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SCREENING AND BIOASSAYS FOR TOXIC SUBSTANCES 
IN SPONGES FROM WESTERN MEDITERRANEAN SEA 

AND NORTH BRITTANY 

G. VAN DE VYVER(1), J. HUYSECOM(]), 
J.C. BRAEKMAN(2) and D. DALOZE(2) 

Laboratoire de Biologie Animale et Cellulaire 
Laboratoire de Chimie Bio-organique, Faculté des Sciences, Université Libre de Bruxelles, 

50 avenue F.D. Roosevelt, 1050 Brussels, Belgium 

ÉPONGES 
TOXICITÉ 

ESSAIS BIOLOGIQUES 

RÉSUMÉ - La toxicité d'extraits organiques de 27 espèces d'Epongés communes 
le long des côtes nord de Bretagne et de 26 espèces communes en Méditerranée 
occidentale a été mise en évidence au moyen de deux tests biologiques. L'un 
d'eux est un test de cytotoxicité qui évalue, dans des conditions standardisées, la 
capacité des cellules d'une Eponge d'eau douce dissociée à s'agréger et à recons-
tituer des Eponges fonctionnelles. L'autre est un test classique d'ichthyotoxicité 
utilisant le Guppy Lebistes reticulatus. Pour les Eponges récoltées le long des 
côtes de Bretagne, 60 % des espèces manifestent une forme de toxicité, soit dans 
l'un des deux tests, soit dans les deux, tandis que pour les Eponges méditerra-
néennes, 65 % des espèces sont apparues toxiques. Nos résultats suggèrent que 
les Eponges marines produisent des substances toxiques à large spectre d'activité 
de défense. 

SPONGES 
TOXICITY 

BIOASSAYS 

ABSTRACT - Extracts of twenty-seven common sponge species from North Brit-
tany and twenty-six from the Western Mediterranean coast have been investigated 
for toxicity using two bioassays. One is a new and practical toxicity test which 
évaluâtes, under standard conditions, the influence of the extract on the capacity 
of dissociated sponge cells to aggregate and to reconstitute functional sponges. 
The other is a classical ichthyotoxicity test using the fish Lebistes reticulatus. 
Sixty percent of the North Brittany sponges studied were found to be active in 
one or both tests, whereas for the Mediterranean sponges, 65 % of the species 
appeared to be toxic. Our results suggest that the observed toxicity is not aimed 
at a particular organism but could reflect a more gênerai biocidal activity required 
for an overall défense. 

INTRODUCTION 

Among marine organisms, sponges appear to be 
one of the phyla richest in toxicogenic species. 
Indeed, many sponge extracts have been reported 
to be toxic to a wide range of organisms including 
microorganisms, invertebrates, vertebrates and 
algae (Jackson and Buss, 1975; Green, 1977; Berg-
quist and Bedford, 1978; Bakus, 1981; Amade et 
al., 1982; Thompson et al., 1985). It has been re-
peatedly suggested that this toxicity protects 
sponges against their potential predators and com-
petitors. 

In a few cases it has been demonstrated that 
this toxicity is associated with the présence of 
spécifie secondary metabolites (Faulkner, 1984). 
Several ichthyotoxic metabolites have been iso-
lated from sponges obviously avoided by fishes 
(Albericci et al., 1982; Groweiss et al., 1983; 
Braekman and Daloze, 1986). A guanidinoterpene 
is responsible for the inhibition of coral growth 
around the base of the oscular chimney of the bur-
rowing sponge Siphonodictyon sp. (Sullivan et al., 
1983). Antibacterial metabolites, which may be re-
leased into seawater, have been shown to display 
a broad spectrum of biological activities against 
adults and dispersive stages of algae, invertebrates 
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and fish (Thompson et al., 1985; Thompson, 1985; 
Walker et al., 1985). 

Thèse data, although still scarce and sometimes 
based on indirect observations, support the view 
that the ecological rôle of sponge secondary me-
tabolites is to minimize prédation and/or to serve 
as weapons in spatial compétition. 

