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On two Sexual Races of Asterina gibbosa (Penn.)

True hermaphroditism, as well as intersexuality,
which closely resembles it, must be studied in large
samples of a population and not in a few isolated indi-
viduals. This was made particularly clear by researches
on hermaphrodite Molluscs, where studies were initially
made on Ostrea from extensive beds (SPARK!, ORTON?,
Cor3) and were later carried on, using the same prin-
ciples, in other hermaphrodite Molluscs such as Teredo
(Cors, GRAVE?®), VFenus (LoosANOFIS), Patella (OrTONT,
Bacci1®), Crepidida (Gourn®, Orton?o, Cor't) ete. Two
main series of observations resulted from such researches,
which could not have been disclosed by the examination
of a few specimens only:—(1} in some hermaphrodite
populations there are a few individuals which show one
type only of sexual cells and remain always males or
females;— (2) some hermaphrodite  animals,  which
normally have completely male or female gonads,
undergo sex reversal in a very short period of their
existence and simulate therefore true gonochoristic
animals. Although the first fact has been emphasized
especially by Cog, the existence of true males and
females (COE2), or of primary gonochorists (I3accit¥)inan
otherwise hermaphrodite population, has been almost
universally overlooked. The second series of observations
points to the possible existence of many unknown false
gonochorists, and more information regarding these may
ultimately lead to a complete revision of our know-
ledge of the sexual conditions in certain invertebrate
groups {Bacci1®).

The writer has widely applied statistical methods to
the study of these problems, basing his researches on the
fact that in most hermaphrodites the functionally male
and functionally female phases are sharply distinguish-
able during the breeding season. It is possible therefore
to estimate the different proportions of individuals in
the male and in the female phase of different ages and
lengths, and consequently the periods when changes of
sex phase take place in the different individuals. This
method cannot, of course, be used alone, and the
writer’s results are clear only in variing degrees ac-
cording to the animals studied. It has, in any case, an
orientation value which permits us to place the problem
of hermaphroditism on a genetical foundation,

The case of Asterina gibbosa, a small Asteroid living in
shallow waters, is striking. CufNnoT?$, studying it in
Roscoff, demonstrated that dsterina is a protandric
hermaphrodite, but Lunwic!® remarked that some old
individuals in Naples are males and some young ones
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are females. In a later paper Cufinort showed that in
Naples and in Banjuls apparently gonochoristic and
hermaphrodite  animals are  present  together. This
observation was long forgotien until the writer noticed
the close resemblance of the sexual conditions of the
Mediterrancan Asfevina with those observed in some
Molluses, especially Patella (Bacci?).

If we plot the number of individuals in the male
phase against the number of individuals in ecach size
class, we obtain curves such as those shown in Fig, 2,
where the abscissa represents the arm length and the
ordinate the percentage of individuals in the male
phase. In a previous work on an Asferine population in
Plymouth3, the following main results were thus
obtained:

{a) all the individuals of the population are protandric
hermaphrodites;

(b) sex reversal takes place in individuals having an
arm length between 9 and 16 mm.

The above facts are shown by the diagram in Fig. 2,
left.

Histological study of the gonads showed that in the
Plymouth population:

{c) the gonads appear ambisexual from a very carly
stage;

{d) the maturation of the male always precedes that
of the female elements, which continue their growth
during the male phase.

Thus the previous observations by Cufnot on the
Atlantic race were confirmed.

Lupwiac’s and CuiNoT's observations on the Naples
Asterina were made on individuals taken from a popul-
ation living near S, Lucia, which is now almost extinct.
The present observations have been made therefore on
a population in Lake Fusaro near Naples, where indi-
viduals do not become so big as in 8. Lucia, but are
much more numerous, Observations made on a sample
of 567 individuals collected in April showed that the
population is composed of three different age groups;
the first is formed by individuals born during the
previous breeding season, with a mean arm length of
11-12 mm; the second by individuals of the second year
(M between 17 and 18 mm); the third by three-year-old
individuals of mean size 24 mm (Fig. 1, left), If we now
divide the population into male-phase and female-phase
individuals, we see that males are much more numerous
{about 809} in the {irst year group, less numerous
{about 30%) in the sccond year group, and very scarce
among individuals of the third year (Fig, 1, right}. 1f
we now plot the number of male phase individuals
against the totals of each size class, we obtain a curve
(INig. 2, right) which differs widely from that obtained
in the Plymouth Asterina. It is very irregular hecause sex
changes take place at different ages and not at one
definite age, as in the Plymouth dsterina, Additional
samples of large size individuals were examined and
showed about 159% of male-phase individuals. ‘These
data were not added to the illustrated sample in order to
avoid an alteration in the proportion of the different
age groups, as they result from a random collection.

