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ABSTRACT

The sexual cycle of the cuttlefish, Sepia officinalis,
from the northern part of the Bay of Biscay was
followed over several years (1988 to 1990 and 1992
to 1993). Successive maturity stages are reached at
the same time regardless of site in the northern part
of the Bay. In this area, the majority of cuttlefish
reproduce during their second year of life (group 1I)
whereas the remainder reproduce in their first year
(group I). The first visible signs of sexual develop-
ment concern the testis in males and the genital tract
in females. Males mature earlier than females: the
first spermatophores appear in July (group II) and
October (group [) while mature eggs appear from
December (group 1) and March (group I). The
breeding season lasts from about mid-March to late
June (3.5 months).

INTRODUCTION

The cuttlefish, Sepia officinalis (Linnaeus,
1758), like most cephalopods, is a short-lived
species which reproduces only once over a
short period at the end of its life (Mangold,
1987). The main stages of its life are punctu-
ated by important seasonal migrations
between shallow waters in summer and winter-
ing areas located in deeper waters. The life
cycle of cuttlefish is closely related to environ-
mental factors. Thus, in the northern part of
their distribution area (English Channel), they
reproduce during the second year of life,
during a short breeding season of 2 to 3
months (Boucaud-Camou, Koueta, Boismery
& Medhioub, 1991). In contrast, in warmer
waters such as those around the Iberian Penin-
sula, the Mediterranean and the Gulif of Tunis
(Coetho & Martins, 1991; Guerra & Castro,
1988; Ezzedine Najai, 1983; Mangold, 1966),
the majority of cuttlefish reproduce at one year
old and over a longer period.

In southern Brittany, the length frequency
distribution of breeders indicates that cuttle-
fish are able to reproduce at one or two years
of age (Le Goff & Daguzan, 1991). The aim of
the present study is to give precise description
of sexual maturation and activity of each

group.

MATERIALS AND METHODS

The material for this study consisted of 1002 cuttle-
fish collected between June 1988 and June 1990 in
southern Brittany. An additional sample of 880 spec-
imens was obtained between November 1992 and
December 1993, 1n order to include information over
a longer period and to extend the study area south-
ward in the Bay of Biscay. Animals collected during
this second period were divided into two groups
according to their origin, to the north or south of the
mouth of the Loire River. The cuttlefish were caught
by commercial bottom trawlers at depths ranging
from 20 to 100 metres, or were trapped during
breeding periods in the Golfe du Morbihan or the
Bourgneuf Bay (Table 1 and Fig. 1). In all specimens
we measured dorsal mantle length (ML), total body
wet weight (Wt), fresh gonad and genital tract
weight. In females, free ova (mature oocytes > 6
mm) were weighed separately from the remainder of
the ovary. The colour of accessory nidamental
glands was recorded. In males, spermatophores were
extracted from the spermatophoric sac and weighed.
Hectocotylus formation was also recorded. Follow-
ing Mangold (1987) we consider the presence of free
ova (mature oocyles > 6 mm) or spermatophores as
the criterion of maturity. Maturity stages are
expressed as a percentage of total body weight
(index) for the following organs:

- in females: ovary (OI), principal (PNI) and
accessory (ANI) nidamental gland and oviducal
gland (OvI)

- in males: testis (TI), spermatophoric sac without
spermatophores (NI} and spermatophores (SI).
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Table 1. Origin of the cuttlefish caught in the North and the South of the Loire River.

North of the Loire South of the Loire
March Morbihan Bay and ‘Morbraz’ Bourgneuf Bay
April Morbihan Bay and ‘Morbraz’ Bourgneuf Bay
May Morbihan Bay and ‘Morbraz’ Bourgneuf Bay
June Morbihan Bay and ‘Morbraz’ Bourgneuf Bay
July Morbihan Bay and ‘Morbraz’ Bourgneuf Bay
August Morbihan Bay and ‘Morbraz’ Bourgneuf Bay
September North of Belle lle ‘Jard sur Mer’
October North of Belle lle ‘Jard sur Mer’
November North of Belle lle North of Noirmoutier
December South West of ‘Belie lle’ South wast of ‘Belle lle’
January South west of ‘Belle lle’ South west of ‘lle d'Yeu’
February South west of ‘Belle lle’ South west of ‘Belle lle’
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Figure 1. Principal sites of cuttlefish captures by the fishermen in the North part of the Bay of Biscay during
summer (%), autumn (3%) and winter (£3).
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RESULTS

