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ABSTRACT

Some biological aspects of E. moschata are presented in this paper —
length frequency distribution, length—weight relationship, length at 50%
maturity and gonadosomatic index (GSI). A total of 173 individuals were
examined: 83 males, 88 females and 2 of undetermined sex. The samples were
collected during 2009 and 2010 from commercial trawlers. Length—weight
relationship calculated for the whole sample, for each sex individually and by
season showed relatively low allometric growth (b <3). The length at 50%
maturity showed that males mature at smaller mantle lengths than females.

Compared to males, the GSI of females showed greater variations.

KEY WORDS: Musky octopus, Eledone moschata, biological aspects,
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INTRODUCTION

The musky octopus, Eledone moschata (Lamarck, 1798)
(Cephalopoda: Octopodidae), is an octopod species found in the entire
Mediterranean Sea, including the Adriatic, and spreading as far as the southern
coast of Portugal, west coast of Gibraltar, and the Gulf of Cadiz in the Atlantic
Ocean (Roper et al., 1984; Belcari & Sbrana, 1999). In Montenegrin waters
(south—eastern Adriatic) it is found in the more shallow littoral region, mostly
at depths down to 80 m, only rarely and in small number down to 100 m
(Mandi¢ & Stjepcevié¢, 1982; Mandi¢, 1984; Pastorelli ef al., 1998; Vrgoc et
al., 2004). E. moschata is one of the most important cephalopod species in
Adriatic fisheries. According to Mandi¢ (1984), E. moschata makes up to
19.93% of the biomass in the entire cephalopod catch, in Montenegrin waters.
In Italian fisheries in south Adriatic, the species made about 50% of the entire

cephalopod catch (Pastorelli et al., 1995 and 1998, Vrgoc€ et al., 2004).

E. moschata is a commercial species fished throughout the
Mediterranean and Adriatic, mainly with bottom trawls (Belcari & Sbrana,

1999, Vrgoc et al., 2004).

The biological characteristics of the species were described in several
areas of the Mediterranean: Catalan Sea (Mangold—Wirz, 1963; Mangold,
1983), Gulf of Gabes (Ezzedine—Najai, 1997), Gulf of Cadiz (Silva et al.,
2004), the Aegean Sea (Onsoy & Salman, 2004; Akyol et al., 2007), and the
Adriatic (Krstulovi¢ Sifner, 2004; Krstulovié Sifner & Vrgog¢, 2009).

MATERIAL AND METHODS

The research was performed on 173 individuals from samples collected
during 2009 and 2010. All specimens were caught with bottom trawl of the

Mediterranean ("tartana") type, with a 40 mm diamond mesh cod end. The
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samples were obtained from 12 hauls by commercial trawlers in period
between April 2009 and June 2010, in Montenegrin waters (south—east
Adriatic) (Fig. 1). Specimens were kept frozen before further examination in

the laboratory.
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Figure 1. Study area in Montenegrin waters (south—east Adriatic)

Mantle length (ML) was measured laterally, to the nearest mm. For
purposes of length frequency distribution (LFD), samples were grouped in
length categories rounded to the nearest 5 mm interval. Weight was measured

on a high—precision (0.01 g) electronic balance Sartorius Extend ED4202S.

Gonad maturity stages were determined according to the MEDITS
codes for sexual maturity, with MEDITS stages 2B and 3 being considered

mature for purposes of length at maturity determination.

Length—weight relationship was calculated according to the formula
W =a - L". Parameters a and b were estimated using ordinary least-square

regression after transforming the data in common logarithms to base 10
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(log =loga + b - logL) (Huxley, 1924; Jensen, 1986). Statistical significance

level of b compared to 3 was tested using Student's z—test.

Pearson's goodness—of—fit y*—test was used to test whether the length
frequency distribution followed the normal distribution curve, and the y*—test
was used to determine whether there was any significant difference between the
number of males and females. Both tests were done using the R environment
for statistical computing. Single—factor analysis of variance (ANOVA) was
done to see whether there was any significant difference in mantle length

variances of males and females.

