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Abstract

The study of the reproductive processes of benthic invertebrates is essential to

the understanding of their population dynamics and is also important in for-

mulating conservation plans, especially for exploited species. The sexual repro-

duction of Hippospongia communis, the ‘honeycomb’ bath sponge, was studied

at two locations in the Mediterranean Sea: the Kerkennah Islands (Tunisia,

South Mediterranean), where the mean annual seawater temperature is 19 °C,
and Marseille (France, Northwestern Mediterranean Sea), where the mean

annual water temperature is 16 °C. The aim of this comparative study was to

determine whether different environmental conditions could affect reproduc-

tion patterns. At both locations, H. communis was found to contain sexual

reproductive elements year-round. Oogenesis and embryogenesis occurred

throughout the year, whereas spermatogenesis occurred during shorter periods

between October and November, in both populations. While gametogenesis

seemed to be synchronized, indicating that fertilization could occur at the same

time at both locations, spawning was observed in late summer in Marseille,

whereas it started in late spring for the Kerkennah population. Larval develop-

ment of H. communis seems to take longer for sponges living at cooler loca-

tions such as Marseille. Reproductive effort calculated for both sexes showed

significantly higher values for specimens from Kerkennah Islands. By compar-

ing sexual reproductive patterns of populations living in two contrasted envi-

ronments, we suggest that a change of thermal regime can affect H. communis

phenology.

Introduction

Hippospongia communis (Lamarck, 1814) is one of the most

abundant and widely distributed Mediterranean bath

sponges. Being one of the first-grade species, this species has

a high commercial value in the world sponge market and is

currently mass harvested throughout the Mediterranean

Sea. However, the production of Mediterranean sponges

has considerably decreased because of the depletion of

natural banks, due to both overfishing and devastating

epizootic events that occurred during the mid-1980s (Ben

Mustapha & Vacelet 1991; Gaino et al. 1992; Vacelet 1994)
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and then during the late 1990s and early 2000s (P�erez et al.

2000; Garrabou et al. 2009; Lejeusne et al. 2010).

The endangered status of many commercial species

has encouraged biological and ecological research on

harvested species of mollusks, crustaceans and fishes.

Indeed, determining the reproductive processes is a key

step towards a better understanding of population dynam-

ics (Reiswig 1973; Ayling 1980; Fell 1983; Maldonado

2006), which can help in designing restoration and conser-

vation plans (Dayton 1979; Kaye & Reiswig 1991b; Wing

et al. 2003; Baldacconi et al. 2007; Gaino et al. 2007). Lit-

tle is known about the biology of the commercial sponge.

Several aspects of the reproduction of a few species from

the Spongiidae family were investigated: Spongia officinalis

in the Mediterranean Sea (Scalera-Liaci et al. 1971; Gaino

et al. 1984; Baldacconi et al. 2007), and some Spongia

and Hippospongia species from the Gulf of Mexico and

the Caribbean Sea (Storr 1964; Kaye 1991; Kaye & Rei-

swig 1991a,b). However, the only available data for

H. communis comes from very early studies undertaken

in Tunisia (Allemand-Martin 1906; Tuzet & Pavans de

Ceccatty 1958).

The morphology, reproduction biology and develop-

ment of marine organisms can be influenced by environ-

mental features such as substrate, light, salinity, water

motion, nutrients and temperature (Dayton et al. 1998).

Temperature is generally considered to be the most

important factor affecting distribution, metabolic pro-

cesses, and life cycle events of marine organisms (Kinne

1970; Bhaud et al. 1995; Riesgo & Maldonado 2008).

Sponge phenology may be influenced by environmental

factors and especially by seawater temperature (L�evi 1956;

Fell 1974; Reiswig 1983; Simpson 1984; Sar�a 1992;

Maldonado & Riesgo 2008). As in a large number of

organisms, temperature is frequently assumed to be

involved in the regulation of sponge reproduction (Fell

1974; Ayling 1980; Witte & Barthel 1994; Fromont 1999).