Life span

Maturity indices show that some cuttlefish are
able to mature before they are one year old,
whereas others mature during their second
year of life. This is in accordance with the
observations of Le Goff (1991) in southern
Brittany and Gi Jeon (1982) in the Arcachon
area. During the breeding season (from mid-
March to June), the two generations can be
distinguished by their mantle length (Fig. 2).
The average ML of group I breeders was 145
mm (140 mm for males and 150 mm for
females) and 230 mm in group II breeders (240
mm for males and 220 mm for females).
Absence of mature specimens after the spawn-
ing season (after July) suggests that the cuttle-
fish do not survive after spawning. This was
also noted by Richard (1971) and Boletzky
(1983). Considering that most hatching occurs
in July in southern Brittany (Bouchaud, 1991),
group I breeders seem to live on average 10 to

Number

10)

Number

13 months and group Il breeders, 20 to 23
months (Le Goff, 1991). As abbreviations, we
will use GIB for group I breeders and GIIB for
group II breeders.

Maturity stages

The maturity indexes are given in Figs 3 to 9. It
appears that for females the results are in good
agreement from both sampling programmes
and both north and south of the mouth of the
Loire. Conversely for males there is a shift of
about 1 month between the two periods.

Females

The growth of the ovary (Fig. 3) becomes
perceptible in the most precocious individuals
from late September in GIIB and late Decem-
ber in GIB. So, there is a gap of 3 months
between the two generations. No decrease in
Gl could be found for the two generations
during the breeding season, in spite of the free

nnnﬂMIl&dﬂﬂ d‘ ]‘ll-h-I-Lﬂﬂﬂlnn_

Dorsal mantle length (cm)

Figure 2. Length frequency distribution of male (white} and female (black) cuttlefish in the course of repro-
duction. Animals were caught in the Morbihan Bay and the Bourgneuf Bay during the breeding season 1992

(A) and in the Morbihan Bay during the 1989 breeding season (B)
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Figure 3. Sepia officinalis females. Gonad index (Ol 5 gonad weight/body weight) of group I (GIB) and 11
(GIIB) breeders collected in the North of the Loire from 1988 to 1990 (@) and 1991 to 1992 (l) and in the

South of the Loire from 1991 to 1992 ((J)-
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Figure 4. Sepia officinalis females. Weight of free ova mass (oocytes . 6 mm) of group | (GIB) and I1 (GI1IB)
breeders collected in the North of the Loire from 1988 to 1990 () and 1991 to 1992 (M) and in the South of

the Loire from 1991 to 1992 ([7]).

ova weight decrease related to egg laying that
occurred in April in GIIB and June in GIB
(Fig. 4). It can be concluded that the growth of
immature oocytes compensates for the emis-
sion of free ova during the laying period. The
first free ova appear in December in GIIB and
in March in GIB, when the two generations
are still in the wintering area. Free ova become
visible 4 months before the migration for
reproduction in GIB and only one month
before migration in GIB. The number of free

ova is closely linked to the cuttlefish length as
has already been noted by Mangold (1987) and
Boletzky (1983). The biggest free ova mass was
110 g, which is approximately of 650 free ova
ready to be laid. It was found in a female of
260 mm ML in early May 1990.

The development of the principal nida-
mental gland begins in July in GIIB and in
October, in GIB (Fig. 5). In both groups the
maturation of the nidamental gland starts 2
months before that of ovaries, that is
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Figure 5. Sepia officinalis females. Principal nidamental gland index (PNI = principal nidamental gland
weight/body weight) of group I (GIB) and II (GIIB) breeders collected in the North of the Loire from 1988 to
1990 (@) and 1991 to 1992 (M) and in the South of the Loire from 1991 to 1992 (7).

512 | | @

=R '

(30}

—;Xl

0.8 [ | |

= , e

::) (IIB L 3 ] °
E(l(v I | i { { | |
4= SHle O

0.4 B ‘ﬁ, Lt
7,1

L

J { 4 | 1 !

&

P

Jul Oct Jan Apr

Figure 6. Sepia officinalis females. Accessory nidamental gland index (ANI = accessory nidamental gland
weight/body weight) of group I(GIB) and 11 (GIIB) breeders collected in the North of the Loire from 1988 to
1990 (@) and 1991 to 1992 (M) and in the South of the Loire from 1991 to 1992 ((7}).

July-August in GIIB and November in GIB.
The nidamental index reaches its maximum
from April in GIIB and during February to
April in GIB. This gland can weigh more than
100 g, i.e. up to 9% of total body weight in
precocious females. In GIIB, it represents 0.3
t0 0.65%.

