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Abstract Black coral colonies belonging to Antipathella

subpinnata (Myriopathidae), found in Adriatic Sea (off the

Tremiti Islands) and in Tyrrhenian Sea (Mezzo Canale),

were inspected with the aim of investigating their repro-

ductive activity. The small colony (about 42 cm tall) from

Adriatic Sea was sexually immature, whereas the larger

(about 120 cm tall) five colonies from Tyrrhenian Sea were

fertile. Four colonies were males and one was a female,

thus confirming the gonochoric condition already known

for the black coral. Semithin sections proved that most of

the egg and sperm masses flow out through the pharynx,

even though small gamete masses were also observed

emerging from the tentacles. In the female polyps, egg

masses were enveloped by parental tissue derived from the

breakage of the mesenterial septa, as observed in the male

polyps for the sperm cysts masses. Ultrastructural obser-

vations provided details on the characteristics of egg and

sperm in this taxon. Sperm stood out for the presence of an

acrosome-like structure derived from the merging of pro-

acrosomal vesicles. On the whole, the fine organization of

the sperm recalled previous descriptions reported for some

tropical black coral taxa.

Keywords Black coral � New records �
Sexual reproduction � Egg and spermatic cyst masses

Introduction

In modular organisms, such as the reef-building corals,

which grow through asexual reproduction, gamete differ-

entiation is an important event, in that it gives rise to more

rapid generation of genetic diversity, thus allowing adapta-

tion to environmental changes. Nevertheless, most coral reef

ecologists have emphasized the asexual capability of reef-

building corals, while largely ignoring the role of sexual

reproduction (Fadlallah and Pearse 1982). Gradually, how-

ever, the sexual reproduction of corals has received greater

attention. Ultrastructural studies have significantly contrib-

uted to expanding our knowledge of gametogenesis, mature

gamete structure, fertilization and ensuing development

(Hinsch and Clark 1972; Hinsch 1974; Clark and Dewel

1974; Lyke and Robson 1975; Schmidt and Zissler 1979;

Schmidt and Schäfer 1980; Steiner 1991, 1993; Goffredo

et al. 2000; Gaino and Scoccia 2008).

Gamete spawning seems to be the most common mode

of reproduction in hermaphrodite scleractinians (Bothwell

1982; Kojis and Quinn 1982; Harriot 1983; Harrison et al.

1984; Babcock et al. 1986), in which gamete release can

occur synchronously, being triggered by lunar and daily

cycles (Babcock et al. 1986). On account of this feature, it

is often possible to predict the ‘‘mass spawning’’ of the

male and female gametes, which are intermingled in

compact spheres when released from the polyps (Kojis and

Quinn 1982; Babcock and Heyward 1986; Babcock et al.

1986). A highly synchronized gametogenetic cycle has also

been found in solitary gonochoric corals that reproduce

only sexually and whose restricted spawning time may

favor fertilization and larval survival (Fadlallah and Pearse

1982). The release of sperm clusters in spheres, resulting

from the breakage of the mesentery walls, has recently

been observed in reared colonies of the antipatharian
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Cupressopathes pumila (Brook 1889: Gaino and Scoccia

2009).

Most of these studies suggest that, in Anthozoa, gamete

packages, which significantly reduce gamete dilution and

maximize fertilization, could be much more frequent than

expected (Olivier and Babcock 1992).

The black coral Antipathella subpinnata is a common

component of the circalittoral environment of the Italian

seas, where it lives on hard substrata in localities below

50 m depth, as reported by Bo et al. (2008). In that report,

in addition to a detailed description of the species, the

authors provided information on the habitat, population

density and environmental conditions of the substrates

colonized and the epibionts.

The specific objective of the present investigation was to

study, by means of histological and ultrastructural tech-

niques, the reproductive activity of A. subpinnata, so far

unknown. This investigation was allowed by the finding

out of several colonies with fertile polyps in a circalittoral

area already suspected to be particularly suitable for black

coral growth.

Materials and methods

Biogeographical information

Antipathella subpinnata (Ellis and Solander 1786)

(Myriopathidae) has an Atlanto-Mediterranean distribu-

tion. According to Bo et al. (2008), A. subpinnata is one of

the five species known to occur in the Mediterranean basin,

where it represents the most widespread black coral taxon.

Recent investigations along the Italian coasts added new

recording of A. subpinnata mainly in Thyrrhenian and

Ligurian Seas. The easternmost recording is situated in the

Ionian Sea. The present record of A. subpinnata in the

Adriatic Sea extends the area of its presence along the

Italian coasts.

