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ABSTRACT

In a sample of common two-banded sea bream, Diplodus vulgaris, collected from the northern coast of
Tunisia, one specimen displayed abnormal morphology. This individual presented a prominently developed up-
per margin, arched into a hump, a pointed upper head profile, and a strongly curved lateral line. X-ray imaging
revealed abnormal curvatures in the vertebral column, such as hyperkyphosis and lordosis. A length-weight
relationship analysis based on 49 normal specimens and the abnormal specimen showed a slightly negative
allometry, suggesting that such specimens are capable of living alongside normal population in the wild.

Key words: Diplodus vulgaris, hyperkyphosis, lordosis, environmental pollution, length-weight

DEFORMAZIONI MORFOLOGICHE IN SARAGO COMUNE, DIPLODUS VULGARIS
(OSTEICHTHYES: SPARIDAE), PROVENIENTE DALLE ACQUE DELLA TUNISIA
SETTENTRIONALE (MEDITERRANEO CENTRALE)

SINTESI

In un campione di sarago comune, Diplodus vulgaris, pescato lungo la costa settentrionale della Tunisia, un
esemplare presentava una morfologia anomala. Questo pesce esibiva un margine superiore molto sviluppato,
arcuato in una gobba, un profilo superiore della testa appuntito e una linea laterale fortemente incurvata. Le
immagini radiografiche hanno rivelato curvature anomale della colonna vertebrale, come ipercifosi e lordosi.
Un’analisi del rapporto lunghezza-peso basata su 49 esemplari normali e sull’esemplare anormale ha mostrato
un’allometria leggermente negativa, suggerendo che questi esemplari sono in grado di vivere insieme alla
popolazione normale in natura.

Parole chiave: Diplodus vulgaris, ipercifosi, lordosi, inquinamento ambientale, lunghezza-peso
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INTRODUCTION

The common two-banded sea bream Diplodus
vulgaris (E. Geoffroy Saint-Hilaire, 1817) inhabits the
eastern Atlantic from Brittany and the Bay of Biscay to
northern Spain and Portugal (Quéro et al., 2003). South
of the Strait of Gibraltar, the species is widely distrib-
uted from the coast of Morocco to Angola and South
Africa, including the archipelagos of Madeira (Wirtz
et al., 2008), the Canary Islands (Bauchot & Hureau,
1990), and Cape Verde (Wirtz et al., 2013). D. vulgaris
is caught throughout the Mediterranean Sea and has
also been recorded in the Black Sea, off the Bulgarian
coast (Bauchot & Hureau, 1986).

D. vulgaris is one of the 21 sparid species of com-
mercial value that are commonly caught along the
entire Tunisian coast. It is is particularly abundant in
the Gulf of Gabés, where it has been the subject of
several studies (Bradai, 2000; Hadj Taieb, 2012). The
species is also found in northern areas such as the Gulf
of Tunis, where its age structure and growth rates have
been studied by Mouine et al. (2010).

Investigations conducted in northern Tunisia over
the two decades since 2000 — initially focused on elas-
mobranch species (El Kamel et al., 2009a,b) and later
encompassing all fish species (Rafrafi-Nouira, 2016) —
led to the collection of multiple D. vulgaris specimens.

One individual among them displayed morphological
deformities involving both external (body shape, lateral
line) and internal anatomical features.

Comprehensive published scientific references on
abnormalities in teleost species document no recorded
cases of morphological anomalies in D. vulgaris (see
Dawson, 1964, 1966, 1971; Dawson & Heal 1971;
Dul¢i¢ & Soldo, 2005; Jawad et al., 2010; Jawad &
Ibrahim, 2018). This paper describes an abnormal
specimen and suggests potential causes of similar
abnormalities observed in other teleost species.