The accessory nidamental gland follows the

same pattern as the principal gland (Fig. 6). In
GIB growth begins in August and weight
levels off during the following March. It then
represents about 0.6% of total body weight.
Growth begins in November in GIB and
becomes stabilized from April, the accessory
gland then represents nearly 0.5% of total
body weight of the animal.
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Table 2. Monthly changes'in the colour of the accessory nida-
mental gland in group | (GIB) and Hl (GIIB) females.

Colour of accessory nidamental

glands
Date GliB GIB
June to October translucent translucent
November translucent translucent/pink
December translucent translucent/pink
January translucent
translucent/coral
February translucent pink/coral
March transiucent orange/coral
April translucent coral
May translucent coral
June translucent coral
July translucent/pink
August translucent/pink
September pink/orange
October orange/coral
November to May coral
1
L
0.8 'y
y . " .
3 GIB u giB .
=] N
'é 06 . [ o
5 h uH |
B 04 ¢ e =
. H
(u] EI ‘ »
® }
02 ’ : [ ]
4—]—.—’}4]—]— &ﬁ! i =
Jut Oct. Jan. Apr. Jul. Oct Jan. Apr.

Figure 7. Sepia officinalis females. Oviducal index (Ovl = oviducal gland weight/body weight) of group I
(GIB) and II (GIIB) breeders collected in the North of the Loire from 1988 to 1990 (@) and 1991 to 1992 (W)

and in the South of the Loire from 1991 to 1992 ([7).

The accessory nidamental gland takes on a
pink tinge from November in the most preco-
cious females of GIB (nearly 5.5 months old,
Table 2). In contrast, in the less precocious
individuals, this occurs 2 to 2.5 months later,
i.e. in February. Accessory glands remain
translucent and very poorly developed in GIB,
until June-August (approximate age: 12
months). All GIIB glands become coral-red
coloured from November. The coloration of
these glands is visible 7 to 8 months before the

breeding season in GIIB and 3 to 5 months
before the breeding season in GIB.

Development of the oviducal gland is syn-
chronous with development of the principal
nidamental gland and occurs from August
to May of the next year in GIIB and from
October to May-June in GIB (Fig. 7). The
synchronism between the oviducal and nida-
mental glands could be partly explained by
their similar structure, as observed by Richard
(1971) and Boismery (1988).
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Males

The gonad index (Fig. 8) increases from mid-
August in the most precocious GIB of the 1988
cohort and 1.5 month later, from late Septem-
ber, in the 1992 cohort (approximately 2 and 3
months old). Such a gap is not visible in GIIB,
in which testis development occurs from June
to July (at the age of 11 to 12 months old).
Testis weight reaches a maximum (3% of total
body weight) in April to May in GIB and from
February in GIIB (2% of total body weight).
No decrease in testis weight occurs in the
following months.

Spermatophoric sac development begins at
the same time as testis development, that is
from mid-August in 1988 GIB, from late
September in 1992 GIB and on average
June-July in GIIB. The maximal values of the
spermatophoric sac index (on average 1.2%)
are reached in February (GIIB) and in March
(GIB).

The first spermatophores (Fig. 9) appear
from mid-October in all GIB (nearly 4 months
old) and 2.5 months earlier, i.e. from mid-July
in GIIB (nearly 12 months old). Their weight
represents at the most 0.9% (GIB) and 0.5%
(GIB) of total body weight. After reproduc-
tion, from March to July in GIB and from
February to July in GIIB, the weight of
spermatophores as a percentage of total weight
decreases drastically.

The hectocotylized arm is always completely
formed before the appearance of the first

spermatophores (Table 3), although its forma-
tion begins nearly one month after the onset of
testis growth.

A gap of nearly one month appears between
the testis (or spermatophoric sac) development
recorded in GIB during the two periods (1988
to 1990 and 1992 to 1993, Figs 8 and 9). It
seems that the 1988 cohort was more preco-
cious than the 1992 cohort. Development of
testis, spermatophoric sac and spermatophores
is otherwise similar in the samples collected
north or south of the mouth of the Loire.

