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ABST R ACT 

A list of organisms associated. with the oys tcrs a nd with the fouling forms 
is gillen . The main o rgani sms fo uling oyster cu ltures in Ma lta are ascid ians, 
bryozo.:1ns and po lychactcs. Eigh t s[>eCics of Bryozoa arc recorded. two of 
which, Celleporaria pi/(Iele"l and C. aperta. a re new to the Mediterranean . 
Minor fouling orga n isms include barnacles and the saddl e oyster AI/olllia 
cphippillm. pou ling oecured m'li nly at Rinella, especia lly at a dept h or 31n. 
It W1IS o f mi nor imporla nce HI f\.hll"saxlokk and Mistra. The re appeared 10 
be no succession o f species, and the fouli ng for ms seem to reproduce conti­
nuously throughout the year. 

RIi\ SSUN TO 

Vicne dala una lisla cli o!,!;anismi ine rostanti c associati can Ie ost r iche. 
gruppi principali d i an imal i che s i altaecano agli imp ian ti tl i ostricultura a 

Malta S0110 Ie Ascidie, i BriOl.Oi e i PoJichcti. Due delle 0110 specie d i Briozoi 
r..:gislr.Hc, Cclicporaria pi/(Ic/ errl C C. apcrlll , sono ,wove per i] Medil erra nco. 
OJ millore irnportanza sono i Bala nidi c I'ost richdla Anomia epirippium. La 
den:-.i la di o rganism i adcrcn ti c variabi le secondo 1a localila e la prorond ita. 
NOll ri sulta che ci s in una suecessione d i specie e gli organism i ineroslunti 
!>i riprodueono ininterrotlamcntc dura nte tulia 1" lI1no . 

• Present Address: Unit o f Aquatic Pathobiology, Univers ity o f Stirling. Stirling 
FK9 4LA, Scotland. 

Mem. Bioi. Mar. Oeew1, VII , (3·4). 5 1-59 (1977). 
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I NTRODUCT ION 

During the coul"sc of oys ter 
grow th t rial s in Maltese inshore 
wa ters (ACl us 1976) preliminary 
data on fou li ng organjsms and 
other associ'Hed fauna were col­
lec ted over a period of twelve 
mon ths from Februa l-Y 1975 to 
February 1976. Si nce no records 
exist of fou li ng o rgan isms from 

the Maltese is l:.lIlds it was though t 
useful to presen t these data for 
two reasons: to form a bas is for 
fu ture wOI-k on fouling organisms 
in Maltesc wa ters, and , because 
a fa :r percen tage o f the ol-gan isms 
recorded are new to the Maltese 
fauna , whil e two are new to the 
Mediterranean. 

MfITHOI>S 

All the ol'g<l nisms recorded in 
thi s s tudy were found either atta­
ched to the oyster shell s or the 
st ruc tures conta in ing them or 
else living una ttached w ithin o r 
a round these s truCIU I'es, Oys ter 
spat o f CrassOSlrea g igas Thun­
berg and OSlrea edu/is ( L. ) were 
placed in plas tic mesh bags (Ex­
truded Fab l-ies Ltd ., U,K.) and 
the bags themselves were held in 
French-manufactured plastic ' ca­
ges' called p lenos. These cages 
were suspended off the botlam by 
means of a flotation cham ber. Ple­
nos were sc t up at dep ths of 3 and 
10m in th ree d ifTe ren t loca lit ies 
round the Ma ltese coast . The s ta­
t ions a n:: shown on the map in 
Fig, I. While Marsaxlok k and Mi­
s ll'a bays are essen ti ally open wa­
[er s ites, Rinel la Creek prov ides 
a typical ha rbour s ituation wh ich 

is, in ma ny respec ts, dill'erent 
from the former two, 

Ma rsaxlok k bay lies in the 5.E. 
of Malta. Though it is o therw ise 
a re lat ively sheltered in let, it is 
open to co nsiderable wave action 
when s t l"Ong 5 .E. winds occur. Its 
waters a re relatively shallow, 
being less than 20m deep in most 
areas , reach ing 30m on ly a t the 
vel-y ent ra nce o f the bay. The bot­
tom, which consists p l'edominan­
tly of soft globigc rina limes tone 
rocks . is covel'ed for the main 
part with dense beds o f Posidonia 
oceallica ( L. ): these are however 
frequen tly b roken up by patches 
of sand of va r iable texture. 