Recently, we started a research program to 
study in more détail the rôle and the mode of ac-
tion of sponge-produced toxins in the interspecies 
interactions faced by sponges living in coastal 
temperate waters. To this end, we needed to 
develop a practical, reliable and sensitive bioassay 
to screen for cytotoxicity. This test is described 
in the présent paper as well as its application to 
the screening of twenty-six sponge species from 
the Western Mediterranean sea and twenty-seven 
species from North Brittany. The results are com-
pared with those obtained from a classical ichthy-
otoxicity test. 

MATERIAL AND METHODS 

Sponges 

Sponges were collected between 0 and 40 m 
deep by SCUBA diving or by dredging in the 
Banyuls area (42° 29 N, Western Mediterranean 
sea, France) and in the intertidal zone or by dredg-
ing in the Roscoff area (48° 43 N, North Brittany, 
Channel, France). 

The spécimens, eut into small pièces, were 
placed in methanol for extraction. Corresponding 
samples were preserved in 70 % ethanol and util-
ized for species identification. The systematic 
works of Borgevie et al. (1968), Boury-Esnault 
(1971), Cabioch (1968) and Topsent (1890 to 
1945, review in Boury-Esnault 1971) were used 
to identify the species tested in the présent work. 

A systematic list of species investigated to-
gether with data on their biological characteristics 
and geographical origin is given in table 1. 

Extraction procédure 

The methanolic extracts of freshly collected 
sponges were filtered and the resulting filtrâtes 
were concentrated by evaporation under reduced 
pressure. The residual aqueous solution was then 
extracted successively with dichloromethane (ex-
tract A) and dichloromethane/ethanol 3:2 (extract 
B). Evaporation to dryness of the remaining 
aqueous solution yielded extract C containing 
mostly inorganic salts. 

Bioassays 

Each sponge extract was tested for toxicity 
against the fish Lebistes reticulatus and the fresh-
water sponge Ephydiatia fluviatilis. 

Ichthyotoxicity test 

Lebistes reticulatus has been used successfully 
in previous toxicity studies (Albericci et al., 
1982). For each test, two fishes were put into a 
vial containing 100 ml tapwater added with 5 mg 
of crude extract dissolved in 1ml of ethanol. Sur-
vival of the fishes was checked after 12 and 24 
h. Extracts killing the fish within 12 h are referred 
to as highly toxic (++), extracts killing the fish 
after 24 h were referred to as toxic (+). 

Cytotoxicity test 

This test évaluâtes, under standard conditions, 
the sponge extract activity on the viability of dis-
sociated sponge cells and particularly on their 
capacity to reaggregate and to reconstitute 
functional sponges. The freshwater sponge Ephy-
diatia fluviatilis , strain 8 (Van de Vyver, 1970, 
1975), was grown from gemmules in Pétri dishes 
containing minerai médium (Rasmont, 1961). 
After 7 days of incubation, the sponge was me-
chanically dissociated by pipetting. The spicules 
and the empty gemmule shelîs were discarded and 
the dissociated cells centrifuged (10 min at 1000 
RPM) and resuspended in minerai médium at a 
final concentration of 106 cells/ml. For each test 
0.1 mg of the extract to be tested was dissolved 
in ethanol and added to 1 ml of cell suspension 
placed in a microtest plate. 

About 2 h after dissociation, control cell sus-
pensions of E. fluviatilis aggregated into small 
spherules which fused together during the follow-
ing hours before to settle on the bottom of the 
walls (fig. 1). 24 h later, the settled aggregates 
had reconstituted complète sponges, characterized 
by a functional aquiferous System (fig. 2). In the 
présence of toxic extracts, this process is more or 
les s disturbed. 

