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ABSTRACT

Spawning induction in the present study was carried out in two steps. The first
step consisted of a priming dose of carp pituitary extract (CPE) with 40-70 pg/ fish,
or from 2960 to 3100 IU of human chorionic gonadotropin (HCG) per fish, while the
second step, which given 24h later, was consisted of the resolving dose of luteinizing
and releasing hormone analogue (LHRHa) 200 ug/kg. After resolving dose,
spawning occurred after 18-24h on average sex ratio was 1:1 female: male in all
spawning trials to optimize fertilization rates. The total number of fertile ovae varied
between 87,000 to 120,000 eggs/ spawn which represent 430+108 eggs/g.BW. The
ripe unfertile eggs of Solea vulgaris were rounded, colorless and transparent with
about 13-20 oil globules. The surface of the fertilized egg shell is smooth, however;
the yolk was segmented. The fertilized egg appeared rounded, and was about 1.2x
1.04mm. The blastodisc appeared at mean age about 35+5 minutes from fertilization.
Morula began to appear after 4h+15min., early gastrula occurred after 8h+15min.,
after 6h£30min. post fertilization (HPF), late gastrula occurred; epiboly took place
and embryonic shield was enlarged. At 12+2 HPF, the late gastrula completed and
the blastopore closed up. Organogenesis started at age of 18+5 HPF then fully
formed embryo inside the egg was formed at age 38+12 HPF. After about 48+15
HPF hatching was started, at 15+2°C and water salinity of 34 ppt. The percent of
fertilization varied between 82-88% and hatching rate was about 90%. At age 8 days
after hatching (DAH), the yolk sac completely absorbed at body length 3.2 mm. At
age of 33 DAH the larva reached 13.6 mm long. All primitive organ systems were
representing at this stage. Endoskeleton was studied during the larval developmental
stages, larvae, post-larvae and juveniles.
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INTRODUCTION

Common sole is a demersal and
sedentary species, living on sandy and
muddy bottoms, mostly in rivers and
near the river mouth and also digging
into the sea bottoms (Jardas, 1996) and
stated that the species is distributed
from coastal water to depth of 250 m.

During the last decades, marine
fish aquaculture in Egypt has been
mostly concentrated on gilthead sea
bream (Sparus aurata) and Sea bass
(Dicentrarchus labrax). The common
sole (Solea solea L.) is a species
appreciated by the market and is a
candidate for rearing in a commercial
scale, although on significant
productions presently exist in Egypt.
Imsland et al. (2003), published a
review of the culture potential of S.
solea in  comparison with S.
sengalensis, and pointed more
information about the commercial
husbandry of S. sengalensis. Among
the most promising candidates are
solied flatfishes provided that effective
culture methods and strategies for
increasing market opportunities can be
developed (Agulleiro et al., 2006).

On growing methods for sole,
which include both the common sole
(Solea solea) and Senegal (Solea
senegalensis) have improved in the last
decades (Ruedajasso et al., 2004).
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Intensive farming of flatfish
have been reported remarkable
successes mainly in Europe with the
Senegal Sole (Solea sengalensis) Dinis
et al (1987), resent knowledge
concerning these species in captivity is
indispensable for developing effective
farming on an industrial scale (Morais
et al., 2005; Canavate et al., 2006; and
Herrera et al., 2008) whom given these
positive results in flatfish breeding and
the need for diversification in
aquaculture.

Sobrino et al. (1994), investigate
the trial farming of other commercial
pleuronictiformes such as the wedge
sole (Dicologoglossa cuneata)
considered as a target species of the
demersal fisheries in the Gulf of
Cadize, Spain.

Senegal sole is currently an
important focus of research for flatfish
aquaculture in Europe particularly in
Spain and Portugal. However, before a
reliable  technology  for  mass
production of Senegal sole can be
transferred to the industry, several
aspects of its culture still need to be
solved and optimized (Agulleiro et al.,
2006). The culture technology for
Senegal sole is mainly impaired by the
lack of methods to control reproduction
in captivity (Cabral, 2000). This
pattern of spawning is also observed in
wild Senegal sole in captivity under
natural temperature regimes (Anguis
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and Canarate, 2005). However, natural
spawning of wild caught fish require
long periods of adaptation to captive
conditions, and when they do occur
they are often unpredictable and the
quality of the egg produced is variable.

The application of hormonal
therapies, mostly based on the
administration of  gonadotropin-
relesing hormone agonists (GnRHa),
which trigger the release of pituitary
gonadotropins, are common strategies
to ameliorate reproductive
dysfunctions of cultured fish (Zohar
and Mylonas, 2001).

In flatfish, GnRHa treatments
are able to promote ovulation and
spawning of females (Mugnier et al.,
2000), although in Atlantic halibut
(Hippoglossus hipoglossus)
administration of GnRHa in males has
only a weak effect, at best, in including
or enhancing sperm  production
(Vermeirssen et al., 2000 and Tvedt et
al., 2001).

