice-
ably different (Basaran et al. 2007). The paired fins of 
fish involving pelvic fins are primarily concerned with 
the generation of vertical forces, and thus have a signifi-
cant impact on pitching (rising and diving) equilibrium 
(Harris 1937). On one hand, there are numerous cases 
of absence of one pelvic fin or both pelvic fins (Val-
ladolid and Przybylski 2000; Jose et al. 2020; Jawad 

and Abed 2021). On the other hand, various abnormali-
ties concerning the caudal fin were described in many 
fishes: double caudal fin, tri-lobed caudal fin, partial tail, 
separate extra caudal fin rays, undulation of the caudal 
fin, reduced or asymmetric fins (Tyler 1970; Jawad 
et al. 2010; Berillis 2015; Quigley 2015; Jassim et al. 
2018). Any abnormality in the caudal fin reduces the 
flexibility of the tail, lowering the fish’s performance, 
including its ability to find food and avoid predators 
(Jawad et al. 2010). It is evident from the current study 
that fish teratology is extremely complicated and can-
not be attributed to a single reason. Multiple causes can 
be suggested: genetics (Ishikawa 1990; Berillis 2017), 
malnutrition as phosphorus deficiency, vitamin C defi-
ciency, vitamin K deficiency and hypervitaminosis A 
(Berillis 2015), parasites and bacteria (Treasurer 1992; 
Balebona et al. 1993; Kent et al. 2004; Yokoyama et 
al. 2005; Pasnik et al. 2007;). According to Raj et al. 
(2004) environmental factors are also important and can 
engender deformities by altering the biological mecha-
nisms needed to keep the biochemical integrity of bone, 
or by neuromuscular effects, which cause deformities 
without causing a chemical change in vertebral com-
position, such as temperature (Ytteborg et al. 2010 b; 
Amoroso et al. 2016), water velocity (Backiel et al. 
1984), light (Agniwanshi 2018), and heavy metals can 
also play a role (Sfakianakis et al. 2015; Messaoudi et 
al. 2009). It has also been reported that deformed fins, 
including the lack of pelvic and caudal fin anomalies, 
have previously been linked to inherited or post-natal 
anomalies and environmental stressors (Slooff and Van 
Krejl 1982; Valladolid and Przybylski 2000; Jawad 
and Abed 2021). Skeletal abnormalities pose a serious 
threat to fish survival and growth. The morphological 
appearance of the commercial fish is impacted by these 
deformities, which lowers their market value (Berillis 
2015).
In the aquatic environment, lymphocystis disease (LCD) 
is one of the oldest and most ubiquitous fish viruses 
(Borrego et al. 2017). While most of the LCD research 
has concentrated on ornamental or aquaculture-relevant 
species, little attention has been paid to the phenom-
enon’s manifestation in wild populations (Palmer et 
al. 2012). It is the first detection of LCD case in fish 
populations in Algeria. There are no epidemiological 
findings related to the LCD causative virus in this part 
of the Mediterranean Sea. It is also the first report of 
lymphocystis disease in red mullet (Mullus barbatus) 
in the world, although its congener (Mullus surmelutus) 
was diagnosed in Plymouth waters in 1949 (Alexandro-
wicz 1951). In this study, the diagnosis of lymphocytosis 
infection was made by histopathological study, but it 
was impossible to identify the species of lymphocystis 
virus causing the infection, because of lack of the needed 
molecular identification equipment.
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Clinically and histopathologically, the disease affecting 
Mullus barbatus is very similar to other cases of LCD 
that have been reported in previous different fish spe-
cies (Alexandrowicz 1951; Palmer et al. 2012; Cherif 
et al. 2020). The giant cells can be found isolated or 
in clusters and frequently appear as nodules beneath 
the epidermis, particularly on the fins (Russel 1974). 
The presence of only one single small node of LCD in 
this case is probably due to the fact that the fish in the 
present study are young and the disease had a limited 
life cycle (Sheng et al. 2007). The lack of any inflamma-
tory response in other fish species has been previously 
documented (Durham and Anderson 1981; Perretta et 
al. 2020) and this can be due to the fact that the disease 
is still developing (Russell 1974; Perretta et al. 2020).
It has been reported that fish under increasing chemical 
contaminants or other anthropogenic stressors are more 
vulnerable to lymphocystis (Overstreet 1988; Vethaak 
1996; Hogan et al. 2018). According to Vethaak (1996) 
pollution exposure could increase lymphocystis preva-
lence, probably due to fish immunosuppression. LCD 
infection has been previously noticed to be responsive to 
temperature (Hossain et al. 2009). The seasonal preva-
lence of the disease has also been reported (Kitamura et 
al. 2007). Nigrelli (1952) and Wolf (1962) have reported 
that there was a relationship between lymphocystis 
disease and certain parasites, although LCD infections 
are generally benign and self-limiting. The affected fish 
could become unmarketable due to the warty appearance 
(Borrego et al. 2017).
Due to its vulnerability to external perturbations repro-
duction is a sensitive environmental indicator (Rajasilta 
et al. 2016). Many types of gonads malformations such 
as hermaphroditism, atrophy, compartmentations, and 
asymmetry have been described for a number of fish 
populations in both sexes (Bernet et al. 2004; Hliwa 
et al. 2011; Sopinka et al. 2012; Rajasilta et al. 2016). 
Rajasilta et al. (2016) have reported that asymmetry was 
the most frequent gonad type that deviated from normal 
in the Archipelago Sea, which was observed during the 
entire study period at varying but low frequencies.
Abnormalities concerning the development of the re-
production system may occur as early as in the stage of 
gonad formation (Hliwa et al. 2011). Since asymmetries 
were prevalent in the coregonids of Lake Thun and two 
nearby lakes, it is believed that they represent a natural 
component of the variation in whitefish gonadal mor-
phology (Bernet et al. 2009). Sopinka et al. (2012) have 
reported that Porichthys notatus males in high-exposure 
areas exhibited more asymmetry in their testicles, 
shorter-headed sperm, and fewer living eggs in their 
nests. However, Rajasilta et al. (2016) have suggested 
that asymmetric gonads would only be minor deviations 
from the usual and wouldn’t impact the fish’s ability to 

