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ORIGINAL ARTICLE

Gonochorism and planula brooding in the Mediterranean endemic
orange coral Astroides calycularis (Scleractinia: Dendrophylliidae).
Morphological aspects of gametogenesis and ontogenesis

STEFANO GOFFREDO*, GABRIELLA GASPARINI, GIULIA MARCONI,

MARIA TERESA PUTIGNANO, CLAUDIA PAZZINI & FRANCESCO ZACCANTI

Department of Evolutionary and Experimental Biology, University of Bologna, Bologna, Italy

Abstract
Information on reproduction in temperate scleractinian corals is notably scant. Astroides calycularis is an azooxanthellate
coral that inhabits the South-Western Mediterranean Sea, in shaded habitats from 0 to 50 m depth. Recently, it has been
observed along the coast of the Adriatic Sea. This study is the first in-depth investigation of A. calycularis reproductive
biology. Observations from the nineteenth century described A. calycularis as hermaphroditic; in contrast, we demonstrated
gonochorism (male and female colonies) and brooding (planula releasing) as the reproductive mode, consistent with other
members of the family Dendrophylliidae. Undifferentiated germ cells arose in the gastrodermis and subsequently migrated
to the mesoglea, where they completed gametogenesis. During spermatogenesis, spermary diameter increased from 20 to
940 mm. During oogenesis, a conspicuous presence of lipid vesicles of exogenous origin (phagocytes) was observed in the
ooplasma. As oogenesis progressed, the synthesis of yolk gradually reduced the nucleus to cytoplasm ratio. In the final stages
of oogenesis, the nucleus migrated to the extreme periphery of the oocyte adhering to the oolemma, and became indented.
Nuclear migration and shape change may facilitate fertilization and determine the future embryonic axis. During oogenesis,
the oocyte diameter increased from 25 to 1590 mm. Embryogenesis took place in the coelenteron. Formation of a blastocoel
was not observed, and development proceeded via stereoblastulae with superficial cleavage. Gastrulation took place by
delamination. Embryo diameter ranged from 550 to 1140 mm. Released larvae (length 1700 to 2000 mm) were observed in
the field during summer, along the benthos.

Key words: Embryonic development, oogenesis, planulation, sexual reproduction, spermatogenesis, temperate coral

Introduction

Studying sexual reproduction is essential to under-

stand the genetic structure, and the resistance and

resilience of populations following natural or anthro-

pogenic impacts (Connell & Keough 1985). Reach-

ing sexual maturity requires a balance between

somatic growth and survival, which in turn depends

on the age and size of the organism. The age/size at

first reproduction and the sex ratio influences the

growth rates of populations (Fujiwara & Caswell

2001). Variation in life-history strategy is important

as it may lead to evolutionary divergences (Rich-

mond & Hunter 1990). Studying the reproductive

biology of corals, including sexuality (hermaphroditic

or gonochoric), reproductive mode (broadcasting or

brooding), embryonic development (coeloblastic

or stereoblastic) and larval behaviour (bentonic or

planctonic) is the first step to understand the

population dynamics of marine organisms (Goffredo

et al. 2005).

Most scleractinian corals are hermaphroditic

(Kruzic et al. 2008). Gonochorism accounts for

less than 25% of examined species (Kruzic et al.

2008). Within the Scleractinia, the sexual condition

tends to remain constant at the family level (Harri-

son 1985). Generally, the annual cycle of gameto-

genesis culminates in a short period of gametes being

released into the environment, where fertilization

occurs (Wilson & Harrison 2003). The regulation of
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the reproductive cycle has been connected to various

environmental factors including water temperature

and photoperiod, which seem to be fundamental for

seasonality of reproduction (Penland et al. 2004).

Environmental factors can also influence reproduc-

tion by acting as selective pressure elements on the

sexuality of populations (Wilson & Harrison 2003).

The synchronization of gamete development and

release is important to maximize fertilization and

reproductive success, since the rapid dispersion

of gametes into water decreases the probability

of fertile encounters (Harrison & Wallace 1990).

Recently, particular photoreceptors (cryptochromes)

perceiving lunar radiation have been detected in

Acropora millepora (Ehrenberg, 1834) and probably

trigger gamete release along the Great Barrier Reef

(Levy et al. 2007).

While tropical and subtropical scleractinians are

extensively studied (Fadlallah 1983a; Heltzel &

Babcock 2002; Neves & Pires 2002), information

on sexual reproduction for temperate zones is scarce

(Szmant-Froelich et al. 1980; Beauchamp 1993). In

particular, the only data from the Mediterranean Sea

come from the observations of Lacaze-Duthiers

(1873) on solitary (Caryophyllia smithii Stokes &

Broderip, 1828, Balanophyllia regia Gosse, 1860,

Leptopsammia pruvoti Lacaze-Duthiers, 1897) and

colonial (Astroides calycularis (Pallas, 1766), Cladop-

sammia rolandi Lacaze-Duthiers, 1897) species, and

from recent in-depth studies on the species Balano-

phyllia europaea (Risso, 1826) and L. pruvoti (Gof-

fredo et al. 2006). More recently, observations have

been made on the reproduction of Cladocora caespi-

tosa (Linneo, 1767) in the Adriatic Sea (Kruzic et al.

2008). Studies on the sexual reproduction of

temperate-Mediterranean corals are needed in order

to address this lack of knowledge, and to quantify

population resilience, especially in the face of global

change-related shocks, whose magnitude is expected

to be greater in temperate areas than in tropical ones

(Solomon et al. 2007).

The family Dendrophylliidae is cosmopolitan; it

includes both solitary and colonial corals and has

148 living species divided into 19 genera (Cairns

1999). Seven species live in the Mediterranean Sea

grouped into five genera; three of these (Astroides,

Cladopsammia and Dendrophyllia) are colonial

(Minelli et al. 1995). The genus Astroides contains

a single species, A. calycularis (Cairns et al. 1999).

In the Pleistocene, A. calycularis was present

throughout the Western Mediterranean Sea, as

some fossils testify (Zibrowius 1995; Figure 1).

Following a Pleistocene glaciation that lowered sea-

water temperature in this area, the species disap-

peared from the Northern Mediterranean Sea (Peres

1967). Currently, A. calycularis is spread in the

south-central part of the Western Mediterranean

Sea (Zibrowius 1995; Ocaña et al. 2000; Alvarez-

Pérez et al. 2005; Figure 1), with some recent

records in the north-eastern part of the Adriatic

Sea, along the coasts of Croatia (Grubelic et al.