Mis tra bay, an inlet of 5 1. Paul's 
Bay, is o pen to cons iderable wavc 
action when N.E. winds occur. 
The bottom cons ists main ly of 
hard coralline limestone I"Oc ks 
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and is covered in mos t a i-cas by 
dense Posi(/Ollia beds. 

Rinella Creek is the ex tl-eme 
nort h-easte rly branch o f the C rand 
Ha rbour. I t is we ll s he ltered and 
in many respects diffe re nt from 
the othe r two s ites. I t is cena in ly 
ric he r in nora and fau na a nd sup­
po rts dense popul a ti o ns of su­
spens ion feeders. The bottom is 
muddy and s upports large num­
be rs o f mud-inhab iti ng organ isms. 

Whi le [he precise exten t to 
whic h these stations art! pol lu ted 
ca nnot as yet be asce n a ined, it 
appears t.hat w hil e Marsaxlokk 
a nd Mislra bays a rc essentially 
unpo lluted, Rinella Creck is mo-

, 
i 

M 

Fig. I. 

re liable to be contam inated bo th 
because o f the mult ip le uses lO 
w hich the ha rbOU I- as a whole is 
iJut , and from scwage cfllue n ts. 

The pe r formance o f the oys te rs 
was monitored by regular sam­
pling a t in te rva ls of two m o n ths. 
At each sampli ng, the fo uJing or­
ga ni sm s were st ud ied and then 
the ple nos were cleaned. It was 
thus poss ib le to carry out a s u­
bject ive esti mate o f the rela t ive 
a bundance o f the d iffe l'en l fou ling 
o rga n isms. Moreover, th is also e­
nabled us to deduce whether the 
differen t species e xhibi ted ally 
seasonal variations in popu latjon 
dens ity and to gai n some insight 

Fig. 2. 

Fig. . Map of the Maltese Islands showing tile three stalions where oysler 
cull ures were SCI up. M. - Mi stra, MX - Marsaxlokk . R _ Rin ella. 

Fig. 2 . lVa rersiporu subovoidea (d'Orbigny). Colony from Rinell a. Scale 5 mm. 
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into such impo rtant phys io logi­
cal processes as growth '-ate and 
breed ing cycles. 

Fou li ng organ isms were colle­
cted, narcotizcd a nd fixed us ing 
s tandard methods ( MAIIO N"BY 

1973). Species were iden tified by 
the au thors us ing published keys 
and desc ri pt ions. Difficu lt species 
were sent to various specia li s ts 
(see acknowledgemcnts) . 

Lis/ 01 main 10l/ling species 

A NNELWA 

Polychaeta 

Serpulidac 

Hydroides sp. Rinell a. 
Pomafoceros rriqlleler (L. ). 
Occasiona l. Mist ra. 
S afll1acil1(l in crus tan s Clapa­
rede. Mistra. 
SerplIla sp . - common on 
sheJls, bags a nd plenos. Mi­
s tra, Rinella. 
Spirorbis sp. - very abundant 
on the oyster sheik Marsax­
lo kk , Mis tra , Ri nella. 

Sahellidae 

Branchio/lll"lla lucId lalla (del­
le Chiaje) - very common on 
bags and p lenos. Ri ne lla . 
Spirographis spallanz.alli Vi· 
vian i - Occas iona l on p lenos. 
Marsaxlokk. 

ART HROPODA 

Crus tacea 
Ci rripedia 

Ba la nidae 

BalanLis (?) per/ora/us Bmg. 
- common on p lcnos. Marsax-
10k k, Rinella. 

MO LLUSCA 

Lamellibranchia 

Anomiidae 

Ar/O/1/ia ephippiurIJ (L.) - Lar­
ge individua ls common on 
p lcnos, j uven iles very com­
mon on oyster shells. Mist ra, 
Marsaxlokk. 