reproduce regularly. The causes of such anomaly are 
still unknown, but it has been shown that pathogens, 
parasites, and chemicals that produce crypto-endocrine 
or toxic effects can all have a significant impact on how 
fish gonads form and behave (Hliwa et al. 2011; Sopinka 
et al. 2012; Rajasilta et al. 2016).
In addition to what has already been reported (patholo-
gies, toxic pollutants, and environmental degradation), 
MMC may also develop during ovarian atresia (Ravaglia 
and Maggesse 1995; Kumar and Joy 2015). Although it 
is more common in regressing ovaries during the post 
spawning period, follicular atresia is a normal part of 
fish oogenesis and is seen throughout the ovarian cycle 
(Ganias et al. 2008). Lower annual fecundity and even 
infertility in fish, both wild and farmed, can result from 
an increase in atretic rate above physiological levels 
(Corriero et al. 2021). Follicular atresia has been shown 
to rise above average rates due to a number of factors 
such as starvation and different forms of stress (Brraich 
and Jangu 2015; Corriero et al. 2021). Water pollution 
can also result in follicular atresia by endocrine-dis-
rupting chemicals (Brraich and Jangu 2015; Chukwuka 
et al. 2019). Recent studies suggest that also exposure 
to microplastics can lead to atretic folicles (Yan et al. 
2020). Due to the abnormal macroscopic ovary, we sug-
gest that atresia and MMCs were pathological probably 
caused by aquatic pollution.

ConClusion

Fishery management is critical for Algeria, as it is for 
other Mediterranean Sea countries, on both a social and 
economic level. Deformities that affect fish cause losses, 
or customers found it to be unfavourable. However, in 
order to avoid public health issues, our first priority 
should be to highlight the main causes of these malfor-
mations by more advanced methods and make additional 
efforts to improve fisheries management.

reFerenCes

Afonso, J.M., Montero, D., Robaina, L., Astorga, N., 
Izquierdo, M.S., & Gines, R. 2000. Association of 
a lordosis-scoliosis-kyphosis deformity in gilthead 
seabream (Sparus aurata) with family structure. 
Fish Physiology and Biochemistry 22, 159–163.  
https://doi.org/10.1023/A:1007811702624

Agius, C., & Agbede, S.A. 1984. An electron micro-
scopical study on the genesis of lipofuscin, melanin 
and haemosiderin in the haemopoietic tissues 
of fish. Journal of fish biology 24(4), 471–488.  
https://doi.org/10.1111/j.1095-8649.1984.tb04818.x

https://doi.org/10.1023/A:1007811702624


148 Asma Bensaada, Souhila Ramdani, Keltoum Ichalal, Chafika Mouhoub-Sayah, Hafsa Djoudad-Kadji

Agius, C., & Roberts, R.J. 2003. Melano-macrophage 
cen t res  and  the i r  ro le  in  f i sh  pa tho logy. 
Journal  o f  f i sh  d i seases  26(9) ,  499–509.  
Doi: 10.1046/j.1365-2761.2003.00485.x

Agniwanshi, S. 2018. Effect of Various Light Conditions 
on Vertebral Column Shape from Pre to Post Spawning 
Phases in Clarias batrachus: an Indian Cat fish. Ambient 
science 5(2), 40–43.

