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ABSTRACT 

Wc hove condllcted a survey of t o x i c i t y  d i s t r i b u t i o n  
with depth of common marine sponges or  the Southern 
province of Neu .Caledonia. 
Test  f i s h  Cambusda a f f l n i s  (Ver tebra ta ,  P i s c e s )  
were exposed to  aqueous macerates from 30 shallow 
water and 30 deep water sponges. Mortal i ty  counts 
and r e l a t i v e  t q x i c i t i e s  as evidenced through gra- 
dual  behavioural changes were recorded aga ins t  
a geometric t i m t ' s c a l e ,  The responaes exhib i ted  
by the f i s h  ranged from raptd mor ta l i ty  and varying 
l e v e l s  of d i s t r a e s  or narcot iza t ion  t o  e r r e c t s  
undiatinguiahable from cont ro ls .  Sponges e x h i b i t i n g  
similar behavioural pe tceme (rrom 8 computer-defi- 
nod p a t t e r n d  were c l a s s i f i e d  i n t o  6 t o x i c i t y  groups, 
f e l l i n g  in to  3 broad ca tegor ies  : 100% l e t h a l ,  
harmrul t o  toxic ,  and non-toxic. 
Eighty percent  of the  sponges were a t  l e a s t  harmful 
to  t o x i c ,  deep rponges being genera l ly  more l e t h a l .  
Overal l  t o x i c i t i e s  baing comparable, moat sponges 
bear morphological defences as wel l ,  though deep 
sponges r e l y  on d i r r e r e n t  s t ructure .  than shallow 
species .  

* IKIROWCTION 

Marine invertebrate. a r e  known to conta in  a.wide 
rnngo of organic  molecule., which correspond to 
secondary met&oliter found i n  t e r r e a t r i a l  p lan tß  
(Feeny, 1975 ; Selover  and Crew., 1980, L!.ttler 
e t  a l .  1985). 
Coral reefs have received a lot of a t t e n t i o n  by 
organic  chemist6 and marine e c o l o g i ~ t s  because of 
tho high d l v e r s i t y  or species  assembled aa cymu- 
n i t l e s ,  which a t f o r d s  surpr t s ing ly  l a r g e  numbar 
or  organic  mohcules  or the same types as encoun- 
tered on Land (Brown e t  al.,-1970 ; Kitt redge e t  
a l . .  197'1). 
Sponges a r e  among the  most common and the bes t  
s tudiod group by chemista (Faulkner ,  1987). Often 
tndependontly, e c o l o g i s t s  have s tudied  the  t o x i c i t y  
of r e e f  sponges and cor re la ted  i t  to Pish preda- 
t i o n  (Randall and Hartman, 1968 ; Bakus and Creen, 
1974 ; Creen, 1977) competition f o r  space. fou l ing  
by ulgae,  microorganisms and e p i z o i c  communities, 
and even reproductive aspeqts of  ind iv idua l  s p e ç i s 6  
( a  review ir  given by Oakus. 1986). 
Fesdíng de ter rence  and s t r u c t u r a l  adapta t ions  were 
o f t e n  found to  hava s e l e c t i v e  advantages In non- 
cryptic. spec ies  lackfng toxic  chemicals and Yet 
not  subJcctpd to v i s i b l e  l e v e l s  OP predation 
(Bakus ond Thun, 1979 ; Bekue, 1981 ; La Darre e t  
a l . ,  1986 ; Sommarco e t  a l . ,  1987). 
Comparative t o x i c i t y  s tud ies  between d i f f e r e n t  
l o c a l i t i e s ,  geographical a reas  and l a t i t u d e s  have 
highlighted evolutionary a8peCts of t h i s  pr imi t ive  
phylum, by c o n t r a s t i n g  preva i l ing  environmental 
condi t ions (Creen, 1977). 
This  paper represents  the f t r s t  chemical ecology 
work on New Caledonian spongea, and Compareß 
mater ta l  Pound in the  well known shallow lagoon 

environment with the almost unknown dccp su) r i*ce l 'n l  
s lopes .  Although we have extensively r c l t e d  on 
techniqucs devised by u s  on s t u d i e s  o f  Great Uar- 
rier Reef a lcyonarians,  the present vork must k 
ragarded as preliminary u n t i l  we knov more about 
th: spongcs and t h e i r  h a b i t a t  helow diving r1cpl:ho. 

