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MUSSELS IN THE OFFSHORE FOULING OF ITALIAN SEAS 
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THE BIOFOULING COMMUNITIES NO THE PIER PILLING AT XIAMEN, CHINA 

Z G Huang and R X Cai 

TOWARDS THE STANDARDISATION OF THE TEST EXPOSURE PROCEDURE IN THE TROPICAL SEA 

AA Karande 

FOULING OF SEAWATER FILTRATION SYSTEMS OF OFFSHORE OIL PRODUCTION PLATFORMS 

R G J Edyvean and J L Lynch 

ECOLOGY OF FOULING COMMUNITIES AND THEIR IMPACT ON MARINE WOOD BORING ORGANISMS IN PORTONOV COASTAL 

AREA - SOUTH EAST COAST OF INDIA 

R Radhakrishanan and R Natarajan 

MICRO-ORGANISMS CANNOT SETTLE SUCCESSFULLY ON THE SURFACE OF THE SPONGE HALICHONDRIA PANICEA 

B Wolfrath and D Barthel 

SELECTION OF ANTI-FOULING MATERIALS AND ITS ANTI-FOULING MECHANISM 

Haruo Shimada 



DIVERSITY AND SEASONALITY OF MICROBIAL AGGREGATION-ADHESION ENHANCING (AAE) BIOFOULING 

MACROMOLECULES IN COASTAL SEAWATER 

T R Tosteson 

AN ACCOUNT OF FRICTIONAL RESISTANCE INCURRED ON OCEAN GOING RESEARCH VESSELL ORV SAGAR KANYA DUE 

TO FOULING 

A B Wagh and K Nandakumar 
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'HUSSE~S lMrRE~SIOIE rouLIMC,OY ITALtAJ$lAs

" ,a.li. "li.~. __ ....,Itoa ..,.u.Aitri" , 

<If' '. . ' .,", .,.. 

. • ittituto.i 1oo1..i... ~.t""icU 'ia"..i. Itrii.... '!I eli Ecololia !f 
Diad." Un.iY.rl!i~••f.~ ~Iteli. 

" eo.li,U.o ..&t~l!JI"'U. ttic.rc~ - btit~. ,.1' 1. Cerro.ion. Kar!r . , . . . 

.. ..t"'t&11i - ~. - I~.U. 

I. AismCt 
roiauia ~f .. ~""r. ,tatfOrM aittaa'tHiD the ..rtll Md.dc, 10­

.' ai~ .... IfortbtJntieaiaa ~. w. u..aatip....., ... tall N.i. of elir.cta 
t 

ob..natiOtLl......u........ ~lIIh 't-arM4f,t ..,del. fif 1 to 12 .onth•• 
VII.toIO ••epth, .....l. (_Hi..,az~':U .....) ar. the ..ill 

,,' 
fo1.11I1,. IJlIpat""an .'b~ .tr'llCtlire. a.m...... ~" repr••ent 

:::A 110 to ;$1 of the Vet ,..t&lltot to~.l f«tH... . , 
latll.Mri.ticiea ......1a ..tt__ ,... caa radl ....Ul.aatbof 
...., c. .... _t, -laJat .,. 10 .."iI2; i. t'" I_ba ... t'" ..I... araI ).$ CII,.a. 'ts'.z, i. die 'trttllalu "".2 cia atiJIIH\i/-.2. 

II 	 ~-. " • . tile iDCnui..l, tc-,~.u. .... f.i' ld..-cloD .. t'" f..11aa of ofb~ 

t r. 'I;r'llCtm. ill t.......h.rr...... 1........ ,.U" a ••d •• of de 
'. ,',':- : ~ ,'. ':" .' '. -'rI ta pt"'n. .....tt_,..1:....... tNt __1.dI .r••,ll1 ••l_t to tba pr!. 


f 

," ., .' 


...t .1I'ri~ntai .t.....,Ma.
". . . . ; . 

.,. foev... OU' att"ti..........11 lJec:wM t ..... li.et... repre..nt the
J 
,riadpalllld MiIl..t COIIIIpMt.c wltllia eM .flrn US _t.n of d.pth of 

~ 
 tDie fnUD... tM wd...t-c:tuna -t.... 

, , 

Thi. ;.fllr.1Me..,let•••••d .. of pu!ltHcadoill. c_.mi•• & ".It a­
~ ;.. .(r~...rcltcari:t....t ""til. I.tituto,..r'l& ~no.toGe Karina dill 

...,t&ll1 fft.,ACJI."" .nlat:es t •• ~le.ef D•••rv~tiOlUl of foutin,~ 
~ 	 ~••t.~"l '1.it'~ ,~i.. ~~uAl .... lafact. aft.r • fint 

"lIIIral.tUill, ~li.I".t a1. 1976) ••aii•• of..,.1:..... ,ro.tucecl on ~ tl:\il.on m,ort~.i)'lt_tic 'l!'a~ i .•. : lamacle. (leHIIi .. Hatrica!. 
~ 

"L1971).Il)'dr,oldll (KI:!ilUlMri" _rri 1977), _pilipocl••nd Polycluietee 

~ (Ielini et .1. 1977) bilt aot KoUu", •. 
'J, 
~ 

~ 

.. ~ 

.t', 

On, the whole, the detailed literatun availabl.. on the fouline of 'off­
shore structures for the seas sllrrouDcHnr Italy is rather lilllil:e4 a'IHl " 

it _de Up of worlts b)' IlI1i01(1915, 1916)ba:.ed oD,hiaob'eM'.tl... 

carried out .t 200 .d.pth ill the Liauriu S.a, thuotAr.izzo~ .t 

&1. (1980) off the coaat at Fi..tc:iuo (t~ 'fyrrheai.u se.~, 0. '.1.. 
(1963) (Swth.rn Sarelilli.), DaU. Veneat. (Vuie. 1.,_, 1976. off 

the eo••t of Ancoaa 1981). 

Wich re,ard to,the leneral probl_ of the effect. of fouUaaoa.ff­

.hore structur•• , ,we ..Ite ref.r.lIC. to l)e ,at.. (967) aDdUyriatl at 

al.(1987). Marine fouU.. of offlbore atr1lCtut•• (l981). 

KATEUALS AHDMEmODS 

'rbe obMnatioll. ".re carried out _ Clfflbore ,1.tforM IitutH ia the 

Bortlt Mrl.tic Se. (a.nu.i:ai.). tbe Ion" ... (Crot_.) &ad the Upper 

p.rt of the Tyrrheai•• Se. (tit. Lil'lriaR .....t eea.a) b)' __ of 

--.pl•• aad ..r.e)' phOto,ra;")'. 

The ~lroa.ental charact.rl.tic. 'and tbe'cxperu..llt.l ca.dit~ are 

.hovn 011. Ta.,l. 1, 'llhU. Tabl. 2 .bove tDie h"rolo,~cal ,arlilMt.ra. All!. 

re ea.pl.t. .tud)' va. ..4e .t ....aaa aad Crot... wher. ..&e.to. c....c 

,....11 (200x300x4_) _1'. u..d' aad _1'. i_rid' for sr.....t .. ,.d.... 

of tt- (1.3.6.9.12 _nthl) ill .rp.cial stMt••• ,l.cltd .t d1U.nat 

deptha. !;Itch II:ructur. w. f••t.oed to • NU••t c.bl. nii:,h "roucht t!, 

,ether '",,11 ,...la poiiitio". radiall)'wlth the 10nseat lide ia a".!. 

tic.l position, _kin, a total of 120 ,...11 at ....I11III .... lO:.t tro­

ton•• ,"ar further infonlllltiou Uout .the ~don'tadmi,,,,.. .... the 

cbaractari.ticl of foultaa at aa..aa. 'aDd crotoal ••• "iial .... al. 


(976). 


'!:be fouliaa .. the Ku.~.1a' _r. quoadfi•• i.' tarM of d"".h)' ".1.... 

(nUllbera ofinc:li~idua1a/cl.2) anel vet ~ilht. tbe HUII.ell_re aho .~ 


clivided illto .i&e clas... (model 1 c.) ba.ed ca' .h.ll'iencth. 

http:tt-(1.3.6.9.12
http:arlilMt.ra
http:fouUaaoa.ff
http:oD,hiaob'eM'.tl
http:1916)ba:.ed
http:tl:\il.on
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RESULTS ,• 
• 

1) Ttiie M~{';d.c Sea 

~4at. t~t b .;'ail~bi. "fer tIM Adriatic II.. vaa collacted.off the 
~oa~t .t"'liri~ Oit{t~platf.l"IIIIi -:ad AOO4 .nd rev':'A. 

~ 	 j)" n.'.'.theiitia~ of:....et." 
ria. da.<:fiptloU .;u"u.ci ~f tb4 .attl-nt ralate to panel. sitUAIted• at :..atioU'ii~l. of clap~h fo~ p.riad. of one _tb. three _ths. aix~ 
_tb... ollie. year. 

• 
~ 

P1at~riaNl\(h\(T.bl. J) 

. - One-.oath.~Del.:: ~ ~.h that r..-ined ~rse4 for the _nth of ~ 
JU!l' .t thr•• cliffereDt 1__1.. llhov the _~ lWIIIber of _nthl)' pre­

• 
~ 

• 

••ncea (.5U Wl",14blllh/da2). earre.po..t.iq to 971 of the ..onthl)' .et­

ti.ii.t.~.rt&uie4.villl tll."year••mt:- ••ttl_t of ltUa••h 

; (9315 ~'I~t4.i .t t~ lt~n 1_1 (aurfac. cone). ""Ue the r_i­

lIiUI petCeDUp'... reeOl'4M lilt tIM .eceti4 lewi (-t.,. At the third I!.• 	 ..1 (-2OIe) onl)' 'porMie pra,eDC' ... ';'t.d. lel.rdinl tb.cii..enaion.t 
" .. ~f the {"i.l.bUlI.. it ..;. _tei tllat the ianltll of' the .~n n...r .:II: 

. .. 	 ­t 
·c..... S ... 

• 	 - 1hr~""'Dtll;""la • the taUl .....r af ......11 ..ttlad on the three 

• 1OIIth',-h .......i: 4 ti•• lai.';';'r tllan that fuuM 011 the ___nth 

p.n.:1a. ".e ...... 1. with t .. hi....t ..ttl_a.t ..... tho.e iBened frOil• M117 t~Ju1)'lll6' blitlviduals/.Z at the first 1...1 .M 246/d11.2 at the 

•• C!.;ilj .....l ......r.~e ....r of l..diviclu.ls (S""Z) wsa allo 1l1C.!. 
t 

taih~OII~;.~ibiM~~e4 at t~ fint .1 .... 111 ill tb. _tha fr_ ~ 

• ~r to.ia'ii~~~;tIte ~ID{al ....1. t~ ...1.., _rll aU_I)' .ad. 

'. rata a. itl~@~i~~\~. illird leftlHttl_nt •••lva)" Very lfltl~• 
~ 	 TIle ,aJ..' .f tia.l..tYl...lst~"l'iIachecl _bUt lenlth. of 30 ... 

K....rthe1.~•• tM.oat re~••etitativ. da.. fte the first (10 _). vtiieh• va. allo thll GIlly ~e pre'~llt at lOadepth.

• - Sb~~tb:p"ei. - TIle. fint-1e",e1 P4II«1which remained u.ersed frOal 

~ .. 

Kay to October showed 4 bigher settlement compared to tbe one whicb r!. 

mainedi-"rse4 frOID octo.:e; ~o Ap~il (2462 individUals/d.2 va. 115) . 

and contained Ku..ela .;,mich reacbed tbe fo~rth·cla... It is to be no­

ted that the toul" atttl_nt on the·C;vO au-.onth fauat. ie about .ix 

tiMa bilher for the first lavel theD fortha seeODd 1";«1 "(2577 indi­

vidUAll.,&.2 v.~ 430). I- One-lear panals - Amonl the panah tMt. resained i_era.d .for the a.!. 

tire .nnUAIl c,.::le, tbe one with tha _at Intl_nt vaa that whicb val 

.itUAlte4 near the .urf.e. (Urn 1_1) with 9724 indi·t'idUAli~;&.2. A­ I
_nl the.a vera fOUDd in4ividUAll.up to th ••izthel•••• even if 95% 

of the popul.tion balO"llae.t to the f'lrat c1••~. '!be _i.ua .ha (70 _) 

va. re.chad onl)' .t tbe aecoad 1...1 (.-9N viler. thera.re alao the I 
_at indbidUAll, of thelin,h du". 

Pl.atfonl l'CV-A (Tabl. 4) 

- On.-.mth pe!l!la - TIle .ettl_t of !!U.oe1. occu.red In a.o period» I 
durinl the ye.r: ftoll Kq to Sept_er with it ,.ak ia JUDe' (37' ineli",! 

llua18/u.2). which corre.pond. to .bcut '6% of t __tbl),' a.t:tl_t .! 

.eertain" durina the :rU~; Dciftolll OCtober to Ja...r)' with • a.ttla­

_nt danaity which vaa ~ch lo-r. Alao .t thi. audon the pa_1I 1.­ •
_rsod Ilear tb. aurfae. (fhat 1...l)lwt the hipen a.ttleileDt (79.SU. 

thoae .ituatai .t -Sa (.ecOnd le..l) .till ·.bowed • c.rtain .'Ir•• of 

,ettl_at. (20:) wna tho•• at -1la(third la..1) ver. _~thinl)' P.!. • 
pu1ated. 

- Three__nth pan.is - Aho at thit platlona tbRpaaelawithtbe iIe.t 

...ttl_lit .... tho.. t-r... Iii tile ,.rWfriGil llay to hi,: (1500 iii ­
. " . . ­

di",idual,/..z at th. firat level. 763 at the ••c...· l ...I).Vith r...rd . 	 . 

to tha p.neb e~e4 troil 1Io...i,.r to jii...ri.thel:ii.berof indivi­ •
dual. ob.erVed ya. con.id.r.bl)' hilber c~.red to eRe A~A pl.tfer.: 

747 iadividuah/.s.2 at thefirat lavel and 29i/&.2 at the e4eCOM leval. 

With reiard to the ai%.. of the individual•• onl), on tbe p.nel.i*Der­ -• 
~ I 

http:con.id.r.bl
http:thera.re
http:in4ividUAll.up
http:P1at~riaNl\(h\(T.bl


•" 
,It 
• 	 .eI'fT" Moly to .J..l}'-_re .......eh f.und belongins to the thir-4- and fou 


~ 	 rtll ct..i of t.-.til; 

j 	 - Sbt""'-O'tll-:p!..h,-I.,'e_tr..tto tke'.tffer.llel!;lIOt.4fofMXJ-A.. at 

tl'lh,l..do~'t""''''l iJIIiIIIr.ed'in tlM.4leOM pede. ef .ix .,nth. had• a k11"-'C pciijiMlati .. C"" iillli"'i"1s/4Ii2)t"- tut U-rl.d in the 

•• 
Uilt ._lit.'C C234414li2). ". ....."-- ....... nen 80re ..r-_ 

t..l1"" t .....b ....th ,...h ilIIIIeriW at tIM Hcoaoll._\. These ob­

• 
• 


NtHtio. cO.:fit.;'tM watne...ftva ,If.itiact,.riod. of Mu•••h .e! 


tI....t. It _tile ........b ...........'C. tIMt tIM IIIU~, .b.. ar. rea 


•• 
c.... 0Il1,. .,. t .........11 "lell Httl.... tlM ....1 ;'-rl,4 ift the 

til-It,.r£';'.,"'....tll•• 

• - O!a!=7!ar ....h ... ridt efan. it is to PIlOt" tllat the nu.ber of 

i"i"i4li.il.,Oa.I OIl tlte ....1 Rich ~:t_ ~'C'" fo'C 011. yea'C at ,p 

• 
tilit firlt 1...1 of Par-#. C4'" iacli"Uoahla%) ... DOtC:Otr..poad. to 

raalit,. .iKe a part .f ths orl_i_ ••c_ ...tsc.... froa tb. paael d~ 

ri'ltlle with1r...i of tile ""11•• OIl tile ..-1 ~1'I.4 ..t ths 'e­
c.. 1....1 (-5111). ')05" ililllvi"uall/.2 ..'C. fCMWl. vbidl .... grutu~ 
than fo'C tbe ,...1 ~n" at tb4i .ac_ 1....1 (-ta) of i.ctJ...A.. n. i~) 
..i"idual. rllc'" a .-.£.u. .i.e (...-nth'cl•••) 001,. attba .ecoad 1~ 

~ ""I. at .Itllcb a 	hip'C 8\11!1be'C of io4ividuah of tile .bth cta.. vaa al 
) 

, 110 ob••n:... 

• 
~ 

• 
.)1b. role of Mu..ets ill tile ••t.rai-.tion of tlw liom... io Fouling 

table S. which r~"rt.. tIM. wat wilht in r.iAtl.on to the enti'ClI .urf~ 

ca of ~ ~I(U ...2) ••bovs tut tba "al... of the biOlllllill reflect 

• ... ber.... ,i~t.. ace_l.tiOD of f"UIII rith t~. III fact. tb8 bi­

a\lRstR~lhtll U .........,10 q) wen Nco'Cded ~' pan.1I podtionttd at• tile fha~,.l""l of t'" ,lufoD ACO-A aad. OD the firlt ead.' .iKond Ie­." ,'. -":', . 

•• 
""b of the platfora PCW-A after 12 _th, of exposure. 

The diminution of fouling with depth is connected to the fact tbat the 

• 
MUeHh .~e p~••:ent &It the first ',t,w 'levels alld predominate upeeially 

••
••• 

on the multi-lllOnth panels, vhere they fOt"1ll cOIIIpact layers of consider,a 

ble thicltness, vhile on the substratum placed near the sea bottoa the 

majority of organisms found ver.: aarnaclel, Serpulids and Hydroids. 

These, however, b.cause of their quantity and st-ructun, had little 

influence on veilht (Fil' 1). 

With the inerea.e in the period of l..erlion tbere va. allo ae !cr..­

'011, in the aec_ladon of (oulin, lIad. thus of veilht; thilcan II. de­

.,natnt.d by COliparinl the ";"luea 'or tIM foulial _ilhta.ttlecl on 

tbe panela i_ned for .. 10nl.'C ,.t'i04 with tbo•• fouacl ,Oil pod. t. ­

..'Csed for onlj one .aatb. 

Talting a. au exa.p1e tile thre._tb p14.1 ~r..4 at the aurfac.'of 

IiGO-A froe Ma,. to July. va isot. thlt it Mda flNlinl _ilht .iI(U&l to 

795 s. whil. the con:.apoadi-dl one""llOlith paaels S-r." la!la:r. JUDi 

and Jul,. r.specti".l,. yi'-ldecl a toul vaipt of 315 I (S+17o+:UO). AI 

can he .ean. thil "lue is 1_ by balf than tllet ,rond" ,by the CO!.' 

'Ce.pondinl three_th pao.l • .".n tbouah the surface available fo'C 

settleaent va. 'Ceneved tbra. t~•• 

This observation can be _d••ach title 1111 cClllpar. the vallht providad 

b,. a Ii~th or .....,...1' paMlwith ttl!.at provid" by the s... of .ub­

strata that 'C_in" ~nad at the s_ p.ti04but for a ahortn ti ­

... In conctuaion. the'CI doea Qat .... to be 'a subetantial differaac. 

betvean the two platforal io the acc_Iation of foul ins on the panels 

partiall,. ~rs.dat th. first Inel, ubUe at the othe'C lev.lI the 

diffsrenc•• a'Ce consid.rably more b.caus. the depths of t~ two plat­

fonW an <IIiff.nat in relation to tba poaititifl
" 

of 
-
the ... bottOs. 

This is particularly _idont for thl _~r"a~~l1 for which. 'tTln­

spOlinl the value. of Table 5 (whicb are .xpr....d ill Irlllllli per panel 

- 12 dm2) into kl/1II2, the following values vere obtained:-' 

AGO-A PCIi-A PCW-A AOO-A 'Pew-A AGO -A 

.u-rface surfaee - 5 III -9. - 11 It -20. 
99.3 Itg/1II2 90.9 kghll2 88.3 Itg/m2 49. S Itg/m2 ' 20.2 itg/m2 5.3 kg/m2 

http:r.iAtl.on
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'~:i.:alliainil the ·iJlll0l'tance..:,oftlussels ill, the. formation of the biolllllu. it 

canheohae.tyell. tha.t it·i:~rea.l!e. "ith the lluratiC!Q of the i_enion. 

.04 thi~·iae.pecial11 true for tba ,aa~l.that r~ined i_ersed du~ 

rinl the ._r,.ollthli. 

Table 6 .bow. (for the 8Oltl-.ollth penal. oal,).both the total fouling 

..llht .•114 the wilhtofthe Ku..ds found; ia thia wa, it "" po..ihle 

to calculate: the.•~ta of the. qrlani_. in the fOnI!Adon of the hiou.. 

which. in tha ca.a.of. the 9 .04 12 _th p.nets perti.U, ~raad or 

. placita·at the I.ota..1.tadapth. COUld raach oyer !to%. 

...lrudY report" for tM ..'I: ..tlbt, the ....11li_.. v.. elllO.t 

aqual on the partiall),. i ....raed .ul!acrlitua of the tvO pl.tfot'lllll.• while 

it •••ui,aeaad.l1, diUeraat .tth4i otiler .epth•• 

It wupf.•• t~ wf.aht of tM ....1. in ret.dOll to the .no.ual pa­

_b iit '4/";'. vii .btain the follovi.. "aluel: 

11:»-11. .l'CII-.l l'CW-A M»-A l'CW-A AGO-A 

ltidace . ..rface ,. 5.• _, • - 11. • - 20 • 

'6.6 kl/a! ••6ka/a! 84.2 kll.2 ~ kala.! 11.6 ka/.2 4.9 ql.2 

'Iba .b_'".l....boW 1Iov the _i,ht of the Hunela is ai.Ucr up to 


-.5iI While it .is r4Miw:"c-fold ti... at -9 •• dpttfold d .....t -11 ., 


aishtaeiifol. tiM. at ,,"20 •• 


2) ..,;.. Iooi.n Se. 


t'ballatli ".v.Uable for tbe lciftiil........ coll.ct.. off the co••t .t 


CrotoDe 00 a ,l.tfora .-'.' "LIJIIA-A" •. t'ba.elCriptioili ot the .tattle­


..o.t renT to.aiiiDiitli. thr.~th••ix-aoC1th.aia.-.onth aild oo.e­


~.r , ...lil.iiit:r.w at'ud_ .••"Oa (T.bl. t) •. 

~. ."... . 

.) ~.ettl""i:oi"'nell 

pli!t:forattlllA.o;A 


_ O'Ile1.oo.th pao.eIil.., TIM pretinci of Mollu.es v.s .00000000t 10". in 


pardcular the ...d. ep,...'I."edoo.1,.I" the fir.t: 'and.econd levell d~ 


rio.& tl!esprin, _tha. 


I, -
• Three-month panels - Settlement "as still scarce and ani, on the pa­

nel i_ened fro.. APril to June "eU appreciable numbers of· ~Sleh ­
counted .at the first. level (37 individlla1s/.b.2) I at the .econd ,and third I
level a lover number of·Huss.l. v•• (oUDdaccompanied,b, otbe.". Molluscs. 

- Sii--nth panell - 0111, the paaah of tbe ••cOlld .a-.ontb p.rioel Iil! 
wed • coo.af.dC\rable ·..,uat of nttl",lIt. It va. e.peciall,. Hu...l1 vbi I 
ch enriched the first level vith lOS io.diTidu.hlda2• At tbe. aecooel I!, 

vel tiler. wllre atill 80_ Hu•••la (6~.tcla2). wltUe .t the tbir4 lev.l· 

the .attl-..o.t of Mollu.c. and Hu'I.I.·io..p.rticular waa Dotic.abl,.·~ I 
'1."••carc•• 


- lIi~o.th palllb - At the fint 1••al tile. a.td_t cii ••••111 cO!! 


pri••d 11 indi.idu&l./~. At tile ••eOo. (-14 a) and third (-20.) 1. ­
 I 
vall the prea_. 'of ••a.lI could atill .. o.ot.. 4IIftII if ia aiIal1er !. 

_u that at tile fint 1...1 (0 .). At the fourth 1_1 (- 6S .) """ 

. ti~ ........ ablant. 
 I 
- OI1!=J!.r p.o.ah - AD .ppr.ciabl••ettl_at of Hu..ell. w ......cord.. ' 

onl,. at the fint l .... at .ith 379 iadid4uall,..2. the 1.lllth of who.e Ivalv.. raeclled 3S _. At the ..cOlId 1...1 the ....la ....re 931d.2 alld 

.t the 1_1 tltt•• 25/uZ. At the fourtb 1_1. the ....1 .... cotIIpleta-

I,. cove.".ed.itb ~tcz 1.0 vIIich theilldiTidua1a reached a Ii.. of I
ap to 40 _ io. dbMt...... 011 tIM whola, the 1.....I.at d_loplMo.t of Mol­

lusc..... foUDdat. the firlt 1 ..... 1 vith ......n 'peeie. _ti.. to.·. 

tot.l of 596 i.IIdividl4llh,..2 of ¥tiicb about fO% Van I14;'titue ~tlopro­ I 
~t;;.. At the .eeoM 1eVl1' th.ra _ra aiH apeci•••f ttoUu.ca • 

vitti 298Ibil. of wbich 90%. eouiat:" of .n~ aad '.~ io. equal :1m.iioben. At the third leVel the number of Mol1asc........till f_r 

(105 illdid.ual.,~) ao.cI con.ilted of 55%of'~'iad 26% of~­

. ti~. 11Ie fourth levellhoveel the dOllliunce of ~. vith no 

Huneb. I 
~) l1Ie role of Huneh in the detentin.tion of the IIi_sa in Foulio.g . 

1 
J 
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,-0 "N,'-'--""'''~''''''';'''"''''~'~'''''''''"''''''''''''\''''''''''£'',,", ~~"',~'<>..---",,~~ , •• ',~,.",' 7.., ',,,,",,",,,, """'"~"''''"/'''.f._,,_ '~"""";~.,." .'~J,>".,."",.~ , '. "tw-
f~" '~t 

f: Tabl.,S ~,epo~ts the Vet veishu (in IU••) , vith ~eference to the bio­

.... of. th~' en,tirelurface oft~plnd. Tfie ...al.u.es cif the'"ve'ights a.re 

\ .1,jo r.P9rt~4 in:.tbe M;alr_;illultratiaa 'the,dO.iu.11e cOnalnitiel on 
, ,

1v 
' 

th.lllilti-.mtk ,&neh, (ri,. r') .n..•• aUow UI to uke,an i_di.te 

COIIp.r!IOIlhc::....Dthe I,ud.«. of tbep.llel oecu'piedby thefoulillJ 

• ~t~ vat V!tJ,cht ~f theanit. 

" 
,TIt!! -.iDat1;oD,of, tbe·lIiIODttil,. _i,ht. 'd_natratu that the ,re.telt 

_ipt••er.-eb..,.t tbe ,differ.ntuped_ntd deptb. iii tlie IDntha 

fro.,lIarcb.to;Sapt....v ...... lftH atblYh,ttlaMnt va* al_y. vel'YI~ 
•carc•• Ja\fai::t.addiil, toptb.r,••U tbe.iIoatbly _i,bu obt.ined .t C1:'! 

tOftAl at cltff..n.it • .,W.tba total of US , is n.ehed~ tbb "du....,;; towr tlUalathat P\IOrt64 iIl.lll,. .a._tb at JaYeaaa(Aupae. l'CIl-A, 

flr.tlmt- 300 .,....1). GIlt.. thr.'--tb .....ta of the pl.tfCJl:a 

at Cri:ltOQl: thlt _l,bt "ala_ of t... fouU", r ...c"64 • illlxbiJia of, 106 , 

per .ad _ll••t: ...... t .. .ai...... 21100 ,/j«Dal. 'or tbe .u­,I _tb ....b. it .....t...t tI. •• tv9 int.rMdi.at.t.ftla tile ux__ 

.ec...ulacloa, Val' taaclMNi 'in t ... 'firat ".riod~ _Ue at t.. firat 1 .... e1 

I; 
, the llip.st wi,btl tift. illth ••cncI per.t64. '%11« "l1u•• at tIM fourtb 

1...1 of fOaU" _!allt .a IJ..U.r for Mila perioch. '!be',..1& ill ­

..rdclfor
,.' 

, .,.c..: ...... t ... .",.....t.at ,wL.ta .t the tWO iDteme4ia­.. , .. .,.. 

I 
tatncll.,.wbUe ~""""r ......1& .!IhI;Iw' ....11ybl'b w.l,bta at the 

, flr~t, th.... .l~t•.. 
...,.~.i... tlla illlil:ru'. eift.... f.-1.i... _lpt. thar••••11. inct..... in 

• 
, ,"i,~t ••.;thil.,.rf.od .•f .,..,1'lioe coati... at .U l ...la~ .Por e~le • 

if ...,.• c~i'.t: "~ .....,.. at t"', fint 1.".1 ;-erlacl 1ft Juna tADII" vhick 

r ...ll:llll,fot" f.~"'i.llltJ l",,&perioda' of" ti... the' f~ll~~icn~ ,i! 

cr"'~ va. ~'b"~ne4 (Pi,. il: tbelllll-llOQcll .. pual -I ,t ~ .tbre.-iiontb 

palUll .. 6 'l~.•,ix1ontbpu.l-U II ti\! lIille_tll panel"" 166., II

I• . t .... o~l', pauel,-St6". 

As alr...dy reported .'for cheplatfona .t "v.Dna, .•lso at Ct:'otou the fO!, 

I: 


-


lillg wight all a substra.tum immersed for a 10llg period of tise vas at;' , . 

V"1S' higher than the sum of veights reached in the corresponding sin­

gle IIOnth. or croups Of mOllths. Bearing in aiad the t.ducad totalaWII 

bel' of Kunala present .t Crotone, the ve,t foul.ia, .ei,ht',,,.. hltdl, ­

, influenceclby the•• bivalve•• 

The iaUuesiCe of the Kund. on .,.i,ht va.onlyai: t .. first laval for 

panels t-eraed for nine IDOtlth. or IIOre; in .,ari:.iCuhr, for the one­


year panel out of 816 ,r... of fouH",. 492 ",au _1'1 Md. up ofllia. ­


.ela (60.U). c&teuladul thea. value. in qlt.! tM foilc:ivin, t..lilt• 

are obtai_d: 6.S k".2 (foullq) 4.1 ke/': (....el.). 


3) n.e !rrrheat&A Se. 


Poulin, va. uained at tb., 1aadine .platfora(oil pi,. te~u.l)for I! 


,.r oUtUlbr. situated o(hhor. at the pen of Ga1Ioft.~ltedo. "'iter 

obt.iitl... appropdat. pbo1:D,raphie doc_catioe.....1•• wre Uba. 

Specifically tbey were lathered froll tl'lll ,triera oea ..riaee of.4O 


C1II, at "ari.,... claptha. u, to 34 _ •• 1...1 whicb, t:«:cordi. to th•.di­


ven, va. the l_at Uait fC!t' the pr.ance of 1Iia••eh. 

The fouliDc c~iti.. at vadou. l ...la .re d••cdbacl. vbil. all, the 

data conc.mina thl: MIl...b b eoU.ted in Tabl. 9 • 

- JAvel 0 Ii - ..ar the .urf.c. (that i. the .r•• vbich iapartl, .ffe; 
ted "" tIM tw.). tha f_lina v.. characterized by, the d_Slnc. of Mu!,.el. (lOS9 individuals) of .ize. baeva_ 17 ,.ad 62 _ ift :ahe11 lenatb 

aad BaZarrwl fNlf'/o:ratutt •. Otber or'anin., wre r.ther.carc•• 

- JAvel -5 • - 1fU••e:l••Ull repr.",Dt.d ,be'bia••t hutioll with 434 
, , . . ,.'-,'.' " 

ladi"iduah of .b.. froll U to 78 CIl'. Other dU4ll'tiGtoqaDi_ .tao 

ap,ur.d. i. particular, the,.,.re a.rnad•• (, •. ptd.tara~ aadB, 'Qo£ 
,~), Il'YO~Oaft. (Sc~tl4.C.t~. A.i.a)~11Jdroid. (~

" ' ... ' - - . - .. 

'~), ~rp'ulid. (in p.rtieul~r Sa~ftC). A.cidiana (St;.~ pt~. .", . .' . " . , . 

ta), red ;.lg.e (alao eIlcru.ted), various Decapod. Cru.tac••D. (~t­

lam. Pi~. ~t1l"'1l'-),. sponge. and Bivalves (A?ton:ia all4 OetNa) • 
.. ' .- '".~: :. 

http:the,.,.re
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.. i.Rei'''ll .. ':- Ttlili ~..ds~re e( l,rler sizes (23-101 mill in length) 
" ":,' ." '., ", '. '/ . . .' 

."etl thOugh in reduced ft1QIIbers (34 itldividuats). The epibiont orga­
: - • , ~. :: ' • Ii: • . • ' , • 

n1_ vere_U davelilP":lUId IMre repH,ent.ed allpve aU by the two 

'pecluof laraac1~•• ,_ Serpulid. (~Za). colonial Asci.disna (B!!. 
er,ttua and ~.). Spotl&!I., livd... (O,t:N/Z). At this 1."e1 Sea .. .,',"'.' ';,' '" 

-Anaione (.Hp~Ha aiapiic:m) belall to .ppear ';"ole numbers increased 

Vi t,b depth.. 