Aissioui, S., Poirier, L., Amara, R., & Ramdane, Z. 2021. 
Concentrations of lead, cadmium, and mercury in 
Mullus barbatus barbatus (L.) from the Algerian 
coast and health risks associated to its consumption. 
Regional Studies in Marine Science 47, 101959.  
Doi: 10.1016/j.rsma.2021.101959

Alexandrawicz, J.S. 1951. Lymphocystis tumours in the red 
mullet (Mulluss urmuletus L.). Journal of the Marine 
Biological Association of the United Kingdom 30(2), 
315–332. Doi: 10.1017/S0025315400012807

Amoroso, G., Adams, M.B., Ventura, T., Carter, C.G., & 
Cobcroft, J.M. 2016. Skeletal anomaly assessment 
in diploid and triploid juvenile Atlantic salmon 
(Salmo salar L.) and the effect of temperature in 
freshwater. Journal of Fish Diseases 39(4), 449–466.  
https://doi.org/10.1111/jfd.12438

Arbuatti, A., Della Salda, L., & Romanucci, M. 2013. Spinal 
deformities in a wild line of Poecilia wingei bred in 
captivity: report of cases and review of the literature. 
Asian Pacific Journal of Tropical Biomedicine 3(3), 
186–190. Doi: 10.1016/S2221-1691(13)60047-7

Atoui, S., Djerrou, Z., Boughrira, A., & Kada, M. 2019. 
Bioaccumulation of cadmium and lead in the muscle 
tissue of Mullus barbatus in Skikda and Jijel Bays 
Eastern Algeria. International Letters of Natural 
Sciences 74. https://doi:.org/10.18052/www.scipress.
com/ilns.74.10

Backiel, T., Kokurewicz, B., & Ogorzałek, A. 1984. High 
incidence of skeletal anomalies in carp, Cyprinus carpio, 
reared in cages in flowing water. Aquaculture 43(4), 
369–380. Doi: 10.1016/0044-8486(84)90245-X

Balebona, M.C., Morinigo, M.A., Andrades, J.A., 
Santamaria, J.A., Becerra, J., & Borrego, J.J. 1993. 
Microbiological study of gilthead seabream (Sparus 
aurata, L.) affected by lordosis (a skeletal deformity). 
Bulletin – European association of fish pathologists 
13, 33–33.

Basaran, F., Ozbilgin, H., & Ozbilgin, Y.D. 2007. Effect of 
lordosis on the swimming performance of juvenile sea 
bass (Dicentrarchus labrax L.). Aquaculture Research 
38(8), 870–876.

Benkhedda, B. Belguermi, A., & Kanat, G. 2020. 
Monitoring harmful microalgae in Algerian coastal 
waters: guidelines and recommendations. Journal of 
Water Science and Environment Technologies 4(2), 
495–498.

Bensahla Tale, L., Bensahla Talet, A., & Boutiba, Z. 2016. 

Population dynamic parameters of the red mullet 
Mullus barbatus (Mullidae) in the Arzew Gulf, Algeria. 
International Journal of Aquatic Biology 4(1), 1–10.

Berillis, P. 2015. Factors that can lead to the development 
of skeletal deformities in fishes: a review. Journal of 
Fisheries Sciences. Com. 9(3), 17.

Berillis, P. 2017. Skeletal Deformities in Seabreams. 
Understanding the Genetic Origin Can Improve 
Production? Journal of Fisheries Sciences. Com. 
11(2), 57.

Bernet, D., Wahli, T., Kueng, C., & Segner, H. 2004. 
Frequent and unexplained gonadal abnormalities 
in whitefish (Central Alpine Coregonus sp.) 
from an alpine oligotrophic lake in Switzerland. 
Diseases of Aquatic Organisms 61(1–2), 137–148.  
Doi: 10.3354/dao061137

Bernet, D., Wahli, T., Kipfer, S., & Segner, H. 2009. 
Macroscopic gonadal deviations and intersex in 
developing whitefish Coregonus lavaretus. Aquatic 
Biology 6, 1–13. Doi: 10.3354/ab00159

Borrego, J.J., Valverde, E.J., Labella, A.M., & Castro, D. 
2017. Lymphocystis disease virus: its importance in 
aquaculture. Reviews in Aquaculture 9(2), 179–193. 
https://doi.org/10.1111/raq.12131

Boualleg, C., Ferhati, H., Kaouachi, N., Bensouilah, M., & 
Ternengo, S. 2010. The Copepod parasite of the gills 
of four teleost fishes caught from the gulf of Annaba 
(Algeria). African Journal of Microbiology Research, 
4(9), 801–7.

Boudraa, I., Derbal, F., & Kara, M.H. 2018. Feeding habits 
of the red mullet, Mullus barbatus (Mullidae) of eastern 
coasts of Algeria. Vie et milieu-life and environment 
68(4), 213–220.