BRYOZOA 

Che il oS Lomata 

Bugulidae 

Bligl//a l1erilil1U (L.) - common 
on bags and pie nos. Rine lla. 
Spec imens co ll ected on 13jX 
/75 were b1-ceding and had 
orange embryos in the ovi­
cells. Since plc~~os had been 
cleaned of fouling organisms 
d uring the last week o( Au­
gust, the a nimals mus t have 
settled. g,-own and reached 
sexual ma turity in a Space o f 
about s ix weeks. 
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Bligulu s tolo ' ve' IlIlera R I r y common y and -
plcnos. Ri nella on bags ~nd 

Wate rs ipori dae . 

lVul ers ipora Orbigny) _ ( FSl.lbovOidea (d' 
on b -g. 2) ab d ags and I un an i 

p enos . Rinclh 

P, L. CooK ( <. 

ctl lion, 1975)' personal comn . COnlIn lUIl, -
enls : 

c [w. subo 'd co VOl ea is] mmonest onc o f I , world-wide I l C 
I \\I <l I' n l-

Fig. 3. 

water f I' ou Ing " ' may bel :-;p I;:C le~' R ong to 5 . ccord s 
subspecies b everal species a d 
on ly jus t 'b' ~t work on Ih n. I egmnin em IS 
ong to W . g. This doe b b . :mbovoid s e· 

d
y 

Ryla nd . All , I ea as defined 
ark b le form I rown cu(icl 5 lave 

ge ten tacl es co I c'. usually oran-
cmb . eOlTuc , " ryos when I" Issues and 
grow a Ive. Th I ememely , e colon;es 
a mosl con I rapid ly and a,'e 
co lp c ldy - . pper-based a . f reSistant to 
Larger form s ' s'Hul'l ou li ng paints 
and b e l ' arnaclcs ~ ' . as ~erpulid 
ccs covered b _an se ttle on s f s y iVaters ' ur a · Ipora wh ich 

Fig. 4. 

Fig. 3 . Cellepora . 

F
. ria ap' Ig. 4 . Cell . rIa ( H in\.:ks) C 

5 

epora rla, ', . olony r Illm. " aclera (C' rom Rinell <Inti and Dassler) C I 3. Sca le 5 mm . oony f ro . m Rinella . Sca le 
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ha ve bee n trea ted wi th ant i-fou- CI-IORDATA 
ling pa ints; he ncc 
tan t preli m inary 
nism ». 

it is a n impol"­
fou ling o rga-

Scrupoce llar iidac 

S cru pocellaria bert hole If i i 
(Audouin ) . very com mon 0 11 

bags a nd p le nos . Mis tra . Ri­
ne lla. 

Schizoporc ll idae 

S ch izoporella errata (Waters) 
- common on bags a nd plenos. 
Rinella . 

Al· tc idae 

Aeteu Inmcala ( Landsborou­
gh ) - commo n on bags a nd 
pJ enos. Rine lla . 

Ce lle po rariidae 

Celleporaria aperla ( Hind s) 
- ( Fig. 3) common on bags 
a nd p le nos . R ine lla . 
Celleporaria pilaefera (Canu 
& Bassle ..) - ( Fig. 4) ra re, on 
bas ke ts. Rine lla. 

Tu oica ta 
Ascidi acea 
Entcrogona 

Cionidae 

CiOll a il1testitwlis ( L ) - very 
abundant on bags and ple­
nos. R ine ll a . 

.~sc i d ii da c 

Ascidia s p. - common on bags 
and p le nos. R ine lla . 
Ascidia (?) IIlcn/u la Mti llcl­
- rare on bas ke ts. Mist ra . 

Pleurogona 

S tyclidae 

Stye/a parliEll 
occas iona l on 
bags. R inella. 

(S t impson) . 
oys ters a nd 

Stye/a plica /a ( Lesueu r ) - oc­
casiona l o n oys te rs a nd bags. 
Rinell a. 
Bot rylloides ( ?) 
gny) - abu nda nt 
plenos. Rinella. 

