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INTRODUCTION

The reproductive system of female cephalopods includes a glandular system { ovi -
duct glands and nidamental glands ), which develops considerably during sexual ma-
turation and which plays an important part in the formation of the different egg
membranes. It is generally uncoloured. An exception are the nidamental glands in
Vautilus pompilius which are composed of opaque yellowish or vellowish-green tis-
sue ( Ref. 1 ). Moreover all Sepioidea and Myopsida and Ctenopteryx, a species be-
longing to the Oegopsida ( Ref. 2 ) possess accessory nidamental glands. The most
striking property of these glands is their intense coloration varying from yellow
to orange and red.

This paper is a comparative study of the accessory nidamental glands from Sepia
officinalis L. ( the cuttlefish ), Sepiola atlantica d'Orbigny ( the little cutt-
le ), Loligo vulgaris Lamarck ( the common squid ) and Alloteuthis subulata La -
marck. These are four cephalopods which are very common on the North Sea coasts
of Belgium, England, France and the Netherlands. Special attention has been given
to Sepia officinalis L., which, since 1965, has been a main subject of intensive
research at the institute of marine biology of Wimereux ( France ).

THE COLOUR CYCLE OF THE ACCESSORY NIDAMENTAL GLANDS

Figure 1 gives an outline of our actual knowledge of the interrelationship between
the development of female gametes, vitellogenesis and the coloration of the acces-
sory nidamental glands in Sepia officinalis L. These results have been obtained
with cultured animals ( Ref. 3 }, reared from the same egg cluster and kept at a
constant temperature of 18°C. and in artificial light with a light~dark cycle 6:18
( Ref. 4, 5, B, and 7 ). In young females, the colour of the accessory nidamental
glands changes from colourless to white and then corresponds with the colour of
the muscular tissue. With the ripening of the gonads the colour changes to yellow,
orange and finally intense coral-red in sexually mature animals. After spawning
the colour fades away to pink-red.

Figure 2 shows the endocrine mechanism controlling the development of the repro -
ductive system in Sepia officinalis L. Experiments with castrated females have

shown ( Ref. 8 )} that the growth and the colour of the accessory nidamental glands
do not depend on the presence of the ovary but must be correlated with the activi-
ty of the optic glands. The latter are controlled by the brain and have a secre -
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Fig. 1 Interrelationship between development of female gametes, vitellogenesis

and the coloration of the accessory nidamental glands in Sepia.

tory activity linked with light-dark cycles with a long dark period.

The accessory nidamental glands in Septola atlantica and Loligo vulgaris are rela-
tively smaller than in Sepia officinalis ( Fig. 3, a, b, and ¢ ) but show almost

comparable colour changes.
THE SECRETORY ACTIVITY OF THE ACCESSORY NIDAMENTAL GLANDS

Our observations on Sepia officinalis ( Ref. 9 and 10 ) show that during morpholo-
gical differentiation the secretory cells arganize themselves into tubes with in-
creasing diameter ( Fig. 4 a ). Their secretory activity starts in very young ani-
mals before the first coloration of the gland appears. During this process the en-
doplasmic reticulum and the Golgi apparatus form granules ( Fig. 4 b ) which are

secreted into the lumen of the tubes (Fig. 4 a }. We were unable to find cellular
secretory activity correlated with the colour cycle of the gland except for the
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Fig. 2 : The endocrine mechanism controlling the development of the reproductive
system in Sepia officinalis .

aspect of the secretory granules, which look completely filled with dense material
in young animals, but in sexually mature animals only the central part of the gra-
nules remains osmiophilic ( Fig. 4 c ).

The coloration of the gland is due to the accumulation in its tubes of coloured
symbiotic bacteria ( Ref. 11 and 12 ). The glandular tissues always remain slight-
ly beige while the content of the tubes may become intense coral-red and determine
the general outlook of the glands.

STUDY OF THE SYMBIOTIC BACTERIA

By very weak homogenation and subsequent centrifugation we were able to isolate
the symbiotic bacteria of the accessory nidamental glands. The general aspect of
the bacteria is shown in fig. 5 and is quite different in the four cephalopod
species studied. Moreover different species of symbiotic bacteria seem to occur

in one host. With glands of Sepia officinalis and by using different culture media
we succeeded in isolating eleven different types of bacteria ( C. Van den Branden
et al. - to be published ). Five strains were not coloured but the others were
respectively yellow ( three strains ), yellow-orange ( two strains ) , and
orange-red ( one strain ).
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Fig. 3 : The locallsation of the accessory nidamental glands ( ANG )} in a) Sepia
officinalis,b) Sepiola atlantica and c) Alloteuthis subulata.
N.G. : Nidamental glands.
0. : Ovary.
0.6, : Oviduct glands.