Brraich, O.S., & Jangu, S. 2015. Some aspects of 
reproductive biology on effect of heavy metal 
pollution on the histopathological structure of 
gonads in Labeo rohita (Hamilton-Buchanan) 
f rom Harike wet land,  India .  Internat ional 
Journal of Fisheries and Aquaculture 7(2), 9–14.  
Doi: 10.9734/JPRI/2021/v33i44B32690

Cano, I., Worswick, J., Mulhearn, B., Green, M., 
Feist, S.W., & Clinton, M. 2021. Cranial Mandibular 
Fibrosis Syndrome in Adult Farmed Rainbow 
Trout Oncorhynchus mykiss. Pathogens 10(5), 542.  
Doi: 10.3390/pathogens10050542

Cherif, N., Amdouni, F., Maatoug, K., & Zaafran, S. 2020. 
Case Report: First occurrence of Lymphocystis disease 
virus 3 (LCDV-Sa) in wild marine fish in Tunisia. Ann. 
Mar. Sci. 4, 24–29. Doi: 10.17352/ams.000022

Chukwuka, A., Ogbeide, O., & Uhunamure, G. 2019. Gonad 
pathology and intersex severity in pelagic (Tilapia zilli) 
and benthic (Neochanna diversus and Clarias gariepinus) 
species from a pesticide-impacted agrarian catchment, 
south-south Nigeria. Chemosphere 225, 535–547.  
https://doi.org/10.1016/j.chemosphere.2019.03.073

http://dx.doi.org/10.1046/j.1365-2761.2003.00485.x
http://dx.doi.org/10.1016/j.rsma.2021.101959
http://dx.doi.org/10.1017/S0025315400012807
https://doi.org/10.1111/jfd.12438
https://doi:.org/10.18052/www.scipress.com/ilns.74.10
https://doi:.org/10.18052/www.scipress.com/ilns.74.10
http://dx.doi.org/10.1016/0044-8486(84)90245-X
http://dx.doi.org/10.3354/dao061137
http://dx.doi.org/10.9734/JPRI/2021/v33i44B32690
http://dx.doi.org/10.3390/pathogens10050542
http://dx.doi.org/10.17352/ams.000022
https://doi.org/10.1016/j.chemosphere.2019.03.073


149First abnormalities investigation in Mullus barbatus (Mullidae) from the Eastern Coast of Algeria

Corriero, A., Zupa, R., Mylonas, C.C., & Passanti-
no, L. 2021. Atresia of ovarian follicles in fishes, 
and implications and uses in aquaculture and 
fisheries. Journal of Fish Diseases 44(9), 1271–1291.  
Doi: 10.1111/jfd.13469

De Azevedo, A.M., Losada, A.P., Ferreiro, I., Riaza, A., 
Vázquez, S., & Quiroga, M.I. 2016. New insight 
on vertebral anomalies in cultured Senegalese 
sole (Solea senegalensis, Kaup) at early stages of 
development. Journal of fish diseases 40(8), 987–1000.  
https://doi.org/10.1111/jfd.12575

De La Cruz-Agüero, D., & Perezgómez-Alvarez, L. 
2001. Lordosis enelpejerrey Atherinops affinis 
(Ayres, 1860) (Teleostei: Atherinopsidae). Revista 
de biología marina y oceanografía 36(1), 109–110.  
https://doi.org/10.4067/s0718-19572001000100010

Divanach, P.B.C.M.B., Boglione, C., Menu, B., 
Koumoundouros, G., Kentouri, M., & Cataudel-
la, S. 1996. Abnormalities in finfish mariculture: An 
overview of the problem, causes and solutions. Special 
publication/European aquaculture society, 45–66.

Durham, P.J.K., & Anderson, C.D. 1981. Lymphocystis disease 
in imported tropical fish. New Zealand Veterinary Journal 
29(6), 88–91. Doi: 10.1080/00480169.1981.34810

Ganias, K., Nunes, C., & Stratoudakis, Y. 2008. Use 
of late ovarian atresia in describing spawning 
h i s t o r y  o f  s a r d i n e ,  S a rd i n a  p i l c h a rd u s . 
Journal  o f  Sea  Research  60(4) ,  297–302.  
https://doi.org/10.1016/j.seares.2008.06.004

Gavaia, P.J., Domingues, S., Engrola, S., Drake, P., 
Sarasquete, C., Dinis, M.T., & Cancela, M.L. 
2009. Comparing skeletal development of wild and 
hatchery-reared Senegalese sole (Solea senegalensis, 
Kaup 1858): evaluation in larval and postlarval 
stages. Aquaculture Research 40(14), 1585–1593.  
Doi: 10.1111/j.1365-2109.2009.02258.x

Gavruseva, T.V. 2020. Study of visual pathologies in 
fish of the South-West coast of the Black Sea. South 
of Russia: ecology, development 1(54), 118–129.  
Doi: 10.18470/1992-1098-2020-1-118-129 (In 
Russian).

Gümgüm, B., Tez, Z., & Gülsün, Z. 1994. Heavy metal 
pollution in water, sediment and fish from the Tigris 
River in Turkey. Chemosphere 29(1), 111–116.  
https://doi.org/10.1016/0045-6535(94)90094-9

Harris, J.E. 1937. The role of the fins in the equilibrium 
of the swimming fish: II. The role of the pelvic fins. 
Journal of Experimental Biology 15(1), 32–47.