Senegal sole were treated with
GnRHa during the natural spawning
season, showed multiple ovulations
(Agulleiro et al., 2006).

The present paper reports studies
on the acceleration of gonadal
development in Solea vulgaris using
hormonal injections and investigation
of the embryonic and larval

development in aquaria conditions and
the descriptions of the early life history
stags of Solea vulgaris. This study will
improve the production of fingerlings
in the hatchery to increase production
of fish in aquaculture farms.

MATERIAL AND METHODS

Solea vulgaris broodstock (260-
310 gffish, body weight), used in the
spawning trials were obtained from
Damietta in north of Egypt. They were
obtained during the middle of
December 2009 and maintained at
National Institute of Oceanography and
Fisheries- Marine Hatchery in (2m?)
fiberglass rectangle tanks with stocking
density of 4fish/ m®. Females at a body
weight of 290+30 gm (mean+SD), and
males, at a body weight 280+10 gm.

System preparation

A flow through sea water 37+2
ppt system supplied salinity. The water
temperature was about 16+1°C
throughout the experiment. Fish were
fed warms and shrimps, with daily rate
of 1.5% of the body weight.

Induction of spawning

Two different strategies for
spawning  Solea  vulgaris  were
attempted, the first strategy called "a
priming" dose of carp pituitary
homogenate (CPH) 200 pgm/Kg fish,
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or human chorionic gonadotropin
(HCG) 10,000 1U/ Kg fish (purchased
from Argent chemical laboratories Lot
#CP, 1408 R and #CG, 2304 R,
respectively). Twenty four hours later a
second "resolving" injection (200
pMg/Kg) was giving consisting of
luteinizing and releasing hormone
analogue (LHRHa) (des Gly ° [D-Ala
®] LHRH ethylamide), (purchased from
Argent chemical laboratories Lot # LH
2508 R, redmond, WA 98052). The
appropriate dosage was dissolved in
0.9% saline and injected into the dorsal
musculature, as it shown in Table (1).

About twenty four hours later,
spawned eggs were fertilized naturally,
collected and incubated in 1 m* open
system fiberglass tanks. Fertilization
rates, average spawned egg diameters,
hatching rates and larval
developmental stages were recorded.

Endoskeleton preparation (double
staining procedure)

Skeletal development in S.
vulgaris was previously described by
(Gavaia et al., 2000) as follows:

Table 1: Total body weight (g), dose of carp pituitary extract (CPE) pg/fish, Human
Chorionic Gonadotropin (HCG) IU/fish, and Lutenizing and Releasing Hormone

(LHRHa) pg/fish, number of

batches, number of fertile ovae, percentage of

fertilization and percentage of hatching, for each female Solea vulgaris throughout

the period from January to March 2010.

Priming dose No. of fertile ovae
i I
Fish Body “ose. No.of | £ 2
No. weight batches Tota = g
@) CPE HCG (ngffish) Per fish Min. Max. g é
(ngffishy  (1UFfish) (No.fish)  (No./fish) a @
per fish Per Kg ga c\°
1 295 70 - 59 15 8,000 10,000 120,000 406779.67 92 90
2 285 50 - 57 14 5,000 12,000 100,000 3508772 93 90
3 260 40 - 52 12 4,800 9,000 110,000 4230769 91 89
4 310 - 3100 62 13 5,000 9,900 90,800 2929032 81 89
5 296 - 2960 59 12 3,900 9,950 87,000 2939189 80 89
6 300 - 3000 60 13 4,000 8,600 88,000 2933333 82 90
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Fixation Specimens in 4%
formal saline, then keep it in 70%
ethanol. After that it cleared in 2%
sodium hydroxide (NaOH), until the
bones become clearly visible. Cartilage
staining with Alcian blue for 5-10
min., then the bone staining was placed
into alizarin red then clearing.

Larval feeding regime

Larvae were transported to the
larval rearing tanks, after the start of
the exogenous feeding, at density
60+12 larvae per litter. S. vulgaris
larvae were rearing from first feeding
until 28 DAH, adopting a feeding
regime based on live food only.

Larvae were fed Rotifer 10
ind./ml from 3 DAH until 12+2 DAH.
From 14+1 DAH, larvae fed on
Artemia, newly hatched nauplii 3-5
ind./ml. Insters I, Il and Il were
gradually introduced to the larvae. By
the age of 25 DAH, it fed on Artemia
metanauplii 8-12 ind./ml.

Weaning trail performed on
juveniles at age 2812 DAH up to the
ending of the study period 56 DAH,
using weaning diet, in addition to the
continuous supplemental of live food.