A relationship between periods of initiation of gameto-

genesis, embryonic development and spawning on the one

hand and seasonal variations of seawater temperature

on the other has been suggested in a number of studies

on sponges from different regions (Storr 1964; Kaye &

Reiswig 1991a; Fromont 1999; Ereskovsky 2000; Meroz-

Fine et al. 2005; Ettinger-Epstein et al. 2007; Gerasimova

& Ereskovsky 2007; Mercurio et al. 2007; Riesgo et al.

2007; Whalan et al. 2007a; Maldonado & Riesgo 2009;

Gaino et al. 2010; Leong & Pawlik 2011).

In this study, we aimed at determining the reproductive

features of two populations of Hippospongia communis

living in contrasted areas of the Mediterranean Sea: one

from Kerkennah Islands in Southern Tunisia and the other

from Marseille on the French Mediterranean coast. The

two sites considered in this study case contrast by their

geography but also by the habitat where H. communis can

be found. The Tunisian sponges are abundant in very shal-

low Posidonia oceanica beds, whereas the French sponges

are usually less abundant and inhabit the entrance of

underwater caves. In these two sites, sponges are exposed

to very contrasted temperature regimes, the annual mean

temperatures being respectively 19 °C with a rather high

variability (about 20 °C of difference between minimal

and maximal values) in Kerkennah and 16 °C with mod-

erate variability (about 10 °C of difference between mini-

mal and maximal values) in Marseille. Through the

comparative study of the reproductive traits of these two

H. communis populations from the south and north of the

Mediterranean Sea, we thus aimed at determining the

putative influence of the temperature regime on these

commercial sponges life cycle and reproductive effort.

Material and methods

Sampling and environmental data acquisition could not

always be conducted in exactly the same way at both sta-

tions due to logistics, but sample treatment and data

analysis were performed exactly the same.

Studied species

Hippospongia communis (Lamarck, 1814) (Demospongiae,

Dictyoceratida, Spongiidae), also called the ‘honeycomb’

sponge, is the most widely exploited species in the

Mediterranean Sea. Hippospongia communis collected in

Kerkennah shallow waters are massive and globular in

shape (diameter between 20 and 45 cm). They grow on

the rhizomes of Posidonia oceanica. Their color surface is

blackish-grey, paler when shaded, and the interior is gen-

erally cream-colored to orange. The basal part of most of

specimens is rust-like, a color resulting from the occur-

rence of lepidocrocite granules inside the spongine fibers

(Vacelet et al. 1988; Cook & Bergquist 1999). The surface

is irregular conulose. The numerous oscules are usually

large but show high variability from 2 to 7 mm. The

body of the sponge is also traversed by wide canals, often

attaining more than 2 cm in diameter. The consistency is

firm and elastic. Specimens collected in Marseille were

usually smaller, with diameters never exceeding 20 cm.

They generally grew at the entrance of underwater caves or

in coralligenous formations, from 10 to 25 m depth. There,

the surface of the sponge is often covered by epibiotic

sponges such as Crella pulvinar or Pleraplysilla spinifera.

Study area

Kerkennah Islands are a group of islands lying off the east

coast of Tunisia in the Gulf of Gabes (Fig. 1). The islands
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are surrounded by shallow waters (maximum depth

5 m). This area is characterized by dense Posidonia

oceanica meadows. The Posidonia beds are often crossed

by tide channels that are occupied by Caulerpa prolifera.

In this site, the seawater temperature was recorded with

thermometer twice each sampling day of the study per-

iod. The annual average temperature in the Kerkennah

islands was 19.3 °C, the warmest period of the year

extending from May to October. The maximum is

recorded in July and August with more than 30 °C, and
the minimum occurs in January (12 °C).

In the Marseille area, sampling was performed at Plane

Island at the entrance of an underwater cave called

‘Grotte �a Roro’ (Fig. 1). There, H. communis is concen-

trated at 15 m depth. In this area, the impact of recent

climatic events on marine biodiversity has motivated the

implementation of an intensive monitoring of the ther-

mal regime (see for instance Bensoussan et al. 2010; Cri-

sci et al. 2011). The seawater temperature is recorded

throughout the year at high frequency (one recording

every 2 h) with permanent data loggers (Onset Tidbit;

MedChange Programme). Seawater temperature is highly

variable year-round, even during the summer season. The

annual average temperature is 16.2 °C, with the mini-

mum values being generally recorded in January (13 °C)
and the maximum values at the end of the summer

(23.5 °C during the study period).