Hebbar, C., & Boutiba, Z. 2015. Mortality of red mullet 
Mullus barbatus barbatus (Linnaeus, 1758) in 
Western Algerian coasts. Journal of Biodiversity and 
Environmental Sciences (JBES) 6(1), 249–259.

Hebbar, C., Kerfouf, A., & Boutiba, Z. 2012. Contribution 
to the study of the reproduction of the red mullet Mullus 
barbatus barbatus (Linnaeus, 1758) from the Bay of 

Oran (Algeria). Journal Halieutic & Aquatic Sciences 
5, 144–151. (In French).

Hliwa, P., Demska-Zak, K., Martyniak, A., Król, J., Diet-
rich, G., & Ciereszko, A. 2011. Regularities and 
anomalies in the structure of gonads in coregonid fishes. 
Polish J Nat Sci. 26, 55–64.

Hogan, N.S., Thorpe, K.L., & van den Heuvel, M.R. 2018. 
Opportunistic disease in yellow perch in response to 
decadal changes in the chemistry of oil sands-affected 
waters. Environmental pollution 234, 769–778.  
Doi: 10.1016/j.envpol.2017.11.091

Hossain, M., Kim, S.R., Kitamura, S.I., Kim, D.W., Jung, S.J., 
Nishizawa, T., & Oh, M.J. 2009. Lymphocystis disease 
virus persists in the epidermal tissues of olive flounder, 
Paralichthys olivaceus (Temminch and Schlegel), at low 
temperatures. Journal of fish diseases 32(8), 699–703.  
Doi: 10.1111/j.1365-2761.2009.01048.x

Ishikawa, Y. 1990. Development of caudal structures of a 
morphogenetic mutant (Da) in the teleost fish, medaka 
(Oryzias latipes). Journal of Morphology 205(2), 
219–232. Doi: 10.1002/jmor.1052050209

Jassim, A.R., Mutlak, F.M., & Almukhtar, M.A. 2018. 
Morphological Deformities in fresh and marine water 
fishes, Basrah, Iraq. Marsh Bulletin 13(2).

Jawad, L.A., & Akyol, O. 2018. Vertebral Anomalies in 
Mullus barbatus (Actinopterygiidae: Osteichthyes: 
Mullidae), Collected from Izmir Bay, North-eastern 
Aegean Sea, Turkey. International Journal of Marine 
Science 8. Doi: 10.5376/ijms.2018.08.0007

Jawad, L.A., & Abed, J. 2021. Fish Deformities in the 
Freshwater Fishes of Iraq: A Short Review and a 
Study Case on the Indian Catfish Heteropneustes 
fossilis .  Tigris and Euphrates Rivers: Their 
Environment from Headwaters to Mouth, 1311–1319.  
Doi: 10.1007/978-3-030-57570-0_63

Jawad, L.A., Sadighzadeh, Z., & Valinassab, T. 2010. 
Malformation of the caudal fin in the freshwater mullet, 
Liza abu (Actinopterygii Mugilidae) collected from 
Karkhe River, Iran. In Anales de biología. Murcia: 
Universidad de Murcia, Servicio de Publicaciones.

Jawad, L.A., Akyol, O., & Aydin, İ. 2018. Severe Case 
of Lordosis-Kyphosis-Ankylosis in Mullus barbatus 
Linnaeus, 1758 (Teleostei: Mullidae) collected from 
the Northern Aegean Sea, Turkey. International Journal 
of Marine Science 8. Doi: 10.5376/ijms.2018.08.0012

Jawad, L.A., Ibrahim, M., & Farrag, M.M. 2019. 
Severe scoliosis and fin deformities in three fish 
species collected from Jubail Vicinity, Saudi 
Arabia, Arabian Gulf. Thalassas: An International 
Journal of Marine Sciences  35(2), 591–598.  
Doi: 10.1007/s41208-019-00145-3

Jose, N., Gangan, S.S., Hari, M., Nayak, B.B., & Jais war, A.K. 
2020. Report of absence of pelvic fin in three species of 
genus Thryssa (Engarulidae, Clupeiformes) from India. 
NIScPR Online Periodicals Repository. India.

http://dx.doi.org/10.1111/jfd.13469
https://doi.org/10.1111/jfd.12575
https://doi.org/10.4067/s0718-19572001000100010
https://doi.org/10.1016/j.seares.2008.06.004
http://dx.doi.org/10.1111/j.1365-2109.2009.02258.x
https://doi.org/10.1016/0045-6535(94)90094-9
https://www.researchgate.net/profile/Chafika-Hebbar?_sg%5B0%5D=ywhZaEeqoQombNJqXfXAJUixfIdkxhAugnLzTHTyY5-0VJkAWaby5XF-3vLcqkpqnjidtHw.TUcLPSFFdOdRpVidslNFrJwavPfIrIgnmolnYtAROyCuvqQFld3dI7LIFwWxptUfdrhie3_WRKJe6vB2FQr8iw&_sg%5B1%5D=rZoWgRTidNKMmcO2BYncvLe8jT2rfkUVqccwzA9aNWDVyIc9yOs0XTBiHMKim8973QX3nGY.D8-Na_khg5tdbb5ZT86fHJDORa__q8N-AlOeX_krJw6fHl7nxLwL6cDxIzIASv1L40mluyzq7HmHRaUvn_Hm2w
http://dx.doi.org/10.1016/j.envpol.2017.11.091
http://dx.doi.org/10.1111/j.1365-2761.2009.01048.x
http://dx.doi.org/10.1002/jmor.1052050209
http://dx.doi.org/10.5376/ijms.2018.08.0007
http://dx.doi.org/10.1007/978-3-030-57570-0_63
http://dx.doi.org/10.5376/ijms.2018.08.0012
https://link.springer.com/article/10.1007/s41208-019-00145-3