Study site

Diving surveys conducted by the ‘‘Laboratorio del Mare

Marlin Tremiti’’ revealed the presence of a black coral

colony in the Adriatic Sea (Secca di Punta Secca, Tremiti

Islands, 48�8028.8400N; 15�31033.8300) (Fig. 1a), while the

‘‘Abissoblu’’ diving center discovered several colonies in

the Tyrrhenian Sea (Mezzo Canale, 42�19032.6800N; 11

2049.7500E) (Fig. 1b).

Specimen collection

In April 2009, a small colony (about 42 cm tall) off the

Tremiti Islands was identified by means of scuba diving at

–51 m. Since then the colony has been monthly monitored

up to September 2009. During each dive, a small frag-

ment was cut off by scissors and placed in a sealed con-

tainer. From April to September, the water temperatures

were recorded during the samplings: 12, 14, 14, 14, 17 and

16�C. In August 2009, expert divers from the Abissoblu

diving center found out a population of A. subpinnata at

-70 m in the Tyrrhenian Sea (Mezzo Canale). Five colo-

nies (about 120 cm tall) were randomly sampled by the

divers by cutting off (with scissors) a fragment from each

colony; the five fragments were brought to the surface after

Fig. 1 Map indicating the areas where Antipathella subpinnata was

recorded: a Secca di Punta Secca, Tremiti Islands in the Adriatic Sea,

b Mezzo Canale in the Tyrrhenian Sea

Fig. 2 Fragments of the colonies of the black coral Antipathella
subpinnata. Observations in toto (a–d), in semithin sections (e) and at

the ultrastructural level (f–h). a a non-fertile colony showing the

typical morphology of the black coral polyps characterized by the

mouth (M) encircled by 6 tentacles, two sagittal (S) and four lateral

(L), b fertile female polyps showing egg masses emerging from the

mouth (arrows), c detail of a fertile female polyp showing the just-

released egg masses (arrows) encircled by the tentacles (T), d a small

mass emerging from the apex of a tentacle (arrow), e just-extruded

egg masses (arrows) along with internal eggs (E) filling up a

mesenterial septum. In the inset, a mass showing eggs immersed in

the mesogleal matrix, f egg surface with microvillar projections

(arrow) associated to a fibrillar coat (FC), and inclusions with various

morphologies and contents: membrane-bounded electron-lucent ves-

icles (V) occasionally including a fibrillar content (arrowhead); fairly

round, electron-dense granules (G), and elongated granules with an

electron-dense core (EC), g periphery of an egg mass showing the

delimiting parental tissue (PT), the microvillar extensions of the egg

surface (arrowheads) and the fibrillar layer (FL) in between, h detail

of the parental tissue (PT) showing the flagellar specialization of the

cells detailed in the inset. Note the flagellum (arrow) closely

associated to microvilli (arrowheads)

c
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being placed in sealed containers. The water temperature

was 16�C. No fertile colonies were observed from Sep-

tember to November when the water temperature slightly

decreased up to 14�C.

Ultrastructural analysis

In the laboratory, the samples from the two sites were

transferred from the sealed containers into Petri dishes and

fixed for 12 h in 2.5% glutaraldehyde buffered with filtered

sea-water (adjusted to a final pH of 7.5–7.8 with NaOH

0.1 N) and repeatedly rinsed in the same buffer. Specimens

were photographed under a stereomicroscope (Leica MZ6,

Holings GmbH, Wetzlar, Germany). For species identifi-

cation, underwater photographs and examination of a part

of the skeleton were used.

Five polyps from each of the fragments from the two

sampling sites were processed for light and transmission

electron microscopy investigations. For transmission

electron microscopy, selected materials were postfixed in

1% osmium tetroxide in an artificial sea-water buffer for

1 h at 4�C, then repeatedly washed in the same buffer,

dehydrated in an incremental alcohol series and propyl-

ene oxide, and finally embedded in an Epon–Araldite

mixture. Semithin sections, 0.5–1.0 mm thick, were cut

on a Leica DC 300 F Ultracut (Leica Microsystem AG,

Rijswijk, The Netherlands), stained with toluidine blue

and observed under a Leica microscope (Leica LSM

Holings GmbH, Wetzlar, Germany). Ultrathin sections

were cut with the same Ultracut device, collected on

formvar-coated copper grids, stained with uranyl acetate

and lead citrate, and examined with a Philips EM 208

electron microscope.