~WTRRIAIS AND MtCIll0D.S Collection of opecimcns 

T h i r t y  shallow water sponga specimens were co l lcc ted  
f rom various reeral zones around Noiimca, New Coledo- 
n i a  (166.5 2Z'E) between January 1986 and June 19ß7, 
a t  depths  ranging rrom 10 cm to 35 meters o r  d e p t h .  
Specimens u t i l i z e d  i n  t o x i c i t y  t a a t i n g s  were ploccd 
i n  l a b e l l e d  p l a s t i c  baga and deep rrozen.  Corres- 
ponding spec$mens were preserved i n  70% cthonol 
and u t i l i z e d  a s  reference samples f o r  taxonomíc 
determinations.  I d e n t i f i c a t i o n s  were made by Prof .  
Claude Levi of  the  Museum d'Histoire Naturel le  de 
P a r i s  , and i l l u s t r a t e d  referencesZdompiled by 
Pierre Laboute of ORSTOH a t  Noumea . 

Toxic i ty  tests  

Ich thyotoxic i ty  t e s t s  were adapted rrom technlques 
we used i n  s t u d i e r  o f  s o f t  c o r a l  t o x i c i t y  In the 
central regíon of Great Bar r ie r  Reef, Aus t ra l ia  
(Col1 e t  a l . ,  I982 ; Col1 and Sammarco, 1983 ; La 
Barre e t  a l . ,  1986). themselves insplred from pro- 
cedure. de'veloppbd by Yamanouchi ( 1 9 5 5 )  on holothu- 
rians and Bakus and Thun (1979) on sponges. 
Aqueous 8 x t r a c t r  of sponge. were prepared by blen- 
ding 50 gFam8 or rrosen t i s r u e  with 100 m l s  o f  
f f r e s h  water and cent r i fuging  the  macerate a t  
2,ooO n p  ror 30 min8 i The r e s u l t i i g  supernatant  
a f forded  two portlon8' (50 mla) ror the  r e p l i c a t e  
fch thyotoxic i ty  bioassay u t i l i z i n g  Gambusia a f f i n l a  
(Baird and Cí rardk 'as  the t e s t  organism. The t e s t  
aquarium cons is ted  of rectangular  g l a s s  s t r u c t u r e s  
subdivided i n t o  6 s e t s  OP two r e p l i c a t e  compsrt- 
mente ; esch  he1d.a volume of about 3 l i t r e s .  Dlvi- 
nions between the r e p l i c a t e  compartments wore 
t rans lucent  t o  he lp  v i s u a l l y  i s o l a t e  the r i s h  l o t s  
Proa one another. 
Five a d u l t s  or subadul t  Pieh (100 t o  3 0 0  mg In 
weight and 19-30 mm i n  length)  were placed In each 
compartment in 100 m l s  of water. Difrerent  a i r e d  
r i r h  were d i s t r i b u t e d  unlPormly among t e s t  conta íners  
It was aoaumed t h a t ,  i n  general ,  sexes among t h e  830 
f i s h  traed were randomly d i s t r i b u t e d  nmong t e s t  
aquar ia .  
Observations on the  behaviour o r  f i v l i  were mode .se 
fol lows : - Location (surfac.e, mid-water or bottom) ; - Orienta t ion  (normal, l a t e r a l  r o l l ,  v e r t i c a l  

r o l l ,  or both l a t e r a l  and v e r t i c a l  r o l l )  ; - Movement (none,, hypoactive. normal, hyperact i-  
v e )  ; - F i n  a c t i v i t y  (none, hypoact ive,  normal, hypcr- 
a c t i v a )  ; - Response t Ö  v i s u a l  s t imulus : a audden shading 
was caused by blocking the c l e a r  faces  or thc 
compartments a t  the  same time by block sur faces .  

'** q.v. Aknowledgements. 
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- Flortality ( a l i v e  or dead). 
Behavioural p a t t r r n r  war. recorded f o r  each 
f i s h  a t  to p r i o r  t o  the addi t ion of extract. 
and a f t o r  addi t ion following a geometric tima 
acale  : 22 min, '45 min, 1.5 h, 3 h, 6 h and 
12 h. Physical and chemical propartiem of the 
freshwater i n  the t e a t  aquaria wem not noni-. 
tored a s  i t  was believed t h a t  any e f f e c t i v e  
changes in  these c h a r a c t e r i r t i c r  would become 
evident  through the behaviour of control  f i r h .  

