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SUMMARY: Length-weight relationships, sex ratio, maturity patterns, reproductive outputs, fecundity and spawning period 
o f the musky octopus Eledone moschata (Lamarck, 1798) in the northern and central Adriatic Sea are presented for the first 
time. Samples were collected on a monthly basis by commercial bottom trawls between October 2001 and June 2003. A 
total o f 1552 specimens were analysed (779 males, 764 females, 9 undetermined). The overall sex ratio was close to 1:1, but 
during summer males were dominant. Length-weight relationships calculated for each sex and the whole sample showed 
negative allometric growth {b<3). The allometric coefficient in maturing and mature individuals revealed isometric growth 
{b=3). The length at 50% maturity showed that males mature at smaller sizes than females. The mean total fecundity was 
310±60, with a mean oocyte length and width o f 9.39±1.99 mm and 2.57±0.72 mm respectively. The number of spermato- 
phores ranged from 45 to 287 with a mean length of 17.71±3.27 mm. The maturity indices used to analyse the maturation 
process showed that the pattern o f seasonal change had the lowest values in summer for both sexes. The results indicate that 
in the Adriatic Sea E. moschata has an extended reproductive season that starts in autumn and ends in spring, with spawning 
peaks between January and April.
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RESUMEN: C i c l o  r e p r o d u c t i v o  y  m a d u r a c i ó n  s e x u a l  d e l  p u l p o  a l m i z c l a d o  E l e d o n e  m o sc h a t a  ( C e p h a l o p o d a :  
O c t o p o d i d a e )  e n  e l  M a r  A d r i á t i c o  n o r t e ñ o  y  c e n t r a l .  -  En este documento se presentan por primera vez la relación 
talla-peso, proporción de Ios sexos, patrones de madurez, productos reproductivos, fecundidad y el periodo de desove del 
pulpo almizclado. Eledone moschata (Lamarck, 1798), en el Mar Adriático central y norte. Las muestras fueron recolectadas 
mensualmente en base a una red de muestreo de arrastre comercial entre octubre de 2001 y junio de 2003. Se analizaron 
un total de 1552 muestras (779 machos, 764 hembras y 9 indeterminados). La proporción sexual de la muestra total fue 
cercana a 1:1, pero el número de machos fue dominante durante el verano. La relación talla-peso por sexos y total de la 
muestra mostró un crecimiento alométrico negativo {b<3). El coeficiente de alometría en ambos sexos reveló un crecimiento 
isométrico (b=3) en la maduración y en individuos maduros. La talla de primera madurez sexual mostró que Ios machos 
maduran a tallas menores que las hembras. La fecundidad media total fue de 310±60 ovocitos, con talla y anchura media de 
Ios mismos de 9.39±1.99 nun y 2.57±0.72 mm, respectivamente. El número de espermatóforos en Ios machos varió entre 
el 45 y el 287 y su longitud promedio de 17.71±3.27 mm. Los índices de madurez utilizados para analizar el proceso de 
maduración mostraron una variación estacional con valores más bajos en el verano en ambos sexos. Los resultados indican 
que en el mar Adriático E. moschata tiene una época reproductiva larga, que comienza en otoño y termina en primavera, con 
picos de desove entre Ios meses de enero y abril.

Palabras clave'. Eledone moschata, biología reproductiva, fecundidad, mar Adriático.

INTRODUCTION 

The musky octopus, Eledone moschata (Lamarck, 
1798) (Cephalopoda: Octopodidae) inhabits the en