. .;. ·L...el .,.310 ... ttie ccM.uBity vaa .uch·r.rer: Zl 1fIa...eh vere pre.ent 

in .iz.~tTotiI7 to 101 _. III aU probability they had ailrated dow . . 

after hulul.ethad: at up,.r \l••&1a. larnad••• Aed.l1ien•• Spoale•• 

Sillrplililili (~. ~Za:. PDIIa~.) al!d Hydroid. v.r. atill 

_l1"'i'."e~t•••ItI:"~.If.qiY!l" {Oirtr.z~~· aad Area) aM .e.-urchiaa 

(~.ti:lliiUi) .. ~l~ ....1... 
tii.~i•• ta~ft ftlillltlM ,1atfo'l'll'~ that tlMlfIa•••h at tide 1. 
'. 	 ". ­

..1 ilt on. tul' t.achH a ....l ... ll1i.lth·of62.-: neu if 37.5% of the 
, . 

Popub.cioo .dOllled cO the chlrd ct... (fro. 20 to 30 .. ill hiaatb). 

the ......1 .iltH....t ...ida ru~1li!4 26q;/.J. at th•.•urface, diailli ­

..... vlt& 41i11ptll~ ••i.e..nry of brae iMiYiduala ...1.., 5 ..t.r. vas
'. . 

cOl1lle.t.if to the fact tisattllere bad bHti DO periMieal cleanilll oper!. 


tioU ot'th 'letlonl. 


All o,poi~lty colla.... aceea. u. ..witf.Oaal data allout fouHoi ia tb. 


(iaudails"· ptilMat" iuelf fttb a ..teo-ocunOlrapbic buoy of the 


.ed•• ODAS. (Oc'UOlra,ld.e Data -Ac:l1uhition Sy.t..). Thil'enabled u. to 


reliaeer-* .i~tHt'; .eCuliilttatioli ofllUu.la "'11 at a cooaiderable di­


.taDd ·t~,t;~:"~t. 


TIi.obAS ..rtital~ '''' •• u-r.adby the Iatituc:o p.rtiAuto.adO"" 


a'......~.4.1 Clfi4f~.. uiSe,c"'~r 1980aociitr"illedin the II! 


'. 	 aieiOIl. 43·38'011" i ..dtude 109"'3'04" loniitu.de ! at l04b frCa the 


c~~n vhere the .ater ~4 a411iptb ot.SOOMt'r. Until :rul1ZS~ 1983.' 


Oa that d&t~it v~~tran~feh.C!·i:oth. p<,aitioa4l"U'.O'7" latitude. 


I , 
and 09'06'06" longitude E at 63 \an frollIthe coast were the vater' had 

a depth of 1000 met.en. The hull .of the buoy v .. not cleaned in any way 

at. this occ••ion. I 
In October. 1986 the buoy va. taken avayfor repaira. t~d into tbe 

Port of Genoa and put in dry-dock to be ·clean.d.,Weuke referencehe"­

re to a aeries of obaervationa reported ill' CrUda and PiattetH (1.987). I 
When tbe buoy va, put into dry-dock it va•. poa'ihle to obaerve tbe pr~ 

.ellce of Hu••el. veishins about 600 k.... thi. tepre.enta a .alue· lo­

ver thaa tbe. real one becauile duda, the 111101.· period that the buoy I 
ve. in poaitiou••_ ....1& vere occaaiouU, takea avay frO. the .u!. 

face. the Mu..ela were concentrat.d on the two oppa.ja, face. of the. Ihull of the bUG)' ill .. 1IIIOre or. 1... uaifora III'a)' h4 deere••edvith depth 

up to iIO ..tera. 

Oa the .tailll••• ateel _dill cabli11 vIIicb ..... it-ter of 15 _ the IHua••la bad forud a c~ct ale... arOUllll tM cable of _re ·.thaa 30 .ca 

ia lii_t.r. th...xi_ .iz. reacbed b)' the.••••.h Val 10 c •. ill ...1­

v. leoctb• I 
COlICLUSIOtl 

The data collected ,howed the UDdi.putod role of 1fIa•••l.·111 the foraa­

clOG of foullol 012 tbe offshore .tructure. euaiae4 ia' the thre. Ita­ I 
lisa Sea•• at 1e..t ill tbe fir.t 10 a of depth. lnarther.... th. u.­
partance of Mu••el. a••uaed • differeDt character i. r.1atioll to the .~ 

trophic nata of th._ten. In fact, i. tb. Mrf.ai:f.cHll*..la fo.,. the J 
larl.at bi_.. (Up to 96.6 ki/aZ) and.how tlilO1:erapld &rovth ( ••• ta 

.'. ­
ble 10) siliC.· the _cer•.of t~ alddl. Nll'idic'velilore dllllar" to 

tho.. of the port. 'or' tM .brackish. 

• 
~ 

At "YeGoa the ....la ahov tw period. of letcleMltt over the period 

of.a ,.ar; the fi~.t .ad by far the so.tiaportallt·i. in the Sprinl-SU! 

aer period. reachillS a ..xu.. ill June aadtbe .ecoed is ia Aut~ with 

a'peak ill November-December. the "u••el. prove to be domdnallt after three 

• 
~ 
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or 	four..onthScO'A the ·,-h· iil.erlld ill Hay 'aM aftar six mo.ntks on tho 

se i.'leried: in Oc.t.o&Ier.. 1(. the ',It;ItJth of tillie that the .ubstratum is e!!; 

pos.d iacn..... th.r. i. aho aft' , increau' io't1Ie accuilulation of fouling 

and in particular of tbe 1tJ...h,. afICI I:h.. of."t". wilht. in lenerd, 0­

lie can .a,.thet the .her••~ the. -llht of tu ••••la .xprelled as, a 

p.reenta,e of the total Mi.Sht of fo.lil'l r.i-t.. lIirectl,. to the b ... 

..t.iont_ aad i....r ••ly to tM lI.pth (t...·MX~ of about 1 aeter). 

it h .at. to.a,. that ia ooe ,.ear the acc_latlon .f tiI...l. ona ain . '. ". 	 . ­
,Ie ,tatlot:. (J;Wt'W to the calcu1ati.. of 20 alrel.n witb a di_tar 

Qf 10 C1il.lID4 10 Mt.ra of 4epth, ... aiDt cOtlai4eria. tile b_) ill of 

about 50 COlli. 

'inaU,.••~ ••UMt. for .U tM ItNCtlirU uu4 fortbe extra.!; 

tin of liaturd p. off t.M cout at tave_(,ronW.,. about 360 lir ­

4ar. vitt. en aft.,a.. ~i_ter ,of 10 at) lucl. lIIIe to ..,po.e that in ~ 

ae JUr.there f.a .. K_lati_ of about too tou (II (ipre which !=ao 

ool,..e anapp~d_) •.Att'" tWe of ... "March. thh ellOl"IIOU. 

.... of tiI...Ia ... r_od _I,. .,. ..hen no .craped tM .udace. 


and tbea, tl!.rev tl. ...e1l back lato the ... vith M'tiou. envb:o_ntal 


c~.eqllAlDe." 'Ibef' a" _ colle.;t.. aM·,..t .. h tile ....kat vith co!, 


.iderabl. 'ailO ec~C)&d...tal.' 


At Ctotol.,tlMperi...f .attlal4il1lt and of antateat 1l'GWt:h of tiI..e1a 


iii SpriG, ..... e.tUK<I 11 r..chedafter .... _t.... 4epandilll 00 the 


__nt of faMi.,lii"',ef i:1I.i .ultnrati.It b .......ver. Haited to the 


Urn: 8·],0'Mter. of "'th. 


IOtb io t" IcnaU. ... all the 1Ip'Jt(Ir part of tlIe 'lJ'rtMQiaa Sea (CUlf 


of.ceticNiltt "':pos.i1.1.·'to rea.eh .tal:l&!: ac~latiOn•.•uch a. thci.e 

" .. ," " 'C,' ".' • 

fouad at ~ tNt. t.be ,.dod of ti. _ ....ry ia wuch lOOler. 
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, .IBS'.f1tAc'i'. 

•.• ,..".A>p~Ui.j.• a.scrlbed·wh.re.,y .lIi-4 al41a1/ 
bacterid biofil_ can he· Constna~4 .in the' laboratory.
'rheY"·areiried to·.hoW hOw cell"'cell inte.raction can l;Ie 
aeasul'i!I4'ln terM o~ ,in dtu bacteri~l filII growth at the 

. eXpen..of&l9al phOtoiynt.be.la ~ Artitact. 'are. docwaented 
• ri.in41~aa ,hault, of .haJ::Y..tin9biofU.. frotl aurface. 
·bef~.et.bOUc':_.u_6t•..•r~f ..4e. Sugge.tiona how 
abed UlU ell, be ned to enbance biofouUDgl'••earch.ue

'.. ,bIClu4e4,.. '.' , ".. " . 
.. -'..'" 


'". .. 


~ICM 

lSiofilllii,anC:ol1ectio.. of o~9""i'" alld their 

~oducta'.t Uquic!..:.olic! iat.l'f.cea~ It i.t.he fOJ:1ilation 

ot this eoberut lllll _ tile .~r.ce of ..p..... equiplMlnt 

that herald. tbe.equls--t 1 ••U~eqUeftt decay in 

- ~'fon.UCti.'ihl. cubeattributed -{ar,.lito·the fact 

that' .ui-f.ce;;.••'OCl.t.ctlft4ivi4uai~n. clo 'ft()t .chanve the 

enVito'-ril: at:ttill "sUtface wh.r".ttMprea.lKi. ~f • 

.eohererit'fli~(itCf4"'~:,.iacet~r~.is '4iffua1OM~" 
t"iitil~·:~la.t*"'.''''lofb••i14 be~_n. tbebic)f1laand 

the bulk ,~••>jlth.il·;bibfU•• ar~ pro~lYt~DMid 
. ,.~: : .. 

'''" 

I. 


~icroenvironmEmts, and as such, their study presents us 


with specific probiems. 


~iofi111\8 are ubiquitous on wetted Burfaces, and where 

those surfaces ar. illuainated, phototropbs a. ~ll a. 

heterotrophs are foullel~ In t.hese c!l:'OUllstaDcU,' often the 

..jor coaaponent of the 1>10111l.. is ellat.0IU (1, 2) ~ .BiolU .. 

appear to be particularly .ace.s.ful in illhospit4ble, and 

e.pecially ciligotrophic, environaents. It hprobably 
. . . 

their aptMarent suece•• lD~uch oircuutances, t0getber 
. ' . 

with tbeprobl_. they Cause, that ha.s lead to a 
. . . 

coasiderable nUliber of~r.tiy. .twliu ccmOlrlllil9the 

relative _tabellc actiVities of odla 011 surface. aa4 
ai.Uar populaUoas J.ia .u.pension (I) • 

. '." 

MoiIt of the early .tudi...· u ••ct natural aftc! 


uncontrolled aixtuea of orvani... (3,4). r.ter, wbeD 


probl"'''re realized concerning- interpretAltioa of 


r"ult.~ithunreproducibJ.e population. in' .dxeclfU.., 


r ••earchers .~ to the use of pure cultur•••· . >Ia' lIlOdel 


ay.tea, there h no doubt that axenic culture....re 

extre1llely useful, but_tur. 'rarely .xht.a. a pate 

cultur.. Stu4i•• with .uch cUlture••h ••.r~ltt:i"iY 
, iIiipOrtanthcet of 'l:beilliietabOUc ojer.lHCill oft;he;blOfll11 
i.e. the potential fOrlnt~actionbe~t.".llk4! and unlike 

or9ani..... Althouqh it is veU";'known thiltplanitt.onic 

" 

http:earch.ue
http:phOtoiynt.be.la


,.~ 
organi_. are' capable of interaction (5.').~ittle bas.. 	 bi,enpublishe4unUl recently on th~ PQtential for 

" " 
or!la"b~r,aftis. interactions witbin fU... This is 

1.r9~ly' bec'lI.u~e-of tbe diffiCtllty in s-.pUng sl,lOb fil... 

it R6t't~~ 4bcou~a!led by thb, ...,.ral wor.kere scraped 

II 
" 	 . 

.. ; c.h.f~ .urflc.s, hoIIogenbed the resultant suspension .. 	 ~~4 alledit.Mate, perfora replicated experi.enta (7,8'. 

'tIb.tMit- the reaults cont&ia~ artifacta vhen. obtained in 

these tDe. of experiJllent. cou14 not be a••••,ed. "~. 
~. 	 ~'. :lnriatiqate the potential for iJ)teraction between 

oxvani_ on surfaces, _ba" atta~ axenic.lJI .. 
 het.~c: bacterial an4 pbotOGutotropbic 4iatOll cells 


to aurfac.•••pentely anet in known ratiOllali4 ...sured11 
.th. abiU.t~of the 	bacterial e.lls to incorporat4F 3a­li .. 
 thya14ine into DBA .a a ....ure of tbeir~t.ntial for 


cell illYi.iOll. 1.1.0, CGIIp&red here are the in situ 38­
~ 

tbyaidine inCorporation r.t•• lor cell. in biofil_1l an4 in
liJ 

.uapension. of cell. _d. directly frca tho.e fila.;g 
lJ 	 ~ ,it Microbial. eetx-, 

.' .~,. ...,' 

_«Ita.!;~MJ?bora 	coffea.'omb ."•. 9l'9t1Dat,lC10 
,', .' ,'-,: ~ :f>:':' , :::,':' ,<,- \\.~. ": " '.' ". - .11 	 Bill.t.iali ....2.iJc...1, in ASP-2aediua ilgeUUe4 to contain . ',' -', .. -, .' ., .": . ,- ' . 

'I 	
~ 

;t.. 
it 

-I
1 .. 
t , 
'~;;.. 

'~S:;~;':>'. '.- ~l~,\i..",,\,·" 

i', 

I 

0.2SmM Ca (9). The _rinebaateiium,Vibrio' 

proteolyticus, (10) was grown in the same ASP-2 mediu. 

supplemented with 0.033' (w/v) f.aat extract and 0.17' 

(w/v) peptone (11). 

Attachment of Cell. 	to Substrata 
t. 

Alaphoz:a were a4484 to at:e:tile polyaty~epetri 

disb.a in a suspen.ion containing 1-2 x 106 ceUa .. ,The 

calc1wa concentration ot the Mdiu__s .1llcrease4to 

2.5 11M (12) an4 the cell••UOwed to attachfor4~~ ,~~ 

eU,tOll fil. _.'r~ tvicevith 10 al -aia to r~e. 	 .~ 

unattacbed cells. 	 '!'be V&!?r!o va. v..bed by centrifugation 

an4 re.uspende4 inASP-2 ~itlll before beiftg attache4to .', 

petri 4!abes in .' .bailer lUlIlIler to the 4iatc.ll.. .' The 

procedure i. a~i••4ih Fig. 1. 

thymidine Incorporatio~ 

The incorporation of 3S-tbyai4ille into bacterial DM· 

(13) va.u.ed •• an .1li4icator of .bacterial ,rovtb•. 

DetaU. 'of the procedure for atta~be4 .ceU. have been 

published (11). tn.cae,cas.a, the;radioac:tlvity in. 

attacbed a1q~l/bac~.r1a1ii11XtQre. "'., Bot'~~, and 
", ': ... ,,' ,'.- ' ­" 

instea4.the fil.. were radioautograp~;Jl.~~9.~ 

procedl#6' d••cribed 'by Brock·.net· Brock (i 4", after 

http:Brock�.net
http:4iatc.ll


IItaiRing' with the:l)lfA-specif1c .t~in Hoechst 33258 (15). 

'l'hestein al1~:cl,l:;lactl!rJ;i'tobecounted under 

epf.!l-\\Ore8«:ent ,ii1.•inatioD arid an a..e...ent of the:.. . :-, - .. - ~ . 

degree to. which, a#-l"'J"grains'in ·ttl. radioautography 

exped-.nt. wen, ••soCiateil! with'diat.. nuclei. 
• • • - ~ ~ -.' ,'. " -'. <. -, 

. lIiI.nestbgthe Att&c~ rilU ana SubseqUent experiiaente 

O.iDCJ.· 3S.,.t;hpl'Ufte·.·· IncorporatiOn 

..Ii~fll" were.ham.tee! by .craplnq the sUrface of 

tJiepetrl4i.bea tllntly·witb. .:teri1. rQbbet poUceun. 

'!'tIe ~et4.che4cel1s.re."liakeD·11l·ASP-2 llledl_ c:ODtaining 

O~25ilMcaUcttnD.fern4 to 91••••1.1. where tbeYVerfl 

lacabai:edf~' .lOal_teawitil 3.-tb;.J.din. «fiDa1 

cC:IllcUtr.UOIl;wa 20aM) .a 4ellCl'ibeC1predouaIy (IU.· 

Itl§OLft 

ri~'~'hoIInI 'tlillt t ....~9•• or bact.ri••lone took 

lip Utthl Jd"".tbyal41ne.lnto' the eo14 triChloracetic acid 

in~luble fraction of' the cell. '!'tIi. fraction' is 

conde!e~ to belal"f'll, 11M (ll,. . WIlen ali attached 

bacter.1al-.1gd· .i2t.Urewaa1.eabatect with 3s:"t:hylaJ.dlne, 

COIlaicler.bl., lIib6hbrt ;Of the' fil. '., took place," 'In .fact, 

the. totat t~r:attlol'l)."a aeyeral fold greater for the 

ainu!' ,t;b.!lJltor'th... of ;tlNlt· taken up by the' 

,~~----,.-~ 

individual films. Radioautography of the radiol.belled 

films showed that the radioactivity haa aUoc:i.attld only 

with bacteria. No 1abellin9 of the diatOll nuclei w•• 

seen. 'l'hi8 obaervstion was facilitated by he bright blue 

fluore.cence of the nuclei when viewed alcroilcop:lcaily 

with co.bined pha•• contrast and epifluore.cent· 

illumination. Note that as the algal fU. proHfera~ 

(16 to 70 boar." there vas an iocreaiee! rate of 

incorporation of 3S-thym1cUne into the bacterial .~ll•• 

'l'abie 1 further dOCUll!lftt. the depend~ceof bacterial 

thYlllidine Incorporat1cnt on the a19al lDetaboU... a.Del 

abundance. llhere the fU.. were LrtCUl:lated 1D the dark. 

the alga. cUd not 9row and neither did the bactUla Ccf 

line. 2 and 3, 'l'ab1e 1'. 

:rigure 2 repre.ent. an experi~t.1a11&r to. that. 

pre.ented in Pigure I, but here the incorporation of 311_ 

thyaidine by intact and disrupted fU•••• cQillplZ;ed. 

Except in, the case of t.he algae, ceU. frc:ia. thtHl~arupted 

filII incorporated" to 5 time_ Iaore thYJlle!ine than ce1~. 

ill • fil..When thea. figures are Converted tc, .pot_Uel 

bacteri.lcell grOwtb«'l'able 2), u.la9 'U.~D••tllion, 
. -. . . ,". . " ~-'. ,: ...<.:' ,': -:: -, ,. 

factors fa'fOted byl'uhrllah alid'Aau «UJ;the artifact 

caused bythe~brUPuo~of tite biO'fli..1ahlghli9ht~. 
In each case, disruption of the' filill eau••elf.n' ihcruae in 
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~, I:. It .. 
" the predicted bactedar growth r.te~ By .icroscopical "I) , ; e,w.Lnati()D. diStupted 'fuaisC:bhtaiiled. barely 'detectable 

leYel "~' c!uIit~ed'e'.li•. 
if 
~ DISCUSSIOR' ' 

" 
~ , Sloffl •• i.1 l\lltaA' .re vbJ.blY -patchy- when eXUined 

. . . . . '. 

Idcro.copiClill1y'.ndare thalli dlifieult: to ·•..pl. ina 
, , 

~ replicat.e1ldber." h....hoW tbatto relllOft • large
II " ana.offllalind il..thii'.. a .ourc~ of experlMnta1 

;.l 'aoiltetiill !'f~tepli~t.expatillent.cau... co,.iI1derable 

II artif.ct.. In oar 'Upe:d,MllOU,.ulflcieot or_ie carbon 

II ... niea~:lN.<ba'~t.rillllor ':1~alcitU:. when they were 

~ .craPl!4cjUtll' fbrM ••Uiff.ce to .upport it f1".fold 

II iner'e... 111 'bact.rlil grOwtb in the .baei.\ceof other 'added 

j nutrieut....•• conel..lon. are bued on the, finding 

that tlliil 3i"'thytll1dlft.t labelIi oollDM al",ificantly inJ 
t .....e.,.ct'.rl.d"~ the UPtake of t.dioactivltyby therJ 
cU.atCllilli .tii'jhO¥a "tit'=:0 .,. a'sOCi.t~vith thenueleu. ofJ 
the celt ••• Ill,fiactftOt .tatietic.Uy ~Uff.r.nt frOat . . . \' .., . '. . . .~ 

j fonaUn-kli.l"con~l cell•• , 1'he" i"cr.... iD,bacterial 

II 9rowthraUa .• 1. 'the '!lbauce of. ac!ded 'nutrient. ~tiin the 
o _,:·.-: •..';).~:::.",,~~<'1:~:~)'';''-':':: "':"':" ":.:.:',), " "." ; .....~ t <.:, " . ~ ..-'. ", . ", 

pr.~ce of'; 41at.cilill 'wu' CClndderable. 'After ,3~boar., 

blacted.f)~iii'~~e grOwing U':fold·faatei-inthe. 

~ 
• 1. ~. r '. .~;.. • • ". . - '.. '. ..,' •• ..iI 

pruenee ofdi.i.... ttw.ft in t,h.ir abaeace_ .~ia~ 

i 
.,," 

fI' 

rf 

•
j 

e.
1IIi:it);,"-

emphasizes the degree 6f interaction between the 

heterotrophic bacteriulII and the autotrophio' diatom., In 
these filllS, the ,ratio of bacteriil:diatOlllIl wiui 4011',80 

the influence of cU.toiu on ,the overall enern budget of 

the fila was ~onsider.ble. It .ppe.r. therefore, that in 

.n illumin.ted .ndoligotrophlc aitu.tion, di.t:oa 

photo.yntheal.' and subsequent rele... of ,photosynthetic 

product. to the extr.cellul.r .pace MY be Oile ,ol the ..t 

iIIportant factor. in the ecolOqical liileeeli. of t.hefUIi. 
, , 

!!'he two c~ent biofUa. "* h.ve de.crihed ~n·'be 

ulled •• .04e1ll for'r....rCh in the .na ofcell~ll 

interactiOn. in fixed fU... Pl'Oduce4 &Ii de.crlbedhere; 

the biofU_ repr••ent • cellular lIODolayer,.o t:hatt~y 

at.ic onl, -young- biofil.. i.e. fil.. up to apprOxiaately 

10 p.m. In thicker fU.. , where light penetr.tion ill 

reduced,diatc..a In the upper layen MY prOVide the 

electron dOnor. for sulf.te-reducing bacteria lower :in the 

f11a. 

!'here appear. to be noob'lriou. re.tdctioll,othfr 

than Phr.iologic.i, on the type oforgani... that: can be 

.ci:OIIIiIIodated into,. fi~. of thi•. tjp4t...or" instance, we , 

.ee no, raDOn wby a faeul~t1"ef.l'iIeJlti.a9C>i:PDi•• ,thoulct, 

not be incorporat~ int~ afUillt0get.her ,.ltb a:liu1f4tlt"; 
. "-.' 

reducing bacteri_. Such. cOn.6rt.i_cOuldbe used for 
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TABLE 1 	 Influence of A19alAbundance arid IllUllliriation on TABLE 2 Bacterial Growth in Intact and Disrupted
Qr()WtIlJ~~te,C;;f_,At~c~~ljIl.ct,eria. in Kl.,,~ (Algae Biofilms
and Bacteria) aiolH. C~nitie. 

COIIIIunity 	 Growth
'1'_B1all..84 XUCU&tion 'fotAIAlgal Moles of (g. carbon n-:-l " 10-8,
since. fOnl:l!lt.~~n CQnditi~. Cena/Dish '.fh:pldine . 
.of Biofili {ilia' IftCQrporated/ 

aacterial Intactl bacteria 2.8 "" 1.2
cell 

Intactt 	bacteria 5.6 • ·0.4 
and diatOlU 

l~ ligbt 1.0 x 10' 0., x 10..21 

32 ii~ht 2.4 ~ 106 4.2xl0-21 Diarupted: bacteria 12.2. 2.8 

.32 . ,~k 0."1 x 106 0.3x 10-2~ 
DiarutJtedr bacteria 27.5 iii 11.3 

:',1',70 1i9ht 7 • .tx 10' 17.0 x 10-21 and 4iatoq 

Ll9bt " •• ':7p,'BJ,:a.t.el.....- 2 .ec-1 from Cool white 
fluorescent lU1p11 . . 

1 Converted fr0ll!3S-tby.1dine incorpOratioD r~t" 
(Puhraan Ii Asa. (13), J.B.Paul, pers COlllll. hri-a, "1 
.tand.rd. deviation. FUms _reineubated u.nile" COIl.~t 
111aa1nation for 48h.before il4d!iionof20nM 38-,. . . 
thymidine. All fitNres Ittecorrected for the 'uptake

I 

I. ..a.ured in Foraaliri-killed control••. Incubations with 
radiolabelled compound~. termlnated'bY the additioD of 
a final concentration of 5\ rormalin•. 

.:." 
- ,< 

I,
; 
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. Lake Tlm••h 8S • hIT..... , .. tlie,emlerd (tubl worms) 


;.,.I1t~,'~~.,CI;J'" it~~"~:~'-'lClI., . 

. AF.A 6IitJb&¢i LIj~/1IIJg 1/IId.~1J$h~,,1I. .!.' 

.ZoqlogyDep~, f.Il!=Ultg Q(~lenc~ SUez ~nel Unlyersity. . 

'. .....'.,!,. . .... ..;~~STRAg ...... . .', 
·!?IIC. $el1l!i,I~!~ liv~:at la~~j;:J.msah.Jhelr ,0l1gln, a"d water quality 

hlftuenc~t~'i~,9Istrlbu~.qn In·lh'let'~!Mh14lf$,:¢'J"8J77PhIa~ H. tt!~I1S 
1I;e: IlIMB.ldantlll the lab bed the I"lter 0$ w~1I as Sp/~ Itttr6Cfl!l'lt! 
~Ine\!iri u.e",o'JP.C)Jluted_.~t"'ttI{I$ knmsslt the Red See 
'OI1ft.f41IS· tQ'~~Ytb!J, (."-,~Otl!t~h. .PIleol";' {SiI1'l/lIIC'lll1I1~ 
/l#llfltfmllit6fi£andJIJ1iIII (NNIdpJdl»Plnll~lIt4 01) the. other 
~Jlq~t; ltye."t 1".8 R,d~, .,,~lr'SO!llttemeppe~e· ceased at . 
thi ~.o(tIleJ.keT~~firif~eO(lhe w«ln1:ls. to certaIn 
hydrogrophl~ ~~s.~.j.U$lICfllg~dl;teU$SId. . 

;.. .' "'. . '. '" ·.Itt~9P~I:~ : .' " '., . . 
lektTlmsab.OUhough compnU.e'V. smelt In sortie. area (almost SO 

Km21. it contel~ dl(f....n,~1Wet~; .....1.U"'Jhl~ would he",.," '.Ueel,.on 
tbe~"'Uan of JH'gerilsmsbetwltR tile two big Sll$U1.dlterreneen end 
~' .) as.1t Ues. ne"g.tt'" .. mld!H. of th.• ~ez .Ctnet It Is 
~terlz,~, ~1mt!rtectsaUIlt stF'llUficatfan(Por.1976)nce1Ylng sotty 

. IJOltamwo.t.r ftom tflt -sovth (Bitter lllces) end diluted water frum the . 
. .Ntl' llnugh IsrnflioCenoI. wtilthsupplg the whol. Suez Co"al region by 

drinking' end. lri1goUon 'wot~-, 6ho.MsfIg. ,Shelabg entl Shane (1966) 
Ibser¥ed t'-t ttlelake contains dlrt...t Wiler quell\,es end, the 

. fIydrOgrephlc41~re~l~eppea:to lie ClUSI"Ilhos•.dffferenc:.s.. 

. ·RESULTS . 

fHU"DJlo'~P"Y'D[11Iti.E Hi ' '" ." " . "'. 

seffnty. ,sll1ec.,fin1Ptrt~Ptt_ .Otller, Peremete(S. IftQludlng 
.	difml~",Oxyge.t~tnd(COttf~>t....dtlJ et .fiv' 1.ocOUOfl efU!.leU 
(figure. I) wer.edit,rmifteddurt"ll,'1983 .. 196<l Tabl. I gives th.renge' of 
*ounltv~...,~~i: ci'ber'j;linrMtnlt>~ five toceUOft$dur.1njJ the f!~od of 
trrieSUgeUO!!.,/:y.; ...,. .:: .: ,.,' ';. ..."C:" . 

. Tabl. t: The.h~.CCOhdllkin'"of.the l~e:ctur1"11)96~~6~" 
':'" ~. ,,~" ~::: '., t:::, .... 

,.[OCaUun ,II 111* ,~V " .Y.,>, . 
Rongesof 
SoUnlty: 27.9-40.1' 27.3-39.8 26.85;,41:0. 27.3-39.8 ,26.7-36,4 
Temp,rt.ure 17.0,.30.0· 16.0~36.017.0~29:.0 ". f7.0':'30.0 16S-30.0" 
P}t.6}~':'8.40 •&_OS-lt308;,o-e:~ .... 8.1~6,308,10,.8.4S 
Turbidity ~~er ~ften tyroid turbh1 c1ellr .l;leer 

.. Tills I [If.:1'! h~fI n!~f'1;~~'''''J ~'rith ("fl.' 

.' 2 
Serpulolds ~( the loke·· 

The superfemlly Serpuloldeo Is represented In the leke Tlmsoh b\llWo 
families Serpulldae.and Splrorbfdlle ondsix speCies; ·1Igt/I:ii1t/8$fjlfiiir!tih6. 
H. elt>.glll1s., Spiro/lntl1cJtlls tetnceros., Pcm6tolelos ki1JlI$Sil" Pilett/drill 
(Simplicmll) pseudomflitoriscnd d61111t1lNettdeslospir)JI$tJ~lItli. 

Table Illlustrotes the distiibuUon of these serpulolds In the world as­
well liS In Egypticn marine localities. 

Species recorded World distribution Egyptian dlstrlbuUon 

( 	
A~lontlc.Paclflc.lndlen."ed. AIx.S;CenotRed Seo 

.....Hydroit/e$II/nmJP/1t1 . + .. + • 
H. eleglllt$ 1'. ' • .. .. • 

•.­
Spirolll'lllJ;::lt telr. • 1'. • .. .. • 

'PcmIlI"'ttil1$J:n/!l + ... . .. .. 
J6I1II11 pst!lldtJ, • • + • 

~ 

. ­ . ;--". 

PileolorlllJI$ttVda .. • , .. .. 
• present, - not reCorded. 

Otcurn.nce Clf the worms In the ,lake end In other eteu·; 
A- .HydroidtfS II/I1Jf11p/JIJ (North): Flgure·2shows tllet lftIS"speClesls 
abundent ot the southern locations (land II) end less common at the other 
Iocalfons. Its highest record was found In May 1984:at lOCation It '(1080 
wo""s/2 liters o.f foulfngllts greolesl settlement lOGIc pl.dHr'om f1erth ­
to June and the tube I.ngth retlched Its maximum wlut (7-10 em) In the 
same perl od: . 
e- l/ydnIiiMs ttl...,~(Hasw.U) : Ills exclusively the mostabUndontl. 
Worm In the lake (GhobHhy lind £1 Komy, 1961e) .OS well as In other 
£gypl1on waters. (GhQbasby. I964k.Flgure 3.Showsthlt Its OCCUmncIWIS 
particularly gr:eot It locatlo.AS '1.11& 1U.~t 10000 worms/2lIlers of 
fouling were collected C!t .the IOCaltonU tn AprU 1984.-"AlthoUgh very 
common In Medlterronean, 1.1 hos not been nconled before tn thi RedSeo.. 
Ghobashy lind EI Komy (1961 btfouhd lheisp.elesdecreosltlg sOuthernly 
olong the SUez Canel. ,,' ~...: . . ­
C- Spil"ll/Jntlt:lir tttt~~(stimordo) : Although ptaenthl- al1lacoUons 
but the cot.c~.wos ,always SI'l1JfII.Ukefltt(~\'c:tl:'Jy(fwelFemorlc'd 
reslstente to 011 pollution end Its OPPlClflll!lC8 Jrt-toCat,to~i(UJ)WIS .. 
remarkable(Flgure4)')ttsG:Ommo!lln.Red.:S!'O?'<f!t~el;;(J9,"J.i.'F~I. 1,933; 
Flshelsol)•. 1~9.HovEl. 1970 and MohG~ed.A971~~$lct iJtr.~::(julf {pons, 
1926) • btJt .0P1'eren~Iy.falle~ ~Qinvode ...f1l!cllt~"'~ ~Cf,only ~ix.·. 
speCimens were found eltcch~~.toshlps" .ton..-niJ\g .fnffll· thelndOl'tictnc. 
through S~.z CO"ot(Zi~wil.\s.J91P); ··c '. " :",: ..;.;,,~,. .... • 

0- pottiQ(O/I!it1S . 'ls.siI(Ba ired) : Rllm tn,aHJocttlons:Wh!le ::66tw~s ... , 
were round inlt, "j" r, 33sDecl~)p.~s wer~ c:ollected from the other 

http:locatlo.AS
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• parts Of (he 	leke during the ""'It piriGd' of the stUdy.' Hot· reCorded In 

• l1edtl~!I!'I.. ',,;" '. .' 
E- ~,""!!D!IfJ.X~l!$p,Ir#>~II(~ (8Qsh).;New record In . the 

• 	
3 

EgypUIIl Vt'~te~~:AU t~J¥,..,,-m,s'<3C),,~clmtl's) or;peored llmongthefoullng 
of locatiOn 1,C;IQarIYllo~.yet'~$,t$US~_d Il'!.the lake. . . 
F- Pileoittrillt'5i.lTIfJllcllri6) psellilol11l1illlrls (Thit1ot-QulevreUld : OVer . 
14000wonns w'ere,c91Iect~d. ~"'~ oU -Iocallons(f~gure 5).'WIdespread In 
the world. -. 	 . 