150 Asma Bensaada, Souhila Ramdani, Keltoum Ichalal, Chafika Mouhoub-Sayah, Hafsa Djoudad-Kadji

Kent, M.L., Watral, V.G., Whipps, C.M., Cunnin gham, M.E., 
Criscione, C. D., Heidel, J.R., & Markle, D.F. 2004. A 
digenean metacercaria (Apophallus sp.) and a myxozoan 
(Myxobolus sp.) associated with vertebral deformities 
in cyprinid fishes from the Willamette River, Oregon. 
Journal of Aquatic Animal Health 16(3), 116–129.  
Doi: 10.1577/H04-004.1

Kitamura, S.I., Ko, J.Y., Lee, W.L., Kim, S.R., Song, J.Y., 
Kim, D.K., & Oh, M.J. 2007. Seasonal prevalence 
of lymphocystis disease virus and aqua birnavirus in 
Japanese flounder, Paralichthys olivaceus and blue 
mussel, Mytilus galloprovincialis. Aquaculture 266(1–4), 
26–31. Doi: 10.1016/j.aquaculture.2007.02.034

Kranenbarg, S., Van Cleynenbreugel, T., Schipper, H., & Van 
Leeuwen, J. 2005. Adaptive bone formation in acellular 
vertebrae of sea bass (Dicentrarchus labrax L.). Journal 
of Experimental Biology 208(18), 3493–3502.

Kumar, R., & Joy, K.P. 2015. Melanins as biomarkers 
of  ovarian fol l icular  atresia  in the catf ish 
Heteropneustes fossilis: biochemical and histochemical 
characterization, seasonal variation and hormone 
effects. Fish physiology and biochemistry 41, 761–772.  
Doi: 10.1007/s10695-015-0044-y

Kumar, V., Abbas, A.K., & Fausto, N.R. 2004. Cotran 
pathologic basis of disease. 7th.

Louiz, I., Menif, D., Ben Attia, M., & Ben Hassine, O.K. 
2007. Incidence of skeletal deformities in three species 
of Gobiidae from Bizerta lagoon (Tunisia). Cybium 
31(2), 199–206.

Mankou-Haddadi, N., Bachir-Bey, M., Galgani, F., Mokra-
ne, K., & Sidi, H. 2021. Benthic marine litter in the coastal 
zone of Bejaia (Algeria) as indicators of anthropogenic 
pollution. Marine Pollution Bulletin 170, 112634.  
Doi: 10.1016/j.marpolbul.2021.112634

Messaoudi, I., Deli, T., Kessabi, K., Barhoumi, S., 
Kerke ni, A., & Saïd, K. 2008. Association of spinal 
deformities with heavy metal bioaccumulation in natural 
populations of grass goby, Zosterisess orophiocephalus 
Pallas, 1811 from the Gulf of Gabès (Tunisia). 
Environmental monitoring and assessment 156, 551–560.  
https://doi.org/10.1007/s10661-008-0504-2

Messaoudi, I., Kessabi, K., Kacem, A., & Saïd, K. 2009. 
Incidence of spinal deformities in natural populations 
of Aphanius fasciatus Nardo, 1827 from the Gulf of 
Gabes, Tunisia. African Journal of Ecology 47, 360–3. 
Doi: 10.1111/j.1365-2028.2008.00972.x

Nigrelli, R.F. 1952. Virus and tumors in fishes. Annals of the 
New York Academy of Sciences 54(6), 1076–1092.

Overstreet, R.M. 1988. Aquatic pollution problems, 
Southeastern  US coasts :  h is topathological 
indicators. Aquatic Toxicology 11(3–4), 213–239.  
Doi: 10.1016/0166-445X(88)90076-8

Palmer, L.J., Hogan, N.S., & Van den Heuvel, M.R. 
2012. Phylogenetic analysis and molecular methods 
for the detection of lymphocystis disease virus 

from yellow perch, Perca flavescens (Mitchell). 
Journal  of  Fish Diseases  35(9) ,  661–670.  
Doi: 10.1111/j.1365-2761.2012.01391.x

Pasnik, D.J., Evans, J.J., & Klesius, P.H. 2007. Development 
of skeletal deformities in a Streptococcus agalactiae-
challenged male Nile tilapia (Oreochromis niloticus) 
broodfish and in its offspring. Bulletin – European 
Association of Fish Pathologists 27(5), 169.