Sex-ratio was given as a proportion of females in the sample,

according to the formula:

N,
SR=—"—-100.
Nf+Nm

The aim of this paper is to provide new biological data on E. moschata
in the south Adriatic region. As there has been no research in Montenegrin
waters dedicated to cephalopods since 1984, all studies on this group of marine
organisms, especially on commercially important species as E. moschata, are
very important as they help in further understanding of their complex biology
and also provide some valuable information important for the management of

the Montenegrin fisheries.

RESULTS AND DISCUSSION

A sample of 173 individuals was analysed, out of which 83 (48%) were
males, 88 (50.9%) were females, and 2 (1.2%) specimens were of
undetermined sex. The y*—test showed that there was no significant difference
between the number of males and females (y* = 0.212, p = 0.6454). The total
sample of sexed specimens consisted of 101 (59.1%) immature or maturing
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individuals and 70 (40.9%) mature individuals. Of the total number of females,
72 (81.8%) were immature or maturing and 16 (18.2%) were mature, while 29
(35%) of males were immature and 54 (65.1%) were mature (Fig. 2). There

were no specimens in the post—spawning (spent) stage.

(=)

.
u

25 2B 34

Gonad maturity stage

Figure 2. Gonad maturity stages of the E. moschata, for males, females and both sexes

together

Pearson's goodness—of—fit y’—test showed that length frequency
distribution for both males and females followed the normal distribution curve
(P2=17.0723, pz = 0.6296; Po = 6.9091, po = 0.6466). Females had a minimum
mantle length of 40 mm, a maximum at 116 mm, with the average length of
777 mm. The minimum mantle length for males was 52 mm, and the
maximum was 117 mm, with the average mantle length of 80.5 mm. The
median value for both males and females was very close to the average

(s = 8.1, o =7.7) (Fig. 3). A single—factor analysis of variance (ANOVA)
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showed that there was no significant statistical difference between length

frequency distributions of males and females (F = 2.0405, F,; = 3.8971).
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Figure 3. Length frequency distribution of males, females and individuals of

undetermined sex

The length—weight relationship showed that allometric exponents were
bz =2.4708 for males, bo = 2.2291 for females and b, = 2.3551 for both sexes
together (Fig. 4). Parameters of the length—weight relationships for the entire
sample and for each sex, as well as those of immature and mature/maturing
individual and for each sex by season are shown in Table 1. In all cases b was
significantly different from 3 (¢ <0.01) indicating relatively slow allometric
increase in weight.. These results are somewhat lower compared to those from
the central and northern Adriatic reported by Krstulovi¢ Sifner (2004),
Krstulovié¢ Sifner and Vrgo¢ (2009) (b; = 2.7656, bo =2.6644, by = 2.7152),
Merella (et al., 2007) in western Mediterranean (b = 2.9100), and Silva (et al.,
2004) in Gulf of Cadiz (bs =2.794, by = 2.660, bor = 2.702). Forsythe and
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Van Heukelem (1987) report a significantly higher b value for both sexes
together (b =3.04) in the Mediterranean. However, the obtained results are
very similar to those reported by Marano (1993) and Vrgoc (et al., 2004) (a =
0.8580, b = 2.3890) from the south Adriatic.
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Figure 4. Length—weight relationship of E. moschata males and females
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Table 1. Length—weight relationships of £. moschata from Montenegrin waters by sex

in the total sample and by season and maturity stage (immature and maturing/mature):

Imm, immature; Mat, maturing/mature; N, number of individuals; ML, mean mantle

length; o, standard deviation; R?, correlation coefficient; a and b, parameters; S,

significance level of b compared to 3 (* — P<0.05; ** — P<0.01; ns — not significant)