:,' .". ' . 

Intlu.e,!lte{o(hgcJr09l!Q,ltIr:: .,llue,on IODrm. dill.rtllutlon : 
To compere bet\¥~enltie five loclltlons tnvesttgated In respect to the 

ClUantlt!{ ~f e,~c~ ~,i;les>:COtlSldertng lhe cit ff.renlbp'OgrophlC affinities 
· of theleke; soltnfty temperature IIItd pH. the statistic method elfopted wes.. 

the two *•.onoly515;O( ylJienn (AHOY...'. The .lgrUtlcant rongevalue was'. 
It 	 obtal1ledtrot'll tfj'e D~ncen's toble Iccordlng to the degree of freedom of the 

error rind the:slgnlflcnntlevel tllklng In cOnsideration the number of meons . 
InclUding In .thecomperisOR 01tht nng, teslThe Daneen·s veluewas•j compared wl,t.h .~olilte dlfferente end If the difference wM.equal or 
hIgher thOn trteYOlue. the d1ffererice·becomes Significant

;(t The analysis 0' the dotoolltolned 'or the relation between velues end N. . 
iIi~ counts thowect thctt there Is • slgnlfl.centdlfferentl betweenf 
the',number of ttewoi'ms In {"'locations: I&. ttl, II&: III nil &. iv (Table

i '2). . 

fj 
Ttblt2:.Dlstt1In1Uon ofN.~wllllAJiltCt t..,UnftV"llue.

iJ 
fNrnIttr,.f t.. w.......... the 1tcet11M.
lJ 

Wlftltl I .' . 111.1/ . , IV . v· Ttlil. t1tIfI 
lJ r1IIteS 

2.5- 600 '920 320 21110· 27.., ..s.i9.6lJ 30- 805 .; t4!JO 272 12t800 2~7 ~.4 
;jJ 1922,' '. 2144 . 160; '112 618 :5656 . :1131.2, "­..,~~ Q' 0 0 .' 3() ... 0: .'30· '6
Ef Tltol ,'33'21' ~,,;7$2 ...~. 2c2.<Jie It" i2382.2 
~ I1eIn 831.7 113& ,It& 2<47.5 5,",.5,2977.7 

~ The _1y$fs,sl1CrNtd~t t....ittft' ..... 3S..a,t,'thernostttiVCJiJref 
..... (or.the~sett1erneijtllMs "cle'>·iJ 

CGn,lder1rif U.'inftuentei;:,t~"'C"HhetHstt1butlen en..., iorne
lit · spedes. slml1ot"itettSt;ltetiNtVSls ;.remJ'lttit2$:-3ift IS the ,'tieing 
~.." renge for th~WOmttoflensh: .Neveri'-less,· ·""hls. no' slgnfflcont
0" 

Influ'l'ICeontN,·dtslt1bUtion.f (",worm tn lhelite," . 
ltt Regctding N. e/~Mswhlch Is thriving In the',ilce:crld In pcrtlcuUidn,ol1 

pOtlut~d -Iocotlon'om; tlibfe3 the dislrtbuUon:of ttll's species with8 · resp~d to setinHN '. 	 . 
8 
e 
~.."" 

.' 4 ~ 
TObIe 3: Dlslt1butlon of·.H. eleglll1SWlth re$~ect tosollnltyvclues. 

Number of the worms In the lotaltons '1Salinity 	 1/1111 IV V TololMeen . 
nmges 

25- 1240 2960 14080 160' 6360 26800 5760 

30- 12345 17740 19541 3360 6080 61066 12113:2 
 J35- 8340 25320 11760 i 1242 . 13495 70157 14031:4 
40-45 0 0 . 0 1745 0 1745 .. 349 
Total 21925 50020 45361 16507 27935161766 32353 
l1ean . 5481.2512505 11345.254126:75 6983 40M2 J 

The enolysts showedthes!gnlfltont preference 0; the tin poltuted 

locaUon (Ill) end clearly the specIes preferred the salinity range 35-40 r. 
 'IIt was elso found thllt the temperature range 25-30 CWGS signIficantly 

favoured to the wonns to flouriSh. However, no Influence for pH on the 

cltstt1buUon of the wonn In the lake w65 Indicated. 
 I 

ITobie 4: Dlstt1butlon of ~/~wlth respect tosaltl'llty values. 

Humber of the worms In the locations. 
Sal1nfty I II 111 IV V Totel l1eon I 
ronges 
25- 0 5 75 6 <4 90 18 
30- 13 10 24 4 10 61 12.2 

35- 6 16 40 44 25 131 . 26.2 
 I 
<40-<45 0 0 0 0 0 0 0 

56.<4Totll 19 31 139 54 ~9 282 

tie", 4.75 7.75 34.75 13.5 9.75 70.5 
 I 

The deta emphslzed the preference of thIs form to ,.W'llltc:ottOn(fH) . 
but no soUntt, range wasslgnlflCIint1y preferrd; Simllerlyneltl'lei'o, the 
temperat"" no pH has an effect 'on tile dlstt1buUon of thls,etles In Ute 1Timsah. . .,'. 

The same treatment wes opplled for- PMiIIittltt/ti$ WhlclJ sttlted ,cft.ly . 
but nearly lolelyln locaUon (1) .end no hydrograpltfc pnmtun shOWed 
any Inf1~ce on the dlstrtbutlon of the species lnthe like; '., 
The remening two species were either too scarce (JtIhuIIltIr CiUtteflitrly 
dlstt1buted Inttie whole loke. . 

DISCUSSION 

Despite Its smcll cree lcke Timsllh embriicesdifferent water.bodfes; the 
Willer lit the south Is more or less higher in selinily and lower il'lpH thon 
of the North, This in fi'ffect !los controller:! th~ distrif>'ll ion of serpuloid 
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tltf'i1Ct!n.t1/5 proved to be Indicators for the otl polluted water. Jl dil7l/11p/M 
prefe~ lQcaHons I & 11 (at the South) becOllSe of their higher $alln1t~ 
over .tile othen;;PomatolelOs, (he Red See form pnlCtfcolly restricted Its~ 

. settlementta the southern ,art of the lal<~. Genera,Jlyspeoking ,the 
" Medltemmeon. ondRedSeaspecles succeeded to reoch the lake but somet falleclto cross It to, t~e oppostte sfde of the canal. 1(. Ileg""!f lhe most 
I .' abundant fouling organisms In Egyptian Medlterronean herbours(Ghobashy, 
.. 196<4) and In lake Tfmsah, Isnn In the southern pert of tbe Suez Canal 
;, (~Ind EI ·Kom!J>t96l). For ootnown reasons, Jl tlirtl/11fJll6 did not,. 
I. appear In the Red Sea despIte Its success to reach the southern part of the 
.. l~e. $Il'/'itlarly .$Ii~lIndlmMtol'iS$'fai1ed to be estllbllshed In 
., ~tt~neanendlri the nortbem pert of the cenet . 
[ n,ese flndlngsmU$~(' thellal:eTlmsah worts as a barrier for 
., . mtjnlllcinthe SetpuIOI~.'Ohgthe .suez CIh01. 
;, 'Por (t978)clllmed lhlt foulingorganlSiM moved te the western seas 
.::. . juSt enshl" arid d.ld not tllMldart"m emongthe tessepslan migrants. 

,• '. • One. ..~...... '.'es..k.~ 'It .'. serpulolds Which can. not cross the lake.. hi.t ~llhes. 
: TfmSeil wthe other tide Of the SUez Cenel desptle of tremenous nurilber of 
, shiPS.'..ling mrydey 8fOnothe clne1 and from one world hemisphere to 

the ot". Ills thUs difficUlt to accept that. fOUllng GrgGnISms migrate~ .only tnsuthe pasSive way~ 1 •. on ships end Ignor1ng the role of their free 
~ moving I,",,, ftlr their ctlnemtnlUon. 
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 'rIl" bj.oro.xl"~,,u...il th.t!dal .01l.Ot concr.te· ,111111& 

'or p1i1r at n_ft ••r. .\dh... '120' .peo1•• we" foud.. .tbe .,'ecs... 


I 
111~"". ~~~p.r tt...l sOn. to1..,.r Udal. lOa•• 'fIl. ~ 4folll1llN1t 
..,.01•• 111.~ tll.1· __ h JIIu;!@1a with_1 ....i ~II .s.lld1~ ud­
al. lOll. 1'-'oni'M e...t .. '!'her..... "ar10uli .,.ote~ b.lovu U4lLl , ~ . lOll,. !'h.Id....t reoe'" or v.t_1pt 1. 10.3 t,p",2 ~ 'file w.tve1pt 


111.s.441~. '\idai 10•• 1i1 ·thillreat..t &Dt that~1I ~r tt4al SOli' 


lith. uatit •• t.· 'fti4ili1etOllllllC .~u•• o. tha ",111111& .oaa b. 


pllera,117Ili-n,d'" in'oti.....rUc&l41riri~t.10••~~iI. '!'h. cllu.:r: 


..-...s.tl•. 8D1l to '.l1l1I11Ci. re1aUft17ltalt1e, _t.p.ct.. RCCe­


~... 	 '.1011.••\ill ed.t .dlarilic iat'l7.m ad 1."ra....0fIiJ. SuC?h.uooe.­
_iou ,rOtl ~Il' ap~t fr'IIIIi~pp.~u"l .... to low.iU;4&l,oD•• 

t. 

. . ' iWlciJilCttar·· 	 "I·' 

J' 

• .~ia:~'tl{t.~.~~1._ .tl'I ...t.tld ....oclc ~t,1.al:;.Oft..the 


.• 'b1otaaU~.~t,..ciil tbe U.6itJ.IIO", or pler'~l111IlKha" ~1";' 

.., ai"4tZ; ".r'Uod':••1:iOn:~t 'ti.4il1' btss-reUt1(111 tC:L'Ude l ...lbli.'llos­


."'1': if~~Ue.;!hQ;"~••1 .... • t ~ta1 eeoloq .~u~(~ort.OI\, 
. 19'83)~ Alit th~ f'Oilli"'lIirpata.oztt'"' pies-.pil1tnt Iii" i1n~ of . ". , ' ".". , . " '. ,."," 

.t.he ~~~t~l'J(),ca~'Il.~~..rt..!(I("e.~PtJ1'b,~;BUr~!-Uot ~h1.,. 
, tU.p8c1;10Il, Ch1na,19Uh . 

r'­

fiF'· 1. Jlap ot Xi_II harbOr .bovtllC the • ...,UIIC e1h ioo&u~ 

!h. influence ot n • .J1u1011C I1ft,vit.. t.sb _t.r l'UD-ort{wbth 
anovs) aD4 the oc.an1owahr ot i'ullsallnl\J ''b1''k.~). . 

.' 	 . 

Sillce 1960. ~heau~horaUv.,. (l'OII til••U •. otU!I'· u4 *Pace.· 
taken a aeri'. ot st74 on th' .p.ol••• 111l&llUU.., att~UIlJ ..... 
!!Ol\ &lid distrilN.Uon ot. toulillCorpfts.s. ~Il Xi_n BarboI' (~( 2ft. 
H, 11S·.' .), Chin .. , andtll1lir relatlollto .II-nr:o_ni(tiu:ucet '&1•. 

1964) fhi. ~r is the p&'l:'t ot diatri'batip~t.pic. allouttl4a1 soa. ,­

• fhe. ,ari a'bcut .•u'bUUotal IOlle ."111 'be repente4 iIIoth.rpapill'. 

Ittock tl". ;r.ar!! (1960+1964) to tbl.b tile tiel'i~"...nptl'" 
t ..t!! ...4 &D in .U.cbilcle v.. 4011s In 1,8(, an~ tinieJi,lM :tb.

" . 	 . , ,'",., 

.aaal7I1•• 

"fIIll~ A1fD II~J) . . 
Xi..", Barbor h a • ..s.....d1U'ia1 her".!' 1if ."~r:op,,~t'" t ­

.14, ot'wI\loh ls s..-41urnat \14••. I'.PO~*~1ii. l~.j~}""~' 
reach.s 723 _.&Dd .a"'~ .U4•.~~~I 190_1~il";t ~~ .1_81) • 

111 0""1' to 'ellcri'be ootl-ftIl1,nU;r ~ ~o"'ill( to t~,,41:#.1~"'" 
~bll.\1thor ~n the 'Put (H\lanp;.t ai., 1,60) ,til. t~4~1 sC)n~ 1a 41':" 
"idee!. 'bto three 1I0ne. in H.~ with tidal le"ela fio~ttr ."~J.le (tld.e, 

Iud belov. 2. ;.)~ lIIidd1e' ~lIe (2.o-5.5.)an4UPp4i~ iI!~ne (5.5:-1~2
·m).· .. ... , . "".., ... :..: . .,..... ,.";. 

l 
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'rh.conQrltt. ,1111-« or sa..t;daa Pier, Ii_ (¥U in the. 
30111) '.~ 't8.k.\i·...·tlt.. ·lIiilil.h. of the tftveatipUo.' _dteat. In 

the .tom- .......i.jln... .n....r,.utu_·lUI4 wi;nte'r.....rtical ili8­

tJ'~n~~ion, th1.n...... ""'1' ar•• or the olillU OollllllllDtt.l on the 

P111[1I«' were .....~"" .. the .~Clt .....e_onal "_.ton ot .peole. 
.~~ reoo:rile4.;.:th.~.u.nU"',ti'" eUpl.. (30 i '30ca) ...re.oraped in 

e~ch ~P~••Ii.'U+-U4. son...0 .. to 40 .peoie. i4~ntitioaUon 
ali, ~';~~{ot ',!ut1iiell a4 ..t ""i~t. or all.peoh•• 

In or.t.l' to·n.. ~t tb...r:ucaltie:lrillaUo.· ..... noce••ion 

! or 00""1Uell 'ls .tJi. inlUItl d .... ftrlllC the'_I. te.t•• 10 0. 

wid. Ii. lCl1lC.~"ttr l.n ... ~hal17 ti~ on the conoHt. 
phl1ai·llur:t~ •. h-.....r Ull&l .... te ~lIIUiora1 sone. It i. 

:HOO.erli4 an4",i~" • __ OM ~1)' or'ilmtbl),. 

D!ilft.,ts 

1. tb;.~H~:~ii" ft' ooaor.t.. ,leI' pl1UIII' 

S~OI"I 120 .,.•.t...... "ceNe'. tota1.l)'. 'ftut 4iltrl1,aUou or 
t;hil.....~.illtl .... t;tU1 .... are .........tl)'· titt.....t. !bere 

U'.......... IIi6h".i.. -no.· ....r UQ1 .....~ 10ftI' Udal 

..orj~~. 'w, 1-6'ilPeo1" IIftt.... ta ,,"r 'HIlI''-t &iii MIQ' as 22­

'4' ilij/itc{•• t.1M1' ....~ fila ld......'" _* .tla_t1U •• otlO 

•."jo~ilj.Ot.~ iit)3 ....U ' ..'".....,1.....q.. In_rat... llaoh U.e 


soria ~.u. oit~_iIl~ ",.r...daU-tt.,.oU•• ·'-'«, ••••U. or 


·att~1d.~·.P.oi~•• ..ra@l.~tll."'" b'tJali ealJ' "'~.IIIl~..n.,. 

..,,, "oift~\,.,~tila;iil.""'fl.iL1"'. n.larpst '.uitl Ha­

ohe. 23,.6481..../,;~ tir.e lfl,lal .,.01.. at 1111..,., Udal sOlfeia 


O':tr....~....~~ .." are .....,. ~ • .-i.. wit. larp qunt;1t,. 

ial~r .'11.&1'."" ~:"flt...,'IlIl""'ar .. e.aot,poll«1" (hob­
'. :roiUditi ~.~'iUret.;.lt: "U'OU.(~11.. •·.... fthlArtah ..iltb­

'. '~1~ ~~il,,·\rtik'ria!!!-_ll.a.~toJ4t!~(kl'.~Uh ~,ll­
~'!!Io ·cUliit.;~' ·~IU.. _.i-al_"~ii"l~~quautlti '~all 
"riltp1~.i~;'dt.10it.fUolal··pii.; . 

~'ld••;·'hte"~~~.t w.tw.l~H~r. otto:itllD« orPi\ialllll 
. "',':".,... ,' :·'···'2..... ;', .•.. "....,; .,.' ' ..... 

CD th•. 'Jdlllq 11110.3 kif- • ~dU.•iI 4irt•.~ !'i:1Iatb :in ~itte­
~~' t14..1 zofte~" 'ftt.ew\ Vel11't ifiae.Yteiit 11\·:1Iiid41~soil.tl..a 

3 

'l'ABLI 1. 'l'HK HIGHEST AJIOUJI'l' RECORDEDOf' COQoll FOULING 
ORGANISMS ON SHUIXUII PUR PILLINO ' 

Aeount 
ln4./J: . vr 

115 

i038 
513 
744 

. 24 
24 
30 

2280 

1815. 
 124 

1743 
101 
41 

..88, 
241 


1250 
 38 
2625· 550 

11)450 

6101'25" 
1315 3441 
42,5 'i!~132 

28 
96 
15 

2 
)2 1 

23W1 lU1 
12189600, • 

112, . 215 
33000 ·.;66 

9(lO " . .~3 ',. 

123' .1800 
" 

1~5... 
~ ., ­

Sol.nce llUIea 

CBLOllOPHICIA.I 
Uba.l1lls. 

fORIl"BIll 
Paehloha11ne Tari.bilia 
Suberitea oarno.-..- ­
Ih1su1n.ll.. ~~il1. 

COiLIIf'l'II1.l'l'l 
hlllliari.......'br)'antb_ 
~.~. ' ~ 

~o.arpu ap.
ii••toap. 
.aatbopl~ puln... 

SC'l'OPIlOC'l'.l 
JIakari.. n.l!oToita. 
11.0t1'a '..tnanal. 
C&bar.. bol7i 

fOLTCIld'l':l 
Sal._oi_ d:rllter1 
Se:tp'O.I.. ftrId.oalari. 

; 

Po..~olll1os ~.11 
Pol)"ora et11.t.· ­

31 PUNCUu. 
Pbaseol0.o..~t.. 

IIOLLOSCl 
o.tr... ·.oIlinet.. 
o.tr•• .,aoallata 
l'.eno.tro~ lI.~rat! 
Perna 1I'1rlti. 
lar'baU.. ·1I'1"80.nll 
l'eo~ui\la ~\llarb 
h\iiiiiM 1I'1Ua 

. CllUM'lCll 
I\lrapkl .. wi~herel 
!a1&11.11,11_I!h1tnt;.lUIPhitrit;, 
JIa1&1'lUa ftttwlatll. 
CoZ'OJI~~!* '&O!t!r:u~01lIi 
11I.D.(I••ilarea II1l1'1ltWl 

OPHIUaOIDCA 
o,bll1.o\1. ..1I'1!'ft)'1 

.' lSC.Illl1CIA . 
Di4e",,1111 ap. 

~pHl'I« 
il~vd.~.r 

1.5 

0.5 
0.5 
0.1 

1.2 
0.1 
0.5 

·1.2 
1.2 

2~0 
0.1 
0.5 

.1.4 
1.<4 
1.6 
0.5 

. :l.] 

4.3 
1.4 
4.3 
1..'2 
2.0 
6.5 
6.5 

5.' 
4.3 
l~" 
1..2 ., 
2.8 

O.~ 

, . (l.i· 

II, 


1 
sa.pli~ 1IIOntba 

PIlI '1 
mr m 

1PO 

DIe
.lVL . 
rQ 
DIC 
1110 1 
1;1 

: DIe 
PO ]
oct"· 
OCt . 
lPI ].ftB 

otJt 
OC\" 1,Ocr 
0C'f 

Die 

APt '. 

'OT 1.Oy 

I()'f 
DIC. 
em . 1DIe 
1PIt 

PI. 

JIC I 
+ :) 

I 
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• t~ to n.bllUoral, 1IO!Ie., 	 U; DirJt&rie. ~ubo...!!.ge_Spolll;ia eotftt,oQ'''. SaM. ''1'he I:o~e trom 
b4iIl~V;),.<!. Ito 1 •. ;18 .. ~~ te..uM or lI!iIcaria 1J1Ibo.,o!dea (Bryo­

'iQ&),"~ontta ~4 ot~er ."o~elJ' '!'h. "rheal i.1lJtrbut10n rangelJ ,• 
of ;nr1oU.pe~1e.ai.61ire~llt. _ ba~ ra_kable .1J&8Gnal var­

1atl~ lI&I4_t"'l ',"qOlJ..1IJn ,1I_ena ('l'abb 2).1'01' e~le, l!I::.» 

• 
kArla .uboYOide. "~n. toooow 1ft. tb., .econd and lut ten d.qe of 

OctOber_d., cro.-'ti~'M~~ 1. r-1n"1uu:7 and. llarch. It 1e of a 

'bl004 ~(4001~, ,. alllio.'t oo.pl,.te11 OOYllrll18 th., Pll1'll18eurrac.• 	 tro..2~T to:l.o.. \id. 1.....1. It P'OW 'black UI4 4eUaobe' .).100."­

• 
• ""~.lD.,tbe ••O~d~.:~. of.., .... -.1-'eI7 dl.appears 1n 


, , lu.; ~ ,Iul1. rv _o\h•• _Ullifle, Ipoacia extlJt aU, tbe 7ear 


t 	 ~" -t crow, ~l!-11l1~1~ n.vbtdll811 1..._1' and oan den.. 
10ptC/'ill&ber tl4a1 1.....1. 

. . - . .• , 5) !!!!!!!-ar, ..... HDfII. '1'ftIIa _I.., 1.2 a , 'beN OClClUr Yar'i0Wl 


t ··.a ~r Co.lnterata (~ ap., 1I1000~."l1a riehan.n.h,
..-1.' 

• ...tltopl..... paott1oa, l4't4tOU'pU, lal~rfl1e .uaU.", ato.), kt ­

6prGCh.(ldlh, jI~lata,~1Iell..trat. beql, ato.), a.dentar,y po­
t , ~....~•• (!M1111&C1ud,J.,w', 1&_11_rah ap., ete.) an48pongia. 

., """~, .,.c1," ...llJ .......·1111a14 tirir1'1111:t1on ad Oall lie dilJtr1­• ...~~ " .• '~•••.,.., 15-.~,_ ., ll_ RvllOGr., It Mane tkat• 	 ~"'t,..,.... 1••111......... al......110lIl ...t .....,.oi•• of 

.~,,:uni~lI~ (".'Ie 2)•.• 	
, 2.~lU" h,''''bl.Ual et._ til. t ••t.latll• , ft..r~:" ~." .rwt'ilMl l.tlla ;1-,* 1a.•iff'~.nt .....olll! 

r~t.4t~a_tll ... a IuIlt, ...... _t.. (••pres.Mint; •.-.1',• 
&Ut~-"'.~.1;.!, ....,.-'1..11) UI4 tJalf a 1t&Z' ...peoU..l,. '!'b.• , . "~lt.l*.iiI.t_..,l1k;,tUSIIC .11_ .._n18., 1:ath 00_1­» 

·:d•• '';'·'h~',t.it~:••• ai_ .... "17 anVen yutloal &onaUon.» ~;ltrt~~~, ~~ ..;tell.... b) Ja t.Ula1 ri... .....-unit~.s, 
» .~j".~'~i~If'~t~t·.U•._o~ 1l~. ·Ci)oi·~: ... tll,e _jor. 

(2l'Q~"':';~: 1.~"'~1••,"'1".4J~J1'7;tn ftilliPPa- UMnt 
'.,tit ".~l~.cU.lJtri_tlntal~~ tile. ,,,., ,of.d1JllaXoOl!l!Nnit1• "':.o~~:'!III(ba••n.t ~.IIi·i.~' ln '.... 4PJ)•.,.Ua,..l' _ •. (~) tnl­

t t~iJ.·~t;':'~1t1.., t ..... til ~'~..~t~I_ ... CttfeNnt troll! 

••
• 

I~; 

1 


,
TABLE 3. 	THE BIQPOOl.nrc: AMOUIITS OIIFIYK GROUP'l'IS'ftA'l'HS 

IN a;ACH TIDAL LICVBLS' AT SllUlXt))'l Pla' " 

I 
MOunt III 2Jlontha Groupe Pariodli ~ O· 1 . 3 4 -5, Ji!Jlo. ot speCie ,4 1.~191' 

81Co.,.r (~)One 51I 94 3I 
15 ocr vet, ri. (~/a"l 2l\O4 ,05308 J2 2 1.0. of .peo1•• 14a8 .JUIC 

62,c-r (~)II 84 84 95 , 15 I ' , 

4 SJ:P v.t ri.(~.2 2201309 1309 '19JO ~" 
2' 1110. or ap.ollu 23 7 I12 SJ:P 

III 100 98CoftJ' (:') 1598'fhl'e. I 90 
1 ])IC 1,10 4 	 JVet ri. (cI."'" 3100 1169 l603 

16 I17% iIfo. of .,.ohi 6 3 
2eo 6929 Co;ft., (~) 100 13I1' .,Vet ri. (cI.'/. 1415 194219 IS! 

2­6.0. ot apeo1lJl 10 114 u. I, 82. '50CoYer (~) 100 55Six I 
1 .JUIC noVet ri. (t:/1I!2 lel460 156 

I 
.ach oth.r. ,It 1. "'orl'be4 ~o..t.l1 lD til. rol10vias (~abl. 3). ' 

Group I (1 Sep.-15 Oot.). 1 .,.01" are ttIIIU ad th. !dp..t 

left1 or ,41.trlbv.Uon h onl1 2.92 •• '!Mre h not bl.....UacbMlrt I
at aU 1n upp.r Udal son.. '!'h. _jor ttpeel•• iii II1dlll. Uul IIOftIJ 

are 11. UIIlIlUrih aaph1trU. and O••C)Jl1nata .... 1. 10V1Jt', Udal 

son. are II. 'reU01Ilatllll, JI"brall1~~-,~""rclaU. ..d. tl'~, ap•• 

Group II 	(8 JUn.---4 se,~)." 3"t ...r1ac t~,tbrea~......rae­ J 
atlla, l' .,.ch. v. roun. and the h1ped t1•• 1~1 .r"ia'.l~ 

Uoah 4.4 a. ft.N 11l DO l!1o-aU..-..t~1II .."... t"4a:1 .... -'i~ 
h.r. 11...ph1tr1h IUIJItdtrlt. pr••oinnat", i. ,the up,.~ 1....1.. of I 
al.IU. Udal son...4 th•. 4end~1 of t. reUO'illatWl 'l~ the .1.ClWlJr 

Uclal so... I%oept B. J'.uou1&~u.(~.()(ioincl./~), l4'to~·.,~ 
llJ of larr quanUt1 and there ~.llalecord3-le Sf!4lh?os,o~ .:too~ I 
Difterent t.i!1al so~. wa:r:J1n von';; .pMclu _11"; in ....Oi... 

'0 'i 
:J 

1 

http:h~',t.it
http:iff'~.nt


I 

" ' 

JIbr .:oaplt. tbe ;'1...t.1:' .,B. r.tl,oUat'llll 1ft 111..1. Udal lIIone 

1a 12 .5-.wt r-eaCbe. 15.0 II1II in lower Udal sone. 

Ol'Ol!P tIl (12 S.p.-l1 Dec.). J...t4ur1ng the thx-.. autUlftD IIIOn­

tlui" tb. r-e.ul t 1. ".r,y .uch the ._u, the c-.utl . on ._er 

lath. 

OrCNp If (11 00t.-29 Ju..). Durill&' thr•• ~tha in a1riUIIIII an4 

.1II.ter. !'h. upp.r 11.U ot b1o-fJ..tribu.Uon III 4.6 •• Proll below 

thl. le".1 toeubliuor&1 _., U OIU!. be 41"1141Ml Into thr•• quite 

01..... "1010&14&1 .en... 3.9-1.9 t1'. 1.v.1 la..1.....HrH.Mph1­

.trite .0•• (it. , ...IV 1. 1,,8001.4./.2 .1ID4 _I' ....a 111 1~), 
1.,.,.1.2 .• i_ O. CNct\Illata &OM ... 0.65 • 'be1_ 18 ~ .p. son. 

(omr ·ana. 8~). 
CrOupY (14.tu..-1 J_.)t "'1. CI"O'8P ta.te( tor 6 MIntha or­

tbe fil'8'tWr- at tIl.Jear. "'• .-...mltl 1. appiIftIlU;y titt.rent 

t"rvII thO•• «itth. a'bon jp'ftp~ "'... AH, ~ &peel.. ill th. oo...u­
a1t7 an" tbellOnaUoa i. ole....... Jroa top to 'bott.. the blo1oct­


cal.o.it..... B. a • ..,"trite SOP (3.6.-2.511), Yl-IMN'O!DI1Iha 
SOIl. (2.05-1.20:.), !lakaria ao'bcm»14l.. so•• (1.'5--0.1511) aa4 'l'uw­
larla .....lIi:Tant~ .-. (o.e. .to .."liUoral _)•• 

3.CoMimiv noo".loa 

'I'h••t'Wl:r oa 11l1Ual.1rtap ... olbiaz, 1I1ofov11111' .~Ul.. 

.ho... the oli~ OCIIiIIIIImltJ Oft pUliac la 1& a 1'81at1"l.17 &table 

.tate. Blat baa .o.e ~Jsance wUhU... It. tor...uoti, 4•••10pment 

an4 noo••il10n proo••tiap .... a'beo111h17 efferent 1ft n.rlOVII 

U4&lsone. ,beeneral, 1mIl.rpll1&' tile tollov1l1&' coura•• 
tiM! ,~l~Prf,BI':J._U" ___U" 

.......II~.. ~"'I .. 

"M1.~ 
.~ 

t_'~lata 

C) 

DISCUSSIOH 

Thebiofouling COlllmunit:, on the pier p1111ng..:ln Xi8ll!en. Harbour 

ls a tran.lt1onal oommunlt)' bet~een eetur1ne and open ••al X1amen 

S}lui::dan Pi.r 1e intluettJ:le.4 l!:f. t~e ope!! ••a h1p-eal1nitl ..hI' &s, 

w.ll as tv' th. 4UuUon ot .llulong 11,,61'. ~••alill1Vnuot\l&he 

«rat13()';4-:-31::Jt7.) ,-he pUUac blofoullac colll!ll,l.UllV' :~~~r1I1.a 
betweeD' op.n ••a co_1V and t;rplcal ••turial oo,tiIRm.ltl.; 1'01' u ­
_pie, IC\u'aphia witb.rei .hOWl! a ban4-1U:. tietri1:tlllUon 1a llppel' 

Udal SOil. at. p1.ra ot .Ii..._ •.It la' aleo a.49I11aantlpeol•• in 
upper t14a1 son...outh_t OOlUl'\.al 111l1er lIe;r. ana 1~.alill1tl 
vat.ra 11l Chitl& ( ...C., Aotou Pler at D& 'fa ..,., lbanji-.i>t.", 
Ouant;doliC, andBeihal Pi.r. oaaacn). 'fbi••)leo1.. 1a ra.re11 r-01Ul1. 

at ottebora ,1.lande or op.n and hi~lI.l1ll1ti ..".....1'01' anoth.l' 

ezuple, Jla].u.ua uUeno.. 1. a l.o&1uat IIpeol.. III 10~1' Udal 

son.. or all OCIMta1 ••tur,lall~lIliV _ten of Chi... It 

al_t collplet.17 oo...ra tha 111441. ... lover t14la1 son••.ot 1&1­

oang Pi.r at J11l1011&' l1...r JIoo.th. lid I, .oarqt! at lira1uaa. Pi.r. 

Bilpla Illlritina, Stl111a pUcata an4 _dro1'•••1...... ~ wi4·17 

UatriblltlMl ill lIoutb...t co.-tall-an.r 'ba;r Mp-eal1ll1tl ""lera 

ot Chill ... , 1N.t. all80lIt 'o..... t OOO\U'.At Sh'll1UM Pl.l'e 

'.rUoal tiatribuU9Illa.\l.1 n~ ..rtical U.tribaUOllotorc­

anl._ hUMl .ot/. 1. 010••17 ,"lah. t.O U,. 1...1. ("UM 

1980. Cal 1983, BaderU. 1916.. J!v.a.acl'tal. 1960, 1980 and 10rtOll 
' 

1983). 'I'h. ".rt1oal ti~triO'llUonJ.'allCd CIt "artoua _~Ol't~l1.ac 
orpni_ ~n Xi...1l pl.rpt1U~''''''"at17i ,titt.i-at ('a'l,ll. 2). 

'l'h~ are IIOt ooilpl.tel)' l~te4 'to' titt.r.llt SOil•• 01' 1.yetl,0t' 

U4a:lson•• ft.rator.... tMaIt. that. In .~lo~~.tu41.~ on 

tidal .on., ••peoiall1 oathat .of .hore with Wi.'., U ..l I'anp. 

quant1taU......-pHq.t,•• ~t,~.peDl., en.t~e,l1~ri~tioaz:aaP 
ot dom1lant ."ol.,an~.'~1l,~he~.rl.1~1,;U:et~l~U~!I ~r .. _j~r 
40IIinant 'peolell, it'll beUer to ..u.~ '01:1. t~••~. . ~ 

JtIll'lRJD(CES . 