2004; Kruzic et al. 2005; Bianchi 2007; Figure 1) up

to the Gulf of Venice (Casellato et al. 2007; Figure

1). The range expansion into the Adriatic Sea is

thought to be due to seawater warming and to the

Ionian cyclonic stream (Bianchi 2007), with the

ascending circulation that seems to have favoured

the flow of larvae along the Croatian coasts (Gru-

belic et al. 2004). Although A. calycularis is a

Mediterranean endemic species, it has been found

outside the Strait of Gibraltar, along the Atlantic

coasts of Morocco and Spain (Bianchi 2007; Figure 1),

probably due to the currents dispersing larvae out of

the Strait (Ocaña et al. 2000). A. calycularis is found

Figure 1. Astroides calycularis. Variations of the range of the scleractinian coral within the Mediterranean Sea. (� Pleistocene fossil records;

m current confirmed distribution; ' site where corals were collected during this study, Palinuro).
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at depths of 0�50 m (Rossi 1971), but is typically

found in the shallow infralittoral (0�15 m depth), on

vertical walls or inside caves (Kruzic et al. 2002). It is

an azooxanthellate species (Cairns 1999), living in

both light and dark and seems to prefer elevated

hydrodynamism (Kruzic et al. 2002). The population

density can be high, with colonies covering up to 90%

of the bottom (personal observations). The colonies

generally have an ellipsoid shape with polyps densely

crowded or separated, depending on flow (Kruzic

et al. 2002). Near the surface (high hydrodynamism),

massive-shaped colonies have polyps with a polygonal

calyx (Kruzic et al. 2002). In these colonies the new

polyps bud both in the outskirts of the colonies and

between existing polyps. In deeper water (low hydro-

dynamism), the bush-shaped colonies have polyps

with a circular calyx (Kruzic et al. 2002). In these

colonies, the same polyp can produce buds at

different heights of the calyx.

This study on the sexual reproduction of A.

calycularis was conducted in the Southern Tyrrhe-

nian Sea, at Palinuro (Salerno, Italy; Figure 1). This

paper reports the morphologic aspects of spermato-

genesis, ovogenesis, embryogenesis and larval devel-

opment. Quantitative data on the annual sexual

reproduction cycle (fecundity, size at sexual matur-

ity, gonadal development in relation to environmen-

tal parameters, sexual allocation, planulation timing)

will be presented in a separate paper.

Materials and methods

Samples of Astroides calycularis (Figure 2a) were

collected at Palinuro (10 km south of Salerno, Italy,

Southern Tyrrhenian Sea, 40801.81?N; 15816.74?E;

Figure 1) during 16 monthly collections from April

2004 to September 2005. Scuba divers collected 10

colonies every month at 7�10 m depth along a

random transect line, parallel to the coast line; the

distance between two consecutive sampled colonies

was 2 m. Water temperature was measured directly

in the field at the depth and time of sampling using a

mercury thermometer. Astronomical almanacs were

used to calculate photoperiods. Colonies had ap-

proximately elliptical shape (Figure 2b). Of each

collected colony, colony length (LC, major axis of the

colony) and colony width (WC, minor axis of the

colony) were measured, and colony area (AC) was

calculated using the formula Ac�p
Lc � Wc

4
: Colo-

nies were fixed in saturated Formalin solution (10%

formaldehyde and 90% seawater; the solution was

saturated with calcium carbonate) and transferred to

the laboratories for histological analysis. A biometric

analysis of each polyp in each colony was performed:

polyp length (LP, major axis of the oral disc), width

(WP, minor axis of the oral disc) and height (h, oral�
aboral axis) were measured and body volume (VP)

was calculated using the formula VP�p
h � LP � WP

4
(Goffredo et al. 2009).

Polyps were post-fixed in Bouin solution. After

decalcification in EDTA and dehydration in a graded

alcohol series from 80% to 100%, polyps were

embedded in paraffin and serial transverse sections

were cut at 7 mm intervals along the oral�aboral axis,

from the oral to the aboral poles. Tissues were then

stained with Mayer’s haematoxylin and eosin. Histo-

logical observations were made under a light micro-

scope. Cyto-histological readings were made with a

LEICA Q5001 W image analyser. The maximum and

minimum diameters of the spermaries and oocytes in

nucleated sections were measured. The size of each

reproductive element was determined as the mean of

the two diameters and was classified into develop-

mental stages in accordance with earlier studies on

gametogenesis in scleractinians (Goffredo et al. 2005).

The following definitions were used: active polyp, a

polyp which showed gametogenetic or embryogenetic

activity; male polyp, a polyp which showed sperm-

aries; female polyp, a polyp which showed oocytes or

embryos; inactive polyp, a polyp which did not show

gametogenetic or embryogenetic activity; active col-

ony, a colony where at least one analysed polyp

showed gametogenetic activity; male colony, a colony

formed by male polyps; female colony, a colony

formed by female polyps; undetermined colony, a

colony where only inactive polyps were found.

Results

Sexual condition and reproductive mode

In this study 96 polyps from 46 colonies were

analysed (Tables I and II). We found Astroides

calycularis to be gonochoric both at the polyp and

the colony level. All mature polyps and colonies

examined had either male or female germ cells, none

had both (Figures 2 and 3). We did not observe

sexual dimorphism at either the polyp or the colony

level, nor were there significant differences in mean

size between male and female at either level (Stu-

dent’s t-test for LP: t�0.563, p�0.05; Student’s

t-test for VP: t�0.417, p�0.050; Student’s t-test for

LC: t�0.613, p�0.050; Student’s t-test for AC: t�
0.013, p�0.05; Table III). Sex ratio was 1:1 for

sexually active colonies examined (Chi-square test:

x2�3.667, p�0.05). Thirty polyps were inactive;

six were from five female colonies (LP�4.49 mm,

SE�0.51, N�6; VP�78.27 mm3, SE�20.68, N�6),

and the remaining 24 inactive polyps (LP�5.18 mm,
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SE�0.14, N�24; VP�94.43 mm3, SE�9.42, N�
24) were from 13 indeterminate colonies

collected in the summer�autumn period, from July

to October (Table II). The mean size of the six inactive

polyps was not significantly different from the mean

size of the 39 analysed female polyps (Student’s t-test

for LP: t�1.848, p�0.05; Student’s t-test for VP: t�
1.349, p�0.05; Table III), and the mean size of the 24

inactive polyps was not significantly different from the

mean size of the 66 sexually active polyps (Student’s t-

test for LP: t�0.266, p�0.05; Student’s t-test for VP:

t�1.048, p�0.05; Table III). In addition, the mean

size of the 13 indeterminate colonies was not sig-

nificantly different from the mean size of the 33

sexually active colonies (Student’s t-test for LC: t�
0.903, p�0.05; Student’s t-test for AC: t�0.885, p�

0.05; Table III). Four out of five (80%) analysed

females of the May sample had embryos in the

coelenteron, indicating a brooding reproductive

mode (Table I).