Results

The colonies of A. subpinnata had a branched configura-

tion, consisting of numerous arms with simple elongated

pseudopinnules arranged irregularly in one to four rows

(Opresko 2001). Polyps showed the typical morphology: 6

tentacles encircling the mouth, four lateral tentacles shorter

than the two sagittal ones (Fig. 2a).

The small colony living in the Adriatic Sea (Secca di

Punta Secca, Tremiti Islands) did not display fertile polyps

during the monitored months. The numerous gonochoric

colonies living in the Tyrrhenian Sea (Mezzo Canale) were

found fertile in August 2009: four were males and only one

was a female. In both cases, some fertile polyps showed

gamete masse extrusion, whereas others, without gamete

masses, when sandwiched and squeezed between two glass

plates revealed the presence of male or female gametes still

included in the mesenterial filaments.

Female polyps with egg masses

The fragments of these colonies were characterized by

polyps of which the column and tentacles were markedly

broader and shorter. A large number of eggs were scattered

on the polyp surface in such a way that the fragments

assumed a lumpy, irregular appearance (Fig. 2b). In par-

ticular, the egg masses were typically observed emerging

from the mouth opening (Fig. 2c), though they were also

found extruded from the apical region of the tentacles

(Fig. 2d). In this case, the masses were made up of fewer

eggs than those emerging from the mouth (Fig. 2d).

Sections of fertile polyps showed mature eggs (maxi-

mum diameter 150 lm) inside the septa together with

extruded egg masses (Fig. 2e). The eggs in the masses

were separated from one another by the parental tissue,

which ensures that the mature eggs are surrounded by the

mesogleal matrix (Fig. 2e, inset). Ultrathin sections of the

extruded egg masses showed that the egg surface had

microvillar extensions protruding into a fibrillar coat

(Fig. 2f). In the cortical region of the egg, several kinds

of inclusions were seen: electron-lucent membrane-boun-

ded bodies, some with a fibrillar content fairly round

electron-dense granules with a homogeneous texture and

elongated inclusions with a more electron-dense core

(Fig. 2f).

Eggs located at the periphery of the clumps were

delimited by an envelope of the maternal tissue in contact

with the fibrillar coat (Fig. 2g). Many cells of this envelope

had microvillar extensions (Fig. 2h) and exhibited flagellar

specialization, consisting of a flagellum enveloped by a

thick coat of fine, fibrillar material, which was closely

associated to long microvilli (Fig. 2h, inset). Such orga-

nization is typical of the cells that form the gastrodermal

layer.

Fig. 3 Fragments of male fertile colonies of the black coral

Antipathella subpinnata showing extruded spermatic cyst masses.

Observations in toto (a, b), in semithin sections (c, d) and at the

ultrastructural level (e–i). a fertile polyps showing enlarged sagittal

tentacles (S) and extruded sperm masses overlapping the mouth

(arrow), b small sperm masses emerging from the apical region of the

tentacles (arrows), c a polyp during sperm mass extrusion. Note the

elongated shape of the spermatic cysts (SC) passing through the

mouth. Note in the inset the linear arrangement of the sperm, d a

sperm mass with spermatic cysts (SC) separated from one another by

the parental tissue. A remnant of the mesenterial filament (MF)

closely adheres to the mass, e detail of the periphery of a spermatic

cyst (SC) delimited by the parental tissue (PT), which includes a

spumous mucus cell (SMC), f organization of a sperm. Note the single

mitochondrion (M), the electron-dense cup-like body (CB) encircling

the centrioles from which the flagellum emerges (F), and the

acrosomal-like structure (arrow), g proximal (P) and distal (D) cen-

trioles located within the cup-like body (CB) of the sperm,

h pericentriolar system showing the radial pattern anchoring it to

the cup-like body (CP), i detail of the sperm pro-acrosomal vesicles

(arrowheads) coalescing into an acrosome-like structure (AS)

c
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Male polyps with spermatic cyst masses

The fragments of these colonies displayed large polyps

with wide sagittal tentacles and extruded spermatic cyst

masses overlapping the mouth (Fig. 3a). Some polyps

extruded small masses from the apical region of the ten-

tacles (Fig. 3b). Sections of fertile polyps showed sper-

matic cysts still included in the body, coexisting with

elongated spermatic cysts emerging through the pharynx

(Fig. 3c). Spermatic cysts included mature sperm arranged

in rows (Fig. 3c inset). The spermatic cysts differed in size

according to both location and shape. They were extruded

together with a part of the mesenterial filaments and were

separated from one another by the parental tissue, which

enveloped them to form a large clump (Fig. 3d).