,..t,14& O,.ll•. ,,198().&oologt~1 ..p.ot~ ot 1Ia,r111:. tolallnc at the 
._ - , _ . " -- - ,"' f ," '. ' . '-. : .", - "': .-~~{. 
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I, 
''l'9VAlbsrflll ttAtlDWISATIOtt GF 'nI£ftst 
EXPOSVU: ~_Itl till 'l'lOPlCAL SEA 

.A.A.. ICM.AIft)! 
.~ 

Ka".l a.n.1e41 ... "'t;aUurllcelLaboratori 
. : npl'Cete• .-..,..41)0 OZl 

Indl. 

I 'l'he,n·••"c' ..';'r la ...tt•• to ,lYe an 0"eral1 plctui:e of 

the·lIlofoutb. Irov':" !alii.", tro,t;;'l Nirkiu"..... 4lac....a the 

I nc.at flat4> &ail li1botaor, " ••tt.. • •• Urst .tep to.ari. the 

I 
ai.edia:r4taild,oll' ottbilfud.r ..,...n ,roc.C.re. 

It.l.oH41~ that lanail ncMt-.at .f .e .... Mre III!IIheA 

.f ·.Iik'Ii:"~ IiCtI..J:uu,eec:.ra .t_': alllillU:a..«ta1, ou the three 

..r'.... are.iWlthili ilAt l5"rs·.t' .I:,....r._ .0 blol011eal 

t 
I ~'a1C1ft. .. "l~"t" .....It...... raenlt_ntof the 

8fKUa of, .. 4I..rMI ta": .. Ii"Irtilft. Itryoaoa_. c:lrdpacle.a. 

Md41au. t_.te4. 

I 
In . t.... prallrit.tM" 4Iff.f••t ..... of .u.tratea were 

...... te.t. tour- ... 4 .Ufen.t *rtterb .."e edopt" toq..Uf, 

fGU11al . ,roVth. It ..... "Ipt .ef ttwi "1010'11101 lelluatM 00 the•• 
t 

I: 

...d.ee." 1. 'eon'I"~ t..a tef.1011 _,.... ,how. l"st ""'1It of 


.tof~Unl•."....x......iPt la I_rat,. CIft .aliuto. liat ··.it •. 1 •. 001, 


I 
urllaitll~.lIiiote tNia tllllt "t••• ,1••••r IIIbUt.. 04t~ficml.t ia 

IIOt . the ~t_t' .......t'~... H ..alOlof "lant4•. that . t. 

• ffect.d. 0II.'~~>6t"~~. U'" .collal4.ra the area (:o"r"lIy °the 

I 
fou11I1I(' ~~'~"ta" .. ·.,C:ric.d;.. tbea tefroll.ppearii to be no _, 

bette! than.*'.t. of' tile ot~t .urbce......rtlc~1.~11f.ftbt. fouU~, 
bap~1UI i:0 be due to .•~~t""led .peel...f :bt,.o&_ er:uc:ldia_,

, 
I, The . Ue1" ell,..dilroec.weNeitrl'le.,\)ut· to ailcerteln tbe 

e1{tent of'· :varl aM if t·y nf IHtlf""~{"fl. J .... r .. lll~I(>.<, ,,, ,C,U!,"(\ ~J 1'> 11ll" 

I.: 
~;. 

nll.ber. The study show tha.t ..."le .lae of 12. eoupOll.; e.ch of ,1110 

sq.c_, 1. adequate for the. near sbOre wlter. of ao-b.,.. 
Introduction 

There .... 110 uaJ.que aol.tioD to .the ,~b1... of _dll4! 

blofouUD,. Hea.ure. _opted vith eciyuta.. til OM .ituatlon or in one 

biotic en"lron_nt _, MOt be eq~l,·.ff.etl.. I. other .ltuatlou•• 

Use of wldel,df.fferent utedal. aDd e~~ff.lur~ti_•. cO'l,1ed ·vit.· 

dUfeJ:ellcea lei qualit, aDd quantit, of the blOllUa I.!lu.te. OQ 
. '. .' 

i_raed .tructure.. aeparilt. oue ,robI••. fna thll other. tn tlda 

colltext theAfor.. blololieal atucllea "COMt_ .,.t •••e.U.1 

c:ocpoaeat of n ...rcb .ffort• 

III .tucU... OIl Iioaltorl.. oflt1ofouU.lII. It ... 'iwa4_ •• 

.ccepted liractlce to .....r•• ftOIt"'tode' cripou' 'fOIl .. ~.aun ratt 

or a l'ecli: ...pellClecl fr:oa.j.Ulo. or other ..ter ~l'OIit laltallaUoU. 

h ••rial ad.. laboratorl........ 18 thia tat Nift 4...1opec! r.fc 
. . 

.I:poaun proceclun••ult.. to tbelriDClldcl_1 I'ctClulrauilt..lliHplte 

of ext.nah. writ ",orted· frOli lndia 011 1Ilofotii.i",. _ ••peet of 

the expo.ure ItuCU..· thathaa blthei1:o ftiial-. _'leet.. ia Che 

.taaurella.doft of tile .eapoilllnprOeedvt.,! 'VIl1... there t.· • 

~f.fond, accepted .ett.ocl wMc ...tt,ulat••.t....~r. .he...b~tr.t. 

ad theell.positlOn of thllte.t cioopioaiI • .tt i••t°,.~h'l•. to~t.· 

blofou1l.. n.ult. frO.. .itWo b."bt~it•• ljeat" it:'" Ill': a*11 . 

,eolrllphleal rellon.· nie .preHllt paper. I,>•••tte.;t .to Ihean 

over.ll picture of the biofoulllll Ir!JWth In Indtantroplcd ;..ter. 
r . ", , . . " 

and dlac... the recant field eapert.eilt. catd" Clot •• a' Urat .t.p 

toward. the.t.undt••tloll of theexpoawre pl'OCecl~re~ 

The 1.portllnee of' the Iitirfece''1uaUty and'dbteJ;sfo,;"; oft;'" 

http:I.!lu.te
http:prallrit.tM
http:ncMt-.at
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. 'teat <ioirponia. UeillpbO~lI. ~",,,..r.1 wO'r1ter. e...pll .1ft· tbel stddle.'. " . -. . - .. -. 

on blofchI11a,:oI'" thli oieftiepilMiit' ;,f Co.llttaltt ntuc.t"re of si:tae:hed 
.... '. 1-. .'c . .' 

.pll1oenthic ..r~... il!1"aal.-J.adr,aQft . hal obae~"ed tMt 

"endrollliental 01' I'e.loeat c""1;1soa. of.· f"11111 ,t"'le. bUed upon
". ,C,·' >. _ 

data fi:o. .Ufenat at.. ....trata'ar. eu"jaetlld. to ael'.lou. . "'. ,'. . ..' 

1I1.1at.l'pn.t.Uo..•... , In I_I.. tl'~f.cel. ~t.an when. IIlof"11111 'I'ovtb 

. ..'~.' . .1•. all!lClet .... t ..1.,"tlll,. ,."..,__ ._,.~ pel' 'ull1t ..1,ht 
-'\ . 

"'I'.tad 'elOli .t. til'" .......1... '. tw to. t~ ta.. -.:. .tba 11l 
·11 '. . 

t .......t. '1f~~.r. • · .........t.r t"-l.,.rtRe.e of "th tM 

,roc... of' .1010l1cel lNC:C!eal1.. .... tile ltlflUil'!C41 of .aI'11." 

....trat. ~J."i.' wtt""tl~ _rd,e. 

..U.rUl.Qc1....t .... 

n.·.w, __I'd.... J.. t" _i .1Ion ...t.re .10lIl tM 
:,.', - c.·,. . . 

'" : " " '. '" .... '. 
......,. ..t ; (bt.•. II " .. ,;...... 72 SO" I)f.....d .. <lir ".~ 

. . 

.. ... ....iI'1M.... ~1Ii .MW6. filii.. "".I'ut ..... of per.po
.:, .' . ,":.',." '. :", ,. 

(pol,..th,l._~hacr1J.at.)~. were 1_1'.", for pert... 1S.]O .... 

60 ..,...'1 "t.t'''~ t ... 1Wtl..-'l.-l. "_do.. ....re.~ of 
. '. . .« •. 

~ _",45, .to"')16 CIa. twat)'~ J..,..,l1cat•• were . . ,', ,', . -" .,' .. . -' '. . . " . . ' .' . 

1........ ·•••t .t................r ..,..,·_tll.. ,....tal. 'the ••U_t.·of 

." ,: ..:.\.... ,:,- : ".:' .. -',,' ". ': . '.' - . 

_..-ela.' ............M .cillpl" ....cii ,....1...ilia. .r!AI ..tW 

" . .: ......... ". . '. '.' ; .... "0, .. '!'. . . .' 


. _OptH ..rl..... ""VI...t..... J..... ,..,.. ...... ,.... ..pere publllhecl . ..:." ',i':"";' '., ' ''';.,' ". ..".. .' " 

"rll.r ': . ,: " .11 ...,.....ta1l••r tt.it ~.... "opt" .....,


,Ob'.ft:.d_ ,
".,:;,q 
't ,. ," ~ ,.', • 

t..ll",IJl.,....,; 
..'. Att:1i~. ~lM1i~.~atl_,.~: 'ooli,DI,lit!t'tle"nt Iii. ••1:1. ...er••n 
_. .' .'... - . ..... .' . . -.... .' . "'''' 

throu.1l the'.:,utcll4 .... ~CI:!WJ.OIl1t ..... l~•• t...... ~ ..I" .. I.th. 

",. IItIOU~to, dellrl• sal'l!r..ted. vi~"l._'" .,ntb."i. perloo.tvas hI' _re 

than vh~t in' 'l'e.cl')td'O·r.: fl1 Otl~ yi~8f:""~ p~:!'ri(J',J ;;t m.~!;t of ,tl"l{' pleu:":,,,,: .~_ t: 

... • 
the vorld. At the end of 10 to12 _tM. t.heuxtau.,rOwth bullt va. 

around 10 itg/M2. and after thls. period.' the.ol',anb.. etther due to, •
ovel'crolotdirtgor ·.B a relult of death lot Udolsed. The coupon." 

i_ned for s period' of.bOut . 2Q,-24M1ltM ai,ht ••ur.ta as INCh ••. 
~ ..' •16 ,«1M of foullDi In ••1tuatioa like cool1aa .....ter lalets of t~ 

POWI' .tatlou .III tl'opical ...t.n ofIDl41.. tM .....nt of ele~r1s that . 

11 11kel)' to set ellalod,ed a1ll:l eDt•.1' tbe. f~ of watar caa be plaee4.. •
around 1 to 4·tiIM/aonth. 


The tblckDesaof ttie fMl1111J ~h for.ed.... I'lItIIiult of' 
 •
Itl01orlc::al acUYlt)' la of .co..-illeraltl•. mt.re.l to. .tbe.u.at...\lce 

eaa1Mera~ A Ilea.,. acc:~t1.... thick Ill! 10 lad1e.OI& tltnet,"'a1 

ele_ta of the off.bon lut.Wt1_ ....... "I'iler report.. 111 
 • 
tile IlOl'tb au. ftlUre 1 Ub1nr.t•• tM ,.*11i11. l..eruae 1. the 

blofMlll." srcnrth .t ..dna ti_ 1Ilt.nrw. It is .sd._t" t ..tat •
IIiMIt of tile alt•••lftc the laella. codt... '"11q pwth III .Wllt 

two :run period will M .round 4 illc..... thick. I 
z..-r.Uoo of the bcn.lt_t 


table 1 .u_d... tile elat. ..1,.... for .scenal.lq· the 
 I 
••teat of recruitMIlt of ...cbeal_l .t... J.« the ....lo...llt of 

blofoul';" _olt,. OIl un.nilt .0Mtr.t•• eludq 15.)0 .nd 60 •••"', iJ!n.c:ruatla, brYOl:oaM: tM l'eCl'1Iltaeat.f .al. tJr,..lJOIIa ...d.. ..• 


aonltor" dadq thla 1.....UI.UOll. tM 41:...1',,' .1IiaBe1'. of k70lJOlln 


coloill...~peadGi 011 .Ml1.MIll••"lAlI~ ~1Mitrat....r. ".,21. IJ 

17.41 .atlll 14.28:1: ....pecU...l)' brl." t... itot h' II.,.. UtilI' '•• . .' . 

extended ell-po8ure. of 60 ds,...hoWftr(., . tile a...... \of col••1~' 

de .... loped on tbe url..t au"trat_va••1Iftlficafttl, i... tbaathAat J 
OIl two other substrates. Dul'lq the fil'.t 15 II.,... .....a the .•~de. 

. ,cO.position vas al.ost t'he .a.. 110 sign1fleantdifference. in' the'. IJ 


I 
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Surface Quality and Fou11ng Stability 

A variety of .aterlals·are being used.aa t ••t eoupons .1n. 

blofoul1ng IIIOnitorlng and aasesalHnt.leepinl ·in dew that the 

or,allia.. ahow .aried reapoues .towarda thaa. aubatratea. '.lffel"li.nt 

..terial. vere uaed for prepsr1nl the te.t coupGQI .dd the.e Were 

'I i_reed III .ea .ater for period. of 30 and 60 4a,. wader ldenUeal 

eoDd1tl_ 1a loBay. harbour. The COUPOQll were~"" ull4er 

ateRolltero.cope and the COUllta of ba.l.Ill•••DII eK,lrWItlai IIrJOlloan 

coloaiea were recoNed. ~ other oll.en,UoH ... _n t1le percent 

area of ..ch of the te.t coupou • co".r.. ... the ~l'J ~1iht of the 

. blofoaUq after 60 ••,. l_r.loll. 

Table J _ri.... the ra.~lt~lI! the ce.... Mde .08 I,,'
• 1fferaat kinll. of .udace.. 001&opal ",uya .11M ..dier . 

. 

obae"'" 


that "ntIIUIIi8 of .teal pe_l.·re.uced the ...1_ aad reliabilIty· of the 


..ta" oa II10foull., he collacted orf the Crl...n Coa.t of.ll.ck Sea • 


III the PRUllt atw1 alao, the .ata Oft II1ld ateel coa,.... v.. DOt 


coo.idere. for the blolrovth"eo.parl.OIl. 


!!!I. blofouUnl wight: table J wUl raHal that 11 Mrewllht of tile 


blofoul,1a, ,enerated on the.e COupolUl 111 colUli4I.red. drn the telloa 


coupon. .hov the leaat a.ountof II10fou11l11. WhUe ..d.iiua wl,ht 1,' 


,enerated on a.be.to. coupons, It i. only·uri'''ll; .ore' thin tha~ 


DOte. Oft ,la.. aa4 abUte. ..; . 


Calcareout Irowth: ~ GUllberofbalani~••ettl" oii,'teflft cO-pOll. 


ia Hural tl..a lea. than that nttle. on aabe,tosor. _ltelUe. It 111 


obaer.ed that on teflon, It la Ilot the recrult.-nt of balanl.s that 1. 


affected but It 1s the lack of adequate adhe.lon that .l.lodle. the 


),ou,g, ,rowing individuals. There 1& also a notaMe difference In the 


nU".bf!t' of balarilde settling on pt!1:"P<!". gl"~t, anti ash<>stos e')t'p""6. 
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E~erusting,growth:' D1fferences are generally not noted 1n the nuabers 
. . " . . ",' j

• Table 3' - Ran'klng of .o.e eo••oftl,.. u,ed coup OR .ateriaTs !l!S 
ant [-adhealon a .. rf.ee.. ' 

• ---~----.:.;.--""".--,- .... ,;;,---."';"';"'';''-''';;:;-''';---';'''.---';'-..;.:':'~--':''-------~-------------

• Crlteth"ht- t •• 'r.'ai:ln* 
Dr) wt. Ateil l.rn.c1e. ,Irjoltoll,n '• k,tia"c~,*,.1:''' rio/fi-' , colonleil/• ." 

(I)" <' ' , .'• (6QiI.,,) (]O ••,..) (30 ••,..) (l0 d.,..)
----------..;.---.;..-- ....;..;~';..'-"..;-;,;;.----.;.;.--------~-----------.--'------------• 
'1'.,1011 O.j, (1.)* 'I' (I) '607 (I) 1063 (I)• 

t Iv•••r I.U (I) . 15 (A.) 646 (D) 600 (A)

• ".repu' 2.3 (C) IS (III) 25i (A) 150 (C)

• .lete Z.i7 (I) tel (I') Jlo (C) Ih~ (') 
1.....Ut. 4.48 (I) : 

" (I) 14010 (')' 720 (I)• 4:1••• 4••1 (r) , 10,.,~c) 67,46 (I)

• 
lOll (D)• A•••• t •• 4.7 (C) 'U (I:J, 155"(1:) 1152 (C) 

N1U-.teti .. )04 (-) 1514 (-)• 
I 

--...----,-----------~.:.--- ...--.;.-~---------------'-:-------------------,• * .atl-dhuloar"U., • ) 1 ) C ) D etc:. 

•••t
••• 
•
t 

t 

•
t 

~ 

of bryozoan colon1e8 develop1ng on var10us k1nds of substrates., 

~~:. Because of he.vy .ettl.lleilt of enerustii'll bryo,zoans 1n 

this envlronaent and alao' becau.eof theJ,r abUlt,. to .pTead in .,heet 

llke colonial for_ ••U .urfaee. lneludll11 teflon let readily coverad. 

Fro. T.ble 3 it is very'cl.arly addeat that the, r.nU", of 

the ..terlal .. a IOOd or • bad antlfoult"l aarface vll1 ..r7 with the 

cdterion used In fOlilla, a....._t. For ia.t.nc.. if omi co..l.er. 

llere vel,ht of the bi_•• ,eurate'. t'-en teflon illler,•••• the be.t 

foullns-free .urf.ce. Oft the oth.rba.... if _ c:oulder. the ar•• 

cover" b1 foaUft(. thea teflon 1. aot fllUllll to, be an,. better than the 

re.t of tbe aarfaee.. ~. 8itutlon til tbe pre.ent caM. hoveftr. is 

dIM to cheUo.t_ vh1c:h .re l1,ht 1...i,ht llut' haft &Oocl capacity, 

to .pre.d. &abeato. .urfaee. """1' • hal •beell. 'fouDd to be hl,k11 ,I 

fouled. DO ..tter Wh1cherttertoo 1. used fer t~ •••e....nt. 

r.ble 4 ,lve. force (l1li-1.) required for di.lo4,i",. "tv.alv. 

",tUopei. .!!!!!!. frotlv.rlou. aud.ce.. FrOll theae value., report" 
10 

e.rlier • It 1. .v1dent that the forCR. requIred for the two pol.r 

.urface......ly .1.te aDd ',la•••re ,re.ter than that requir•• for, 

teflon. 

T.ble 4 - Force (MII- C' reqlllre4 fer .1.104.i", N••altel 

frota variolll .urf.c:e. - -- ­

'oree required (";'&lb~'1 
hper!"lIt Slate Gl••s Perapel(.', ieflCln 

p.020.09 ,0.'08 0;03 

0.032' 0.09 0.06 0.02 

3 0.09 0.07 0.03 O.OZ 
. , . . 

--.--------------------------------:'~--,----;--------

J 

~ 
".,.,.,.,
• 

,

&i~.:::..:.~;:: 



FIII.ll 

&O~. 

I 

~.~ 

, 
\.

I,',~r 
,.' : 

r,:,+' ii 
i,'•• cou"'At'e.i'~M Seiltlt'lb" / 
,~, 

'1100 , 'With·. '.Iev to ;'tlitlllol.. ,i.eollp- 81n, ,fleld ~xpedllentll 
~ 1000ver:e,.c.rrledout'S,1l ....,. lIu,,"l". ·'I1IIIi!"c • .,.. oJ tkree different 


~: 1100 


," 
, d ..... IlitUm.ln YUlOiiij'............... perto.llc:.lly t",".d to .nal'.e the
,I 10001 

••tl.tlC1I10 III lhe ".foill.. • .....1a,e. ',I. tM••tlllly plirailetero 


-.00 

111t.itadilli111ty t••,.d•• "_to .._l1t,., .Ii ..11 •• ,the .1&e of 


$·/000
J" the C~Oft••ni ,he .....in ,.rl.... _r. euldM4 1. • ebe110.to.e II 

I ., , &~ ••• ' •• ~"nnU••• '.6 •• 0' •• H~nuun~d«*lri.ilted .1I.1r....t. 'De, "'til ..r..taU.tlcally .Ilet,..... .nd . , ~~4'-......101__ ',, ,U u' • '000l' " '-- N .....• ""__,__ j.' ""tr,,;e.t~ 'U.,r...........t .. .,. '.U.r ilni EnJU.b vere .dr.wn 

1¥ .00 .~~ ------.L­t •.d.teratne the ....1••1•••f t~' cow,.... I -?~- ...-;- -.-.;.--.-~--~,

,.rlalliUtfta. spees:.. c..at,." 1·1100 ~.. "'-~.' :..... '-:'~ 

's'~n .3 U~_tr"tnllf'lt 41Alt'... 1i'-"1.. the lJ,pet ~a. l-tOOO "'0 .,C'.,.-.. 
l_r. '5% ann... lIlIlt. (",re••ed •• pere••t ... of the Mall) 

o I /I: <I II II II , • II HUIIIl ",.,.,. 0" .. II ... II ,,, • ';;II,,,,.'IIUIli,l ,10;ttHIiPJ,utn.,lAi.oiilil ( .....1:: of tiMpOai) •. n. d.t. r,preoeat f .i'~ii.'.iii",i,'.'i,.i'.11 

! 
t .000 l.ar;rr- c.,.....Mail a-.bero! ....11. aPeele. _paMia ....1.."oed on ••d.nca 
Coil rooo 

. . 

'. ..ollaened fot 20 ~. held .....rl" for)O MICf 90 dlyo., The ------- --- ----- ..........-------­'P . •

•tra.,.to Wblch 1IiIilc..tiI ,t... ·wid':':.' 'tM COllUM. llltenet. .round 
, 'fiOO '- FM.'Ii 

.............01....,"",. -,.wit. ,
the .eaa ••• ,el'ec.t'" .a.. the eonfldtiileill.t.nill. l ..u11,.· .pan / .00 
r t..pere.at oa.lt"i'.'d••f the.a': 'oM or. further redueed by ,.E.'------:--.:------~~---.,• t. ," . . '. .. : : :

ltieU-••l1l, the ....1. iii. ",.. ,10 to U eo.pen.. The kneUt. of -.00 ~iIIo.~"""'" 
_t", '" ."1'. tliaa 12 ~. will·d•.ere... vitlt thelac:n.llied •••p1e ,,_, , , I I : I I : • ; I: I I I,t • , ........ ,,: 't .... ,.,i ,a,.;.,·,.,.;,;,~", 


I aU•• ' .--. 
Fieurc ' I 'lb. upper &!Ill 1owc""'~ld.n.;.ila1U (apr.....[ "gUN ~;""" t:t..Petdl.,rll'lls fotthe 4ot. ~l1eete4 d'llll\'ln, •• :. perccnt4,•.ot,the IM.!Il')PlOt~lI~lnst, " 

• ..-stle ob. (\'I'IIII'beI' of eoupcma) i .liI'taDOc o1iI'er'lft 
.tt.r .30 d",!!' &!Ill 90 d.,.••"*oOn p,edo.,,~:~ ~t..t.o.t .a1... 'the ."plllcUl. qf 12.cqupon. 

Flr;ure " IY~lauC. ;;;;'.r'flld 'liurine ~nI_"4~on-iIo~001l 
.ppea~. 'tQ!be".aeqtlllte.. ,.,. "a.onoUit,..the"fol'e.doecnot, .flU to, . 1IOD'ths.· t. ': " "'" .. 

FiFe 5 I l:arl.DCeobo,n.. d Oil lIrae and ••U coupcms.. InUuefti:e' thedidllK'lt:r ofl!lofwUnlill\'ovtb.r , ",' ',; ~ t 

FlgUII\'e 5111l1iJt.r.te.tr.....t, dUll'a.1I rept>ellentlng_lIn lIumber 

of 'sessile 'spedell antw ·dlUerent1lhes of the' tP.!>t cool'l)lIS 0110 c",l!.t 
" 
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e 
.•nd 90 C. ). It is observed that in respect of larger eoupons, the 
. . ~~ 

confidence tntervals sre lenera~11 reduced ,~o,~~JH!tcent attlless.ple 

sbeof 11 coupons•. In rupect of ...ller coupons, tl'!e 'conf.ld;~ee 
, ' 

lltte,nala . of.l0 perUnt b ruebed beyond ...ple .he, of 17 ,coupons. 

ltb e"'dent~ tlier.fore. tlult; ¥tth thedeete••inl lise .n incre.ainl 

..-bet of ieilt eo.,oa. ar. ra,uired fot obtaini\1l .tatiatieall, .alid 

n.ulta. 

DUe..doft 

'!'he, ,n"ie1at .tud,_ carded out .{th. dev to ..eertdninl 

the ..tentof!l'ftl~li.lt' of .ult.tr.t_ "r...ad.ll~ .peeif1ep(;rtion 

of it Mttarit4 1ft. the ••...to,..nt of .,ibeathle ~t,. the 

laflaenee or' ..rt8Ct ....1t' oo·.io.cca.ul.tioa ....1.0 .tudied. 

it WU' o_"*,t'-t, the 1."iIl. ncnitllieat of 0... or WIOra 

......nof tllMf l_r ..1_1 taa oceum.. d_t at.uUa.oual,on aU 

the th........tr.t.. Iftt'hla fir.t IS da,. of eltpOlhl".' Ala ...tter of 

fact, the _picie. COIIpMition. if ,lIOt _lMr. llardlll four erect 

"fJoaoa.. _. eolowut ••cidi... III thn.." 60 4a,. i_t.ion, on 

all the thrMilu"tr.t•• , n!!lli..... l_ra11, the a_. 

'!'he ~ .ae .... tlag .r'....~. a,,..,,,, .ninterruptedl, 

t"ro..hout the ,It",. llean ai, elrripeil.a, .,4roida aod aerpulid. 

""..r~clre"brl1 Qc'f,aU, the,t"n. ..~tr.t.. 1_1'.... . ltiologlc:al 
, .' 

IlllCUlfl_. ." .•"1...... .., tM .1..tta.... reeNtt_t of the 

apedel ,of.' "o;"t..r'.it~~"~I1""'~-;ici.. '. k~;Iia. clrdpede. ,and 

other•• a. ~:~n"· ~il' t~: ,~,~.iClt..)'.~.,.t aU the .peelel 

conti.".ed to a,pear Oft· the ...betr.te. wtalt·i.atelJ dlsapp.'ared as • 

relult of >'clteUoStillie':.pedes th.t ...tedmltulttl, 't~Htl.t at. the 

,alte. In this case br),ozoans elld eMrle a. 'a cllll.llx c_l;Jaity but it 

did not ea~·~t()f'I thrr\t.~rll l! r'! ,.,.4.• " ,,~~ !';lIr,",~,!<~·.·4t'··1 T: r1 .•, h'r'" ir;:f" f"o::. t\ 

~ ., 

II ,situation like this is t)'pical of' Indlen waters,. The ,e_rgence, of" a 

',eUmax or ,ather dOlainant co.-unit)' at a given place is not ,thro"A'h' I. 

p~cess of succession but is entirel), dependent upon the prepond,erance 
. " 

of one or two apecies ende.ic to that water. Cli..x eo~nltle. of I 
balanid., .u••el. or aerpulid. are Identified in the lodl.n vater•• It 

is not the dilerete .election of the tav.urf.ce or the ·selectl.. I 
preferenee for the eo"red .•arface or the "1010Iieal.aeee.ai_ that 

dedde. the e.er,ence of ell..x COIIinait,. 1:t. 'a .• dehl.ri.l ,I
deult,. • .uperlor apread!'\11 Ibllit, .ad the oyetlrovthc.paelt, that 

dedd. the e_rlenee of e1balt ~n1t)' 1a lndtanhopieal ..ten. 

It v.. obserYed that eerpuild aydr0101 IIOr"llea.hOved so I 
preference to ..,.partieuUi...... .!!!!!!l!!.. '.phttrlte "nfened • 

larler are. to ...ller ou .ad 'hydroid. Yer), collelltliYel, ,.r.~erred 

aaaller .rea to lar,er oae.The•• Y.ri~tloaa la prefereaee.... a ..tter· I 
of f.et are lMIeesau, for ellhrl\11 ..l.t"'_ of epibeftthie dl..n1t, 

pattern. in the uture. I 
In the. field .xposure studle.related tG the aa.e•._ot or 

the for.cSld.. of the IIiofoullng IrClWt.". the teat eou,... of videl, Iv.r),illl Ilae. .re beilll .aplo),ed. TId.1 haa' cr••ted 'roltl.... 10 

COIIpari.oa of dataeoUeet.d 1I'0Il diff.rent lo<:.l1tt.e•• It i. beU...... 

that the differeaees citedift .f0011ng"10"•• ")' DOt be.ntlre1, due I 
t. the .adatlau 111 1a"iIl. deulU.1 or .the hydrolrlphical _itl.... 

but .., be ~.u.e ofthe.a1&e of the eaupOtl••lIbll. thl••~t" trUe. I 
the pn.ent stud, baa ,alao btought out tut ,the.llle.of .the c:0upeft. 

.., not be that l.,ot;tlnl; ,..tUc:ul.rl".1n an' enylron_nt ..• ueh ••. tlti., 

vhere one enl..l tau, eheUo.t~ for~nsl;anct!, pl;ev .. l1a 4~ft.ftt1)'. I 
The '.o.inaat speeles lrres\H!~tiye of ~rea, t!_rges as a .o~e apace 

"~(,"!'t ..t. lt iR. tlrerefore, np..;ell,.a~y thllt ""n,, .l'Iscert&.iOi'1« the I 
1 ' 

I 
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•

f
,. 

to;" .~ftcanc~ of 'b4l.~ t"'. n_tH!~ of te.t.. C()UI?~"!I.· tbe 

I 
. d.,.,hc.terl!!tlc:!'o.f . the end,I'.~Qt: ,in' respe,c,t of 1ft~errelations 

1/ 
 iiet,rftn I!b~itO• .I,Qallt11 pre~l!nt apedillill\1.d . theot~r. u,: a~equately . 


• ,"tnOO!l. 
Vh1i,,, ~.f'Ol'd... IOn tbe cie••Uy Gf fGuU", i, yarlolla_rlel 

,,,,rboor:-, },t·iui.~. ~'pr.e~ice .tG ..ntiOCl the weiPt Gf t.be .bt_•• 
.,~'{~"." _...·'.".c':'~. ,.'~: ..,."-:".,' -':-", t>. "" ".,:" ',--. '.,.:',~ "I 
'dllt iii '."I:lit" Oi(,tM; teat coupon.; The. te.t c:oupoa. u.ed. b)' the.e. 

I; ~~r,II{bo....r~ .y_t: ~. Gf,.tbe .... ~.1Itf!.ncI "tedal•. Thi.· 

;~at~~'·'Ufic\liU.ala~rial.;thid.ta frO. dlffenat· loc.Utte~.

• tIe'~~"ii~·.orltlMl. Y.~'cii.u~br;"'ht"t tbatth:.Mtu~ Gf. the 

"ltI!tr.~..d~. ;iI!f1_ileethe4e..lGr-mt and. the ...teunce uf ther f~~"I~h. ~l"" it is_t o~y tM ..t~r. oft...obatrat. . . . 

'1Iiat'iI;lto ttieUDI! .oftrlt.rloea eOe eMoM. to,u11'y foliU....tbat 
,"'~'- .,J _lei lnt~.ce"...I.t"', 'or l ... ""a.c..it 1. OM~~. that if lOne 

", " " , ·.",.
.. CClHUere ttie ..l.iit- iacr1t:.dOtil. t ..... teUoII ..np. ••• lea.t.t 

.­

f~ied':U~~II:" '.O!a t~ other benil. !tGne conal'-er. the arell conr.d 
" .;-: ~ :;;. . -" . '. . :' . : ., 

,iii t""fOllU~~l"l.ti ... cdt.doe. tllea. teU_ IIvpe.t. tG be IICi

J _t.~ttet.t"'l1 1llilMt:.•t ttIe otiltr.llbatr.t... Pac:tlevl.r11lf .lLich • 

fOlitl"~II~.. to tit_tty .... to br,..G•••• theald.aHf~tqt.Uun
, '. - . . ',' , ,,' -.' 

I 
 _ .•; '(0.11" prO~ .· ...rr.c•.. coolel .. II&letdl",- .anderrGneG•• 


'~&Ol(",-,.r. ~'.~ile.t ."rfaca-=vplera "'thelr c01lt.t;'lhutlonln 

t 
 .r."'Ofv.i~f~~·i~t·kl.· ., . 

. t;,,~u;ti;':i~.flQ",.cloi. net "rlI1ta~t.lll4!. liclllea"oll of

• cal~r.o.ora..i_. ror i •• t.ace•. 1I!e1il'd.d.Vlti~h'cb~trifl..te· to I 

J 
 ,.!ii~t, ••et· ..~ii;'I~Il$l4.e. frala t4!ii~~.jurfllee.iift·~I"~a'rli••t{-~ttJdy 

.it ;... o"'."y. -t~t.. ...et'Y ....ii ..ta.'di~ for~WIi.teqi!h:e" t'o i~uli 

Grdls1~e ,';'iani.ci. frH.'teflon'.lirf.ee t'~n"y.froa.bte,or.a· I
l obllet'ved .that '. teU,," . ltIno··. eff~ctheglilslI" lIub!!tr,u. It is 

~" . . . 

~ .. 
~ 

antlfoulant or re~liant but lt certatnly.ia a very poor Bubstrate fGr 

the adhesion. 

