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ABRSTRACT

Simultaneous hermaphroditism and brooding were obser
ved in the solitary corl Balferopiirllin enropaca st Calafurn
(Leghorn, Italv), in a phase af its reproductive evele. This is
the first repart of hermaphroditism in Bafamophyifin
Individuals of different stees were collected in April 1997
and reared in labortory for two months
Histolagical analysis showed the presence of immature and
mature clusters of male gametes, vitellogenic oocvies and
embryos at different stages of development. Early stages of
embrvogenesis were observed. Periblastulae were {ound
free in the coclenteron. Developing embryvos, already colo-
nised by sooxanthellne, were localised in the mtersepial spi-
cus or in the mesonteries
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INTRODLUCTION

Balanophyllia evropaca (Risso, 1826) s 0 solitary, sessile,
and zooxanthéllate non-constructional coral, as it lives m
symbiosis with dinoflagellates but does not form a bioherm,
according to Schumacher & Zibrowius { 1985). It is a mem
ber of the family Dendrophyiliidae, colonsing rocky sub-
strales in the Mediterranean Sea, and its geographical distri-
bution also includes the Atlantic coast of Spain (Zibrowius
1980, 1983; Aleem & Aleem, 1992}, At the site of our collec-
tion of B ewropaea from Calafunia (Leghorn, Ttaly) the
highest population density was observed at i depth of 6.5 m
Symbioms with sooxanthellne was probably o major factor
i this distribution of B europacs 1o shallower waters, whe-
reas axooxanthellate corals of the same genus, that do ot
live in syvmbiosis with dinoflagellates according o
Schumacher & Fibrowius (1985), can be found as low as
1100 m (Cairns, 1977)

Must of sclersctiman corals whose sexunlity 18 known are
hermaphroditic, 68% nccording o Richmond & Hunter
(19590, OF the fifty or so species of the genus Balanophyiiia
(Cairns 1977}, only the modes of reproduction of B, prigve
ti, from the Gulf of Lions near Mamwille { Lacaze-Duthiers,
1897) and of & elegans Trom Monterey Boy of Central
California [ Fadlallah & Pearse, 1952 Beanchamp, 1993} are
known: both of them have been reported 1o be gonochoric

brooders. Here we provide for the first time evidence of her-
maphroditism in o Haleropdoedlis species, Balianopfodfli
enropaen, and describe the principal features of jis sovual
reproduction

MATERIALS ANID METHODS

In Apal 1997, thirty polyps of B ewropaca (Fig. 1) of dif
feren! dimensions were onllected by SCLUIBA dives at a
depth of 6.5 m from Calafuria { Leghorn, Upper Tvrrhenian
Sea, Italy, 43°284°N and 1(F2°E). At this depth, the popu
lation density was maximuom, 121 polvpaim? It decreased
towards both lower and higher depths and no specimen was
found st I m and 13 m of depth.

Aduly specimen of Balanophyllle curopaes. Bar, 10 mm
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Fig. 3, Male and Temale gumetes in Saferoplivilo eseeopacs, Allmicrographs are from eross sections through mesemerial sepa,
A a vitellogenic oocyte (o), and three clusters of mature spermutozoa (SIL). Bar = 50 pm. B, two spermiatocysts al different
developmentil stages (s, immature spermatocyst, sIL mature spermutocyst). The moture one has teleased some spermatoeon,
through o breakage of the mesoglear envelope (arrow). In the same section, one can oodice g vitellogenic oocyte (o). Bar = 30 ym
C, six clusters of spermatosos (S1T) nre present, two of them (arrows) showing the chinracteristic bouguet-like arcongement of
sperms (see ‘Results’), Bar = 50 . I detall of two small vitellogenic oocytes (o), one of these showing the heterochromatic
nucheus, with a single prominent nueleolus. Bar = 30 pm. E, detail of a more developed vitellogenic oocvie (o) showing the tvpical
pale nucleus, that is centrally located and contains a single prominent nocleolus. The oocyte is surrounded by a thin mesoglear
envelope (m}). Bar = 3 pm. F. a mature vitellogenic oocvie (o), bulging out of the internal edge of the mesenterial septum; it
appears surrounded by the gastrodermil laver (gh o scoomd oocvie (arrow) is alzo present, Bar = HH wm, Other abbrevintions: o,
coclenteric cavity: mi mesenferial flament: ms. mesenterial septum: ss skeletal scptum,
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Fig. 4. Embryonic development of Safanopdyilio ewrepoea. A, enrly periblastulo, which is found free in the coelenteric cavity.
Bist = 50 pum. B, late periblastula, with o small Blastocoele (armow), which is already loeated in the intemseplal space (is),