tire Mediterranean and the Gulf of Cádiz in the east
ern Atlantic (Roper et al., 1984). It is widely distrib
uted on the continental shelf, and is most abundant at 
depths down to 100 m. The musky octopus is a com
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mercially important species for the Mediterranean 
demersal fishery, and is mainly caught by bottom 
trawl nets (Belcari and Sbrana, 1999). The distribu
tion and abundance of the species has been studied 
in several areas of the Mediterranean (Lefkaditou et 
a l, 1998, 2001; Pipitone et a l, 2000; Quetglas et 
a l, 2000; Salman et a l, 2000; Belcari et a l, 2002). 
The biological characteristics of populations from 
the Catalan Sea (Mangold-Wirz, 1963; Mangold, 
1983), the Gulf of Gabes (Ezzeddine-Najai, 1997), 
the Gulf of Cádiz (Silva et a l, 2004) and the Aegean 
Sea (Önsoy and Salman, 2004; Akyol et a l, 2007) 
have been described. Observations on the biology of 
the species bred in captivity have also been reported 
(Mangold-Wirz and Boucher-Rodoni, 1973; Boletz- 
ky, 1975; §en, 2007). There are several studies on 
the distribution and abundance of this species in the 
Adriatic Sea (Piccinetti and Jukic, 1988; Casali et al, 
1998; Krstulovic Sifner et a l, 2004,2005), but there 
are few references to the reproductive biology of E. 
moschata in the area (Manfrin-Piccinetti and Riz- 
zoli, 1984; Soro and Piccinetti-Manfrin, 1989). The 
aim of the present paper was to fulfil the existing gap 
in biological studies and provide information on the 
reproductive biology of E. moschata in the northern 
and central Adriatic Sea. The first detailed data on 
the sex ratio, length-weight relationships, maturity 
patterns, reproductive outputs, fecundity and spawn
ing period in the area are presented.

MATERIALS AND METHODS

A total of 1552 specimens of E. moschata with 
mantle lengths between 32 and 140 mm, and body 
weights from 8.0 to 629.8 g were examined. Samples 
were caught monthly by commercial bottom trawlers 
operating on the continental shelf on the eastern side 
of the northern and central Adriatic Sea, between Oc
tober 2001 and June 2003 (Fig. 1). The mantle length 
(ML) and body weight (BW) of animals defrosted at 
room temperature were measured to the nearest 1 mm 
and 0.1 g respectively. Sex and maturity stages for 
males were recorded using the gonad maturity scale 
proposed by Ezzeddine-Najai (1997):

I -  immature: testis very small; vas deferens not 
visible; Needham’s sac transparent and empty;

II -  maturation: testis small, whitish; vas defer
ens visible; Needham’s sac with several transparent 
spermatophores;

III -  mature: testis voluminous; vas deferens 
enlarged, creamy-white; Needham’s sac developed 
and filled with spematophores;

IV -  spent: testis flaccid; Needham’s sac without 
any or with disintegrating spermatophores.

Maturity stages of females were defined using the 
modified scale of Ezzeddine-Najai (1997) with five 
stages, based on the state of the reproductive organs 
and appearance and length of the oocytes (Krstulovic 
Sifner, 2004):

Longitude E

Fig. 1. -  Northern and central Adriatic Sea; the black dots indicate the sampling stations for E. moschata on the eastern side o f the area 
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I -  immature: oviducts and oviductal glands vis
ible, very small, not developed; ovary visible, small 
and whitish; oocytes small (major axis less than 5.5 
mm), whitish to pale yellow, surface smooth;

II -  early maturation: oviducts and oviductal 
glands visible, but still whitish; ovary occupying a 
small portion of the mande cavity; oocytes larger 
(major axis between 5.5 and 8.5 mm), pale yellow, 
longitudinally striated;

III -  advanced maturation: oviducts of beige to 
pale pinkish colour, oviductal glands large, ovary oc
cupying large portion of the mantle cavity; oocytes 
yellow and large with striated surface (major axis 
between 8.5 and 12.5 mm);

IV -  mature: oviducts completely developed, 
oviductal glands very large and beige to pale brown 
in colour; ovary very large, occupying whole pos
terior half of the mantle cavity; oocytes very large, 
dark yellow, with longitudinally striated or smooth 
surface (longer than 12.5 mm in major axis).

V -  spent: ovary less voluminous; no large 
oocytes.

Spent stages were not recorded in this study. The 
maturity stage III in males and maturity stages III 
and IV in females were used to calculate the size at 
50% maturity and proportion of mature individuals 
by month. Gonad weight (GW), oviductal complex 
weight (OCW) and spermatophoric complex weight 
(SCW) were also recorded. The total weight of the 
reproductive organs, called genital complex weight 
(GCW), was related to the total body weight for both 
sexes (Boyle and Daly, 2000).