The extract were referred to as highly toxic 
(+++) when they prevent any aggregation, killing 
the cell suspension within 2 h (fig. 3,4); referred 
to as moderately toxic (++) when they allow cell 
aggregation but that the aggregates degenerate 
before the time of settlement. Extracts were de-
fined as weakly toxic (+) when the aggregates 
after formation remained healthy but are unable 
to settle. Non-toxic extracts did not disturb normal 
cell aggregation or settlement; they were referred 
to as inactive (-). 
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Plate 1. - Control cell suspension of the fresh water sponge E. fluviatilis, 2 h after dissociation. Small aggregates 
are formed. 2, Control cell suspension 24 h later. The settled aggregates reconstitute a functional sponge.3, Cell 
suspension of E. fluviatilis in présence of 0.1 mg/ml of extracts A + B of Crambe crambe, 2 h after dissociation. 
No aggregation occurred, dead cells are laying on the substrate.4, The same suspension, 24 h later. Scale bar = 
200 mm. 

RESULTS 

Ail the sponges collected have been screened 
for toxicity by means of two différent bioassays, 
one using a vertebrate organism (ichthyotoxicity 
test) the other using a lower invertebrate cell sus-
pension (cytotoxicity test). Only results obtained 
on extracts A and B will be considered, since ex-
tract C proved to be always non-toxic. 

Western Mediterranean species 

The 26 species which were screened for toxicity 
(table 1, WM) belong to one order of calcareous 
sponges and six orders of Demosponges. Most ex-
amined species were collected in shaded biotopes, 
on subvertical rocky walls under algae, on over-
hangs, or on cave ceilings. Two species, Crambe 
crambe and Hamigera hamigera very common at 
low depth, and Aplysina aerophoba living between 
10-35 m are photophilous, growing on exposed 
surfaces. 

The ichthyotoxic and cytotoxic properties of the 
species studied are reported in table 2. 14 species 
(54 %) were found to be toxic to L. reticulatus , 
and among them, 7 were highly toxic. Indeed, ex-
tracts A and B of Topsentia genitrix and C. 
crambe, extract A of Acanthella acuta , Hemimy-
cale columella and Cacospongia scalaris and ex-
tract B of Tethya aurantium, Cliona viridis, 
Dictyonella incisa and Reniera fulva killed the fish 
within 12 h. 

Extracts A and/or B of 4 other species, 
Clathrina clathrus, Aaptos papillata, Hamigera 
hamigera, Dysidea tupha killed the fish between 
12 and 24 h, whereas extracts of 12 species (46 %) 
were totally inocuous at the concentration tested 
(50 mg/1). 14 species (54 %) showed a cytotoxic 
activity on the dissociated freshwater sponge cells. 
For 8 of them, after 2 h of contact with extracts 
A and B of A. papillata, A. acuta, H. columella, 
D. incisa, D. tupha and C. scalaris, the cell sus-
pension of E. fluviatilis was reduced to a layer of 
dead cells covering the bottom of the microtest 
plate. The extracts that killed the dissociated cells 
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SPECIES AREA TYPICAL HABITAT AND CHARACTERISTICS 
CALCAREA 

Calcinea 
Clathrina cktthrus 
Clathrina coriacea 

Calcaronea 
Sycon raphanus 
Grantia compressa 
Leuconia johnstoni 

DEMOSPONGIAE 
Astrophorida 

Pachymatisma johnstoni 
Geodia cydonium 
Stelleta dorsigera 
Stelleta stelleta 
Stryphnus mucronatus 
Chondrosia reniformis 

Hadromerida 
Tethya aurantium 
Tethya aurantium 
Aaptos papillata 
Cliona celata 
Cliona viridis 

Axinella 
Axinella dissimilis 
Axinella polypoides 
Axinella damicornis 
Axinella verrucosa 
Acanthella acuta 
Phakellia ventilabrum 
Raspailia hispida 
Raspailia ramosa 
Polymastia mamillaris 
Polymastia robusta 
Ficulinaficus 

Halichondria 
Halichondria panicea 
Halichondria bowerbanki 
Hyeniacidon sanguinea 
Hemimycale columella 
Hemimycale columella 
Dictyonella incisa 
Reniera fidva 
Petrosia ficiformis 
Topsentia genitrix 

Poecilosclerida 
Myxilla rosacea 
Anchinoe fictitius 
Pronax plumosum 
Ophlitaspongia seriata 
Crellaelegans 
Crambe crambe 
Hamigera hamigera 

Hapbsclerida 
Haliclona elegans 
Haliclona indistincta 
Haliclona viscosa 
Adocia simulans 

Dictyoceratida 
Dysidea fragilis 
Dysidea tupha 
Cacospongia scalaris 
Aplysina aerophoba 
Aplysina cavernicola 
 Irciniafasciculata 

W.M. 
N.B. 