Numerical methods 

The behavioural data  derived from f i s h  eubjscted 
to sponge e x t r a c t s  were subni t ted t o  mult ivar ia-  
te analymir by computer, Thry yielded a data- re t  
cons i r t ing  of 120 x 7 (840) " t e a t  occasions" 

(60 c o r a l  epecirr  and 60 controlm) on 7 euccesai- 
vo occarionr. Rach " t e s t  occasion", i r respec t ive  
of trratmsnt, wam character ized by 7 obrervat ionr  
on 10 f i r h ,  and each obsarvation wan regarded as  
a multinomial a t t r i b u t e  ( W i l l i m r  and Lance, 
1977) with a pomsible maximum of 4 uta tes .  
The data  s e t  waa c l a s s i f i e d  using the procedure 
drrcr ibed i n  Col1 e t  a l .  (19821, modified to  
s u i t  the rpec i f ica t ion  of the  r e s u l t i n g  matrix : 
e i g h t  r e l a t i v e l y  dimcrete behavioural s t a t e s  
IMP. defined,  each mumari l ing n s e r i e  of respon- 

The o r i g i n a l  data  where then analysed wi th  rea- 
poct t o  treatment and cont ro le  ; s i x  t o x i c i t y  
groups emerged, each group comprising epongea 
deemrd r i m i l a r  'in t h e i r  r e l a t i o n  t o  t h e i r  overa l l  
t o x i c i t y  and t h e i r  pasrnge through the 7 behaviou- 
ral r t a t e r  with time. 

80s . 
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Key to respnsc cale : 
surface 
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S t a t e  7 
A 3.294 
n 2.073 
C 3.833 
n 0.r)nO 

h 1.213 n 6.253 
C 2.534 
D O.Oo0 

S t a t e  8 

S t a t e  1 : 
0.349 
0.120 
9.530 
0.000 

S t a t e  2 
2.349 
1.116 
6.535 
O.OO0 

Stnte  3 
1.327 

' 3.592 
3.082 
0 . m  

S t a t e  b 
8.826 

0.565 
. 0.609 

O.qo0 
S t a t e  5 

2.228 
2.642 
5.130 . O . m  

S t a t e  6 
0.551 
8.982 
0.467 
O.OO0 

normà1 
l a t e r a l  r o l l  
v e r t i c a l  r o l l  
both 

0.735 
9.108 
0.084 
0.072 

8.628 
1.279 
0.070 
0.023 

9.959 
0.m 
0.041 
0.ooo 

9.609 
O. 174. 
0.217 
O.Oo0 

9.782 
0.131 
0.076 
0.018 

9.992, 
0.003 
0.003 
0.Ooo 

9.951 
O. 039 
o,  O10 
O.OO0 

1o.Ooo 
O.OO0 
0.m .. 
O.Oo0 

Movement Fin a c t i v i t y  Response t a  

normal 
hyperEtive 

9.072 
O. 587 
O. 036 
O. 205 

5.488 
3.884 
0.395 
O. 233 

1.122 
7.857 
0.837 
O. 184 

2.609 
6.913 
0.435 
0.043 

2.652 
3.456 
3.826 
0.065 

0.007 
O. 098 
9.358 
0.536 

O 3/19 
0.461 
9.098 
0.098 

0.006 
0.115 
9.649 
0.230 

normal 
hjpmctive 

9.494 
0.205 
O. 096 
0.205 

4.558 
4.047 
0.674 
0.721 

0.429 
7.490 
1.816 
0.265 

1.348 
4.000 
4.522 
0.130 

1.619 
2.750 
5.424 
0.206 

0.003 

9.408 
0.558 

O. 255 
0.216 
9.431 
o. 098 

0.006 
0.011 
9 833 
O. 149 

0,029 

none none 
hypoactive hypoactive 

visual  
s t imulat ion 

none 
' hypoactive 

normal 
hyparsctive 

9 1867 
0.096 
O. 036 
O.Oo0 

5.698 
3.581 
0.605 , 

O. 116 

0.286 
. 1,224 

7.551 
0.939 

0.870 
7.957 
1.174 
0.Ooo 

1.533 
3.409 ' 

4.4ß9 
0.489 

0.003 
0.073 
9.018 

1 0.905 , 

.0.088 
0.225 
8.539 
1.147 

O.Oo0 
O. 161 
9.690 ' 

0.149 

Table 1. Gambusia a f f i n i s .  Dehnvioural s t a t e s  i n  individuals  exposed to  crude 
e x t r a c t s  from various sponges. Entries represent  proportion of f i s h  
exhibi t ing a p a r t i c u l a r  behaviour. S t a t e s  determined from the 
co l lec t ion  of extenaive behavioural data  and analysed by mul t ivar ia te  
computer teclmíques (se: text for methods). 
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Specimen Behavioural state Specimen neliavioural state 
number time (min) Genus number time (min) 