The morphological aspect of the gonads of the Naples
individuals is basically the same as in the Plymouth
ones, but scemingly ripe oocytes are more frequent in
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predominantly male gonads at Naples than they are at
Plymouth, especially in the individuals of the older age
groups. This fact may have considerable physiological
consequences for the succession of sexual phases,
Females of the smallest size classes have gonads with
female and indifferent germ cells only. On the other
hand, large males with very few small oocytes can be
observed. The wide differences in the gonadal conditions
in the Naples Asierina seem thus to provide the morpho-
logical basis for the differences in the succession of sexual
phases in the various individuals of the population.

As already announced, the study of the different
conditions in the Mediterranean and Atlantic Asterina
was started in order to provide a basis for experimental
research on sex determination (MoONTALENTI!, Bacci?).
First, we wished to know whether young female phase
individuals and old male phase individuals are, in
Naples, genetically determined. Secondly, we wished to
discover wether such determination might be due to a
multiple-gene mechanism. It was found later that an
answer to these general questions could better be provid-
ed by the Polychaete worm Ophryotrocka puerilis, which
has a much speedier rate of reproduction and, moreover,
has been so well investigated under certain aspects by
HArRTMANN and his collaborators3. The first results on
researches on Ophryotrocha will be published shortly.
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In this preliminary note the writer wishes to point
out particularly the wide distribution of sexually
unbalanced heyvmaphrodites (Baccr'), which are exempli-
fied by Ophryotrocha, Grubea and Exogone among
Polychetes?, by some Oysters and Teredo among
Lamellibranchs, by Patella and Crepidula among
Gastropods, and by Naples Asterina among Echino-
derms. It is interesting to remark that many of these
forms arc false gonochorists or cryptohermaphrodite
animals. These unbalanced hermaphrodites may be
taxonomically allied to balanced hermaphrodites, that is
to hermaphrodites that change sex at a definite age
(Plymouth Asterina type). This is the situation outlined
above.

The wide variety of the expression of sexuality in
different hermaphrodite individuals and different popul-
ations, shows that hermaphroditism cannot properly
be regarded as a uniform and neutral condition where
external factors exert unchecked their different in-
fluences. On the contrary, various specifically reacting
systems, in which racial and genetical factors must be
taken into account, seem to play a fundamental role.

Guipo Baccl

Zoological Station of Naples, May 25, 1950.

Zusammenfassung

Mit statistischen Methoden wird fiir Asterina gibbosa
ein in Plymouth stattfindender Geschlechtsumschlag

1 G.Baccr, Arch. Zool. 1tal. 34, 49 (1949).
2 In a paper by ABEL00OS (C. R. Acad, Sci. 231, 179, 1950) similar
sex conditions have been described also for Platynereis dumerili.
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auf einer bestimmten Altersstufe bewiesen. In Neapel
findet der Geschlechtsumschlag auf verschiedenen Alters-
stufen statt. Die Individuen der ersteren Art kénnen als
«ausgeglichene» (balanced) Zwitter, die der letzteren
Art als «unausgeglichene» (unbalanced) Zwitter ange-
sehen werden, Der Verfasser nimmt an, daBl man den
Zustand des ausgeglichenen Zwittertums auf die Se-
gregation multipler Geschlechtsfaktoren zuriickfiihren
konne.

