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Abs tract
Spon ge- mi cro be asso cia tions in vol ve a di ver se ran ge of he te ro trophic bac te ria, cya no bac te ria, 

fa cul ta ti ve anae ro bes, uni ce llu lar al gae, and Ar chaea. Among the sugges ted be ne fits that the se
sym bionts may pro vi de to the spon ge in clu de nu tri tion through di rect in cor po ra tion of dissol ved
or ga nic mat ter in the sea wa ter, nu tri tion through trans lo ca tion of pho tosyntha te from sym bio tic
cya no bac te ria, trans por ta tion of me ta bo li tes through the spon ge me sohyl, con tri bu tion to spon ge
struc tu ral ri gi dity, and as sis tan ce in che mi cal de fen se. The bio logy of the bac te rium- spon ge re la -
tionship has ob tai ned con si de ra ble in te rest as a sour ce of na tu ral pro ducts. Spon ges pro du ce di -
ver se and unu sual bioac ti ve com pounds with a high po ten tia lity for fur ther de ve lopment as drugs
and re search tools. Howe ver, so me ti mes the me ta bo li te sour ce is un cer tain and de ter mi na tion of
its ori gin is diffi cult, due ba si ca lly to com pli ca tions in mi cro bial cul tu re of sym bionts. This over view
re su mes the sta te of the art of in ves ti ga tions about spon ges and its sym bionts.
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Sim bio sis mi cro bia na en es pon jas ma ri nas: Re vi sión
de as pec tos eco ló gi cos

Re su men
Las aso cia cio nes sim bió ti cas en con tra das en es pon jas in vo lu cran una di ver sa gama de

mi cro or ga nis mos como bac te rias he te ro tró fi cas, cia no bac te rias, anaerobios fa cul ta ti vos, al gas
uni ce lu la res y Ar chaea. Los be ne fi cios que es tos sim bion tes pue den pro veer a la es pon ja son a)
una me jo ra nu tri cio nal por la in cor po ra ción de ma te ria or gá ni ca di suel ta en el agua ma ri na, así
como por el tras la do de fo to sin ta tos de cia no bac te rias sim bió ti cas; b) un me jor trans por te de
me ta bo li tos a tra vés del me sohi lo de la es pon ja, y c) un me jo ra mien to de la ri gi dez es truc tu ral y
de la de fen sa quí mi ca ante agen tes ame na za do res. La re la ción biológica en tre bac te rias y es -
pon jas ha ob te ni do un con si de ra ble in te rés como fuen te ge ne ra do ra de pro duc tos na tu ra les.
Las es pon jas son pro duc to ras de com pues tos bioac ti vos con gran po ten cia li dad para ser pro ce -
sa dos como dro gas y como he rra mien tas de in ves ti ga ción. No obs tan te, la fuen te del me ta bo li to
es a ve ces in cier ta y la de ter mi na ción exac ta de su ori gen re sul ta di fí cil, bá si ca men te de bi do a
com pli ca cio nes ge ne ra das en los cul ti vos mi cro bia nos de los sim bion tes. Esta re vi sión re co pi la
las ac tua li da des en la in ves ti ga ción acer ca de las es pon jas y sus sim bion tes.

Pa la bras cla ve: Bac te rias; es pon jas; sim bio sis.
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In tro duc tion

Mi cro bial sym bio sis from sponge in -
cludes bac te ria, ar chaea and uni cel lu lar
eukaryo tes such as di no flag el lates (plank -
ton). Sponges (Phy lum Po rif era) are the old -
est meta zo ans. More than 10,000 sponge
spe cies are known nowa days, 98% of them
be ing ma rine sponges. Sponges are rela -
tively sim ple mul ti cel lu lar ani mals. Un like
many other meta zo ans, they lack a nerv ous
sys tem and have no mus cle cells. Hence,
they can not move and de pend on food par ti -
cles sus pended in wa ter for feed ing. No spe -
cial ized re pro duc tive, di ges tive, res pi ra tory,
sen sory, or ex cre tory or gans are found in
these ani mals. Even though sponges are
con sid ered as a loose as so cia tion of cells
that func tion more or less in de pend ently,
they do dis play cel lu lar spe ciali za tion and
or gani za tion of cells into sim ple tis sues (1).
The sponge cells are mor pho ge neti cally
char ac ter ized by their in ter cel lu lar speci fic -
ity. Sponges are pro vided with at least two
rec og ni tion sys tems for xe no ge neic cells,
one sys tem which pre vents in va sion of cells
from other spe cies, and a sec ond one, which
sup ports a sym bi otic re la tion ship with bac -
te ria. Most of the sponges live in a spec tacu -
lar sym bio sis with bac te ria and other uni -
cel lu lar or gan isms, which may be pres ent in
their meso hyl, or in tra cel lu larly in vacu oles
or even within the nu cleus (2).

