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Abstract

This study focused on the anatomy and ontogeny
of saddleback syndrome (SBS) in reared European
sea bass. The abnormality was detected at an
unusually high frequency (12-94%) during a rou-
tine quality control in a commercial hatchery.
Anatomically the abnormality was mainly charac-
terized by the loss of 1-5 hard spines and severe
abnormalities of the proximal pterygiophores
(anterior dorsal fin), size reduction of a few
lepidotrichia, missing lepidotrichia and/or lepi-
dotrichia of poor ossification (posterior dorsal fin).
SBS was significantly correlated with abnormalities
of the anal and pelvic fins in all the examined
populations. Moreover, in juvenile fish, SBS was
significantly correlated with an abnormal lack of
sectors of the lateral line. The examination of
early larval samples revealed that SBS was ontoge-
netically associated with severe abnormalities of
the primordial marginal finfold, which developed
at the flexion stage (ca 8.5-11.0 mm SL). Histo-
logically, these abnormalities were associated with
extensive epidermal erosion. The results are dis-
cussed in respect of the critical ontogenetic period
and the possible causative factors of SBS in Euro-
pean sea bass. It is suggested that causative factors
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acted during a wide ontogenetic period including
flexion and metamorphosis phases.

Keywords: dorsal fin, epidermal abnormalities, fish,
skeletal abnormalities.

Introduction

The development of morpho-anatomical abnor-
malities in fish was first documented in the 16th
century (Gudger 1936). Nowadays, morpho-
anatomical abnormalities are a frequent problem
for product quality in finfish aquaculture. The
minimum annual economic impact of abnormali-
ties for European aquaculture has been estimated
to be more than 50 million € per year (reviewed
by Boglione ez al. 2013). They affect the skeleton,
squamation, body pigmentation and body shape
at mean frequencies ranging between seven and
twenty per cent, and occasionally reaching up to
100% (Mediterranean hatcheries, Koumoundouros
2010). Their development has been reported in
almost all species under rearing conditions, espe-
cially during the larval and early juvenile phases
(e.g. Koumoundouros et al. 1997; Mazurais et al.
2009; Izquierdo, Socorro & Roo 2010; Kou-
moundouros 2010; Boglino er a/. 2012; Boglione
er al. 2013; Cobcroft & Battaglene 2013). A wide
range of factors, such as water temperature (e.g.
et al. 2010), tank
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Table 1 Age, size (mean & SD) and number of fish per examination method for each sea bass sample

Code Stage Age (dph) SL (mm) X-rays A-A stain EGMA/Histology

Juv Juveniles 150 822 + 4.2 100

P1 Metamorphosis 38 148 £ 0.8 49

P2 Metamorphosis 38 143 £ 1.1 50-53

P3 Metamorphosis 38 131+ 0.6 50

P4 Metamorphosis 38 136 £ 1.0 50

P5 Metamorphosis 38 145 +12 49

P6 Metamorphosis 38 145+ 0.9 40-50

P7 First feeding 5 41 +£03 50 50
Flexion 25 9.1 +07 50 50/4
Metamorphosis 45 170+ 1.0 50

P8 First feeding 8 45+ 0.2 50 50
Flexion 20 83+ 05 50 50/3
Metamorphosis 49 186 £ 1.0 50

EGMA, stereoscopic examination of gross morphological abnormalities of the marginal finfold; dph, days post-hatching; SL, standard length; A-A,

alizarin red S and Alcian blue double staining.
In first-feeding samples, notochord length was measured.

(Cobcroft & Battaglene 2009) and nutrition dur-
ing the larval period (e.g. Takeuchi er al 1998;
Mazurais et al. 2009), velocity of water currents
during metamorphosis and early juvenile phase
(Divanach et al. 1997; Sfakianakis et al. 2006),
and genetic background (e.g. Bardon ez al. 2009;
Sawayama, Asahina & Takagi 2014; Negrin-Baez
et al. 2015), have been shown to cause the devel-
opment of abnormalities.