Genus 
1 

O 22 45 90 180 360 720 0 22 45 90 100 360 72C ._----------------------------------------------------------------------------------------- 
Group I : 3 sponges, all fish dead at 22 min 
llaliclone 93 1 8  8 8 8 8 8 
undetermined 31 1 8 . $  8 8 8 8 
Ircinia 59 1 8 %  8 8 8 8 

Group II : 15 sponges, all fish dead at 720 min 
113 
55 
3 
7 
25 
47 
33 

111 

, l  
85 
15 
11 

2; 

1 
1 
3 
1 
1 
1 
1 
2 
2 
3 
1 
2 
1 
2 

8 
8 
8 
5 
4 
3 

t 4. 
4 
6 
3 
'4 
4 
6 
2 

8 8 8  
8 8 8  
8 8 8  
8 8 8  
8 8 8  
8 8 8  
4 8 8  
4 8 8  
4 7 8  
'3 2 8 
4 7 6  
5 5 4  
7 7 7  
4 5 4  

8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
7 
7 

8 

Tethya 27 2 2 1 4  4 4 

Croup III : 17 sponges, survivorsvery ill 
Callysponaia 65 1 G 4 8 8 7 
Dendrylla 73 1 4  7 7 7 7 
Petrosia ' 9 3 6 4 7 7 5  
Corallistes 53 3 4 4 4 7 7 
undetermined 83 3 1 3 4 7 7 
Cladocroce 
Mycale 
Dendrylla 
Ha li clona 
Cliona 

- 1 3  3 3 1 
103 3 6 5 
9 7 3 6 4  

109 2 7 4 

7 1 1 6 4  
41 3 3. 4 
4 3 3 1 3  
9 1 3 2 6  
3 7 1 4 5  
4 5 1 4 4  
1 9 3 1 3  

61 3 7, 7 

1 4 7  
6 7 7  
5 5 4  
4 7 7  
7 7 8  
4 6 4  
6 6 5  
3 3 2  
6 6 6  
,5 5 5 
2 3 2  
2 2 2  

Group IV : 10 sponges, all fish $11 
Cliona 119 3 7 
Spirastrello 75 3 4 
undetermined 115 1 3 

- 
llaliclona 6 7 ' 3  1 
Stylotella 35 2 7 
Ircinia 69 3 2 
1,iPsina 117 3 1 
13cliinochalina 101 3 2 - Stylotelia 105 3 4 
(;cod i a 51 1 1 - 

8 8 7 7  
4 6 6 6  
3 6 6 6  
4 4 4 6  
5 5 6 5  
6 4 5 4  
3 2 5 7  
6 6 6 6  
4 3 . 1  3 
4 2 3 2  

8 
8 
8 
8 
8 
8 
8 -  
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
7 
7 
4 
7 
7 
7 
5 
2 
5 
2 
2 

7 
6 
6 
6 
5 
4 
5 
2 
2 
6 

Group V : 11 sponges, 1 multiple control, some 

Cliona 79 1 4  4 7 6 4 4 
J a s p i s  39 2 4 4 4 4 5 5 

fish ill 

Siphonochalina 89 4 4 6 6 4 4 2 
Clathria 87 1 4  4 4 ' 4  4 4 
undetermined 77 3 1 4 6 4 6 2.' 
undetermined 57 3 6 6 4 3 4 3 
Axinellidae 95 1 6 3 1 6 2 1 
undetermined 29 3 4 4 4 I 2 4 
Cla thria 8 1 ' 1  3 G 3 3 3 1 
control 42.92.98, 

104,118 3 ' 3  3 2 4 2 6 
Corallistes . 21 1 2 2 1 2 1 4 
Spinosella 99 3 1 1  4 1 4  2 

Group VI : 4 sponges, 22 multiple controls, 
no lasting effect if any 

control 2,114 '1 
control 62,120 1 
control 8.22 1 
control 66,94,110 3 
control 30,32 3 
control 34,36,38,40 2 
control 74,82,96 3 
control 50,52,56,58 1 
control 84.86 3 
Pheronema 17 3 
control 4.14 ' 1 
Regedrella 5 3  
control 12,28 2 
control 44,48,54,60 1 
control 16,26 I 
control 102,116 1 
control 78,88,90,100 1 
control 64,63,70,76,80 1 
control 16 1 
control 6 1 
control 72 . 3 
control 18,20 1 
Chondrousis 107 3 
Geodia 23 3 
control 112 2 
control 10,24,106,103 3 