Sponges bear a high di ver sity of un -
usual bio ac tive com pounds (sec on dary me -
tabo lites), that can be fur ther de velop as
drugs and re search tools. How ever, there
are many dif fi cul ties re gard ing the ori gin of
these natu ral com pounds when sponges
are stud ied in sym bi otic re la tion ships.
Simi lar and iden ti cal me tabo lites may arise 
from par al lel or con ver gent evo lu tion, or
also from di ges tive deg ra da tion of stan dard
com pounds. An other ad di tional prob lem
that has been for mu lated is the gene trans -
fer from bac te ria to sponge. A high fre -
quency of plas mid trans fer in the ma rine
en vi ron ment am pli fies the pos si bil ity of lat -
eral gene trans fer (3).

Mi cro bial Sym bionts in Spon ges

There are many nu ances of physio logi -
cal un ion among or gan isms in the sea.
These un ions are com mon and im por tant
for the sur vival of reef com mu ni ties. Sponge 
body pro vides a suit able ma trix for bac te ria
and al gae. It has been re ported that
sponges live in a sym bi otic re la tion ship
with one- celled or gan isms such as pro -
karyo tes (bac te ria, pri mar ily cya no bac te -
r ia) , eukaryo tes (zo ox an thel lae),  or
zoochlorel lae (green sym bi otic al gae). These 
or gan isms oc cur both at the spon ge’s ex tra -
cel lu lar and in tra cel lu lar lev els (4).

Many tropi cal sponges con tain en do -
sym bi otic cya no bac te ria that are uni cel lu lar 
or fila men tous. The cya no bac te ria are ei ther
in ter cel lu lar (in sponge tis sue di rectly be low
the outer sur face) or within vacu oles in side
the host cells. The sponge ob tains nu tri ents
from the di ges tion of bac te ria or from the ex -
cre tion of bac te rial com pounds such as glyc -
erol and ni tro gen. Cya no bac te rial sym bi onts 
are thought to shade sponge tis sue and thus
pro tect it from the dam ag ing ef fects of in -
tense light (5). Other fac ul ta tive an aero bic
sym bi onts me tabo lize a wide range of com -
pounds and may be in volved in re mov ing
waste prod ucts while sponges are not cir cu -
lat ing wa ter (6). Bac te rial popu la tion is par -
ticu larly high in mas sive sponges with a
large meso hyl. Cya no bac te ria of ten coat the
outer lay ers of shal low ex posed sponges (3,
6, 7, 8).

The role of sym bionts
in the pro duc tion of ma ri ne

na tu ral pro ducts

Sponges are pro duc ers of a great va ri ety
of natu ral prod ucts, with po tent bio ac tivi ties
and novel mo lecu lar struc tures. Sec on dary
me tabo lite pro duc tion can be as signed to
sym bi otic mi cro or gan isms only when syn the -
sis has been dem on strated in cul tures iso -
lated from the host spe cies, whereby, it is still
pos si ble that these com pounds are be ing syn -

Scien ti fic Jour nal of the Ex pe ri men tal Fa cul ty of Scien ces,
at the Universidad del Zulia Vo lu me 15 Nº 2, April-June 2007

J. Wilkesman Giamate/ Cien cia Vol. 15, Nº 2 (2007)  182 - 192 183



the sized in a par al lel way by the host. In many
in stances, the lim ited avail abil ity of sponge
ma te rial is a mayor ob sta cle for the com mer -
cial pro duc tion of bio ac tive com pounds of po -
ten tial phar ma ceu ti cal im por tance. Nev er the -
less, me tabo lite iso la tion from sym bi otic bac -
te ria would over come these limi ta tions, us ing
large- scale labo ra tory cul tures and pro vid ing
con sis tent yields. Thus, the need to har vest
sponges from their natu ral en vi ron ment
would be elimi nated (9). How ever, the cul ture
of mi cro bial sym bi onts is not a triv ial prob -
lem. With out cul ti va ble bac te ria or taxo nomic
data de rived from mo lecu lar bi ol ogy, the evo -
lu tion ary sig nifi cance of the sym bio sis is un -
cer tain.

An ti mi cro bial com pounds have been
iso lated from sponge- associated bac te ria in
many oc ca sions, sug gest ing that mi cro bial
sym bi onts play a role in the de fense of the
host sponge. Vi brio sp. as so ci ated with the
sponge Dysidea sp. were shown to syn the size
cy to toxic and an ti bac te rial te trabro mo di -
phenyl ethers; Mi cro coc cus sp. as so ci ated
with the sponge Teda nia sp. were found to
pro duce dike topipera zi nes. An an ti fun gal
pep tide theo pa lauamide, iso lated from the
ma rine sponge Theonella swin hoei, was con -
tained in a novel d-pr ote oba ct erial sym bi ont
(Can di da tus En to theonella pa lauen sis)
(9, 10).