N.B. 
N.B. 
N.B. 

N.B. 
W.M. 
W.M. 
W.M. 
W.M. 
W.M. 

N.B. 
W.M. 
W.M. 
N.B. 
W.M. 

N.B. 
W.M. 
W.M. 
W.M. 
W.M. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 

N.B. 
N.B. 
N.B. 
N.B. 
W.M. 
W.M. 
W.M. 
W.M. 
W.M. 

N.B. 
N.B. 
N.B. 
N.B. 
W.M. 
W.M. 
W.M. 

N.B. 
N.B. 
N.B. 
N.B. 

N.B. 
W.M. 
W.M. 
W.M. 
W.M. 
W.M. 

5-40 m, sciaphilous, overhangs, caves, - encr., yellow 
intertidal and shallow, - encr., white 

intertidal and shallow, - tube, greyish white 
intertidal, - tube, white 
intertidal to benthic, - encr., white 

shallow to benthic, - mass., grey 
20-40 m, sciaphilous, coralligene, - mass., 
15-35 m, sciaphilous, coralligene, - mass., 
20-40 m, sciaphilous, coralligene, - mass., 
8-35 m, sciaphilous, coralligene, - mass., black 
5-40 m, caves, - mass., grey to white 

intertidal to benthic, - mass., orange 
10-35 m, sciaphilous, coralligene, - mass., orange 
2-40 m, sciaphilous, coralligene, - mass., grey, purple, orange, yellow 
benthic, - mass., yellow 
5-40 m, sciaphilous, rocky walls, - mass., green to yellow 

benthic, - erect, yellow 
20-40 m, sciaphilous, bottoms, - erect, yellow 
15-40 m, sciaphilous, rocky walls, caves, - erect, yellow 
15-40 m, sciaphilous, rocky walls, - erect, yellow 
10-25 m, sciaphilous, rocky walls, - erect, orange 
benthic, - erect, greyish white 
benthic, - erect, dark brown 
benthic, - erect, dark brown 
intertidal and shallow, - encr. with erect processes, yellow 
benthic, - mass., yellow 
benthic, - mass., orange 

intertidal and shallow, - encr., green to yellow-orange 
intertidal and shallow, - encr., green to yellow-orange 
intertidal and shallow, - encr., red 
shallow to benthic, - encr., pink 
5-40 m, sciaphilous, rocky walls, - encr., pink 
20-40 m, sciaphilous, rocky walls, - mass., orange 
sciaphilous, coralligene, - erect, purple 
5-25 m, sciaphilous, overhangs, caves, - mass., purple to white 
35 m, sciaphilous, rocky walls, - mass., yellow 

shallow to benthic, -
shallow to benthic, ■ 
intertidal to benthic, 
intertidal to benthic, 

encr., yellow-orange 
encr., red 
- encr., red 
- encr., red 

5-40 m, sciaphilous, rocky walls, - encr. or mass., white 
0-20 m, photophilous, rocky walls, - encr., red 
0- 10 m, photophilous, rocky walls, - encr., pink 

intertidal to benthic, - erect, greyish 
intertidal to shallow, - encr., greyish 
benthic, - mass., light brown 
intertidal to benthic, - erect, greyish 

shallow to benthic, - mass., greyish-white 
20-35 m, sciaphilous, coralligene, - erect, pink-brown 

10-35 m, photophilous, rocky walls, - mass., yellow 
1- 12 m, sciaphilous, cave, - mass., yellow 
10-25 m, sciaphilous, rocky walls, - mass., black 

