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In Europe, the soles Solea solea (Linnaeus 1758) and
Solea senegalensis (Kaup1858) are considered among
the most promising species for marine ¢sh farming.
Several studies conducted from the 1970s to develop
the production technology of these species suggested
simple schedules to obtain spontaneous spawning
(see references in Baynes, Howell & Beard 1993). De-
spite these results and available technical informa-
tion, nowadays, sole production is still at the pilot
scale as breeders in captivity perform poorly or fail
to spawn (Imsland, Foss, Conceic� a� o, Dinis, Delbare,
Scram, Kamstra, Rema &White 2004).
Moreover, for mass production essential knowl-

edge of some reproductive traits, such as ovulatory
period, spawn frequency, egg production and male
fertility, is still scarce.
With the aim of producing juveniles to supplement

natural recruitment, a broodstock of S. solea was
adapted to captivity and induced to reproduce. The
present study reports the results of 5 years of experi-
ments.
Five hundred and sixteen soles were caught by

trawling in the Gulf of Venice (Northern Adriatic
Sea, Italy) in 2 consecutive years (1998^1999) and
maintained in a local ¢sh farm (Pellestrina, Veneto
Agricoltura). All breeders were tagged with passive
integrating transponders and after 1 year survivals
of the two groups were 29% and 28% respectively.
Soles were kept under a natural photoperiod in a

30m2 (27m3) tank with a sand bottom (10 cm layer)
and recirculating seawater at 35 � 0.6 g L�1salinity.
Water temperature £uctuated according to the nat-
ural seasonal trend, but was maintained above 8 1C
from November to March, and below 25 1C during
summer. The mean monthly temperatures averaged
over 1999^2003 years (January^December) are
shown in Fig. 1. The tank stocking density was 0.1^
0.6 kgm�2, corresponding to1^3 individuals m�2.
Breeders were fed ad libitum (1^5% body weight)

three to ¢ve times a week, with an experimental
moist feed composed of ¢shmeal, rawmolluscs (mus-
sels and scallops), shrimp, cod-liver oil and vitamins.
During spawning, the diet was replaced by scallops
and polychaetes (Ramos1986).
Sole breeders weremeasured every year before and

after the spawning season, and in winter during go-
nadal development. Condition factor (K) and relative
growth increment (RGI) were also calculated. Gona-
dal ripeness was checked at individual level through
the transponder.
In the ¢rst year of rearing, the broodstook reacted

positively to captivity and, because of the applied
feeding and rearing schedules, an RGI of 59 � 28%
for females and 30 � 25% for males was observed
from spring to autumn.
As an e¡ect of gonadal maturation in both sexes,

RGI calculated from winter to spring generally
showed an average positive trend, with higher values

Aquaculture Research, 2006, 37, 423^427 doi:10.1111/j.1365-2109.2005.01429.x

r 2006 TheAuthors. Journal Compilationr 2006 Blackwell Publishing Ltd 423



in females (13.9^33.9%) than in males (9.7^25.6%) in
each of the 5 years except 2002. In that year, RGI va-
lues were exceptionally low (�1.8% for males and
5.2% for females) probably as a consequence of feed-
ing competition, as already reported for the sole by
Howell (1997).
Soles captured from the wild spontaneously

spawned within the ¢rst year of captivity, from
March to May. Some of the breeders captured in1998
spawned in 2 consecutive years.
In spring 2000, as soon as the ¢rst eggs were re-

leased in the stocking tank, two lots of ¢sh were
transferred to spawning tanks. Breeders were se-
lected to form homogenous mating lots on the basis
of gonad shape as visible externally or in transpar-
ency against a strong light. Each lot was placed in a
9m2 (10m3) spawning tank with recirculating
water, sandy bottom and natural photoperiod. The
tank density was 0.1^0.8 kgm�2, and the sex ratio
was close to one (Table1).
With the aim of improving egg production, a com-

mercial preparation of a long-acting agonist of gona-
dotropin releasing hormone (GnRHa) (Enantone
Depot, Takeda, Japan) was used to induce spawning
(Barbaro, Francescon, Bertotto, Bozzato, Di Maria,
Patarnello, Furlan & Colombo 2002). Long-acting
GnRHa was chosen as it induced successful produc-
tion of eggs both in single batch group synchronous
and in asynchronous species (Mylonas & Zohar
2001). The hormone was diluted in physiological sal-
ine and administered both in females and males by a
single intramuscular injection.
In 2000, one lot (40A) was injected with a dose of

40 mg kg�1 BW, while the other one was allowed to

spawn spontaneously and kept as control (Table 1
and Fig. 2). In both lots, spawning started within
84 h and continued for about 2 months. Eggs were
collected daily within 12 h from spawning, trans-
ferred to 100 L incubators and counted as described
by Chatain and Gauvrit (1994).
In the following year (2001), as no spontaneous

egg release was detected throughout March, in April
two lots (lot 40B and lot 20A) were injected with 40
and 20 mg kg�1 BWof GnRHa respectively. Data on
egg production in 2000 and 2001 are reported in
Table1.
With regard to egg viability in 2000, the treated lot