Two as so cia tions stud ied be tween the
sponge Dysidea her ba cea and the cya no bac -
te rium Os cil la to ria spon ge liae re vealed that
chlo rin ated amino acid- derived me tabo lites
were pro duced by the cya no bac te ria whilst
the sponge pro duced ter pe nes. In a sec ond
speci men, it was found that the ma jor sec on -
dary me tabo lites were poly bro mi nated
biphenyl ethers and that these were pro -
duced by cya no bac te ria. Why O. spon ge liae
pro duced two dif fer ent classes of halo -
genated com pounds was not un der stood
(11).

Fila men tous bac te ria as so ci ated to the
lithis tid sponge Theonella swin hoei was
found to pro duce com plex bicyclic- peptides

and a cy to toxic me tabo lite called swin hol -
ide A was en coun tered in a frac tion con tain -
ing many uni cel lu lar het ero trophic bac te ria. 
The pres ence of mi cro bial sym bi onts in T.
swin hoei sug gested that swin hol ide A and
many other bio ac tive cy clic pep tides from
the sponge were pro duced by sym bi otic cya -
no bac te ria. How ever, swin hol ide A was lim -
ited to the mixed popu la tion of uni cel lu lar
het ero trophic bac te ria, and an anti- fungal
cy clic pep tide oc curred only in the fila men -
tous het ero trophic bac te ria (12). De Rosa et
al. (13) re ported the pro duc tion of cy clic pep -
tides from ma rine bac te ria as so ci ated with
the ma rine sponge Ircinia vari abilis. Here,
bac te rial growth was im proved us ing me dia
sup ple mented with ma rine de rived pro teins. 
The com po si tion of free and to tal fatty ac ids
of strains cul ti vated un der dif fer ent car bon
source was in ves ti gated and dif ferent bac te -
rial dike topipera zi nes were iso lated.

Piel et al. (14) re ported the bio syn the sis
of an an ti tu mor polyk etide by an un cul ti -
vated bac te rial sym bi ont of the ma rine
sponge Theonella swin hoei. They iden ti fied
an un cul tured Pseu do mo nas sp. sym bi ont
as the most likely pro ducer of the de fen sive
an ti tu mor polyk etide pederin in Paederus
fus ci pes bee tles, by clon ing the pu ta tive bio -
syn the sis genes. Se quence fea tures of the
iso lated genes in di cated that it be longed to a
pro kary otic ge nome and is pre sumed to be
re spon si ble for the bio syn the sis of al most
the en tire por tion of the polyk etide struc ture
that is cor re lated with an ti tu mor ac tiv ity.
Fur ther, us ing ter res trial Paederus spp. bee -
tles and the ma rine sponge Theonella swin -
hoei as model ani mals, the pu ta tive genes re -
spon si ble for the pro duc tion of pederin- type
an ti tu mor polyk etides were iso lated. A phy -
lo ge netic ap proach was used to iso late the
on na mide/theopederin polyk etide syn thase
genes from an un cul tured sponge sym bi ont.
Analy sis of the bio syn the sis genes re vealed a 
pos si ble evo lu tion of pederin- type path ways. 
These first gene clus ters from un cul ti vated
sym bi otic pro duc ers sug gested pos si ble bio -
tech no logi cal strate gies to solve the sup ply
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prob lem as so ci ated with the de vel op ment of
most ma rine drug can di dates (15).

Sym bio sis exam ples

The use of mo lecu lar ap proaches for
de scrib ing mi cro bial di ver sity has greatly
en hanced the knowl edge of popu la tion
struc ture in natu ral mi cro bial com mu ni -
ties. It is widely ac cepted that culture- based
tech niques are in ade quate for study ing bac -
te rial di ver sity from en vi ron mental sam ples, 
as many bac te ria can not be cul tured us ing
cur rent tra di tional tech niques. Clon ing and
se quenc ing of 16S rRNA genes has given
data used to de scribe com plete mi cro bial
com mu nity com po si tion, in di cating pos si -
ble nu tri tional re quire ments and physio -
logi cal niches of many mi crobes based on in -
for ma tion al ready avail able for known phy -
lo ge netic rela tives (9, 16).

Us ing these tech niques, the ar chaeal
mi cro or gan ism Cenar chaeum sym bio sum
was found liv ing spe cifi cally within a
sponge simi lar to Axi nella mexi cana at
~10°C, and thus con sid ered psy chro philic
(17). In an other ex am ple, in situ hy bridi za -
tion probes spe cific to Ar chaea, the sub -
classes of Pro teo bac te ria, Flavobacteria-
 Cytophaga, and sul fate re duc ing bac te ria
were used to sur vey the ma rine sponges
Chon dro sia reni formis and Petro sia fi ci -
formis (3). Both sponges con tained mainly
g-su bclass of Pro teo bac te ria.