Collection and morphological analysis of samples

To characterize the life cycle and assess the reproductive

effort, sponge samples were collected monthly and ran-

domly from the two studied areas. Small pieces of

approximately 1 cm3 were cut in the basal, central and

surface choanoderm of each sponge, in order to properly

estimate the reproduction effort (RE). Because of the

elastic consistency of Hippospongia communis, the frag-

ments were excised using a sharp scalpel to avoid damag-

ing the cell structure. The reproductive elements were

observed using light microscopy.

In Kerkennah, sponges were collected monthly at

1–2 m depth, using a spear or by skin-diving, over a

period of 2 years from October 2005 to September 2007.

The individuals sampled all had a diameter between 20

and 25 cm. At each sampling date, a minimum of six

individuals was collected. A total of 150 individuals (68

in 2005–2006 and 82 in 2006–2007) were collected in

Kerkennah. In Marseille, six to 10 sponges were sampled

monthly by SCUBA diving over 1 year (2008). Because of

bad weather conditions, no samples were obtained in

November, December or February. A total of 59 individu-

als were sampled, all with a diameter close to 20 cm.

Soon after collection, samples were processed following

the method of P�erez et al. (2011). The small sponge frag-

ments were fixed in Bouin liquid (71% of saturated picric

acid, 24% of pure formalin and 5% of pure acetic acid)

Samples were then thoroughly washed, dehydrated

through an ethanol series, and embedded in paraffin.

Serial sections of 8 lm thickness were mounted on glass

slides and stained with Trichrome of Masson and Goldner

hematoxylin. Each section was then observed under a

WILD M20 light microscope, the use of serial sections

allowing a good assessment of the shape and the size of

each reproductive element, and a precise evaluation of the

reproductive effort.

Quantifying the reproductive effort

The reproductive effort (RE) was worked out on serial

sections and expressed as a percentage of the fertile

sponge tissues by relating the surface of the reproductive

elements to the total area of the sponge section. To

obtain an accurate estimation of the RE, about 40 serial

sections distributed on four glass slides were analysed for

each specimen. Each section was recorded with a digital

camera mounted onto a Leica DMLB light microscope,

through the image capture system Evolution LC color.

For the calculations of female RE, we considered oocytes,

eggs, embryos and larvae. For the calculation of male RE,

we considered spermatic cysts. The RE was calculated by

measuring, for each section, the surface of all the

A

B C

Fig. 1. Geographical location of the study area (A) Mediterranean

Sea, (B) Tunisian coast: Kerkennah Islands, (C) French coast: Marseille,

Plane Island.
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reproductive elements related to the total surface of the

section. For each individual, the RE indicated is thus the

mean of 40 calculations. IMAGEJ software (http://rsb.

info.nih.gov/ij/index.htmL) was used to measure the sur-

face area of each reproductive element.

Results

Reproduction features

Hippospongia communis is ovoviviparous. Male and female

reproductive elements were never observed in the same spec-

imen in the two populations. Only 9% of males and 75% of

females were found among the reproductive specimens in

Kerkennah, as opposed to 5% of males and 49% of females

in Marseille. Specimens without reproductive elements were

therefore 16% and 46%, respectively, in Kerkennah and

in Marseille. Sex ratios (male:female) recorded were 1:8 in

Kerkennah and about 1:10 in Marseille (Fig. 2).

Spermatogenesis occurs in spermatic cysts throughout

the mesohyl (Fig. 3A). Spermatic cysts derive from the

transformation of choanocyte chambers. Spermatogenesis

is considered to be the cause of an important mesohyl

disruption. During the process of choanocyte chamber

transformation marked by an increase in diameter of the

spermatic cysts, the surrounding cells become flat and

more elongate. Spermatic cysts are spherical, their diame-

ters increasing progressively in size from 34.87 � 2.37 to

65.34 � 3.97 lm. Their development is asynchronous

within individuals, but spermatocyte differentiation is

synchronous within one spermatic cyst (Fig. 3A,B). The

initial stage of spermatogenesis is characterized by large

spermatogonies that fill up small cysts. When they develop,

spermatocytes diminish in size, become denser and turn

into spermatids and, finally, mature spermatozoa.