leachi (Sa vi­
on bags and 

Associated FllW /(/ 

O ther species whic h are not 
cons idered as fou li ng we re regu­
la rly fou nd in close associat ion 
wit h the oys tc l- - fou ling o rga n is m 
commu n ity. Thesc incl udcd those 
species whose larvae had seWed 
in the oyste r bags and whose a­
du lt s cou ld not esca pe th rou gh 

their fine mt:sh. Also inc luded wc­
re those spec ics wh ich seemt;;d to 
be li v ing in thi s commun ity by 
c ho ice, perhaps beca use of the pro­
tection a rrorded by the s t r uctur es 
con ta ining the oys te rs a nd, being 
cut ofT from the bottom . due to the 
absence of cer tai n bc nthic preda-
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tors (e.g. aste roids). The associa­
ted fauna included: 

CN[[)ARIA 

Hydrozoa 

P/tl/lw laria sp. - common on 
plenos. Rinella . 
Unidentified hydro id - com­
mon on plenos. Rinella. 

A RTl IIlOPOl),\ 

Crustacea 
Decapoda 
Macru ra Natant ia 

Palacmon idae 

Palaemoll adsperslis Rath ke 
- very abundant around bags 
and plenos but not found a­
nywhel-e else in the surroun­
d ing a rea. Rinella . 

Macru ra Repta nLia 

Cancridac 

CarcillllS medirerralleLls Czer­
niavsky - j uven iles o nly; a­

bunda nt on bags :lnd plenos. 
Rinella. 

Xan thidac 

PihllJ l1l11s hirtelllls (L. ) - juvc­
ni lt:s onJy; common on bags 
und plenos. Marsaxlokk , Ri­
nella . 

MOI.LUSCA 

Gas tro poda 
Prosob ranchia 

MU]'icidae 
TI'l,lt'/cu/ariopsis tn.mcu[us (L.) 
- juven iles only; common on 
bags a nd plenos. Rine lla. 

Bucc in idac 

ElIfhria comeo ( L.) - juveni­
les on ly; common on bags and 
plenos. Rinel la. 

Opis thobranch ia 

Bul larii dae 

B~dlaria stria/a Brug. - j uve­
n iles and young adults; com­
mon amongst oysters and 011 

bags. Mis tra. 

La melli branchia 

Pect inidae 

Chlamys varitls ( L. ) • all s ta­
ges fro m juven iles to ad ults: 
common in bags amongst oy­
s ters. Marsaxlokk, Mis tra , Ri­
nell<l. 
Chlamys gltlbra ( L. ) - all s ta­
ges from juveniles to ad u lts; 
occasional in baskets amongs t 
oysters. Marsax lokk. Mis tra. 
Rin ell a. 

ECII I NOI)ERhIA'\ A 

Echinoidea 
Regularia 

Arbaciidae 

Arbllcia lixtlla (L. ) - juveniles 
onl y; common in and on bags. 
Mal-saxlokk, Mistra.. 
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Dl scuss tO:-l 

The main fou ling organi sms a p­
pear to be ascidians. followed clo­
se ly by b l-yozoans and po lychae­
tes. Less impOrlanl fouling o rga· 
nisms incl ude barnacles and bi· 
va lves. The fouling organ is ms are 
near ly all filt e r feeders and thus 
compe te d irec tl y w ith the oysters 
for rood a nd space. The ve ry p re­
Sence of the orga nisms themsel­
ves on I he bags and p ie nos es pe· 
ciall y when the population densi· 
ty is high olTers mechan ica l reo 
s istance Lo the wa ler 110w, thus 
minimisi ng exchange o f wa ter 
with the surrou nd ings. This ex­
change is obviously important for 
the rep len ishmen t of food and 
oxygen as well as for the e l1"icient 
d ispersal of waste products. In 
so me cases at R ine lla. anoxi c con­
d itions may have preva il ed inside 
the cages du e to the combined 
efFect of the mechanical o bst ruc­
tion by the foul ing organ isms and 
the sett lement of mud on the pl e­
nos. The anoxic condi tions were 
evidenced by t he s trong smell of 
hydrogen s ul phide emana tin g 
[rom the plenos when these we re 
hau led on sho l"e. Those fou ling 
organ is ms which se ltle on the 
oys ters themselves (e.g. serpulids) 
have often been fou nd to occupy 
such c ritical positions as the junc­
tion of the two shell valves and 
may th us actively interfere with 