Stud ies on the ma rine sponge Rho pa -
loei des odor abile de ter mined an ex tremely
di verse com mu nity struc ture, with rep re -
sen tatives of the Ac ti no bac te ria, low G+C
Gram posi tive bac te ria, the b- and g-su bd iv -
isions of the Pro teo bac te ria, Cy tophaga /
Fla vo bac te rium, green sul fur bac te ria,
green non- sulfur bac te ria, planc to my ce tes,
and other se quence types with no known
close rela tives, us ing 16S rRNA se quenc ing
of cloned DNA frag ments and fluo res cence
in situ hy bridi za tion (9). An other study
made in Rho pa loei des odor abile showed that 
the mi cro bial com mu nity was domi nated by

a sin gle bac te rium, an a-su bgroup of the
class Pro teo bac te ria (18).

Cells of bacteria- like sym bi ont mi cro or -
gan isms were ob served within the meso hyl
of sev eral sponges (Stro ma to spongia, As tro -
sclera, Jaspis, Preu do cer atina and Axi -
nyssa). These bac te rial cells ex hibited a
membrane- bounded nu clear re gion en com -
pass ing the fib ril lar nu cleoid. A sin gle bi -
layer mem brane, di vid ing the cell cy to plasm
into two dis tinct re gions, bound the nu clear
re gion. The bac te rial sym bi otic cells showed
anal ogy to the ar chaeal sponge sym bi ont
Cenar chaeum sym bio sum (19).

Stud ies on the sponge Cera to -
porella nichol soni found that ~78% of the
bac te ria pres ent could be clas si fied into four
main groups: two Vi brio sp., an Aeromo -
nas sp. and a Co ry ne forme or Actino my -
ces sp (20). In an other ex am ple, Rho do bac -
ter sp. was found domi nantly liv ing in sym -
bio sis in the meso hyl com part ment of the
ma rine sponge Hali chon dria pani cea; yet,
the po ten tial func tion of the sym bio sis was
not es tab lished (4).

The im por tance of het ero tro phy on
ultra plank ton com mu ni ties as ni tro gen
source for the sponge- rhodophyte sym bio sis
has been re ported (21). The avail abil ity of
enough par ticu late or ganic ni tro gen to sup -
port ni tro gen needs of an invertebrate- algal
sym bi otic as so cia tion is af forded thanks to
spon ge’s graz ing on ultra plank ton. The
natu ral diet of the sponge in the Haliclona-
 Ceratodictyon as so cia tion con sists of bac te -
ria and pro to zo ans, which are rich sources of 
ni tro gen.

Mül ler et al. (22) iso lated SB2 bac te -
rium from the sponge sur face and grew in
mini mal me dium sup ple mented with pro to -
cate chu ate. The pro to cate chu ate gene clus -
ter was cloned and se quenced from the SB2
bac te rium. The clus ter com prised all genes
cod ing for en zymes in volved in the pro to -
cate chu ate con ver sion to ace tyl co en zyme A. 
When bac te ria were cul ti vated on pro to cate -
chu ate me dium, the ex pres sion was strongly 
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in duced. They con cluded that me tabo lites
(di phe nols) -which might be pro duced by
the sponge- are used by the sponge
surface- associated bac te rium for en ergy
gen era tion.

Usher et al. (23) in ves ti gated the dis tri -
bu tion, host as so cia tions, and phy lo ge netic
re la tion ships of the uni cel lu lar cya no bac te -
rial sym bi onts of se lected ma rine sponges
with di rect 16S rDNA se quenc ing. Their re -
sults in di cated that the sym bi onts of the
ma rine sponges Aplysina ae ro phoba, Ircinia
vari abilis, and Petro sia fi ci formis from the
Medi ter ra nean, four Chon drilla spe cies from 
Aus tra lia and the Medi ter ra nean, and Hali -
clona sp. from Aus tra lia carry a di ver sity of
sym bi onts in clud ing at least four closely re -
lated spe cies of Synecho coc cus. They found
also a fifth not de scribed sym bi ont from
Cym bas tela mar shae in Aus tra lia, re lated to 
Os cil la to ria ro sea. An other sym bi ont, Can di -
da tus Synecho coc cus spongia rum, was
found in dif fer ent sponge gen era in the
Medi ter ra nean Sea and the In dian, Pa cific,
and South ern oceans. Also 16S rDNA stud -
ies com mu nity analy sis showed that Ac ti no -
bac te ria, ex clu sively within the sub- class
Acidi mi cro bidae, are the ma jor bac te rial
com mu nity as so ci ated with two sponge spe -
cies in the ge nus Xes to spongia (24). Four
groups of Ac ti no bac te ria in Xes to spongia
spp. were found, in clud ing a novel as sem -
blage bac te rial group in X. testu di na ria, dis -
tantly re lated to any pre vi ously se quenced
ac ti no bac te rial clones.