Despite the increasing number of studies on the
development of morpho-anatomical abnormalities,
the latter reared  fish

continue  affecting
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populations, occasionally with new types arising
(e.g. Loizides et al. 2014). This fact is mainly
attributed to the large number of potential critical
factors, the lack of knowledge concerning the spe-
cies-specific preferences for optimal development,
and the high sensitivity of the rearing process to
human mistakes (reviewed by Boglione ez al.
2013). As an element of solution, early and pre-
cise diagnosis of abnormalities will assist in quality
monitoring programmes undertaken by the hatch-
eries. The thorough study of the ontogeny and
anatomy of abnormalities will serve to this goal,

Figure 1 Deformities of the dorsal and
pelvic fins in sea bass juveniles. (a) normal.
(b—0), juveniles with lack of dorsal fin
spines (arrows) and with unilaterally
missing pelvic fin (b juvenile, ventral

arrow). Scale bars equal to 10 mm.
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Figure 2 Frequency of the lateral-line abnormalities (missing
sectors, open bars) and of the pelvic fin deformities (filled bars)
in the juveniles with normal and abnormal dorsal fin. Different
letters above the bars indicate statistically significant differences

(P < 0.05).

and additionally will support the effective hypoth-
esis testing for the identification of crucial causa-
tive factors (Koumoundouros 2010). Finally, the
anatomical study will allow the objective catego-
rization of deformed fish, according to the severity
of the deformity.

The term saddleback syndrome (SBS) was first
introduced by Tave, Bartels & Smitherman
(1983) to describe the partial-to-complete lack of
dorsal fin in tilapia Sarotherodon aureus. Following
the descriptions of Tave er al. (1983), SBS was
associated with severe abnormalities of the dorsal
fin pterygiophores and by severe depression of the

dorsal profile of the body. Since then, SBS has
been reported to develop in a variety of fish spe-
cies under rearing conditions (Dentex dentex —
Koumoundouros, Divanach & Kentouri 2001;
Pagellus erythrinus — Boglione Costa, Di Dato,
Ferzini, Scardi & Cataudella 2003; Epinephelus
akaara — Setiadi Tsumura, Kassam & Yamaoka
2006; Sparus aurata — Koumoundouros 2010;
Lates calcarifer — Cobcroft & Battaglene 2013).
Moreover, SBS has been reported in wild fish
around the world (ten species in Biscayne Bay,
Florida — Browder ez al. 1993; Sparisoma cretense,
Aegean Sea — Koumoundouros 2008; Acanthopa-
grus australis, South East Queensland — Diggles
2013). Interestingly, Diggles (2013) reported an
almost sixfold increase of the incidence of SBS in
wild A. awustralis during a period of 20 years. To
our knowledge, little is known about the causative
factors of SBS. In D. labrax SBS deformities were
induced by unfavourable dietary levels of vitamin
A (Mazurais et al. 2009), whereas in S. aureus
SBS was attributed to the action of an autosomal
dominant gene (Tave ez al. 1983).

European sea bass (Dicentrarchus labrax) is a
major species for European aquaculture, with an
annual production of 128 thousand tons of mar-
ket-size fish and 484 million juveniles in 2013
(FEAP 2014). Although published data about the
rate of deformities are scarce for commercial
hatcheries, SBS is considered as an abnormality of
rather negligible incidence in reared sea bass. In
the present study, (i) we document the

Figure 3 Abnormalities of the lateral line in sea bass juveniles. (a) normal fish. (b-b') bilaterally missing sector of the lateral line.

(c—') bilaterally double (overlapping) lateral line. Scale bars equal to 10 mm.
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Figure 4 Representative cases of saddleback syndrome affecting the anterior dorsal fin in the larval samples. (a) normal (14.5 mm

SL). (b), missing hard spines (arrows) (14.5 mm SL). (c) missing hard spines (asterisks), associated with deformed pterygiophores

(13.0 mm SL). (d) convergent hard spines (arrow), associated with pterygiophore malformations (15.5 mm SL). Prx, proximal

pterygiophore; S, hard spine. Scale bars equal to 1 mm.

development of SBS in D. labrax populations of a
commercial hatchery, at an unusually high fre-
quency (12-94%), and (ii) we study the anatomy
of the abnormality and its ontogenetic correlations
with other morpho-anatomical abnormalities.