The pre.ent .tudy baa very clearly.tlgge'tect tbet if nGt the 

recruit.antof the larv•• , the .u.talned aillle.loll .notlrGwtb uf tbe 

fouling orgaill... depend on tbenatliA Gf tbt .•vll.tr.t.. !hi. "pect· 

therefo~e • .ust be tatea lnto conalder.tlon inchOu.lac the __terlal 

for teet cOuponB. A IIII1fo1"8 cholceof eGllpoa aateiE'lal a."ll •• 

1l1lifor. criteri. Gf ......._nt vUl pemt the coaparbOli. of fGuU"," 

eI.t. leneratecl e.en .t dlatht!r IGcated 180,rlphletl dta•• 

Thenelel exped_llt. ..ra alao card.. ont til ......, brllovr 

aDd the Yarl.1I1Ut1 of fooll" 1" rel.tio"to coupoil .t~... Ii.ber·· 

... uolnecl. The. ~ltdLll'rit' yd.a cal1:oleteel .Y'r.~l. equtlo. •.' 

flOI" 15 coopoaa _perl.aced .•t thl. rite byeaIed a d_ ·alIl11.rltl 
. U . 

llet_1l the coop_. Schoeller' «;1'''' vbo e.1:1_t" La totiper.te 

vater. haYe reported .11l11arlty ......, coupon. Il....rlac bttw.en 5 tG 

10. in the preaent ca.e the eill11uU, nuted baa lleea d\le to the 

cIoainent pre.ellca uf cheUo.t.,... widell 'Ily their .heer· e.petltlYe 

ability aacI r.productlYe ..pabllitie. coaetitote • _Jur ce.pOnerit of 

the 1Iio-aruvth. In Gther tropical .UUtlOIl' vllere lIel.nld.. ..••411. 

aM Gther. co.,.te for .paeo, tile alll1Urlty .IIIIIII-t the eoupoil' v111 
.' &4 .&$ .. 

lie difficult to obtaln. loth lSoyci .nd hthed.... fClUall ill their 

.toelle. the foall.. ~tll1elac .xtre_lyy.tl&'la~ The'laportaace 

of the biGtie ellYiroftl!ll!llt and partleoladj Gf the 40tilWlt Grlanb_ 

ende.lc to the ••ylron...t caanot lie . thereflOre llnored. 

In the present .tody.u.e of troapet diacr..,.va...de and a 

.pecle. count v ....ed ••• par...tor for deciding the.•.-ple· aize .' of· 

the. eGopon.. It va. observed tbat an advantage of ,.aple .1ze beyonel 

12 t'!'st ('.""1'0"" "UI d"etell~e .. it'" .·th" j",'r~,,'lnr ""..ller of c.""p""f'.An 
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• 

t.Mir.ton' of 1~ ~O.lIpc1ft. 1!iM!h.t.1O ...ft~ i., cllllliietri .s ,tt!lite 

~u.te, '.Iaeeuri.bUit, iia _..ele. 'CCHft'it. 'bet_a ...~,1iI is 

..,li'lltle. 

~r1.. ,~hl•.•tlld,.; it"vu, a'" felt, tlt.at~'" areu'dl_ndOt1. 

.f theCClupoaa a!w!l. wul. iaf1.aeac.the ...,le lize. TIIl,_•t' 
tllpH~tt~ ".,tr_. ~r..~ for l.q.r area (ltlO .q.ft), ,the n_ber 

• f coQllOlUlhquired "U 12, fo... a ••11 a~a (90 .q.ft), thil auaber 

, c:a.t••roul'ld 17~UfOIUI. 

, kk...,ledj....t. ',' 

, 	 t .,...h~o,t...nk 1Ik.I.S. S-t vbo llel,.. _ to collect field 

.da. I, allo ::tICk.1.... , he1,f.1 ....~I.... 11t.a1 with Or. 1. 

t hi..... Pl"ctot,1CIIL 'a .&:1iparl., tlli'''''erlpt. 
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I'OULIN<; OF. SBI\,NATEIt F.Il.TRATloir $YSTEM5 Or OFFSHORE OIl. PROOUCTIOt-t 
PLATFOttI'lS 

It.G.J.mJVEAII J\.*> J~L.L11ICH 

IatOOL or M'fIt!l.IALS,.IVUIIOlil or ICTALS, 


UIIIYDSITY OF ""1'1_1.0. 

IWtPIIt ST. sHErFIELD 11 3JD. UK. 


. MftMCr 
Large \001... of ._at.r are flItere. oft offshore oil production 
pl.Uom..for 1:111. in ·E•••rvoh pr•••• a.ailltenanc.. The unique 
characteri.tlea of .......t.t, in tenl. of c:tae.htry .nd biology, 
c.. .caus. • ••er•. probl... to t.he filtr.tion .y.teas and 
•••oci.ted pipevork. Pouling block... i. most .evere during 
planktonic: blooaa. wbile in the lOftger tem, biologic.l corrosion 
of the .)'St_ can be a con.i&ltrul. pc«*l_. Direct observations 
0( filtration a)'St.. .re c~bi'" witb r.port. ftCIIII the 
lit.r.t.ore to provide lID o"ryi_ of s ......t.r filtr.tion problems
offshore. 

IIft'JIODUCl'I~ 

rilt.red ••iN.t.r is .4IIeI extend"l, in ••terflood oper.tions 

1ft t~ offshore oil pr04l.ctlon lnd_tEY. W.t.rflooding p....,. 

.e....ater . into oil "'.d", Itr.ta 11'1 OI.'4er to .aiftt.in prf!jllur. 

•• fore. oil to tW .lid.ce•. W.t.r l.,.etiOil is _ used auch 

• arUer In tbeoll winal", op.Eat:lo. te a.iDt.in • conat.nt 

pr"lur. ill t ... riHft.,..h••,.t_ &1'. w«kint ., to 500,0'0 

berrels . (10,000· ..3, ef WIlter per _, (..ing snual injection 

.eU.(CablM aha a_dolt, 19731 ana ne.rly all llorth Sea fi.lds 

.re. noV w.terinj.cted. 

SeiIW.ter ~arr1e. cont..lnentl IMCh a. cl.ys, sand, bacteria .nd 

plankton io which can c.use blockag. ef the. well ~nd reservoir, and 

inereas." ttl.. corrosion and foul inq of well r;,!, i "',l', C'th" ... 

Ipipework and equipeent. Filtration is u••d to reMove the•• 

contaminants and it is the maintenance of the fIlters and 

associated system that can cause problems. I 
The typical specification for water quality 1. removal of 98\ of 

all particles above 2um (Mitchell and Finch, 1'81). This is I 
usually .cc~plished in two .t.ges, co.rse filtr.tion to 

80-150um, and fine filtration to 2-10um. There .r. s.veral types 

of filters used offshor., the main ones being~ downflov sand, I 
dual or Multi-aedia, precoat, c.rtridge (b.ckw••hable or 

disposable1 and tubular backwashing filter. (Cubine and !l.andolf, 
" 

1913; Kaiser,19831 but the moat important factor. are efficiency, 


eaae of operation, .ize and weight. 


Considerable probl..s bave been found with the filtration 
 J 
proce.s, especially during planktonic "bloom" period. (Edyvean 

and Pe.rson, 1'811. A better under. tanding of the characteristics ,f 
of seawater .nd the w.terflood syst... in total woald do much to 

improve both the quality of the w.ter and the .fficiency of 

filtration. F.ctor. such as corradon, block.ge, bacterial J 
growth, precipit.tion of both organics and scale .nd the effects 

of hydrogen .ulphid. lhouldbe t.k.n into account when de.igning 

for filtr.tion. These f.ctors .r. discus.ed below oaing data from 

several .eawater filtration .y.t.... 

MATEltIALS AND METHODS 

Regular raw I.awater particl. count dat. wal .n.lysed from two 

oil production pl.tforas in the North Sea; Be.trice, 15 .iles 

off.hor. in the Mor.y Firth In shallow w.ter, .nd Thistle, 100 

.iles offshore, north-east of the Shetland Islandl in deep water. 

The effects of suspended solids on 200u•• and aou~. wire weave 

~psh ~nd p01vpropyl"ne cartri1q. ba~twal'h~blp cn~rl'~ fjlter~. an~ 
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- 2-5uIII. polypropylet\e cartridge fine f,Uters r_oved fraa v2u:iou8 
. . . '. ::-. ~ . ·'1" 

Morth Sea altes,vere studied using l1ghtand electron microscopy 

and chelllical I!!nal.r-ia..~ 
R$SULTS AND PISCUSSION.,~;'" SEAWATE~. CHARACTERISTICS 

. . "'f': . 

To consider' seawater as a 3.51 solution of sodium chloride is a 
. . . ~'.-. 

k 
I considerable o1fetsi..plifi~ation. Almost every known element ca!l 

be detected in .e~water and there are considerable variations in 

pH. aalinity, dissolved oxygen concentration and solids loading
'~" ' ,'. 

• 
frCIII, site to s.1.te (Dexter and ~ulberson, 1980). Open seawater is 

considered v.ry clean, containing 0.2 to 0.1 al'Jll suspended , 
 solids in the Morth Sea (Mitchell. 1978, Carlberg, 1979). 


However, the pr~sence of organics; either as living organisms 

(especially plankton) 'or the dilJlJoived and particulate lIaterial 

derived ,frca tn., reaults in considerable filtration 

difficulti.a. The chief planktonic organl..s which affect 

filtraUon .ystss in the No~th Sea are copepoda, 41noflagellates 

,;
• 

and di,atcas (Edyveiln and Pearson, 19112). These aU have durable 

exoskeletclOs, considerable ..ounts of external lIucillage and 

internally's,tored lipids. They range in size baa a few .icrons 

to ia f_ ailU.etres (Uyvean and Sneddon, Un). The _ount of 

. organic. .aterial in seawater can change considerably and .rapidly 

during, s.asonal (spring an.d autUllln tn telllperate waters) "bloOllls" 

of ,plankton., and it has been reported that: ,..ore than 901 of 

supended '••tter' in seawater. ca" be organic, (,.jatthews et 

, .r.19."" :lIot cril, is there a general increase during these 

Pedo"s but t:~~re canillso be large ver,. iocalhed differences 

'(BdyVean and SneI!Jdon; 19.8~). 

Particle count data in raW seawater ,at two sl tea in the North Sea 
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are shown in.Figllre 1. 'There is considerable variation" both 

be.tween sitea and with season at either site. The solids "loading 

in seawater from Thistle, ,a considerable. distance offshor-e,is 

low during the winter. but show,sp'!!aks, during spring, sUIMler and' 

autunin, corresponding to various plankton "blooms". The solids 

loading in seawater frOlll Beatrice, an inshore field; ,!S' 
, . 6 

considerably higher, reaching 14.32xlO. against 2.lxlO • for 

Thistle with peak loadinga during the winter. ~heae winter peaks, 

due to land run off and atorm action stirring up ahallow bottom 

deposits, .aaka any peaks which could be attributable to. 

planktonic blOQms. 

EFFECTS OF SEAWATER ON THE FILTRATION AND ASSOCIATED SYSTEH 

A diagr.. of a typical system is given in Figure 2. Seawater is 

lif,ted frOlll the desired depth by puMps or g.s l1fta,chlorinated. 

and ..ay have scale inhibitors adeSed. Coarse filtration is 

followed by deaeration, fine filtration and the addition of 

biocides and corrOllion inhibitors. The injectiOn pl;dps .ay be 

preceeded by guard or polishing filters. One important fact that 

the figure does not emphasise is the considerable lIIIIOunt of 

pipework in the syatetll which has to be kept free frCIII corrCision, 

and fouling. 

SEAWATER UPTAKE 

The first probls is in the, water uptake pipewotk. Crowth of 

larger foullng organi8llls, can reatrictor even pluguptaltes .nd 

will increaae the so.1ida loading of the water. Chlorine is, 

usually uaed to prevent this fouling and should be' lntrodu~d at 

effective levels of around O. SIIIg/l. aa '·soon a. possible 
, . 

(M~une,19821 Mitehell, 1978). OtheranUfoullng measures 'in tile 

seawater intakes include biocidal Paints and 11nin98, and 

copper/aluminha biocide anode systems (Anon,1978). 
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, 
'IL'I'M71011t:,: ' ... "'iltutiOft 'il,' ..,., ' .... i:. fC....~ ~... .,.hr blockin, the 

t ...ivoirroct, 't'" peo1_tlMltai.....,., a"oided hI'the• i~,tyolr .re transfened' to, the filters. 
t, 'I""ure '.pan of f,in. (5., dispc.alt1. cutddg. Ult.n frClllone 

IIo:rth S.aplatfor. ill .~n plotted a9dl'lllt s.~.on in Figure 3. 
, , 

, 'l'h. short ltt. u.., abown by , .hort and ..aU.rtire 11n....
I• ,int.ry.1. ' between, lines' is .yi,-"t in Apti1 '.nd May and late 

~ Au,ut and 8.pt!"lber, corre.pondin, to inCr....s in plankton. 

> aiocka,. of ,both coarse ad fin. f11t.n is due to, the large 

~ '~G~t.of 1ipi. and .Gci~.9. produced by planktonic or,ani... 

; which ·~aota· inortanic and organic particle. onto the filter 

) CU,.ean 'and Sneddon, 1985'. Sc.nnin,e1ectron II1croacop. 

) .xuinaUori';hoW. the por.. of coers. fUters to be inithlly 

) brld9ed by copepod ad 4iftOfiageU.at. a.oaka1atona held in place 

) by thl~ ~~t (Pipra ..,. 'l'hh then ,athers other particulate, .aterial ad 11pi&l and the b1ocka,. is ~POUl'Jded (Edyvean and 

) 'aanon, 1t1Z). Any"""'..t inherent in the fUter w11l enhance 

) entrapl.nt .nd cr..-hint of plankton, and v.ry rigid (eg. 

) wedcJevir., filt.ra, which 410 lea.t: ....,. to the plankton, will 

1'.1.... t~ l.ast lipid .at.ria1 into the s,at.. (Edyvean and) 
'P.ar.on, 191Z,. 81ockat- of fin. filter. ia by ...llerparticls.,

~ 
a9ain c..ented by 11pi4 .at.riat whleb has pa••ed the coar.e) 
filters .. ,'I'rPical, 0I:9ani.s ad, .at.dal which cau.e probl..s int 
the Un. Ul~.t. k••IICWD in Pigurs 5. 

t 
FILTER. rOULiH 

•
:. 

. 1 nadequate, biocide treament, of the filtera vill cause 

• consUe'rabhi.pair:llelltof their function due to iris1tu growth of 

• bacter1a',~lgae or other organi.. on,orvithin, the filter 

• • edia. 

•
'.• .. ,."~~~:;;i::i;";':;N " 

PROIILBMS Aft'SR rIL'l'RA'l'IOIf I 
CORROSION 

Con:oaion, bactaria1 ,rowth, and seale ,deposition will I
reintroduce particulate 10adin9 which can be worse than the 

original s.awatar. Tha moat frequant causes of corroaion failure. 

in .,atar syst..s are due to Hydr09an sulphide (~S" oxnen and I 
baet.rl. (C...,196l). Oxy,en i. r..cved u.ln, ,.s strippin, or 

vacuUM de••ration and che_ieal .cavenver. to'a level of O.lppM or I 
1.... Prior to deoxygenation, corro.lon re.i.tant or non-atallic 

pipework i. required. After deoxY9.nation, .teel can be used with 

care. Howev.r, deoxygenation of s .yet.. which i. ,.ti1l rich in I 
organic .aterial can provide ideal conditions for anaerobic 

bacteria ,Carlberg, 1979). "hes. bacteda produce "ZSand iron I 
sulphides in the syet.. and consider.bly enhance corrosion. 

Unless controlled, they can r.aeh the r ..er90ir and turn sweet 

produced water and oil sour on breakthrou,h and it bas been noted I 
that virtually all aeawater floods eventually bit~e sour 

(Carlberg, 1979). I 
SYSTEM ANO llESEVIOR PLUGGING 

Thete are aeveral _.chani... by which the injection veil and 

surrounding r ••ei-vior rock can becaae blOcked (aarblan' and I 
Davidson, 1972). Seawater .yet_. are prone toblOcka,e by the' 

fo~atlon of colloidal iron (frCII water or cOrroaion), in the I 
presence of organics, and by the or9.nicst~.elve., especlally 

wax.. dedved frail copepods (Mitchell andPineb, Ull). I 
Blocking of filter. ,by organic .atetial and particulates frea 

s.avater is al.ost inevitable. However, design and operationai I 
factor. can considerablylen,then their Ilfetime• 

p,' r:r: (, I 
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To achieve aa.ia~ efficiency' flltr.tion .,.t... .houl~ ,be 

~esi9ned for ',,-, partie:lIl.r ' aite '(e;:appi.. .a114. BiIl9\S8ll, ,::;i9BU • 
Infor••tion. of·, .,t.he " t)'pleahown in~19ure.,l, 63, toget.her wi,th 

. . . .' I 

detailed .nalyda, of the varlaU()~i~ par-ticuhi. aaferial at a 

gi~en .·i te can'!:le of oollili~iable~e 1,n tbe deSign of an 
I' 

efficient eystea.I 
Whnever the .yst_~ the first ailll .~~la 'be to take the yater 

I 
I 

fra. an area ,o,f l.a.t .olids lo.ding. There is ,consider'able 

advantage to be9ained by sel.cting tIMe depth fral which ttie 

! 
I 

water ist:'''~en.nd by being aware of other oper.tion. (.uch a. 
, ' , . 

the discbarge of drilU", alld.. , on the platfODl. hall, though 

often .~pen.i... aodification. of the seawater,int.ke can re.ult 

f in ten fold bIen.... 1n filterworkir'9 life (Anon, 1978,. Water 

frOlll about aic5WaybetweeR the ••rface and .eafloor is thought to 

gift the lov..t solida lo.,Ung' (C.rlberg, 1979), and 200 ft. belov 

t sea level has McQae .tand.rd in the Morth Sea (Mitchell, 1978,. 

Autc.ated s.pl1ng and analysis of. seaw.ter fraa various depth., r together with,s;"e'lt~ledge Of the effect. of •..riOus plankton 

and other per~tculate. on the filter .yst., could beu.ed to 

take advant.,e ofdiurn.l de.pth variationa in plankton loadln,. 

r However, no fUter sl'1't_ is Ukely to be able 'to cope with a 

I dens. cloud of. 'plankton, drUUIIIJ past the' water uptake and 

I _erganey .~ut&;wnprocedur.. sa.ould bea'aUable. 

'Control' ofcoi:r<:~.ion and bacterhl activit:y af~.r filtration is 
, ' 

.is.nUal.ni.a full knovhd,. of any added cbeili,cal. (.alt!' 

'oot'rotJiOft ,·;bdilblto" will proYide nutri,itnt. forbact,erial 

9rowt·hl:••j.Ci~f~.dOf,lof lnaoiubieeo.~~ds '(scalM) ,can,ilho 

be aproblea"bere a change in the ch_istry' ofth.diater due.to" 
" . . 

fore••lIp1." cti••icd additions Or lIixinq with fo~m.tion wat!!r. 

caus.. an inC'Ollpatibllity (Ca.e, 1960: Mitcbell,1978). "2S 

PACE,7 

corrosion is very variable and not nec.s.arily pr~portional to 

aeasurable "2S concentrat1.on.~ It has,' been observed that 

corroSion is usually mUd in 'clean, .ystems regardless Of the 

amount 'of "2S present wbile in fouled .ystems, cQrrOsion can be 

severe despite very little detectible "2Sin the water" 

(Case,196l). The corrosion product in clean .ystems tends to be a 

thin uniform and protective fUm, whU. in a fouled .ystem 

bacterial activity produce. deep pits, fUled with sulphide 

corrcision product (Case, 1961). Apart frQ!! direct action, iron 

.ulphide produced in the.econditions fo~. a galvanic cell with 

the .teel and this accelerates corr~ion. Chlorine i. effective' 

in controlling .ulphate reducing and other bacteria providin, no 

growths are allowed' to develop' on surfaceli. Such -blofU••- ,. 

illbedded in protective .ucillage, are highly re.i.tant to 

biociC1e. (uP to 2000 PIM' of chlorine h needed to tMi effective 

(B....... , lt8J)} and -sluggin,· with ,other biocides then be~es 

is nece.sary for their control (MUcbel1, 1978: 8e....s, 1983'. 

CONCLUSIONS 

Seawater fUtration should not be con.idered in i.olation fra.' 

the rest of the waterflood syst... ,As much infor.ationas, 

po••ible .hould be gathered about the seawater characteristics at 

the site prior to a filtration operation and .yst_••hould be 

designed to enable water to be taken frca varrln, depths when 

required. tilterli can tMideaig'ned to dOlliniaal d.age to 

planktonic organi... thus reducing the-e..lit- releas.d into the 

.ystem. Adequate biocide, corrosion and !i~ale inhibition .ho'l,Ii~ 

be carried out and recorded. li:fficient .onito~ln,.des1gned into,' 

the' .ystem at an e.rly st~ge a~d~~~t~~tiy wI~d.~li.l he~p t()', 

.maintain the system inoptillli:lll condition. 
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FIGURE 1. Particulate lIIateria1 >2ua in raw seawater fra. (A) the 

Thi.tle field (lOOt.. off.hore), .nd (8) the Beatrice (15km 
 Ioffshore, North Sea fields. (.haded area. represent particles >5., . 
PIGURE 2. Seheaatic of a typie.. I Seawater Filtration and 

waterflood .ysta. 
 I 
PIGURE l. Fine filter Ufe (Sum dhpo.ablecartridqe', in ten. 

of throughp!,!t against season. FrCllll a Northern Korth ;Sea location. 


PIGURE 4. Scanning electron alcroqraphs of coarae filter blockage I(SOIJlll fibre. filtera). A - LOW _gnification showing 

dinoflagellate., copepoda and other blOck.94I lIIatedal. B -, High 

power ___gnification showing. part ofa copepod, InterlOCked 

dinoflaqellate., diatqlIJ and other' bl9Cltin9 .aterial. 
 IFIGURE 5. scanning electron lIIicrogrilphll of fine filter blocJta941 

lIIaterial (removed frem the filter.). A - general low power view, 

B.and C. Foraminiferana, D •• coccoaphere., E· a dlatQIII,.F.- a 

small dinoflagellate and associated lIIueilage. I 
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, , ECOlOGY' ctFOUlIMG CCJIIMJicITIES MIl TflElR IMPACT Oft MARINE 

l1OOO BOO i IIG ~GI\N ISMS III POOTQMOVO 

C$ASTA( AREA-~TH lAST COAST Of INDIA 

R. ~i.~_, AMI> R. NATARAJAH 

• 
Sri.S. Ralllasamy Na1duP!elaor1al College, Sattur 626203 

, TIIIIH Hadu, India. 

• ABSTRACT 

• Studies on tile abul'lClance of fouling cO!mI.In1ties indicate that the 
tntens1ve settlMent Occurred dur1ng slII1IIIer and premonsoon periods. The 

• intensity of·the attack of the marine wood borers are relatively higher 1n 
var10us nangroves such as Rh1z~ora mucronata, Rhizophora afffa1a, Av1ce­
nn1a nar1na and Avicenn1a ofnCna 11s Where the rate of fou ng 1s mare. 
TiiContrast in boecaria agal1oeha, the wood boring act1vity is less wflere 
the fouling rate 1S MOre.

• INTROOUCTION

• the dMlages c.used by fouling and wood boring organ1slls to underwater
t 

dlltlerconstruction'n ..rine env1rol'lllel1t is wen known and is of great 

• t!C0ft0II1c s'gn'f1c.nce to all ..ritt.! countries haYing an expand1ng sh1p1ng
t 

and fishing industry. It lias also been reported that these cOlllllln1ties 

• are clpable of extencfing the1r destructive Ict1v1ty to l1ving mangrove 

• vegetation as well (BowmInn. 1917; S1v1ck1s. 1928; RehI and Humm, 1973: 

• Estevez and Si*On, 1975 Ind Day. 1975). 

• Mangrove ecosystems are also the shelter houses ftf many endangered

• species and a lso the varied faunat it and floret 1c features are suitable 
t 

to act as reserves for rare species (for ego Crocodiles; Whitaker and 

Whitaker. 1979 and Ronet. 1981). This significant ecosystem 1s the only 

11me'diate available substrata for foulers and marine wood borers. 'Studies 

• on these organism are fewer Ind d1fflM"ent. Most are references to the'r, 
presence in larger flunAs (Yan Mime, 1920; Tat>b and Manning, 1961 and 

• Courtney; 1975), newd1str1but1onal records (Ganapat1 and Lakshmana Rao,· 

,• 
• 
t 

• 

• 

~(,!':",~~,
• 
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1959; George, 1963; Nair .and Dharmaraj.1980, al'lCl Santhakvmarc(ln. J9!33). 

. . . 
. . I 

In India mangroves cover about 7.000 Sq.ICr1Is~"sbiyper'cent of the; 
", " . ,": - .. 

area lies in (jengala~d 17 percent 1riAndainan-H1cobar1$larids •. TIMHoforld's 

largest mangrove,the Surid~r,bans in the'lianget1c ~'sr~tnabutra delta covers I 
. ,. 

10,000 Sq.Kllls. of wfl1ch about 4.000 Sq.I(.ms. He .1nInd1a~ri{the rest 'in 

Bangaladesh. In Tamil Nadu. (South India) Yellar-Col.roon estiJar1ne c~lex 
. . I 

(P1tchavaram) 1s the biggest one which covers 2,640 hectares•. Previously 
. . 

on1y preliminary sutveys have beerinade (Halr and DhatilaraJi 1980; Meher- . IHomj1. 1985) on the geograph1ca1-geomarpho1og1cal set up of the area. 

The present study was carried out for one annull cytle to determine the 

nature of the fouling OrglUl1sms assoCiated with wOod borers and certain I. \'. . '. 

aspects on the 1ntens1ty of\woodb!lrers 1nvar1ous vegetations of _ngrove
I ' .' 

swa~s. In addition the se1~'vity of the specfes ofvegetat1onby Idifferent borers, were also extensively studied. 

STUDY M£A I 
The Portonovo is located on the eoromanda1 coast. 250 KIll. south .of 

Madras. The mangrove of Pitchavaram (at 1l"25'N;19-47'E) is 1ri!11 preserved I
at the northern extremity of the Cauvery delta in South Areot District 

(F1g.1). There are numerou~ channels in the ~rigrove 11nked with the sea 

on one hand and the rivers coleroon, Yellar and UppanarOllthe. Other. I 
Th1S area offersgreatpOtentiaJ1tiesfo~Nr1cuU"te andexte~s1yef1shing 

15 carried out ilia in ly by indigenous crafts like cataNT'ans Ind ~~_ I
canoes.Cohs1der1ng the wide, use of- this estuar1n~e.le~a~:al~o,the 
increasing . the 11ke1Y'hj)Qdof activity of borers,tM~}po~~dcoastal 
area was sele~tedfo~ this study. ' '.' ,:>I<:~~'" / " " ,-, I 

.' . ,~,-"i ::~~:i':'~":-'~;:~ . 
Tt1 I 


I 
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Mt\TERIALS iMD·. fIETItOOSJ 

$ett.1ernent of fO,uIers anq wood borers was detimn1ned uSing wooden 
. ,I blocks of Man~1fera indica (mango) (15 l( 10 X 10 em 1ns1ze). These blocks 

were conditioned for a period of fifteen days by soaking in filtered estua~ 
. - ',',~ 

r1ne water (Hall', 1962). Subsequently two series of experiments were 
~ , , .' ::. r conducted. In, one series, one string wlth 2 blocks of M.1ndtca was t1ed 

, . ~. :' , '.". . . "~ --.-,:,, 

r 
vertically to a rectangullr frame ~nd anchored with I'stone at .the bottom 

of the .water. In another series three strings each wlth two nl.lllbers of 

bl()C~s.ere 1mmersecl It ~he sa_ tiM and .ach stdng was taken 'one by 
. . . , 

one .at an lntervll of one IIIOIIth during the post IIIOIlSoon period' (January­17' 
~rch,.In the s11111ar_1, IS i.ny as 9 str1ngs were ~loyed during 

r 
,. . 


sunmer(Apr11-~ne), pre IIIORSoon (July~Septt!!lllber) and IIIOIIsoon (October­
. . 

I 
()eceIDer). This WXlld give In idea of the sett lelllent fOr the respect ive 

period of il1llll!rsion froll one WIth to three RIOI'/ths du.r1ng each season. 

The use 'ofth1s systel!. of blockS furnished I fairly accurate record of 
. '.' . . 

the settlement Of these organisllS WIth by a'lnth and also during the diffe­

re;,t seas~ns of the year (Hair, 1965) •.,> 
The collected Wooctenbloeks were 1~'ltely sprayed with 5 percent 

fOnlllll1ne to collect foulers Ind wood boring crustaceans. The remaining 

I' organ1slIs'werebollted ~y scrapping Ind cuttingwoddenblock$ into smaller 

pieces.' The~,ght ·of thf!foul1ng .tedils wereasscessed with the aid 

.Of a sensitlVe btla~e to study the occurrence of wOod boring sphaerom1dsI .1n~1~t1qn~"(c!6ttng\llllteda rs. Sa 1inUy was determined t"ite per ~ek 
,", ';' '. 

by Str.1ckl~~jndpar$On( 1968) .thad. T~l'iturewas ~cl)rdE!d twice..·· 
I': '.~ (leI-week with thea1d O~ II preea'Hbrated t~ter.Surface water samples 

;. 4 ~ 

were collected by a clean plastic buckets and were ll1111edlately filtered 

by using Whatman No.42 filter paper and a vacuum pump: The filtered water 

samp les were deep frozen (in high density p(jlythene bottles) in the labora­

tory for further analysls. Inorganic phosphate-phosphorous and total 

nitrite-nitrogen were estimated following the standard lethods prescrlbed, 

1n APHA (1915). 

The. activity of the wood borers in varlous mangrove vegetations were 

studied by tagging method. Fifty nullters of Hvlng prop roots in each 

type of vegetation on which attllc~ 'of borers was not observed previous ly 

were selected and tagged It the beginning of the severe attlck. season 

(Summer - see results) and were cut It the end of that season. The SaMples 

were wrapped with moist cotton and brought to the lilboritory. and animals 

survived even for 48 hours in the slime burrow (P1lla1, 1961. John. 1968; 

Estevez, 1978). 

RESUlTSAICD DISCUSSIOI 

The present study indicates that forty six species of fouling organ­

isms (Table 1) and slx species of molluscan wood borers belonging to the 

famlly Tered.1nidae, one species of Pholadidae and 4 species of Sphaerom1dae 

are clluslng much daftl1Jgt! to the timber structures'n dlfftrent seasonS 

(Table 2). 

It is interesting to note that the incidence and intensity ot d1ffe­
, . 

rent foul1ng and woad bor1hg organisms show variations and fluctuations 

1n different seasons and 1I1so in various ftI1J~9rOve vegetattDns. Among' 

foulers. Rhizoso len1a sp. and 81ddu lph1a sp .. are lbundant ly seen during 



• • 
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. till! IIIOI'Ith,o,J, ApriLAIIDII9Ml1Cro,.Jgae •. ,ChaetolllOrpl!f ,Enteromorpha and 
. . ' '. .' !. 

Cladophora were seen ilbunllant ly dudngJune to August • ,Bar'nac les were . . . .' '..,.' '- , 

the doII1nant foulers 1na,11 seasons .. ,Mph1pods,isopods. tana1ds and crabs . . .. . . . - . '. .. ..~. ..' , : 

wre, abund~nt ly seen 1n ,_!"!l,rove vegetat hmand assac 1ated with other wood 

• 
 borers. Crossostrelsp. also seen throughout the season. The above obser­


• 
 vat10n reyealed.that the P1tchavaraa IIIIIngrove is an annua 1 fou11ng area 


• 
 Dnlikein sub-ocean1c islands of Andamens (Karande. 1978). Dudng the 

, , 

• 
t iaonths ot' Dec:et1tIerthrough February the abundance of wood borers are campa­

ratfvelyless. TMs lliy be due to the pauc1ty of the planktonic diet. 

• 
 The hydrographic relationship (Table 3) revealed that the increased tempe­


rature '1n conjunction with the increased sal1nity enhances the secondary 

• 
~ 

, , 

product1v;ty Of zooplanktons (EdiflOnson. 1971). Correspondingly lnorgan1c 

• phosptlatecontent va;uesalso increase upto 0.5 t 0.06 fig at{1 (Table 3). 

Total'nitrate-nitrogen contents lncreased during the months of November 

,•
t 

through Aprl1. wh1ch effects an increase in the faunal' production. This 

faunal lncrease is a pr1l11!factor for theintens1ve attack of the wood 

borers. More over different wood borers depend upon these m1crofoulers 

, 
~ 

as thelr prey. 
~ 

The, !3-111nthly cUlllUlat1ve attack of IIWObd borers .(Table 2) revea 1s 

that the 1ntensity of attack 1nc~ase$ during S\lllllller and pre IIIOnsoon seasons. 

••
J 

TMs may be due to the accIJIIU1at1on of .lcrofoulers like madne fungl and 

, bacter1alift'l1ch taC111t1tes intensive attad!: by sphaerGlll1<1s by the convers1on 

of woodttHulose ',nto C~l1ubiose sinCe the d1gestlve enz)'llll!s of sphael'Olll1ds 

have. no effect on ceilulose of wood as r~l'ted by George (1963). Three 

species of sphaerom1ds were found to accur abundant ly dtir1ng the SUlll1ler 

- 6· I 
season when the fouling rate was high (F1g.2). Dur1ng,the,monsoon seaso!!. 

the fa 11 in fouling rate which resul,ts in a starcity of .food, for wood I 
bOrers (Estevez, 1978) may be one of the factors responsible for the low 

settlement of sphaerom1ds. I 
The intensity of attack of wood borers varies in different type of 

mangrove vegetations. Sphaeroma sp. bore \nto the living prop roots from I 
the outside. produc1ng a IllUlt1tude of minute holes' which give the stem 

a lace like appearance. The results of the present study revealed that 

.§.. terebrans attacks intens1vtly on, g. IIlIcronata. where IS'§'. anandale1 I 
on ~. IIIIIr1na and ~. aga 11acha. 