Oogenesis occurs in the mesohyl as well. Early oocytes

are scattered ameboid-like or spherical cells, displaying a

large nucleolated nucleus (Fig. 3C). During vitellogenesis,

oocytes increase significantly in size from 35 to 200 lm
because of an accumulation of phagosomes and yolk

granules in their cytoplasm. A layer of nurse-like cells

usually surrounds advanced stage oocytes.

Mature oocytes are isolecithal and rich in yolk inclu-

sions. They are oval and surrounded by several layers of

A

B

Fig. 2. Monitoring of the reproductive status

within the Hippospongia communis

populations of (A) Marseille and (B)

Kerkennah.
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follicular cells (Fig. 3D). Eggs and embryos are concen-

trated in clusters of approximately 6 to 15 elements in

brood chambers (Fig. 3E). In some individuals the num-

ber of eggs or embryos may exceed 20 within one brood

chamber. Mature eggs and embryos measure 300–400 lm
in diameter.

The cleavage of the egg is total, equal and chaotic. It leads

first to the formation of a morula measuring about 350 lm
in diameter and made of blastomeres equal in size. Cleavage

is asynchronous within the same individual. Embryos are

surrounded by a single layer of flattened cells, here consid-

ered the follicle (Fig. 3E). The larva is a typical ciliated

parenchymella, prolate spheroid with a band of long cilia

around the posterior pole (Fig. 3F). Eggs, embryos and

larvae are always located near big exhalant canals (Fig. 3C,

D,F). The observed parenchymella larvae of both

populations had an average size of 446.58 � 22.37 lm.

Reproductive cycle

Both at Kerkennah and Marseille, there were always some

sexual elements (spermatic cysts, oocytes, embryos or

larvae) observed throughout the year (Fig. 4). However,

the two populations always presented some individuals

that were not involved in reproduction. In males, sper-

matogenesis started in October in both investigated

regions and continued until November at least in individ-

uals collected at Kerkennah Islands (Fig. 4). Because of

the lack of samples from Marseille in November, the

synchronization of the spermatogenesis between the two

regions cannot be confirmed.

In females, oogenesis occurred from March to November

at Kerkennah and until at least October in Marseille. In

sponges from Kerkennah, early oocytes and larvae can be

observed within the same individual in April, May and

June, whereas in sponges from Marseille different develop-

ment stages in a given individual were only observed in

July.

There was synchronization between sexes in October

and November, so we can assume that fertilization

occurred during this period as well in the two popula-

tions. The first stages of embryogenesis occurred between

October and November. Because of the lack of samples in

November and December, we could only observe the first

A B

C D

E F

Fig. 3. Histological illustrations of

spermatogenesis (A, B), oogenesis (C D) and

embryogenesis (E,F) in Hippospongia

communis. (A) Micrograph of male sponge

with spermatocysts (sp) in the choanosome.

(B) Asynchronous differentiation of male

sexual cells within different spermatocysts. (C)

Micrographs of young oocyte (oo) in the

mesohyl. (D) Micrographs of mature oocytes.

Mature oocyte or egg in a multilayer follicule

(fo). (E) Micrographs of embryo (em) cluster

at the morula stage. (F) Micrographs of

parenchymella larva (l) in the sponge

mesohyl. c, choanocyte chambers; ex,

exhalant canal; l, larva; em, embryos; fo,

follicle; oo, oocytes; sp, spermatocysts; sp1,

spermatocytes 1; sp2, spermatocytes 2; spt,

spermatids; sz, spermatozoa.
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embryos in sponges from Marseille in January. The end

of embryogenesis and the last larvae were observed in

May–June in sponges from Kerkennah, and in July in

sponges from Marseille. Neither embryos nor larvae were

detected after June at Kerkennah and after July in the

Marseille populations. The fact that young oocytes can also

be observed during this period indicates that oogenesis

can start before the end of the embryogenesis initiated in

October and November the year before.