Materials and methods

Samples were taken from a population of sea bass
juveniles [145-150 days post-hatch (dph), 70—
90 mm standard length (SL)], during a routine
quality control in a commercial hatchery. Juveniles
were anaesthetized (ethyleneglycol-monopheny-
lether, Merck, 0.2—0.5 mL Lfl) and examined for
the presence of SBS. Subsequently, a random sam-
ple of 50 normal and 50 abnormal individuals was
taken. In each individual, both sides of the body
were photographed to examine the presence of
lateral-line abnormalities (Carrillo ez 2/ 2001; Sfa-
kianakis ez /. 2013). Sampled juveniles were then
X-rayed and examined for the presence of skeletal
abnormalities (Koumoundouros ez /. 2000).

The development of SBS was furthermore
examined in random samples of 40-100 individu-
als which were taken from eight larval populations
of sea bass. All populations were reared at the
same hatchery simultaneously till the sampling of
juveniles. From six populations, samples were
taken at the end of larval rearing phase (P1-P6;
Table 1). The other two larval populations (P7—
P8) were sampled at first feeding, flexion stage
and at metamorphosis (Table 1). Larval samples
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were anaesthetized  (ethyleneglycol-monopheny-
lether, Merck, 0.2-0.5 mL L™, fixed in 5%
phosphate-buffered formalin and stained for bone
and cartilage (Walker & Kimmel 2007). Each
specimen was photographed individually, for the
examination of skeletal abnormalities. The
standard length (distance between the tip of snout
and the base of the middle caudal ray) was mea-
sured by means of tpsDig2 software (Rohlf 2010).
For the comparative understanding of the abnor-
mality ontogeny, fin anatomy was illustrated on
an ontogenetic series of five indicative normal
specimens. The description of abnormalities
followed the terminology of Koumoundouros
(2010). The terminology of osteological develop-
ment followed Harder (1975) and Matsuoka
(1987).

Of the P7-P8 early larval samples, only half of
the samples were stained for bone and cartilage,
whereas the remaining individuals were kept in
the fixative solution for further microscopical anal-
ysis of gross morphological abnormalities and his-
tology (Table 1). Specimens were examined for
the presence of abnormalities of the primordial
marginal finfold, a prodrome of SBS in other fish
species (Koumoundouros ez al. 2001).

A total of seven specimens were selected for his-
tological screening of the skin tissue phenotype.
Two specimens were embedded in paraffin
(Histosec ‘Merck’ melting point 56-58 °C), and
5-um sections (using a Microm HM 360 micro-
tome with SEC 35 low-profile blades) were
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Figure 5 Representative cases of saddleback syndrome affecting the posterior dorsal fin in the larval samples. (a) normal (15.6 mm

SL). (b) size reduction of two lepidotrichia (#) (13.0 mm SL). (c) size reduction of all the lepidotrichia (#), associated with missing

lepidotrichium of the last pterygiophore (*) (12.7 mm SL). (d) poor ossification (%), size reduction (#) and complete lack of lepi-
dotrichia (*) (15.0 mm SL). (e) size reduction (#) or complete lack (*) of lepidotrichia (14.5 mm SL). F, complete lack of all the
lepidotrichia (*) (12.5 mm SL). Prx, proximal pterygiophore; R, lepidotrichium. Scale bars equal to 1 mm.

stained using different protocols: haematoxylin
and eosin, Masson trichrome staining and tolui-
dine. One specimen was embedded in Epon and
sectioned using a Microm HM 360 microtome
with diamond knife 8 mm ‘diatome’, with 2-um
sections stained in toluidine. Screening of embed-
ding and staining methods showed that Epon sec-
tions with toluidine staining provided most detail
and kept the physical integrity of the tissue intact.
As such, the remaining four specimens (two nor-
mal and two abnormal specimens) were sectioned
as such. For the analysis, 50 sections (10 sections
at five positions within a region) were obtained
from five regions in the body: caudal fin region,
distal caudal peduncle region, proximal caudal
peduncle region, hindgut region and midgut
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region. Sections were covered with a cover slide,
using DPX, and imaged using a Reichert-Jung
Polyvar light microscope (Reichert Depew),
equipped with a Colorview 8 digital camera
(Olympus). Terminology of pathological pheno-
types of the skin followed Kumar, Abbas & Aster
(2015).