Table L - Systematic list of investigated species, with data on their characteristics and their geographical origin. 
The growth forms of sponges are divided in 4 groups : encrustations (encr.), massive forms (mass.), erect forms 
(erect) and tube or vase shapes (tube). W.M. = Western Mediterranean sea, N.B. = North Brittany (Channel). 
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Sponge species % of dry weight 
of sponges 

Bioassay results 
L. reticulatus E. fluviatilis 

A B A B A B 

Clathrina clathrus 1.4 1.1 + + 

Geodia cyàonium 0.6 0.2 • 

Chondrosia reniformis 0.3 0.2 ++ 
Stelleta dorsigera 2.15 0.75 + 

Stelleta stelleta 0.3 0.3 -
Strychnus mucronatus 2.1 2.3 - - - -
Cliona viridis 1.9 0.6 - ++ - -
Aaptos papillata 0.2 0.7 + + +++ -
Tethya aurantium 0.4 0.15 ++ 

Axinella polypoides 1.2 0.2 - -
Axinella damicornis 1.4 1.3 - - -
Axinella verrucosa 1.9 4.2 ++ 
Acanthella acuta 2.2 0.6 ++ + +++ ++ 

Hemimycale columella 7.0 5.0 ++ + +++ 
Dictyonella incisa 2.2 8.9 ++ +++ ++ 
Reniera fulva 3.5 2.2 - ++ 

Petrosiaficiformis 1.0 0.4 • 

Topsentia genitrix 0.45 2.4 ++ ++ +++ +++ 

Crella elegans 2.4 1.5 

Crambe crambe ++ ++ +++ +++ 

Hamigera hamigera 2.1 0.6 + + ++ 
Dysidea tupha 2.4 0.05 + + +++ ++ 

Aplysina aerophoba 2.1 0.3 + + 

Aplysina cavernicola 3.3 2.5 -
Ircinia fasciculata 2.9 0.1 -
Cacospongia scalaris 0.4 0.5 ++ +++ -
Clathrina coriacea 1.8 0.4 + 

Sycon ciliatum 3.7 0.2 +++ 

Granna compressa 1.6 1.2 + - +++ 
Leuconia johnstoni 0.7 0.7 + +++ 

Pachymatisma johnstoni U 0.4 ++ +++ +++ 

Tethya aurantium 2.8 0.6 

Cliona celata 1.2 0.3 ++ +++ 

Polymastia mamillaris 1.6 1.1 + - +++ +++ 
Polymastia robusta 4.1 4.5 ++ ++ 

Ficulina ficus 2.8 0.8 - -
Axinella dissimilis 2.7 1.8 -
Phakellia ventilabrum 0.9 0.5 + + +++ +++ 

Raspailia hispiaa 3.0 0.1 

Raspailia ramosa 3.3 0.1 - -
Halichondria panicea 2.5 2.3 - -
Halichondria bowerbanlà n.a. n.a. -
Hyeniacidon sanguinea 0.6 0.1 

Hemimycale columella 3.4 0.4 

Myxilla rosacea 3.7 1.0 + + ++ 
Anchinoe fictitius 5.7 2.1 - + +++ +++ 
Pronax plumosum 7.6 2.0 - • -
Ophlitaspongia seriata 2.2 0.9 ++ 

Haliclona elegans 6.2 1.2 

Haliclona indistincta 2.6 2.0 

Haliclona viscosa 3.0 0.4 + ++ +++ 
Adocia simulons 3.5 0.2 - ++ 

Dysidea fragilis 2.1 0.3 + ++ ++ 

n.a. : not available 

Table II. - Bioassay results for toxic metabolites ob-
tained from Western Mediterranean sponges. (Upper) 
extract A (dichloromethane), Extract B (dichlo-
romethane/ethanol). For L. reticulatus, toxic activity is 
defined by death of the fish either within 12 h (++) or 
between 12 and 24 h (+). For E. fluviatilis, toxicity is 
defined by the degree of altération of cell aggregation 
and sponge reconstitution. Extracts are referred to as 
highly toxic (+++), moderately toxic (++) or weakly 
toxic (+). 

before the early aggregation were considered as 
highly toxic. The extracts of three species; Chon-
drosia reniformis (extract A), Axinella verrucosa 
and Hamigera hamigera (extract B) allowed the con-
stitution of aggregates, but the aggregates were un-
able to settle and degenerated after a few hours. 
Thèse extracts were considered as moderately toxic. 