Reproductive effort

In male sponges from Kerkennah, there is a rather high

reproductive effort (RE) with a maximum in November

(21.8 � 4.4%; Fig. 5). Although we were unable to obtain

samples for this period of maximum RE in Marseille, we

noted that in October the male RE was significantly lower

than at Kerkennah: 0.99 � 0.2% in October 2008 in

sponges from Marseille as opposed to 12.5% in October

2005 and 5.0% in October 2006 in sponges from Kerkennah

(Fig. 5).

Except after the period of larval release (summer

months), there was no significant variation in time of the

female RE between the two populations of H. communis.

At Kerkennah, female RE ranged between 0.5 and 1%

during the summer months to 7 and 8% the rest of the

year. In Marseille, the minimum RE for females was

observed in August (0.8%) after larval release and the

maximum in June (3.2%) at the end of embryogenesis.

Regarding the mean annual RE for females, there is no

significant difference between years for sponges from

Kerkennah, whereas there is a highly significant difference

between sponges from Kerkennah (4.8%) and from

Marseille (2.1%; Fig. 6).

Discussion

Our study could not confirm the earlier work on the

reproduction of Hippospongia communis suggesting that

this species is gonochoric (Tuzet & Pavans de Ceccatty

1958). Although a rare phenomenon, successive hermaph-

roditism was observed in tagged individuals of another

Mediterranean Spongiidae, Spongia officinalis (Baldacconi

et al. 2007). Therefore, successive hermaphroditism can-

not be ruled out in H. communis since we did not always

survey the same individuals during our study.

In sponges, sex ratios can range from 1:1 to strongly

biased ratios (Fell 1974; Sarà 1992; Kaye & Reiswig

1991a,b). In our studied populations of H. communis, we

found a sex ratio biased towards females (8:1 and 10:1,

respectively, for Kerkennah and Marseille populations),

whereas previous works on other Spongiidae showed sex

ratios varying from male-biased 2.5:1 in Rhopaloeides

odorabile (Whalan et al. 2007a) to 1:1 in Spongia officinal-

is (Baldacconi et al. 2007). Sex ratios therefore seem to

differ significantly even in phylogenetically closely related

sponge species.

The general patterns of gametogenesis and embryonic

development in H. communis were similar to those

reported from other Dictyoceratida (Scalera-Liaci et al.

1971; Hoppe 1988; Kaye & Reiswig 1991a; b; Baldacconi

et al. 2007; Whalan et al. 2007a; Chung et al. 2010;

Ereskovsky 2010). As suggested by previous studies, it

seems that spermatogenesis consists in the transformation

of choanocytes into spermatocytes, and of choanocyte

chambers into spermatic cysts which are widespread

throughout the choanosome (Tuzet & Pavans de Ceccatty

1958; Gaino et al. 1984). Oogenesis is the differentiation

of oocytes into mature eggs and their growth by vitellus

accumulation. In our study, we could not determine the

origin of oocytes. They were only detected when measur-

ing about 40 lm in diameter, whereas the diameter of

primary oocytes was reported to be between 10 and

15 lm in previous studies of Hippospongia and Spongia

(Tuzet & Pavans de Ceccatty 1958; Kaye 1991; Baldacconi

et al. 2007). At this stage, the hypothetical archeocyte or

choanocyte origin of oogonia (Tuzet & Pavans de Ceccatty

1958; Kaye 1991) remains to be thoroughly investigated.

The H. communis population in Kerkennah’s shallow

waters showed a consistent pattern in the timing of

A B

Fig. 4. Reproductive cycle of H. communis at

the two locations: (A) Kerkennah, (B)

Marseille.
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spermatogenesis, oogenesis, embryogenesis and larval

development. However, the comparison of the reproduc-

tion patterns with the population from Marseille indi-

cated slight differences in the timing of gametogenesis. It

seems that spermatogenesis occurs at about the same time

in the two regions but this needs to be confirmed by

additional sampling in November in Marseille. Females

are in the reproduction phase throughout the year, a

given individual being able to develop young oocytes and

to end larval development at the same time. Whichever

the Mediterranean region considered in this study,

oogenesis started in March and extended for 8–9 months

at population level (Fig. 4). In temperate latitudes, popu-

lations of most brooding demosponges usually concen-

trate larval release in one annual period which can extend

over several weeks, usually during the warm season (e.g.