ML range

ML+o

BW

BW+o

Sex R? b S
(mm) (mm) range (g) © ¢
3 83 52-117 80.58+12.93 41.59-412.54 137.97+63.85 0.8074 0.0027 2.4558 **
Q 88 40-116 77.68+t16.57 23.98-319.9 117.92+61.53 0.8459 0.0066 2.2291 **
Tot 171 33-117 78.70£15.60 12.22-412.54 126.69+63.13 0.8291 0.0044 2.3300 **
Imm 70 40-103 68.80+12.54 23.98-170.73 82.99+34.43 0.7237 2.0050 1.9031 **
Mat 103 58-117 86.32+18.82 59.1-412.54 59.10+412.54 0.7674 1.1505 2.2655 **
Spring
d 25 52-99 81.04+12.94 41.59-283.63 137.44+62.40 0.7968 0.7655 2.4479 **
20 53-116 81.70+17.83 43.64-319.9 123.01+77.11 0.8474 0.5654 2.5081 **
Summer
4 22 53-117 81.59+15.63 50.88-412.54 159.56+82.99 0.8311 0.8121 2.4767 **
? 19 42-108 77.53+21.11 23.98-279.86 125.76+78.01 0.9026 0.6778 2.4808 **
Autumn
3
17  61-91 74.65+£9.87 58.62—-158.63 101.51+£33.83 0.9123 0.7531 2.4230 **
? 26 40-107 71.04£13.67 39.98-239.03 96.81+43.08 0.7686 2.9150 1.7613 **
Winter
J 17 65-102  85.00+9.29 75.96-215.96 146.10+37.60 0.7444 1.3470 2.1792 **
? 16 76-100 88.13£7.56 94.76-209.69 153.08+32.59 0.8200 1.0581 2.2796 **

Length at which 50% of the population reaches maturity (MLsgs,) was
calculated at 72 mm ML for males, 95 mm for females, and 87 mm for both
sexes (Figs. 5, 6, 7). Krstulovi¢ Sifner and Vrgo¢ (2009) reported identical
length at 50% maturity for females (MLsoy0 =95 mm) in northern and central
Adriatic, but their value for males is somewhat higher (MLsgys =85 mm).
Krstulovi¢ Sifner (2004), on the other hand, gives similar value for males

(MLsoys =75 mm), and a lower value for females (MLsg,0 = 85 mm), also in
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northern and central Adriatic. Soro and Piccinetti Manfrin (1989) reported
mantle length at first sexual maturity for females in Adriatic at 90 mm (Vrgoc
et al., 2004). Mantle lengths at which 25% (ML;se,) and 75% (ML7so,) of the
species reach maturity are given in Table 2, along with relevant logistic curve
parameters. Observed values of both males and females fit the expected values
ogive, while those of both sexes together differ somewhat from the predicted

values.
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Figure 5. Length at 50% of maturity for E. moschata males
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Figure 6. Length at 50% of maturity for £. moschata females
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Figure 7. Length at 50% of maturity for E. moschata for both sexes together
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Table 2. Length at 25, 50 and 75% maturity, by sex in the total sample (R?, correlation

coefficient; a and b, parameters)

Sex ML,sy, MLsqs, MLs, R? a b
3 64 72 81 0.9352 9.5390 0.1321
Q 86 95 103 0.9740 12.7639 0.1350
3+Q 72 87 102 0.7972 6.4764 0.0742

Gonadosomatic index (GSI) of females showed an increase in the
spring—summer period, then a steep drop in the summer—autumn period when it
reached its lowest point, followed by a recovery in autumn—winter. The GSI of
males drops slightly through spring and summer, reaching the minimum in
autumn (Fig. 8). This differs from reports by other authors (Krstulovi¢ Sifner,
2004; Krstulovi¢ Sifner and Vrgog, 2009), who reported the highest GSI values
for the northern and central Adriatic area in late winter and early spring, and

the lowest values in summer, for both sexes.

45 ] —o— Females

—h— [alez

sSpring Summer Autumn Winter

Figure 8. Gonadosomatic index (GSI) for E. moschata males and females
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CONCLUSION

There is still much to be learned about the biology of E. moschata in
Montenegrin waters. The data presented in this paper differ in some aspects
from data presented by various authors for this species. This could be due to
the relatively small number of specimens examined in this research, but it
could also be attributed to the regional specificities of the population inhabiting
the south—eastern Adriatic. Whatever the explanation, further and more detailed

studies on the species are required to confirm the results obtained.
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