Perretta, A., Doszpoly, A., Puentes, R., & Bessonart, M. 
2020. Diagnosis of lymphocystis disease in a novel 
host, the white mouth croaker Micropogonias furnieri, 
associated with a putatively novel Lymphocystis virus 
species (LCDV-WC). Diseases of Aquatic Organisms 
137(3), 185–193. Doi: 10.3354/dao03438

Porte, C., Escartín, E., de la Parra, L.M.G., Biosca, X., & 
Albaigés, J. 2002. Assessment of coastal pollution by 
combined determination of chemical and biochemical 
markers in Mullus barbatus. Marine ecology progress 
series 235, 205–216. Doi: 10.3354/meps235205

Quigley, D.T.G. 2015. Northern Pike Esox lucius L. with 
abnormal tri-lobed caudal fin. Bulletin – European 
Association of Fish Pathologists 35(6), 227–232.

Raj, A.J.A., Seetharaman, S., & Haniffa, M.A. 2004. 
Skeletal deformities in few freshwater fishes from 
Bhavani River, Tamil Nadu. Zoos Print Journal 19(9), 
1628–1629. Doi: 10.11609/JoTT.ZPJ.1145.1628-9

Rajasilta, M., Elfving, M., Hänninen, J., Laine, P., Vuori-
nen, I., & Paranko, J. 2016. Morphological abnormalities 
in gonads of the Baltic herring (Clupea harengus 
membras): Description of types and prevalence 
in the northern Baltic Sea. Ambio 45, 205–214.  
Doi: 10.1007/s13280-015-0717-x

Ramdane, Z., Amara, R., & Trilles, J.P. 2010. Impact of 
parasites on the biological performance of Mullus 
barbatus barbatus L. INOC – Tischreen University, 
International conference on Biodiversity of the Aquatic 
Environment. Syria. (In French).

Ramdani, S., Trilles, J.P., & Ramdane, Z. 2021. Metazoan 
parasites infecting Xiphias gladius from the eastern 
coast of Algeria (SW Mediterranean Sea). Zoodiversity 
55(6). Doi: 10.15407/zoo2021.06.5

Ravaglia, M.A., & Maggese, M.C. 1995. Melano-
macrophage centres in the gonads of the swamp 
eel, Synbranchus marmoratus Bloch, (Pisces, 
Synbranchidae): histological and histochemical 
characterization. Journal of fish diseases 18(2), 117–
125. Doi: 10.1111/j.1365-2761.1995.tb00269.x

Regoli, F., Pellegrini, D., Winston, G.W., Gorbi, S., 
Giuliani, S., Virno-Lamberti, C., & Bompadre, S. 2002. 
Application of biomarkers for assessing the biological 
impact of dredged materials in the Mediterranean: 
the relationship between antioxidant responses and 
susceptibility to oxidative stress in the red mullet 
(Mullus barbatus). Marine Pollution Bulletin 44(9), 
912–922. Doi: 10.1016/S0025-326X(02)00120-0

http://dx.doi.org/10.1577/H04-004.1
http://dx.doi.org/10.1007/s10695-015-0044-y
http://dx.doi.org/10.1016/j.marpolbul.2021.112634
https://doi.org/10.1007/s10661-008-0504-2
http://dx.doi.org/10.1111/j.1365-2028.2008.00972.x
http://dx.doi.org/10.1016/0166-445X(88)90076-8
http://dx.doi.org/10.1111/j.1365-2761.2012.01391.x
http://dx.doi.org/10.3354/meps235205
http://dx.doi.org/10.11609/JoTT.ZPJ.1145.1628-9
http://dx.doi.org/10.1007/s13280-015-0717-x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00269.x
http://dx.doi.org/10.1016/S0025-326X(02)00120-0


151First abnormalities investigation in Mullus barbatus (Mullidae) from the Eastern Coast of Algeria

Russell, P.H. 1974. Lymphocystis in wild plaice Pleuronectes 
platessa (L.), and flounder, Platichthys flesus (L.), 
in British coastal waters: a histopathological and 
serological study. Journal of Fish Biology 6(6), 771–
778. Doi: 10.1111/j.1095-8649.1974.tb05119.x

Sindermann, C.J., Ziskowski, J.J., & Anderson, V.T. 1978. 
A guide for the recognition of some disease conditions 
and abnormalities in marine fish (Vol. 14). Northeast 
Fisheries Center: Sandy Hook Laboratory, National 
Marine Fisheries Service.

Sfakianakis, D.G., Renieri, E., Kentouri, M., & Tsatsa-
kis, A.M. 2015. Effect of heavy metals on fish larvae 
deformities: a review. Environmental research 137, 
246–255. Doi: 10.1016/j.envres.2014.12.014

Sheng, X., Zhan, W., Xu, S., & Cheng, S. 2007. 
Histopathological observation of lymphocystis disease 
and lymphocystis disease virus (LCDV) detection in 
cultured diseased Sebastes schlegeli. Journal of Ocean 
University of China 6, 378–382.

