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S U M M A R Y : S tu d ie s  h a v e  b e e n  c o n d u c ted  on  th e  sex u a l d e v e lo p m e n t, m a tu rity  and  re p ro d u c tio n  o f  th e  d o lp h in fish  
(C o ryp h a e n a  h ip p u ru s  L . 1758) in th e  M ed ite r ra n ea n  area , w ith  sp ec ia l re fe re n c e  to  the B a lea ric  is lan d s  an d  S ic ily . P ro fe s ­
s io n a l f is h in g , c a rr ie d  o u t from  A ugust lo  D e c e m b e r 1996, u ses F A D s (F ish  A ttra c tin g  D e v ice s ) a n d  s u rro u n d in g  nets. 2087 
ju v e n i le  s p e c im e n s  o f  d o lp h in fish  from  th e  Io n ia n  an d  so u th e rn  T y rrh en ian  sea s , th e  S tra it o f  S ic ily  a n d  th e  B alearic  is lands  
w e re  s am p led . A  s in a l! n u m b e r o f  ad u lt fish  (3 9 ) , w h ich  a re  n o t u su a lly  c au g h t in  s u rro u n d in g  n e ts , w a s  sam p led  in  th e  
s w o rd fis h  lo n g -lin e  b y -c a tch . T h e  g o n a d s  o f  th e  y o u n g  fish  w e re  an a ly se d  m o n th ly  to  e s ta b lish  th e  s ta g e  o f  d e v e lo p m en t o f  
th e  o v a rie s  o r  te stes , d u rin g  th e  f irs t few  m o n th s  o f  life. T h e  g o n a d s  o f  th e  ad u lt f ish , s a m p le d  in  th e  m o n th s  o f  Ju n e-S cp - 
te m b e r  o n ly , w e re  a ll m a tu re . T h e  sp ec im e n s  c a u g h t be tw een  O c to b e r  a n d  D e c e m b e r p re se n te d  m a tu rity  s tag e  V  in  th e  c ase  
o f  th e  fe m a le s  an d  1 in  the c ase  o f  th e  m a le s , in d ic a tin g  the en d  o f  th e  re p ro d u c tiv e  p e rio d . T h e  g o n a d o -so m a tic  in d ex  (G S I) 
an d  c o n d itio n  fa c to r  (C F ) w ere  c a lc u la te d  fo r  b o th  g en d ers . T h e  tren d  o f  th e  G S I c o n firm s  th e  p re s e n c e  o f  im m a tu re  sp ec i­
m e n s  a s  re g a rd s  th e  ju v e n ile  fish ; th e  low  v a lu e  o f  G S I w as  o b ta in e d  fo r th e  ad u lts , p ro b a b ly  a sso c ia ted  w ith  th e  p o s t-re p ro ­
d u c tio n  c o n d itio n s  fo u n d  in  th e  O c to b e r-D e ce m b e r p e rio d . M ost o f  th e  g o n a d s  sam p led  d u r in g  th e  m o n th s  b e tw een  A u g u st 
an d  D e c e m b e r  b e lo n g e d  to  y o u n g  s p e c im e n s  b o rn  in e a r ly  su m m er. T h is  is  c o n firm e d  b y  th e  ju v e n i le  s tag e s  (F L  2 .5  to  4 .3  
c m ) c au g h t w ith  p la n k to n  n e ts  in  th e  S tra it o f  M essin a  a re a  in Ju ly .

K e y -w o r d s : sex u a l d e v e lo p m en t, m a tu rity , re p ro d u c tio n , d o lp h in fish . C o ry p h a e n a  h ip p u ru s , M e d ite r ra n ea n .

IN TR O D U C TIO N

D olph in fish , C oryphaena h ippurus  L . 1758, 
appear in com m ercial catches from  A ugust 1996 to 
January  1997 o ff  eastern and w estern S icily (Poto- 
schi and S turiale, 1996; Bono et al.. 1997), o ff the 
Balearic island  (C abo, 1961; Iglesias ct a l., 1994; 
M assuti and  M orales-N in. 1991) and o ff M alta

’'R e c e iv e d  F e b ru a ry  6 . 1998. A c cep ted  N o v e m b e r 12. 1998.