MATERIAL AND METHODS

Between 2016 and 2023, a total of 50 specimens of
D. vulgaris were collected, along with other sparid and
labrid species (Fig. 1), using commercial gill-nets with a
26 mm stretched mesh size, on sandy substrates off Ras
Jebel, northern Tunisia (37°14’57.53” N, 10°11’52.85” E).
Three fresh specimens — including one abnormal and two
normal ones — were measured for total length (TL) to the
nearest centimetre and total body weight (TBW) to the
nearest decigram. Morphometric measurements and mer-
istic counts were performed following Tortonese (1975),
Bauchot & Hureau (1986), and Quéro etal. (2003), with the
results summarised in Table 1. The three specimens were
then fixed in 10% buffered formalin, preserved in 75%
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Fig. 1: Map of northern Tunisia indicating the capture sites of D. vulgaris (black arrow).
Sl. 1: Zemljevid severne Tunizije z oznaceno lokaliteto ulova vrste D. vulgaris (¢rna puscica).
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Tab. 1: Morphometric measurements (expressed as percentages of standard length, %SL), meristic counts, and total
body weight (in grams) recorded from the three D. vulgaris specimens collected off the northern Tunisian coast: one
abnormal specimen (ISPAB-Dipl vul 01) and two normal specimens (ISPAB-Dipl vul 02 and ISPAB-Dipl vul 03).

Tab. 1: Morfometricne meritve (izraZene kot odstotki standardne dolZine, %SL), meristicna Stetja in skupna telesna
teZa (v gramih), zabeleZene pri treh primerkih vrste D. vulgaris, zbranih ob severni tunizijski obali: enem nenormal-
nem vzorcu (ISPAB-Dipl vul 01) in dveh normalnih vzorcih (ISPAB-Dipl vul 02 in ISPAB-Dipl vul 03).

References ISPAB-Dip-vul 01 ISPAB-Dip-vul 02 ISPAB--Dip-vul 03
Condition Abnormal Normal Normal
Morphometric measurements mm %SL mm %SL mm %SL
Total length 108 131.0 107 120.2 115 129.2
Fork length 91 110.0 98 110.1 98 110.1
Standard length 82 100.0 89 100.0 89 100.0
Head length 31 37.4 26 29.5 28 31.0
Eye diameter 10 12.2 9 10.3 9 10.1
Pre-orbital length 12 14.1 11 11.9 10 11.3
Post-orbital length 11 13.1 11 11.9 11 12.7
Dorsal fin length 43 51.9 40 45.2 46 52.0
Pectoral fin length 9 10.6 6 7.3 7 8.0
Pelvic fin length 8 10.0 7 7.6 7 7.6
Anal fin length 19 23.5 20 22.9 22 25.2
Caudal fin length 12 14.4 9 10.3 10 11.7
Snout length 10 12.7 9 10.3 10 11.4
Body height 51 62.4 40 45.3 43 47.9
Pre-dorsal fin length 39 47.0 38 43.1 38 429
Pre-pectoral fin length 32 39.3 29 32.5 30 33.9
Pre-pelvic fin length 37 45.4 38 42.7 39 43.9
Pre-anal fin length 62 75.2 59 66.4 59 66.0
Length of the longest spine of the pectoral fin 36 43.1 30 33.8 43 48.2
Thickness 18 22.0 15 16.4 16 17.7
Meristic counts

Vertebral number 45 26 26

Lateral line scales 65 60 60

Dorsal fin rays XI+14 Xl+14 Xl+14
Pectoral fin rays 15 15 15

Pelvic fin rays 1+5 1+5 1+5

Anal fin rays +14 +13 1+13
Caudal fin rays 20 20 20

Weight (g) 32.06 21.08 23.93
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formaldehyde, and deposited in the Ichthyological Col-
lection of the Institut Supérieur de Péche et d’Aquaculture
de Bizerte (Tunisia) under catalogue numbers ISPAB-Dipl
vul 01 for the abnormal specimen, and ISPAB-Dipl vul 02
and ISPAB-Dipl vul 03 for the two normal specimens. The
vertebral column anomalies in the abnormal specimen
were identified following descriptions provided by Elie &
Girard (2014) and Jawad & Ibrahim (2018), which include
scoliosis (lateral curvature), lordosis (ventral curvature),
kyphosis (dorsal curvature), and ankylosis (fusion of ver-
tebrae) — conditions reported in many wild and cultured
fish species. Additionally, three regions were considered,
partially following Louiz et al. (2007): the anterior or
cephalic region, the intermediate or abdominal region,
and the terminal or caudal region.