Extract A of C. clathrus and Stelleta dorsigera, 
and extract B of A. aerophoba allowed aggregation 
to occur normally. But despite the fact that the 
aggregates looked healthy for several days, they 
never settled or reconstituted organized sponges. 
12 species (46 %) were completely non-toxic to 
E. fluviatilis. They were referred to as inactive (-). 

The results obtained from both bioassays were 
in complète agreement for 20 species among the 
26 tested. Indeed, 11 species (42 %) were lethal 
to the fish and the sponge cells, whereas 9 (35 %) 
were completely inactive. In contrast, 3 species 
(Tethya aurantium, Cliona viridis, Reniera fulva ) 
were lethal only to the fish and three others (C. 
reniformis, S. dorsigera, A. verrucosa) only to E. 
fluviatilis. 

North Brittany species 

27 species which were investigated for toxic ac-
tivity (Table 1, N.B.) belong to two orders of Cal-
carean sponges and seven orders of Demosponges. 

Most examined species were non-cryptic and 
were collected either on pebbly bottoms or on ex-
posed rocky walls. Nevertheless, the four cal-
carean sponges tested (C. coriacea, S. ciliatum, 
Grantia compressa, Leuconia johnstoni) and the 
Demosponge Pachymatisma johnstoni were col-
lected in shaded biotopes, under algae or on cave 
ceilings. Similarly, Polymastia mamillaris, grow-
ing in the open light appears shaded by a layer 
of sand. 

The ichthyotoxicity and cytotoxicity properties 
of ail the species studied are reported in table II. 

13 species (48 %) were found to be toxic to L. 
reticulatus. Extract A of Ophlitaspongia seriata 
and extract B of P. johnstoni and Ciona celata 
killing the fish within twelve hours were referred 
to as highly toxic. Extracts A and/or B obtained 
from the 10 other species Phakellia ventilabrum, 
(extract A and B), C. coriacea, Grantia compressa, 
L. johnstoni, P. mamillaris, Raspailia hispida, 
Haliclona viscosa, Dysidea fragilis (extract A), 
Myxilla rosacea and Anchinoe fictitius (extract B) 
were lethal to the fish after more than 20 h. 

Finally, 14 species (52 %), one calcarean 
sponge and 13 Demosponges were non-toxic at the 
concentration tested (50 mg/1). 

Extracts of 13 species modified the pattern of 
aggregation settlement and sponge reconstitution 
of E. fluviatilis cell suspensions. 
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Extracts A and B of P. johnstoni, P. mamillaris, 
Phakellia ventilabrum, Anchinoe fictitus, extract A 
of G. compressa, L. johnstoni and extract B of 5. 
ciliatum and C. celata that killed the cell suspen-
sions of E. fluviatilis within 2 h were considered 
as highly toxic. 

Extracts A and B of Polymastia robusta, extract 
A of Haliclona indistincta, H. viscosa and adocia 
simulans, extract B of Myxilla rosacea and Dy-
sidea fragilis, that allowed cell aggregation only, 
were referred to as moderately toxic. Extract A of 
M. rosacea permitted aggregation to occur nor-
mally. The aggregates looked healthy for several 
days but they never settled. 

Both extracts A and B of 14 species, one cal-
carean and thirteen Demosponges appeared to be 
non-toxic. 