On transmission electron microscopy, the external

envelope showed the presence of spumous mucus cells

resulting from numerous vacuoles with a dotted appearance

(Fig. 3e). This layer was separated from the outermost

cysts by a fibrillar coat (Fig. 3e).

Mature sperm within the cysts showed: a large, fairly

round nucleus, with a diameter of 1–1.5 lm; an acrosome-

like structure; a single mitochondrion partially encircling

the nucleus; a wide electro-dense cup-like body (Fig. 3f)

enveloping the proximal and distal centrioles (Fig. 3g).

The distal centriole gave rise to the flagellar axonema

consisting of 9 ? 2 array of microtubules. The distal cen-

triole had a pericentriolar system, consisting of nine arms

arranged in a radial pattern (Fig. 3h). A group of pro-

acrosomal vesicles merge into a more compact acrosome-

like structure (Fig. 3i).

The divers did not observe the spawning event in situ. In

contrast with the typical transparent color of the unfertile

colonies of A. subpinnata, the fixed specimens we studied

showed a brown-orange appearance due to the egg and

sperm cyst masses extruded.

Discussion

In the congeneric species Antipathella fiordensis (Grange

1990), the colonies reach sexual maturity when their height

is between 70 and 105 cm, which corresponds to a mini-

mum age for sexual maturity (Parker et al. 1997). In this

regard, in the small colony (42 cm tall) of A. subpinnata

from Tremiti Islands, no fertile polyps were found (pers.

observations), thus confirming that young colonies cannot

reproduce. The dioecious condition, based on the presence

of male and female colonies of A. subpinnata from the

Tyrrhenian Sea, is in agreement with previous observations

on A. fiordensis (Parker et al. 1997).

In the black coral Cirrhipathes sp., which afterward was

tentatively attributed to C. anguina (Dana 1846), and

reported as C. cf. anguina (Gaino and Scoccia 2008),

mature sperm have been seen in the body cavity of the

polyp, thus suggesting the direct spawning of discrete

sperm through the pharynx (Gaino et al. 2008). By contrast,

in Cupressopathes pumila, numerous spermatocysts are

included in spheres and extruded from the polyps (Gaino

and Scoccia 2009), a mechanism that parallels the forma-

tion of egg and spermatic clumps observed by us in

A. subpinnata. In Anthozoa, this feature has also been

observed in simultaneous hermaphroditic scleractinians, in

which gametes are released as tight buoyant clusters of

eggs and sperm (Babcock et al. 1986; Olivier and Willis

1987).

Simultaneous spawning is common in corals and this

event is often triggered by environmental factors, including

water temperature. Our data confirm previous observations

on the black coral A. fiordensis, which, like the Tyrrhenian

A. subpinnata, reproduces in summer (Miller 1996).

In C. pumila and A. subpinnata, extrusion of the large

spheres takes place mainly through the mouth, though in

A. subpinnata some masses flow out through the apical

region of the tentacles. In both species, the breakage of the

mesenterial septa seems to be the main modality of gamete

spawning, as proved by the presence both of the irregular

coat around the gamete masses and of the flagellate gas-

trodermal cells.

The spawning of numerous aggregated sperm (sperma-

tozeugmata) has been described in some other modular

organisms, namely Bryozoa, the zooids of which release

and capture spermatozeugmata in order to promote cross-

fertilization (Temkin 1994).

At the ultrastructural level, the sperm of A. subpinnata

showed an organization very close to that already described

in Cirrhipathes sp. (Gaino et al. 2008) and Cupressopathes

pumila (Gaino and Scoccia 2009); both are characterized

by: (1) almost coaxial proximal and distal centrioles; (2) a

similar peri-centriolar system; (3) an electron-dense cup-

like body to which the peri-centriolar system is linked. The

main difference consisted in the confluence of the pro-

acrosomal vesicles into a compact acrosome-like structure

shown by the sperm of A. subpinnata. We have observed

the same acrosome-like structure in Myriopathes species

(pers. observations) but not in C. pumila. Therefore, an

acrosome-like structure could represent a micro-charac-

teristic that could be taken into account for phylogenetic

considerations.

The predictability of synchronized spawning by the

colonies of Antipathella subpinnata in the Tyrrhenian Sea

could open up a new field of experimentation aimed at

obtaining fertilization, cleavage and planula formation. The

possibility of obtaining larvae from A. subpinnata could

help us to understand their behavior, including dispersal

ability, substrate selection and metamorphosis, which
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represent crucial unknown life-history characteristics for

this species.
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