Wapstra & Van Soest 1987; Maldonado & Young 1996;

Corriero et al. 1998; Maldonado & Uriz 1998; Ereskovsky

2000; Mariani et al. 2000; Baldacconi et al. 2007). In our

study, we observed a difference in the timing of larval

release between the two locations: May and June at Ker-

kennah and July only in Marseille. Since fertilization

seems to occur at the same time at the two sites, it is

possible that embryogenesis is faster at Kerkennah than

in Marseille, which may be explained by the difference in

temperature regime. The time of larval release did not

correspond to the period of highest seawater temperature,

usually in August–September in the two regions. How-

ever, during our study, the first larvae were observed

when seawater temperature reached 24 °C and 22 °C,
respectively, at Kerkennah and Marseille. Thus, the tem-

perature regime may influence the reproduction of

H. communis both by accelerating embryogenesis (faster

in the warmest region) and by triggering larval release. It

can also affect the RE, which is higher in Tunisia what-

ever the sex. In males from Kerkennah, more than 10%

of the choanosome may be dedicated to the production

of gametes, whereas it is limited to 1% in Marseille. Like-

wise, the annual average of RE for females from Kerken-

nah was about 5%, whereas it was about 2% in Marseille.

Although temperature appears as a likely environmen-

tal cue for reproduction, it has been already demon-

strated that other factors, such as exposure to light, can

influence some aspects of reproductive cycles (Uriz et al.

1995; Maldonado & Young 1996; Turon et al. 1998).

Two of these Mediterranean studies assessed the influence

of light on larval behavior and recruitment, two phases of

the sponge life cycle that we did not consider in our

study. Only Uriz et al. (1995) actually demonstrated that

light exposure and resource bioavailability can affect the

Fig. 5. Reproductive effort (RE) in

H. communis of both populations: (A) mean

RE in Kerkennah sponges over 2 years plotted

versus SST; and (B) mean RE in Marseille

sponges over 1 year.
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reproductive effort of the encrusting sponge Crambe

crambe. Taking into account that another Mediterranean

Spongiidae prefers to feed on photosynthetic microorgan-

isms (cyanobacteria, nano- and pico-eukaryotes) rather

than on bacteria (Topc�u et al. 2010), we must consider

that light intensity can act as a significant environmental

forcing on H. communis reproductive effort. Few other

studies investigated the environmental influence on

reproductive processes of sponges from geographically

distinct populations. Temperature and salinity (Witte

et al. 1994; Corriero et al. 2004), food availability (Witte

1996; Spetland et al. 2007) and water turbidity (Whalan

et al. 2007b) were among the factors assessed. Although

only water temperature has been considered here, this

work indicates that temperature can have a key role by

controlling the reproductive strategy through timing and

effort. In H. communis, the embryonic development

seems to be faster under the warm conditions of Tunisia.

Similar trends have been reported for the oogenesis of

Halichondria panicea and Tetilla sp. (Witte & Barthel

1994; Witte et al. 1994; Meroz-Fine et al. 2005).

This study contributes to a better knowledge of the

reproduction patterns, development features, seasonality

and natural variability of reproductive efforts of a com-

mercial sponge. However, further investigations on larval

biology and recruitment of juveniles of H. communis will

add to a comprehensive understanding of the population

dynamics and to the design of a conservation plan for

this over-harvested bath sponge. Investigating two popu-

lations living under contrasted temperature regimes has

offered evidence for the possible influence of the environ-

ment on sponge phenology. In the context of global

change of the Mediterranean Sea, which triggers drastic

alterations of thermal regime and resource availability, we

might expect an impact on the sponge’s reproduction

patterns at local scales. Do these biological responses con-

stitute adaptive responses to the warming of the

Mediterranean Sea? Does it mean that, because of the

demonstrated warming trend in the northern basin, a

higher reproductive effort will make H. communis more

abundant? This may turn out to be the case if disease

outbreaks related to climatic events do not severely

threaten sponge beds throughout the Mediterranean Sea

(Lejeusne et al. 2010).
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