Eco lo gi ca lly re la ted as pects
of spon ges in the Ca ribbean

Sponges are a key com po nent in coral
reefs eco sys tems, man groves, among oth -
ers, hav ing im por tant con se quences for
Car ib bean en vi ron ments. Po rif era are
among the most promi nent taxa in reef eco -
sys tems, gen er ally ex ceed ing in number of
spe cies cor als and al gae (25). Due to dif fi cul -
ties in iden ti fi ca tion and quan ti fi ca tion,
sponges have been avoided in the as sess -

ment and moni tor ing of coral reefs. Their
func tional roles in the ma rine eco sys tem like 
cal ci fi ca tion, ce men ta tion and bio ero sion
pro cesses on coral reefs are be ing now rec og -
nized (26). A re view deal ing with the eco logi -
cal in ter ac tions of ma rine sponges has been
pub lished (27). The pa per em pha sizes the
com pe ti tion among sponge spe cies, and be -
tween sponges and other ses sile or gan isms,
and ex plains the sym bi otic as so cia tions of
sponges with a va ri ety of or gan isms.

The fate of Car ib bean sponges is closely 
re lated to Car ib bean coral reefs. Sponges, in
par ticu lar cli onid sponges, are among the
most com mon and de struc tive en do lithic
bor ers on coral- reef eco sys tems. Cli onid
sponges in vade many dif fer ent types of sub -
strate, in clud ing car bon ate rock, coral
skele ton, mol lusk shells, and even man-
 made cal care ous struc tures (28). Ex ca va -
tion mecha nisms, growth rates, and en vi -
ron mental con di tions of Cli oni dae were de -
ter mined to af fect space com pe ti tion be -
tween these sponges and cor als on shal low
Car ib bean reefs (29). Un like other sponges,
cli onids may kill coral pol yps by un der min -
ing and erod ing their skele tal base, thus
avoid ing con tact with de fen sive mu cus and
nema to cysts. Many ag gres sive en crust ing
sponges con tain high den si ties of pho to syn -
thetic sym bi onts: e.g. Cliona car ib baea and
C. vari ans were each as so ci ated with a dif -
fer ent spe cies of di no phycean zo ox an thel lae, 
Chon drilla cf. nu cula and Ter pios hoshi nota
con tained dif fer ent cya no bac te ria (zoo cy an -
el lae). How ever, non- boring en crust ing
sponges may also over grow coral by lat eral
spread ing, such as the sym bi otic spe cies of
Chon drilla and Ter pios (with cya no bac te ria). 
En crust ing cli onids and other sponges may
con sid era bly trans form the com mu nity
struc ture and physi cal sta bil ity of shal low
reefs that are read ily com pro mised by natu -
ral or an thro po genic pres sures (29). An other 
study on Cliona (30) in ter preted cur rent
trends of reef space oc cu pa tion. Three Car -
ib bean spe cies were stud ied and their dis tri -
bu tion pat terns and size de ter mined. Con -
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trary to the ef fect on other ex ca vat ing
sponges, chronic ex po sure to raw sew age
did not sig nifi cantly in crease the abun dance 
of the stud ied sponges. Sub stra tum oc cu pa -
tion and avail abil ity ra tios showed a posi tive 
ten dency of the sponges to ward cer tain
coral skele tons, but a nega tive or neu tral
ten dency to ward cal care ous rock. This sug -
gested that es tab lish ment may be eas ier on
clean, re cently dead coral than on older,
heav ily in crusted sub stra tum (30).

The ex ca va tion rate by bor ing sponges
has been de ter mined (31), by de vel op ing a
sys tem where chemi cal and me chani cal
bor ing rates (CaCO3 dis so lu tion and chip
pro duc tion, re spec tively) were meas ured si -
mul ta ne ously in ex peri men tal tanks con -
tain ing reef’s rock in hab ited by sponge Pione 
cf. vas ti fica (Clion ai dae). Chemi cal bio ero -
sion rates were meas ured as an al ka lin ity
in crease vs. time, and the me chani cal bio -
ero sion rate was es ti mated from the to tal
amount of CaCO3 chips pro duced. One mass 
of chips per 3 masses of dis solved reef
CaCO3 frame work was de ter mined dur ing
the bor ing ac tiv ity (31).

An other in ter est ing point to con sider is
the chemi cal de fense in sponges. Eco logi cal
func tions of al ka loids pro duc tion by sponge
are not nec es sar ily a re sponse be fore preda -
tors. Some func tional roles may in clude in -
hi bi tion of foul ing and/or in fec tion and me -
dia tion of spa tial com pe ti tion (32). It has
been found that sponges of the ge nus
Aplysina ac cu mu late bro mi nated isoxa -
zoline al ka loids in con cen tra tions that
some times ex ceed 10% of their dry weight
(33). A con cen tra tion drop of these com -
pounds has been re ported af ter in jury of
sponge tis sue from Aplysina ae ro phoba, ob -
serv ing an in crease of aeroplysinin-1 and di -
enone con cen tra tion. How ever, af ter study -
ing Car ib bean Aplysina spe cies, it was con -
clude that tis sue dam age in duced a bio con -
ver sion of isoxa zoline al ka loids into
aeroplysinin-1 and di enone. This bio cata -
lyzed re ac tion might be ecol ogi cally rele vant
as the bio con ver sion prod ucts pos si bly pro -

tect the wounded sponge tis sue from in va -
sion of bac te rial patho gens (33).