(40A) and the control showed a signi¢cant di¡erence
in production of developing embryos with 2217 vs.
5111 per kg BW per day respectively (ANOVA: F518.7;
�Po0.05). Lot 40Aproduced as many eggs as the un-
treated control but about 80% of the eggs were laid in
the ¢rst 22 days (Fig. 2a, b).
Lot 40B (2001) produced fewer eggs than 40A but

with a higher fertilization rate, indicating a better
quality of gametes. Deterioration of gamete quality
was related to hormone dosage for S. solea (Ramos
1986) as well as for other species, and was linked to
drastic shortage of ovulation period after induction
(Mylonas, Hinshaw & Sullivan1992): a similar situa-
tion seemed to characterize lot 40A in which hor-
mone dosage was probably too high and injection
was administered at an unsuitable stage of ovarian
maturation.
In 2001, the lot treated with 20 mg kg�1 (20A) pro-

duced twice the embryo amount of 40B lot (ANOVA:
F55.2; �Po0.05), thus indicating that such a dose
was indeed able to induce spawning (Table1).

Figure 1 Average monthly water temperature during the years 1999^2003. Data are expressed as means � 95% con¢-
dence limits.

Spawning in captive common sole DBertotto et al. Aquaculture Research, 2006, 37, 423^427

424 r 2006 TheAuthors. Journal Compilationr 2006 Blackwell Publishing Ltd, Aquaculture Research, 37, 423^427



Ta
bl
e
1

B
io
m
et
ry

an
d
eg
g
pr
od

u
ct
io
n
in

so
le
ex
pe
ri
m
en

ta
ll
ot
s

C
on

tr
ol
:2
00
0

Lo
t4
0A

:2
00

0
Lo

t4
0B

:2
00
1

Lo
t2
0A

:2
00
1

Lo
t2
0B

:2
00
2

Lo
t2
0C

:2
00
2

Lo
t2
0D

:2
00
3

S
20
A
:2
00
3

S
20
B
:2
00
3

B
re

e
d
e
rs

F
e
m

a
le

s

N
o
f

in
d
iv

id
u
a
ls

1
0

1
1

7
7

9
9

5
1

1

T
o
ta

l
le

n
g
th

(c
m

)
2
7
�

2
2
8
�

2
3
2
�

1
3
2
�

2
3
5
�

2
3
5
�

1
3
5
�

6
3
9

3
7

W
e
ig

h
t

(g
)

2
2
8
�

7
2

2
2
8
�

6
4

4
1
3
�

7
1

4
2
5
�

5
2

5
5
6
�

9
1

5
6
3
�

5
6

5
8
1
�

2
8
2

8
0
8

7
5
0

K
(c

o
n
d
iti

o
n

fa
ct

o
r)

1
.0
�

0
.2

1
.0
�

0
.1

1
.3
�

0
.1

1
.3
�

0
.2

1
.3
�

0
.1

1
.3
�

0
.1

1
.3
�

0
.1

1
.4

1
.5

B
io

m
a
s
s

(g
)

2
2
7
6

2
5
0
6

2
8
9
0

2
9
7
8

5
0
0
6

5
0
6
6

2
9
0
6

8
0
8

7
5
0

M
a
le

s

N
o
f

in
d
iv

id
u
a
ls

9
9

8
8

7
7

6
1

1

T
o
ta

l
le

n
g
th

(c
m

)
2
7
�

2
2
7
�

2
3
0
�

3
3
0
�

2
3
2
�

3
3
2
�

3
3
1
�

7
3
6

3
5

W
e
ig

h
t

(g
)

1
8
9
�

4
6

1
9
4
�

5
3

2
7
2
�

9
1

2
7
9
�

5
5

3
6
2
�

1
3
5

3
3
5
�

1
0
5

3
8
0
�

2
6
8

4
3
6

4
2
8

K
(c

o
n
d
iti

o
n

fa
ct

o
r)

0
.9
�

0
.1

0
.9
�

0
.1

1
.0
�

0
.1

1
.0
�

0
.1

1
.0
�

0
.1

1
.0
�

0
.1

1
.1
�

0
.2

1
.0

1
.0

D
e
n
si

ty
(k

g
m

q
�

1
)

0
.5

0
.5

0
.6

0
.6

0
.8

0
.7

0
.6

0
.1

0
.1

S
e
x

ra
tio

(F
/M

)
1
.1

1
.2

0
.9

0
.9

1
.3

1
.3

0
.8

1
.0

1
.0

O
v
ip

o
si

tio
n

T
o
ta

l
la

id
e
g
g
s

(1
0
0
0

k
g
�

1
)

3
2
1

3
4
7

1
6
3

3
0
2

3
9
4

4
8
5

5
0
7

3
7
3

2
7
0

D
e
ve

lo
p
in

g
e
m

b
ry

o
s

(1
0
0
0

kg
�

1
a
n
d

(%
))