Spermaries and oocytes

The gastrodermal tissue lining the mesenteries with

clearly visible gametocytes was swollen and had a

granular appearance (Figures 2 and 3). A total of

30,801 spermaries and 1326 oocytes were observed

and measured.

Spermaries (Figure 3) were made up of groups

of germ cells and were located in the mesentery

(Figure 3a). Spermaries were delineated by the

mesogleal envelope. We identified five spermary

developmental stages.

Figure 2. Astroides calycularis. (a) Specimens photographed at Palinuro (Salerno, 40801.81?N; 15816.74?E) at 10 m depth. (b) Colony

photographed in the laboratory (LC major axis of the colony; WC minor axis of the colony).
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Table I. Astroides calycularis. Size, sex and brooding condition of the analysed polyps (LP, major axis of the oral disc; WP, minor axis of the

oral disc; h, oral�aboral diameter; VP, body volume; F, female; M, male; I, inactive).

Date Colony code Polyp code LP (mm) WP (mm) h (mm) VP (mm3) Sex Embryos

24 April 2004

Acl1-240404
Acl1-240404-P1 3.35 3.00 4.00 31.57 M �
Acl1-240404-P2 5.40 5.15 5.50 120.13 M �

Acl3-240404

Acl3-240404-P1 4.75 4.50 4.90 82.26 F �

Acl3-240404-P2 3.20 3.15 3.10 24.54 F �
Acl3-240404-P3 4.05 3.65 5.05 58.63 F �
Acl3-240404-P4 6.15 5.75 3.75 104.15 F �

Acl6-240404
Acl6-240404-P1 5.75 5.55 5.60 140.36 M �
Acl6-240404-P2 5.00 4.60 4.65 84.00 M �

24 May 2004
Acl1-240504

Acl1-240504-P1 4.55 4.00 4.40 62.89 M �
Acl1-240504-P2 5.10 4.95 2.75 54.53 M �
Acl1-240504-P3 5.20 5.10 6.60 137.47 M �

Acl4-240504
Acl4-240504-P1 5.10 4.95 5.00 99.14 F Intermediate stage

Acl4-240504-P2 6.00 5.75 4.30 116.51 F Intermediate stage

1 July 2004
Acl1-010704

Acl1-010704-P1 5.35 5.30 4.10 91.31 F �
Acl1-010704-P2 3.10 2.95 2.90 20.83 I �

Acl5-010704 Acl5-010704-P1 4.55 4.20 3.15 47.28 F �

25 July 2004

Acl2-250704
Acl2-250704-P1 5.70 5.60 4.30 107.80 I �
Acl2-250704-P2 5.30 5.00 2.45 50.99 I �

Acl6-250704 Acl6-250704-P1 5.10 3.95 5.60 88.60 I �
Acl9-250704 Acl9-250704-P1 4.70 4.20 5.90 91.47 I �

Acl9-250704-P2 4.55 4.45 4.50 71.56 I �
Acl9-250704-P3 4.35 3.20 5.55 60.68 I �

Acl10-250704
Acl10-250704-P1 4.80 4.00 4.65 70.12 F �
Acl10-250704-P2 5.00 4.90 5.40 103.91 F �

30 August 2004

Acl1-300804
Acl1-300804-P1 4.35 2.80 3.70 35.39 I �
Acl1-300804-P2 4.35 4.25 4.50 65.34 I �

Acl6-300804
Acl6-300804-P1 4.20 3.55 3.35 39.23 F �
Acl6-300804-P2 4.80 4.30 5.30 85.92 F �

Acl7-300804
Acl7-300804-P1 6.60 6.45 7.80 260.79 I �
Acl7-300804-P2 5.50 4.85 4.15 86.94 I �

3 October 2004

Acl1-031004
Acl1-031004-P1 5.60 5.50 4.50 108.86 I �
Acl1-031004-P2 5.05 5.05 3.80 76.11 I �

Acl2-031004 Acl2-031004-P1 5.10 4.65 5.50 102.44 F �

Acl5-031004

Acl5-031004-P1 5.50 5.30 5.95 136.22 I �
Acl5-031004-P2 6.05 5.30 4.45 112.07 F �
Acl5-031004-P3 6.30 6.10 5.10 153.93 F �

25 November 2004

Acl2-251104

Acl2-251104-P1 5.35 5.30 5.30 118.03 F �
Acl2-251104-P2 2.80 2.55 3.10 17.38 I �

Acl5-251104

Acl2-251104-P3 5.25 4.85 5.50 109.99 F �
Acl5-251104-P1 5.10 4.80 4.45 85.56 M �
Acl5-251104-P2 6.10 5.60 6.70 179.76 M �
Acl5-251104-P3 4.90 4.85 5.50 102.66 M �

20 December 2004

Acl4-201204
Acl4-201204-P1 5.35 4.95 4.75 98.80 M �
Acl4-201204-P2 4.30 4.05 5.30 72.49 M �

Acl8-201204 Acl8-201204-P1 6.30 5.90 6.00 175.16 F �

Acl9-201204
Acl9-201204-P1 5.10 5.00 4.30 86.12 F �
Acl9-201204-P2 4.45 4.35 5.00 76.02 F �

Acl10-201204 Acl10-201204-P2 4.70 4.45 5.15 84.60 M �

25 January 2005

Acl6-250105
Acl6-250105-P1 4.65 3.45 5.00 63.00 F �
Acl6-250105-P2 4.60 4.50 5.60 91.04 F �

Acl8-250105 Acl8-250105-P1 4.50 4.20 5.50 81.64 F �

Acl9-250105
Acl9-250105-P1 6.00 5.20 6.60 161.73 M �
Acl9-250105-P2 5.10 4.35 6.05 105.42 M �

Acl10-250105 Acl10-250105-P2 5.50 5.15 5.40 120.13 F �

27 February 2005

Acl1-270205
Acl1-270205-P1 4.15 3.65 7.10 84.47 F �
Acl1-270205-P2 4.35 4.10 5.10 71.44 F �
Acl10-270205-P1 4.80 4.35 5.85 95.93 M �

Sexual reproduction in a Mediterranean endemic coral 425
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Stage I: undifferentiated germ cells were lined up in

the mesenterial gastroderm layers. Spermaries were

formed by the migration of undifferentiated germ

cells moving from the gastrodermis and clustering

in the mesoglea. Stage I spermary was made up

of a group of spermatogonia and had a diameter of

48.1 mm (SE�2.2, N�73; Figure 3b).