(G alea, 1961). A lthough m any authors have con­
ducted studies and  research into the reproductive 
b iology o f  this species in o ther seas o f  the w orld 
(W illiam s and  N ew ell, 1957; B eardsley, 1967; 
Soichi, 1978; G oldberg and  T resierra, 1985; Schuck. 
1951; Shcherbachev, 1973; C hatterji and A nsari, 
1982; D itty ct al., 1994). little is know n about the 
M ed ite rran ean  p o p u la tio n  (B annister, 1976). 
R ecently  M assu ti and M orales-N in (1995. 1997) 
have considered sexual d im orphism , sex ratio, sizes
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o f early  sexual m aturity  and fertility in specim ens 
captured in the w estern M editerranean.

Specific projects funded by the M inistry  o f  A gri­
culture, Food and Forest R esources for Italian seas 
(Potoschi, 1995) and by the European C om m ission, 
(contract n° 94/031 and 95/073) have considered 
aspects o f  fishing and o f  the biology o f  the species 
in the central M editerranean. T he aim  of this work is 
to value the reproductive characteristics o f  sam ples 
captured in the w estern and central M editerranean.

M ATERIALS A N D  M ETH O D S

D uring the 1996 fishing season, 2087 juvenile 
specim ens o f  dolphinfish, w ith F L  o f  betw een 20 
and 60 cm , from  the Ionian sea, southern Tyrrhenian 
sea, the Strait o f  S icily and the Balearic islands were 
sam pled. In these areas the  catches are in fact made 
in the period, know n as the period o f  recruitm ent, in 
w hich the size (cm ) o f  the sam ples is part o f  the 
com m ercial catch using surrounding-nets and FADs 
positioned prior to (he fishing season.

Only 39 adult specim ens (over 60 cm  FL) were 
sam pled during the year as a by-catch o f  the com ­
m ercial long-line, d rifting -net and harpoon  for 
sw ordfish (X iphias gladius  L. 1758).

All individuals w ere m easured for fork length 
(FL) and total length (TL) to the nearest cm , total 
w eight (TW ) and gutted w eight (G TW ) to the near­
est 0.1 g, and w eight o f  the gonads (G W ) to the 
nearest 0.01 g. The sex was determ ined by a m acro­
scopic exam ination o f  the gonads, and stages o f  
m aturity w ere determ ined using B eardsley’s m acro­
scopic scale (1967) (5 stages fo r fem ales and  tw o for 
m ales). Sex has a lso  by presence o f  a prom inent 
bony crest w hich is a characteristic o f  m ale  individ­
uals and is absent in fem ales (Beardsley, 1964). This 
sexual dim orphism  was observed in 1014 specim ens 
w ith F L  longer than 45 cm.

An examination o f  the gonads o f  195 specimens 
was performed by m eans o f  histological preparations. 
The gonad sam ples analysed histologically were 
divided by sampling month to check for any changes 
in the organization of both testes and ovaries during 
the first m onths o f  life. Ilistochem ical stains such as 
periodic Schiff acid and Alcian blue were only used on 
som e specim ens o f  adult individuals, more particular­
ly on the ovary sections at an advanced stage of devel­
opm ent obtained in the June-July samplings, to high­
light neutral and acid m ucopolysaccharides respec­
tively, and Coom assie blue to colour the protein mate-

TMil.I-. 1 -  Sex ratio  (M : m ales: F: fem ales) fo r ju v e n ile  an d  adult d o l­
phinfish  caugh t by  surround ing  net and  long line respec tive ly  (N : num ­
b e r o f  sp ec im e n s ), in  th e  c e n tra l an d  w e s te rn  M ed iterranean .

A rea
Ju v en iles

N F%

B alea ric  is lands 227 32 .6 6 7 .4
S o u th e rn  T y rrh e n ia n 658 30 .5 69.5
Ion ian  S ea 432 31 .9 68.1
S tra it o f  S ic ily 770 31 .2 68.8

A dults

B alea ric  is lands 30 5 6 .6 4 3 .4
Ion ian  Sea 5 4 0 60
S tra it o f  S ic ily 4 0 100

rial in oocytes at various stages o f  development. The 
gonosomatic index (GSI) was calculated by the fol­
lowing formula: GSI= gonad weight (g) x 100/gutted 
body weight (g), and the condition factor by the for­
mula: CF = weight (g) x 10-Vfork length (cm ) x IO3.