2
5
6

(7
9
)

8
9

(3
4
)

1
1
8

(6
7
)

2
3
8

(7
4
)

2
2
0

(5
9
)

6
(7

)
2
1
3

(4
5
)

2
3
2

(5
4
)

0
(0

)

E
g
g

d
ia

m
e
te

r
(m

m
)

9
6
1
�

7
9
6
8
�

9
1
0
0
4
�

1
0

9
8
9
�

1
1

1
0
1
5
�

1
9

1
0
6
1
�

2
2

1
1
0
8
�

9
9
6
2
�

7
1
0
0
8
�

9

S
p
a
w

n
in

g
p
e
ri
o
d

(d
a
y
s)

6
9

5
5

2
4

2
5

7
1

4
2
2

4
3

5
8

7
3

O
v
ip

o
si

tio
n

d
a
ys

5
0

4
0

2
0

2
2

4
5

4
1
8

3
4

2
2

2
7

D
at
a
ar
e
ex
pr
es
se
d
as

m
ea
n
s
�

95
%

co
n
¢d

en
ce

lim
it
s.

K
(c
on

di
ti
on

fa
ct
or
):
bo

dy
w
ei
gh

t�
10

0
/t
ot
al

le
ng

th
3 .

Se
x
ra
ti
o,
N
of

fe
m
al
es
/N

of
m
al
es
.

Aquaculture Research, 2006, 37, 423^427 Spawning in captive common sole DBertotto et al.

r 2006 TheAuthors. Journal Compilationr 2006 Blackwell Publishing Ltd, Aquaculture Research, 37, 423^427 425



In March 2002, after spontaneous spawning failed
again, two lots were injected with 20 mg kg�1 BW
GnRHa (lot 20B and lot 20C; Table 1). Lot 20C pro-
duced almost exclusively unfertilized eggs and after
1 month, to attempt further exploitation of the
breeders, three single mating pairs were set-up with-
out any further hormonal injection. The single
mating pairs spawned intermittently 3, 12 and 22
days during about 2 months of observation. The
daily egg production ranged from 3800 to 70000
per kg BW.

Spawning occurred for periods ranging from2 to 8
consecutive days, and the latency interval between
each spawning was1^19 days. Only one single mate
pair produced fertilized eggs.
In the following year (2003) when again no spon-

taneous eggs were found, a multiple lot (20D) and
two single mating pairs (S20A and S20B) were in-
jected with hormone preparation. Egg production
was successfullyachieved in all lots, but in one single
pair fertilization completely failed (Table1). Single fe-
males released eggs consecutively for periods ran-

Figure 2 Daily total egg produc-
tion in sole lots: (a) a control lot
(only environmental induction), (b)
a lot treated with 40 mg kg�1 BWof
long-acting GnRHa, (c) a single fe-
male treated with 20 mg kg�1BWof
long-acting GnRHa. Arrows indi-
cate the time of hormone injection.
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ging from 2 to 9 days with latency intervals of 1^11
days (Fig. 2c representing only S20A), giving an indi-
cationabout the rhythmof ovulation in S. soleaunder
hormonal treatment.
Sole breeders studied herein spontaneously

spawned within the ¢rst year of captivity and even-
tually spawned in the following year. However, in con-
trast to that reported by Devauchelle, Alexandre, Le
Corre and Letty (1987) and Lenzi and Salvatori (1989),
prolonged captivity apparently inhibited egg release.
When egg release was inhibited in the stock tank,

it always started in the experimental groups just after
administration of long-acting GnRHa yielding pro-
ductions comparable with spontaneous spawning,
although concentrated in a shorter period.
The e¡ectiveness of long-acting GnRHa is further

highlighted by comparison with data on egg produc-
tion reported in the literature for soles spontaneously
spawning (range 3000^240000 embryos per kg BW
per season) (Houghton, Last & Bromley1985; Ramos
1986; Devauchelle et al. 1987; Baynes et al. 1993) as
well as in short-acting LHRHa-induced females
(31900 embryos per kg BWper season) (Ramos1986).
Apart from hormonal treatment, other parameters

such as diet andwater temperature are of paramount
importance in promoting proper gonadal develop-
ment and spawning in captive soles. Administration
of low food rations to sole breeders during the winter
of 2001^2002 gave rise to strong competition that led
to extremely low RGIs, with special reference to
males, and a consequent decrease in fertilization
rates in laid eggs. Moreover, variability in fertilization
rates in the present investigationmay be explained by
male infertility, a frequent problem in £at¢sh repro-
duction (Mylonas & Zohar 2001).
Reproduction in common sole still requires further

study, particularly regarding some peculiar aspects
such as improvement in male performances in fertili-
zation, identi¢cation of e¡ective minimal hormonal
doses and set-up of methods for gamete manipula-
tion.The present workmay be considered as a further
contribution to this topic.
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