Stage II: the spermary was made up of a group of

spermatocytes undergoing meiosis (Figure 3b).

The mesogleal layer enveloping the spermary had

not yet formed a wall. Stage II spermary diameter

was 70.9 mm (SE�0.9, N�929).

Stage III: the spermary, still made up of a

group of spermatocytes undergoing meiosis,

was delineated by a clearly differentiated wall formed

by the mesoglea (Figure 3c, d). Stage III spermary

diameter was 144.5 mm (SE�0.5, N�11,452).

Stage IV: the spermary showed a centripetal

maturation gradient: less mature and larger germ

cells (spermatocytes) were located at the periphery

of the spermary, while more mature and smaller

ones (spermatids) were located in the center

(Figure 3e). Stage IV spermary diameter was

186.6 mm (SE�0.5, N�15,517).

Stage V: the spermary was made up of a mass of

spermatozoa with their tails prejecting in the same

direction (an arrangement known as a ‘bouquet’;

Fadlallah & Pearse 1982; Figure 3f, g). At the time

Table I (Continued)

Date Colony code Polyp code LP (mm) WP (mm) h (mm) VP (mm3) Sex Embryos

Acl10-270205-P2 5.40 5.30 8.70 195.56 M �
Acl10-270205 Acl10-270205-P3 4.70 4.65 5.40 92.69 M �

Acl10-270205-P4 4.65 4.40 6.50 104.45 M �
Acl10-270205-P5 4.40 4.05 5.90 82.58 M �

26 March 2005
Acl2-260305

Acl2-260305-P1 5.85 5.00 6.15 141.28 M �
Acl2-260305-P3 5.05 4.90 5.80 112.72 M �

Acl4-260305 Acl4-260305-P1 6.65 6.25 5.00 163.22 F �

27 April 2005

Acl2-270405
Acl2-270405-P2 5.95 5.60 6.30 164.87 F �
Acl2-270405-P4 6.80 6.75 6.75 243.34 F �

Acl10-270405
Acl10-270405-P1 4.45 4.30 6.70 100.69 M �
Acl10-270405-P2 4.70 4.55 4.10 68.86 M �

30 May 2005

Acl3-300505

Acl3-300505-P1 5.25 4.90 6.30 127.29 F Early stage

Acl3-300505-P2 6.30 5.70 5.50 155.12 F Early stage

Acl3-300505-P3 4.80 4.65 7.30 127.97 F �

Acl7-300505

Acl7-300505-P1 5.65 5.60 3.75 93.19 M �
Acl7-300505-P2 6.30 5.75 5.80 165.02 M �
Acl7-300505-P3 5.20 5.35 5.50 120.17 M �

1 July 2005

Acl1-010705
Acl1-010705-P1 5.35 4.65 4.75 92.81 F �
Acl1-010705-P2 5.15 5.05 5.60 114.39 F �

Acl5-010705
Acl5-010705-P1 5.20 5.15 5.45 114.63 I �
Acl5-010705-P2 5.30 5.15 5.10 109.33 I �

Acl9-010705
Acl9-010705-P1 4.55 4.50 6.55 105.33 F �
Acl9-010705-P2 5.50 5.40 4.65 108.47 I �

29 July 2005

Acl1-290705 Acl1-290705-P1 6.20 6.15 5.00 149.74 I �

Acl3-290705
Acl3-290705-P1 4.50 4.20 3.05 45.27 I �
Acl3-290705-P2 4.90 4.65 4.40 78.74 I �

Acl4-290705
Acl4-290705-P1 6.10 5.70 2.90 79.19 I �
Acl4-290705-P2 5.60 5.35 4.05 95.30 I �

Acl5-290705

Acl5-290705-P1 5.35 5.00 4.30 90.34 F �
Acl5-290705-P2 4.60 4.45 4.35 69.94 I �
Acl5-290705-P3 5.00 4.65 5.40 98.61 F �
Acl5-290705-P4 5.45 5.10 5.35 116.79 I �

4 September 2005

Acl5-040905
Acl5-040905-P1 4.85 4.65 4.65 82.36 I �
Acl5-040905-P2 4.70 4.65 4.70 80.67 I �

Acl7-040905
Acl7-040905-P1 5.55 4.95 3.60 77.68 F �
Acl7-040905-P2 5.65 5.35 3.80 90.21 F �

Acl8-040905 Acl8-040905-P2 6.30 5.65 5.70 159.35 I �

Acl10-040905
Acl10-040905-P1 4.35 4.20 4.10 58.83 I �
Acl10-040905-P2 5.20 5.15 5.15 108.32 I �
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of fertilization, the spermatozoa were released into

the coelenteron. Stage V spermary diameter was

173.6 mm (SE�1.4, N�2830).

Oocytes (Figure 4) were oval and located in the

mesenteries (Figure 4a). Oocytes had a diameter

ranging from 25 to 1590 mm.

The early stages of oogenesis were visible in

the mesentery’s gastrodermal layers and showed a

centrally located spherical nucleus and a high

nucleus to cytoplasm ratio (Figure 4b).

The intermediate stages of oogenesis developed in

the mesoglea of the mesenteries (Figure 4c, d). The

nucleus was spherical, and a conspicuous yolk mass

Table II. Astroides calycularis. Size, sex and brooding condition of the analyzed colonies (LC, major axis of the colony; WC, minor axis of the

colony; AC, colony area; F, female; M, male; I, indeterminate).

Date Colony code LC (cm) WC (cm) AC (cm2) Sex Embryos

24 April 2004

Acl1-240404 4.0 3.0 9.4 M �
Acl3-240404 4.0 3.8 11.9 F �
Acl6-240404 4.5 3.8 13.4 M �

24 May 2004
Acl1-240504 5.5 3.5 15.1 M �
Acl4-240504 4.5 4.5 15.9 F Intermediate stage

1 July 2004
Acl1-010704 2.5 1.8 3.5 F �
Acl5-010704 3.3 2.5 6.5 F �

25 July 2004

Acl2-250704 2.0 1.3 2.0 I �
Acl6-250704 4.5 2.5 8.8 I �
Acl9-250704 3.5 2.0 5.5 I �
Acl10-250704 7.0 4.0 22.0 F �

30 August 2004

Acl1-300804 3.5 1.8 4.9 I �
Acl6-300804 5.0 3.8 14.9 F �
Acl7-300804 5.8 4.0 18.2 I �

3 October 2004

Acl1-031004 5.0 4.3 16.9 I �
Acl2-031004 5.0 4.5 17.7 F �
Acl5-031004 5.3 4.8 20.0 F �

25 November 2004
Acl2-251104 3.5 2.8 7.7 F �
Acl5-251104 4.3 2.0 6.8 M �

20 December 2004

Acl4-201204 3.9 3.0 9.2 M �
Acl8-201204 6.5 4.3 22.0 F �
Acl9-201204 4.6 4.8 17.3 F �
Acl10-201204 5.0 4.6 18.1 M �

25 January 2005

Acl6-250105 3.0 2.6 6.1 F �
Acl8-250105 4.6 4.4 15.9 F �
Acl9-250105 4.6 3.8 13.7 M �
Acl10-250105 4.1 3.9 12.6 F �

27 February 2005
Acl1-270205 2.0 2.1 3.3 F �
Acl10-270205 6.1 3.8 18.2 M �

26 March 2005
Acl2-260305 8.0 3.5 22.0 M �
Acl4-260305 5.5 3.5 15.1 F �

27 April 2005
Acl2-270405 8.6 5.0 33.8 F �
Acl10-270405 8.5 7.0 46.7 M �

30 May 2005
Acl3-300505 6.4 5.0 25.1 F Early stage

Acl7-300505 6.3 5.1 25.2 M �

1 July 2005

Acl1-010705 5.5 4.0 17.3 F �
Acl5-010705 9.5 7.0 52.2 I �
Acl9-010705 5.6 5.0 22.0 F �

29 July 2005

Acl1-290705 7.5 6.0 35.3 I �
Acl3-290705 6.4 4.9 24.6 I �
Acl4-290705 9.3 6.0 43.8 I �
Acl5-290705 10.0 8.0 62.8 F �

4 September 2005

Acl5-040905 6.0 4.5 21.2 I �
Acl7-040905 6.0 5.0 23.6 F �
Acl8-040905 6.0 5.0 23.6 I �
Acl10-040905 6.5 5.0 25.5 I �
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Figure 3 (Continued)
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had begun to accumulate, causing a reduction in the

ratio of nucleus to cytoplasm (Figure 4c, d).

In the late stages of oogenesis, the oocytes were

still located in the mesenteries and enveloped by a

mesogleal layer, which formed an evident thickening

surrounding the oolemma (Figure 4e�g). During the

late stages, yolk synthesis and differentiation were

completed. The nucleus had migrated to the cell’s

periphery and changed its shape, adhering closely to

the cell membrane and becoming indented and

concave (dome-shaped; Figure 4h). During oogen-

esis, the nucleolus was at the periphery of the

nucleus (Figure 4b, c, e).

In all stages of oogenesis the presence of lipid

vesicles was observed in the ooplasma (Figure 4b�e).

The lipid material, of exogenous origin (phago-

cytes), was accumulated within oocytes through

phagocytosis (Figure 4d). For most examined

oocytes, these lipid vesicles were concentrated at

the periphery of the ooplasma or around the nuclear

membrane (Figure 4d, e).

Embryos and larvae

While the oocytes were found inside the mesenteries,

embryos were located in the coelenteron of female

polyps collected in May (Figure 5a). Early stage

embryos were stereoblastulae (solid and lacking a

blastocoel). A visibly cleaved superficial layer sur-

rounded the central yolk mass (Figure 5b). Stereo-

blastulae had diameters ranging from 556 to

964 mm. During the intermediate developmental

stage (called a stereogastrula since there was no

archenteron), gastrulation took place by delamina-

tion (Figure 5c). The ectodermal layer was clearly

differentiated and appeared separated from the

endodermal mass by a clearly defined mesogleal

layer (Figure 5c). Stereogastrulae had diameters

ranging from 991 to 1134 mm. Embryos developed

a stomodeum (Figure 5b, d, e). The differentiation

of the stomodeum began with the proliferation of

ectodermal cells and their invagination towards the

center of the embryo (Figure 5b, d, e). Mesentery

differentiation started with the invagination of the

mesogleal layer towards the center of the embryo,

followed by the formation of the mesenterial fila-

ment via apposition of endodermal cells to the

mesentery’s free edge.

Released larvae (Figure 6) had completed onto-

genesis (differentiated mouth and pharynx, the

gastrovascular cavity was divided into compartments

by mesenteric septa). In the field, larvae were

observed in July and had a demersal behaviour and

an orange�yellow colour similar to that of adult

polyps (Figure 6). Larvae were able to contract and

become more spherical or to stretch out and become

more cylindrical. Larvae length ranged from 1700 to

2000 mm.

Physical data and reproduction

Mature spermaries and oocyte were observed in

April and May 2004 and 2005 when the seawater

temperature was 16�178C, and photoperiod 13.5�
14.6 h. Planulation took place between May and July

2004 and 2005 when seawater temperature was 17�
238C, and photoperiod 14.6�15.0 h.

Discussion

This study is the first to investigate the reproductive

biology of Astroides calycularis in detail. In this paper,

the morphological aspects of gametogenesis, onto-

genesis and larval stage are described.

The individuals examined were gonochoric both

at the polyp and colony level. This is in contrast with

the hermaphroditism proposed by Lacaze-Duthiers

(1873) in samples from the Algerian coasts and by

Cirino et al. (1993) after aquarium observations

on the reproductive behaviour of Mediterranean

Figure 3. Astroides calycularis. Spermary developmental stages. (a) Localization of the spermaries in the mesentery. (b) Spermary early stage (I,

II). Male germ cells, arising in the mesenterial gastrodermal layer, are clustering. (c) Stage III: the spermary, containing spermatocytes

undergoing meiosis, is delineated by a wall that has arisen from the mesoglea (arrow). (d) Stage III: particular of the spermary periphery,

showing the mesoglea wall (arrows). (e) Stage IV: the spermary presents an external layer of spermatocytes and an internal mass of spermatids.

(f) Stage V: the spermary is made up of a mass of spermatozoa. (g) Stage V: shortly before leaving the spermary, mature spermatozoa form

‘bouquets’, with their tails all facing the same direction (t, spermatozoa tails; cc, coelentric cavity; g, gastrodermis; mf, mesenterial filament; sdi,

spermatids; sni, spermatogonia; sp, spermary; sti, spermatocytes; szoi, spermatozoa; I, II, III, IV, V, spermary developmental stages).

Table III. Astroides calycularis. Mean size and standard error of sexually active (males and females) and inactive/indetermined polyps or

colonies (LP, major axis of the oral disc of the polyp; VP, polyp volume; LC, major axis of the colony; AC, colony area; N, number of polyps

or colonies examined).