DISCUSSION

Observations from the same landing site indi-
cate a notable coincidence of maturity stages,
especially in females. This conclusion relies
mainly on observation of accessory nidamental
glands (in females), the hectocotylus arm and
the presence (or absence) of spermatophores
(in males) seen in a great number of speci-
mens, some of which were collected for dissec-
tion. The onset of maturation follows the ‘all
or nothing’ rule in accordance with Richard
(1967) who emphasized neuroendocrine con-
trol of the optic gland in maturation, as first
described by Wells and Wells (1972) for
Octopus vulgaris. In Sepia officinalis, a mini-
mal period of darkness of 12 hours per day is
necessary to trigger growth of the ovary in
females (Richard, 1971). That corresponds to
the photoperiod we have from September
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Figure 8. Sepia officinalis males. Gonad index (TI = testis weight/body weight) of group I (GIB) and II (GIB)
breeders collected in the North of the Loire from 1988 to 1990 (@) and 1991 to 1992 (M) and in the South of

the Loire from 1991 to 1992 (7).
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Table 3. Seasonal formation of the hectocotylised arm and of appearance of spermatophores.
+: presence of completely formed hectocotylus and presence of spermatophores; + — —: beginning
of the hecocotylus formation; + —: in process of formation.

Group Il Breeders

Group | Breeders

Dates Hectocotylus arm  Spermatophores Hectocotylus arm  Spermatophores
June - - - -
July - - - -
August - - ~/+ - -
September - - -/+ -+
October - - —-/+ ~/+
November - - -/+ -/+
December - - —/+ —/+
January - - + +
February - - + +
March - - + +
April - - + +
May -+ - - - + +
June —/+ - - - + +
July —/+ —/+
August + ~/+ —/+
September + —/+
October to May + +
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Figure 9. Sepia officinalis males. Spermatophoric sac index (NI =

spermatophoric sac without sperm-

atophores weight/body weight) of group I (GIB) and II (GIIB) breeders collected in the North of the Loire
from 1988 to 1990 (@) and 1991 to 1992 (M) and in the South of the Loire from 1991 to 1992 (().

when GIIB ovaries begin to grow. Moreover,
sexual development is enhanced by the
scotophase (length of night per day) in both
sexes, these photostimulation processes
become evident only at a given size (the
somatic threshold). Obviously, the size limit
beyond which animals begin to mature is

smaller in males (the first signs of maturation
that we could observe was form 60 mm in
males and 100 mm in females). Based on our
observations, it appears that synchronism of
maturity stages could be explained by close
links between the endogeneous processes of
maturation and external factors. However, the
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Figure 10. Sepia officinalis males. Spermatophore index (SI = spermatophores weight/body weight) of group
I (GIB) and II (GIIB) breeders collected in the North of the Loire from 1988 to 1990 (¢) and 1991 to 1992

(W) and in the South of the Loire from 1991 to 1992 ([]).

fact that testis growth begins during long days
in GIIB would mean that the photoperiod
control is less important for males as pointed
out by Richard (1971) and Koueta et al. (1995).
This could also explain the greater sexual
precocity of males in comparison with females.

Synchronism of sexual organ growth,
observed at different geographical sites, would
mean that ecological factors (temperature,
light, food), acting in each zone are not differ-
ent enough to generate visible differences in
the triggering of sexual cycles from one zone to
another. We know in Sepia officinalis that
vertical migrations coincide with gonad matu-
ration (Boletzky, 1989). In the area studied, it
has also been noted that females start laying
eggs as soon as they reach shallow waters
(Bouchaud, 1991). Furthermore, the fact that
the first breeders arrived at the same time
(they are caught by fishermen around mid-
March) in the three main reproductive areas of
the North of the Bay of Biscay (Morbihan Bay,
Bourgneuf Bay and Pertuis Charentais) sup-
ports our conclusion concerning the synchro-
nism of maturity stages at the level of the
population.

Two age groups of breeders live in the north
of the Bay of Biscay. A majority of individuals
reproduce during their second year of life
(GIIB) whereas others reproduce in their first
year (GIB). The proportion of each group
varies from one year to another and is quite
different between males and females. The per-
centage of GIB, derived from samples of about

one hundred specimens of the same cohort,
was 47% for males and 30% for females in
December 1992, the following year it was 41%
and 11% for males and females respectively.
The higher proportion of precocious breeders
in males could reflect a higher flexibility
between endogenous processes of maturation
and ecological factors.

In conclusion, the north of the Bay of Biscay
appears to be a transition area, between the
English Channel where precocious breeders
are absent (Medhioub, 1986) and southern
waters where precocious breeders seem to be
in the majority (Guerra & Castro, 1988;
Ezzedine Najai, 1983; Mangold, 1966).
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