the oyste rs. 
Of the fouling Bryozoa. six spe­

cies a l'e typ ical Medite rra nean 
fouJing fOI-ms o f wh ich BlIgula 
lIerilirla, Schizo po rel/a erra ta and 
Wafersipora sllbovoidea are the 
most im portan t and occur I-egu­
lady a nd abunda ntly in warm wa­
ter (RYLAND \ 965). The presence 
of t he two spec ies of Celleporaria 
is in te resting as they do not seem 
10 have been recorded from the 
Med iterrancan p revious ly ( P. L. 
COOK. personal communica tion , 
1975). C. pillie/era is an Indo-West 
Pac ific form while C. aperta has 
a worl d-wide . warm-wa ter di stri , 
but ion. II is q uite conceivable that 
these t \vo s pecies have reached 
the Mediterranean via shi pping. 
R YLAND ( 1967) notes that foulin g 
of s hip hulls by Bryozoa may be 
re lated to the s pl'ead of species 
beyond the ir orig inal a rea o f di­
s tri bu tion. Th us it seems that W a­
lersipora \vas inll"Oduced to Au ­
stralian po rts and from there to 
New Zea la nd via s hipping. wh ile 
Bugula Ileririlw has reached Bri­
tain and BlIgula flabellata Aus tra­
lia in th e same way ( R YLAND \970). 
The a rriva l of the two species of 
Celleporaria into Mediterranean 
waters may thus be easily under­
stood. Mi\WATAR I ( 1974) I-e::orded 
C. aperta as one of the B ryozoa 
fouling oyster cultures in Ja pan. 
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Fouling was heavies t a t Rinel· 
la at 3m depth. At th is s ta t ion, 
the pJenos a t 10m sus tai ned re la· 
tively little fou ling, although at 
times they had a heavier load o f 
mud. Fouling was o nly o f mino r 
importance at both Marsax lokk 
and Mistra. Here, the oysters 
themselves were invariably fou nd 
to be re lat ively clean and such 
fou li ng as there was, was on the 
whole restrict:d to the bags and 
plenos. No appreciable quantities 
of s ilt or mud were al any time 
found on Ihese p lenos. 

No definite success ion of fou­
ling species was eviden t , but ra· 
the l- the same species were found 
a lmost throughout the yea r, 
though fouling was heavies t fmm 
about Augus t to February. S ince 
the cages aJld bags were serviced 
every two months, th is indicates 
that many, if not all of the spe­
cies recorded can grow at rela­
tively fast rates and can b l-ced 
through most of the year. This 
is probably associa ted with the 
year mund h igh tempel-ature 
( 14"C - 26"C). 

ACKNOWLEDGEMENTS 

This work was sup poJ"lcd by a grant f rom the Development Fund of 
B.u"clays Bank International. The authors would like to thank Dr. Patricia L. 
Cook o f the British Musellln (Nat. Hist. ) fo r identifying bryozoans and for 
her he lpful comments, Dr. R. H. Millar of the Dunstatfnage Marine Research 
Lahoratory for identifying a~cidians, and Dr. G. Cantone Fassari of the l stituto 
Poli c<lttcdra eli Biologia Anima1c of Cat.\ni.\ fOr identifying polychaetes. The 
help of the director of the Istituto, Professor M. La Greca, is also acknowledged . 

REFERENCES 

AGlliS C .. Growth trials of Crussoslrca gigas and Osfrea edt/lis in Maltese 
coastal watel'S and related ecologic.d studies. M. Sc. dissertation. The 
Royal University of Malta, Malta (1976). 

MAHONEY R . . Laboratory Techniques in Zoology. 2nd edition. Bu\tel·worth, 
London (1973). 

MAWAT,\ IH S. - FOllling bryozoans in the black lip oyster culture fisheries at 
Ishigaki-jima, Yaeyama Islands. Mem. Natl. Sci. Mus. (Tokyo), 7, 193· 
202 ( 1974). 

RnAN!) 1. S. - Catalogue of Main Marine Fouling Organisms, 2. Po[ywa , Paris, 
Organisation for Economic CO<lperation and Development (1965). 

RVL\NU J. S. - PolyzD<'1. OcewlOg. mar. BioI. ann. Rev., 5, 343-369 (1967). 
RYl.A NIl J . S . . Bryozoans. Hutchinson University Library. London (1970). 