Sexually active Males Females Inactive polyps/indeterminate colonies

LP (mm) 5.190.1 (N�66) 5.190.1 (N�27) 5.290.1 (N�39) 5.190.2 (N�30)

VP (mm3) 104.794.9 (N�66) 107.297.4 (N�27) 103.196.5 (N�39) 91.298.5 (N�30)

LC (cm) 5.390.3 (N�33) 5.590.5 (N�11) 5.190.4 (N�22) 5.890.6 (N�13)

AC (cm2) 18.192.1 (N�33) 18.093.3 (N�11) 18.092.7 (N�22) 21.894.2 (N�13)
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Figure 4 (Continued)
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samples of undetermined origin. In particular,

Lacaze-Duthiers (1873), from observations of dis-

sected polyps with a magnifying glass, described the

presence of hermaphroditic colonies formed by sex

separated polyps (monoic hermaphroditism) as a

dominant condition, with some rare cases of simul-

taneous hermaphroditic polyps. The gonochorism

found in the present study reflects the sexual

condition expected for the family Dendrophylliidae,

since hermaphroditism (found in 32% of the species

studied) is an infrequent reproductive condition in

this taxon (Goffredo et al. 2005; Table IV). Species

that change between gonochorism and hermaphro-

ditism in different populations are known among the

alcyonarians: Heteroxenia elizabethae Kölliker, 1874,

a soft coral of the Xeniidae family, is gonochoric in

the Great Barrier Reef, but hermaphroditic in the

Red Sea (Hwang & Song 2007); in Sarcophyton

glaucum (Quoy & Gaimard, 1833) of the family

Alcyoniidae, a low level of hermaphroditism is found

in South Africa, whereas in the Red Sea only

gonochorism is present (Schleyer et al. 2004). The

possibility that A. calycularis might express different

sexuality in different populations, as an adaptation to

different environments, cannot be excluded. In

Palinuro, A. calycularis has high population densi-

ties, covering up to 90% of the rocky substrate. Here

the population has an increased probability of fertile

encounters and thus gonochorism would be advan-

tageous, since it would ensure cross-fertilization and

maintain the genetic variability of the population. If

in Algeria A. calycularis has low population densities

reducing the probability of fertile encounters, then

simultaneous hermaphroditism of colonies would

become adaptive, maximizing their fertilization rate

(Ghiselin 1969).

The stages of male gametogenesis corresponded to

those described in other species of the family Den-

drophylliidae, for example Heteropsammia aequicosta-

tus Fisk, 1981 and Heteropsammia cochlea (Spengler,

1781) (gonochoric, broadcast spawner; Harriott

1983), Leptopsammia pruvoti and Balanophyllia elegans

Verrill, 1864 (gonochoric, brooder; Goffredo et al.

2005), Balanophyllia europaea (hermaphroditic, broo-

der; Goffredo et al. 2002), or in corals of different

families such as Fungiacyathus marenzelleri (Vaughan,

1906) (gonochoric, broadcast spawner; Fungia-

cyathidae; Waller et al. 2002), Monomyces rubrum

(Quoy & Gaimard 1833) (gonochoric, brooder;

Flabellidae; Heltzel & Babcock 2002), Mussimilia

hispida (Verril, 1902) (hermaphroditic, broadcast

spawner; Mussidae; Neves & Pires 2002) and in the

genus Madracis sp. Milne Edwards and Haime, 1849

(hermaphroditic, brooder; Pocilloporidae; Vermeij

et al. 2004).

Concerning female gametogenesis, a particular

process of differentiation was noted in the shape of

the nucleus during the last phase of development of

the oocyte. After the migration of the nucleus to the

cell outskirts, which is a process that generally

occurs during oogenesis in scleractinians and more

generally in anthozoans (Szmant-Froelich et al.

1985), the nucleus adhered closely to the oolemma

and changed shape from circular to a particular

dome- or U-shape. The frequency of this nuclear

morphology in the female gametogenesis of the

scleractinians is not clear. A nucleus defined as

falciform or dome-shaped or U-shaped and adherent

to the oolemma of the mature oocyte was described

in other species, such as the hermaphroditic broad-

cast spawners Acropora cervicornis (Lamark, 1816)

(Acroporidae; Vargas-Angel et al. 2006), Gardiner-

oseris planulata (Dana, 1846) (Agariciidae; Glynn

et al. 2000), Pocillopora damicornis (Linneo 1758)

and P. elegans Dana, 1846 (Pocilloporidae; Glynn

et al. 1991), the hermaphroditic brooders B. europaea

(Dendrophylliidae; Goffredo et al. 2002), Favia

fragum (Esper, 1795) (Faviidae; Szmant-Froelich

et al. 1985) and the gonochoric brooders L. pruvoti

(Dendrophylliidae; Goffredo et al. 2006), M. rubrum

(Flabellidae; Heltzel & Babcock 2002) and Porites

porites Pallas, 1766 (Poritidae; Tomascik & Sander

1987). This nuclear morphology is therefore present

across sexual condition, reproductive mode and

taxonomic classification and might facilitate fertili-

zation (Szmant-Froelich et al. 1985). In brooder

corals fertilization may occur when the oocyte is still

present in the mesentery and the mesenterial gastro-

dermis adjacent to the indentation of the nucleus

may be easily penetrated by spermatozoa (Szmant-

Froelich et al. 1985). In this study, mature oocytes

were found exclusively inside the mesentery and

Figure 4. Astroides calycularis. Oogenesis. (a) Localization of the oocytes in the mesenteries. (b) Early stage: the oocyte located in the

mesoglea of a mesentery is characterized by a high nucleus to cytoplasm ratio. Lipid vesicles are visible in the cytoplasm. (c) Early stage: a

conspicuous mesogleal central cord (arrows) envelops the oocyte. (d) Intermediate stage: the spherical nucleus is still located in the centre of

the cell. There is a conspicuous presence of lipid vesicles in the oocyte cytoplasm. Note the phagocytosis of a lipid droplet (arrow). (e)