The sex ratio was calculated monthly, season
ally and annually, and deviations from the expected 
1:1 ratio were tested with the Chi-square O/2) test. 
Length-weight relationships were estimated for the 
whole sample, for males and females, seasonally and 
according to the maturity stage, using the following 
equation: BW  = a MLb. Parameters a and h were 
calculated using ordinary least squares regressions, 
after transforming the data into natural logarithms. 
The length-somatic weight relationships by sex and 
maturity stage were also computed to determine 
the extent to which the length-weight relationship 
was affected by the relative growth in the reproduc
tive organs. An analysis of covariance (ANCOVA) 
was used to test the differences between the slopes 
obtained for males and females. A Student’s r-test 
was used to evaluate relative growth isometry and 
to test differences between subsequent maturity 
stages.

The mantle length at 50% maturity (ML50%) was 
estimated using the non-linear least squares method 
after fitting the relative length-frequency distribution 
for length classes of mature individuals to a logistic 
curve with the formula:

P = 1/ 1 + exp[- b (ML -  ML50%)]}

where P is the relative frequency of mature individu
als per length class and b is the slope parameter of 
the maturity curve.

Reproduction peaks were estimated by analysing 
monthly changes in the values of the maturity indi
ces and in the proportions of the advanced maturity 
stages throughout the year. Indices of reproductive 
status for males and females were calculated using 
the following expressions:

(i) Gonadosomatic index: G.S'/ = (GW/BW) x 100;
(ii) Spermatophoric complex index for males:
SCI = SCW/BW x 100 and oviductal complex index 
for females: 0 (1  = (OCW/BW) x 100
(iii) Maturity coefficient for males:
MCO = (GW + SCW) x 100/[B W - (GW + SCW)] 
and for females:
MCO = (GW + OCW) x 100/[B W -(G W  + OCW)].

Gonads of 65 mature females were stored in 
4% formaldehyde, and oocytes were subsequently 
examined, counted, and measured along the long
est and shortest diameters using a stereo light-mi- 
croscope with a micrometer. Spermatophores from 
206 mature males were also counted and measured 
with electronic digital vernier calipers to the nearest 
0.01 mm. Potential fecundity (PF) was calculated as 
the total number of oocytes of all sizes present in 
the ovary (Laptikhovsky, 1999). Relative fecundity 
(RF) was estimated as the ratio of PF to BW.

RESULTS 

Sex ratio

A total of 779 males, 764 females and 9 individu
als of undetermined sex was analysed. The mantle 
lengths ranged between 34 and 118 mm in males, 
and between 32 and 140 mm in females (Fig. 2). 
The mean mantle length was 75.2± 17.47 nini and 
75.7± 18.60 mm for males and females respectively. 
The overall sex ratio (m/f) was 1.02:1. Females
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Fig. 2. -  Length-frequency distribution of males, females and un
determined individuals of E. moschata from the eastern side of the 

northern and central Adriatic Sea

dominated significantly in October (x2=4.02), while 
males outnumbered females in August (x2=8.00) and 
September (x2=16.49) (jP<0.05). In the rest of the 
year the m/f ratio was close to 1:1 (Table 1). When 
compared by season, it was evident that males domi
nated significantly in summer (x2=23.48; jP<0.05). 
The number of males and females in each length 
class was not significantly different (jP>0.05).

Length-weight relationships

The overall length-total weight relationship of 
the studied population of E. moschata in the Adriatic 
Sea can be described by the following expression:

Ta b l e  1. -  Sex ratio of E. moschata from the eastern side of the 
northern and central Adriatic Sea by month, season and the total 
sample (^-significant difference (x2 test, P<0.05)): Nm, number 
of males; Nf, number of females; Nt, total number of males and 
females; %m, percentage of males (Nm/NtxlOO); %f, percentage of 

females (Nf/NtxlOO); m/f, male/female ratio

Month/season Nm Nf Nt %m %f m/f X2

January 42 39 81 51.85 48.15 1.08 0.11
February 44 53 97 45.36 54.64 0.83 0.84
March 51 65 116 43.97 56.03 0.78 1.69
April 70 64 134 52.24 47.76 1.09 0.27
May 47 68 115 40.87 59.13 0.69 3.83
June 65 53 118 55.08 44.92 1.23 1.22
July 53 38 91 58.24 41.76 1.39 2.47
August 48 24 72 66.67 33.33 2.00 8.00*
September 60 23 83 72.29 27.71 2.61 16.49*
October 97 127 224 43.30 56.70 0.76 4.02*
November 140 129 269 52.04 47.96 1.09 0.45
December 62 81 143 43.36 56.64 0.77 2.52
Spring 182 185 367 49.59 50.41 0.98 0.02
Summer 161 85 246 65.45 34.55 1.89 23.48*
Autumn 299 337 636 47.01 52.99 0.89 2.27
Winter 137 157 294 46.60 53.40 0.87 1.36