RESULTS

Solea vulgaris was acclimatized
for 10 days in the spawning tanks

accompanied by running ripe males.
During  2009-2010 about 100%
spawning success rate were achieved
as indicated in Table (1), the first three
tanks attempts using CPE, while in the
second three tanks using HCG as a
priming dose followed by LHRHa in
the resolving dose. After 24+2 h from
the resolving injection the female
spawns, the mean total number of
spawned egg varied between 87,000
minimally and 120,000 maximally per
fish. The percent of fertilization varied
between 80 and 93% at water
temperature of 17+2 and salinity 34+1

ppt.
Embryonic developmental stages

S. vulgaris fish spawn pelagic
eggs, which are fertilized externally
and float individually near the water
surface.

The ripe eggs of S. vulgaris
appeared rounded and transparent, with
a diameter of about 1.04 mm. The egg
membrane is smooth, not separated
from the yolk and the cytoplasm is
reduced to a thin layer covering the
yolk; about 13 to 20 oil globules were
noticed in ripe ova. After a bout 20 min
from fertilization the egg membrane
swells up and separate from
perivitelline space (space between the
chorion and the yolk mass); the
diameter of the eggs increases to
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1.2+0.01 mm, then the stages takes
place as follows:

Fertilized eggs appeared with
active cytoplasm around the zygot
nucleus as a disc shape cap of 0.65 mm
width and 0.15 mm height at the
animal pole (Fig. 1a). At age of 3515
min. after fertilization the blastodisc
were appeared as multicellular circular
when seen from above. The height and
width of blastodisc were about 0.2 mm
and 0.7 mm, respectively (Fig. 1b).

After 4h+  15min.  from
fertilization, the peripheral periblast
cells could be seen hardly. The
blastoderm is expanding as a result of
the peripheral periblast reduction to
form morula stage (Fig. 1c,d&e).

After 8hx 15min., early gastrula
occurred, blastoderm thins and
interface  between  periblast and
blastoderm curved (Fig. 1f). The
embryonic layers were formed. The
more than half of yolk covered by
blastoderm occurred the late gastrula
(Fig. 1g). At 12h the Epiboly took
place and embryonic shield was
enlarged (Fig. 1h); the late gastrula
stage were completed and the
blastopore closed up.

The organogenesis stage was
started at the age from 18hx 30min. to
28+2h (Fig. 1,i&j). The embryonic fold
began to differentiate into head and
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trunk region of the body. Yellow
pigments started on both sides of the
head and trunk region (Fig. 1k).

At the age of 30£2h fully formed
embryo inside the egg was
distinguishable; the yolk sac diameter
was 0.7 mm, heart beat started with
weak cardiac contractions (Fig. 11); the
blood was colorless. At the end of this
stage (38+2h) the membrane began to
loosen as a result of increased
muscular and jerky trunk and tail
movement (Fig. 1m).

Larval development stages

The total length of the larvae
throughout the period of the study was
increased gradually with the larval
development. The relation between the
larval total length and the age after
hatching by days were illustrated in

Fig. (2).

On the day of hatching (ODAH),
the symmetric pre-larval hatched from
the embryo and her tail flexure was
retained, and the larvae swam in
straight direction (Fig.3). Several
incomplete organs were found; the
eyes are not pigmented and still not
functional. The mouth is not open and
the larvae are endogenous feeding, it
depends on the nutrients storage on the
yolk sac.
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Fig. 1: Embryonic developmental stages inside ova of S. vulgaris. a).Fertilized egg; b).Blastodisc,
0.5h.; c).Early Morula, 2.25h. ;d).Intermediate Morula, 3h.; e)Late Morula, 4.3h.; f).Early
Gastrula, 4.7h.; g).Late Gastrula, 5.5h., (4X). h).Epiboly, 6h.; i& j& k).Early full formed embryo,9,
11 and 14h, respectively; 1& m). Late full formed embryo, 18& 25 h., respectively. Chorion (Ch),
Embryo (Em), Oil globules (O), Tail (T), Head (H), perivitelline space (Pe.S), Yolk (Y), (4X).
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Fig. 2: The relation between the larval total
length (TL), (mm) and the age by days
after hatching (DAH).

Pre-larvae at age of 1 DAH, the
body length was about 1.8 mm, the
yolk was about 0.87x 0.62 mm. Eye
development is in progress but the
retina is not pigmented. The lower jaw
begins to appear but still not fully
formed (Fig. 4).

At the age of 2 DAH, the mouth
is opened; the body length was about
2.1mm. The yolk sac was reduced to
reach 0.71x0.58 mm, complete
exogenous feeding had not yet started
(Fig. 5). The lower jaw was moving
and some of the larvae start feeding on
live food. The pigmentation appeared
on the skin.
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Fig. 3: Pre-larvae at (0 DAH), on the day
hatching, the eyes are not pigmented and still
not functional. The mouth is not opened. The
yolk sac (YS), with oil droplets (OD), is very

Fig. 4: Pre-larvae at (1 DAH), most of the yolk
sac (YS), with oil droplets (OD), has been
resorted. Eye (E) development is in progress
but the retina is not pigmented. The lower

abundant and feeding is exclusively

endogenous (4.5X).