3 3 - 3  3 3 7 
2 . 3  3 1 2 6 
1 1 1 1 1 4  
3 2 2 1 1 4  
2 2 1 3 3 ' 4  
1 1 ' 2  2 2 4 
2 ' 1  3 I I 3 
3 3 1 3 . 1  3 
3 1 2 3 2 1  
3 3 2 1 1 2  
1 1 1 1 1 2  
1 3 1 2 1 1  
3 1 3 3 3 1  
3 3 3 3 3 1  
3 2 3 3 3 3 ,  
1 2 3 3 3 3  
1 3 3 3 3 3  
3 3 3 3 3 3  
3 3 1 3 3 3  
1q 3 3 1 , 3  3 
1 1 3 1 1 3  
1 2 1 1 3 2  
1 1 3 3 3 2  
1 1 3 3 3 2  
1 '1 2 1 2 . 2  
3 3 3 3 3 3  

7'01rle 2. Gamlrusio affinis. Behavioural responses through time during exposure to crude extracts of each 
o f  60 sponges. Each entry represents the responses of 10 fish as summarized by the behavioural 
states (1-8) defined in table 1. Groups I - VI are determined arbitrarily, using mortality, 
sevcrity of toxicity and changes' through time as ranking criteria. Specimens with odd niinbers 
are controls, specimens with evcn numbers 2 to 60 are shallow water sponges and 62 to 120 are 
dccp  water sponges. 

RBS" 

The sponges tested exhibited a wide range or 
toxicity (Table 2 ) .  
The responses exhibited by the teat fish were 
grouped by multivariate analysis into 8 distinct 
beliavioural states (Table 1). 

State 1 characterizes dead or dying fish, mostly 
at the bottom, lying on their sides, motionless 
and totally irresponsive to external light chan- 
ges . 
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harmful to  tox ic  

III I V  

non tox ic  

V V I  

I . I  

S t a t e r  4 and 5 character ized .ore or lees. 8overe 
Chang.. i n  k h i v i o u r  without lor. of or ienta-  
t i on  during rwiming ,  ir. dBprO#BiVO rtageo 
with f i s h  u rua l ly  gathored a t  the bottom of the 
tank, within t a c t i l e  range of ono mothe r ,  
rolo8tiner followed by poriodr of a c t i v i t y  and 
hyperrenrivi ty  to  rudden l i g h t  changer. Defeca- 
tion o f t en  i m o r t a n t  and i r r e g u l a r  f i n  movementr 
during rwiming r t a g e r  wra regarded a s  s igns of 
rtresr. Firh usual ly  rocovered from intoxicat ion 
a f t e r  t he  experiment, i f  placed i n  normal condi- 
t i o n r  . 
Stata. 6 ,  7 and 8 r e f l e c t  normal behaviour : i n  
rtate 8 f h h  a r e  not mobile but  t h e i r  or ienta-  

S t a t o r  2 and 3 dercribod rublotha1 t o  l e t h a l  
condi t ionr ,  with a l to rna t ion  of doop aloof- 
neor with no f i n  movomrnt and ruddßn opurtr  of 
a c t i v i t y  from bottom t o  r u r f a c r ,  with rapid f i n  
and g i l l  movement. wherever obr8rvablß,  fo l lo -  
wed by r inking with loss of o r i e n t a t i o n  ( l a t e -  
r a l  r o l l ,  nore-dive or both) .  Extractr with 
prolonged e f f e c t s  caured some p a r a l y r i s  i n  psc- 
t o r s 1  f i n  movementr, the f i r h  e n t i r e  bodies 
swaying from sida to r i d e  from t a i l  motion. 
The proportion of hyponctive and hyporerponrive 
fiBh i r  dramatically inc r r a red  between a t a t r  3 
end s t a t e  2 ,  mortly becrure of t he  much h i t h e r  
number of deed f i r h  i n  the latter. 

TOXICITY CATEGORIES AND.CROUPS 

100 X l e t h a l  

I I f  GENERA REPRESENTED 

Hali 
*bndc 

1 

1 
2 
1 
2 
1 
1 
1 
2 
1 
2 
2 

1 

1 

t 

1 

1 
1 
1 
2 
i 
1 

lona 
ermined 31 
- 
e 
!edict yon 
ponala 

a 
,ha li na 

lponnfe - 

1 
2 ,  
1 
1 .  
2 
I 
1 
1 
1 
1 
1 
1 
1 

. .  