A t-test was performed to compare lateral line scale
and vertebral counts between the abnormal D. vulgaris
specimen and normal conspecifics. The total length (TL)
to total body weight (TBW) ratio, analysed in all three
specimens, was used as a baseline for assessing whether
the abnormal specimen could develop in the wild
similarly to normal individuals, following Froese et
al. (2011). This length-weight relationship (LWR) was
modelled as TBW = aTL’ and log-transformed to its
linear form: log TBW = log a + b log TL. Correlations
were estimated via least-squares regression. The scaling
coefficient b was tested against the null hypothesis of
isometric growth (b = 3), with b > 3 indicating posi-
tive allometry and b < 3 indicating negative allometry
(Pauly, 1983). Analyses were conducted in StatView 5.0.

RESULTS AND DISCUSSION

The collected specimens were identified as D.
vulgaris through a combination of key morphological
characters: body ovoid and compressed; snout coni-
cal and pointed; lips rather thick; scales present on
cheek and opercle; preopercle broad, scaleless; base
silver-grey coloration with two prominent black bands
(one from nape to pectoral fin axil and upper margin of
opercle, another across the caudal peduncle overlap-
ping posterior anal and dorsal fin bases), caudal fin
dark with black external margin (Fig. 2).

The abnormal specimen exhibited a prominently
developed upper margin, arched into a hump, a
pointed upper head profile, and a strongly curved
lateral line. The caudal peduncle was also curved,
with both lobes more developed than those typically
observed in normal specimens (Fig. 2).

X-ray imaging revealed four distinct vertebral column
deformities in the abnormal specimen. At the level of
the abdominal region, the vertebral column is markedly
arched, forming two areas of hyperkyphosis separated
by a more pronounced lordosis (Fig. 3). In the caudal
peduncle region, a second, less developed and less
severe lordosis is observed. No signs of scoliosis were
detected in the abnormal specimen.

Fig. 2: D. vulgaris specimens from the northern Tu-
nisian coast. A: Abnormal specimen (ISPAB-Dipl vul
01); B: Normal specimen (ISPAB-Dipl vul 02). Scale
bar = 30 mm.

Sl. 2: Primerki vrste D. vulgaris iz severne tunizijske
obale. A: Nenormalen primerek (ISPAB-Dipl vul 01); B:
Normalen primerek (ISPAB-Dipl vul 02). Merilo = 30 mm.

The number of lateral line scales in the abnormal
specimen was 65, significantly higher than in the normal
specimens (which had 60; t-test =37, df = 1, p < 0.03).
In Bauchot & Hureau (1986), this number ranged from
59 to 65. Similarly, the number of vertebrae in the ab-
normal specimen — 45 — was significantly higher than
the 26 in the normal specimens (t-test = 37, df = 1, p
< 0.01). Such differences in the number of scales and
vertebrae between normal and abnormal specimens are
likely attributable to the curvature of the lateral line and
the deformities of the vertebral column. The elevated
vertebral count also suggests that the vertebrae are not
fused (no ankylosis).

The general morphology of the abnormal specimen
and the deformation of the lateral line can be considered
primary consequences of the vertebral column malfor-
mation, which in this case includes both hyperkyphosis
and lordosis. Such abnormalities are frequently reported
in the ichthyological literature (see Dawson, 1964,
1966, 1971; Dawson & Heal 1971; Jawad & lIbrahim,
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Fig. 3: X-ray images of D. vulgaris from the northern
Tunisian coast. A: Abnormal specimen (ISPAB-Dipl
vul 01); B: Normal specimen (ISPAB-Dipl vul 02).
Scale bar = 30 mm.

SI. 3: Rentgenske slike primerkov vrste D. vulgaris s
severne tunizijske obale. A: Nenormalen primerek
(ISPAB-Dipl vul 01); B: Normalen primerek (ISPAB-
Dipl vul 02). Merilo = 30 mm.

2018; Jawad & Akyol, 2023).

However, the observed deformities did not appear
to impair the survival of the abnormal specimen in the
wild, as it exhibited growth comparable to that of normal
specimens from the same size class. This is supported by
the total length (TL) to total body weight (TBW, in g)
relationship shown in Fig. 4: log TBW = -4.733 + 2.953
* log TL; r = 0.990, indicating a slight negative allom-
etry. While Matsuoka (1987) and Boglione et al. (2006)
reported lethal effects of severe skeletal deformities in
teleost species living in natural environments, other
studies — including Khenfech et al. (2011) on the annular
sea bream Diplodus annularis (Linnaeus, 1758) from
the Lagoon of Bizerte, and Rafrafi-Nouira et al. (2019,
2021) on other sparid species, such as the striped sea
bream Lithognathus mormyrus (Linnaeus, 1758) and the
saddled bream Oblada melanura (Linnaeus, 1758), cap-
tured off Ras Jebel — showed that deformed specimens
can coexist in the wild alongside normal conspecifics.