At the age of 25 DAH,
swimming activity increased indicating
that the swim bladder was functioning.
The body length increased notably to
reach 2.3 mm. The trunk region was
about 0.7 mm and the tail 1.3 mm. The
head height and length was about 0.4
mm and 0.31 mm, respectively. The
eye diameter increased also to 0.15mm.
The yolk sac decreased in size and was
0.6 X 0.4 mm in diameter.

Exogenous feeding stage was
starting up with larval total length
2.57+0.06 mm. In this age (5 DAH),
the yolk sac were 0.4x0.34 mm, both
mouth and eyes are completed; the
rudiments of the alimentary canal
could be seen as narrow tube. The eyes
were pigmented and completely
functional, with diameter 0.09 mm.
The head height and length were 0.49
and 0.39 mm, respectively (Fig. 6).
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jaw begins to appear (4.5X).

On the age of 8 DAH, the yolk
sac completely absorbed; the body
length was about 3.2 mm. The intestine
was slightly convoluted inside the gut.
The operculum covered the gill arches
(Fig. 7). The head height and length
were reached 0.9 and 0.7 mm,
respectively, by age 10 DAH; and the
body length reached to about
3.63+0.06 mm.

Dark  yellow  pigmentation
started to deposit on the body. The
larvae in this age are totally exogenous
feeding  (Chlorella  salina  and
Brachious placitilis). The eyes were
still on either side of the head. The fins
fold didn't differentiation yet to
specific fin.

At the age of 12 DAH, the
abundant foods in the gut present the
convoluted of the intestine. The
exogenous feeding was on newly
hatched Artemia salina (Fig. 8).



SOLEA VULGARIS SPAWNING AND DEVELOPMENT IN MEDITERRANEAN SEA

Fig. 5: Pre-larvae at (2 DAH), the mouth is
open and the pre-larval stage ends.
Notochord (N) noticed, the larvae coated by
fold (F) and still has yolk sac (YS).
Pigmentation (P) is appeared in the skin
(4.5X).

At the age of 15 DAH, the larva
was 4.20+0.07 mm long; the head was
1.2 mm in height and 1.05 mm in
length. The trunk (pr-anal) and tail
regions (post-anal to the tip of the tail)
were 0.65 mm and 2.3 mm in length,
respectively, and the eye reached 0.28
mm in diameter.

Metamorphosis in the eye and
caudal fin were started and the larvae
become asymmetric. The eye migration
is beginning; the left eye is shifting to
the dorsal midline of the head (Fig. 9).

At the age of 19 DAH, the
caudal fin begins to assume its typical
shape and caudal rays can be observed.
The body reached to 5.30+0.06 mm
and as a whole becomes stronger
maintaining a flattened shape along the
sagittal plane. The upper jaw is slightly
curved down and takes a beaked shape.
The most representative stages of

Fig. 6: Larvae at 5 (DAH), the mouth (M) and

the eyes (E) are completely functional and
pigmented. Larvae are feeding exogenous
but some yolk sac (YS) is still remains.
Anus opening (AO) was indicated (4.X).

metamorphosis are when the left eye
reaches the dorsal midline of the head;
the larvae begin to change their
swimming from vertical to benthic.
The eye was 0.3 mm in diameter. The
head was about 1.5 mm in height and
1.2 mm in length. Transparency of the
body begins to reduce as skin
pigmentation intensifies (Fig. 10).

At the age of 22 DAH £20 h, the
larva reached 5.8 mm long. The head
was well developed, its length was
1.48 mm. from the tip of the snout to
the posterior edge of the operculture,
and its height was 1.54 mm. The trunk
region reached 0.82mm long and the
tail region was about 3.5 mm long.

The left eye began to migrate to
the other side, in accordance with the
normal changes which take place in
this species. The dorsal and anal fins
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Ur

Fig. 7: Larvae at 8 DAH, the eye (E) migration has not yet started. Lower jaw (LJ) and gut (Gt) are
continued to development. Auditory vesicles (Au.fe.) were appeared in the head and dorsal fold (D.fo.)
is formed. Urostyle (Ur) appeared without any rays on it (4X).

Fig. 8: Larva at age 12 (DAH), fed with Artemia showing eye (E), mouth (M), auditory vesicles (Au.fe.),
notochord (N), gut (Gt), dorsal fin (DF), dorsal line (DL), caudal fin (CF) and anal fin (AF) (3.5X).

Fig. 9: Larva at age 15 (DAH), showing eye (E), mouth (M), notochord (N), gut (Gt), dorsal fin (DF),
dorsal midline (DL), caudal fin (CF) and anal fin (AF) (3.5X).
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begin to assume their definitive look,
and the caudal rays appear stronger.
This slow transformation of the Solea
vulgaris larva to a dorsoventrally flat-
bodied fish continued during the fourth
week of its life (Fig. 11).