* 

83 

* 
* 
* Cladocroce 

Mycale 
Cliona 

* S t y l o t e l l o  

, *  undetermined 57 
Axjnellidao 

* uniietcrmined 29 

. .  . 

Table 3. Summary of degree of t o x i c i t y  by sponge genus and v a r i o b i l i t y  of 
t o x i c i t y  within A genus. Table body : number of specimens f a l l i n g  
i n t o  n por t i cu la r  t o x i c i t y  group. Asterisk represent d e e p  group *. 
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t i on  and responses are pe r fec t ly  normal, and in 
s t a t e s  7 and 6 f i s h  a r e  swimming slowly or nor- 
mally. These three states are a l l  represented 
a t  to hefore addi t ion of the e x t r a c t s  i n t o  the 

. t anks ,  and can be regarded a s  the r e s u l t s  of nor- 
mal i n t e r a c t i o n a , b t w e e n  f i s h  and between f i s h  and 
between f i s h  a n d . t h e i r  environment. 
Based on s i m i l a r i t y  of sequences through the above 
stdtts with time, and on death scores ,  individual  
sponge species  were so r t ed  i n t o  6 t o x i c i t y  groups. 
(Table 2 ) .  The f i r s t  two groups yielded 100% mor- 
t a l i t y  of the  t e e t  organisms, k i t h  the f i r s t  group 
inducing death within the . f i r s t  22 minutes of the 
experiment ; the second group was a l s o  LOOX l e t h a l ,  
bu t  encompassed rapid intoxicat ions ( a l l  dead a t  
90 r i n )  and delayed ac t ions  ( a l l  dead a t  up t o  
12 h ) .  A wide range of genera (Table 3 )  were repre- 
sented in the 100% l e t h a l  groups, two t h i r d s  of 
which were from deep bottom trawlings : I r c i n i a ,  
Phloeodictyon ( 2  s p e c i e s ) ,  Podospongia, Xestospongia - Reidia  ( 2  spec ie s ) ,  Neosiphonia, Pheronema, Thetya, 
p lus  two new and y e t  undetermined genera. Various 
pharmacological t e s t s  on raw and pu r i f i ed  f r ac t ions  
of these specimens have confirmed highly potent and 
sometimes q u i t e  s e l e c t i v e  toxicitss (in progress) .  
Except for Pheronema, these genera were confined t o  
groups I and II. Shallow genera included Haliclona, 
an unknown Calcaren. 'l'oxochalina, Damiriana, Axynis- - sa and a member of t he  Myxillidae family.  
Croupe III and I V  c l e a r l y  induced severely abnormal 
behaviour in the test organism, with r e s u l t i n g  aea th  
of 10% t o  90% o f ' t h e  f i s h  in group III. Survivors 
of groups III and I V  weqe rat capable of  recovering 
from intoxicatioir  a f t e r  being placed in normal post- ' 

experiment conditions.  A wide range of genera were 
also represented here ,  Dacp epecimsne included the 
genera Petrosia .  C o r a l l i s t e s  ( 2  spec ie s ) .  Cladocroce, 
S t e l l e t a  ( 2  spec ie s )  and Geodia ( 3  species) .  Shallow 
specimen8 included %lid= SpeCie6) Call s on- 
g i n ,  Dandrylla ( 2  spsciss),&cale, Cliot!ta* 
c i e s ) ,  Hetoronema, S b i r a a t r e l l a ,  Liesina, Echinocha- - l i n a  and tuo undetermined en t i t i es .  
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Group V and I V  encompassed specimens presenting low 
or  t r ans i en t  t o x i c i t i e s  a t  worst from which test 
organisms usual ly  -recovered a f t e r  the expariment. 
S i x  deep water genera figured he re ,  four of which 
confined t o  these two groups : Jaspis, Regadrella 
and two undetermined genera. Non toxic shalLow 
genera included Slphonochalina, C la th r i a ,  Spinosel la ,  
Chondropsis and a x i n e l l i d  and one undetermined spon- 
ge, plus  Pheronema and Cliona a l s o  represented in 
toxic  groups. 
A l l  controls  were confined t o  group I V  except one 
mult iple  con t ro l  c l a s s i f i e d  in group V. 

Altoaether.  80% of the S ~ I I I D ~ ~ S  caused abnormal 
behaiiour in Cambusia a f f i n l s  and the remaining 
soonges (o lus  a l l  con t ro l s )  snowed no observable - -  
e'Ffect or a t  worst mild and t r a n s i e n t  behavioural 
changes on some but not  a l l  fish. 5% of the sponges 
induced almost instantaneous death to  a l l  f i s h  
and 25% of t h e  sponges k i l l e d  a l l  f i s h  with some 
delay : t h i s  "100% l e t h a l "  category encompasses 
t o x i c i t y  groups I and II. The "harmful t o  toxic"  
category represents  ha l f  of the specimens tes ted 
(groups III and I V )  and t h e  "non tdxic category" 
only 20% (groups V and IV). These results a re  
presented in Figure 1 as histograms. 