Comparing the results obtained from both bi-
oassay s, it appeared that for 21 species among the 
17 screened for the North Brittany coast, the re-
sults are in complète agreement. 10 species (37 %) 
appeared to be toxic both to L. reticulatus and E. 
fluviatilis, whereas, 11 (41 %) were completely in-
active in the two tests. In contrast, 3 species (C. 
coriacea, Raspailia hispida, Ophlitaspongia seri-
ata) were found to be lethal only to the fish and 
three other s (S. ciliatum, P. robusta, Adocia simu-
lans ) were toxic only to the sponge. 

DISCUSSION 

Twenty-six sponge species collected along the 
Western Mediterranean sea coast and 27 species 
from North Brittany have been screened for toxic 
metabolites by two différent bioassays, one using 
a vertebrate organism (ichthyotoxicity test), the 
other using an invertebrate cell suspension (cy-
totoxicity test). The measurement of viability of 
L. reticulatus in présence of sponge extracts al-
lows an easy détection of ichthyotoxic activity. 
The second screening method is based on the 
analysis of reactions of isolated cells obtained 
from mechanical dissociation of the freshwater 
sponge E. fluviatilis. This new biological test al-
lows to work at the cellular level in standardized 
conditions. It is easy to perform and since it re-
quires few quantities of extracts, it allows to mul-
tiply the number of experiments. Répétitive 
experiments with the same sponge extract demon-
strate that the test is qualitatively sensitive and re-
liable. 

For the sponges tested in the présent work, it 
is worth mentioning that few différences have 
been detected between the results obtained from 
both bioassays. Indeed, the degree of similarity 
reaches 60 % for the North Brittany species and 
65 % for the Western Mediterranean sea species. 
Thèse results suggest that the observed toxicity is 
not aimed at a particular organism but could re-

flect a more gênerai biocidal activity required for 
an all-directional défense. 

It has been demonstrated by Bakus and Green 
(1974) that the percentage of ichthyotoxic species 
is decreasing with increasing latitude. The high 
percentage of toxic species we found along the 
European coasts was quite unexpected. Indeed, in 
their screening along the West American coast, at 
a latitude corresponding to that of North Brittany, 
Bakus and Green (1974) only found 9 % of ichthy-
otoxic sponge species, whereas we obtained 
ichthyotoxic extracts from 48 % of the species 
tested. 

A comparison of our screening results (table II) 
with the systematic classification provided in table 
I shows that toxic activity is found in Calcarean 
sponges and ail orders of Demosponges. 

For the species studied, no corrélation between 
toxicity and either depth or microhabitat has been 
observed. The incidence of toxic openly exposed 
sponge species was not found to be higher than 
the incidence of toxic cryptic species, e.g. among 
the three Mediterranean photophilous species, 
Crambe crambe is highly toxic, Hamigera 
hamigera moderately toxic, and Aplysina aero-
phoba non toxic at ail. Our observations restricted 
to temperate zone species differ from those made 
in coral reefs by Green (1977) and Bakus (1981) 
who reported that the most common exposed 
sponges prove to be highly toxic to fish. This dis-
crepancy may be explained by the increased spe-
cies diversity in tropical shallow water fishes, 
resulting in a more intense food compétition and 
hence the natural sélection of chemically protected 
species. 

No relationship was found either between tox-
icity and morphological characteristics of sponges 
like growth form or color. Among the four most 
ichthyotoxic species, one is grey, another yellow, 
a third red and the last brown. Similarly, ail kinds 
of color were observed in non-toxic species. Ab-
sence of aposematic color in toxic sponges has 
also been reported for Caribbean species (Bakus 
and Thun, 1978). 

The toxicity tests described in this paper al-
lowed us to select a séries of sponge species for 
chemical examination. This led to the isolation and 
structure détermination of several new toxic me-
tabolites, e.g., sesquiterpene isonitriles from A. 
acuta (Braekman et al., 1987), indole derivatives 
from T. genitrix (Bartik et al., 1987, Braekman et 
al., 1989) and a polyoxygenated steroid from D. 
tupha (Braekman et al., 1988). 

It is suggested that sponge toxic substances 
could be multipurpose défensive weapons whose 
broad spectrum of bioactivities may have been 
selected for by the diversity of predators and com-
petitors they have to face. 
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