The sponge Chon drilla nu cula is in -
volved in ~ 50% of coral- sponge in ter ac tions
on Car ib bean reefs (34). C. nu cula rep re -
sents the pre ferred prey of the Hawks bill tur -
tle and of other sev eral spongivo rous fish. As
ex peri men tally pre sented, when sponge
preda tors (mainly an gel fish) were ex cluded,
an in crease in sponge over growth was ob -
served, and loss of coral cover fol lowed. Pre -
da tion had a greater in flu ence on C. nu cula
than on the other sponges stud ied. Preda tor
ex clu sion ex peri ments per formed with natu -
rally oc cur ring coral- sponge in ter ac tions
dem on strated an im por tant re duc tion in to -
tal coral cover. Hence, in di rect ef fects aris ing 
from spongivory might have large com mu -
nity con se quences; and spe cies di ver sity on
Car ib bean reefs might be partly main tained
by spongivores (34). Again, this preda tor di -
min ish ing sce nario might be ecol ogi cally im -
por tant, for the bio con ver sion prod ucts can
proba bly pro tect wounded sponge tis sue
from bac te ria in va sion. The in flu ence of pre -
da tion in sponge was also em pha sized by
Mey lan (35). Hawks bills (Eret mo che lys im -
bri cata) are en dan gered ma rine tur tles as so -
ci ated with coral reefs through out the trop -
ics. Hawks bill feeds prac ti cally only on
sponges in the Car ib bean. The ar ti cle re fers
that by af  fect ing space com pe ti tion,
spongivory by hawks bills might af fect suc -
ces sion and di ver sity of reef com mu ni ties. A
simi lar ar ti cle re views the im pact of hawks -
bill in the Car ib bean with an in ter est ing
scope on sponge as food source and im pact
on the coral reef (36).

Chemi cal de fense of sponges seems to
be highly ef fec tive against most fish spe cies
in or der to pro tect from preda tors. Be cerro et 
al. (37) worked on the hy pothe sis that pre da -
tion is higher in tropi cal than in tem per ate
habi tats. Thus, tropi cal spe cies evolved
more ef fec tive de fenses to de ter preda tors.
Their study pro vided the first ex peri men tal
test of lati tu dinal dif fer ences in the ef fec tive -
ness of sponge chemi cal de fenses. All the
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sponges in ves ti gated showed de ter rent
prop er ties against some preda tors. 35% of
the sponge spe cies were, how ever, de ter rent
in at least one, but not in all the ex peri -
ments. Hence, the idea that preda tors could
re spond to chemi cal de fenses in a species-
 specific man ner was sup ported. Tropi cal
and tem per ate sponges had com pa ra ble de -
ter rence, fact that sug gested not only simi -
lar chemi cal de fenses from tropi cal and tem -
per ate sponges, but also that they were
equally ef fec tive against preda tors. Ap par -
ently, a re cur rent se lec tion for chemi cal de -
fenses in sponges as a gen eral life- history
strat egy ex ists (37).

It has been re ported that speci mens of
the spongivo rous Medi ter ra nean op is tho -
branch Ty lodina per versa, col lected while
feed ing on sponge spe cie Aplysina ae ro -
phoba were shown to se ques ter the bro mi -
nated isoxa zoline al ka loids of their prey
(38). A known sponge al ka loid ae rothionin,
found only in A. cav er nicola but not in A. ae -
ro phoba, was also among the me tabo lites
iden ti fied in T. per versa. This work pos tu -
lated that Mol lusc de rived ae rothionin is re -
sul tant from a pre vi ous feed ing en coun ter
with A. cav er nicola, as T. per versa was found 
to freely feed on both Aplysina sponges in
aquar ium bio as says. The pos si ble eco logi cal 
roles of se ques tered sponge al ka loids in T.
per versa are still not known. Nev er the less,
al ka loids se ques tra tion might rep re sent the
ori gin of fre quent food poi son ing cases af ter
in ges tion of hawks bill flesh (39). Mass food
poi son ing through in ges tion of tur tle has
been re ported (40, 41). Sur veys con cern ing
sea food poi son ings in di cated that all cases
were re lated to ma rine tox ins (42, 43).

A study car ried out with Car ib bean
sponges ge nus Ircinia (44) con tained high
con cen tra tions of lin ear fu ra noses terter -
pene tetronic ac ids (FTAs), pro duc ing and
ema nat ing low- molecular- weight vola tile
com pounds like, di methyl sul fide, methyl
iso cya nide, and methyl iso thio cy anate. It
has been sug gested that FTAs are un likely
to func tion as an ti preda tory chemi cal de -

fenses, and this func tion may in stead be at -
trib uted to bio ac tive vola ti les (44). Crude or -
ganic ex tracts and pu ri fied frac tions iso lated 
from Ircinia cam pana, I. fe lix, and I. stro bilina
were as sayed at natu rally oc cur ring con cen -
tra tions in labo ra tory and field feed ing as -
says to de ter mine their pal at abil ity to gen er -
al ist fish preda tors. A quali ta tive tech nique
was em ployed also, to test the crude vola tile
frac tion from I. fe lix and I. stro bilina and di -
meth yl sul fide in labo ra tory feed ing as says.
The re sults re vealed that crude or ganic ex -
tracts of all three spe cies de terred feed ing of
fishes in both aquar ium and field ex peri -
ments. The work pos tu lated that FTAs, be -
sides play ing a likely eco logi cal role in Ircinia
spp., are ef fec tive as de fenses against po ten -
tial preda tory fishes; and that vola tile com -
pounds may serve other de fen sive func tions
like an ti mi cro bial or an ti foul ing, how ever
de fense against fish preda tors was not
provided (44).