At the age of 25 DAH, the larvae
transformed symmetric floating larvae
to asymmetric benthic juvenile. Total
body length was about 7.7+0.3 mm.
Both eyes now in the right side of the
body and the juvenile assumes the
benthic behavior typical of flatfishes.
The left eye was 0.3 mm in diameter,
but the right eye reached 0.35mm in
diameter. The head was about 2.4 mm
in height and 2.2 mm in length (Fig.
12).

At the age of 31 days+ 18h, the
larva reached 9.40+0.80 mm. The
pattern of pigmentation of sub-adult
was becoming apparent. The pre-anal
length was 1.1 mm and the post-anal
length was 5.6 mm to the tip of the tail.
The head was about 2.5 mm in height
and 2.3 mm in length, with eye
diameter reached 0.4 mm. All
primitive ~ organ  systems  were
represented at this stage. At the age of
35 DAH, it is become morphologically
typical the adult one; a concentration
of the pigment is distributed in all over
the body in just one side of the flatfish.
The larvae were 10.5£0.58 mm long;
the head was about 2.9 mm in height
and 3.1 mm in length, with eye

diameter reached 0.5 mm.  Eyes
assume their position in the right side
of the body, under the dorsal midline,
the upper jaw complete his curved
down and take the beaked form (Fig.
13).

Endoskeleton developmental stage

The procedure which improved
to follow development of the sole fish
skeleton was used for detecting
simultaneously calcium deposition and
cartilage formation. Specimens of Sole
fish collected during the hatching
period present an underdeveloped
skeleton, composed only of
cartilaginous  elements,  whereas
specimens collected during the period
(between 5 and 30, DAH) were
calcified.

At 5 DAH, the notochord is the
only axial support element. At these
early stages, the only fin structures
were the primordial marginal fin fold
(Fig. 14).

No calcified structures were
visible at the early stage, beside the
notochord. At this stage a calcified
cleithrum became visible. The first
four cartilaginous hypural plates
appeared ventrally at the posterior
extremity of the notochord.

At 10 DAH the larvae presented
a more advanced distribution of
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Fig. 10: Larva at age 19 (DAH), showing upper and lower jaw (UJ&LJ), notochord (N),
auditory vesicles (Au.fe.),gut (Gt), caudal fin (CF) and anal fin (AF). The left eye (E)
reaches the dorsal midline (DL) of the head. The larvae begin to change their
swimming from vertical to benthic. Transparency of the body begins to reduce as skin
pigmentation intensifies (2.5X).

Fig. 11: Larva at age 21+1 (DAH), showing eye (E), upper and lower jaw (UJ&LJ),
operculum (OP) notochord (N), dorsal fin (DF), caudal fin (CF) and anal fin (AF)
(2.5X).

Fig. 12: Juvenile at age 25 (DAH), showing eye (E), upper and lower jaw (UJ&LJ),
operculum (OP) notochord (N),gut (Gt), dorsal fin (DF), caudal fin (CF) and anal fin
(AF). Juvenile were fed with Artemia metanauplii. Both eyes are on the right side of
the body and the sole assumes the benthic behavior typical flatfish (1.5X).
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Fig. 13: Juvenile at age 35 (DAH), showing notochord (N) dorsal fin (DF), caudal fin (CF)
and anal fin (AF). Appearance of the juvenile after one week of beginning the weaning
stage, fed with Artemia metanauplii plus artificial diet (0.67X).

skeletal elements (Fig. 15-a). Meckel’s
cartilage migrated forward and the
mouth was already opened. At this
stage calcification continued to
increase in the cleithrum. The
ceratohyal cartilage began mineralizing
in a median region (Fig. 15-b)
extending  subsequently to  both
extremities.

The first forming vertebrae were
observed at 10 DAH as a mineral
deposition over the notochord, starting
on the posterior zone with the caudal

e

Fig. 14: A normal endoskeleton of Solea vulgaris La

fin and then extending to the rest of
fins. Vertebral formation continued
towards the posterior end and all
individuals showed vertebrae
surrounding the notochord. The first
calcified rays of the caudal fin were
forming by intra-membranous

calcification. At the age of 12 DAH,
the dorsal fin were taking her form,
with about 35 fin rays and the anal fin
fold had 24 rays.

rvae at 5 DAH. Symmetric larvae showing; Eye

rings (ER), Notochord (N), Cletihrum (CI) and Urostyle (Ur) with its Hypural (Hy). Stained with
Alcian blue & Alizarin red double staining. Magnification (3).
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Fig. 15-b: A normal endoskeleton of larval
head, Solea vulgaris, at 10 DAH. Larvae
showing; Cletihrum (CI), Pleural vertebra
(PI), Meckels' Cartilage (M), Neural spine
(Ns) and Haemal spine (Hs). Stained with

Fig. 15-a: A normal endoskeleton of Solea vulgaris
Larvae at 10 DAH. Larvae showing; Notochord
(N), Dorsal fin (Df) and Caudal rays (Cr).
Stained with Alcian blue & Alizarin red double

staining. Magnification (2.5).