Observations on the pattern of vertical distribution in the roots I 
of live IIIIlngrove trees show that the wood bodng sphaerom1ds a lways attack ' 

intens 1vely in the 1ntertida 1 zone and consequent ly the burrows encGUn;-. I
,tered in the intert ida 1 area of prop roots have been IIIOre in l'IUIIIbers. 

The ability of the sphaerom1ds to tolerate the prolonged exposure to air 

(John, 1968). their wide salinity tolerance (Cheriyan and Cher1yan. 1968). I 
compet it ion for space with the molluscan wood borers wh ich are very act 1ve 

in deeper levels (Nair, 1966), might be some of the factors which increase I 
their intensity in the intertidal zone. 

During the present investigation, different vegetations were subJecteo 

to fouling d1atpms, macroalgae, annelids. oysters. Modiolus and barnacles. I 
This showed a decrease1ntens1ty of fouling on the selected vegetations 

in the order of ,g. mIlCl':onata. ~'. marlna, ~. ,offic1nal1s, ~. agallocha. 
. '." ~ . ~ , " , . 

.§.. apeta1a and .§.. maritima. The ship -ionllS exhlbU high attack ln 

R. nKlcronilta, ,g. apeta la, ~. marina and ~. officina l1s (Tab le 4) where 



r-- ­
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• 
• thl!rat~'offouHng is more. Hair U'62) .150 repor~ed in. Western Norway 

. . . 

• that the staHon~ ~hicl1 registered heuy folfl1ngsnO'll/ed'sel'10us ship worm 

• infestation. In contrast in the case of I. agal1ocha,~he ship worm attack 

• is less even though the fou11ng rite 1s cOIIp./Irat1vely higher. This may 

• 
t be due to the chefti1cal nlture of thl! latex present in 1t as .observed by 

Turner. (1976) inOl! lbergia. From the above cbservat ions; it can be conc lu­

ded that the inc idence and intenstty of the wood· barel's and the other asso­t 
ciated fo~'erSvary according to the nlture of the t1llDers or vegetations.• 
A proper understanding ofthl!se organ 1 SIllS .nd the different aspects of• blolqgy 1s bas1c forllllla~ .1IIe6sures for the conservat ion of IIIIIngrove forest s~ 
and other .ater frontltntJer struCtures against their attack. The action

• anet gr'Mti of these pe~ts could be controlled only by a unified efforts

• of spectal1sts belonging to Helds such as ecology, biology, taxonomy and • b1ocne.1cal tOxicolOgy. 

• 
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No. Spic1~s Jan l\ebMar Apl.May Jun Jul· AugSep Oct- Nov Die. 

20. Lepas anatHera var indica' e' 'R . R '11anandi1e1 C e ve AA C 	 R R' 

21. Lepasinser.1fera L 1nnieus C e c VC VC A eR .R R 

22. Ciro lana flu\( 1at 1115 Stebb 1 nil C A A C· VC A e ce e C VI: 

23. Tana 1~ phlletlerus Stebb1ng R C A A ve e .eve C R R R 

24. 	 Parorchest1l1 mor1n1 . 
PeethanDaram A A A . ve e R R C vc 

25. Ptyc:hognathuseltr1manu5 . -' A A ~ ve C 	 e ,ve 
26. Melita zeylan1ca Stebb1ng C A A ·A ve e R R R R. C vc 
27 •. Maera othon1des ioIalker C A A A ve e e R R R' C VC 

28. Parhya1e hlw.,ens1s (Dina) C A A A ve e e R .1 R C e. 
29. Grand 1d 1ere HI megnn Ch 1lton ,C A A e ve C R e e· R e e 
30. Coroph1um'tr1aenonyx Stebb1ng e A A e ve A e A R e e C 

, e 31. Tha·lemHa crenata 	 VC VC ve ve A e e ve R e C 

32. Sesarma quadrata c C VC ve ve A e e C R 'R .R 

33. cSesannism1nuta e .C vc A A C e e R R R R 

34.. Sylla serrat:~ c C ve A A A C C e R . R R 

35. Portunus pe1agicus e C vc A ve C e R R R R R 

36. Musculus cum1ng1lnus (Dunker) e C vc e e R R 

37 .M,Yt11usv1r1dus Liilne e e, ve A e e e e R R' R R 

38.Crosso~t:rea madr..asens1SPre5ton e C vc A e VC e e C e C C 

39. ' Cerith1dea fluv1at1l1s(Pot1ez
and M1chand) e C e ve A. C e R R - ' 

40. Cer1th1d1um rubra Brugu1ere. R e e e ve A e R II R R 

Contd •••• 

Table 1. 
Season,,] abundance of fou ling orgln1sms 1n portonovacoasta 1 Irel dur 1ng 

. . 

. ~lnU~ry 1980 ... Deceniler 1980 

Species Jan. Fib Mlr .Apl May Jun ,Jul' Aug .s.p ,. ,Oct . Nov 'Dec 

1. 	 Cosc1nod1scus ecentr1CU$ 
) . Ehrenberg, . ,VC A A VC C ve c R It ·R.'.' R e 

?'Cosc1nod1scu.sg1gls Ehrtnberg .A R e R R VC RR.R·R :A vc 
3. -Rh1zoso1eri,11 1111;1 Bright well It, R' e .R C e VC··A R .·R VC 
4.. RII1zos01en11 robustl Norman C A· R ve. R e ' .. v.e A. ." C c. 
5., Rh1io'sol.n1Iset:1gerl " 

. "lr1.;ht well . R CA A vee R e 
. ve ..'A,6. . IUd4151phfa sinensis liray 	 C vc R 

7. .' Biddulph1l lIIOb1d1encis Gray' C A. VC we ·R .­
. , S;"'H1tzsch1lclasterit.l!ll 


(Ehr*nberg) A e c . ve we R 

9.Osc,111ator11, princeps Drciuet .' e VC C c 


. 10. ,lyngby& SII. R C e e· C . VC .' 'Ie 
 .­
. 'n. Tr1chode$mium th1ebaut11 IicInIont - R e R R 

.·12•. · EnterollKu'phl 1ntesHnal15 


., , . . (Linna.us) e ve A A ve VC e e 
. 13;ChaetOriiprphl l1num (M111er) R R· c R VC A A A VCll. 

, 14 •.. Cladop~ora expann Vir 
lI'omeratl R R 'Ie A A A .we.1 .' 

15. Sea.nemones 	 R R c WC A e 
16. Nere~s sp. 	 e' c C . ve we A R R R ,I. . 

17•. 'Hydro1'des nol"v,g1CI 

' 

Gunneres R C e vc A A A A A ve 

18. Balanus amphitrite Imph1tr1te . 

. 	 Dlrw1n' ·C .. e .c VC ve A. e e e e C C 
19,. lIi.lanus vlr1egltus Dlrw1n e C VC A A A c t C C e c 

r-.."" iI lit .. ~ 8 !'la, ~ 44..~.~, ~,'4, '.,., •• ",,,ta,.,.,..•.,.S 	 8 8: .. II. 

, . 	 ,'- , 

. . 	 '.' 
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TABLE - l 	 ThE! 3-lI1onth Iy cumulativE! abundance (number ofs~c1mens lof marine wood borers 

in long term wooden b10eks in P1tchavaram mangrove area during 1980. 

Season ,Ser~es ;Per~od St Sa Sat 'SIt 'iMS Tf 1.:1>. 'lr.~.. B;car .' ..Nh '. B.t 

.Post Monsoon 	 B.1 .Jan 22 10 2" '4 S 
B2 Jan- feb 27 . 17 42 '14 "'12 '1'7 12 A 

,B3 Jan -Mar· .38 6 87 .. 104 ':Sf ']1 ".15'1 .."16 

:Summer. 	 B4 ~U. 29 ·32 Z9 '. '22 '1\1 ·130 !l2'" .Ita'" :" .!J2 .3 .3 

'95, Apr,.. ,Mly 42 100 '33 .37 'lln . 3.57 '12 12 '. ''')6 '.It 1,11' 

!B6 Apr- .JUne ,84 U6 44 48 212',401 51 ,~ /4(7, "''1,::22 

121;.1re mnsoon' 	 ·87 ,auly 13 12 2 7' 12 72 27 $6 <4!,"'. 

IS8 .1,1- Aug Z9 17 B '27 112 n "164 :81 
.. 

i!9 :auly ·-Sep 41 68 '17 34 'l64 as 181 r12 
"'o.oon IIH) ·:OC.ilQb1!r :8 :5 12 13 ,.04 t .1.'3. ,':. . ~ 

·8J1 ~ - .lio¥ 19 1:3 .2.7 37 ..'21 J92:/f 
1112 .oct - Dec 2.1 .. 2 32 6.7 ~1 .:3Z 32 

. . St~, ~.te~bl":lm$ SI - .§.. ananda le1 ;Sa~- !~enaad.:'Je-.1I1l1r 

.Sw '-1.wa,""e,.1 oMs ...; !! .. striate . :trav.en¢OM!M1s . 

. Tf,- !. fUl'!ctf4n:a 

LP - h. @dioel1atl:lS II.e - .!!.. ea!!!?"nel 14ta .g.(;er-!.,c..ar lr:tatll; 

Nh - 1!.,nedleyi Bt .- !. thorae1tes •• ''''Absent 

No. . Species Jan Feb Mar, Ap 1. "lay Jun Jul Aug Sep Oct' Nov· [Jee 

, . 

41. Te:lesCDp.lum :te1J:eseopium(Unnaeus) C 

.42'. ·~<ta 1l1kata' Linne C 

43. Littor'fnaScabri L1nne C 

44. Littodna undulata :Sray C 

45. Pernallirtli1s R 

46. Modiolus (Modiolus) str1atulus 
Henley R 

VC 

VC 
VC 

C 
C 

C 

VC 
A 

A 

VC 
VC 

A 

C···· 

C 
C. 
A 

A 

VC 

VC 

C 
C 
C 
C ' 

C 

A 

C 
C 

C 
C 

C 

. A 

t 
C 
C 
C···· 

C 

A 

C 
C 
C 
'C 

C 

A 
C 
R 

R 
R .' 

,··R 

R 

C 
'R 

R 
R 

R 

C 
R' 

R 
'It' 

R 

.' R 

C ,'... 

R 

R 
R 

·R 

A 

. vc 
C 
R 

" Abundant (75 - goS) 
.. Vef':y eonmon(50 • 75S) 

..Common (25 -.50S) 

..Rare (less than 25S) 

-Absent. 
; .. 

-



, 	 ", ~ 

t.ble . 3 •. MI."' hydI'Ogl',ph1c 'nutr ient f.ctors·· of'P1tch.nr.lIIl1IItlgrOO'le 

f' 
.'1 E GET A J I ON 

51. RhboplMlr'1UI1z~f' .. Av1i.:tnn1. AV.1,enn1. .Swi... : SII.ed. Exoeca:r1.• 
1 
i No. WOod"bOnrs .IllUcronata 'Plt.•,. '. . Mlr1,.. off~c1".11s .petal,· ..rit1ilia • . .g.n.coht 

Month' 

c 

January 
"; February 
'. ., Mlrch 

. 	Aprl1 

"':.1 
June. 
July 
August 
Septemper 
October 
November 
Decen'ber 

fable 4•. 	 Intensity of Wood borers 1n various mangrove veget.t1ons 

.' 
1. SphnrQIIII terebrltis 


2~· ~'h.e~ an.nd.let 

, 
, ~ 

J. 511ft••rOMIti.nd.,., . 
, . v.r ~tl"'.v'ncor.nsis 
r it Mlrtes1. Itt-f.t.1 

! 5. Tareeo' f"rQUer. 


• h' • ,,-:.,, ,. &..rrotul .'cen.tIIsI 
r 7. 	 NJus1tor. ~dleY1 

a.nk1.c.qjtnel1.t•I 
! 

i •• 
I 9. Ilank1,.caril'i.t.

!10. 
I r 

"-f-
A .. Ab~nd.nt('75 -lOS) 

.. 
VC .. Very CClIIIIIOn (50 -751) 

du~in, Jlnuary lQao • Decllllber 1980; 

FACTORS 
Inorgln1c

NO .-HTemper.ture Salinity 	 Phosph.te 
(·C) (I) f.pg Stll) (ug dtll) 

i6.5 t 1.2 14.7 t 3.6 1.7 t 0.4 

25.5 to 1.2 18.' t 2.6 . 0.73 t 0.26 

28.2 t.4.6 21.5 t 2.6 0.5 t 0.27 

33.4 t P.• 8 23.6 tS.6 1.0 to.Ol 


33.2tO.9 21.8 t 4.7 0.14 t 0.08 


31.0 t 2.6 28. 1t 4.5 0.44 :t 0.26 


. 30.0 * 1.6 14.6 t 2.7 0.73 :t 0~7 


29.9:t U 14.6 :t 3.3 0.32 :t 0.15 

30.3 :t 1.7 13.5 t 4.3 0.41 t 0.11 

30;2 t 1.0 5 :t 0.73 0.54 :t 0.16 

28.7 t 1.3. 3.7 t 1.1 1.29 to.6 

24.8 t,O.9 5 t 1.3 0.59 :t 0.11 

. . 

A .A ~ A vc c 
It It'. A It. c c. 

It a, ... c C 

A· A It A ... 


' .
A A a ... 

R It A A. .. 
 ·. 
It It ... ,A C 
A It· C C ·.. 
A A C C. c ·-- .' 

.. 	C. COIIIIIOn' (25 - 501) 

I .•. lire (less .thalf 251) . 

••• Abs.nt· 

O.50t 0.06 
0.39 t 0.01 
0.16.t 0.03 
0.18 t 0.12 
0.27 t 0.08 
0.107 :t 0.04 
'0.3 t 0.047 
0.15' t 0.03. 
0.34 :t 0.05 
0.34 t 0.05 
0.48 t 0.11 
0.22 t 0.03 

http:Phosph.te
http:rOMIti.nd
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Flg,l 

MAP SHOWINGPORTONOVO 
COASTAL AREA 

r­
tL1!.=4~'9I:=':::t:::::::f:'="":5!M'!,.,MAR.,BIOLSTN.. ... , ,'J';PORTONOVO 0 

EXPERIMENTAL 
. SITE 

" 



,•• 	 ...1.1..... . , cc:i~tri"'dplI;,. J!'ft.t.iai.. cl:•• -..ct.:.....ll.· · .eolOln' o~ 
fQ~U"QrwaUd~' . .. , . .. 

•• Tul.: Hi~t'o~org.llia_ca"not settle .Ioi.Cef/..tul:l]'on th,e .urfaee: ," . , ~. '.' ,. 

• ~f.th. apono•.Hal1C/!JfiHI<1r:i.a rna"i.c.a 

• luthors:.lli~oitWoU,r.th U4O....r .artltal 

•• 
O.pt ",Harin.lIot.n],; In.t:itut fir ....r ••ltund. 1tie1. 

"ilt.rnbr:~ker .. W.g 20. 

• 
:l300ttiel l.n~ 

•• Ab.tract 

'lb. .pon•• H.11e~"dr1.. rnaa1Cf1. 'all•• u.u.U], barbpur& •. large 

~ 	 ".d.t:r of· iilf.un. .... iftflorawg.ni". i. its· thsu•., 

••pedant iii it.<".ter cODducting chann.l. ~ J. nWllber of· oroan­,II iIi_, att.ilpt tCl ••ttl. ~D ttl••uhc. of this '.P<9nOe a•••11, but 

ar. pr....iatedfro..uce••din••. a.t.b. 8POD9a r4l9\l1arl]' pe.l. off 

~ 	 it.outertbau. la,..f', thuilte• .,iDjJ its .urfac. cl••n. '!'b.llicro 

!I 	 foUling C'oDuntt,. fo~ OIl' ttl••poage peels c~ri.e. faunal, 

!lorU 	··arad ,.ic:robial .l...nts alMl ahpw. • clear ••••on.1i 
Y.ibd~D. .a..ong the r.WIlll .l....t. ar. aotU. .nd ••••il.;, ciliat... n••tod•• and copapoc! 1a"a.. 'lb. ph)"tal coapound is 

'J 	 cObstit:ute4bJ- paftIl.te anclc.ntr.ie diatOM ofbotb pl.a!ctonic .nd 

benthic odgin. but>lDcl\lid•• U •• fil"'ntous alg•••a "ell. .y~ , 	 .heddino its .urface ti••Utl, tb.QIOftG• .,r•••nt. t.b. Un. 10no 

ten ••ia611.hilntof th...- C:>rGuh...ac! .Qb••qu~lIt .ettling of 

IIi"•• · of ·other ••asil•••erobelltho., tbu. inhibiting furth.r•t fO'lililo 	pRe••.•••• 

•
j In'troduc-t1cm .... 

• 
. H.IJ.Cb~lIdr1'.\~bl¢~.'all" ia.. co.aoj!olita..ponoe speeie. 

. ocicurHftO I'D ... 'eo'~td h.bitatil whb ".1"]" vatia4 condition. of 

•• 
li~ht,' ~'Ii~r'nt. 'lIt-d"';iirUcU 11NH1. Not.blri .it form••xtenahe 

popu1.t-ioli.. ift '"aters ,,!:til high ••(junta of .uapended particle. 

1•I
• ,• 

like', ,the North Sea lind th. aa1tic Sea~" Furtti.n.ot.. HaUchol1l:'1ri:tt 

panic.a h.. an .xt.nsivea••oehted huna "h.rev.r.i!:. oC'.C:1.lX-. 

(Anger 1972. BOhgers 1983. conaUo .ndM],.r.l.917, I'rith,1977, 

Peattie and Roare 19811, ,whieh hpartiy inquiliniatic like, the 

hl"dro%oan Dipurfl"a tlpong'iqola (Anger,' 1972') or .the nematode 

LeptosomatWII ,bac11iatuill (Bonger. 1983). partI]'.ottle epitauna 

like CilprellalinNr1t1 (i.-.Uti. lind ilo.r. UU,. 

In view ·of th•••••aifo1d p1.nt .hc! aniMal a ••ocietio"., it i. 

aoteworth], th.t the .urf.c.of Ha.uf:hOlldriapaa1c.a ia bard1]' 

ever fou1.d b:r otb.r oro.ai.... 'I'I1ia .t. "".a 1101'••urpriaino, '.s 

the .peci•• b•• 0111], " ••11: antiaicrobi.1 .ctivit]'. .nd do.. not 

produc. bio.cUva.ub.tanc•• iahibitino grpwtho.f a10a1 prop.g­

.tion atao•• or pr.....ntiao a.tU•••nt. and d...lop••nt· of ,lan.e. 

of fouling orguia.a ('l'hoapaon .t .1. .1115'. '!'b. pr04uct~on 'of 

.ueu. ,pr•••ntino ••ttl•••h1=, of foulii10 ozov.nia" on tb. .ux-face 

ol other aponge .peei... doea not tat. pl.c.· .itb.r ("l'boIIllaOll .t 

.1. 1985. on obs.rvationa •.• 

Thh atue!]' de.cribe. tbe ••••onal Yarietioh ill· tb. oJ:Oani... 

tr]'ingto ••ttl. on H. pII~dctla .n4 til. alouobing off of .urf!lc. 

U ••u. .a the pr:l.•••tJ:.tltfl' of ,the .pono. to pr•••nt penanjl!nt 

detri.."tal .urt:.e. fouling. 

Metbod. 

Betw••n AUQUat19l7 .nd "'anuar:r 1911, .peci••ns of BaJ:1cboIJ4r1. 

panic.. _r. coll.ct.d froa ....riou•.•tation., intti.1 lioht ,.b]' 

.ither di...iao o~ dr.dgiDO. ·Cl.an pi.e•• of about 1-2 c., yolWII. 

"ith at l.a.t. one o.eulua ••re cut, oft and tied to a glaaa slid. 

follo"inothe ••thO!! b]' I •. rthal.nd '!'b.e4.U9U,. Th. .Ud•• 

w.re in••rt.d iDtO ••all f'ack. and k.pt in :_ 90 pi .quariu. \lit 

'f/eC 1l~15.Ddl·10' 15-11. 'Th. ~inga•• ·".t.r' " ••. ro¥oil1], 

freed of 1aro. particle. b]' •••tia ofaaaild filt.r, bllt coatiliri.d 

slIIallplaDlctan .nd alao deiritu•• partl'if ,whieb aa4i.ellt.d "i~hin 

the aqu.riua. Theapong;'. ,.ere fedt"ice a " ••!c."Uh • f." drops 

of Liqub.l1,. .u.penaloa .of Ua.1y pow4ued d~]' .lgee IP.<?bse 

Aqu.ri.tik aonn) di.tributed ia the aqu.riua. 

2 

i 

http:Liqub.l1
http:rthal.nd
http:oC'.C:1.lX
http:Furtti.n.ot
http:anclc.ntr.ie
http:cObstit:ute4bJ-paftIl.te
http:iftflorawg.ni
http:luthors:.lli~oitWoU,r.th


f 

Wh•.••v.r U ••ue al._1.. occ::ur... t"~· U ••IM n.k.. w.re 
~~.f."llr . ,coll.et•• ,fr_ th.'.......rt.,.Dd. in....ct.c1 .for·th. 
.4her.iDoorg.ai.... · . 

, " 

iteftlts, 


ftIr, spono.. in the rUani.o ••,~:",wat.r aqUariwl.~ tached to. the 


• 	 .la'. 81id•• within .f." C.,.s aftet';pr:'ep41r.tlon .• nd .tarted to , 	 gro". Within tWe> w••n tlte first U.n.'.· sloughing took placa. 

ft. .urf.c.Us.u. chano.d its colour fro. ,..ilow to brown and 
~ started to.~p.r.t. fro. til. bodr .t. the rbof the o.culua. In 

thtt,c:ours.. of " "a,.••.. this PI"OC.ss .1lt.Q4.d 0 ....1" the "bole 

.pong. surfac_, th••bedd.d Ussu. f.lling off in l.rg. fragU. 

Uat••·• 

. I1cro.coplc ·in.pection sbowed th. flak.s to consi.t ,Of a 4eD•• 

lar.r ,of apollg.ti.sue andapicul•• tog.t;h.r with fr.ga.nt. of 

cOpello« carapac.' 'aDel ant•••••, diato. fnstubs. aDd .aDel grain•• 

fte ah.d U.... ".. inhabite4 b1- .. ....ri.tr Of .otU. cd •••.•U. 
_Udla..: '.ith.r peam.t. benthic di.toaa or,' cb.in fr.ga.nt. of 

pl.nktonic c.ntric diatoaa ".1". u.u.l17 do.,tnct (fig. 1). but 

fll...ntou••zit4 od gr••n .1g•• ,w.r.obs.H.d •• well. ft. faun.lt 
coDunitreODd.te4 of Il...tod•• , aotU••ne! ....U., cUiat•• 

• ('to·. 2 Od' 3) , turbeU.ria . .and larY.. of co.,.pod. .nd, 
• 

polrcha.t••• ~.rr con.picuou. w.r. l.rg., r.d or iJre.n·S.P1rul1na­

Uk. b.cteri. wbicb .1011'17 .IIOve4 thrOQgb th. U ••ue flu.s. 

, , '!"b. composiUon of th••urf.c. fOuling co-unit, d ••rl,. ch.ng.d 

with ....on ('labl_ U. WhU•.•oaegroupa lik. n....tod... .otlle 

dUat••. u,4th.grHaa'ft4 1"414 'fU...a:tou••lg.. where pr•••nt, dUl-iJi~ tbewt1:o1.ill".nlg.Ucm. ti... other cOllpoa.nt., like 

1,",,,,,i .(ave.. •·of :eop.p04. and polrch••t.. oc:c:urre4. onlr .t. ti••• ,• r.f1~cit1iiV ta..,'J •••aon.litr of th... .peci.. or .t.g•• 

• 
• fts"'cth.l~~~ '.... uti•• 4uring the ·in.....tig.Uon, .hen 

tII.••pODgetl:liiiiue 1i'o.14 be.fr•• of pot.ntial inb.bit.nt•• 

• After' tb.~nr.ttb.tle alouVhia; th. proc...w.. r • .,..t.d in 

*xJ,er:l••ratal'sPonge. r.vularlr ..er:r three ..eka 'for.•• ,.JlUcb.•• .,• 
UJi.a(.Ddof the experi..nt).. During ·thi.period. .pong•• 'lfere 

3 

oro"ino, so.. r ••ch.d .bout thr.. U ••S th.ir origin.l size. 

"ithin 5 lRODths ~ . In,ord.rtochjtcJt wh.th.1" . th.- alo\ItJhing ~uld 

occur in d.tritus-frees.awater, fout' .1I1111c:hoDdria .P41111c•• ".rill'. •transferred after the first sloughino to .n .qu.riuIII filled .ith 

fil tered 	 se. water" No fUr:'ther .loughing toolt ,place in these 
specimen.during 3 months; • 
Di.cu.sion 

In tb. pr•••Dc. of ••di••ating ••teri.l the .pong•. lIal1chondria 
'p.n1c..c.n cl••n it•. surf.c. by alougbtngoft tb.out.rao.t "lar.r of ti••ue, thus g.tting rid of a4h.riDg d.bris .nd I
lIicroorg.nb••. Wh.n no or little ••di••at.Uon t.k•• pl.c.; th. 

.pong••topa slougbing. 	 . '. 

Thi••lapl. but .ffective .tr.tevr count.r.ct. the ob.truction of 

the o.ti. b,. ••di••nt.tion a. w.ll •• br o .... rgr01l'tb br .p1z~~c 

org.ni.... A. pot.ntial ••ttl.t••r. pr•••nt during tb. wbol, •
,.••1". •....n ill tb. wint.r IIODths, this prot.cth'...chanb. would Ib.v.to be funcUoDal .v.n at U.... wh.nll.11d10Ddr1.p.u1ce.'. 

0 ....1".11 ..taboli•• · is Idw. K.tabolic.llr. tll.b 18 r.ther', 

co.tlr. •• .speciall:r •••1'1 .pong.. ..r 100.. II eoiUIi4erabl.· Part 

of tb.ir bod,. sub.tcc.. but the G'r••t ad...ct.g. is that II 
sloughing is .pp.r.ntl:r option.i .•n4 . emlr tu.. pl.c. wh.n 

nec•••arr. Ho.t oth.r .d.pt.tion. in this dir.ction ar. .or• 

.,.nc.Dt. lik. th•. production" of' .nti.JIicrobi.l cd' bio.cth:. I 

.ub.t.nc.. found to pr.v.nt fouling iD .0.. .pong.. ('l1lOllP80:n 

19'5, 'rhoap.on.t .1. 1985, Vdk.r.t al. UIS. latu•.•t .el. 

1''') .'rh•••••chani.....r, inth. long run, .nt.il .•••uch 91" I 
11101"••n.rgr ~Xp.nditur. tban ti••u••loughing. 

!l:veD inth. ab••nc. of ear oth.r pronounced d.f.nc....ch.ni••, 

slougbing ·off aff.ct.4 ti••u...... tofuncti.e>n.uf'fid.ntl,.".ll I 
to .nabl•••11cholJdr1. ".,,1c.1I to .Ui"'f'i.........a: in.' ~a•.tia1".t.r. 

with .n .xtr••elr high particle lo.d 1111:. th. V••t.rn BaltIc s •• , 

wh.r. it. occur. in .xt.n.iv. popul.tion.with higb.biOll••••••v.1l I 
in .icrohabit.t. .Ublo'lf curr.nt .....lodU....nd bigl1 

.edi.elltation r.t•• · (own ob.tirY.Uons). .'rh. c.pacity to, slo~g", 

off ·U••ue quickl,. enougb.to prevent being foul.d h .•pparent.1)" I 
• 	 I 

I 

http:enougb.to
http:tofuncti.e>n.uf'fid.ntl,.".ll
http:count.r.ct
http:lIicroorg.nb
http:inb.bit.nt
http:cOllpoa.nt
http:fr.ga.nt
http:fr.ga.nt
http:PI"OC.ss


• • . . '. 

. ' .' .' . ,. li~li~ 	tij'l~'g~r~t 'I1Ii.elU.~h ~"'t.i. t~IIij)ft.t~t-•• , •• ' tbe 
':~." ''/ :, "~~ ' .. ':",: . '_ ._. ~ \~t;.,~: ~;.":i· ";r' {.,;. -:, i:..l0,· ~ :{ :;.~ '·..j;.~~{I-" .' ~ <:.~. :' :', : ~ t.-' :,~.• 

bacterial inf.etien.· is ••11C'lJoacfr1. :r"u1c.. ower.." hf 11_.1 

• 
~ . -"';- .'~. -'. .," ;.' _:":1?:~:,"~"'": "t'';' ",' ~':. -':", ; ," ~< :c:i,.' :- ,'~,' ., ~.:' •.>t" ':', ~. 

.t· aI. (1911" W:I4.l'th•.•• eOll4ition. otwiouslf could not be 
. ,\t~ :-".' _ ," .' ',',.....,: 

foagbt off by th.·.pofto.ill:'l'h. eoabinl.d eff.cit:. of In.ilfUelent 

"."tilaUon .nd ••t.bli.h_nt of a bachrial population! in a time 
. :,.: .".,.... ,',. _-,;"_",,,1, '.'~".~ ,,';;"....'.:-~: '" '::~' ~ _ . 

• 
• 
t • uch .horter th.Rth.t n.e••••rf for .10Ughing w.re lethal in 

this c..~. H~;",~r ,bacterial i~f~~ti~ of ~ponge. in the field 

•••• to bt quit. r.r. (r."iewed bf ~uckn.r 19'0) which indicate. 
~ 	 th.t b.cteiia 'eunij d ...doP wh.. th..ponij.. .re •••ken.d bf 

up.fa..ourable phfslco-ch••ical CODcUtiOftS.~ 

~ 
'!'h. proc... ~f tis.u. .looghiDg h.. be.n found in .oth.r org.ni••• 

~ befor.: rilion-Mfkl.bu.t and Worton (19'1) ob••rY.d .pia.rai. 

.heddingia the bro..a ....... Allcopbrllua DOCfOll_ and' ...bl (1911',- found it to ~eur ia t~. 4id._id tlmie.t. Polr.7fJcr.ton la'culr1: 

In both c•••••urfac. d ....iag ..... to be the _in .ff.et of the 
~ .bedding proc.... lDapoag•• , ti•••••loughi_g b.. not be.n 

it 	 ~b••rftId in. the fl'-l. at aU. lIMIt COlma. (1961' ob••rYe4 •, .tail.r 	proe... ia til••poDG. ftletlJr. lrzrcur1UJ1 .....rek-. 18 the , labor.toQ•. tllh apoage r ••cted with Us.u•. sloUohing when 

.icroorgani... .tarte4 to in..ad. it. ..rf.c... ft. proc•••., 
i_Deluded ..~. foraatiOli. of ..., .picule. .ad wa. ulluallf 

; re.tricte4 t~ eartai••r.... Aft.r the 10.. of the original , .urfac. ti••u., a 1a,..r of ellia.t.r .picul.. l.f ber.and fo~ , • prot.cU... l.fer. 'uelt. cha.". of .urfac••tructure coul" not 

~ ob••rYe4 i... .,..1ce., Pl'oM"1}' fMc.u.. tbis .peci.. .l~ck., 	 .pecial .picUl. l.,..n below til. .vf.c. tll.t couid be .xpo••d. 

• 
~ 

, 
It "f be tl:t,at tlll.... s1ouijlhlag is wid••pre.d DOng .pong.. .nd 

th.t w. onlt iaek u.. I'e.~cti" oN.rYadOil••u. to difficulti•• 

with .poIIIg. wltb.tioa :LA tho labor.toQ. ft. c~e•• ;~o Ob.er... 

ti••". .1OUIl\1Dii1 ia .til. tield .re .H., a. it ... to-occur onlf ,, . ,.... 	 . . .' 

••n ...iaent _4 llicro"oro..is~ Meo.. .too disturbing, .nd 

• 
current. 1ID4' «.trit"" 'fite4.r. will· ...~rf . ll\iicUf "••trof the 

U"u. n.ke ... 

• 
• 	

!'• 

•
•t 

Lit.r.tur. cit.d . 

Anger, K. 0.91,2 L D1puren. ~~rlt;i1cdl. .p,,' n. (Hrdrozo. , 

Corrnidae) , ei~- in SchwAllllllen lebe~der Hydroidpolyp .u. 4em 

.::.tteoat und der nordl1chen.. Kieler Bucht. Itieler Heeresrotsch. 

28: 80-13. 

Baku., G.J •• '1'argett •••M~, Schult., B. (1986). Che.ical .colOgy 

of ••rine org.niaa: .n·ov.rview. .1 ~ Ch... BC91. 12: 

Barth.1 , D. (19IU • Growth of th••pong. lr.l1Clbondr.1. ".n1ce. in 

• North S.a babitat. Proe.ediag. of tb. 21i1t Burope.Il'Har:i.ne 


Biology Sl'JIposiWil 1916, Gd.nale, Poland (in pre•• ) 


I , 

B.rthel, D.. fte.d., B. (1916). A new lI.tb04 for the cultur. of 

••rin. 	spOllg•• and i~• •~lic.tioa for' .xpert_llt.l 

Oph.lia 	15(:11: 15-82 - \ 

Bo~g.r., '1'. (1913). 8ionoaie. aDd r.producU".cid. 

n...tOd. Lepto.o•• tUJI .bac1l14litua liriagin the .ponl'• 

dr1. pan1ce•• W.th. J. s....... 17(1) 1 39-C6 . 