THE STUDY OF THE PIGMENTS

We have demonstrated earlier ( Ref. 9 and 12 ) that the pigments in the accessory
nidemental glands from Sepia offZcinalis were carotenoids and that the main pig -
ment ( with a concentration of about 50 % of the total carotenoid content } is an
orange-red xanthophyll which we have called SEPTAXANTHINE. We are actually study-
ing the chemical structure of this pigment ( G. Britton et al. - to be published J.
It is a carotenoid glycoside with probably one aromatic ring and probably one or
two suppleméntary hydroxyl-groups. The accompanying pigments are B~carctene, Y-ca-
rotene, phytoene, phytofluene, lycopene etc. Most of these are typical microbial
pigments.

Figure 6 shows our first results towards the identification of the pigments in
isclated bacterial strains. After saponification the extracts from the yellow and
yellow-orange strains were brightly yellow and their spectra in ether all -corres-
pond with the spectrum of B-carotene ( Fig. 6 a ). The pigment from the ogrange -
red strain is clearly different. It can only be dissolved by polar solvents and
its spectrum in ethanol looks like the spectrum of a crude extract from the ac-
cessory nidamental glands ( Fig. 6. b ). The eventual identification of the pig-
ment in the orange-red bacterial strain as sepiaxanthine ( Fig. 6 ¢ ) is a matter
of further research.
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Fig. 4 : The secretory process 1n the accessory nidamental glands from Sepia offi-
cinalis.
a} Secretory cells and tubes with bacteria.
b) Golgl apparatus with small secreted vesicles ( s ).
c) Secreted vesicles in a gland of a mature cuttlefish.
b : Symbiotic bacterla - ¢ : Cilia of secretory cell
G : Golgi apparatus - 1 : Lumen of the tube - S : Secreted vesicles.

DISCUSSION

Many female cephalopods possess accessery nidamental glands composed of a system
of tubes. In the glandular epithelium granules are formed by the Golgl apparatus
and subsequently secreted into the lumen of the tubes. Besides this and in corre-
lation with sexual maturation the lumen becomes progressively filled with several
types of symbiotic bacteria. These findings suggest a possible correlation between
the cellular secretion and the subseguent development of symbiotic bacteria. This,
however, needs further research. The bulk of the bacteria contains an orange-red
pigment, which we have called sepiaxanthine in the case of Sepia officinalis and
which gives the gland a typical coral-red appearance in sexually mature animals.
After spawning the colour of the gland has become pink-red and the number of sym-
biotic bacteria has decreased significantly. The gland has a muscular layer for
contraction and several less defined openings which lead into the mantle cavity.

All these results point to the existence, in cephalopods, of an organ which appears
to be unigue in the animal kingdom and for the moment we can only guess at 1ts
physiological significance.

A first possibility is that the accessory nidamental glands contribute to the for-

mation of the egg envelopes and in this way complete the action of the oviduct -
and nidamental glands. An argument against this idea is the fact that we could not
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Fig. 5 : Aspect of the symbiotic bacteria in accessory nidamental glands from
a) Sepia officinalis , b) Loligo vulgaris , c) Alloteuthis subulata,
d} and e) Sepiola atlantica (with very different bacteria in the same
animal).

‘detect any sepiaxanthine in eggs or egg membranes, but the possible occurrence of
symbiotic bacteria in these structures remains to be studied.

A second possibllity is a role in reproductive behaviour. Fishermen in the region
of Boulogne ( France ) frequently use female cuttlefish in a cage to attract the
males. The secretion of the accessory nidamental glands might act as a pheromone,
but until now we never found any such effect with isolated glands or gland ex -
tracts. The destruction of the glands in very young animals or the injection of
bactericide agents and the subsequent study of reproductive behaviour might solve
this problem.

Another successful technique to capture cephalopods is the "péche au lamparo” by
Mediterranean fishermen. Many cephalopod species have indeed luminescent organs
with symbiotic bacteria which play a part in sexual attraction. Although male
cuttlefish are attracted by light, a light producing organ 1s unknown in this spe-
cies and we have never seen any luminescence in isolated accessory nidamental
glands or extracts of them. A light organ is known to occur in Sepiola atlantica
and several other Sepiclidae but these animals have also accessory nidamental
glands which lie very close to the luminescent organs.

A last possibility is to cbnsider the accessory nidamental glands as a primitive
organ with lost function ( Ref. 13 ). We consider this hypothesis as highly im-
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Fig. 6 : Spectral characteristics of the pigment extracts from the accessory nida-

mental gland of Sepia officinalis and from the coloured bacterial strains

isolated from it.

a) Spectra in ether of the pigment extracts from the yellow and orange -
yellow strains (1), the orange-red strain (3} compared with B~caro-
tene (2).

b) Spectra in methanol of the pigment extracts from the accessory nida -
mental gland (2) and from the orange-red strain (1).

c) Spectra in methanol of sepiaxanthine (1) and the pigment extract from
the orange-red strain, after purification by thin layer chromatogra -
phy on silicagel in 40 % ethanol / ether (2).

probable and the right answer to the problem of the physiological role of the ac-
cessory nidamental glands from cephalopods remains a challenge for further scien-
tific research.
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