The first mineral deposits appear
in the Meckel’s cartilage. The neural
arches are already with visible

calcification at this stage, while the
almost completely formed vertebral
column was visible at 23 DAH (Fig.
16, a-b) with all structures calcified.

Alcian blue & Alizarin red double staining.
Magnification (4).

The caudal fin achieved the total
number of structures with all rays,
hypurals and spines. The dorsal (40
rays) and anal (35 rays) fins were
already formed and largely mineralized
while in pectorals, mineralization of
the rays just began.

Fig. 16-a: A normal endoskeleton of Solea
vulgaris Larvae at 23 DAH. Asymmetric
larvae showing; Notochord (N), Cletihrum
(CI), Dorsal fin (Df), Anal fin (Af) and
Caudal fin (Cf) with it rays (Cr). Stained
with Alcian blue & Alizarin red double
staining. Magnification (2).
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Fig. 16-b: A normal endoskeleton of larval head,

Solea vulgaris, at 23 DAH. Asymmetric larvae
showing; Cletihrum (Cl), Pleural vertebra
(PI), eye ring (ER), Meckels' Cartilage (M),
Neural spine (Ns) and Haemal spine (Hs).
Stained with Alcian blue & Alizarin red
double staining. Magnification (4).



SOLEA VULGARIS SPAWNING AND DEVELOPMENT IN MEDITERRANEAN SEA

The head was largely
mineralized although skull bones
forming by intramembranous
calcification and cartilage undergoing
endochondral ossification continued to
develop until late juvenile stages.

Development  of  vertebral
column elements occurred in parallel
with caudal fin structures and eye
migration. By the time development of
the vertebral column and formation of
the caudal fin were completed, eye
migration had also occurred.

Major morphological changes
during metamorphosis imply
acquisition of asymmetry and occur in
parallel with changes in life style from
pelagic to benthic. These changes are;
eye migration from left to right side
and concomitant bending of the
urostyle and torsion of internal organs
that starts during the process of eye
migration.

In the largest individual
observed (30 DAH), the vertebral and
caudal skeleton were totally formed
and mineralized.

The vertebral column was
composed of vertebrae, separated in
abdominal and caudal, including the
urostile (Fig. 17, a-b). Each abdominal
vertebra was equipped dorsally with a
neural arch and neural spine and

ventrally with a pair of parapophysis
from the fourth to the eighth vertebrae.
The first three neural spines were
generally thicker than the others. The
caudal vertebra was equipped dorsally
with a neural arch and neural spine and
ventrally with a haemal arch and
haemal spine. The parapophysis of
pleural vertebrae 1 and 2 were
elongated.

A schematic representation of
the early skeleton is given in (Fig.18)
and centered on the structures focused
in this study.

DISCUSSION

In this work, the gonadal
acceleration recrudescence and
induction of spawning in a local
population of Solea vulgaris were
presented. In the wild, Solea vulgaris
are reproductively active throughout
the period from December to late
March  (Assem, 1995). Spawning
induction in the present study was
carried out in two steps as commonly
used in various fish species (lee et al.,
1987; Marte, 1989 and El-Gharabawy
and Assem, 2006). The wedge sole,
from the Bay of Biscay to the western
Mediterranean, their spawning season
spans the months of December to
March- April (Vila and Jimenez,
2002).
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vulgaris Larvae at 30 DAH. Asymmetric
larvae showing; Eye ring (ER), Cletihrum
(CI), Notochord (N), Dorsal fin (Df), Anal fin
(Af) and Caudal rays (Cr). Stained with
Alcian blue & Alizarin red double staining.

Magnification (1.3).

Herrera et al. (2008), studied
reproduction and breeding of the
wedge sole in captivity and indicated
that the breeders adapt easily to
captivity, and they can spawn in less
than one year in captivity. Artificial
spawning of Solea solea was
recommended by (Zaki and Hamza,
1988; Assem, 1995 and Agulleiro et
al., 2006).
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Fig. 17-b: A normal endoskeleton of larval
head, Solea wvulgaris, at 30 DAH.
Asymmetric larvae showing; Cletihrum
(CI), eye ring (ER), Meckels' Cartilage (M),
Pleural vertebra (PI) containing
Parapophysis (Pp), Pelvic bone (pb), Pelvic
fin (Pf), Neural spine (Ns) and Haemal
spine (Hs). Stained with Alcian blue &
Alizarin red double staining. Magnification
(2.5).