DISCUSSION 

I n  t h i s  s tudy,  we have determined the r e l a t i v e  
t o x i c i t i e s  of 60 specimens of commun sponges (30 
shallow-dwelling snd 30 deep subree fa l  ) represen- 
t i n g  42 genera,  and 57 d i s t i n c t  species .  
A wide range of  responses was observed in  t e s t  
organisms, i n  accordance to similar s tud ie s  on 
sponge t o x i c i t i e s  (Baku9 and Thun, 1979 and a 
review by Bakua, 1976). I r r e spec t ive  of f i n a l  
t o x i c i t y  sco res ,  we observed e f f e c t s  ranging 
from almst immediate death to barely observable 
diacomfort ,  some extracts e l i c i t i n g  r ap id ly  e t ab i -  
l i z e d  symptoms, o the r s  producing gradual or f luc -  
t ua t ing  e f f e c t s .  This  va r i ab i l i t y 'was  r e f l e c t e d  
q u a l i t a t i v e l y .  Some examples showed more or 
less in t ense  na rco t i za t ion  were a l e r t n e s s ,  meta- 
bolism and posture fnaintenance where decreasing 
to l e a s t  energyl-requiring states. Other examples 
showed.alternations of hyperactive and sedate  
phases. along with numerous ind iv idua l  va r i a t ions  
(eg.  s t rong  defecat ions.  body con tac t s ,  s t rong  
hyper-react ivi ty  t o  sudden l i g h t  changes, b i th -  
giving by gravid females,  l eaps  above su r face  
(e tc . ) ,  a l l  i nd ica t ive  of stress with possible  
subsequent recovery. 
A systematic evaluat ion of t he  chemical composi- 
t i o n  of these e x t r a c t s  would be necessary t o  
determine if the  o v e r a l l  t o x i c i t i e s  can be a t t r i b u -  
t ed  to  varying coricentrations of f e w  s e l ec t ed  
molecules. independantly of s u b t l e  va r i a t ions  
i n  "mild" behavioural s t a t e s .  Synergetic ac t ion  
( p o s i t i v e  or negat ive)  of p a i r s  or groups of 
molecules may be necessary t o  a c t i v a t e  c e r t a i n  
b io log ica l  r ecep to r s  and the added e f f e c t s  of 
confinement for s e v e r a l  hours and sponge toxins  
may exceed expected l e v e l s ,  as suggested in s t u d i e s  
of s o f t  c o r a l  toxins  (Col1 e t  a l . ,  1982). 
However, the vas t  a r r a y  of b io log ica l  a c t i v i t e s  
exhibi ted by t h e  sponges in pharmacological tests 
cu r ren t ly  underway i n  our l abo ra to r i e s  matches 
the spec ie s - spec i f i c i ty  of the behavioural sequences 
in t h i s  s tudy (pers .  obs . ) ,  imprying t h a t  more 
than j u s t  e few recep to r s  and metabolic processes 
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e re  affected i n  the test  f i s h .  It  is known from 
t h e  rapidly growing marine na tu ra l  rubatances 
l i t e r a t u r e  (reviewed by Faulkner,  1985 and 1487) 
t h a t  i n  aponges, organic compoundr are oxtromely 
variod and ancamparr rovoral  clarres of matabolitor.  
Furtharmaro, tho i d o n t i f i c a t i o n  of chomical compo- 
nent. of raw o x t r a c t r  aay provido rpoc io r - rp rc i f i c  
f inge rp r in t r  of valu. t o  #pongo t a x o n m i r t a ,  
ar i n  gorgonian (Gorhart ,  1983). Tho concontration 
of a r i n g l e  tox ic  metebol i ta  m y  vary rovoral  
orders  of magnitude betweon c lo ro ly  ro l a t ad  congona- 
r ic  r p e c i a r ,  or f l u c t u a t a  maamonally i n  a givon 
in t r aepec i f i c  population .(Alain Ahond, pers. 
C o " . )  but the aune n e t a b o l i t o  is r a r e l y  found 
acrose unralatod genera. We indeed found t h a t  37 
of the gencra teated (88%) were reprerented i n  
one category of  t o x i c i t y  only,  which provides 
f u r t h e r  evidence of t h e  chemical d i v e r s i t y  reapon- 