RESULTS 

Sex ra tio

Table 1 show s the analysis o f  sex ratio fo r the 
juven ile  specim ens (20-60 cm  EL) and adults (over 
60 cm  FL) sam pled. T he ratio betw een the sexes is 
2:1 (fem ales : m ales) lo r the ju v en ile  sam ples, while 
the sex ra tio  fo r the adults is different in the various 
areas considered. The distribution o f  the  sexes of 
juvenile  sam ples by m onth and length (FL in cm ) is 
represented in F igures 1 and 2 respectively.

The results o f  sex ratio confirm  the inform ation 
given by B annister (1976) for the M altese islands, 
and by Cabo (1961) and M assuti and M orales-N in 
(1991, 1997) for the Balearics. For eastern Africa 
this ratio reaches the value o f  4:1 (W illiam s and 
Newell, 1957); (R ose and Hassler, 1968, 1974). For 
the w aters o f  N orth Carolina, w orkers separated 
their sam ples by  age groups, confirm ing a sex ratio 
o f  2:1 for those belonging to 0 age group, while for 
higher ages the sex ratio was 1:1. In ou r data the few 
adults sam pled, w hose sex ratio is given in Table 2, 
confirm  that the ra tio  between the sexes appears to 
be conditioned by the size o f  the specim ens.

S exual m a tu r ity

T he G SIs calculated for the juven ile  fish are 
show n in Table 2. F rom  these it can be seen that the
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FlG. 1. - M o n th ly  sex  ra tio  (M : m aies; F : fem a le s) fo r  ju v e n i le  d o lp h in f ish  c au g h t in  th e  C en tra l an d  W e s te rn  M ed ite rran ean  (n: n u m b e r  o f
sp ec im en s).
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FlG. 2 . -  S ex  ra tio  (M : m ales; F : fem ales) fo r ju v e n ile  d o lp h in f ish  c au g h t by  s u rro u n d in g  n e t (n : n u m b e r o f  sp ec im en s) in  th e  c en tra l and
w e ste rn  M ed ite r ra n ea n , sh o w n  sep a ra te ly  fo r  e a c h  s ize  c la ss .
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T a b l e  2. V a lu es  o f  G S Í (S D : s tan d a rd  d e v ia tio n )  fo r ju v e n ile  d o lp h in f ish  cau g h t in th e  cen tra l an d  w este rn  M ed ite rran ean , b y  m onth ,
sep a ra te ly  fo r m a le s  (M ) an d  fe m a le s  (F).

S o u th e rn  T y rrh en ian S tra it o f  S ic ily B alea ric  is lands Io n ia n  Sea
M o n ths M  SD F SD M S D F S D M SD F SD M S D F SD

A u,s '9 6 0 .322 0 .026 0 .4 3 3  0 .093 0 .803 0 .7 0 2 0 .7 9 5 0 .6 8 5
S e p l '9 6  0 .1 0 6  0 .232 0 .5 3 9 0 .180 0 .114 0 .2 2 4 0 .563 0.221 0 .155 0.223 0 .4 9 2  0 .151 0 .112 0 .225 0 .3 6 6 0 .167
O c t  '9 6 0 .4 1 4  0 .137 0 .619 0 .220 0 .1 0 6 0 .2 2 0 0 .599 0 .2 0 9  0 .1 2 0 0 .337 0 .7 5 4  0 .3 0 8 0 .1 8 2 0 .2 2 6 0 .548 0 .1 5 4
N o v  '9 6 0 .1 2 9  0 .309 0 .736 0 .3 0 6 0.1 II 0 .304 0 .679 0 .2 1 6  0.1 II 0 .405 0 .7 2 0  0 .2 2 3 O .IS i 0 .273 0 .865 0 .5 0 4
D ec  '9 6 0 .1 6 4  0 .352 0 .859 0 .365 0.071 0 .373 0 .8 2 2 0 .2 5 8
Jan  '9 7 0 .133 0 .387 0 .8 7 5 0 .323

T a b l e  3. -  V alues  o f  G S I (S D s tan d ard  d e v ia tio n )  fo r  ad u lt d o lp h in fish  c au g h t in th e  cen tra l an d  w este rn  M ed ite rra n ean , by  m o n th .
sep a ra te ly  fo r m a les  (M ) an d  fem ales  (F )..