The fact that sponges ex ude vola tile
aro matic com pound might have an im pact
in cli mate regu la tion (45). Di meth yl sul fo nio -
propi on ate (DMSP) is an im por tant com po -
nent of the global sul fur cy cle and pos si bly
in volved -via its cleav age prod uct di meth yl -
sul fide- in cli mate regu la tion. The dis tri bu -
tion of DMSP in a di verse group of coral reef
in ver te brates was stud ied. Though com mon
in many al gae, re ports of DMSP in tropi cal
in ver te brates are few. It has been sug gested
that DMSP might be die tar ily de rived in
sponges (45). A re lated work (46), found 59
vola ti les when work ing with Ircinia fe lix ex -
tracts, in clud ing di meth yl sul fide, methyl
iso cya nide and methyl iso thio cy anate. Exu -
da tion ex peri ments in aquar ium and in situ
con di tions re vealed that thio bis meth ane,
methyl iso cya nide and methyl iso thio cy -
anate were con tinu ously re leased by the
sponge, and its con cen tra tion in creased
upon in jury. It was pro posed that these sub -
stances form a chemi cal pro tec tive bar rier,
help ing sponges to avoid foul ing, com pete
for space, pre vent short term in fec tion, or
sig nal gen er al ist preda tors, re gard ing the
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ex is tence of other toxic sub stances in the in -
ter nal tis sues.

In ves ti ga tions in Ve ne zue la
and su rroun dings

Vene zuela and the sur round ing Car ib -
bean area bear a rich ma rine bio di ver sity,
where sponges play an im por tant role. The
sponges An tho sig mella vari ans, Cinachy -
rella kuenken thali, Ircinia fe lix, I. stro bilina,
Aplysina fis tu laris fis tu laris, Niphates
erecta, Am phi me don vir idis, My cale (Car mia) 
mi cro sig ma tosa, Ulosa ru etzleri and Hali -
chon dria me la na do cia have been col lected
and iden ti fied at Isla Larga, Mo chima Bay,
Vene zuela (47). Bit ter et al. (48) stud ied the
com pe ti tion among spe cies of sponges
grown on ar ti fi cial sub strates at Mor ro coy
Na tional Park, Vene zuela. Their work stated
that slow grow ing spe cies could be more ag -
gres sive and com peti tive for avail able space. 
They de ter mined that spon ge’s as sem blages 
are or gan ized as a net work rather than a hi -
er ar chi cal sys tem (48).

The tax on omy of Car ib bean ex ca vat ing
sponge spe cies com plex Cliona car ib baea –
C. ap rica – C. lan gae have also been stud ied
(49). To re solve the spe cies tax on omy, ob -
ser va tions and sam pling in Co lom bia, Vene -
zuela, Cu ra cao, Be lize, Ja maica and Puerto
Rico were car ried out. Re sults based on dif -
fer ences in ex ter nal mor phol ogy, color, spic -
ule mor phol ogy and size re vealed the ex is -
tence of three dis tinct spe cies, Cliona ap rica
Pang, 1973, Cliona car ib baea Car ter, 1882
(jun ior syno nym C. lan gae Pang, 1973), and
Cliona tenuis sp. nov. Spic ule mor phol ogy
and size showed geo graphi cal varia tion but
re mained dis tinc tive for each spe cies within
a given lo cal ity. Stud ies related to tax on omy
of Car ib bean sponges have been pub lished
else where (50).

Re ports cor re lated with sec on dary me -
tabo lites are var ied and some are briefly
cited. The mole cule (-)-(5S)-2 -imino -1 -
-methylpyrrolidine -5 -carboxylic acid has
been iso lated from or ganic ex tracts of the

bur row ing sponge Cliona tenuis (51). An -
other ex am ple is the three ses qui ter pe nes
ob tained from an ex tract of the Car ib bean
ma rine sponge Axi nyssa am bro sia, namely
(4R*,5R*,7S*,10R*)-4 -isocyanatoeudesm -
-11 -ene;  (4R*,5R*,7S*,10R*) -formami
doeudesm -11 -ene, and (4R*,5R*,
7S*,10R*)-eudesm -11 -en -4 -ylamine hy dro -
chlo ride, the lat ter with sig nifi cant cy to toxic
ac tiv ity against can cer cells, and ac tive in le -
thal ity tests us ing pol yps of the scler ac tin ian 
coral Madra cis mirabilis (52).