The examined fish populations were established
from eggs that were obtained from the sponta-
neous spawning of one broodstock population (40
breeders, 1:1 sex ratio). Egg incubation and larval
rearing were performed according to the standard
methodology for the intensive rearing of European
sea bass. Egg incubation and larval phases were
performed in indoor tanks of 4.5 m” at an initial
stocking density of 50 eggs L™'. Larvae were
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Figure 6 Frequency of pelvic fin deformities in larvae with nor-
mal (open bars) or deformed (filled bars) dorsal fin in six differ-
ent fish populations (P1-P6). Asterisks indicate statistically
significant differences at 2 < 0.05 (*) or P < 0.001 (¥**).

(a)

reared in the presence of background phytoplank-
ton (Chlorella sp.), with feeding on enriched roti-
fers (8-28 dph, Red Pepper; Bern Aqua), gradual
provision of enriched Artemia nauplii (14—
46 dph, Easy DHA Selco; INVE), and finally on
inert commercial diet (>35 dph, Caviar; Bern
Aqua). Water temperature was 15.5 °C during
the embryonic and yolk-sac larval stages, whereas
it was raised to 18.5 °C during the feeding larval
stage (0.5 °C day '). Tanks were supplied with
borehole water of 35 g L™ salinity and 7.8 pH.
Oxygen saturation was 90-95% and water
exchange rate was 50-400% of the tank volume
dayfl.

(b)

Figure 7 Representative cases of pelvic fin deformities in the larval samples. (a) normal (15.5 mm SL). (b) size reduction of the
hard spine and lepidotrichia (arrows), associated with asymmetric basipterygia (14.0 mm SL). (c) twisted hard spine and lepi-
dotrichia (*) and asymmetric basipterygia (15.0 mm SL). (d) missing (arrow) and twisted (¥) hard spine and lepidotrichia
(15.0 mm SL). Bp, basipterygium; S, hard spine; R, lepidotrichium. Scale bars equal to 1 mm.
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(b)

Figure 8 Representative cases of abnormalities affecting the anal fin in the larval samples. (a) normal (15.5 mm SL). (b) size reduc-

tion of two lepidotrichia (#) (14.0 mm SL). (c) size reduction of all the lepidotrichia (#), associated with missing lepidotrichium of

the last pterygiophore (¥) (11.5 mm SL). (d) size reduction (#) or complete lack (*) of lepidotrichia (15.0 mm SL). (e) poor ossifi-

cation (f) of lepidotrichia (15.0 mm SL). Prx, proximal pterygiophore; S, hard spine; R, lepidotrichium. Scale bars equal to 1 mm.

The significance of the differences in the fre-
quency of abnormalities among groups was tested

by a G-test (Sokal & Rohlf 1981).

Results
Juvenile samples

Saddleback syndrome was present in 12% of the
examined juvenile population. The abnormality
was characterized by the loss of hard spines of the
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pterygiophores 3—7 (92% of the cases) and rarely
of the anterior two pterygiophores (8% of the
cases) (Fig. 1). The abnormality was highly associ-
ated with a partial or total lack of pelvic fin rays
(in 66% of the fish with SBS vs. 0% of the fish
without SBS; Figs 1 & 2). All juveniles presented
severe abnormalities of the lateral line, mainly in
the form of bilaterally or unilaterally missing sec-
tors (42—62%; Fig. 3b-b’) and rarely in the form
of unilaterally or bilaterally double (overlapping)
lateral line (12-22%; Fig. 3c—c'). The G-test
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Figure 9 Frequency of anal fin deformities in larvae with
normal (open bars) or deformed (filled bars) lepidotrichia of the
posterior dorsal fin in six different fish populations (P1-P6).
Asterisks indicate statistically significant differences (P < 0.05).

revealed that the presence of missing sectors on
the lateral line was significantly more frequent in
the SBS than in the non-SBS fish (62% vs. 42%,
P < 0.05; Fig. 2). No significant differences were
found in the frequency of double lateral line
between SBS and non-SBS juveniles (12% vs.
22%, P> 0.05).