Bar = 100 pim. €, gastrula in the inlerseplal space (is); in the sdjacent mesenterial septum a vitellogenic oocyte is also present (o)
Bar = 100 gm. I, advanced gostrula, showing the stomedeal invagination at the oral pele (srrovw), Bar = 100 pm,

E, well-developed embryo, engiged in the primary mesenteries formation, Bar = 100 pm. F, detail of o gastrula, showing
well-differentiated coidocysts (en) in the ectodermal layer (ec) and intensely PAS positive symbiontic sooxinthellae |arrows)

im the endoderm {en). Bar = 10 pm. Cther abbreviations: b, blastoderm: co, coclenteric envity: eg, ectoderm; en, endoderm;

is, interseplal space; m. mesoplen; v, undifferentimed yolk mass



The polyps were reared ot the Department of Biology
(Universily ol Bologna) in an agquariom maintained st the
same wiler lemperaiure as that found in nature at the time
of collection (14-15°C) The lollowing measurements were
taken on live polyps (el Table 1): maximum oral dise dinme-
ter {uxis parallel to stomodewm ), minimum oral dise diame-
ter (axis perpendicular 1o stomodeum) and maximum hei
ght. The volume of these animals was estimated, using the
formula:

Vah-Rir.x

where! V = valume; b = mauximum height; B = maximom oral
dise ray (that in #. europeea can be equated with maximum
aboral dise ray); r = minimum ocal disc tay (that in B, ewre-
pavis can be equated with minimum aboral disc ray ),

Two months after collection. a number of individuals of dif-
ferent sizes were selected for histological analysis Polyps
were fixed in Bouin®s solution for 48 h, rinsed for 1 h fn run-
ning tap waler and decaleified in EDTA Tor 48 h, Alter rin-
sing for X h in running fap water, the whole polyps were
deliydrated and embedded in paralfin, Serial cross sections
were cul at 7 wm and stained with Mayer's hematoxylin and
cosin, In arder to identily the symbiontic zooxanthellae,
some sections were stained either with Toluwding blue
(Babcock & Byland, 1990) or with Mallory's trichrome stai-
ning (Muarshall & Wright, 1993). Also the PAS (Periodic
Acid Shill) reaction was carnied out, and 1 was found the
most  effective method [or revealing zooxanthellae.
Histological preparations were examined snd photographed
by i Leite Diaplan Photomicroscope.

RESULTS

All polyps analysed in the present work, whose sizes are
reported in Table T, were in the same reproductive sinte.
They were simultaneous hermaphrodites and  brooders.
Every examined specimen contained oocyles, spermatocysts,
and embryos al different developmental stages (Fig, 2).

Cametes were found within mesenterial septa, oocytes and
spermatoeysts al different stages of development frequently
oceurting in the same septum (Fig. 34, B),

Male gomeds

Testes appeared as clusters of male gameles, completely
surrounded by the mesaglear laver of (he septum.

TABLE 1 - Dimensivng of prodvps wsed for hissological analysis

Individual Dimensions
code Max. Min. Height  Volufe
diameterd diameterd { i) {mm}
(mm) ()
I 10 7 15 440
il 7 4 13 [561
I 13 9 1] D18
v 15 1] 15 1766
A 15 11 15 1943

U Messured af level of the oral disc,
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Fig. 2 - Cross-section of the basal region of an adualt
specimen of Balanophyitio europaca. The following
structures are indicated: o, vitellogenic oocyies:

s spermatocysis; e, embryos Bar, 400 pm,

Giunelogenesis was synchronous within a cluster, but the

same polyp contained clusters al different stages of diffe-
rentiation. Up to seven clusters per seplum were counted,
but their number rarely exceeded three, and their maximum
diameter ranged from 40 (m to 140 gm.
Immature clusters appeared as dense globular masses filled
with spermanocyies or spermalids, containing densely stai-
ned nucte and hittle cytoplasm, Malure clusters were more
intenscly stained with hematoxylin, because of tight packing
ol spermatozoa heads. Many of them had a bouguet-like
arrangement of sperms, with all the sperm tails orfented in
the same direction (Fig. 3A-C), The releasing of mature
spermatorng accurred through brenkages of the mesoglear
envelope (Fig, JB).