S tra it  o f  S ic ily Io n ian  Sea B alea ric  is lands
M o n ths F S D M SD F SD M SD F SD

M ay  '9 6 0 .292 0.295
J u n  '9 6 6 .513 3 .7 9
Ju l '9 6 1.984 0.851 1.382 0.365 10.454 6.844 1.034 0 .198 4.82 4 .1 5 9
A u g  ‘96 3 .093 1.497 1.385 0.471
S e p t '9 6 0 .752 0 .258 3.38 4 .7
O c t ‘96 1.399 0 .455
N ov  '9 6
D ec  '9 6 0 .727 0 .2 2 7

sam pled individuals, com ing from  com m ercial fish­
ing, have a size o f  20 to  60 cm  FL, so the very low 
GSI values a re  a further dem onstration that these are 
im m ature individuals belonging to the 0  age group 
(Table 2).

T h is w as also confirm ed by the analysis o f  the 
stages o f  m aturity o f  the gonads o f  the adult speci­
m ens, w hose graphic representation o f  the m onthly 
d istribution (Table 3) show s how  the period o f  
spaw ning in the areas considered, fo r both sexes, is 
from  June lo Septem ber, w ith the m axim um  value in 
July, though in O ctober m ature m ales w ere found as 
a  p ro o f tha t germ inating activity o f  the m ale gonad 
extends a few m onths longer than that o f  the 
fem ales.

T he condition factor (CF), differentiated by fish­
ing equipm ent and hence by size, confirm s the pres­
ence o f  only im m ature specim ens in catches with sur- 
rounding-nets. The individuals caught by long-lines 
show low er values in Septem ber and October, proba­
bly linked to a post-spaw ning condition (Table 4).

ble lo describe som e stages o f  the developm ent of 
the oocytes because m ature ovaries w ith hydrated  
oocytes and  spaw ning ovaries, characterised by the 
presence o f  post-ovulatory follicles, w ere not sam ­
pled. The cytological features o f  all the stages of 
developm ent o f  the cells o f  the m ale germ inative 
line w ere observed. These observations show ed that 
the reproductive period o f  adult m ales ends in O cto­
ber. T he histological exam ination o f  the gonads 
show ed that:

- the gonads are fully differentiated even in ju v e ­
nile specim ens (0 age group);

- the juvenile  fem ales have ovaries w hich can 
m acroscopically  be defined as stage I o r  II;

- histologically  these gonads can be defined  as 
stage I o r  im m ature;

- the change in som e m acroscopic characteristics 
(colour, shape etc.) does not correspond to im portant 
histological changes;

- the young m ales have early  developm ent o f  the 
gonad and parts o f  the germ inative line.

H isto log ica l analysis

The few  sam ples obtained betw een June and July 
are  the only ones in w hich il was possible to  study- 
som e aspects o f  the m aturation o f  the gonads in 
adult individuals. The fem ales sam pled during this 
period  show ed m aturing ovaries. It w as only possi-

DISCU SSIO N

From  the biological aspects taken into considera­
tion in the individuals com ing from  the central 
M editerranean it is clear that there are no significant 
differences in the habits show n by (he species.

3 7 0  A. P O T O S C H I e l  al.



T a b l e  4 . -  C o n d itio n  fa c to r  (S D : s tan d a rd  d ev ia tio n ; n: n u m b e r o f  sp ec im e n s  an a ly se d )  fo r  d o lp h in f ish  c au g h t in  th e  C en tra l an d  W estern
M e d ite r ra n ea n , sh o w n  sep a ra te ly  by  a re a  a n d  m e th o d  o f  c ap tu re  fo r  m a les  an d  fem ales.