Total 779 764 1543 50.49 49.51 1.02 0.15

B W = 0.001 x ML2-7152 (r = 0.9536)

The value of the b coefficient (<3) indicates that 
this species shows overall negative allometric growth. 
The same results were obtained when males and 
females were analysed separately (Table 2). There 
was no significant difference when the slopes of the

Ta b l e  2. -  Length-total weight relationships of E. moschata from the eastern side of the northern and central Adriatic Sea by sex in the total 
sample and by season and maturity stage (immature and maturing/mature): N, number of individuals; ML, mean mantle length; SD, standard 
deviation; r, correlation coefficient; a and &, parameters; S, significance level of b compared to 3 (* P<0.05, ** PcO.Ol, ns, not significant)

Sex N ML 
range (mm)

ML±SD BW 
range (g) RW±SD r a b S

Total M 779 34-118 73.10±17.8 8.04-554.20 144.55± 100.6 0.950 0.0009 2.7656 *

F 764 32-140 74.00±18.5 10.15-629.81 140.87±91.5 0.958 0.0013 2.6644 * *

Spring M 182 36-118 83.83±21.9 16.82-554.20 200.87± 128.0 0.943 0.0011 2.6889 * *

F 185 32-140 81.55±25.2 16.93-629.81 173.43±117.6 0.969 0.0037 2.4040 * *

Summer M 161 34-61 54.23±6.5 8.04-108.00 55.52±19.1 0.871 0.0040 2.3772 * *

F 85 32-61 53.49±5.9 10.15-141.25 54.76±21.6 0.706 0.0053 2.3093 * *

Autumn M 299 50-113 72.91±9.0 41.69-526.40 125.01±62.7 0.796 0.0007 2.7937 *

F 337 50-114 71.41±8.5 41.54-376.91 115.32±50.0 0.782 0.0025 2.4991 * *

Winter M 137 45-117 88.04±10.3 28.06-545.62 219.42± 102.5 0.863 0.0001 3.3451 **
F 157 45-118 87.92±8.7 32.08-532.56 206.95±80.3 0.832 0.0002 3.0493 ns

Immature M 478 34-110 65.19±15.4 8.04-353.31 79.25±57.1 0.953 0.0018 2.5617 * *

F 526 32-111 64.08±14.8 10.15-232.40 79.69±50.4 0.937 0.0019 2.5599 * *

Maturing/
Mature

M 301 57-118 88.54±15.1 52.3-554.20 267.37±115.7 0.944 0.0003 2.9969 ns

F 238 66-140 92.07±16.4 78.94-629.81 278.18±108.3 0.913 0.0004 2.9591 ns
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T a b l e  3 . -  Length-somatic weight relationships o f E. moschata 
from the eastern side o f the northern and central Adriatic Sea by sex 
and maturity stage: r, correlation coefficient; a and b. parameters; s, 
significance level o f b compared to 3 (* P<0 .0 5 ,  ** PcO.Ol, ns, not 

significant)

Sex r a b s

Total M 0.917 0.0010 2.7083 *
F 0.927 0.0032 2.5616 **

Immature M 0.875 0.0025 2.5500 **
F 0.884 0.0040 2.4879 **

Maturing/ M 0.831 0.0071 2.9676 ns
Mature F 0.870 0.0084 2.8290 *

power formula were compared between the two sexes 
(ANCOVA, F 11540 = 2.170, P = 0.141). The high
est values of b were obtained in winter: 3.3451 and 
3.0493 for males and females respectively (Table 2). 
In all other seasons the coefficient b was significantly 
lower than 3. In immature individuals b values were 
significantly lower than 3 for males and females, 
while maturing and mature specimens of both sexes 
showed isometric growth (b~3) (Table 2). Length- 
somatic weight relationships in females showed 
negative allometric growth for the total sample, and 
also for immature and maturing/mature individuals. 
For males in the mature/maturing category, the L- 
SW relationships showed isometric growth (Table 
3). When slopes were compared with the respective 
values of length-total weight relationships, a signifi
cant difference was observed in females (ANCOVA, 
Fl 473 = 6.343, P = 0.004) and a faster relative growth 
in the reproductive organs as a consequence of the 
maturation process; while for maturing/mature males 
no significant difference in the slopes was found 
(ANCOVA, Fh5gg= 1.501, P = 0.192).