Hormonal induction of ovulation
for Solea vulgaris was successful with
HCG, CPE and LHRHa. In present
study, artificial spawning of Solea
vulgaris were achieved using CPE
from 40- 70 pg/fish or HCG from 2300
to 3000 IU/fish as a priming dose,
followed by LHRHa about 200
pgm/kgm in the resolving dose.

il

Fig. 18:Skeletal structure of Solefish showing; Notochord (N), Neural spine (Ns), Haemal spine (Hs),
Dorsal fin (Df), Anal fin (Af), Caudal rays (Cr), Pleural vertebra (PI) and Parapophysis (Pp).
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Berlinsky et al. (1997) induced
the ovulation of P. dentatus with HCG
(total dose for ovulation equal to 500
IU Kg?') and CPE (total dose for
ovulation equal to 16 mg Kg™).
Ovulation of p. tropicus was obtained
with HCG 2000 IU Kg™* (Rosas et al.,
1999). Bambill et al. (2006) achieved
good results, inducing the spawning
with 1000 1U Kg™.

Agulleiro et al. (2006), studied
induction of spawning of captive-

reared Senegal sole (Solea
senegalensis) using different
administration methods for
gonadotropin-  releasing  hormone

agonist and concluded that: female
injected with a dose of 5 ug GnRHa/kg
three times a week, or treated with a
single GnRHa loaded implant (50
ug/kg) showed multiple ovulations and
spawns  within a  period of
approximatiple 30 days. Mylonas and
Zohar (2001) listed nine flatfish
species  where  ovulation and/or
spawning was induced using different
GnRHa delivery system ranging from
30 to 1000 pg/kg.

However, the responsiveness of
individual fish, in terms of number of
spawns and fecundity is variable. In
present study, Solea vulgaris shows a
group- synchronous ovarian
development in which successive
batches of vitellogenic oocytes are

recruited into FOM and ovulation
during the spawning season. This
pattern of ovarian development, also
observed in other flatfish species, often
gives rise to multiple ovulations after
GnRHa treatment (Mylonas and Zohar,
2001 and Agulleiro et al., 2006).

Assem (1995) reported that, in
artificial spawning of Solea solea, the
total number of spawned egg varied
between 1.3x 10° egg per kg minimally
and 2.1x 10° egg per kg maximally at
water temperature 17+£2.2°C and
salinity 341 ppt. Herrera et al.,,
(2008), indicated that for Wedge Sole
(Dicologoglossa cuneata) a relative
fecundity reached 1.06- 2.33x 10° egg
kg per spawning season, gametes are
released in a wide temperature range,
10- 21 °C. Similar result for relative
fecundity were reported for other
flatfish species cultured in Europe (S.
solea, S. senegalensis, H.
hippoglossus) except turbot, which
presents similar or higher values
(Howell, 1997; Dinis and Reis, 1995;
Leclercqg, 1994 and Tilseth, 1990).

In present study, hatching of
Solea vulgaris was completed at the
age of 38+2 h post fertilization at
temperature  of about 17+2°C.
Whereas, incubation lasted 36- 48 h for
wedge sole at 19° C by Herrera et al.
(2008). In the present study, as the
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spawning period progressed and the
water temperature in the spawning
tanks rose, the incubation time
shortened, even to as low as 48 hours.
The total number of spawned egg
varied between 2.9x 10° eggs per kg
minimally and 4.2x 10° egg per kg
maximally.

The ripe unfertile eggs of Solea
vulgaris were rounded, colorless,
transparent with about 13- 20 oil
globules. The surface of the fertilized
egg shell is smooth; however, the yolk
was segmented. In agreement with
present study for ripe and fertile egg
was described by (Zaki and Hamza,
1988 and Assem, 1995) for Solea
solea. Herrera et al. (2008). Concluded
that for the wedge sole
(Dicologoglossa cuneata) the fertilized
eggs measured 827+4 um, and they
contained 18- 22 oil drops of 19- 105
um. Fertilized and non- fertilized eggs
could not be distinguished until
embryo formation (18- 24h).

Dinis and Reis (1995), studied
the broodstock management and larval
rearing of Solea senegalensis and
concluded that after 7 months in
captivity a wild broodstock spawned
naturally at temperature ranging from
16.5+0.5 °C to 22+1.0 °C and salinity
from 30 to 35 ppt. Egg with 100%
fertilization presented viability ranging
from 100% to 90%.

68

The fertilization rate of wedge
sole (46.8- 73.8%) was discussed by
Herrera et al. (2008), who concluded
that the fertilization rates are slightly
higher than those found for Solea
senegalensis (39.8- 67.6%) by Anguis
and Canavate (2005), and other flatfish
species new for aquaculture as
Colistium nudipinnis and Colistium
guntheri by (Tait and Hichman, 2001).