CoI1ll•• , It. (1967) • ..i.ction ••••'f.n.e •. l· epong. 

lracurJ.UJI "is"'~..is .ier~rO'lilli....d.. 

.tudi••• 

of the 

••ll,;:bort· 

"'etbr. 

LaUrck, .t de 

1 ' • .phipod. Lftu~otboe &j)on1c.rplt .lbildg. Vi••t .11i.u UA(2': 

281-219 

Co.t.llo, M.J., Ny.r.,A.A. (917)._ bphipocSf.un. of th••pong•• 

Bal1cbondrS.. paD1ce. aDd Bjaen1.c1don parle"eln Lough lIin., 

Ir.lIilnd. Mar. *c:ol~ frOg. i.r.C!: 115-121 

riHon-Mfkt.bUlt, c., Norton·,. '1'.". U"U.Jpiditl;'ld•.•~"iriV in 

the brown •••w••d bcopIJrllUJI nocfo.... CL'.) LeJoH., .ad iU 

.eolOgic.l aionuici.nc•• Mar.·aiol., L.tt.ZiI1:': C5-:51 

,; 

http:aionuici.nc
http:bphipocSf.un
http:Burope.Il'Har:i.ne


rrith. D.W. (1t71.,.APriUaia.ZY'."17.h af the •••0CiliUOD' of 

• aphipci4. It1crOd.uto"u. cfUiioa:i.fH2.i. fi.ur.N..noaaJu. 
(a.tt,ke) . 'ane!' Coropliiu ••"tolli Cr.wforc! with the .ponge. 

;'.iicb~D.dri. iazd'c;..trall..) IriId .";'IlI..c1dpn p.trleve 

'(bt~gU', .cru.tac.~a 32;:i'u-ill .. 

IUIIIIIItIl •. 	iI., Wolf, I..... IMU...a.r.w.(1918) •,".per., 1. ••• .1 •• 

'Iaeterial growth ~ t....ri.....DI...licaoadri. panic•• 
iDduce4 'tI7. r"uce4 ••terflow r.t.. 1Mr. .col. Pr~. S.r. 4.2: 
. '. . 
i'!s~UI 

Laueka.r.G. (lfIO). Di...... of hrUet:'•• Ia: nDD., O.(.cS.) 

Di•••••• of ..ria. ..1..1.. "01. I. aeMr.l ••pect.. Protozoa 

to Ga'.tropoiSa • .11&7. CIlichellt.r. p. 13t-1ts 

, ..ttl., 	 (1911•• '!'b••ubUttor.l .colon- of the••K•••OU'..... 
••Dal .tr~li. iI.ft••poDii. "ltaAoadr1. JllC.D1ce. (P&11..)· .Dd . 	 . 

lte •••od.te4ta.... htur. co••t. DeU 'd. i3: 121-635 

'!'bftptlofl,. .J .a. (1t15) • ......t#.. of biol~ic.l1:r-.ciiT. 

..t.boUt•• ill til••poqeA,pl,a.. t1.eulad•.•1. 8iol~ic.l 
••icS••ca. Mar. liol. II: 2'~2' 

~oD.. 	.1..... ..,.kar. ..;,.. rnlber. D."_ (1915) ••cr••Di~v 
.D4 blo..~J1IfOrbi.l..ic.ll:r.:...ct1ft ....t_c•• ·· froa fort7~ 
a.ria••po.,. speci•• fr._ Di...o. califoni.. USA. M.r. 

• liol••Ii 11-21 

• 
• &hi. M. (It'') • SpU,ie.t. .. Aatlfoulll19 ill .Ile.r. Di • • AJ:N.hrMcbani....· 4.1' . ~olee1.lell· ....cheid. ,. lac...1 v.v.n­

~ 
Ober dOlI ••de41..,.tndl: ~.. pet;.at1.l1~ Bpibiont••• 

• DoctOr,l, " ••i. u.1~ei':r ti.l. leO PIP 

• • aU:~r......"~_' .T.......1I1JtIl.r~D.i1.(1t85L Bx\a4.Uon of 

• 
~ 

1>101~icallr-acith.; ..ta~li.t.. ·~~tb.· .POllg.> Aply.1ne 

i1.t~1.r1•• U. Ch..ical ..i4..C4t ....r. liol. II: 21-32 

~ 
'1~ 

Table 1: 	 Appear.ne. of" organi... ill. tb. ..lougbecl ott t~II,U,• I 
fhke. of' Bal1cAolldde penicae e!Uringdiff.i.l1t~~i;.:.
of the :f.~r • ...ount. or nlmber. to~: +++: ••r:r high~ 
++: high. +: ••aii,~: notpre.aent. I 

Season 	 Sept.aber! Hoyeiaber! January F.bruary! April 


Oetob.r n.eeaber Karch 
 'I 
Content 

copepocS., ++ ++ 

Ixu...i. 
••upUa. ++ . + 

'l'iDtiDDicl. + 

cUiat•• 

••••il. + 
aotU. +++ +++ 

....tocl•• +++ +++ 
'!'urballari. 

Polreba.t. ­

lana. 

• ."ii:vJ.1I1e­
lit. bact. +++ +++ 
o.trac04•• 
.pollQ'. ­

a1)icul•• ++ ++ 

Diatou 

p&""at. +++ ++ 

ceDtric ++ ++ 
fU....tou. 

Un.. alg•• 

gre•• ++ ++ 

r" ++ +++ 
cliatOil 

trustul•• .+++ ++ 

,. 


I
+ 	 + +... 


+ ++ 
 I 
++ 	 +++ + I+++ +++ +++ 

+++ +++ +++ 
+ ++ + I 
+ ++ 

+++ ++ + I 
... ++ ++ 


++ ++ +++ 
 I 
+ ++ I 

+++ 	 +++ +f+ 

I 
++ ++ +++ 


++ ++ ++ 


I 
++ 	 .... '" +++ 

I 
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Fiqureleqends: 

Figure 1: Halichondria panicea, tissue flake, September 1987. The 

tissueUakes contain "many sporige spicules: and pennate/benthic 

diatoms arEi presen"t in' high numbers, Hagn~fi~ati~n 28 ~x 

Figure :t:.Hali.chondria panicea. ·tissue flakes containinq motile 

ciliates, Hovember 1987. Magnification 461x. 

.J 
~ 

Fiqure ~;itaiiclJondria panicell, tissue flake inhabited by II t 
sessile clliate. A larqe. Spirulina-llke bacterium ~s visible at II: 

~ 
the lefthandslde of the photo. Magnification 461x. .. 
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SILBCTIOioF AITI-FOOLIIIGKAt'EITIAt.SA~-U'S, K",I';'iliu~lNG• MECHllt'lS!,,"" - ..." '/"• 
,•• 1I:fia .STt:ILt'otll..a~l'IOi 

Abstract. . , . .... ... ..". ." . . .' .,• In order t.o.ele~~the.o.t~uit'lJl' _tal,nd;.coftOallcal 
..ter1al .'ii.ch ~iapravent'tbe'''t:UleiuleDi. of'''~cb "rIne 
anl"lc •• barnacl.s, .uir••ls and .tc, wellilMtrs.d various,• kindsofUQn f.rrous .•..talsla ... vater fort. 8 y.ars and 
...de c.jtt~t t~.tt.~C~rltb4i~YiQl.\f of _tine anlPlson, tbes.• , ••teri.l;'.,·· Fr~t"o!:Jtal"'d. result., it va., found . 
tlultCu-lff.';Ha .11~·iDciU4id9 .Pltr~prlat. ~tiI of Mnis 
eff.ctiv. Jorthbpurpo•• ~ In ihf.a'~Par, It••nti-fouling,• ..Chanii. ,i•. •1.C....d by 'til.oretieal 'ilPPi9&ch. 


t 
.. : 


• 
1. purpc,.. oftht..tlldr 
Pr...entiOnQf· vatiou.Unds .of _rine eon.tiliction and heat 
.xchanger"xp0aa4 .to •••••t.rfr. tM attach..nta of' such 
..rlnf.•iU.lials a. barnad••,n••eu and .tc:: .i• .a.t slgnlfi ­
cant forac.an appUcat10n. Accorflngly. with the ali. of .e­,• lectlngt;h.· .a.t.·.utl~ble ..tiIl ..tarlal•• fer thb purpo.e , 
1M. i ....r ...dYarlou. Und. of non ferroasn_tal ..terial. in

J 	 se• .' ••t.~ fo'r 'lOllftel'll and ...4. cl,••r .' the' attacbilent behav­
iour of \'ariou.uriD••iliMI. oattie•• "'tubl•• In addi­

•
t 

• 
Uon... ·tri.dt.o cta'rlff the ..cJUibl~ of preventing or 
pt_Ung such ..d .. ani_Is .ttac...nts. 

• 
 :2. IXr.~J:I.ildt.l.,rOced~."" . .', 

Metal."'c1lteli...r••11,nOaifeO'O\l. ..tal"'Ulrial. which 
'lIre co.~~Ci.lpU."i'1'~.t.·Ptu:e Cu;..rlous'~iad. of 90Cu­
.1 .1J.oY~:iibQta.,'1.r"'ilt·i.ril!llae"'~_rt;l,t .• j)y Hn-,F~. Ti, 
Ai, Hn"'Al;,;lIa;,Mn':'.-.,. In':'li. ...pur.CIt •••nf-t,.-e, ,otfaercu. a!loy 
..tdtt ~r.1lO1~.fl~.1B0UJ;:'l"~J:.tory~,')l<at ~lle~i totbe . 
sh••ts."b. purpg.eofltellr,ln9varlo.tt.-liiettlde..nts to 
c~-n' alloYi.t~ ;cban,~. t~lr.~()r.io.mDr4lsj.t.n~,lll-.ea 
water ali4 tOcllangeth. Cls.l;Jtilt,t.,fiJ'at. of,Cif-ln'to:!,.~, ....ter • 
Tbe1r~urfaC8Wa$' Ptilt.lie'« ifftt' _tl" paper .it..r '!llficbaJiica 1 
shaping.

. 
and 

. . they
'., 

~ere"ife'.~fui~ecl~lth 
. 

'a..b~io'fte;
:, 

.lid·. 
' 

hela>111.' "" .".. " ",', ".'; ::~ '. 

I 
decicater. Their dimentlon Is5-10mm xlOOmm x 3Mm. these. I 
metal specimens prepared In thIs way were set In the 
exposure equIpment wIth float and held steadIly at the depth 
of 1m from sea wat.er level for 1 year and 10 aonths from 
February, 198. to December, 1985.(Flg.1) The .e. w.ter J 
ImmersIon test was carrIed out In the. sea .re•.wlth the 
depth of l1a at the dist.nce of 30m fro•.the pier of ~1altsu 
Work of Rippon Steel in Tokyo Bay. The ae. w.ter .howed the 
lowest tel1lperature of 9"C In wInter season .nd the hlgbe.t I 
tellperature of 23"C in .UllllMr season•. The pH v.lu. of 
sea water was 8.2 .nd the amounts ofdiscolva« oxygen in se. . 
water was 6 ppa. The i.aIIIIersion period of the•• te.t spec.u..ns 
In sea water was .s long aa 1.8 years including •••••on• J 
and ther.fore, we could observe In det.ll the .tt.cn.ent 
behaviour of various .pcles of ..rin. 11f. on th••• 
speciaans. Aft.r the finish of this .xposur. t.st, all Jspecl..ns were ••t off fra. the equlp.aat .nd tr.nsfere4 
immedi.tely into the poly-ethylene v••••l. whIch wer. filled 
wUh n f0I1l411ne. And in our labor.try, ... ex..illed tbe 
difference of the .arine life attac~nt. on ••ch ..t.l J 
spec1l1lens by the detail.d observ.UoQ of their surfac•• 
(Photo.l) In addition, we trIed to ..k. cl••r the rel.tion 
between the surface layer subst.nces of ..t.l spect.ens and 
lIarine life .ttacn.ent. Por thIs purpose, IHI pIcked up 3 J 
kinds of ..t.l speciaans, pure Cu, Cu-1U-Kn .nd Cu-IU-Mn-Pe 
includlng l' Fe whlch showed the great dlff.renc.·ln ..rine 
life attachments and -growth and r~MOv.d ..rine life as well 
as possible In the wet st.te. And then We separat.d the I 
surface layers adherent to .metal ..chanic.lly In. the wet 

state and they were drl.d at rca. te.peratur. and their cry­

stal structures were an.lysed by X-ray 41ffr.ctioa ..th04. 

(F1g.2} 

The .MOuntsof bearing ..tal to pure CU is .bowft in Tabl•• l 

3 ..lte.uIts .nd Consider.tion 

Comparison of the .arine .life attacn.ents 

Froa Photo.l, Ron ferrous ..tal. shown in t.ble.l are cl•••i ­

fied as follows. 

(1) Hetal specl_ns wbose surface "as covered with Ill_erous 
marine ani..ls such as b.rnacles and .usse1s : C.-Hi alloy 
bearing simultaneously Mn .nd Fe, Cu-Hi alloy bearing Ti, Cu-Hi 
alloy bearing Al and Cu-Hi alloy bearing siMultaneously Mn 

,", 
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ali4 lb. , 
(2) Metal speci~ns whose .hrfi.cewascovered wit;b;tube 
WOnts. in ~ddititlnto'b':rliaclfll!l and.ussals.: Cu-Hl alloy 
b••rin, simultllneoasly Mil and Si, " . • ", , 
(3) Netal,speci.riswbose sUJ::f~c,'wascoYer.d. wltb very few 
barnacle and no iiu.sei... M",tar .pec1Mns allioilt free from 
..rinefoulilng·:Pi.tr~(·cu a~d Cu;:'Kl':'Mualloybearing 

, appropriate AIIOunt. of" Mil.. , 
FrdllUg~Z, tile fC)llotnBg "e.U1t8 were Qbt.a1n.d~ 
the ..In cQllponents of surface layer of Pure CU are Cu.aO. 
Cu.(oHhelo 
Tb, ..1ricoilpODitnt* of surfaCe layer Qf cu'-I1' alloy bearing 
apprQprlUe AIIOunts of Nn are Cu.aO. Cu.(Ou),cI. "'MnA•. ' 
3Cu(Ofl)lCucl..' " ' , ' 

,.be uin cOIiPoneilt of surface 'lay.r of Cu-il aliOy bearing 

• 1IIUltaniiQualy Mil aMF. 1a Feland tyny cOt.pon.ntsare Fe.o. 
and 'NnA~!be' abent. ".1:.10'ned Cu cOllPouoDci. can nOt be 
.et.ct.d In ,this aurtac.' layer. - ' 
!he obtatne,cl re.uits r ....al that, for tbe purpos.of anti ­
fouling.the existenc. of Cu.(OS),cl 1. lnevitabl. as sbown 
In the literatur." and tb. co-.xistence ofCu.O wblcb can 
supply CU~ion steadUy below the CQ;(OH).Cl~ 
IiladcUUon, their stabilized precipitation at the _tal 
.urfacefor long tel1l.igbt be due to the .xist.nce of 
approPriatit AIIOunta of "''''n.O.. ,.bl. 1a in goOd agree..nt 
.1tb ih••uppoUUbD of literatlur.". 
fro. the expt.r1IIental resultall. se.i-conductor tbeory" and 
ligarid, fidd theory". I shoved tbe anti-fouling ,Hchanl•• of 
(lu-IU-Hn_id alloy in Fig.3. Fro. tbls Fl,. it i.' suppo. 

'ecltbat in this alloy.tb. eontrol of the a~unt. of Mnls 
d,nifleluit for anti-fouling effect. In fact" the 9nCu­

Jr 	 3liU~1,'Mn_s Dot, eff.ctive and tbe 'O'CU-"IU~,2,"nwas 
eU.ctl.efortb1a purpose. In add,1tion. tbis anti:-fouUnq 
iIo4elilll(lWft~!D Fi,.3.ugqest8 that In order to_ilitaintbls 
effect fot l.0D9teo. 'it is nece..ary to keep balance between 
approP2!'iat!l,::ibJ.cttU••s of Cu.o Inclw:Ungli" and appropriate . 
oxyclaU,:onr••ction of Cu' to Cu". It Is well known tbat 
Cu" ion tends tilcr.at. ~pl.x cOIlpouns with Ugand sueh 
,as Cl" .HoO. OS". atld therefore the forAtion of sueh 
coliipoUnds as already ..ntioned can be easily explalned. 
In adUtion. it is saidtbat the first step of urine 
foulin9 is the breedlng of sulfate reducing,bactetla in the, 

.,.,
<, 

" 
'" 

food chain in ocean environment. Consideration from this 

view poin.t is ,as follows,. 

In order to guarantee the active breeding allaerobic bacteria 
sulfate reducing bacteria which Is necessary for the thst 
step of attachnients of organicsubstanc8. it is'iniivihb18 
tbat SO.- can approach to the substancesurfa~. which tbey 
can breed. ,Sut.the Cu"ion of 90\Cu-e\11-ltMn .eems to 
disturb'such approacb of so.-, and even If IIO.-c approacbes 
to tbe'surface of this alloy. CUi' tends to createCuSO.5H.o" 
and, therefore disturb tbe presence- of So..;.... Inq'eraeral, it 
is sald that this cOllplex COlipound tend to change to 
Cu"-Organic Uqandin ease .tronger organic l1gal'ld approacb••• 
In any way. this characteristic of Cu'"-l1gand coilplex 
compound .lght be keY,.ubstancewbleb'ca"s. sucb a 
remarkable antifouUng effect as above, _ntloned • 
Cu-Ni alloy _tal bearing as ..ny as l' Fe tends, to proilote 
the reduction ofSO.- to\ S- and tbe', cl'8.tlon of FeS·1 by 
combination of d1asolved, ,.,. 10nan6 8- and fOil this 
reason, tbe .urface of sucb cu.,.Il1alloy II8.l' be ',.:0"ell.4w1th 
the aboVe sulfides and therefore. the above _nt1oneit CU 
COllpounda ,whc1b are dlsagreable for .u••el. could not, be, 
cre.ted. In tbi. ca.e, the presence of Cu' 10n1fitbextreH 
bigh redUction for,ce in the surface layer, guarantees the 
stabllity of Fe" througb tbeOxydaUou-Reduction,reactlon 
of Cu' toCuhand Fe" to F,e"", In addition. tbeabtUty 
of oxydatlcin reactiolloft.I;, Slanll n 1saUcft. hlgber thallCU 
and therefore it is suppo.ed tli&t'the surface of.tbe CU-alloy 
including tbese, ale"nt. t.nds,tobe cOvered .tlea.t partly 
with these oxide. 'and to decrea•• or dist~b.,th. fonution 
of the effllctive Cu"-ligand cOlliplex. 
At the,surface of "itanl~ ..tal speci..ns. any a~unts:of 
.us.els tended J:.o attach and grow excieedingly. tbJ,s.lght 
be due to the pheDOlQ8na thattb4kdU.c:ilvecS orUoatlil9 'orga­
nic substances, Detiltua" in ••a ..ater tend ,to~att.ch and, 
accUllluiate til tbe ntllnlUllOXldelaY.rs, adb8J:'e.nt;, to ;,.itanium 
I'I8tal,. ,andtherefore ..ush."lls la~as.t.pd,to attae,b-tosuch 
nutrient-ricb layer8an4t:o"gr~. 
COlllP4riaonof corrosloo ra~. of "Ul9!-tilkJ,~ds_feu:,..uoys 
For the purpose ,of applyingthi,s 9~\CJ-8'N~~2\Hn dloy.to 
the marine structure, a!ain9 at anti-fouling. we have to 
offer tbe information on it. thickness .,hich _,intains the 
anti-foulin9 effect during, the period of practical use. 

L 
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.T~:t.fore, we tiied· to det'1'II1ne" th.corros!on r8,t& of· tbis,. ~ alia]". "In order to "yold .•ucb ••chanlcal dalllage· a:s scra.tch 
In nat.ur,-:1 se.' wate~..~' l_rsed the polished and degreased

fit 	 teat, • .,.plelll In Tabl,.1 .1R. ntlf1c1a1 sea water for 1 lear, 
by u.ln9~b••k.r,ln laboratory. To ayoldthe accWlulatlon 
of dlsso:J,,..d .Copper lon, til. artlflcial,.ea water was .xcha­
Dged. .,v'l:y 7 da,.. Afi.r ly.ar," could relllOY. surfac. 
precipitate. accordlDgto ISO/DIS 8407,.3 .tandard. Th • 

" 
" .Urface of th••• t ••t .•.,.cbMtn....r. canred With Yery thin 

cu fil.·.llfter till. experbMtnt. Th •. blank. t.st yalu, of the 
ot'19nill.Cu-.lloy _tal••bowed that tb. weight loss is a. a loWa. Q.0~019 wblchls n.gliglbl.....U. 

" ., 

" 
ft. r.sult. obta,lned In tbls .ay are shown In tabl••2. In 
ecl41t1on. _d.t'1'II1nedal.o .tb. corrodoD rat. of th.s. 
aU:oYlllln ut1ll'.l ••a ..tar daring 1.1 y.ars obtained In the " .... way •• abov. Mntl0ae4althoU9b _chanica! scratching 

~ 4....g. la apart of t.st .pecJMns ...red ob••rnd. The ' 
obtalnear••u1ta are .1iIc:Ml i Tabl••2. fr_ Tabl. 2,it"a.It 
f01lQ4 ,tbllt the corrodoa r.t. of '''Cu-IUl00:2'Hn 1. 0.02 to 
O.03M/year. ,-bar.fore.... call calculat. the Mc.aarry.­
tbldmeiiii frOlla· tbl.·data. 
~,:.....t tb. foll ,Oftllia. totCu-"B1-2\Hn ,,,.!tb thlcJme•• 
of O~OI"to tbe ....r,... pi" of all platfol'llby l ..1D.atlng " 
org.~lC: uterhla attbe .urfac. of· pipe. Thi. experiMnt for "',j practical ~u••: i ••bowaln PbotO. Z wIllcbb alaiD9 the .. pr''1.n­
t!t)Dof"rla. ..1Ml. for. the purpoa. of d'CtHa1Dg IfavIng'JI forc••. ':r- ,""to.2, It 1. clear that tltl. alloy i ••ffact­
1•• for,Jitlfoullll9 •.fJ 
• • s\llllilart 
U)· Tise'.nU-foal1" .If.ct. ot to'Cu-".l-2\Mn "hlch 1.It" 	 .cone..lcal ~tbuno_1C1lprOltlciin alloy .a••laHar to 
t~tof;.;pu:t.Ca '. . .' . .It 

. (2) .... ·It' ..... il1IPIiOS... · t ..t "MttA. pla,* .tbe' role of the control 
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ABST.lACl' I 
Harine .lcl"o-al,al and' heterotNphlc b.etarhl cell. 'Iro,," In I.t.or.tory 

culture produce •.variety of .0crollOlecules tlult _di&te, and .t.ele..ted 
concentration. enhilnce their .ggreg.tion .nd adhedon to arfiiic1al ·surf.ces. 
Aggrelation-adhesion enhancillg (ME) .84terials. are ..ino-llitrolel) cont.ining 
poly••ccharide poly_n., MIt ucrOllOlecllles f,..o. dlfferent.icrobl.1 source. I 
show distinct Ipecif1citie8 for cell aurbce "captors .nd.•rtificial, _t.ll~c 
surfaces. Hadne lilcro-alg.e .nd 'heterotroph{c b.cterl. produce tw, _Jor 
catelorie. of ME "cl"oioOlecoile., dtiltlngutaud by .the pre.ence of i_noienic 
altes containing the slaple .ugar ,dadoile. Concentration. of theile ME 
antigens yarled .ea.on.lly in. Bai\11es of ..bient Beawater Uken alonl the I 
.outhweat co••t of Puerto Rico. This ".rl.bility wa. rel.ted to ....on.l 
fluctu.tlon. In .icrobt.l·blo..... brought .hout by period. of lncre••ed 
rainfall and nutrient Input (runoff), and coupled with inuea.ed production ...d 
rele••e of .lcrobi.l ueroaoleeules in !!!!. I 

Karine .iero-alls1 poly.aceh.rides repre.ent • el.ss orlroup of .urface 
interaetlft, polY_l"le _el"ollOleeule.. The•• subst.nee., .with their broad uns. 
of potential l.aunolenie an. e.l"bobydl".te receptol" .ltes. 84y ptoylde·.n 
applOoprlate fr_w<lrk for the dedgn .nd construction' of ....rbee. wlth defined 
intel".ctive properties. A aote preci.e ~nderatandinl of these .ubstanee., and I 
the HYinA .Ad artificial .ulOfac•• with which they interac:t, will at.. 
"eveloplWlnt of neeiei Motechn010,1... to adequately IIOd1fy and eoritl:ol the 
intensely coepetlthe and .npid interactions .in the_rine 'env'iron_nt ""t....n 
artlf1cid .urfaees, ad.olObed Boloibie organic c:on.tltllent. and eolonblns 
.lcroblal cella. I 

I 
I 
I 
I 
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.:~,(~:\,;:~.)~ '~~~~~"i .' 

c~d~·ftli~=~~'~~~c·!1;r~*~i~t;:~~r';;:;t~4;~~r. (~~~. .' 
ina orlanie, ;,.,.t~,~.\al.f.C!"'J,.l~"J".t••"l.~" .. (~)..IXIM .. l._"l~red •• thet 
"'t.~l'" vM.l:h.f"'••. tlli~h • fn~r .. ~f. pot,' '1i•. o.~~!l'iiCt_ ~~ ~hu' is .' 
c.,r18e" of or'''lcauMt."c" 1".~J,.~1cie..~.or,aftlc cot1~l••f'~ted..l. POM 
cond.t. ,,' ,.rt!cu~.t4UI, c:04~it""'-t' orlM\i~ tWbat8l!ce, •• !dCrO""9t,.,.lalail, 
a'nil LOll. ie Cl!lJ,llt1t)l!c.I 1Ift- or'''ic,.c_tent, .f "dM"~torltl.til·(r)'•.~ 
rebti..· el!!lcel1tr.ti04lll of"IIOM, 10K an4; LOKi". the ••• _.TIt (O\\tWI. in .. pt'Oportton• 

.•flOO to 10 .~~. ~t ".~the1~..· ...: 

. D1••01'"doq..~C.;I!II'#er (Jotf);~••t" Oftto:,arUc~i.te.\ ..cro~iot1c 

.. ertif.fdel :.uJ'f.c:ee:m .the...a. lkiffici.at clHlceRtratlou of .)IOK are found 
m. lliirf.ce n"teti! ~ p"",~.a layuof ~trOC••:. ecinfai.il1i ..teri.! 011 .u 
"d1.ble ...dace, (2). 3.Car"".t.·~1_r.1I io ,,,PeI1110.' ar. coated by 

· .1II.ob.. Ot,aie e~. ,(~),~: ~!'1141!....r;a"l.'topotti_ of DoH. found 111 
· auC'fllCllntera 1. In.·the.f.~.of "'".,..>.iIo,1ec:ular !NiPt (KJiII)aubn_eN (4). 
Cciac.ntntiOft.of. _~'t"t_ta YII,1711\. ...,lant, .••••~e t. u",ii:icfr_,ug/ill 
tn. coa.t.l are", to!ll/lls,Utlhot:. w,.tu, ..(5) .~·~_t.d•.l., ·f",!I'":tltl,.· 
pol""t~c I. uture,~0II.~a1.1.. 'PO.l,.••c,c,bal'i'.a. ~ll ~;,.,tide'.c!MP_nt•• 
..... ItOt a ••U7 q~t1t.t"~. c.......U.nd ebe.ical .t:ec,!Ir!JIIII.... $urJaceacthe 
...ri"leeUb.t.~e.......,. lllliehln.tal't."~y ta ..aol'bl!ftd.bOe held 011, 

partlculate.urfaeaa tha. ,....1l_1.e..l•• (').Parttc.1tIs ."paMed, 1ft .~av.t.r 
..... ..,1iacU". "'-tltr..,.ct ,to tba.q_ic·......talllC.. dI.,. ....d. 0). t'here 1a 
c:oftat4e1:able .d_ace that IIIi c...--t. f_' 1" ....ie.t ••_tn ada.rb to 
..If_eaa in the a.a, fo....ilII _ er,aic fit. that .ub_lllaeltd,. pl.,..' 111ft ' . 

l.,ortaat role 1ft 1:e..l.ti...lcrob181 ad...l ... t.t.... "C0n41tloned' .urfac•• 
(I). 

Hadne .blllct..d......... 'te,'11a...11.........raina •. cih~tia..,.rticl.e • 
... e:.....011 11obUl"' (9" I__bUh.. "Iltar I • ...e.~.I'~a1" fl_ 'fot'We<l on 
_talJ.ie ."r,ace. 'u~'te,f1O'!dDl ......tilr el\ar,l, ...4uc•• their the....l 
coacluct1dtY•. <:be•• ,i. ,.the thenal ,r:ed.tallC1ll "r. c:orre~.ted with incruaed 
thlck"!'l•• ottb.,_t 1I1of~laOll, the.e " .. rfu•• (lO). the.ttechioent and. srovth 
of urine baet.d. to ••~f.ca. ezpoiled to "lnt:,.."!'.ter cent'tituto,., , 
..c••••ry ,prell1dn• ...,.,_at ,lnt... ."b.eqlMl'ntcol..hatiOft af,' the.~: ·..ur f.cea b,. 
"C:re40iot.' (II) •• n.•••dace hllOc:i.t", aftl". liaeterie ptay an l~ort.nt 
ro&lII the ..tt&.eat :,"~fClUl1'" oqal"" .ahl, lwU.........erv~lIter 
.tRee"•• (12;"lI&r'" iNtctarla _!:t'ehM ., .•.b.er''', ••tiilc,.. 1'4111•••411, . ' 
iltib.t"eaiJ'iiipOj;'tafttlll .tt!e "c...li;,1-t...... ,efaud.e••. fer ."b.~Hnt ,.tt.cMent 
• nd Irowth ,of, ·ot"r,'fot1lil~;, loth: 1bl-. ....rt1flcUI,iI..d.e••.•i.,l.r. , 
eOlld••rabie .e&cti'rle,·'IIilMl"''''ct tc,"".c:al..ijr.l1!1i1 kCt.r1e(J3).Attleh..nt 
.md itoVth of· can.·, _.,at-f.cu.•',.~•. ' takc,,: .I. , ...... ,tnyob1B1 all 

, illilU.,f~ ~..ralbla,- ",eieal!'!ClIiItdcal .....It;I...~prClC... ,flt"lknoed bf • 
ral.ti~al1. -inefllr.!"l.- pU.te.cMie~~,M•• (110).....cterbl· att.chMri~ 'to ' . . 
bothilriiiliat. Ctd·· lDilfti.~ •."r!_ t:a _,U..C4i.~II:r .pal,...dcjliat'!!ddit exildedon' 
the ......t.l......urf.c..;Oft....~ ClI11.·,_ 1Ii,.U.i .c...lecul,••. fO,",.~n . . . 

r '. iiol'n.i~ ~iI •••11iahl'·.' .• ft.lII of.~.,. M,b..-ol!'col• .:_ilht ...1I.t~c"'. . . . 
r. ll11bed~ wttti·.t<.~.." fOf1llll.....~f.c.. ·J~rftd .fljr r.~.tl".1, .•hort p4irieC!.'
I· · 111 ..lii:.nt,:....atier(lS).«""'lrowth of' .tt.ched cl!UpopulatiOl!li. 18 t~ final 

. ' ...... m·.thb proca..~ .... '. .. . . . .. 

tt. Microbial Aallre..ti...-MheaiOll ·lIIhance..nt Acti.it,.~., 

Surfae. 1nterac:tlO1\•. of, ••rine· .1cJ:oorll.1I1....tid the.lr attacb.nt te 
detrital .plII'tiCle••~ artificial, .urf.c•• In the .•u1ne _vlre"Mnt .•r•. 
_"iateol.by,ucrollOleeulea foul\(.on.·t\1eae cell .•urfacei. (16). Allre••Uo. 
enhancing. ,lI!8cr.oN(llecule. rele••ed fro••1croblalcell .urf.ces .re· fou... ift celt.. ' 
free •••1'1411. of both co.stal and Qff .hore "a"lIter. (17). The.e ...1U.,.1.nt.· 
ucr~lecu1es 81'411 .pecific in their interactiona vlth veriQ"" .rtifici.l ...... 
• icrob1a1cell .urf.ce.. Filure 1 'Ulusttates the c~,,1e'dty of the pr9Ce.... 
th.t u,. take p.lace b41!tween .r:tUidal .urfacea (l.ft hand .Ue of Fl&ure 1) 
"conditioned" by the .dsorption of .urbce 'active ••cro.olecul.r i:on.Ut"ent. 
found in the .oluble pOQl of high IIOlecdar veilht (IlHll) uterial. In lIe.V.tel' 
(ce.nter portion of the Figure). and ·the eo.pl,!!x outer la,.en of ,he -tcroblal 
celt .urf.ce (rilht b."d· .ide of Filure 1). ·Little i.· known of the equilibrlaa 
between either of the.e interac:t1ns .urfaces and thtl poo.lof MMII ut\llria1. thet 
_diate their .ttacb.nt in the urlne enviroeent. The ,recise chaRles in 
configur.tion {and consequentl,. surf.ce .pecificit,.)·that t.ke pl.ce duriBi the 
ad.orption of HHW••dhealon ..dlaton to artificial .r:vJ!.or l1vinS .urface. ara 
not clear. In the work reported here the .y.te. e.ployed to detect the.a· 
ucrOllOlecule. va. b.sed on the f.ct that their interaction. with te.t cell 
audac•• p'CO.ote. (enhance.) eeU.ureg.tiOfl and .u....quentl;. enli.nee. 01'. . 

incre•••• the nu.ber of cell••dhered .to artificial a.ud.ce.. Thia ·,hen_a.. 
ie 11lutr.ted in Fisure 2. The left ~and .ide of the te.t aUl'f.ce .bove • 
.uBpen.lon of partiell,. .uregat" cell. in equ1libriu. vith those a.her" to 
the .urf.ce at two loci. The right hand portion of 'l,ul'e 2 .hov. a su.p...1On 
1n the pre.ence of auregation-adbedon enh.ndna (W) "cro_lecua•• 
pro.otl", the (orution of aagreg.te. and lerse' clu.ter. of call•• ·While i.e 
ftu.ber of aurf.ce loci .t which cell, .•re adhered reuin. the ..... t~ 4ctu• 1 
number of cell. reulnlft1 adbere. to the te.t .~rf.ce when it 1. re.a.e4· fr~ 
the .u.pen.ion on the rlght h.nd .i4e of the ri,ura, i ••isnlflc.~t11 Ire.t.r 
than that found in the untre.ted .u.penalon (left h.nd ai.e of 'llure 2)~ . 
Enh.nce.ent of .gerec.tion lead. to enh.nced .dhesion. Allreaatlon t.ke. ,1.ce 
1n .inute. follO'lliftl the .expo...re of .1crobial cen. to the....cr_i.c"l,,-. 
.nd _y be 11\depen4ently ••"88.ed.elaployiftl lov ."tle lightacattedng 
•••ure_nta. vhere•• enhane••nt of thelr· ...the.ion to Ill... t.ke.· three~· to 'h. 
hou'1'8 (16). lnMMUon of .llr4!l.don enhance_nt with ai.pIe .•ugara ,""eat. 
.dhealon enhance.nt (17). Agent. th.t proll(lte IIIIlres.t1on (lid'''_11.. ) ••lao 
enh.nce the .dhedon of .icrobial cells to ,laall ••id.ce. (111). ME aulMitllftCe. 
recovered fro•. the culture ..d1. of urine .lcro-organh_ .1'411 acl.dic . 
pol,.Rnion., conUiftlng carbohydrate .nd ••ino-nitrosen _letiea (19). loth 
.icro-alSRl IIIIsreg.Uon ••••u.ed by .light ae.turing, .nd adheil1oti~ ...e."" "'. 
counting the nu.ber of eeli. ildhered to te•.t .urface., .re .....a1t.1,,;. 'indlcators 
of the pre.ence of AAE ..cr~leculea fro. diver••ource8, detectln&l§he . 
presence of the.e ...bet.ncu at· coneentratioRS. of fe.tolr...,.l (.10 ,.'.1). 