F em ales M ay Jun Jul A ug S ep t O ct N ov D ec Jan

Ion ian  sea S u rro u n d in g m ean 0 .502 0 .9 1 9 0.091 0 .838 0 .848 0 .849
net S D 0 .395 0 .083 0 .0 9 4 0 .1 2 0 0 .074 0 .0 7 0

n 74 54 4 6 51 33 36
S o u th e rn  T y rrh en ian S u rro u n d in g m ean 0 .787 0 .8 5 9 0 .8 6 7 0 .8 1 7

net SD 0.088 0 .0 9 6 0 .090 0 .8 4
n 57 2 7 0 91 39

L o n g -lin e m ean 0 .6 9 0
I

0 .7 9 5
I

0 .885
i

S tra it  o f  S ic ily S u rro u n d in g
11
m ean

1 1 1
0 .8 2 4 0 .837 0 .8 5 7

net SD 0.064 0 .0 6 7 0 .048
n 215 292 2 3

B alea ric  Is lands S u rro u n d in g m ean 0 .909 0 .987 0 .893 0 .9 1 6
net SD 0 .6 6 8 0 .703 0 .0 8 9 0 .0 5 7

n 13 42 75 22
m ean 0.791 0 .9 0 9
L o n g -lin e SD 0 .1 3 6 0 .088

n 14 3

M ales

Io n ian  sea S u rro u n d in g m ean 0 .4 6 3 0 .9 0 3 0 .8 8 6 0 .8 6 3 0.891
net SD 0 .1 1 6 0 .0 7 9 0 .0 8 6 0 .0 6 3 0 .085

n 27 19 25 16 36
S o u th e rn  T y rrh en ian S u rro u n d in g m ean 0.841 0 .8 5 8 0 .9 3 9 0 .8 8 0

net SD 0 .0 7 8 0 .0 9 8 0 .115 0 .067
n 3 6 9 0 4 0 3 0

L o n g -lin e m ean  1.020
(1 I

1.004
1

S tra it  o f  S ic ily S u rro u n d in g
11 1
m ean

i
0 .8 6 7 0 .8 6 6 0 .997

net SD 0 .064 0 .0 5 9 0 .2 4 9
n 105 123 12

L o n g -lin e m ean 0 .956
i

0 .9 9 3
2

1.196
1

B alea ric  Islands S u rro u n d in g
n
m ean

i
0 .939 1.079 0.951 0 .998

net SD 0 .064 0 .067 0 .0 7 9 0 .045
n 8 13 4 5 8
m ean 1.021 1.235 1.124

L o n g -lin e SD 0 .4 1 4 0.032 0 .005
n 8 3 2

Indeed, the resu lts obtained confirm  lhat the sex 
ratio rem ains in favour o f  the fem ales fo r sizes o f  
betw een 20 and  50 cm  FL , w hile it is equal in indi­
viduals larger than 50  cm . Recently M assu ti and 
M orales-N in (1997), for the western M editerranean, 
also report the ratio  o f  1:1 linked to  the size (63-117 
cm  FL) o f  the sam ples. T he m orphological differ­
ence betw een m ales and fem ales in sam ples w ith an 
FL greater than 45 cm . given from  presence o f  a 
prom inent bony crest in m ales, represents a valid 
m ethod fo r identify ing the sex as indicated by 
B eardsley (1967) and  by M assuti and  M orales-N in 
(1997).

From  the analysis o f  the  values ob tained  by c a l­
cu lating  the G SI and C F  and from  the m onth ly  d is ­
tribution  o f  the  stages o f  m aturity  o f  the gonads, it 
can  be c la im ed  that the M editerranean  defin itely  
represents a spaw ning  area w here the specim ens of 
the period o f  recru itm ent find  favourable env iron­

m ental cond itions w hich cause a tem porary  aggre­
gation under the FADs, and good availability  of 
food w hich allow s the species to  grow  rapidly . The 
change in the environm ental cond itions, due to the 
arrival o f  w inter, resu lts in departu re  o f  the species 
from  the areas stud ied  to w arm er w aters (G ibbs 
and  C olle tte , 1959; M assu ti and  M orales-N in , 
1995). In the  w in te r even accidental catches o f  do l­
phinfish are  not recorded  in the areas investigated. 
The absence o f  do lph in  fish  d id  not enable  sam ples 
to be taken o v er the  w ho le  year, particu larly  
betw een M arch and June. N evertheless, it can  also 
be stated  that the reproduction  period o f  the species 
lasts at least fou r m onths (June-S eptem ber); in fact, 
in the area o f  the  S trait o f  M essina, 4  specim ens 
w ith FL  o f  25 to  43  m m  w ere caught in July  and 
one specim en w ith 48 m m  FL in O ctober, defin ite­
ly rep resen ting  tw o birth tim es o f  the extended 
spaw ning period.
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