In the present study, the percent
of fertilization varied between 80 and
93%, whereas percent of hatching
ranging between 89 and 90% at water
temperature of 17+2 °C and salinity
34+1 ppt.

The hatching rate of wedge sole
(58.3- 85.2%) were recorded by
Herrera et al. (2008). There results
were higher than those described by
Anguis and Canavate (2005) for
Senegal sole (55.4- 70.9%) and other
cultured flatfish species as halibut (14-
51%) by Mazorra et al. (2003).

The newly hatched larvae In the
present study were inactive and usually
remained upside down suspended in
water column. Thereafter, larval
activity increased after the second day
as having weak swimming activity
with the posture of belly up and head
down, sometimes moving with jerky
motion up and down.
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The newly hatched Solea
vulgaris larvae was about 1.8 mm in
total length which in agreement with
(Zaki and Hamza, 1988; and Assem,
1995) who stated that the total length
of Solea solea larvae at 5.5 days+12h
and 2.5 days were 2.3 and 2.1 mm,
respectively. Herrera et al. (2008)
stated that the newly hatched wedge
sole larvae were very small and fragile
(2.34 mm) Jimenez et al. (2001)
reported that the newly hatched wedge
sole larvae total length in wild is
1.57mm. This value is smaller than that
recorded in captivity (2.39 mm). This
fact may be related to the large size of
the captive breeders, bigger than those
found in the wild.

In the present study, larvae
began feeding 3- 5 days after hatching,
in Solea vulgaris mouth opining and
the well development of its upper and
lower jaws allow the larvae to take
food at three to four days. The time of
eye compellation is nearly that of
mouth opining and axis becomes
straight, which helps the larvae to
identify their food as internal- external
feeding starts. These results are
ingreement with study of Zaki and
Hamza (1988), for Solea solea; Assem
(1995), for Solea solea; ElI-Gharabawy
and Assem (2006), for Mugil cephalus;
and Herrera et al. (2008) for wedge
sole. Kvenseth et al. (1996) stated that
the development of functional eye at

the time when the larvae halibut have
been observed to capture prey and
when the digestive system appeared
histologically functional.

The behavior of benthonic S.
vulgaris post larvae is completely
different from that of other
pleuronectiforms. It constantly swims
throughout the entire water column,
while only a few individuals remain
calmly on the bottom. This behavior
becomes less frequent when a fish
grows, although it never disappears. A
reduction in light intensity and in
population density in the tanks might
avoid stress problems. In agreement
with present study Herrera et al. (2008)
described the behavior of wedge sole
post- larvae.

The alizarin red-alcian blue
double staining method for cartilage
and bone allows the visualization of
the entire  skeleton  throughout
vertebrate development and the easy
detection of any deformities that may
occur. Similar techniques have been
used to localize bone and cartilage in
froglets (Marti'nez et al., 1992), fetal
mice (Webb and Byrd, 1994), and
larvae and juveniles from sea bass
(Boglione et al., 1993; Marino et al.,
1993) and gilthead sea bream (Faustino
and Power, 1998; Gavaia et al., 2000&
2002).
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The double staining procedure
presented in this study was carried out
to identify the cartilage and bones
during the larval skeleton development,
since it allows the detection of small
structures undergoing mineralization
such as the jaw apparatus and branchial
arches of sole larvae. This technique
also demonstrates useful view for early
detection of skeletal malformation in
Sole Senegalese (Gavaia et al., 1999).
Knowledge of the normal pattern of
development of skeletal structures is
essential prior to identification of the
factors responsible for the onset of
skeletal deformities (Gavaia et al.,
2002).

In the present study, the first
calcified structures to appear are the
appendicular elements (cleithrum) at
2DAH that was in agreement with
(Gavaia et al, 2000 & 2002).
Development of both caudal complex
and vertebral column begins at 12-13
DAH, accompanying the urostyle
torsion and acquisition of asymmetry
by migration of the left eye. At this
stage, larvae progressively change to a
benthonic  life  style. Similar
observations were made in the
Japanese flounder, where the flexion of
the notochord is closely related to the
development of hypuralia (Hosoya and
Kawamura, 1998 and Gavaia et al.,
2000 & 2002).
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The caudal fin of Senegal sole
is the first to develop, acquiring full
meristic count after 6.1 mm Lst,
followed by anal and dorsal and then
paired fins. This same sequence of fin
development has also been observed in
this study on Solea vulgaris, also it
indicated in the red sea bream (Kohno
et al., 1983), the milkfish (Taki et al.,
1987), the common dentex
(Koumoundouros et al., 1999) and the
Japanese  flounder (Hosoya and
Kawamura, 1998). In Solea vulgaris,
there is a large variation in size and
stage of development of larvae of the
same age. This occurrence has also
been reported for the gilthead seabream
(Faustino and Power, 1998) and
Senegal sole Gavaia et al., 2002).
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