Abnormalities in fish species occur during the early
stages of development and may have a genetic origin.
However, mechanical causes from capture and/or han-
dling cannot be entirely ruled out either. For instance,

Normal
2.4 | m Abnormal

=
-

log TBW=-4.733 + 2.953 * log TL; r= 0.990; n = 50

1.2 f
200 205 210 215 220 225 230 235 240 245
log TL

Fig. 4: Total length (TL) to total body weight (TBW)
relationship, expressed in logarithmic coordinates,
for D. vulgaris specimens collected off the northern
Tunisian coast.

Sl. 4: Odnos med totalno dolzino (TL) in celokupno
telesno maso (TBW), izrazeno z logaritemskimi
koordinatami za primerke vrste D. vulgaris, ujete ob
severni tunizijski obali

specimens entangled in gillnets may successfully
escape, but often experience morphological deformities
and distortion in the normal vertebral shape, leading to
the remodelling of the vertebral column due to extrinsic
forces (Jawad & Ibrahim, 2018). Additionally, these
deformities could even indicate unfavourable environ-
mental conditions, the presence of pollutants, or other
stressors in the wild (Sfakianakis et al., 2004). In fact,
several cases of abnormalities have been documented
in animal species collected from the Lagoon of Bizerte,
a restricted brackish area polluted by both inorganic
and organic nutrients, and heavy metals (Mzoughi et al.,
2002).

Global warming of marine waters worldwide may
also contribute to skeletal deformities in fish (Jawad
& Ibrahim, 2018). The Mediterranean Basin has faced
this escalating problem for at least two decades (Ben
Rais Lasram & Mouillot, 2009), with the rising sea
temperatures attracting alien species from the Red
Sea (through the Suez Canal) and the eastern tropical
Atlantic (through the Strait of Gibraltar). Such species
have been increasingly encroaching on Tunisia’s north-
ern coast and reports of skeletal abnormalities in fish
have become more frequent in this region than previ-
ously documented (Rafrafi-Nouira, 2016). However,
thorough investigations — coupled with environmental
monitoring — are still needed to clarify the local roles
of pollutants and temperature in these deformities
(Rafrafi-Nouira, 2016, 2019).
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Sihem RAFRAFI-NOUIRA
Université de Carthage, Unité de Recherches Exploitation des Milieux aquatiques, Institut Supérieur de Péche et d’Aquaculture de
Bizerte, BP 15, 7080 Menzel Jemil, Tunisia

Rimel BENMESSAOUD & Mourad CHERIF

Institut National des Sciences et Technologies de la Mer, port de péche, 2060 La Goulette, Tunisia

Christian REYNAUD
Laboratoire Interdisciplinaire en Didactique, Education et Formation, Université de Montpellier, 2, place Marcel Godechot, B.P. 4152,
34092 Montpellier cedex 5, France

Christian CAPAPE
Université de Montpellier, 34 095 Montpellier cedex 5, France
e-mail: capape@orange.fr

POVZETEK

V vzorcu fratrov, Diplodus vulgaris, zbranih s severne obale Tunizije, je bila pri enemu primerku ocitna
nenormalna morfologija. Ta primerek je imel vidno razvit zgornji rob, usloc¢en v grbo, konic¢ast zgornji profil
glave in mocno ukrivljeno pobocnico. Rentgensko slikanje je pokazalo nenormalne ukrivljenosti v hrbtenici,
kot sta hiperkifoza in lordoza. Analiza dolZinsko-masnega razmerja na 49 normalnih osebkih in nenormalnem
osebku, je pokazala rahlo negativno alometrijo, kar nakazuje, da so taksni osebki sposobni Ziveti skupaj z
normalno populacijo v naravi.

Klju¢ne besede: Diplodus vulgaris, hiperkifoza, lordoza, okoljsko onesnazevanje, dolzinsko-masni odnos
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