Furmale gonads

True female gonads were nol observed, but only scattered
oocytes already engnped in viteliogenesis, whose maximum
diasmeter ranged from 60 pm to 00 pm. These oocyles were
located in the central portion of the mesenterial septa,
where they appeared completely surrounded by a thin
mesoglear layer. Their number never exceeded three per
septum

The vocyles were spherical, ovoid, or sometimes less regu-
lar in shape (Fig, 4C). The ooplasma was strongly eosin-posi
tive and packed with volk vacuoles The nucleus appeared
heterochromatic and centrally located in the smallest vitel-
logenic cocyles: it became pale. and peripherally located in
growing cocytes. and always contained a single prominent
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nuclenlus. In mature oocytes the nuclear membrane gra-
dually disappearced (Fig. 3A and Fig 3D-F),

Fully grown oocytles were observed bulging out of the
internal wall of the septum, where they appeared 1o be sur-
ronnded by the pastrodenmal Taver (Fig. 3F)

Errhryos

Some carly blastulac could be observed. always free in the
coelenteron, They should be ealled periblasiulae, since they
were charscterised by i cleaved superficml lnyer, which sur-
rounded a larpe volky central mass (Fg. 4A), The late hla-
stulae, already located in the interseptal spaces, contained a
small blastoecoele (Figo 4B). Zooxanthellae colonised
embryos ot these stuges and could be identified by their
infensely PAS-positive starch inclusions (Fig 4F).

In their basal portion, polyps were packed with embryos at
different developmental stages (Fig. 2), whose maximum
diameter ranged from 380 pm o 2500 pm. An avernge nom-
ber of 125 (531 11} embryos per animal was estimated, in
polyps whose average volume, 1757 mm® (S0 1 191), corre-
sponded with the maximum dimension of the polyps found
ol Calofurio, o estimated on o sample of 436 cornls

Must ubservesd embryos had already reasched the gastrula
stuge. The wall-ditferentinted ectodermal layer already had
muny nematoblosts (Fig. 4F), and consisted of o cilinted
columnar epitheliom lined by o thin laming of mesoglen; it
surrounded o less differentinted endodermal mass, which
contained wookanthelloe, mucus granules, and spherical
vacuies {Fig, 4C, 1),

A stomodeal mvaigination wis observed in some well-deve-
loped embryos {Fig, 4D the carly formation of the primary
mesenteries occurmed by outfolding of the endoderm and of
the mesoglea into the eoclenteric cavity (Fig 4E) The
embryos were psunlly incubated in the intersepial spaces
(Fig. 2 and Fig. 4B-E): they rarely developed within the
MEsEieTics,

DMSCLSSION

The histological information described above indicates
that Balanophwilin curopoes ot Calafuria s 2 simolianeous
hermuphrodite with asynchronous gametogenesis (e,
mature and immature gametes of both sexes are present in
the same polyp ot the same time). Moreover, this coral
broods its embryos. Gametagenesis and embrvogenesis are
temporally overlapping.

Hermaplirodifism

According (o Cairns (1977), the genus Bafanopiylia con-
sists of more than [ty species, but only the reproduction of
B e¢legnns in Monterey Bay (Pacific Ocean, Central
Califorma) » known m deétnl (Fadlallnh & Pearse, 1952
Beauchamp, 1993); it is also a brooder coral, but, unlike B
europaes of Calafuna, i exhibits gonochorism.