Skeletal abnormalities in larval samples

Examined larval populations presented SBS at a
frequency of 65-94%. SBS affected either sepa-
rately the hard spines (anterior dorsal fin, 2—
6%) or the lepidotrichia (posterior dorsal fin,
38-58%), or both hard spines and lepidotrichia
(12-46%). In the anterior dorsal fin, abnormali-
ties concerned the loss of hard spines of Prx3—
Prx7 (Fig. 4b), abnormalities of the
Prx4-Prx7 (Fig. 4c), and/or convergence of the

severe

first hard spines which were associated with
abnormalities of the respective pterygiophores
(Fig. 4d). In the posterior dorsal fin, abnormali-
ties were mainly expressed as size reduction of a
few lepidotrichia (Fig. 5b—e), missing lepi-
dotrichia (Fig. 5d—f) and/or lepidotrichia of
poor ossification (Fig. 5d).

Saddleback syndrome was significantly corre-
lated with abnormalities of pelvic fin rays. Of the
SBS fish, 54-81% presented abnormal pelvic fins,
whereas this frequency was reduced to 0-30% in

Figure 10 Representative cases of abnormalities of the primordial marginal finfold (Pmf) in the larval samples. (a—a) opaque,

necrotic-like Pmf in the dorsal area (dashed line) (9.6 mm SL). (b-b') opaqueness and size reduction of Pmf (dashed line)

(10.8 mm SL). (c) severe abnormalities of the Pmf at the dorsal and caudal areas (dashed lines) (8.5 mm SL). (d) severe

abnormalities, opaqueness and size reduction of the Pmf at the dorsal, anal (dashed lines) and caudal area (arrows) (9.4 mm SL).

Scale bars equal to 1 mm.
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Figure 11 Skin histology in a normal specimen (specimen S19): (a) habitus of the specimen, showing the different regions from

which sections were obtained. (b) overview of the dorsal fin fold in region 4. (c) inset of fig B, showing a detail of the epithelial cells

and gobletlike cells (Epon sections, stained with toluidine). (d) detail of the ventral fin fold.

the non-SBS fish (P < 0.05; Fig. 6). Pelvic fin
abnormalities were evident in the form of size
reduction of the rays and/or asymmetric develop-
ment of the basipterygia (Fig. 7b—d), twists of rays
(Fig. 7c—d) or missing rays (Fig. 7d). Similar to
the abnormalities of the posterior dorsal fin, anal
fin abnormalities consisted of size reduction of a
(Fig. 8b—d),
dotrichia (Fig. 8c—d) and/or lepidotrichia of poor

few lepidotrichia missing  lepi-
ossification (Fig. 8¢). Anal fin abnormalities were
significantly associated with the abnormalities of
the posterior dorsal fin. In three of the six exam-
ined populations, SBS fish presented significantly
higher incidence of anal fin abnormalities than the
non-SBS fish (Fig. 9).

The examination of the samples taken at first
feeding (P7-P8 populations; Table 1) showed that
Pmf abnormalities were negligible and in the form
of light shape alterations (2—4%). At the flexion
stage, 30-34% of the larvae presented
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abnormalities in the primordial marginal finfold
(Pmf). These abnormalities mainly consisted of
the presence of opaque, necrotic-like areas on the
Pmf (Fig. 10a—a’,b-b’,d), as well as of size reduc-
tion (Fig. 10b,d), or shape alterations of the Pmf
(Fig. 10c). At the metamorphosis stage, Pmf
abnormalities were followed by the development
of SBS at an incidence of 28-46%.