Influence du jefine sur les oscillations
nycthémeérales du fer sérique

Dans leur monographie parue en 1937, HEILMEYER et
PLOTNERY, se demandant s’il existe des variations physio-
logiques du taux de fer sérique, citent les expériences de
leur éléve ANTON qui constate d’une part une élévation
de la sidérémic de 139 aprés 12 heures et de 25% aprés
24 heures chez un sujet 4 jeun et d’autre part une chute
de la sidérémie atteignant 20 9%, aprés ’absorption d’épi-
nards, aliment pourtant riche en fer. Ils citent également
un travail de Locke, MAIN et RosBacH? qui signalent
une élévation identique de la sidérémie aprés 24 heures
de jefine. Finalement HEILMEYER et PLOTNER n’ac-
cordent pas d’importance & ces variations qui n’excédent
pas les différences de taux de fer sérique existant d’un
jour A Pautre.

Les variations constantes de la sidérémie au cours du
nycthémere sont signalées pour la premiére fois en 1941
par VALQuisT®. A la méme époque, HEMMELER® cons-
tate également des taux différents au cours de la journée,
plus élevés le matin que le soir. Il attribue ces variations
de la sidérémie A la prédominance alternée du vague et
du sympathique. La vagotonie de la convalescence de
I'hépatite épidémique, qui se manifeste en outre par une
bradycardie et unec leucopénie avec lymphocytose, s'ac-
compagne d'oscillations nycthémérales plus amples, dues
surtout a l'élévation du taux de fer sérique du matin.
Depuis lors, HEMMELER a pu préciser cette conception
par 1’étude de nombreux cas de troubles neuro-végé-
tatifs. Recherchant la cause de ces variations, il admet
qu’clles ne dépendent ni de la température du corps, ni
du travail musculaire, mais uniquement de l'alternance
de tonus des systémes vague et sympathique dont I'équi-
libre est dominé par le sommeil; 'élévation du taux de
fer sérique du matin est en relation avec la durée et
I'intensité du sommeil. Pour expliquer le mécanisme de
cette régulation nycthémérale, HEMMELER envisage plu-
sieurs hypothéses telles que le rythme de stockage du
fer, I'excitation diurne de ’hématopoieése sous I'influence
du sympathique avec utilisation de fer, l'augmentation
des besoins de fer de toutes les cellules de 'organisme
pendant l'activité, le passage du fer de la paroi intesti-
nale aux organes de réserve pendant la nuit, les varia-
tions de taux de la protéine sérique qui lie le ter. Comme
aucune de ces hypothéses ne donne satisfaction, il en-
visage la possibilité d’une relation avec les variations
du py du sang.
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HovEeRr?, qui a également étudié les oscillations nycthé-
mérales du taux de fer sérique, ne constate aucune rela-
tion avec Uhydrémie du sang, V'exposition & la lumiére,
Veffort et le jeline; lui aussi conclut que seul le sommeil
a une influence sur les oscillations physiologiques de la
sidérémie.

Si le sommelil est indispensable au rythme normal du
nycthémeére, la prise d’aliments nous a paru tout aussi
importante, caractérisant, avec l'effort intellectuel et
physique, I'activité diurne. Aussi avons-nous repris cette
question en dosant le fer sérigue le matin ct le soir, lors
d’une alimentation normale et lors d’une journée de
jetine. Les priscs de sang du matin ont ¢té faites entre
8 et 9 heures et celles du soir, 9 heures plus tard, entre
17 et 18 heures.
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Nous avons constaté que le faux de fer sérique s’éléve
en général au cours de la journée chez le sujet vesté & feun
{fig. 1).

Nous avons relevé un sccond fait intéressant: [I’élé-
vation du taux de fer sérique qui accompagne le jeiine, est
nettement plus marquée chez les sujets ayant une activité
normale que chez ceux qui sont au vepos. Nous avons
reporté sur la fig. 2 les amplitudes d’oscillation de la
sidérémic au cours de la journée des cas présentés sur les
fig. 1 et 3, en groupant & gauche les sujets actifs et a
droite les sujets au repos.

Le taux de fer sérique des sujets actifs s'éléve dans
tous les cas pendant une journée de jefine. Dés le réveil
et jusqu’d la prise de sang du soir {entre 17 et 18 heures}
les sujets n'ont absolument rien mangé et n’ont bu gqu’un
verre d’eau au plus, & midi.
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