Maturity stages and spawning season

In the total sample 67% of males and 72% of 
females were immature (I), and this category was
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Fig. 3. -  Percentage (%) of maturity stages by month for: a) males 
and b) females of E. moschata from the eastern side o f the northern 

and central Adriatic Sea

present with the highest percentage during sum
mer for both sexes (Fig. 3). Maturation occurred in 
autumn, and was abrupt in males and much slower 
in females. Therefore, by the end of autumn (De
cember) the proportion of mature males was high 
(50.0%) and still relatively low in females (18.0%). 
The highest percentage of mature individuals of 
both sexes was recorded between January and April, 
indicating that the most intensive reproductive ac
tivity occurs in winter and early spring. The highest 
values were recorded in February (79.6%) and April 
(60.0%) for males and females respectively. Signifi
cant differences were observed between the mean 
length of individuals in subsequent maturity stages 
(P<0.05), except for females in maturity stages III 
and IV (P>0.05) (Table 4).

T a b l e  4. -  Mantle length range (mm) and mean mantle length with standard deviation (ML±SD) by maturity stage (MS) for males and females 
of E. moschata from the eastern side o f the northern and central Adriatic Sea with the results o f the Student’s /-test (*, significant difference,

P<0.05)

MS ML range
Maies

ML±SD t MS
Females 

ML range ML±SD t

I 32-111 64.08±14.76
I 34-110 65.19±15.38 20.56*

10.31* II 66-116 88.70±11.90
II 57-115 81.97±14.67 3.68*

5.26* III 72-130 96.27±13.38
III 58-118 91.09±13.55 0.48

IV 79-140 97.29±12.31
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Fig. 5. -  Sigmoid curves fitting the percentage of sexually mature 
individuals by length classes; arrows indicate ML50% for: a) males 
and b) females of E. moschata from the eastern side of the northern 

and central Adriatic Sea
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Fig. 4. -  Monthly variations of: a) gonadosomatic index (GSI), b) 
spermatophoric complex index (SCI) and oviductal complex index 
(OCI), and c) maturity coefficient (MCO) for males and females 
of E. moschata from the eastern side of the northern and central 

Adriatic Sea

The highest GSI values were recorded in late 
autumn-winter for males and in winter-early spring 
for females. One peak was observed in January for 
males and two peaks, one in February and the other 
one in April, for females. A minimum was recorded 
in summer for both sexes (Fig. 4). The average 
monthly values of the maturity coefficient (MCO), 
spermatophoric index (SCI) and oviductal index 
(OCI) showed similar monthly oscillations. The 
lowest values for both sexes were found in sum
mer, while the maximum was recorded in January 
and February for males and females respectively 
(Fig. 4).

Length at 50% maturity

The mantle length at 50% maturity (ML50%) 
was 85 mm and 95 mm for males and females re
spectively (Fig. 5). Mean sizes at maturity for both 
sexes are described by the following expressions:

Males: P = 1 / {1 + exp [-0.12 x (ML -  85)]}
(r = 0.9524)

Females: P = 1 / {1 + exp [-0.14 x (ML -  95)]}
(r = 0.9751)

The mantle length of mature individuals ranged 
between 58 and 118 mm in males and between 79 
and 140 mm in females. The mean mantle length of 
mature individuals was 91 mm and 99 mm for males 
and females respectively.

Reproductive outputs

The number of spermatophores in mature males 
was between 45 and 287, on average 120±60. The 
length of fully developed spermatophores ranged 
from 9 to 23 mm, the mean being 17.71 ±3.27 mm. 
A positive correlation was found between the mantle 
length and the length of spermatophores (r=0.631; 
P<0.001), and between the mantle length and the 
number of spermatophores (r=0.379; P<0.001).
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T a b l e  5. -  Microsopically determined oocyte types in the ovaries of E. moschata mature females from the eastern side of the northern and 
central Adriatic Sea: range, mean value and standard deviation (SD) of oocyte length/width (mm) and percentage in the ovary

Type of oocyte Percentage per ovary Length range Mean length ±SD W idth range Mean width ±SD

Small residual 
Medium striated 
Large striated 
Very large striated 
Very large smooth