The comparison of the skin tissue phenotype
showed that normal skin is a multilayered epithe-
lium, containing cells resembling goblet cell phe-
notypes (although the cell content did not stain
magenta with the toluidine, as is generally the case
for goblet cells) (Fig. 11). Vacuolization in the
epithelial cells is limited (Fig. 11c). The specimen
diagnosed with abnormalities of the primordial
marginal finfold was histologically characterized by
a multifocal, small epidermal erosion (epithelium
completely absent) (Fig. 12¢,d) with mild epithe-
lial proliferation bordering the lesion (Fig. 12g).
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Figure 12 Skin histology in a specimen showing an abnormal primordial marginal finfold (Pmf) phenotype (specimen S9). (a)

habitus of the specimen, showing the different regions from which sections were obtained. (b) overview of the dorsal fin fold in

region 2. () inset of fig. B, showing the degenerated epidermal epithelium and hypertrophied dermal connective tissue layer (arrow

shows the discrete margin from where the epidermis is missing). (d) inset of Fig. B, showing a similar degenerative border between

a multilayered epidermis and a fully degenerated one. (e) detail of the dorsal skin in region 4, showing extensive intracellular (black

arrow), as well as severe intercellular vacuolization oedema (red arrow). (f) detail of the ventral tail fin (region 1) showing mild and

severe epidermal vacuolar degeneration and epidermal erosion. (g) detail of the lateral skin (region 2) showing epidermal prolifera-

tion, bordered by epidermal degeneration (border indicated by arrow).

In other areas, a more severe cytoplasmic vac-
uolization (sometimes referred to as hydropic
degeneration) of epithelial cells (Fig. 12f), as well
as intercellular oedema, was present (Fig. 12e).

Discussion

Saddleback syndrome has been described as an
abnormality of the dorsal fin, which is externally
expressed in the form of missing hard spines and
in some cases lepidotrichia. Internally, SBS is
characterized by severe abnormalities of the ptery-
giophores subjacent to the missing rays (Tave
et al. 1983; Koumoundouros et al. 2001; Kou-
moundouros 2008; Cobcroft & Battaglene 2013;
Diggles 2013). In S. aureus, SBS has been shown
to affect either the anterior, the posterior or the
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entire dorsal fin (Tave et al. 1983). In A. australis
(Diggles 2013; Pollock 2015) and in D. dentex
(Koumoundouros ¢t al. 2001), SBS was reported
to develop at the anterior and middle part of the
dorsal fin. Similarly, in wild S. cretense SBS
affected only the anterior part of the dorsal fin
(Koumoundouros 2008). In the present study,
SBS was shown to develop in reared D. labrax
and affect either the anterior, the posterior or the
entire dorsal fin. Moreover, for the first time it
was shown that the lack of dorsal fin rays is not
necessarily linked to abnormalities of the subjacent
pterygiophores.

Previous studies demonstrate that the develop-
ment of SBS is significantly correlated with the
development of deformities on other fins. In
S. aureus SBS was significantly correlated with
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Figure 13 Representative stages of the
development of dorsal, anal and pelvic fins
in sea bass (open area cartilage; stippled
area ossification). (a) 7.5 mm SL. (b)

8.4 mm SL. (c) 12.0 mm SL. (d)

13.6 mm SL. (e) 18.0 mm SL. (¢, d', ¢)
ventral view of the anatomy of pelvic fins.
(¢") magnified anatomy of the first two
pterygiophores and associated fin rays of
the dorsal fin. An, anus; Bp,
basipterygium; Dr, distal radial; Nc,
notochord; Pmf, primordial marginal
finfold; prD, predorsal; Prx, proximal
pterygiophore; R, lepidotrichium (soft ray);
S, hard spine; U, vertebral centra (only
three illustrated for figure clarity); Ur,
urostyle; Scale bars equal to 1 mm (a— &

¢”) and 0.5 mm (c'—¢’).

deformities of the paired fins (Tave er al. 1983),
whereas in D. dentex and in S. cretense SBS was
significantly correlated with deformities of the
caudal fin (Koumoundouros ez 2/ 2001; Kou-
moundouros 2008). In D. dentex, the correlation
between fin deformities was attributed to early
abnormalities of the primordial marginal finfold
(Pmf), which appeared at both the dorsal and the
caudal area (Koumoundouros et 2/ 2001). Similar
to these previous results, the present study
revealed a significant correlation of the SBS with
abnormalities of the pelvic and anal fins. As in the
case of D. dentex (Koumoundouros et al. 2001),
in the present study, such a correlation might be
attributed to the severe epidermal abnormalities
which were shown to affect the dorsal and ventral
part of Pmf, as well as the pelvic fin buds.