Intermediate stage: the spherical nucleus with a single nucleolus starts to migrate towards the cell periphery. Note the mesogleal thickening

surrounding the cytoplasmatic membrane (arrow). (f) Late stage: the oocyte is located in the central portion of one of the mesenteries; the

ooplasm is full of yolk plates. The nucleus to cytoplasm ratio is decreased. (g) Late stage: detail of the oolemma in a mature oocyte. The

oolemma is surrounded by a mesogleal thickening (arrow). (h) Late stage: detail of the nucleus in a mature oocyte. The nucleus becomes

concave and is located on the cell’s periphery where it adheres to an invagination of the oolemma (cc, celentric cavity; g, gastrodermis; lv,

lipid vesicles; m, mesoglea; mf, mesenteric filament; N, nucleus; n, nucleolus; o, oocyte; yp, yolk plates).
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Figure 5. Astroides calycularis. Embryonic development. (a) Localization of the embryos in the coelentric cavity. Note the presence of

vitellogenic oocytes in the mesenteries. (b) Stereoblastula in the coelenteric cavity: the cleavaged superficial layer surrounds the central yolk

mass. (c) Stereogastrula. At this stage of development, the ectoderm is clearly distinct from the yolk endoderm. The mesogleal layer is well

defined. (d) Sagittal section of the stomodeal invagination. (e) Transversal section at the oral pole of the embryo showing the stomodeal

invagination (b, blastoderm; cc, coelentric cavity; ec, ectoderm; em, embryo; en, endoderm; m, mesoglea; mf, mesenteric filament; o, oocyte;

s, stomodeal invagination; y, yolk).
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never in the gastrovascular cavity. Therefore the

union of gametes must occur when the oocytes are

still in the mesentery. In addition, in M. rubrum

(brooder species whose mature oocytes have an

indented nucleus) the oocytes remain inside the

mesoglea of the mesentery until fertilization, before

migrating to the gastrovascular cavity of the polyp

(Heltzel & Babcock 2002). Another possible expla-

nation for nuclear migration and shape change may

be that they are oogenetic phases involved in the

determination of the oral�aboral axis of the future

embryo (Goffredo et al. 2005). Several studies

indicate that in anthozoans, hydrozoans and cteno-

phores the peripheral area of the mature oocyte

where the nucleus is placed might represent the

animal pole and thus correspond to the future oral

pole of the embryo (Momose & Houliston 2007).

The stages of female gametogenesis in A. calycularis

differ from those of other species of the family

Dendrophylliidae in the presence of lipid vesicles,

which have been described in other families, such as

Acroporidae, Mussidae, Pocilloporidae, Poritidae

(Vargas-Angel et al. 2006). In brooder species of the

genus Madracis (Pocilloporidae), it has been sug-

gested that the lipid, vesicle-rich yolk contributes to

the energy available to the planula, thus increasing

larval dispersion (Vermeij et al. 2004). Although the

primary function of lipid vesicles has been attributed

to floating in some species (Lee et al. 2006), the

demersal behaviour observed in the planulae of

A. calycularis suggest they have a trophic function.

The embryos were observed in the gastrovascular

cavity of female polyps during May, suggesting a

spring fertilization. The formation of blastocoel was

not found in the embryos observed; embryonic

development proceeded with the formation of stereo-

blastulae and subsequent gastrulation by delamina-

tion. Generally, the type of embryonic development is

associated to the reproductive mode in scleractinians:

brooder corals tend to have stereoblastulae, whereas

broadcast spawner corals mostly have coeloblastulae

(Goffredo et al. 2005). There are some exceptions to

this model: in Manicina areolata Linneo 1758 coelo-

blastulae form both in conditions of broadcasting and

brooding (Wilson 1888); Fungia scutaria Lamarck,

1801, broadcast spawner, produces stereoblastulae

(Krupp 1983). The differences in embryonic devel-

opment might be correlated to the availability of space

during ontogenesis: in brooders the physical restric-

tions to embryonic development compel the forma-

tion of a stereoblastula, whereas in broadcast

spawners, without physical restrictions, the develop-

ment of coeloblastulae is allowed (Heltzel & Babcock

2002). Understanding the relationship between the

models of embryogenesis and the reproductive mode

in scleractinians needs further investigations.

Larval development in brooding coral species

tends to be complete at the time of planulation.

Released larvae have a clearly differentiated mouth

and pharynx and the coelenteron is divided into

mesenterial septa (Richmond & Hunter 1990). The

plasticity of the planulae and their changeable shape

from contracted to extended are a common feature of

Anthozoa larvae (see Chia & Crawford 1973 for

pennatulaceans; Benayahu 1989 for alcyonaceans;

Hand & Uhlinger 1992 for actiniarians; Gutiérrez-

Rodrı̀guez & Lasker 2004 for gorgonaceans; Gof-

fredo & Zaccanti 2004 for scleractinians). The larvae

of A. calycularis assumed mainly a cylindrical shape

and had a demersal behaviour. Their size was

intermediate compared with that of the larvae of

other brooder corals of the same family: the oral�
aboral axis of planulae reaches 2000 mm against a

maximum of 1600 mm in L. pruvoti (Goffredo et al.

2005), 2200 mm in B. europaea (Goffredo & Zaccanti

2004) and 4000 mm in B. elegans (Beauchamp 1993).

A significant number of polyps were inactive

(33.8%) and a significant number of colonies were

indeterminate (24.4%). Inactive polyps and indeter-

minate colony sizes were not different from those of

sexually active polyps or colonies. Thus, these

Figure 6. Astroides calycularis. Planula larvae photographed at 10

m depth during July 2004. (a) Two larvae (arrows) close to an

adult colony. The red sponge is Spirastrella cunctatrix Schmidt,

1868. (b) Three larvae on a red sponge Spirastrella cunctatrix

(Acl A. calycularis adult colony).
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inactive elements might have been in a state of

seasonal quiescence. In particular, the 11 indeter-

minate colonies, found in the summer�autumn

period, from July to October, when only female

colonies were found, might have been quiescent

males after the period of spring fertilization. The

quantitative analysis of the annual cycle of gonadal

development and its relationship with environmental

parameters, which will be presented in a separated

paper, will clarify the aspects of the annual cycle of

male and female gametogenesis.

In conclusion, A. calycularis in Palinuro (1) was

gonochoric and brooding, (2) had oocytes with a yolk

rich in lipid vesicles and an embryonic development

that proceeded via stereoblastula and stereogastrula,

and (3) released larvae that had completed ontogen-

esis and had a mainly demersal behaviour.
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Table IV. Reproductive traits in Dendrophylliid corals (h, hermaphroditic; g, gonochoric; �, unknown; b, brooder; bs broadcast spawner).