Itt u..unologlc.l t.ol.tion ~~ ME M,acr~leeule."c 

Hacro..ohcular M!uteri.l. found in ,o),,,tiol'l 1~ aIIIl>~ent .eav.ter.on 
biofoule4 .urf.ce. e",poaed to .ea".ter and in the l.bor.tory culture _dll1· of . 
urine .icroorganl....~e present .t ve~11ovc:onC:t!il~r.tiotl~. tillitunoloiieal . 
_thode h.ve ,re.tl,..enh,nc:"" our ~bllH:, to detect ati~.1tJol.te· MIt'iiub.t.nCe. 
frOll both I .....ter .nd .icroblal _dJ. (20).' .n.e••. technlqull~ are .~rb:etl 11' 
Filuru 3.nd. 4. Cr.ucle ucrOW)ll\lc"l!lr' ef»>.. tit"en!:a"'~!( ltdt'laU,.· i.ol.ted:·b, ". 
d1.1y.h .nd .be exd"a1on. chrOil.t~i:!:ph,. •. fro.. ,c:e,n::~p~rticu:l.t.) fr~ ~~lea 
~f .icrobla1 ..dl•••eav.ter .nd ...uitOli. extrada of ·Iletrrt.l· utn'r adhered to·. 
biofouled. _t.U1e ."rf.ce. in ••b1ent coaatal sea".tet'. ME .ctlve cOllponent. 
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~ in .the... prep.r.tion. _'COIo·.eleethel,.· .... lIOr .... M ",,,ro,,,.l.p.Ute (ltTP, Bioltad), 
 • nd .....quentl)' re.co .. ere. (Fl,it1:"e 3). Cru.e Ml':pol,.nionl fro thelle 


• 

. lndi..ill..l lource. were e.ch u.." to ~e antibodies In the toad' (Jufo .arlnu.) 

and chicken,; ......p4lethe Iintlbodi..·wr.·t....n.·.l_"llze4 -to ·.oU. ;;ru;o;U:-:- ­

(ar)'l__ille ,la.~"eid.alid "afU",'ds~, 'ItoW). >Fi,ar-' IUa.trln.. the 

..nlMr. In vhlch the' 1_blUced i_o.".orbl!nta .te "Plo)'..... to ·laol.te their 
eorre.pooi,U!'r M!c'UlUl'en•.dltectl,: froll.icroll1d·_dia....vat.....-.,le. and 
detrit.l extr.ct...'Particle fi:.e (Ultered)ioedia ••-.,le••re expo.ed to .n 

i
• 

i_bili&ecl: antibod,.. prep.ration for .....def period .follovtna ""ich the , ililllUft04lkorblllltii arere.a..ed ·frOll Ute' ••-.,l.·.nd· .,••hed in· buffered artifidal 
_4i.. AAE ""1Iien. ilb.orbed·to thidr .,edUc' i_bUbed antlbodie. are 
elatd ",. .xpol1n':t.... illiouno.blorb.nta to' at-.,lie .ugar. (,.l.cto.e) .nd/or 1_ 
pH bufn.red...d1a(ph .. 2'.2). 1t1atedMB anti,en. are purified by d1l1,.11. andI reco...red b,. freelle 'df1in,~ . Theile techfttque. re.Ulted In .'i,nific.llt . 
purification of MIt .CU9it)'_ Aftttbodieli \IIlre originaU,. prepatll. to ...1'1rie ,I algal carbohydrate. fourdec.... e ...o•.•nd I1neA! then·have proftn'to be u.eful in. 
"..ie: ... pr.ctical .• tadie. (21). .' , IV Speciftcit,. of AA! Mac:r~lecu1e. , A. Sular SpecUidt,.. 

,, . MI iIiIt1t!en•.teco".",edfra.. diqra cell free. "di.· of laborator,. grown 
culture. of ..rine ".cted. and .Icro~.l,al celt. were found toIle 
l--llllic.lli.laUar. itoJ,eftt dia tine: t iti thei.r interaction' with receptor. 
oate.t.lct"-;.lIal. (ChloreU•.wlseria) eell.urf.ee. (20). T.ble l., nl"atr.t•• then.tur~ of tbia .pl!CiUc:1t)' and the di.tinction between the AAI! 
.eti...· product, of Chl~rell••nd tWO.b.cteri.letraln., AS'l and HAS/OT£C. AAB, anttsena recoftred frO.· e.ch.o.n'c. vere' tnt .... for their' qgte,.tion-.dhedon 
enhanc:ualtt activit,. 01\ Chiorell. cella ateoneentratlona of 0.1 "/al. ME 
• cthitiea _re detertii"ed in the pre.eneeof ."eeted etaple"Ular. (4).1 111/.1) 

•
, 
,
• 

in order to ...... difference. ift n.tUte of ·the .iteaoa·the Chlorell. eell 
e"thee,;ith ....iehe.eh .ntiien reacted. lU;IIIP~ au&.rae-.,lo,.ed inc:luded 
1Iorboae(S), _nno.e. (H), 'Iillactoae (CA), 1I1ucOluine (CO), n...ce~,.l 1I1ucCl...ine 
(.\ciO) .... i.tecto••alne (C.O). T.ble 1 .u_arb......leb. '''Ier.inhibited the 
M! .ntilen iicthit,.. reeo..ered fr_' e.eh of the .ferob.1al .ourle. U.ted. 

.Sorbo... inhibited the .ctivlt,. ofthe·AAI! anti,en. reco.wred fro. Chlorell. 
culture tiedi.,,,hne .the ME .cthit, of .nti,ena reco... red fr_ the ASIII 
".et.ri.latriltn ..er.e lahlbtted II,. '«bolle, lI.l.ctoait and ,lUC:OIaiodne, .nd thoae 
"'_red ftOll MSloTIC .bacterial cult_reo."., _nno.e. ,luco...1M, n-.cet,.l 
,l..e~!IIIilleaftd ,.lctoaml1ne. M! .ctiVit,. of "ell oftlle.ntilen.va. 
infllbited byli,Ufferent .et /?f .1-.,le ....r., {ndic.till( th.t. the.e 
_Ct:oolOIeC<lle. inter.et.d v:tthdUfetent .Ue.·on the ChloreU.cell .urf.ce. 

I. "'UUlc'SurttidSjiec:l.f1cU", 

MltblofouU_ jI01~tii hc:OferH ft_ different artificial .urf.ces 
haY. been ."O'!fttolle.:b_""c.lo,te.ll,. diaUftCt UO)'. Titaniua .nd .l••inu. 
.urf.ee•. eiPOSed to "'"elllt iie...ter.ra,ld11.cquire bacterial fil.. and 
.icrobi.i popol.t.cifta.wiin., c.rtdn .trainll of lI1ofouU....ie:robi.1 eell. are 
found mi"oth~. e.cilj t" .• of aurraCllihcharactedzed \,. the pre..ftCl!!of. 
lIpec:1Uc ·hcterial.•ttil1na.·Thiil, 1n th. cootal v.tler. of·:'uerto.llica, .'. 
'.eu.~a••p.~.,oandon biolo"led titaill.... lIur(.c:e. and nOt Oft .1t1.in"'. 
whUe Vibrio YU!niff.~u.,,;'. foultd ftn,1tlofouled dtno1nu•.•nd nOt Util.ri.iu. '. 
.urf.ce••.. hIIIUftoab.orb.ntll were ,replred to aol..bl:'i,ed "1IiM!. ..c~lec .. le. 

rec~red frOll e.ch of these et.lUc .urface.. 'lbe bacterial ai:rlliin. uftique to. 
e.ch .urf.ce vere grown 1n pure l.borstory culture .rid their cell free ...Ii. 
exposed to the prepared tit.niu. ;'urf.ce (Surf.ce T) snd .luainu. .urfec• 
(Surfece A) i_uno.bsorbante. ".ulta of' theae .n•.1,... are 11luatrated in 
Figurea 5 81Id 6. Fi,ure 5 .hows the 81I.1,se. of the aacro.olee:uler product. of 
the b.cted.l strain £o.,..,donl,. oft biofouled aliulinu••urface. (Stniin A. " • 
vulnificu.) 81Id thole of .the atrain found onl,. on t1ts..iua(Str.lnT. ­
P.eUdo_.s. ap.) using the Mit i_.b.orbanta recover,. fr': the. Utaniua 
.urf.ce. The -olecul.r .i~e. (Ii..en In kilod.lton., 10 d.ltoQ.) of the crude 
..crOllOlec:ular products found in the' cell free culture ..dta of "oth .peeie. 
vere deter.ined uain, SDS gel alectrophore.i., .. \IIlre the .oleeulet.lzes of 
the antigen. recovered from the.e _ixture.·b,. the Surf.ce T Ia.uno.b1orbanta. 
Thu., Surf.ce T I ..uno.b.orb.at. r.co...red three (109, 90 and 40 kilo.t.ltOna) 
of the four (106, 86, 59 and 36 kl1o.t.ltOfta) ..e:r~l.cul.rco..,onent. ptoduced 
b)' the bacteri.l .tr.in not found on tit.niu_ 8urf.ce. (left hand .ide of Fi,ure 
5). 'lbe recovered antigen. did not .how Mit .ctivit,.. Surf.ce T 
I_uno.baol:bant. sbsorbed onl,. _ (157 kilod.lton.) of the three (l6 t ..14 .n.. 
169 kUodalton.) _cro.,lec:ul.t c:Oaponenta pro.tuced It,. the "actitri.1 atrl1n . 
found on biofouled titaniu._ .urf.ces, I1Id thia anti,en had ~ .ct1dt,. (rI,ht 
hand side of tilllre 5). Figure 6 .....rize. ai_Uar .tUdi.. of the. 
ucrOtlOlecul.t products of theae tWo b.cted.l .peel.. , eaplo,.i", the . 
i_uno.borb.nt• .ade to MIt _cro.,l·ecul•• reco<i'e~" fra. biofouled .luainua 
surfaces (Surface A I_uno.b.orb.ntah One ME .cthe anti'en ..... rec_red 
froe the ..cro-oleeular produ~t. of the ".cteri.l .tr.in found onl,. on .1u.lau. 
(F1Iure 6, left hand side) " v .... r••• the anti,eft recovered fr_ the product. of 
the ·atrain not found on alUlilinu. (Strsin T) v•• ift.ct1ft(Fqure 6, rl,ht h.nd 
llide). ArUndal .urf.ce .pec:tne1Uea of bllcte1'1al .tr.in. teatde' in part in 
the .pec:ifictie. of the .acroeGlec:ulea the,. produce to ..di.te interaction. Vith 
th.t p.rticul.r .urf.ce• 

C. Hicrobi.l Source Specificit,.. 

ME .ctive ..crOGOlec:ule••re found in .....ur.ble quantit,. in 
p.rticul.te free (fitered) .aaple. of •••.,.ter t.ken i .. COllt.l .ad offahore 
v.tera of the £altern Caribbean Se.. 'lbe concentr.tion of di.eol..ed ~r,.aic 
..tter (OOK) In .eav.ter 1. ,re.ter than p.rticul.te or,anic utter (POK), 
"hich in tropic.1 environ_nt. In gener.l ia ,r~.ter in concentr.tion. than " . 
.uapended lhing org.nic ..tter (LON). The .tead,. .t.te. balanee of l)QH/POK/LOH 
i"; tropical .e• .,.ter ia approxi..tel, 100 to 10 to 2. Concentr.ttoaliof· 
di••ohed high .alecul.r weilht ol:,...lc _tert.l. (fDIW) in the coutal vaten of 
aouthve.t Puerto lico v.r,. fro. 56 (fall end .prine) to 1 (l.te Vinter .rid 
.u_r) ag/Utet, vith 10lN!r Italueit in off .hore e..tern Carlbhe. v.ten. 
Approxi••tel,. 20% of RtiII .aterial. are c_poaed of ME _cr_Iecul.. (20) •. ,The 
presence of thl••ctiVit,. In both ...".ter ...,les .nd 1.lIor_tor,. culture .db 
of heterotrophic urine b.cteri••nd .tcro-al,al. cella: .uaeat. that AAE 
.ubatancee found in ·.e.v.ter·.re inp.~t producitd .andrele••ed· by ..rine 
.ierobi.lcelh in .Uu. Tho! role of .icrobial ceU.· iatMe proce•• haa 
recentl,. been direetl, de.an.tr.ted '(22). I..unO.b.orbant• .-de to AA£ .ctive 
...cro.<ilecule. recovered froa cont.l .e....ter •••ple••eleethel,. .bsorb two 
cate·lIorie. 'of M! .ntl,e.... Antl,enic .ite. on • ,ortion of .theee AAB antigene 
are ch.rae:terhed b, the pre.ence of .pec:1fic carbohydrilte (,alectOle) redduee. 
and hence ..,. be 'eluted fra thelrilillobiUzed antibod,. coaponenta II,. 1_ 
concentration. (.icro g-/-1) of thia at-.,le 8U1ar(20). Tho! frae:tion of ME 
.ntilen. reioaining abeorbed to their antibodies i ... the pr....nce of lal.c·to.e C.n 
.ubsequentl,. be eluted b,. lOw pH buffer (LPn .ntilen.). 
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. ..... ltic;i:oblal popu:tlttIOn"':"'l~ed 1ft 1.ber.torYC:iait~.re 'til produce""E 

·aetlye."t1,ena.~e baetert. ·of the U ...OIi ttoMra a",.1e-l:o-all" of. the 
uftiel. ProtocU.t., (23). The -lo~ Ute,orieso; ..tilella. r.ec.o"er•• frO. thesE!pit 
two' ••rce.by illiillullo.b.orbllllb_1t~to .ME .c'd~. "crcilliolecui~a . foulld In

i 
 eoa•.tad 'les~ter4pl'~ari:o be. ·i-tiol~le"1l,,'41Gtinet." l_noal..orbarita.de 

to..se.ater .~...crOllO~eculeii veree.,loyed to "'dyz~ ..cr-oleculea' produced 
by l .....utory culture. of. II.cteri... e-/.>arecl t~.ler~::.",l•.•laourcu. &tually,if 	 .cr_~~l..rconat1tllei'lt. fa.md 1« eo••.td .eavater ...ple., tak~ III areaa 
"here .lcrollial II!....... dml1riaid byheterotrophicbacte,..I.1 populatioll& 
1IIIIte -.1,..,,. ande~.l'ti4 to -'ion.t eonatituenta.ln .""le& taken In area. of 
eon.t..t~ Il1tentl!;,~ei:o,:".l.ul bioOlU ~eoa.tal e.).,..n.ta of.re.trictedv.ter 

~ 	 tumo".r). Ie.ulh of the.e etudlea' ue lllulitrated in 'I,ure 6. A bulk of the 
...U.."" recoverea. frO. the producteof b.cteria In l.boratory culture we~e., " 
eluted by lal.ct'o... A .I.nat' ctuantit.Uve p.ttem v•• ' .een in theantlgella 
reco,!,end frOll Sen.bn SiI,,!,ple 1;'" a • .,le t .• ken I. aft area vliere .Icroblal

Ii ~i_...... dOlll".ted by heterotrophic \I.cteria population.. Whpe. bulk. of 
the b~dedal' -''igenli 1II!re eluted ..,. ,al.ctose, W. .ctivit1 v•• onl,. found III

Ii the .n.Ulelia eluted ;at 1.ovpRUeft had aiftof ",ure 7). In contr.st to 
thi.... bUlIt,of the, ..tU,in•.nco..re" frOli prCMI~U of.i.cro-.l1~ ,rOV'l'l In

If laboratorYe.ltuh~ .ni'thO... rec()..redfrOli Se.avater S8Ilp1e 11, taken. In an. 
ue.of inteMe .lcro.l.al. pr04:uethity, ,.ere elute. frOli the l_noabsorbantaat .t 1001 pII. AIiIo", the .1cro-a1l.l ,lItlgena imly that .fr.ctlon eluted by 

lal.ct_ had Mt.e:t1!ity (~il~t hand aide, FI",re 7). Th\i', the Chlorell.,


If teat eell.urf.~d1atilllui.hed be.t_n ME •• tigen. produced by. heterotrophic 

..dne "cter,'" and .thoae el.krated by Idcro-al,al ceU•• · Mit ..cr_lecules 
fro. beeterial .ouree••ppear to lire i llllUlloloi lea1l1 dbtinct fro. thoae produced 
by.lcr....lli.e. . "fI Y ME Hacr_l_eul.. ; lIi..rdty, Product1011. anel Sea.onal!t,.. 

~ T.ble 2 .,i_,:be. tJ1e di..rdty In ._lecul.r die of ME .ntigen. 
i.ol.t" fr_,.lerobi"~.()Urcea grOV'l'l .In l.baratory eulture. end those11 ucr01l01eeu.l••. recovuMfrOllaa.ple.ofa1llbIent ......ter aallpl.. ~ The 
distribution of 1I01ecul~r ..tbe•. iIlJIQRl ME anti,en' .~gge.t. th&t they lireIi polJ'ltitrk in;n.ture, fr!t.h. lIOno_ric unit. of .pprG.ltl.ately 30 kllodalton.. The 
range of IIOleedu .weglitil ,I:,eoyeud In the ME antigen. produced by ba'cted.lJ .ncI .ic~l.l.e It1IW1l in' l.!ior.tory culture vere pre..nt In the crude, high 
lIOieeu,tH, ~l,ht(IIJIIW.)c_ponenta ,reco¥erlid frOli ..avater· .Ulplea.(I 

. ". .~~.,.;t.tl~n ofctiuo!eRtiII _tedal. b,. 1.bar.totygroVIII 	 cult.ure. of. ..dne .bactnia lIftd· ·.icra-al,", end .. the fraction. of the.e. 
_teri.la raco'll.erecl. by. MF. ,1~o.b.~Jrbanta .re. ,--'l'1&ed ill talole 3, top two 
~. hocJuetion' Of,cru.4e ,_._terial......e••ed after. 24 . to4S !>oura of 
culture lP.'ovth, rallied ;frOil,160.to. 740 fe.tollr_/ceU. ktiye ME .ntige"., 

• 
•i thOtle ei.t." I!y low .pH(LPft ~t4.n.) iMlffer ,1n the cu. of b.cterll!.and 

,.1actll.. {GAt.and"'nil,:ln,the c.ae of the .14:l:o-.ll.e vere frll. 3 to 10% of 
the,,~n.de l'rod"dll.r.1'be ·"r~uc;H~ of cnlde Hl1W ..teri.le by b.cterial 
JIOPul.t.iOlli! IId~.,ed to .•1ua1.fiWI .and; tit.....iu••.,l'faeea exposed to .1Ib1~nt• 

• 

.e..,.ter .......pprox:l..t.ly tOx that .een in bacteria and .icro-alge grOV'l'l in 

au_penaton culture in the labor.tory (T.ble 3, third rCIV). the rec;o".ry of 


• 
crude .... COIIptmeri:ta••ndeorll;eapeftdlng ,Mil acUge utll1en.,frofti p.tticul.te . 
free eo..t.l .•e....ter aallples .'taken In .re.a ""re .icrobl·at bio...a v•• 

• 

4001In.te. I!y heterotrophic b.cterial pepubtiana (SW n, .. cOlipared to 

.iero-al,al dOOlI"ated .Ite. (SW 11), .re .bovn in rowe 5 .nd 6 of table l. 

•I 
.. 


Between:) .nd 8% of theae crude IItIW .ate~lab (.lc~o g~._/.lae_.teraa.,"le) 
were recovered In active ME antigeri fr.ctlons. Off ahore aepater &.Ilp~ea. in: 
the Caribbean contain lower conce,ntratlon. o·f crude IItIW .ateriab, due largely 
to the relatively lower denaities of productive .1c~oblal popul.tlona found In 
the.e v.tera (table 3, bott~ row). 

Seaaonal ch.ngestn particul.tes (detritu••nd .Icrobial cell.), 
aacro.olecul.r and A.A.! entigen cqntent. of coast.l ••av.ter in .outhwest Puerto 
Rico Are illustrated in a lIener.llzed for. in Fl,u~e 8. Thl.p.ttern va. 
characterized by perlode of energy input (oUolled .t.- Inter..l by cyclic 
fluctuations in particul.te olcrobl.l blO88s&, aoluble hlah aolecular weillht 
conatituents and AAF. antigena, .Aver.ge concentration. of total anti,en.(tho.e 
eluted .by gal.ctoae plu. glyeine) y.rled in coaat.l .eavater .-.plea fro. 15.1 
(SUMMER 1) to 0.2 ug/.l (SUHH£l 11). Excluding $UHH£R I v.lue., peaka in 
antigen. concentrarlon. vere .een in the FALL .nd SPRING with .llIi.. ill V1MT£R 
and SUHHER 11. the fall aeuon ••• the perl~' vlth the ,reateat aaouat of total 
rainf.U .nd, consquent incre.aed nutrient Inpllt ("run off") into cClU.tal 
••tera. thUll, the faU va•• 8e.,.on ch.r.cte~1zed by ele".tedp.rtleul.te 
energy content. (PEC, AtP/fUterabla ·p.rticulate.), increased phy.Iolo,icl!l . 
activit1 .nd exud.te production, resulting In relatively hl,h cOAcen.tr.tiana of 
..crOllOlecule••nd .ntigen.. The virlter ••••on va. ch.racteri&ed b1··lov PEe 
levels .nd the highest .a.,le p.rtieul.te concentr.tlons .....ured durins the 
period in que.tlon (June 1983 throulh JulY 1983). Reduced level•.of aoluble 
aacrOllOlecule. and antigens durilll "tn.ter. m4Y be the re.ultof the. uptake of 
these .ubatancea by .lcro-or,..I_ ..a eletrItal particle.. SI.Uar. to the 
eYenta of the fall.and vinter, the lIecond, .ajor 1e.rly rainfall In .pring 
resulted in elevated PEe level., and .ub.equent incre••ed particul.te. 
populations In a~r 11. Thl. aequence of evellt. vaa .i.ll.r to th.t of the 
fall. The acre iamediate respon.e of particulate popul.tion. In .prins to 
nutrient "run off" _,. be due to Incre••ed teaperature••nd U,ht inten.itles 
over that of the f.ll-vinter period. 

Optical an. lyses indlc.ted aea.onal difference. In the phy.ic.l nature 
of the recovered antigen.. The apeciflc refractive incre.ent. (SRI, chsnge In 
~efractive Index/.g test ..terlal) of .ntigens recovered fra. fall, spring and 
vlnter-su...r 11 periods vere .I,nlficantly different froa ona .nother (Flgure 
9).' thus In addition to ....on.l fluetu.tlon& In the blop-hyalc.l 
characteristics of seaw.ter ...ple., there were quslitatlve difference. i" 
.ntigena recovered during different ae.aona in co.at.l ae.vat..r. 

VI Su..ary Co_nt. 

Artifleial aurfaces introduced 111to the .ea·cre.te complelt .Icroeo.... 
Harine .Icro-algal and b.cterial .urf.ce interaction. provide. useful lIodel of 
this campleltlt1, .nd ••y provide the aean& to control .Icrobi.l svrf.ce 
colonization. Mierobi.1 coopetitlon for .urface apace la expre••ed thro",h the 
aurface active I18cro.olecule. they themselvee produce. Theae .ulti"alent 
..diator. regulate Intereetloll. lI.ong living, .i~robl.l .urf.ce receptor., .s 
well ... vith artifidal, _It ..de .urfaee.. Ad.orptiOn of .pecific 
..crOllOleculesdeteDline. the illltl.l interaetlve n.ture. of .rtifici.l 
.urface., .nd ulti..tely the changea in IIpedUde1es they will ...leIefio in ti_. 
Structur.l aodlficatlon of the.e ..cromolecules .nd/or introduction of che.1c.l 
groups to alter either thelrlnltisl .daorption or their .pecificltie. when 
.dsorbed, ..y be .n efffecHve ...nil to regulete .urf.ce Inter.ction.. A 
clearer under.tandlng of the IIOlecular .tructur.. of .icro-.lgal. 

I 
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..sr'ini.n-Uhear__"hue1", (AM) poJi17..c~~ri'... _d ...i." of the chl!!ldeal 
a"d 1__1liaiul ~ana tlf',""Uy ,~htlr.'a"'e1fldt,. ~ :_,. te:pril.e,"t ill new focus 
and prodittU..... al',rolaeh to th. eOtltrol of .urface intesrlt) in the :".rine.,
e".lron_t'•.. · 	 ;::1 ":.,} '. i"-' ,< • 

'"..;r :i .. 

"ti,h IIOhlcular ...iihtf_), eon.thu.nta of _blerit.eil"ilter ,.,I.1Y'.n 
i.portant ,rote,ln,'tlMl_e,..latiPn '-of .1erotlfal .urf.ce'lliteractloiia'~' fAgtregation 
and '. iIlIhe.i_ anhandftg aut.atanc... ,' have -'n; reeo'Mrl!id freli bicifou1e,f .urfaces 
expoaed t.: ',"lent a.a".tn. 'There a,re algnificant' ae..onal 41fferene.. ,In. the 
coneenUaUen and':ln 'the ..lie.'lon enhalie1ftJ,eetNi'ty 'of"t:he hillh'''leeular ' 
_illhe a.Hta1Ieea'reeo'ftredfr_ ,a\irf'.ce.' expolled to rUftnl""co.iltala"a..ater. 
Thea'll Mcr_leeul_,a apvear' toile r..lativelY' .t.ble "in thetiarine envlrOlioient 
for they aeClllllilla,t__ biofouled eurfacea in the ••i! and irl" ..t1ne.lc:roblal 
culhr.' _ia,: and are foiind i" '.Upl.. of ciffahore ....d.ceviatei-, .. :Well. as 
the Subtn.p.iea1l1n!fer:vilter lil'theCarU,bi.n (depth '1'30"'140 aeten), vhleb 18 
cOlllprbed of Vater. that::f.tov into 'the ~Caru.be.n fro. areas ", fiJI' .ve,. .. the 
S.r....o See. . 	 . 

lathe OC:.... both lid. andlirUf1d.l .urf.ee. ate dt.. of dey.ted 
laicrobl81 Kthi,t1 •• ' lIacr_lecular.4healon enhandq ..teri.b and fraetions 
i_unolOlic.U,. !oiol.tedftOehllh IiIOlecnlar "diM (II1II) 'clMlponent. of coutal 
aeaw.ter pr_te .ietot.ial-clottrltal partlet. du.teri", inthe.e v.ten. 
".cr.,leea1.. that.llledililt:.aurbee recOS"iHOR and .pedOCit,. _ng the.. 

~ .glrel.te••ypb'.'und.aenul rote in tliet:r adsorpUOfi onto. artificial 

• 
• urfllie.a. TroPicalco..tli'l uriMenYirOOlll!!nta ~.re "pateh Work." of .icrobial 
eluaten, _lieddedi" '. _c:.rolMlecular f.bric•. 'l'be nature of thee'll fabrics 
differ ....on.ll,.. The.'Jinid.eap!!!e1f1dtieoof the llliercillolec;ule. that ahtiped 

~ the.e.urfac:eaicrO'-e,lvlronlli!nU depended on t.oth the n.t'ute .... quantity of 
• icrobi.l producer. eDd ad.or~ti.. aurfaeeo Vith which they ihter.cted. 
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Figure 2: Ac,te,atlon-Adhealon Enhance.ent Activity. An artificiai autface 
expo,ed to .ierobial cell '.u• .,.n.lon. in the ab.ence (left aide of .Filllre) and 
pte~ence (rikht alde of FIluECe) AAE ..cr_lecule.. HuMer of .dhued cell. 
inere..ed in pte.enee ot ME ..cr_leeule. due to cell a,ate,ation. 
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'illute 3: 'rolhlcdon of ·MEI_unoahorbant.. Kllh lIOinuiat wi,ht ..tedalat ver•.,r,ecoYered.froil'.cell"rre., aa..lea of .eavater,' ..dM .ierobial' laboratory 

, culture _411.....11· ia.ohabUhed .ate rUla fi'_ biofou1ed autheta., AM. 
.crOliOl.c~,le. 'lIioUted, fr~,.theae l'repautlona by' hYdroXylapatite 
chro..toluphy vere*-plClyed to .aka antlbodlu.S",c1f1c 'Mtlbodiet~1aolated 
byrevei'ae i_unoaffin1ty chr_atolraphy, wre i1iloobUtze.5 on aolld .iero-bead 
aappori:a for a.... AAE i_unoabaorbaat•• , 
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Figure 4: I.eeovery of ME AnU,ena by t_unoaffinity ChrG.atollraphY· 
l_ob111%ed AAE i_unoabaorbanta wre e_ployed to 'reC;oYer their corr.apondiRl 
anUgena fr_ as_plea of cdi tree _icrobial laboratory culture .ed1. and 
aeavater. Abaorbed ME antigena, eluted fr_, their ,.pecif1c i_bJ11&ed· 
'antibciiliea by addle buffer (ph- 2.Z), vere teued for tbair:tlgrqation ,.rtiUe 
adheaion .nhan~e..nt activitiea. 
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Filure 6: lleeoyuy of ,Alualn_ SUtfaceSPecific AM Mttiena. t-unoab.~l'b.nt. I 
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'1Iure.7: Hi.erobt&l$cNrce $peetUe1t, of AM. ~1I::tlen.. Coepubon of the 

rebU'H q'uan.t1!:i•••nd Mit .c:tivit!...f ,.lact_e (CAL) and low ph (LPN) 

eluted ...titiene rec:o'Hud fro. cell tree bacterial"end .1cro-algal laboratory 
 Figur. 8: Se••onal Changes in Coanll Sea;'.ter PIi'rtlculatea. HIIet_lecul" .nc' 

',rotitll .ell. lot billllftO.baorbimta .ad. to ME "erollOl.c:ul.. r.covered fro. ME Mtigena. eo.parhon of rel.atlvequantlti"". of particulate <merlY 
( (AU/partide). concentration. of aac:romoleculea, ME a"tigen••nd ,uticulates'....1411. of, Abtent .....ter.Ocean AM.,. t_lIO.b.orloaftt. recovered ai.UIl" 

relathe:qual:ltll1'ea"a'nit.;MIt .<itt:.... ,fraction. ,t......ct.ri.l l.boratot,culture in ....v.tar ...pl.. t.ken along the aouth",ut coot of Puerto Iticodurin, ·tbe
"Pl.d4....iw?tIlU'r '_~1.. r.... ift .t....oala.ted b,lo.act'edal ~10••". The .eat_ or the,..\". Al"~o"8,lnd1c.te peak, rainf.Uperioda;,cludq rALL ,(4~!~) 

. , ftl~dY"iilrDt~t~••,' $( .GAL :... ''''_U,.•••.•1IlJ ,MI .ctiviti••• recovered fro. .and SPIt1I1C (2~..ah
aicro-aliat cu1i:ur. _eIl_ ..: ... ~.t.ii~·...,1•• t... 1D: ar... dotain.t.d lor , . 
aier....llal ·101..... wre dUferent fro. the•• fOilln. in the .aeted.l ay.tea. 
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