The variable expression of SBS in D. labrax,
together with the correlations between different
abnormality types (e.g. posterior dorsal with anal
fin), could be explained under the prism of onto-
geny and the hypothesis of a causative factor acting
during variable ontogenetic periods. The study of
the normal ontogeny of the skeleton of D. labrax
clearly supports this hypothesis. The development
of the posterior dorsal and the anal fin was evident
at the flexion stage with the formation of some
proximal pterygiophores (Prx, 8.4 mm SL;
Fig. 13b). The anterior dorsal fin started

93

developing after the attainment of full meristic
count of the posterior dorsal and anal fin rays
(12.0 mm SL; Fig. 13c), almost simultaneously
with the appearance of the pelvic fin buds
(Fig. 13¢). At the same stage, the initially uniform
and transparent primordial marginal finfold was
replaced by the three unpaired fins. Dorsal fin for-
mation was completed with the development of the
hard spines of the anterior dorsal fin (13.6 mm SL;
Fig. 13d), almost simultaneously with the full
development of pelvic fin rays (Fig. 13d). In the
following ontogenetic period and up to 18.0 mm
SL, the rays of all the examined fins attained their
final relative size (Fig. 13e, €, €").

Lateral-line abnormalities were first reported in
reared S. awurata, mainly in the form of missing sec-
tors or zigzag patterns (Carrillo e a/. 2001). In a
recent study, Sfakianakis ez a/. (2013) reported the
presence of lateral-line abnormalities in D. labrax
and S. awurata in the form of missing sectors or
double pattern. The results of the present study
show that SBS may significantly be associated with
abnormally missing sectors of the lateral line. Such
a correlation might suggest that similar to SBS, lat-
eral-line abnormalities are the ontogenetic result of
the epidermal abnormalities developing at the flex-
ion and metamorphosis phase. Under such a
hypothesis, epidermal abnormalities might disrupt
the process of epithelial ridge formation and the
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following canal segment development around each
neuromast (Webb 1989). Pollock (2015) recently
reported a high correlation of SBS with scale pat-
tern deformities, with scale regeneration rate and,
to a lesser extent, with lateral-line fractures in wild-
caught A. awstralis. Following his results on the
back-calculation of fish total length at scale loss,
Pollock (2015) suggested that SBS and related scale
abnormalities could be the result of physical inju-
ries (e.g. predator-induced) in juveniles of
>70 mm TL. This hypothesis could not be sup-
ported by the present study, as SBS in reared
D. labrax was shown to be a developmental defect
appearing early in ontogeny.

A wide range of environmental stressors (e.g.
heavy metals, ammonia, extreme pH, hypoxia,
drugs) and infectious agents have been reported to
be associated with skin damage in fish (reviewed by
Noga 2000). In the present study, skin damage was
recorded at the larval phase, mainly in the form of
abnormalities of the primordial marginal finfold
(Pmf). In zebrafish, similar abnormalities of the
Pmf are attributed to certain mutations and fre-
quently result in abnormalities of the adult fins
(Van Eeden er al. 1996). Histologically, sea bass
larvae with Pmf abnormalities presented severe epi-
dermal erosion (present study). Although the origin
of epidermal abnormalities remains unclear in the
present study, the fact that no significant increase
in the mortality rate was observed in any of the lar-
val populations studied (P7, P8, 40-50% survival
rate) might exclude infectious agents from the list
of the potential causative factors. More research is
required towards the identification of the causative
factors of Pmf abnormalities, as well as for the
understanding of their relationship with SBS and
associated lateral-line and fin abnormalities.
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