r i b l e  for our  bioaeray r e r u l t r .  
The o the r  i n t e r e s t i n g  f indings r e l a t e  to  habi ta t .  
We amaumed t h a t  we d e a l t  i n  both a i tua t iona  (shallow 
and deep) u i t h  cmmonly encounterod rpecior .  I n  
both cases  the many genera and rpocior  were equal ly  
representad (29 rhallow rpecioa for 21 genera ; 
28 deep rpecior  for 21 sonora end one mixed genua). 
Few rpecimonr appoarrd to  be conrpocif ic  poly- 
morph. ; they yioldod camparab10 t o x i c i t y  rcoror  
and behrvioural  raquancer (Phloeodict  on 25 and 
55 ; Reidia 47 and 33 ; G o o b j .  I n  
general ,  100% l e t h a l  mpongoa were found i n  deep 
trawlingr (63% of the rpocion, io .  2/31 but appro- 
ximately 2/3 of equal ly  d i r t r i b u t e d  betweon the 
two biota .  With rllch scores, it i r  no t  porr iblo 
t o  decide whether commonly oncountered rpec ie s  
are mora t ox ic  i n  s u n l i t  c o r a l  roofs or dark 
rubreafal  bottana.  
As f o r  rhhllow rpongor, highly toric ind iv idua l s  
tended t o  lack e f f o c t i v e  S t r u c t u r a l  mmament, 
whereas mildly or non toxic specie. tended t o  
armoured u i t h  calcrreour r h o l l r ,  noedlo #harp 
r c l o r i t e r  (de rp l  or tough, loathory t i r r u e  (ahallow) 
However, w r y  litt10 ir known of predat ion and 
o the r  r e loc t ive  p re r ru re r  a t  ruch deptho, and t h e  
co r re l a t ion  between t h e  occurrence of one typa 
of  defense and the absence of t h e . o t h a r  i r  weak. 
Comparative a tud ie r  of .pongo t o x l c i t i e r  by Baku# 
(1964, 1974) and Green (1977) have included ppe- 
c i a r  from t rop ica l  and t o m p r a t o  l o c a l i t i a r ,  but 
no bathymetric c o r r r l a t i o n r  have been recorded so 
far. Thoro authorr  portulatod t h a t  pradation by 
rad' f i s h  war a r t rong ly  inf luencing f a c t o r  i n  
favouring d i v e r r i t y  i n  chemical dofenre. during 
evolutionary t imar,  but Randall and Hart" (1968) 
argue t h a t  rponge.foodorr are mdorn t o l o o r t r ,  and 
t h a t  the long o x i r t i n g  and widorpraad t o x i c i t y  o f  
rpongar i r  tho r e r u l t  of  o thor  ro loc t ivo  prersuror 
as well. Dayton (1974) found t h a t  high b i m a r r  and 
low rpeciee d i v e r s i t y  of a n t a r t i c  rponge popula- 
t i ons  are a t t r i buab lo  to  environmental r t a b i l i t y  
and equate. h i r  finding. to  doep osa r i t u r t i o n r .  
If t h i s  is t rue.  our mubroefal deep sponger aro 
l i v i n g  i n  condi t ions c l o r o r  t o  reef top rpacior  
t han  thoie  of a b y i r a l  depth., though rpongos c l aa r -  
l y  dominate the biomalm of rub reo fa l  t rawlingr ,  i n  
agreement with Dayton'a'work on An ta r t i c  rpongee. 

* 

COHCUISIONS 

Prom' t h i s  preliminary rtudy, the following conclu- 
r i o n r  han b drawn : 

1. S u b e o f a l  zonar rho l to r  a wide range of rpcc ie s  
ahdsgenara of rpongor t h a t  aro q u i t e  d i s t i n c t  
to thoro found on roof topr ,  

2. b o p  rponger aro generally ar toxic  as roer 
rpec ie r .  I n  much environmontr, predation and 
competit ive p re r iu re r  are poorly known but 
d i f f e r e n t  t o  thore prevail ing i n  c o r a l  reefs 
whoro photorynthorir  playa a dotomining ro l e .  

3. S t r u c t u r a l  dafenror aro widasproad i n  sponges 
.from both b io t a ,  but hard i h e l l r  and needle- 
like mcleriter are favoured by deep r p e c i e s ,  
whoroar .hallow rponger of ten are tough and 

-' t i b r o u r  ar well am malodorant. 
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