5.42±2.63 
17.15±6.11 
31.99±9.28 
42.21± 15.37 

3.23±1.56

2.50-5.41
5.50-8.10 
8.11-12.45

12.50-14.03
13.56-15.22

3.86±0.97
7.26±0.92
10.27±1.05
13.20±0.35
14.64±0.57

0.59-2.16
0.61-3.50
1.13-4.00
3.27-4.01
3.57-4.19

1.32±0.36 
1.92±0.50 
2.86±0.53 
3.59±0.16 
3.85±0.15

The number of oocytes in the ovaries of mature 
females ranged from 210 to 459, and the mean oocyte 
length and width were 9.39±1.99 mm and 2.57±0.72 
mm respectively. A positive correlation was found 
between oocyte length and width (r=0.840; P<0.001 ). 
On average, oocyte width was 3.8 times smaller than 
length (Lo/Wo=3.8). Five oocyte types were micro
scopically determined (Table 5). Oocytes with a stri
ated surface dominated in ovaries (>90%), and their 
length varied between 5.50 and 14.03 mm. Oocytes 
with a smooth surface, which measured from 13.56 
to 15.22 mm, on average accounted for 3.23% of the 
total number of oocytes in the ovary. Small, residual 
oocytes accounted for 5.42% of the total number 
present in the ovaries. The mean potential fecundity 
was 310±60 oocytes per female, and the average rel
ative fecundity was 0.95±0.14 oocytes per gram of 
the total body weight. There was a positive correla
tion between the potential fecundity and the mantle 
length of mature females (r=0.758; P=0.003). The 
number of oocytes per gram of ovary showed a loga
rithmic decline with the increase in ovary weight 
(r=-0.702; P=0.016).

Genital complex and total body weight ratio

The comparison of the genital complex weight 
and the total body weight showed a positive correla
tion for both sexes (Fig. 6). In mature individuals
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F i g . 6 . -  Relationship between the genital complex (GCW) and 
body weight (BW) for males and females of E. moschata from the 

eastern side of the northern and central Adriatic Sea.

the weight of the genital complex accounted for up 
to 3.65% of the body weight in males, 18.17% in 
females, and 1.20% in immature individuals. The 
growth of the genital complex in males was iso
metric and linear (r=0.909; P<0.001). The curve 
obtained for females was power (r=0.810; P<0.001), 
with lower values of GCW/BW in smaller individu
als, and much higher and more dispersed values of 
the ratio in larger individuals.

DISCUSSION

In the study area the overall sex ratio of E. mo
schata was close to 1:1 while seasonal sex ratios 
showed a significant dominance by males in sum
mer. Some authors found that males dominated dur
ing the reproduction period (Mangold-Wirz, 1963; 
Mangold, 1983; Ezzeddine-Najai, 1997), while 
Silva et al. (2004) found that females dominated 
significantly throughout the sampling period in the 
Gulf of Cádiz. As in the Adriatic Sea during summer 
mainly E. moschata juveniles were caught (Krstu
lovic Sifner, 2004), the domination of males is most 
probably a result of different behaviour patterns of 
juvenile males and females and the sampling limits.

The negative allometry in the length-weight 
relationships is in accordance with the results of 
other authors (Silva et al., 2004; Akyol et al., 2007). 
During this study an increase in weight compared 
to length was observed in winter, when the matura
tion process of E. moschata was very intensive in the 
Adriatic Sea. Furthermore, the b value showed iso
metric growth in maturing and mature individuals, 
which indicates that in this phase both sexes gained 
more in weight than in length. The length-somatic 
weight relationships indicated that this increase in 
the allometry coefficient in maturing and mature 
males is mainly related to the somatic growth, while 
in the same category of females the reproductive 
system had more intensive relative growth compared 
to the somatic growth.
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Mantle lengths at 50% maturity obtained for E. 
moschata were smaller compared to the results ob
tained by Mangold-Wirz (1963) (90 mm in males, 
130 mm in females) and Ezzeddine-Najai (1997) (90 
nini and 110 nini in males and females respectively), 
while Silva et al. (2004) found smaller lengths in 
males (78 mm) and larger in females (122 mm). 
Previous information on female length at maturity in 
the Adriatic Sea, given by Soro and Piccinetti-Man- 
frin (1989), is in accordance with the results of the 
present study.