Relative population densities are important for under-
standing the adaptive significance of the different tvpes of
soxunlity of £ elegany in Monterey Bay and of 8 curopaea
ol Culafurin. The svernge population density of the formaer is
563 (SD * 303) corals/me?, al o depth of 6 1o 13 m | Fadlallah,
1983a), while that of the latter is 9 (5D 17) corals/im’, at o

depth of | o 13 m. The high density of B, elegans is cansed
by the very low dispersal ability of the planulae, that settle
less than 0.5 m from the parental polvp (Gerrodette, 1951
Fadlallah, 1983}, In such conditions, the population has o
high breeding probability and gonochorism. that is enerpeti-
cally pdvantageons, can be maintained. The much lower den-
sity of Bolwnophyllio exeopaes moy be due o0 o higher
tispersal ability of the planulae, that unlike those of & efe-
ganx {mrooxanthellste coral, Bruno & Witman, 1996), con-
toin symbiontie zooxanthellye, These organisms showld con-
tribute (o the energy requirements of larvae during disper-
sal, which would allow a delay in the tme of settlement and
metamorphosia The low population density of i enropaco
reduces breeding opporiunities among individuals of the
same population; in such conditions, simultineous hermaph-
roditism becomes aduplive because, although energetically
more expensive, it maximases the rate of Tertilsation
(Gihiselin, 1904),

Broaoding

Browsding seems (o previl in the genos Bafanophylfio
(Lacaze-Duthiers, 18397 Abe, 1937 Lyons, 1973
Kinchington, 1981; Fadlallah & Pearse, 1982, Beauchamp,
1993) and genernlly, in the Tamily Dendrophyliiidae, to
which Batarophiiliio belongs (Fadlallah, 19683b), Fadialiah &
Pearse (1982) soggested thal m scleractininn corals the
reproductive mode may be dictated by anatomicnl con-
straints and that skeleton morphology, in particular, may
condition the evolutionary choice between [ree spawning
or brooding modes, Corals of the family Dendrophyllidag
are charactersed by dilferentinl growih of skeleinl septn (o
develupmental pattern known as the "Pourtalés plan’). that
profluces very large skelelal chambers, apt to incubate o
great number of embryos until sdvanced stages of develop-
ment. This s 8 very specialised brooding mode. thal main-
tains the coelentene cavity [ree for food digestion, disiribu-
tion and absorption

The absolute fecundity of B earopaca ol Calufuria proved
higher than that of B elegens in Monterey Bay. In fact, fema-
les of f elepany whose volume ranges from G50 1o 700 mm’,
produced an average of 40 (SD * 15) embryos per palyp
{Fadiallah, 1983a), while the hermaphroditic individuals of
B, enropaen observed here had an average of 125 (5D 11)
embryos per polyp und an average volume of 1757 mm' (5D
P91 ). However, dividing the absolute fecundity by the ave-
rage dimension expressed in volume, comparable values of
relative fecundity (Le. OO6GE embryosimm® in & elegans,
ngainst 0071 embrvosfimm® in B enropaca) ore obiamned.
Gireater size provides the polyp with larger andfor more
numerows skeletal chambers, apt to brood a greater number
af embryos Moreover, the dimension of embryos in £ e#fe-
gurs is much greater than those of our sample of 8. euro-
paci. According to Fadlallah & Pearse (1982) the maximum
dizmeter of embryos of B eleganey ranges from 1250 o 3000
pmy against & ronge of 350-2500 pm- cstimated Tor B curo-
v embryos
One should also bear in mind that the sooxanthellae living
within the yolk endoderm could contribute to the energy
requirements of B arropaca embryos, allowing the parental
polyp o meubate a greal number of them st sustainable
energetic costs (Richmond, 1981 Ryland, 1997},



On the other hand, both the transpon and the stay in sgua-
rin, ot much higher population density than in the natural
environment, are stressful conditions that could affect the
reprocluctive activity of corals, probably enhancing their
fecundity (Fadlallah, 1983b; Beauchamp, 1993),

Embryonic development

Cur sample of Safanophyllie europees confirmed the
hypothesis that brooding corals have centrolecitic egps,
tndergoing superficml cleavage (Campbell, 1974: Eadiallah,
19830} As far as we know, early siapes of embryogenesis
have never heen observed in brooder comls (Fadlallah &
Pearse, 1982; Stoddan & Black, 1985; Beauchamp, 1993), A
possible explanation ol this fact is that the development
from fertilised cpgs to gastrala is fast, and thus less likely (o
be observed (Stoddart & Black. 1985). According to
Fadlallah & Pearse (1982}, the presence of large amounis of
yolk vacuoles in the mature oocytes of Halanophyilia may
mlerfere with the histological observation of fertilisation
and eleavage, The high fecundity of our sample may bave
increased the probability of observing some of the shart-
lasting, stages ol embryogenesis, such ns carly nnd late peribla-
stuln (Fig. 3A-B.).