Species

Sexual

condition

Reproductive

mode Source

Astroides calycularis (Pallas, 1766) g b Present study

Astroides calycularis (Pallas, 1766) h b Lacaze-Duthiers 1873

Balanophyllia elegans Verrill, 1864 g b Fadlallah 1981; Fadlallah & Pearse 1982; Fadlallah 1983b;

Beauchamp 1993

Balanophyllia europaea (Risso, 1826) h b Goffredo & Telò 1998; Goffredo et al. 2000, 2002

Balanophyllia regia Gosse, 1860 � b Lacaze-Duthiers 1897; Yonge 1932; Lyons 1973;

Kinchington 1981; Fadlallah 1983a

Balanophyllia sp. Searles Wood, 1844 � b Abe 1937; Fadlallah 1983a; Richmond & Hunter 1990

Cladopsammia rolandi Lacaze-Duthiers, 1897 h b Lacaze-Duthiers 1897; Fadlallah 1983a

Cladopsammia gracilis (Milne Edwards and

Haime, 1848)

� b Hizi-Degany et al. 2007

Dendrophyllia manni Verrill, 1869 � b Edmondson 1929, 1946; Fadlallah 1983a; Richmond &

Hunter 1990

Dendrophyllia sp. Blainville, 1830 g b Babcock et al. 1986; Richmond & Hunter 1990

Heteropsammia aequicostatus Fisk, 1981 g bs Harriott 1983; Richmond & Hunter 1990

Heteropsammia cochlea (Spengler, 1781) g bs Harriott 1983; Richmond & Hunter 1990

Leptopsammia pruvoti Lacaze-Duthiers, 1897 g b Lacaze-Duthiers 1897; Goffredo et al. 2005

Rhizopsammia minuta Verrill, 1870 � b Abe 1939; Fadlallah 1983a

Stephanophyllia formosissima Moseley, 1876 � b Moseley 1881; Fadlallah 1983a

Tubastrea aurea (Lesson, 1834) � b Edmondson 1929, 1946; Fadlallah 1983a; Fan et al. 2006

Tubastrea coccinea (Quoy and Gaimard, 1833) h b Edmondson 1929, 1946; Jokiel et al. 1985; Richmond &

Hunter 1990; Petersen et al. 2007; Creed & De Paula 2007;

Glynn et al. 2008

Tubastrea faulkneri (Marshall and Wright

1995)

g b Babcock et al. 1986; Richmond & Hunter 1990

Tubastrea tagusensis (Wells, 1982) � b Creed & De Paula 2007

Turbinaria bifrons (Breuggemann, 1877) � bs Babcock et al. 1994

Turbinaria frondens (Dana 1846) g bs Willis et al. 1985; Richmond & Hunter 1990; Babcock et al.

1994; Wilson & Harrison 2003

Turbinaria mesenterina (Lamarck, 1816) � bs Babcock et al. 1994

Turbinaria peltata (Esper, 1794) � bs Babcock et al. 1994

Turbinaria radicalis Bernard 1896 � bs Babcock et al. 1994; Wilson & Harrison 2003

Turbinaria reniformis Bernard, 1896 g bs Willis et al. 1985; Richmond & Hunter 1990; Babcock et al.

1994; Petersen et al. 2007
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Goffredo S, Telò T, Scanabissi F. 2000. Ultrastructural observa-

tions of the spermatogenesis of the hermaphroditic solitary

coral Balanophyllia europaea (Anthozoa, Scleractinia). Zoomor-

phology 119:231�40.

Goffredo S, Zaccanti F. 2004. Laboratory observations of larval

behavior and metamorphosis in the Mediterranean solitary

coral Balanophyllia europaea (Scleractinia, Dendrophylliidae).

Bulletin of Marine Science 74:449�58.

Grubelic I, Antolic B, Despalatovic M, Grbec B, Beg Paklar G.

2004. Effect of climatic fluctuations on the distribution of

warm-water coral Astroides calycularis in the Adriatic Sea new

records and review. Journal of the Marine Biological Associa-

tion of the United Kingdom 84:599�602.

Gutiérrez-Rodrı̀guez C, Lasker HR. 2004. Reproductive biology,

development and planula behavior in the Caribbean gorgonian

Pseudopterogorgia elisabethae. Invertebrate Biology 123:54�67.

Hand C, Uhlinger. 1992. The culture, sexual and asexual

reproduction, and growth of the sea anemone Nematostella

vectensis. The Biological Bulletin 182:169�76.

Harriott VJ. 1983. Reproductive ecology of four scleractinian

species at Lizard Island, Great Barrier Reef. Coral Reefs 2:9�18.

Harrison PL. 1985. Sexual characteristics of scleractianian corals:

Systematic and evolutionary implications. Proceedings of the

Fifth International Coral Reef Congress, Tahiti 4:337�342.

Harrison PL, Wallace CC. 1990. Reproduction, dispersal and

recruitment of scleractinian corals. In: Dubinsky Z, editor.

Sexual reproduction in a Mediterranean endemic coral 435

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
n
i
v
e
r
s
i
t
y
 
o
f
 
B
o
l
o
g
n
a
]
 
A
t
:
 
0
9
:
5
8
 
1
1
 
A
u
g
u
s
t
 
2
0
1
0



Ecosystem of the World. 25. Coral Reefs. Amsterdam: Elsevier,

p 133�207.

Heltzel PS, Babcock RC. 2002. Sexual reproduction, larval

development and benthic planulae of the solitary coral Mono-

myces rubrum (Scleractinia: Anthozoa). Marine Biology

140:659�67.

Hizi-Degany N, Meroz-Fine E, Shefer S, Ilan M. 2007. Tale of

two colors: Cladopsammia gracilis (Dendrophylliidae) color

morphs distinguished also by their genetics and ecology.

Marine Biology 151:2195�206.

Hwang SJ, Song JI. 2007. Reproductive biology and larval

development of the temperate soft coral Dendronephthya

gigantea (Alcyonacea: Nephtheidae). Marine Biology

152:273�84.

Jokiel PL, Ito RY, Liu PM. 1985. Night irradiance and synchro-

nization of lunar release of planula larvae in the reef coral

Pocillopora damicornis. Marine Biology 88:167�74.

Kinchington D. 1981. Organic-matrix synthesis by scleractinian

coral larval and post-larval stages during skeletogenesis. In:

Gomez ED, et al., editors. Proceedings of the Fourth Interna-

tional Coral Reef Symposium, Volume 2. Manila: Marine

Sciences Center, University of the Philippines, p 107�13.

Krupp DA. 1983. Sexual reproduction and early development of

the solitary coral Fungia scutaria (Anthozoa: Scleractinia).

Coral Reefs 2:159�64.

Kruzic P, Radic I, Pozar-Domac A. 2005. First record of

Cladocora debilis (Cnidaria: Anthozoa) in the Adriatic Sea.

JMBA2 Biodiversity Records 1:1�2.

Kruzic P, Zibrowius H, Pozar-Domac A. 2002. Actiniaria and

Scleractinia (Cnidaria, Anthozoa) from the Adriatic Sea: First

records, confirmed occurrences and significant range exten-

sions of certain species. Italian Journal of Zoology 69:345�53.

Kruzic P, Zuljevic A, Nikolic V. 2008. Spawning of the colonial

coral Cladocora caespitosa (Anthozoa, Scleractinia) in the

Southern Adriatic Sea. Coral Reefs 27:337�41.
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