The proportions of the different oogenetic stages 
of oocytes in the ovaries of mature females indicate 
that E. moschata probably has a group-synchronous 
ovulation (Rocha et al., 2001), as Önsoy and Salman 
(2004) previously suggested for this species. The 
number and sizes of oocytes are in agreement with 
previous results from the Adriatic Sea (Soro and Pic- 
cinetti Manfrin, 1989), the Catalan Sea (Mangold- 
Wirz, 1963) and from Atlantic Iberian waters (Silva 
et al., 2004). In the Aegean Sea the mean number of 
oocytes was much higher compared to the present 
study: 684 and 836 were recorded by Önsoy and 
Salman (2004) and Akyol et al. (2007) respectively. 
However, the maximum egg size was much smaller 
in the Aegean studies (9.8 mm and 10.7 mm respec
tively). Furthermore, the same authors found a much 
lower average number and length of spermatophores: 
Önsoy and Salman (2004) noted that the mean number 
of spermatophores was 81 (range 14-230) and the 
mean length 14.1 mm, and Akyol et al. (2007) found 
an average of 52 spermatophores (range 6-172) with 
a mean length of 13.66 mm. These kinds of differ
ences usually appear as a consequence of particular 
environmental conditions. The coastal areas of the 
northern and central Adriatic, where the bulk of the 
population is distributed, are biologically the most 
productive parts of the Adriatic Sea (Morovie et a l, 
2004). These conditions seem to favour lower fe
cundity, larger average sizes of reproductive outputs 
and precocity of sexual maturation in this species 
compared to some other areas in the Mediterranean 
Sea. Moreover, the Adriatic Sea is a warm sea, even 
in the deepest parts temperatures are never bellow 
11.5°C (Buljan and Zore-Armanda, 1971), and it has 
been previously indicated that higher average tem
peratures cause precocity in sexual development and 
a longer duration of the reproduction period (Ezzed
dine-Najai, 1997; Silva et a l, 2004).

The observed decrease in the number of oocytes 
per gram of ovary with the increase in the ovary

weight can be explained by the antagonistic ef
fect of a simultaneous increase in the volume of 
yolk in the oocytes and their degeneration (Boyle 
and Chevis, 1992; Gruberi and Wadley, 2000). 
Spermatangia were found in a very small number 
of females, and have also been reported by other 
authors (Mangold, 1983; Ezzeddine-Najai, 1997; 
Silva et a l, 2004). As no significant differences in 
the sex ratio were observed during the reproduc
tion period, mating probably does not take place 
long before spawning and both male and female 
mature individuals migrate to areas that are not ac
cessible to trawl nets. Reproductive migrations of 
E. moschata and some other eledonids have been 
proposed (Mangold-Wirz, 1963; Mangold, 1983; 
Perez and Haimovici, 1991; Perez et a l, 1997; Ön
soy and Salman, 2004), which could also explain 
the lack of spent stages in the samples.

The most intensive reproductive activity of the 
musky octopus in the Adriatic Sea occurs in winter 
and early spring. The highest percentages of mature 
males and females are in February and April re
spectively, which indicates the earlier maturation of 
males, and it has been shown for many cephalopod 
species, as well as for a variety of marine species 
without a social structure (Stergiou et a l, 1996). 
E. moschata in the Adriatic Sea has an extended 
spawning season that starts in autumn and ends in 
spring. The consequence of this spawning pattern is 
the existence of several “microcohorts” of recruits 
throughout the year (Krstulovic Sifner, 2004). Ez
zeddine-Najai (1997) found that the reproductive 
season of E. moschata in Tunisian waters lasts from 
October to June (July). In the Gulf of Cádiz the ma
jor spawning peak was found between February and 
May, with one minor peak in autumn (Silva et a l, 
2004). Studies in the western Mediterranean showed 
that E. moschata reproduces between January and 
June with the highest number of mature individuals 
in March and April (Mangold-Wirz 1963; Mangold 
1983), while in the eastern Mediterranean the repro
ductive season extends from November to July with 
two peaks (Akyol et a l, 2007). In all the studied ar
eas, an extensive reproductive period was observed. 
Minor seasonal differences in the spawning peaks 
are a result of the different environmental variables, 
as the life processes of cephalopods, including the 
initiation and duration of the reproductive season, 
are strongly affected by environmental factors, pri
marily temperature (Van Heukelem, 1979; Mangold, 
1983).
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