From the localisution of the different developmental sta-
pes, possible movements of the mature egg and embryos in
Halanophyliia etiropase may be proposed: the egg could fall
from the mesenterial sepium into the coelenteric cavity by
breaking of the gastrodermic wall af the septum, s occurs in
Astroides ecalveulnris (Lacaze-Duthiers, 1873) and in
Astrangie danee (Szamant-Froelich et al., 1980); cross-ferti-
lisation probably tokes place in the coelenteric cavity; then
by the time the cleavage has ended, the embryo muoves 1o the
interseptal space where development continues.

Lacaze-Duthiers (1873) in Astroides calyeularis and
Marshall & Stephenson (1933) in seversl coral species
observed appropriale openings in the mesenterial septa for
fertilisation to occur. No fertilisation could be observed in
our sample, The lack of openings in the fentile septa suggests
that in B. curopaca cross-fertilisation may (ke place outside
the mesenteries and that embryos located within the
mesenterial septa could have an alternative origin (ascxual
reproduction, parthenogenesis or self-fertilisation).

CONCLUSIONS

We have demonstrated that simultaneous hermaphroditi-
sm ond brooding are the reproductive mode of
falanophyiiia ewropoes at Calafuria, a1 least in one phase of
its reproductive cyele. Since this wark is focused only on one
phase of the reproductive cycle of this species. much work
stll needs 1o be done. For instance, the questiom about the
origin of the embryos in the different Incations (within and
outside the mesenterinl septa) remains 1o be solved.
Brooding indicates intermal fertilisation, bot it 3 not known
whether all brooded embryos originate from fertilised egpe
and nor whether sell-fertilisation could operate with or
instead of cross-fertilisation.

Histological observations do not exclude that seli-fertiliss-
tion may occur within the hermaphrodite septa. Mature
gametes of both sexes intimately close 1o each other have
been observed. and clusters of spermatozoa often appeared
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surrelnding and adhering to the membrane of mature socy-
tes The absence of struclures separating the testicular cysis
from the oocyles has been already described in some echi-
noderms (Astering: Cognetts, 1956; Oplryvirocha: Parenti,
19641} and in other coelenterates | Cerlantheopsis america:
mtas: Himsch & Moore, |992), where it was interpreted as faci-
litating sell-fertilisation, Ultrastructural investigations will
be necessary 1o clarily whether proximity beiween mature
gametes leads to fertilisation: this is an important question in
the reproduction of sessile animals with limited dispersal
ability (Strathman ef al. 1984; Edmands, 199,

On the other hand, the embryos brooded within the
mesenterial sepls could also ongmate from asexual or
parthenagenetic reproduction. In facl, ssexual or partheno-
genetic production of planulae has been already demonsira-
ted in several scleractinian species (Stoddart, 1983; Ayre &
Resing, 1986). This hypothesis needs confirmation through
electrophoretical unalysis of the genetical affinity between
the parental polyp and embryome tissucs,

We are currently investigating the reproductive cycle of
Balanophyllia europaea, in order 1o define the differentin-
tion of germ cells, and the precise time of fertilisation and
planulation in its notural environment, Our aim s also to
verily whether simultaneous hermaphroditism, here demon-
sirated in @ limited sample of the population living m
Calafurin, occurs throughout the vear,

As sexual condition is an adaptive chiracter smong antho-
zoans (Rossi 1975 Baccl 1975 Glyan er al, 1991 Fautin
1992), we arc planning further sampling in different points
of the geographic range of Aulasophilis europaeq, in order
1o clarify whether simultaneous hermaphroditism is adopted
in other populntions of this species.
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