Age la si nes, natu ral com pounds iso -
lated from ma rine sponges Age las sp.,
showed cy to toxic ac tiv ity over the breast
can cer cell line MCF-7 (53). Age la si nes are
mono cyc lic diter pe nes, bear ing a 9-
 methyladenine group. They have been con -
sid ered as sec on dary me tabo lites with an
an ti mi cro bial ac tion, as else where re ported
(54). Pala cios et al. (55) de ter mined the ef fect 
of age la sine B, age la sine J, and scep trine,
ex tracted from Age las sp. over the pro duc -
tion of re ac tive oxy gen spe cies (ROS) and ni -
tro gen (RNS) and the vi abil ity of muride
macro phage RAW 264.7 and hu man po li -
mor pho nu clear leu co cytes. They con cluded
that age la sine B and scep trin in hibit NO pro -
duc tion in muride macro phages, and con se -
quently could be pos si ble anti- inflammatory 
prod ucts (55). An other work re ports the iso -
la tion from Age las sven tres of the new com -
pound sven trin (56), act ing as a feed ing de -
ter rent com pound against a com mon om -
nivo rous reef fish. Re lated stud ies have been 
re ported (57). Bar ro eta et al. (58) dealt with
the ef  fect of i l i maqui none, 11-
 deoxyfistularin-3 and fistularin-3, iso lated
from ma rine sponges, over the pro duc tion of
re ac tive oxy gen spe cies and vi abil ity of hu -
man po li mor pho nu clear leu co cytes. It was
con cluded that 10 mM ili maqui none was the 
most re ac tive spe cie, whilst other com -
pounds tested were not able to in hibit su per -
ox ide gen era tion. These re sults cor re spond
to some con jec tures done in pre vi ous re ports 
(59, 60).
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Some other re ports found, deal more
with en zy matic ac tivi ties pres ent in sponge
ex tracts. Re cently, a ser ine pro te ase ac tiv ity
was iso lated from Geo dia cy donium and Su -
ber ites do mun cula and ana lyzed by two di -
men sional zy mo gra phy (61). Con versely, a
phos pholi pase ac tiv ity pres ent in ex tracts
from Cinachy rella kueken thali has also been 
re ported (62).

Fi nal Re marks and Fu tu re
Pers pec ti ves

Bac te ria and other mi cro or gan isms
play an im por tant role in the spon ge’s life by
proc ess ing waste prod ucts, trans fer of nu -
tri ents, and pro duc tion of sec on dary me -
tabo lites. Many as so cia tions be tween ma -
rine sponges and mi cro or gan isms are quite
spe cific and con sid ered as sym bi otic as so -
cia tions. En do sym bi onts con tained in ma -
rine sponges in clude bac te ria, di no flag el -
lates, dia toms, and cryp to mo nads. Mi cro -
bial sym bi onts pro duce natu ral prod ucts
that some times had been at trib uted to their
hosts, and hence were pro posed to con trib -
ute to the chemi cal de fense of the as so cia -
tion. De ter mi na tion of the ori gin of bio syn -
thetic source of natu ral prod ucts must be
ap proached through com ple men tary cell
dis so cia tion and chemi cal analy sis. In situ
tech niques have been de vel oped to es tab lish 
the ex act ori gin of me tabo lites. Tech niques
for mo lecu lar sur vey are now stan dard in
mi cro bial ecol ogy, and can be ap plied to
sym bi otic sys tems. rRNA genes are fre -
quently used due to the large da ta base
avail able and the in her ent phy lo ge netic util -
ity of these genes. Se quences of am pli fied
genes re veal the phy lo ge netic groups, to
which the or gan isms be long and can pro vide 
spe cific probes for in situ hy bridi za tion, al -
low ing se quences to be linked to spe cific
cells. Thus, a great po ten tial is ac com -
plished in un der stand ing sponge sym bio sis. 
The study of sym bio sis rep re sent a key step
for en hanc ing the avail abil ity of sev eral
natu ral prod ucts of phar ma ceu ti cal in ter -

est, which oth er wise would be in ac ces si ble.
The lit era ture over sponges re lated with eco -
logi cal and phar ma ceu ti cal as pects is vast
and con tains in nu mer able ex am ples of the
im por tance of these as po tent phar ma ceu ti -
cal tar gets, with ap pli ca tions in bio tech nol -
ogy, mo lecu lar bi ol ogy, ecol ogy and natu ral
prod ucts chem is try. Not all of the lit era ture
ex ist ing could be cited in this re view. New
spe cie dis cov er ies might bring more in for -
ma tion over eco logi cal rele vant as pects in
reef com mu ni ties. Many of the chemi cals se -
creted by sponges still need to be ana lyzed
and char ac ter ized, and its bio logi cal, eco -
logi cal and bio chemi cal sig nifi cance stud -
ied.
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