Slooff, W., & Van Kreijl, C.F. 1982. Monitoring the rivers 
Rhine and Meuse in the Netherlands for mutagenic 
activity using the Ames test in combination with rat or 
fish liver homogenates. Aquatic Toxicology 2(2), 89–98. 
Doi: 10.1016/0166-445X(82)90013-3

Smith, S.B., Donahue, A.P., Lipkin, R., Blazer, V.S., 
Schmitt, C.J., & Goede, R.W. 2002. Illustrated field 
guide for assessing external and internal anomalies in 
fish. US Geological Survey, Information and Technology 
Report 7(46), 2002.

Sopinka, N.M., Fitzpatrick, J.L., Taves, J.E., Ikono-
mou, M.G., Marsh-Rollo, S.E., & Balshine, S. 
2012. Does proximity to aquatic pollution affect 
reproductive traits in a wild-caught intertidal 
fish?. Journal of Fish Biology 80(6), 2374–2383.  
Doi: 10.1111/j.1095-8649.2012.03281.x

Treasurer, J. 1992. Vertebral anomalies associated with 
Myxobolus sp. in perch, Perca fluvialitis L., in a 
Scottish loch. Bulletin of European Association of Fish 
Pathologist 12(2), 63–66.

Tserpes, G., Massutí, E., Fiorentino, F., Facchini, M.T., 
Viva, C., Jadaud, A., & Vrgoc, N. 2019. Distribution and 
spatio-temporal biomass trends of red mullets across the 
Mediterranean. Scientia Marina 83(Suppl. 1), 43–55. 

Doi: 10.3989/scimar.04888.21A
Tyler, J.C. 1970. Abnormal fin and vertebral growth 

structures in plectognath fishes. Proceedings of 
the Academy of Natural Sciences of Philadelphia, 
249–271.

Valladolid, M., & Przybylski, M. 2000. Some cases of fin 
abnormalities in Cobitis paludica. Folia zoologica-
Praha 49(Suppl. 1), 199–204.

Vethaak, D. 1996. Fish diseases and environmental quality. 
Veterinary quarterly 18(suppl. 3), 130–131.

Wakida-Kusunoki, A.T., AmAdor-dEL ÁngEL, L.E., & 
Moreno-Miranda, C. 2014. Spinal deformities in 
Amazon sailfin catfish Pterygoplichthys pardalis 
(Siluriformes: Locariidae), an introduced fish in the 
Palizada River (Southeastern Mexico). Cybium 38(2), 
155–157.

Wolf, K. 1962. Experimental propagation of lymphocystis 
disease of fishes. Virology  18(2), 249–256.  
10.1016/0042-6822(62)90011-9

Wolke, R.E. 1992. Piscine macrophage aggregates: a 
review. Annual Review of Fish Diseases 2, 91–108. 
Doi: 10.1016/0959-8030(92)90058-6

Yan, W., Hamid, N., Deng, S., Jia, P.P., & Pei, D.S. 2020. 
Individual and combined toxicogenetic effects of 
microplastics and heavy metals (Cd, Pb, and Zn) 
perturb gut microbiota homeostasis and gonadal 
development in marine medaka (Oryzias melastigma). 
Journal of hazardous materials 397, 122795.  
Doi: 10.1016/j.jhazmat.2020.122795

Yokoyama, H., Freeman, M.A., Itoh, N., & Fukuda, Y. 
2005. Spinal curvature of cultured Japanese mackerel 
Scomber japonicus associated with a brain myxo 
sporean, Myxobolusa canthogobii. Diseases of aquatic 
organisms 66(1), 1–7. Doi: 10.3354/dao066001

Ytteborg, E., Torgersen, J., Baeverfjord, G., & Takle, H. 
2010 a. Morphological and molecular characterization 
of developing vertebral fusions using a teleost model. 
BMC physiology 10, 1–15.

Ytteborg, E., Baeverfjord, G., Torgersen, J., Hjel-
de, K., & Takle, H. 2010 b. Molecular pathology 
of vertebral deformities in hyperthermic Atlantic 
salmon (Salmo salar). BMC physiology 10(1), 1–16.  
Doi: 10.1186/1472-6793-10-12

http://dx.doi.org/10.1111/j.1095-8649.1974.tb05119.x
http://dx.doi.org/10.1016/j.envres.2014.12.014
http://dx.doi.org/10.1016/0166-445X(82)90013-3
http://dx.doi.org/10.1111/j.1095-8649.2012.03281.x
http://dx.doi.org/10.3989/scimar.04888.21A
http://dx.doi.org/10.1016/0959-8030(92)90058-6
http://dx.doi.org/10.1016/j.jhazmat.2020.122795
http://dx.doi.org/10.3354/dao066001
http://dx.doi.org/10.1186/1472-6793-10-12

